PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PC"f)

(51) International Patent Classification 6 : (11) International Publication Number; WO 99/30579
A23L 1/28, 1227, 1229 Al

128, ’ (43) International Publication Date: 24 June 1999 (24.06.99)

(21) International Application Number: PCT/GB98/03716 | (81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,

(22) International Filing Date: 11 December 1998 (11.12.98)

(30) Priority Data:
9726452.7 16 December 1997 (16.12.97) GB

(71) Applicant (for all designated States except US): ZENECA
LIMITED [GB/GB]; 15 Stanhope Gate, London W1Y 6LN
(GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): RODGER, Graham, Wood
[GB/GB]; Marlow Foods, Station Road, Stokesley TS9
7AB (GB). CORDELL, Geoffrey, Bryan (GB/GB]; Marlow
Foods, Belasis Site, Billingham TS23 1YN (GB). MOT-
TRAM, Donald, Stewart [GB/GB]; The University of Read-
ing, Dept. of Food Science & Technology, Whiteknights,
Reading RG6 6AP (GB).

(74) Agents: LOCKE, Timothy, John; Zeneca Specialties, Intellec-
tual Property Group, Belasis Avenue, P.O. Box 2, Billing-
ham TS23 1YN (GB) et al.

BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE,
GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR,
KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN,
MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK,
SL, TJ, T™, TR, TT, UA, UG, US, UZ, VN, YU, ZW,
ARIPO patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,
GB, GR, [E, IT, LU, MC, NL, PT, SE), OAPI patent (BF,
BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, SN,
TD, TG).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(54) Title: FLAVOURING MATERIALS FROM YEAST EXTRACTS

(57) Abstract

Flavouring materials may be produced from filamentous fungi by contacting them with water at a temperature sufficient to reduce
their nucleic acid content and concentrating or separating solids from the resulting aqueous solution. The materials may be further subjected
to a chemical reaction for example with a sulphur containing amino acid.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CcM

Cu
CZ
DE
DK
EE

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
Jp
KE
KG
KP

KR
KZ
LC
LI

LK
LR

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
Sz
™
TG
TJ
™
TR
T
UA
UG
us
UZ
VN
YU
W

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

fuy
N

[N}
w

30

(08}
w

~ WO 99/30579 PCT/GB98/03716

FLAVOURING MATERIALS FROM YEAST EXTRACTS

THIS INVENTION relates to flavouring materials.

It is known to use hydrolysed yeast extracts as flavouring materials. Yeast is non-
toxic to humans and is normally cultured at high density (high dry cell weight per litre).

The nucleic acid content of filamentous fungi may be reduced by contacting them
with water at high temperatures and separating them from the water, and such a process is
described for Fusarium in PCT patent Application W095/23843. We have discovered that
the water from which the fungus is separated contains materials which can be used as or
converted to flavouring materials for foods, especially if the fungus is Fusarium, for example
Fusarium IMI 145,425,

The current invention comprises a method whereby the soluble components lost
from filamentous fungal celis as a result of this heat treatment can be isolated and used as,
or converted into, flavouring substances for foods.

This invention comprises a method of processing a filamentous fungus to improve its
suitability as food which comprises subjecting it in the presence of water to a temperature
sufficient to reduce its nucleic acid content substantially characterised by using materials
removed from the fungus in the said method directly or after chemical reaction to flavour
food.

The invention also comprises a flavouring material for food which is an aqueous
solution which comprises nucleic acids removed from a filamentous fungus by contacting it
with water at an elevated temperature in which the concentration of dissolved solids is
sufficiently high to render the material stable to storage at a temperature of 20°C for a
period of one month or is a solid comprising such nucleic acids or is a flavouring material
comprising a reaction product of such nucieic acids with a sulphur containing amino acid,
hydrogen sulphide or ammonium sulphide.

The flavouring materials when in the form of an aqueous solution preferably
comprises at least 30% by weight and more preferably 45 to 60% by weight of solids.

Whilst taste is an important factor in food fiavours, the odours of flavouring materials
are also important.

The soluble components are preferably concentrated from the aqueous solution
arising from the nucleic acid reduction step by removing water for example by evaporation,
distillation (preferably at reduced pressure) reverse osmosis, freeze drying or freezing out
the water as ice leaving an aqueous concentrate. It may suitably be removed by
evaporation at reduced pressure for example at a temperature of 40 to 70°C

The dissolved solids may be separated as such or left as a concentrated solution
where the Aw (water activity) is reduced sufficiently to ensure biostasis at a range of
storage temperatures.

