1-1

Vitt.
Vitt.

truffles

Tuberaceae

Tuber

T.melanosporum Vitt.
Tuber uncinatum

Tuberales
carpophores
Tuber brumale
T.aestivum

FDA



1-2

Woodruff, 1980

taste odor

stationary phase

Scharpf et al., 1986

1990

log phase
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Tuber melanosporum



2-1

2-1-1
Tuber melanosporum Vitt. French truffle
Peziza apothecium
hymenium
Delmas, 1973
pileus
stipe carpophore
2 7 20 200
gleba
ascus
4 ascospore 30~50x%20
30mm

1987b 2002 Trappe, 1979

(germinatian)



Delmas, 1973

Fig.2-1
Fagus
sylvatica Quercus pubescens Quercus
Q. pedunculata, Q. sessiliflora, Q. illex
Betula Corylus Cistus

Chevalier, 1978b Chevalier and
Frochot, 1981 Chevalier and Grente, 1978 Chevalier et al.,
1978 Giovannetti and Fontana, 1982 Trappe, 1962

Trappe, 1980
Delmas,1973
Trappe,1980

Delmas, 1983



Fig.2 1 Delmas, 1973




2-1-2

1976 1987a Danell
and Fries, 1990 Zak and Bryam, 1963 Zak and Marx,
1964

p H 1990

medium

(1)

Lewis and Harley,
1965a 1965c
Ferry and Das, 1968 Lamb, 1974 Lewis and Harley,



1965a 1965c

1990

(2)

casein hydrolysate
peptides peptones  Xooxx

Hung and Trappe, 1983 Littke et al .,
1984 Lundeberg, 1970

Littkeet al., 1983 Hebeloma crustuliniforme
pH 5.0 6.0 pH
CO,
1990

Lunderberg, 1970

(3)



Theodorou,
1971
Edmondes et al., 1976 Harley and
Wilson, 1959

(4)

Laiho, 1970
Melin, 1963 Norkrans, 1950 Melin 1963

thiamine pyrimidine
thiazole

(5)
1977 Pisolityhus tinctorius  Suillus
bovinus
1. MMN Melin modified Norkrans agar medium
HA Hagem agar medium
PDA Potato dextrose medium
PMA Palmer’ s medium

o bk WD

MHA modified Hagem agar medium
P. tinctorious HA MMN
S. bovinus PDA

Hasija Agarwal 1978 Trichothecium
roseum



Asthana and Hawker’ s medium
Brown’ s medium

Coon’ s medium

Czapek’ s medium

glucose aspargine medium
Richard’ s medium

N o gk wbd e

potato dextrose medium
potato dextrose Brown’ s medium

medium

1983 Tricholoma matsutake

1. Hamada medium
2. CMA glucose, yeast extract medium

3. MMN
CMA

1987 Tuber aestivum

MMN

HN Hagem nutrient agar medium
Bonner’ s medium

Oat flake medium

o bk wDPE

Y pSs medium
Y pSs

1992 Tuber

melanosporum
1. MECT Malt extract and Casein hydrolysat Thiamine

10



agar medium

2. PGA Peptone Glucose agar medium
3. MMN
4. MMNC
5. HM
6. HNAM
7. Oat Oat flake medium
8. YpSs
MECT
2.
Hacskaylo et al., 1965 Theodorou and Bowen,
1971
Hacskaylo et al., 1965
24 29 Laiho 1970
Paxillus involutus 5 32
15 25 Theodorou Bowen
1971 Rhizopogon luteolus, Suillus granulatus
S. luteus Rhizopogon luteolus 20
25 Suillus granulatus 20
S. luteus 25

1977 Pisolityhus tinctorius Suillus

1



bovinus P. tinctorius 28

36 12 S.
bovinus 20 8 30
Hasija Agarwal 1987
Trichothecium roseum 28
10 40
1983 Tricholoma matsutake
20 24 4 32
1987 Tuber aestivum
30 1992 Tube
rmelanosporum 20 37
20
3. pH
pH
pH

Hung and Trappe, 1983

1976 Pisolithus tinctoruns

pH 3.1 7.0 pH 6.0 7.0
1976 Pisolityhus tinctorius  Suillus bovinus
P. tinctorius  pH 6.6 S.



bovinus pH 5.5

Hung Trappe 1983

Amanita muscaria pHG6 Cenococcum
geophilum pH3 pH7 Hebeloma
crustuliniforme pH7 Laccaria laccata
pH4 6 Pisolithus tinctoruns pH3 7
Rhizopogon vinicolor pH4 6 Suillus lakei

pH4 6 Thelepgora ameicana pH3
6
1987 pH 4.5 8.5 Tuber aestivum
pHG6.5 5.5 1992 pH
5.0 8.0 Tuber melanosporum pHG6.0
pH
pH

Laiho, 1970

13



2-2

bio-technology
1981

1984

1980 Gocho,1984

S-stereo selectivity

1984

FDA

14



Janssens et al., 1992 Omelianski,
1923 sensory properties
Table 2-1 odorants tastants tastants

odorants
Scharpf et al., 1986

Omeli-anski 1923
Badcock 1939 wood-destroying
fungi Table2-2 Nobles
sweet, fruit, musty, earthy, antiseptic,
miscel-laneous odor
Basidiomycetes Nobles, 1965 skunk—Iike
odor Mucor
Ellis and Hesseltine, 1969

O Birkinshaw Findlay 1940
Lentinus lepideus anisic acid cinnamic acid
p-methoxycinnamic acid Birkinshaw 1944

Trametes suaveolens
anisaldehyde



Table2 1

Scharpf et al., 1986

Primary Tastants Primary

Odorants Odorants Tastants

Aldehydes Amines Amino acids
acetaldehyde
phenylacetaldehyde

Ketones Fatty acids Peptides
diacetyl
acetophenone

Esters Pyrazines Sugars
ethyl butyrate

Alcohols L actones Polyols
butanol

Terpenes

citronellal

16



Table2 2 (Badcock,1939)

Fu nig o or description
Copri mucsaceus st rong mushroom
Daedabueear ci n a appl es

Fomgdgaement ari us oi 'y, tall ow
Fomdsaxi neus fai nt fragrant
Fomdai ci s faintly fragrant
Fomdisgnosus no n e

Fomengxi us none

Fomeisni col a fi sh, tall ow
Ganodeapmaanat um fai nt tall ow

Ganodeoermgonense faintly fragrant
Ganoderemanaceumnone

Letnhi nwcechl eatus ani sal dehyde

Lent i heupsi deus ani sal dehyd

Lenzi abeiset i na none

Lenzi beetsul i na fi sh, tall ow

Lenzi fleascci da tal | ow

Lenzistepanda no n e

Lenzi beepsi ar i a slightly spicy

Lenzi stersi at a iodi ne

Lenzi treasb e a rubber , i odine, bitter
Lenzi treiscol or sl i ght pepper

Mar asml imaceus car | i c

Mer u$ counf | uens noder ately fragrant
Mer ul hiunsant i oi desodien rubber, bitter
Mer ul laucsr y mans very sl ight fungus odor
Mer ul ruufsu s fai nt mushr oom

Mer ul truesmel | osusburnt tof fee

17



Tabl e2?2

c

Odor descript

> o o o T 9 QD

c

W ©®” U U U v ©” U U U U U U U U U U U U U U U U U U UW ©V|T

< K K K KK K K KK K ¥ K ¥ K xx

| Atust o ment oswunsbl eached <calico

| paunsu oi des sl i ght fragrance

I adtiap o s a eart hy

i butcai f er a earthy

I ouwtraa bi | i s eart hy
laspectabilisslickly sweet

i egtear r o s a st roregrthy

r oeuws mu s fragr ant

roli gmati us ne wne a |

roost $ eat us slightly fragrant, mushr
rosaps dus fragrant

roul mar i us slightly fragrant
poadust us sl ightly fragrant (teroper
poang ® p S no n e

pobems oi nus benzal dehyde, ani sal dehy
pocr @€ e us narci ssus

p ody um & S pl easanuti,tfyr, gqui nce
pofr@® dosus hy dr ocyanic acid, cherry
p ofum® s u s no n e

pograsy eol ens unpl easant

pomubs$ i s no n e

pomiksdoi no n e

poobds cens hy dr ocyani ceacyd| abr el
pobo s SsSus nboder ately fragrant, | as
popues pes sl ightly fragrant

pobut $I| ans sl ightly fragrant
poschhsvei nitzipl easant, ani se

18



Tabl e2?2

Fung Odor descript
Pol yposgqus mosus no n e

Pol yposul®hur eus none

Pol ystitatbwax i nus none

Pol ystiwvwtriss col orfi sh, tall ow

Porivai | | ant i fai nt mushr oom

Porixant ha li monene, | emon

Sterefomstul osum fruity, rotting appl es

Sterehumsut um faintly fragrant
Sterebmudens sweet, banana

St er eluonb at um faintly sweet
Steremumr ay.i vanil |l a

Sterepumpur eum nmoderately fragrant
Stererugosum frui ty, banana
Steresamqguinol entfumgr ant

Sterepmdi | eum faintly fragrant
Tr ame bteelsi col a faintly fragrant
Tr ame bdeosr at a fruity

Tr ame piensi none

Tr ametuebse s cens fai nt tall ow

Tr amestueasveol ens strong, ani sal dehyde
Tr ameteensui s no n e

Ust ul vunlag ar e no n e

Xyl arhypoxyl on nitrous

Xyl arpphy mor pha non e

19



2-2-1

1.
Collins, 1976
2.
alleopathy
Fomes annosus triace-tylene hexa-1-3-5-triyne
Kurita 1981
cinnamaldehyde
3.

French n-nonanal Puccinia graminis
uredospore French and Gallimore, 1971, 1972
Agaricus bisporus isovaleric acid

Fries, 1973
4.
Cer-tocystic fagacearum Phellinus spp. Collins, 1976

Hutchinson, 1971



2-2-2

1.Strain
species strains Badcock, 1939
species strain
Ceratocystis fimbriata strain 835c¢c 856
835cC
terpene alcohol 856