If the nucleic acid content of the filamentous fungus is reduced by raising the
temperature of its growth medium the water recovered will contain saits and other nutrients,
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for example glucose and/or complex nitrogen nutrients in addition to the nucleic acids and
other materials derived from the fungus. If the flavour imparted by such materials is
required they may be left in the materials, but if not they may either be removed, for
example by osmosis or ultrafiltration, or the fungus may be washed before its nucleic acid
content is reduced thereby avoiding their presence. In W095/23843 the removal of nucieic
acid from a filamentous fungus in its growing state is described; such a process is an
improvement over the treatment of fungus in its resting state, for example in pure water.
We have found however that the organism takes a short time to adjust from its growing to
its resting state and that providing the nucleic acids are removed soon after it is separated
from its growth medium the nucleic acids may be satisfactorily removed according to the
procedure of W095/23843.

We have found that after partial or complete removal of water as aforesaid the
concentrate can be used as an alternative to hydrolysed vegetable proteins, yeast
autolysates or yeast extract as an additive for food. The materials removed from the fungus
of value in the production of savoury flavouring preparations and process flavourings.
Because of the savoury nature of the flavour it may be used directly in the flavouring of
Snacks, Biscuits, Stocks, Soups, Stews, Sauces and Gravies at inclusion levels of
preferably between 0.1 and 15 for example 1 to 10 dry weight %.

We have also found that on heating it produces an attractive roast-type aroma. If
desired it may be partially hydrolysed before heating, for example by hydrolysis with acetic
acid, to produce modified roast flavours.

It may also be reacted, optionally after at least partial hydrolysis, with sulphur
containing amino acids, preferably cysteine or optionally with H,S and/or (NH4).S to produce
savoury flavours.

The savoury nature of the material may be altered by chemical reaction to provide a
different flavour profile in that the meaty/roasted flavour notes are increased. Such
“reaction flavourings” may be used in flavouring Meat (beef, chicken, lamb, pork, etc), meat
alternatives (e.g. based on soy, wheat, pea protein, myco-protein), prepared meals, snacks
and drinks at inclusion levels of preferably between 0.1 and 10 for example 1 to 8 dry
weight %.

The flavourings may be produced by reacting materials removed from the fungus as
aforesaid with cysteine. This may be carried out in the presence of water if desired; for
example a 1.5 to 75 and preferably a 5 to 50 weight % solution of such materials may be
reacted with cysteine in quantities of up to 10%, for example 1 to 5% of cysteine by weight
based on such materials. The reaction may be carried out at a temperature of for example
110 to 140°C at a pH of 5.5 to 9. Reaction is suitably continued for 0.5 to 7.5 hours.

It is believed that hydrolysis increases the free ribose content of the concentrate and
this may be appropriate if certain flavours are desired. It is desirable to avoid treatment with
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hydrochloric acid for regulatory reasons (possible production of chloro-propanol derivatives),
but hydrolysis with for example acetic acid may be desirable.

In the following descriptions the term “Centrate” is used for the extracellular liquid
recovered by the heat shock treatment of a suspension of Fusarium at about 70°C in the
presence of its growth medium after separation of the cellular material. The term FDC
means “freeze dried centrate”.

EXPERIMENTAL PROCEDURES
Material Preparation

The liquid centrate was freeze dried in order to:

- reduce the water content and therefore inhibit microbial growth;

- carry out studies at a high concentration of centrate;

- facilitate the handling of the product.

All further analyses described in this report deal with the freeze dried centrate
abbreviated FDC.

Methods - Compositional Analyses
Moisture

The moisture content was determined by measuring the weight decrease of the
FDC, until constant weight, while placed in an oven at 100°C.

Ash

The ash content was determined by placing the FDC in an oven at 600°C until
constant weight was obtained.
Organic Nitrogen

Kjeldahl nitrogen determination was carried out: sucrose was used as blank and
glycine as standard. The results are shown in Table 1.