Hanssen and Sprecher, 1981
Scharpf et al., 1986

2.
Halim et al., 1975b
Penicillium
rogueforti blue cheese
b-oxidation methyl ketones

Kinsella, 1976a

21



blue cheese methyl ketones
Larroche, 1988

P.decumbens | .benzonium
Halim et al., 1975b Berger et al., 1987

3.
biomass
Lanza 1976
Ceratocystis moniliformis
glucose glycerol

oleic acid

Sporobolomyces odorus
mannitol 3
6 1992

Sporobolomyces odorus
alanine arginine asparagine
peptone



peptone
. pH
pH
pH Clostridium butyricum
pH
1971
6. incubation period
1985

Collins, 1978

23

1992

Ceratocystis variospora
4-6 Hubbal and



2-3

aroma
Emberger,
1985 ppm
100ppm 102 ~ 10°ppb
300 ~ 400 Schreier and ldstein,
1985 Emberger, 1985
700 Emberger, 1985
ppm 1/100ppb
20 ~300
flavor profile
2-3-1
5 Emberger, 1985 (1)
(2)
isolation separation
(3)
pre-separation uniform
fractions (4) gas
chromatography, GC capillary
chromatography (5) GC mass

spectrophotometer, MS

24



2-3-2

natural prototype

target flavor

2-3-3

1. steam distill-ation

artefacts
Likens Nickerson
1964 M aarse
and Belz,1981
20 ~ 40

25



2. adsorption
Chromosorb 100 Porapak Q Tenax
GC charcoal Nursten,1982
headsapce

Emberger,1985 Stewart and Whitaker,1984

Emberger 1985

25 -
40

critical CO, extraction

sensory analysis

pilot plant
1985 Caragay and Little, 1981 Reineccius
and Anandaraman, 1981 freeze concentration

26



Kepner et al., 1969

2-3-4

exclusion chromatography
preparative GC

2-3-5 Capillary GC

retention time

"Kovats Index”

2-3-6

27

LC



seneitivity

specificity " Kovats
Index” Emberger, 1985

infrared spect-roscopy, IR
nuclear magnetic resonance, NMR

Emberger 1985

10~100ppb

micropreparation

0.5~2 ng
threshold level
concentration

GC MS IR NMR

28



2-4

1987 Talou Perigord Cahors
HRGC MS dynamic
headspace Tenax
14 6 ethanol
2-butanol 1-propanol 2-methyl-1-propanol
2-methyl-1-butanol 3-methyl-1-butanol 4
acetaldehyde 2-methylpropanal 2-methylbutanal
3-methylbutanal 1 anisole 2 acetone
2-butanone 1 dimethyl sulfide
60 85

Institut National Polytechniqgue de Toulose
Toulose,FR Pebeyre S.A. Cahors ,FR Talou

14 1990
3 United States Patent

29



1989 Talou Cahors
1987
19 14 1987
5 propanal isopropyl formate ethyl
acetate 1-methyl-propyl formate acetic acid

amino acids

precursors
degradation Kulifaj,1984
DMS
dimethyl sulphide Andreotti Casoli 1968
sulphurous note DMS
sulphates S-methylmethioninesulphonium
salt hydrolysis acetic acid anisole
pungent
DMS dimethyl sulfide
2-butanone anisole
1989 Talou American Chemical Society
Perigord
sensory
assessment 26
dimethyl sulphide DMS dimethyl
disulphide DMDS DMS



Talou

1995 Pelusio HS SPME Headspace
Solid-Phase  Microextraction GC ITMS Gas
Chromatography-lon Trap Mass spectrometry Headspace
Tenax Adsorption Tuber
Magnatum Tuber melanosporum

HS-SPME GC-ITMS 1993 10  white truffle
7 S1 dimethyl sulfide S2 dimethyl

disulfide S3 bis methylthio methane S4  dimethyl
trisulfide S5 1,2,4-trithiolane S6 methyl methylthio
methyl disulfide S7 tris methylthio methane

O1 2-butanone 02 2-butanol 1993
10 black truffle S1 S3 01 02 1994
10 white truffle S1 S2 S3 S4 1994 10
black truffle S2 S4
1994 1
S5

S6 S7
Headspace Tenax Adsorption
dimethyl sulfide bis methylthio methane

2000 Trillini Tuber
borchii Melin  Norkrans
29
172.2 ng/l 1,3-ditertbutyl

31



benzene 16.1 ng/l  3-methylheptane 9.2 ng/l butan-2-one

8.8 ng/l ethynylbenzene 5.6 ng/l octan-3-one 4.9
ng/l dimethyltrisulphide
1998 Bellesia Tuber magnatum
2,4-dithiapentane hydrolytic
oxidative dimethyl disulphide
dimethyltrisulphide dimethyltrisulphide Tuber

magnatum Tuber borchii

32



3-1

(Perigord)

Tuber melanosporum BLCC217
2001 12

PDA Potato Dextrose Agar
7 10



3-2

GC
1 Table3 1

Table3 1

MERCK

DIFCO

DIFCO

Toluene TEDIA

Thiamine SIGMA

DL Methionine ACROS

L Cysteine SIGMA

DIFCO

CaClz°2H,0
FeClze 6H,0

KH2PO,4 EP
MgSO4e 7H,0 EP
NacCl EP
Na;SO4 EP
NaxHPO4°12H,0 EP
NH4ClI EP
EP
EP




GC Table3 2

Table3 2 GC

Ethyl ether PHARMCO
2-Methyl-1-butanol ACROS
Methyl sulfide ACROS
Methyl disulfide ACROS
2-Methylbutyraldehyde ACROS
Methyl ethyl ketone TEDIA




3-3

Table3 3
Table 3 3
HL-350
( ) HUXLEY HL-340
CORNING Stirrer/Heater
Risen DV-452
Nikon
Thermolyne 37600 Mixer
osterixer Cycle blend
TKS OSI-500
1/4 HP
TKS Kcc-3
HITACHI 05P-21
SANYO WSC044.MH3.4
Sartorius

BRANSON 5210

TKS SB302
MILLIPORE
pH meter SUNTEX 2000A
BTF-A-5L
YIH-DER BL-30
SPME fiber Supelco LO0mm

polydimethylsiloxane(PDMYS)




3-4

3-4-1 pH
pH meter
3-4-2
3-4-3
70
14
W2 w2
mg/100ml
3-4-4

( ) Likens Nickerson
Likens Nickerson
melanosporum

A
CH,CI, 42
D
2
3 8
34 ~ 35

37

70
Wi

Fig.3-1

48

w1

1990)
14 T.

0.5



( ) SPME(solid phase microextraction)

SPME Fig.3-2 (1)
melanosporum
125mL Toluene
(2)
SPME(solid phase microextraction) 20
GC/MS

- cold wateyr

- gcold water

- water bath

Fig.3 1Likens Nickerson

(

40ml

1990)



|
%z

_

__ | Liquid
sample

Fig.3 2 SPME(solid phase
microextraction)



()

(D) (Retention index R.I.)

(retention
time) (Van Den Dool &
kratz, 1963 Schomburg & Dielman, 1973) 7 25

DB-5

(Capillary column)

e logt&- logt¢n) 9, 100n

Elogten(n+1)- logter(n)

R.I.=100i

n,n+i

100n n



(2) Likens-Nickerson GC/MS

(GC
MS)
(Gas Chromatograph M ass
Spectormetry GC MYS) Hewlett Packard 5890
series ||

Chrompack fused silica DB 5 30Mx0.25mm(I.D.)
0.25um(film thickness)
(flame ionization detector, FID)

He(1.0ml/min)
/ 200

150

35 2min 5 /min
160

150
photo multiplier
electron current 70V
electron multiplier voltage 720V
emission current 200pA
Integration time 1ms/uma

a4



(3) SPME GC/MS

(GC
MS)
(Gas Chromatograph M ass
Spectormetry GC MYS) Angilent 6890GC Angilent
5973N/M SD

Chrompack fused silica DB 1 60Mx0.25mm(1.D.)
0.25um(film thickness)
(flame ionization detector, FID)
He(1.0ml/min)

/ 250
280
40 1min 5 /min 150
10 /min 200
230
M SD

electron current 70V
electron multiplier voltage 1400V
integration time 1ms/uma

42



3-5

Fig.3 3

L
]

(

2001)



4-1

4-1-1 PDA
1 39 g /L (Potato
Dextrose Agar PDA)
2 PDA
3
20 1.2 kg / cm? 121
4 1-2
20
4-1-2
1 120ml 39 g /L PDA 250 ml
2
20 1.2 kg / cm® 121
3 4
75 20
4 4
5 1 smm x5mm
6 20
4-1-3
PDA
20 14 PDA



4-2

4-3

14

1992
Malt extract 109
Casein hydrolysat 0.2¢g
Thiamine 2x10g
Deionized water 1000ml
0.1INHCI 0.1NaOH pH 5.5
PDA
2 xbcm 4
5x5mm?
4
20 100rpm
14
250ml



4-4

MECT(Malt extract and Casein
hydrolysat Thiamine Agar Medium) PGA(Peptone Glucose
Agar Medium) MMN(Melin Modified Norkrans Agar
Medium) MMNC(Melin Modified Norkrans Agar Medium +
Casein hydrolysat) HM(Hamada Medium) HNAM (Hamada
Nutrient Agar Modified) PDA(Potato Dextrose Agar Medium)

( 1992)
1.MECT Agar Medium (MECT)
Malt extract 10 g
Casein hydrolysat 29
Thiamine 200 mg
Agar 20 g
Deionized water 1000 ml

2.Peptone Glucose Agar Medium (PGA)

Glucose 10g
Peptone 10g
Na,HPO,* 12H,0 0.96g
KH,PO, 1.45¢g
Agar 20 g
Deionized water 1000ml|

3.Melin Modified Norkrans Agar Medium (MMN)