Table 1 - Moisture, Ash and Organic Nitrogen Content of FDC

Replicates Mean
1 2 3
Moisture (%) 13 13 13 13
Ash (%) 18 18 17 18
Organic Nitrogen (%) 6 6 6 6

Amino Acids

The amino acids determination was done with a 6300 Beckman auto-analyser. The
free amino acids present in the FDC were analysed using a 0.06% solution of the FDC. It
was possible to measure the total amino acid content by a prior hydrolysis (HCI 6N, 24h,
oven 110°C) of the FDC. However, the acid is known to hydrolyse tryptophan and the
sulphur amino acids. The hydrolysis of the sulphur amino acids can be avoided by a prior
oxidation of cysteine into cysteic acid, and methionine into methionine sulfone. This was

SUBSTITUTE SHEET (RULE 26)
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carried out by treating the FDC with a solution of formic acid/hydrogen peroxide/methanol
(48.5/1/0.5) during 4h at 0°C in the dark. The results are shown in Table 1a.
Table 1a - Amino Acid Content of FDC

mean results in g/100g FDC

Amino Acids FDC Hydrolysed FDC
(free AA) (total AA)

CYSTEIC ACID 0.09 0.32
ASP 0.14 0.50
THR 0.02 0.24
SER 0.12 0.16
GLU 2.02 1.70
CYSTEINE 0.00 0.21
PRO 0.00 0.20
GLY 0.05 0.24
ALA 2.05 1.73
VAL 0.14 0.37
CYSTINE 0.00 0.01
METH 0.00 0.13
ILE 0.00 0.21
LEU 0.00 0.30
TYR 0.00 0.06
PHE 0.00 0.17
TRYPTOPHAN 0.00 0.00
NH3 1.49 4.56
LYS 0.15 0.26
HIS 0.00 0.08
ARG 0.71 0.65
TOTAL 6.98 11.80

Total Carbohydrates

The carbohydrate content of the FDC was assessed by the phenol-sulphuric acid
assay method (Carbohydrate analysis: a practical approach, ed. Chaplin, Kennedy, IRL
Press). Solutions of FDC and glucose (standard for calibration) were mixed with a solution
of phenol in water (5% w/v). Concentrated sulphuric acid (1 ml) was added rapidly and
directly to the solution surface without allowing it to touch the sides of the tube. The
solutions were left undisturbed for 10 min before shaking vigorously. The absorbencies

were read at 490 nm after a further 30 min.

'SUBSTITUTE SHEET (RULE 26)
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Sugars

The sugar analysis was performed using a Dionex System of High Pressure Liquid
Chromatography (HPLC), in which an eluent of HPLC grade water (1 mi/min) was used with
an anion-exchange column (column Dionex PA-1) and a pulsed amperometric detector.
Pure compounds were used as standards for retention time determination and quantitation.
Free sugars were analysed using a 0.15% solution of FDC after filtering the solution
through a 0.45 pm Minisart 25 membrane. Total sugars were also evaluated after a
preliminary acid hydrolysis of the FDC (solution 0.15% in HCI 1N, 2h, oven 110°C) and
filtration through first an Ag filter (precipitate of AgCl) and second a 0.45 um Minisart 25
filter. The results are shown in Table 2.
Table 2 - HPLC Analysis of Sugar Content of FDC
g sugar per 100g of FDC

FDC HYDROLYSED FDC

mean mean
arabinose 0.02 0.04
galactose 0.10 0.10
glucose 8.62 23.01
sucrose 0.09 0.23
xylose 0.00 0.00
mannose 0.00 0.10
fructose 0.01 0.00
ribose 0.00 0.06
maltose 2.08
TOTAL SUGARS 12.66 25.10

Nucleic acid Derivatives

A Perkin Elmer Binary HPLC pump 250 equipped with a Spectroflow 757 ABI
Analytical Kratos Division was used. Standards and samples were filtered through Acrodisc
0.45 um Gelman Sciences membranes filters and injected by means of an injector valve
equipped with a 20 pl injection loop into a reverse-phase pBondapack C18 (3.9 x 300 mm)
Waters analytical column, protected by a pBondapack C18 guard column. A wavelength of
254 nm was used. A gradient programme with two mobile phases was used: mobile
solvent A was a 60/40 methanol/water mixture and mobile solvent B was 0.02M KH,PO,
(pH 5.5) prepared from potassium dihydrogen orthophosphate in distilied water and pH
adjusted with IM KOH. All mobile solvents were filtered (Nylaflo 0.2 um Gelman Sciences
membranes filters) and degassed with Helium before use. The total run time was 51 min
and the flow rate 1 ml/min which consisted of 100% solvent B during 5 min, followed by a
gradient from 0% to 36% solvent A in 36 min and 36% solvent A for 5 min. Then a reverse

SUBSTITUTE SHEET (RULE 26)
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gradient of 36% to 0% A was set for 5 min and the HPLC was ready for further injection
after 15 min equilibrium.

Identification of the compounds was made by comparison with the retention time
obtained from standards analysed in the same HPLC conditions. Standards were analysed
separately to know their individual retention time and then all together to check any elution
over lap that may occur in the sample case. These standards are presented in Table 3.
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Hydrolysis of FDC

Since free ribose is highly reactive in the Maillard reaction, the effect of gentie
hydrolysis conditions on FDC and the subsequent effects on flavour generation were
investigated. Acid hydrolysis was carried out with sodium acetate 0.01M, pH4 adjusted with
acetic acid. Standards (inosine, adenosine 5’mono phosphate -AMP5’, guanosine and
guanosine 5'mono phosphate -GMPS5’) were prepared at 4000 uM in duplicate and an
aliquot of each solution was taken and run under the same HPLC conditions as were
adapted for the analysis of nucleic acids derivatives above. The solutions were then
subjected to hydrolysis for 7.5 h in an oven 100°C (GC oven Carlo Erba). The reaction was
stopped by placing the tubes in an ice bath and kept in freezer until analysis.

FDC at 2% w/v was subjected to similar hydrolysis conditions.
Flavour mixture preparation

As indicated previously, FDC is considered to have the potential of being either a
flavouring in its own right, or a precursor in the generation of reaction - product flavours.
Therefore a range of reaction mixtures were prepared and are presented in Table 4.
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Reaction mixtures (2 ml) were prepared by mixing appropriate quantities of stock
solutions in glass tubes and then transferring to 20 mit Kimble ampules that were sealed in
hot flame. The ampules were then placed in a metal cover and heated in a Carlo Erba
4200 gas chromatograph oven.

The reaction mixtures were stored in the freezer at -20°C before analysis. The
ampules were broken for analysis after bringing the reaction mixtures to room temperature.
Sensory evaluation of Aroma volatiles

An informal panel of 6 persons (3 females, 3 males) experienced in flavour
evaluation was recruited.

For sensory evaluation, 1 ml aliquots of the samples under investigation were
transferred into brown screw-cap botties and diluted 10 times (except for the concentration
study where no dilution was applied). The coded samples were presented to one panellist
at one time at room temperature and the panellists were asked to describe the aromas
using their own terms.

Instrumental evaluation of Aroma volatiles determination

A dynamic headspace collection procedure was used. Each sample (1.7 ml of
reaction mixture so that it was equivalent to 0.4 g of FDC) was placed in a 250 ml conical
flask fitted with a Drechsel head. Distilled water was added to a final volume of 10 mi and
the mixture shaken gently. Oxygen-free nitrogen was passed over the sample for 1 h ata
rate of 40 ml/min. The volatiles were swept onto a preconditioned glass-lined stainless-
steel trap (105 mm x 3 mm i.d.) packed with 85 mg Tenax GC (CHIS system. SGE Limited).
Throughout the collection, the sample was maintained at 37°C using a water bath. The
internal standard was 1,2-dichlorobenzene in ether (130 pl/ml) and 1 ul was injected onto
the trap at the end of the collection time, the trap was then flushed with nitrogen for 10 min.

A Hewlett-Packard (HP) 5890/5972 gas chromatrograph-mass spectrometer (GC-
MS), fitted with a 50 m x 0.32 mm i.d. fused-silica capillary column coated with BPX-5) SGE
Limited) at 0.5 um film thickness, was used to analyse the collected volatiles. These were
thermally desorbed at 250°C in the CHIS injection port (SGE Limited) and cryofocused
directly onto the front of the GC column, while the oven was held at 0°C for 5 min. The
oven temperature was then raised to 40°C over 1 min and held for 5 min before raising the
temperature to 250°C at a rate of 4°C/min and holding for a further 10 min. The helium
carrier gas flow rate was 1.5 mi/min. Mass spectra were recorded in the electron impact
mode at an ionisation voltage of 70 eV and source temperature of 200°C. A scan range of
29-400 m/z and a scan time of 0.69 s were used. The date were controlled and stored by
the HP G1034C Chemstation data system.