CacCl, 0.05¢g
NaCl 0.025¢g
KH,PO, 0.5¢
NH,CI 0.25 g



Malt extract 39

FeCl; (1%) 1.2 mi
Thiamine 100 mg
Glucose 10g
Agar 15 ¢
Deionized water 1000ml

4.Melin Modified Norkrans Agar Medium + Casein hydrolysat

(MMNC)
CacCl, 0.05¢
NacCl 0.025 g
KH,PO, 0.5¢9
NH,CI 0.25¢
MgSOye 7H,0 0.15¢g
FeCl; (1%) 1.2 ml
Thiamine 100 mg
Malt extract 39
Glucose 10 g
Casein hydrolysat 19
Agar 159
Deionized water 1000 ml

5.Hamada Medium(HM)

Glucose 10g
Y east extract 5S¢
HCI (0.5N) 1ml

Agar 20 ¢

Deionized water 1000ml

a7



6.Hamada M edium Hamada Nutrient Agar Modified (HNAM)

KH,PO, 0.5g
MgSO,e 7H,O 0.15¢g
NH,CI 0.5g
FeCl; (1%) 1.2 ml
Malt extract 59
Glucose 59
Thiamine 100 mg
Agar 15¢g
Deionized water 1000 ml

7.PotataoDextrose Agar Medium (PDA)
PotatoDextrose Agar 39 ¢

Deionized water 1000 ml
()
1.
75
2 0.5
PDA 20
3 1 10



60

100ml (flask)

20 60 70
14
(20 ) PDA
20 (PDA)
PDA 20
70
20

24

49

20



Oat Medium PDA

Oat Medium
Oat flake 30g
Agar 159
Deionized Water 1000ml
Oat Medium
60 70
20 25
)
PDA
100ml
pH 5.5
20 100rpm
pH

Oat Medium

30

20

Agar
(flask)

14



4-5

1. 100
250 20
2. 5
3. 20 25 30 pH5.5
4 . 14 pH
( )pH
pH
pH
1. 100
250 20
2. )
3. pH 3 4 5 6 7 8
100rpm
4. 14 pH
()
1. 100

51

100rpm

20



4-6

250

250

pHS

14

pHS5

20 100rpm
pH
100
20
9
20 100rpm
20

4-6-1 SPME(solid phase microextraction)

()

1.

MECT

M ethionine

T.melanosporum

T.melanosporum

Methionine
M ethionine

Blank 0.05

52



5.

M ethionine

100 250
0.1NHCI 0.1NaOH pH 5
9
20 100rpm
0% 0.05 14 SPME

4-6-2 Likens Nickerson

(

) Malt extract T.melanosporum

Malt extract

20

GC-MS

MECT Malt extract
0 1 2 3 4 5 6 7
8 9 10
100 250
0.1INHCI 0.1NaOH pH 5 20
9
20 100rpm
14 pH
10 Blank GC-MS



( ) Methionine  T.melanosporum

Methionine
M ethionine
T.melanosporum
1. MECT 0 0.05
0.1 0.15 0.2 M ethionine
2. 100 250
0.1NHCI 0.1NaOH pH 5 20
3. 9
4. 20 100rpm
5. 14 pH 0.05% Blank
L-N GC-MS
4-7
( )5
4
1. 4
pH5.0 20
2. 100ml
3. 20 100rpm 0.5vvm
4 pH



5-1

5-1

PDA

20
7-10

T1 T1-1 T2 T2-1




30

8.6

PDA

20

x0.5

0.5

7-10

T2

T 21

T1

T 11

5-1



20

14 5-2

5-2 HM MMN MMNC
FECIg

57



Table 5-1 (cm) (14 )
MECT PGA MMN HM MMNC | HNAM PDA
1 8.5 7.4 2.3 8.6 2.9 2.5 8.6
2 8.3 7.5 2.5 8.4 3 2.8 8.6
3 8.3 7.8 2.6 8.5 2.8 2.6 8.5
X 8.37 7.57 2.47 8.5 2.9 2.63 8.57
Table 5-1 Table5-2 Tableb-2
F t Table5-3
PDA HM MECT MMNC
HNAM
Table 5-2
F
F
df SS MS 5% 1%
6 162.5381 | 27.0897 | 1497.061° " |2.845 |4.4558
14 0.2533 0.01809
20 162.7914




Table 5-3

PDA 8.57
HM 8.5 0.07
MECT 8.37 0.2 0.13
PGA 7.57 1.0#* | 0.93** 0.8**
MMNC 2.9 5.67**| 5.6** 5.47** | 4.67**
HNAM 2.63 5.94**| 5, 87** | 5,74** | 4,94** 0.27
MMN 2.47 6.1** | 6.03** | 5,9** 5.1** 0.43 0.16
L.S.D 0.05=2" 2.14° 1/% =0.4942
L.S.D 0.01=2" 2.98" 1’—2 0'%18095 = 0.6882
Fig. 5-1
PDA HM
MECT PGA MMNC HNAM MMN
PDA PDA

20

59




10

Diameter(cm)