Volatiles were identified by comparison of their mass spectra with the spectra from
authentic compounds in the Reading Laboratory or in the NIST/EPA/MSDC Mass Spectral
Database or other published spectra. The linear retention index (LRI) was calculated for
each component using the retention times of a homologous series of C¢-C,; n-alkanes.
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Nucleic Acid Derivatives

The nucleic acid composition of the centrate was determined from 3 replicates and is
presented in Table 5. It explains most of the HPLC eluted peaks. A number of compounds
co-eluted, but it was not possible to investigate alternative analysis conditions and,
therefore, for co-eluting compounds it was not possible to determine which of the
compounds contributed to the peak obtained in the centrate analysis.

As expected, there were few deoxyribonucleic acid derived compounds compared
with the ribonucleic acid derived compounds, which are more abundant in nature. The
major nucleic acid components are cytosine 5 monophosphate (26% of the total nucleic
acid content), uridine 3° monophosphate and/or guanosine 5’ monophosphate (18%),
adenosine 5 monophosphate and/or deoxyribo guanosine 5 monophosphate (16%). All of
them are potential sources of ribose and ribose phosphate which are good reactive
precursors the Maillard reaction. Excluding the bases, the potential source of ribose or
ribose phosphate represents 96% of the nucleic acid content of the centrate, which is
equivalent to 202 ppm of the content of the centrate.
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Effects of Acid Hydrolysis on Nucleic Acid Derivatives

Table 6 presents the results of hydrolysis of solutions of inosine, guanosine and
their respective 5’ phosphate ribonucleotides. The method is based on that used by
Matoba et al (J. Food Science, vol. 53, n.4, 1988, p1156). The last column gives an
indication of quantity recovery and it can be seen that the results of the hydrolysis on the
guanosine showed a significant loss, which suggests that the guanine molecule is unstable.

The most interesting model systems are the ribonucleotides since they are major
components in the centrate. They were hydrolysed by half or less, producing their
respective nucleosides which were further hydrolysed into their bases. Although it is
possible to hydrolyse the ribonucleotides into their bases and consequently produce ribose
and/or ribose phosphate, relatively low yields of bases were obtained and an optimisation of
this process should be carried out.
Table 6 - Acid hydrolysis results of model systems

Quantity (%) After hydrolysis
initial hypoxanthine inosine IMP5’ total
inosine 100 13 85 98
IMPS’ 100 6 15 71 92
guanine guanosine GMPS’
guanosine 100 2 42 44
GMPS’ 100 2 35 51 88

Conclusion

The nucleic acid composition of the FDC has been characterised. It comprises
mainly ribonucleotides with relatively small amounts of deoxyribonucleotides. Hydrolysis of
nucleotides releases free ribose or ribose phosphate only occurs to a relatively small extent
in acetate buffer at pH 4. ,
Results - Sensory Evaluations of Aroma Volatiles

It was decided to present the individual results of each panellist and not to group
them under specific common descriptors because of the too large diversity of the terms
described.

Tables 7 and 8 present the effect of heating and the impact of the hydrolysis, with or
without the addition of cysteine.

SUBSTITUTE SHEET (RULE 26)
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Table 7 - Aroma panel results on centrate - Study of the effect of cooking

Sample name

Aqueous Centrate

Heated Aqueous Centrate

Sample 1.7%(w/v, solids of 1/7%(wl/v, solids of centrate/water)

Composition centrate/water 0.5, 140°C

Panellist 1 scrumpy, glucose, syrup, | molasses, caramel
molasses

Panellist 2 caramel, sweet burnt

Panellist 3 whey, old yoghurt, sharp, | raw celery, braised celery, weird smell
creamy

Panellist 4 wet cloth/ironing/scorching | fermenting cereal, ironing/wet cloth,
auto-claving media, cotton/wool, treacle, golden syrup
slightly acrid