MECT PGA MMN HM MMNC HNAM PDA

Medium
Fig.5 1
8.6 30
20 14
3. 0.5 x0.5

Fig.5-1
a. MECT (MECT Agar Medium)
b. PGA (Peptone Glucose Agar Medium)
c. MMN (Melin Modified Norkrans Agar Medium)
d.HM (Hamada Medium)
e. MMNC (Melin Modified Norkrans Agar Medium + Casein
hydrolysat)
f. HNAM (Hamada Medium Hamada Nutrient Agar Modified)
g. PDA (PotataoDextrose Agar Medium)



20

)

(20

13~14

)

PDA

1992

8.6

60

20

61

0.614 cm/day



ok 0N R

Diameter(cm)

10

4_
2_
0 . . . .
0 2 8 10 12 14
Time(days)
Fig.5 2 20 (PDA)
8.6 30
PDA
20
0.5 x0.5
15

62

16



Oat medium
20 25 30
20
25 30

5-3
14

5 3
Oat Medium

Oat Medium

5-3
14

14

28
Oat PDA

1/2



& 5k 28k

2

5-3
Oat Medium 212

20
5-4 1/2

5-4 2/2



5 420 1/2

SUum

5 420 212



Fig.5-3 MECT

MMNC HM MMN HNAM
PGA
MECT
HM PDA PGA
MMNC HNAM MMN
MECT
MECT
Fig.5-3 MECT PGA HM pH
pH5.0 pHG6.0 MMN MMNC HNAM
pHS5.0 pH3.0
NH,CI
Final pH

pH



® Q 0 T W

500 7

400 o

300 4

Final pH

200 A+

Mycelium concentration(mg/dL)

100 o

HNAM

[ Mycelium concentration
vz Final pH

Fig.5 3

MECT PGA MMN HM MMNC HNAM
)
20 PH5.5 100rpm 14

Fig.5-3
MECT (MECT Agar Medium)
. PGA (Peptone Glucose Agar Medium)
. MMN (Melin Modified Norkrans Agar Medium)
.HM (Hamada Medium)
MMNC (Melin Modified Norkrans Agar Medium + Casein
hydrolysat)
. HNAM (Hamada Medium Hamada Nutrient Agar Modified)
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Fig.5-6
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5-3

5-3-1 SPME(solid phase microextraction)

( ) Methionine  T.melanosporum
Tuber melanosporum 1% Malt extract 0.2% Casein
hydrolysat 0.05% Methionine
Blank 14 GC-MS Fig.5-8
Fig.5-9
8.76min Toluene 29.48min

2,4-bis(1,1-dimethylethyl)phenol
(1)
SPME
(2) SPME
(3) (200ppm)

SPME
GC-MS
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5-3-2 Likens Nickerson

( ) Malt extract
Fig.5-10
0 75.1mg/dL
Final pH
pH 5.0 8.6 1
384.8mg/dL 0

10% 1550 mg/dL Malt

extract

Malt extract

Tuber melanosporum 1% Malt extract 0.2%
Casein hydrolysat Blank 10% Malt extract
0.2% Casein hydrolysat 14
GC-MS Fig.5-11 Fig.5-12
Table 5-4
Table5-4
MS (Nist Wiley)

11 2-methyl-1-propanol 3-methyl-1-butanol Talou



tyrosine, tryptophan)

o K W N

(1987)

(AkKita,

1800

Tuber melanosporum

1990)

(valine, isoleucine)

(degradation)

phenethyl alcohol

(phenylalanine,
(biosynthetic pathway)

1600 ~

1400 ~

1200 +

1000 +

800 +

600 +

400 ~

Mycelium concentration(mg/dL)

200 A

>
Final pH

Fig.5

2 4

T T T 3
6 8 10 12

Malt extract concentration(g/dL)

—O— Mycelium concentration

—&— Final pH

10

malt extract 0~10%
thiamine 2 x10°%

14
20

5

Malt extract

100rpm

78

casein hydrolysat 0.2%



10 (a)

6]

200 400 6.00 800 1000 1200 1400 1600 1800 2000 2200 2400

Fig.5 11 Malt extract Blank

1.705
377
1007 i 1473 (b)
132641 _
758382 Y
%61
251
53% 4.72 8.64 10.35 10.77
25.79
636 784 838ﬂ 665 Jﬁgg 1918
i | M A MA W A L M A
O||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| Tn‘e
200 400 6.00 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
Fig.5 12 10% Malt extract

I



Table5-4 MECT

(x10%)
CAS
Reg. No.
(blank) | (10% ME) (R.1.)

2-methyl-1-propanol CsH100 33.78 78-83-1
cyclohexane CeH1o 5.36 110-82-7
3-methyl-1-butanol CsH;,0 132.64 123-51-3 747
cyclopentanone CsHgO S 120-92-3 791
2-furaldehyde CsH40, 8.32 98-01-1 823
2-methoxy-2-methyl-butane CsH140 S 994-05-8 831
3-ethyl-4,5-dihydro-1,4-

S 1024
dimethyl-1H-pyrazole
phenol CsHsO S 108-98-2 1031
phenylethanal CgHgO 9.43 122-78-1 1031
2,2,4,6,6-pentamethylheptane Ci1oHosg S 2051-30-1 1042
2-(2-butoxyethoxy)ethanol CgH1503 12.59 112-34-5 1175
phenethyl alcohol CgH100 34.684 60-12-8 1210
2-methyl-2-heptenal CgH140 3.83 30567-26-1 1211
2-butoxy -ethanol CsH140, 1.14 111-76-2 1320
4-ethyl-2-methoxy-phenol CoH1,0, S 2785-89-9 1455
l-octadecanol CgH350 8.17 112-92-5 1459
heneicosyl-cyclopentane Cy6Hso> 10.28 6703-82-8 1561
1-dodecanol Ci2H560 S 112-53-8 1767

(1) “s” 1x10% (2) « " (3) “MFE” Malt extract




( ) Methionine

Fig.5-13 Methionine
0.05~0.1%
0.15%
pH pH 8
0.05 pH pH8
pH3.49
pH 0.2 pH
pH

Tuber melanosporum 1% Malt extract 0.2% Casein

hydrolysat 0.05% Methionine
Blank 14 GC-MS Fig.5-14
Fig.5-15
Table 5-5
Tableb5-5

Tuber melanosporum
dimethyl disulfide  trisulfide
Talou (1989) Methionine
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Table 5-5

M ethionine

(x10%)
CAS
Reg. No.
(blank) | (0.05% Me) (R.1.)
dimethyl disulfide CoHgS> S 624-92-0 746
2-furaldehyde CsH,40, 6.1 98-01-1 826
3-methoxy-3-methyl-2-butanone CeH1,0> 1.84 36687-98-6 849
2-furanmethanol CsHg O, 2.73 98-00-0 853
methional C4HgOS 62.41 3268-49-3 898
dimethyl trisulfide CyHgS3 S 3658-80-8 1003
phenylethanal CgHgO 7.93 122-78-1 1033
2-chlorocrotonaldehyde S 1059
2-furyl ethyl ketone C7HgO, 6.52 3194-15-8 1065
3-hydroxy -2-methyl-
CsHeO3 4.75 118-71-8 1099
4H-pyran- 4-one
2-(2-butoxyethoxy)ethanol CgH1503 8.51 112-34-5 1178
5-methyl-4-hepten-3-one CgH140 120.96 1447-26-3 1214
cetylpyridinium chloride C.1H4oONCI S 6004-24-6 1462
(1) “s” 1x10% (2) « " (3) “Me” Methionine
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11
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Malt extract

Tuber melanosporum Malt extract
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2-methyl-1-propanol 3-methyl-1-butanol
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(1992) Tuber melanosporum
Tuber melanosporum

Tuber melanosporum



moniliformis

26 1987b

"Kluveromyces lactis, Ceratocystis
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29 1 43 53 1991
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pH
1992
1977
" 121 151 1990
I ”n
1 1 1 6 1987a
I 4
" 1 3 17
( ) "
118 17 30 1976
p H ”
1987



* ” 17 2 19 24
1985

111 ” 16
8 19 27 1984

Ceratocystis moniliformis
” 1990

2001

1985
” ” 1971

Akita O., Ida T., Obata T., Hara S.,”Mutants of Saccharomyces
cerevisiae producing a large quantity of b-phenethyl alcohol
and b-phenethyl acetate”, J. Ferment. Bioeng., 69(2):125
128,1990.

Andreotti R., Casoli U., " Composizione chimica e tecnologia di
conservazione del tartufo”, Industria Conserve Parma , 43
215 219,1968.

Badcock E. C., ”"preliminary account of the odour of
wood-destroying fungi in culture”, Transactions of the Brit.
Mycol. Soc.,23 188 198,1939.

Berger R. G., Neuhauser K., Drawert F., "Biotechnological
production of flavor compounds. IlII.High productivity
fermentation of volatile flavors using a strain of Ischnoderma
benzoinum”, Biotechnol. Bioeng., 30 987,1987.

91



Birkinshaw J. H., Bracken A., Findlay W.P.K., ” Biochemistry

of the woodrotting fungi. 4. Metabolic products of Trametes
suaveolens Linn. 7, Biochem. J.,38 131 132,1944.

Birkinshaw J. H., findlay W. P. K., "Biochemistry of the
woodrotting fungi. |. Metabolic products of Lentinus lepideus”,
Biochem. J.,34 82 88,1940.

Caragay A. B., Little A. D., " Supercritical fluids for extraction

of flavors and fragrances from natural products’, Perfumer &
Flavorist.,6 43 55, 1981.

Chevalier G., Chantal Desmas H. Frochot et L. Riousset., ” L
éspéce Tuber aestivun Vitt. |. Definition”, Mush. Sci. X, part
| 957 975,1978.

Chevalier G., Frochot H., "Truffle production from artificially
mycorrhizal plants “, first result. Abs Fifth North American

Conf. on Mycorrhizae, Laval Univ., Quebec, Canada.,
PP.35,1981.

Chevalier G., Grente J., "Application pratque de la symbiose
ectomycorrhizienne Production a grande echelle de plants
mycorrhizes par la truffle Tuber melanosporum Vitt. ”, Mush.
Sci. X., part Il 483 505,1978.