Panellist 5 honey, urine caramel, fatty

Panellist 6 caramel, slightly fruity slightly fruity caramel, burnt, sharp

SUBSTITUTE SHEET (RULE 26)
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The study of the effect of concentration of centrate invoived the range of
concentrations likely to be reached in commercial practice, i.e., within the range 12% and
30% of solids. These were compared with the non diluted freeze dried centrate powder
(87% solids). The other preparation conditions were kept constant. viz. pH 5.5 and heating
at 140°C for 30 min. The results are presented in Table 9. The odours were very strong
and the reproducibility of the results within 2 replicates for each panellist was fairly poor.
However, there was a noticeable trend within the sample set from low to high concentration:
at 12%, the odours were mainly sweet, vegetable and molasses. These notes became
associated with burmt and sharp as well as savoury at 20 and 30% solids. At 50%, the
sample had roasted and paint smells that became dominant at 75%. Some extra metallic,
burnt rubbery, and sulphur notes were detected with the 87% sample. The 20 and 30%
solid sampies seemed the most interesting because of their meaty savour smelis and
therefore they were selected for further analysis. it was also decided to dilute the original
flavoured reaction mixtures before sniffing further reaction mixtures.
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The pH effect was studied on the centrate at 3 different values: 5.5, 7.5 and 9, with
the heating conditions kept at 140°C for 30 min. The resuits are in Table 10. There was
not much difference in the results between the 20% and the 30% solids samples. The
results at pH 7.5 were similar to those at pH 5.5 and the smells were mainly autoclave and
caramel. The odour became burnt with pH 9. Therefore it was decided to carry on the

sniffing experiments by selecting the two extreme pHs and to keep only one concentration
(20% solids).
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Table 10 - Aroma panel resuits on heated centrate study of the effect of pH

Sample Name

Heated aqueous centrate
20% pH 5.5

Heated aqueous centrate
30% pH 5.5

Sample composition

20%(w/v, solids of
centrate/water) 0.5h 140°C

30% (wl/v, solids of
centrate/water) 0.5h 140°C

Dilution before sniffing

50 for panellist 1

50 for panellist 1

10 for panellist 2

10 for panellist 2

Panellist 1 1-slight autoclaving 1-slightly autoclave,
2-diacetyl then going to “catching” in nose.
caramel, butter scotch, slightly | 2-then quite a lot of caramel
nutty

panellist 2 caramel, butter-like caramel, sweet

Sample name

Heated aqueous centrate
20% pH 7.5

Heated aqueous centrate
30% pH 7.5

Sample composition

20%(wl/v, solids of
centrate/water 0.5h 140°C

30%(w/v, solids of
centrate/water) 0.5h 140°C

Dilution before sniffing

50

50

Panellist 1

similar to sample 20% pH 5.5
in the way it changes, bit more
autoclaving, caramel but not
really butterscotch

1-slightly autoclave
2-caramel

Sample name

Heated aqueous centrate
20% pH 9

Heated aqueous centrate
30% pH9

Sample composition

20% (w/v, solids of
centrate/water) 0.5h 140°C

30% (w/v, solids of
centrate/water) 0.5h 140°C

Dilution before sniffing

10

10

Panellist 2

burnt, baked, roasted, cereals

slightly burnt, caramel sweet

The effect of addition of cysteine was studied on the centrate in solution at 20%

solids at pH 5.5 and 9. There were three concentrations of cysteine tested: ratios 1/20,
1/10 and 1/5 of cysteine (g)/centrate solids (g). The heating conditions were kept the same
as previously (104°C for 30 min). The results are presented in Table 11. Within the pH 5.5
sample series, the low concentration of cysteine sample lead to a somewhat pleasant odour
of sweet, greasy, meaty sauce, that was progressively replaced by roasted and rubber
notes as the cysteine concentration increased. At pH 9, the burnt roasted cereals notes
already mentioned in the previous experiment were present again with cysteine at low
concentration. When the cysteine content increased, the odour became strong and more
nutty and then close to savoury, meaty stock. It was therefore decided to select pH 5.5 with
cysteine 1/20 sample and pH9 with cysteine 1/5 sample for the next set of experiments.

‘8UBSTITUTE SHEET (RULE 26)
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The results of the temperature/duration heating conditions study are presented in
Table 12. They involve the two selected samples previously described which were then
cooked at a lower temperature and longer time: 100°C for 60 min and 90 min, and at a
higher temperature but for a shorter time: 175°C for 5 min. Compared to the original
heating conditions, similar results were obtained for the pH 5.5 cysteine 1/20 sample by
heating 100°C for 60 min. Longer time of heating at 100°C resulted in more roasted burnt
notes and a similar type of odour was obtained after 5 min at 175°C. Regarding the pH 9
cysteine 1/5 sample, the meaty notes obtained by 30 min at 140°C were reached by the

treatment 5 min at 175°C. At 100°C, some very strong odours of urine and boiled eggs
were described.
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Results - Instrumental Analysis CF Aroma Volatiles by GC/MS

A selection of the reaction mixtures described above were further studied by GC-MS
analysis of the headspace volatiles by the method described previously. These mixtures
are underlined in Table 2. A sample of autolysed yeast was analysed under the same

conditions for comparison of the volatiles. The resuits of the study are presented in detail in
Table 13.
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The pyrazines, thiazoles and thiophenes content was very much affected by the
reaction conditions. The highest levels of pyrazines were found at pH9, as expected, since
the formation of N-heterocyclic compounds in the Maillard reaction is favoured by high pH.
With a few exceptions, sulphur compounds were formed only in the presence of cysteine,
confirming that the content of sulphur amino acids in the freeze dried centrate was very low.

The yeast autolysate aroma volatiles were dominated by terpenes and its
composition was very different from the volatiles obtained from the centrate.

Conclusion

The range of flavours was generated from the centrate, showing its potential as a
flavouring ingredient or as a source of precursors for reaction product flavourings. The
variables that were applied in this study were the centrate concentration, the pH, the
presence of added cysteine, and the temperature/duration of the heating conditions. An

addition of cysteine was necessary to generate meaty aromas which derive from sulphur-
containing volatiles.
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CLAIMS

1 A flavouring material for food which is an aqueous solution which comprises
materials removed from a filamentous fungus by contacting it with water at an elevated
temperature sufficient to reduce the nucleic acid content of the filamentous fungus in which
the concentration of dissolved solids is sufficiently high to render the solution stable to
storage at a temperature of 20°C for a period of one month or is a solid comprising
materials so removed from the filamentous fungus or is a flavouring material comprising a
reaction product of such materials with a sulphur containing amino acid, hydrogen sulphide
or ammonium sulphide.

2 A flavouring material according to Claim 1 which is an aqueous solution comprising
at least 30% by weight of solids.

3 A flavouring material according to Claim 1 or 2 which comprises a reaction product
of such materials with cysteine.

4 A process of producing a flavouring material for food which comprises the step of
improving the suitability of filamentous fungus for food by subjecting it in the presence of
water to a temperature sufficient to reduce its nucleic acid content thereby producing an
aqueous solution and concentrating the aqueous solution.

5 A process as claimed in Claim 4 in which water is removed from the aqueous
solution by evaporation, distillation, reverse osmosis, freeze drying, or freezing out the
water as ice leaving an aqueous concentrate.

6 A process as claimed in Claim 4 or 5 in which the soluble components are
concentrated by removing water at reduced pressure and at a temperature of 40 to 70°C.
7 A process of producing a flavouring material for food according to any one of Claims
4 to 6 in which nucleic acid is removed from a filamentous fungus in its growing state.

8 A process as claimed in Claim 7 in which the filamentous fungus in its growing state
is washed to remove growth medium and immediately thereafter heated in the presence of
water to remove nucleic acid.

9 A process as claimed in any of Claims 4 to 8 in which materials recovered from the
filamentous fungus are reacted with a sulphur containing amino acid. hydrogen sulphide or
ammonium sulphide thereby producing savoury flavours.

10 A process as claimed in Claim 9 in which the sulphur containing amino acid is
cysteine.

11 A process as claimed in Claim 9 or10 in which the reaction is carried out in the
presence of water.

12 A process as claimed in Claim 11 in which a solution of 1.5 to 75% of the materials
removed from the fungus in water is reacted with cysteine in amounts up to 10% of cysteine
by weight based on the said materials at a pH of 5.5t0 9.

13 A process as claimed in Claim 12 in which the temperature of the reaction is 110 to
140°C.
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14 A food which comprises 0.1 to 15% by weight based on the solids content of a
flavouring material as claimed in Claim 1, 2 or 3 or which is produced by a process as
claimed in any one of Ciaims 4 to 13,

16 A food according to Claim 14 which is a snack, biscuits, stock, soup, stew, sauce,
gravy or a drink. '

16 A process of flavouring food which comprises the step of improving the suitability of
a filamentous fungus as food by subjecting it in the presence of water to a temperature
sufficient to reduce its nucleic acid contents substantially and flavouring food with materials
removed from the fungus in the said step directly or after chemical reaction.
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