Chevalier G., "L éspéce Tuber aestivun Vitt. 1. Ecologie”,
Mush. Sci. X, part | 977 994,1978b.

Collins R. P., "Terpenes and odoriferous materials from
microorganisms”, Lloydia, 39 20 24,1976.

Danell E., Fries N., "Method for isolation of Cantharellus

92



species, and the synthesis of ectomycorrhizae with Picea abies”,
Mycotaxon, 38 141 148,1990.

Delmas J., "La truffle et sa culture”, Institut national de la
reacherche agronomique, Paris., 1 35,1983.

Delmas J., "La truffle son ecologie”, Agric., 82 86,1973.

Edmonds A. S., Wilson J. M., Harley J. L.,” Factors affecting
potassium uptake by beech mycorrhizas”, New Phytol., 76 307
315, 1976.

Ellis J. J., Hesseltine C. W., ” Two new members of the
mucorales.”, Mycologia., 61 5 863 872,1969.

Emberger R., “An analytical approach to flavor research”,
Cereal Foods World, 30 10 691 694, 1985.

Ferry B. W., Das N., ”"Carbon nutrition of some mycorrhizal
Boletus species”, Trans. Br. Mycol. Soc., 51 795 798,1968.

French R. C., Gallimore M. D., ” Effect of some nonyl
derivatives and related compounds on germination of
uredospores”, J. Agric. Food Chem. 19 5 912-915,1971.

French R. C., Gallimore M. D., ” Stimulation of germination of
uredospores of stem rust of wheat in the pustule byn-nonanal
and related compounds”, J. Agric. Food Chem. 20 2

421-423,1972.

Fries N., " Effects of volatile organic compounds on the growth
and development of fungi”, Brit. Mycol. Soc.Trans.,60 1
1-21,1973.



Giovannetti G., Fontana A., "Mycorrhizal synthesis between
Cistaceae and Tuberaceae”, New Phytol.,92 533-537, 1982.

Gocho S., "Application of Biotechnology to the Perfumery
Industry”, Perfumer and Flavorist, 9 Feb/Mar 61 65,1984.

Hacskaylo E., Palmer J. G., Vozzo J. A., " Effect of temperature
on growth and respiration of ectotrophic mycorrhizal fungi”,
Mycologia., 57 748 756,1965.

Halim A. F., Narciso J. A., Collins R. P., " Odorous constituents
of Penicillium decumbens”, Mycologia., 67 1158-1165,1975.

Hanssen H. P., Sprecher E., " Aroma-producing fungi influence
of strain specificity and culture conditions on aroma
production”, In Flavour’ 81. Proceedings of the 3rd Weurman
Symposium, ed. Schreier P. Walter de Gruyter Berlin Co., New
York, 547-556,1981.

Harley J. L., Wilson J. M., "The absorption of potassium by
beech mycorrhizas”, New Phytol., 58 281 298, 1959.

Hasija S. K., Agarwal H. C.,”Nutritional physiology of
Trichotecium roseum”, Mycologia., 70 47 60, 1978.

Hubbal J. A., Collins R. P., " A studt of factors affecting the
synthesis of terpenes by Ceratocystis variospora”,
Mycologia.,70, pp.117,1978.

Hung L. L., Trappe J. M., " Growth variation between and within
species of ectomycorrhizal fungi in response to pH in vitro”,
Mycologia., 75 2 234 241, 1983.



Hutchinson S. A., ” Biological activity of volatile fungal
metabolites”, Brit. Mycol. Soc.Trans.,57 2 185-200,1971.

Janssens L., De Pooter H. L., Schamp N. M., Vandamme E.

J., " Production of Flavours by Microorganisms”, Process
Biochem., 27 195 215,1992.

Kepner R. E., Straten S. V., Weurman C., ” Freeze concentration
of volatile components in dilute agueous solution”, J. Agric.
Food Chem., 17 5 1123 1127, 1969.

Kinsella J. E., Hwang D., ”Biosynthesis of flavors by
Penicillium roqueforti”, Biotechnol. Bioeng., 927-938,1976.

Kulifaj M., "Tuber melanosporum contribution a I’ étude de la
morphogénese et de la physiologie de |’ ascocarpe”, PhD Thesis,
Unversity Paul Sabatier, Toulouse, ppl4 30,1984.

Kurita N., Miyaji M., Kurane R., Takahara Y., ” Antifungal
activity of components of essential oils”, Agric. Biol. Chem.,
45(4) : 945-952,1981.

Laiho O., "Paxillus involutus as a mycorrhizal symbiont of
forest tree”, Acta for. Fenn., 106 1 65, 1970.

Lamb R. J., "Effects of D glucose on utilization of single

carbon sources by ectomycorrhizal fungi”, Tran.Br. Mycol. Soc.,
63 295 306, 1974.

Lanza E., Ko K. H., Palmer J. K., ” Aroma production of cultures
of Ceratocy-stis moliniformis”, J. Agric. Food Chem., 24,
pp.1247,1976.



Larroche C., Tallu B., Gros, J. B., “Aroma production by spores
of Penicillium roqueforti on a synthetic medium”, J. Ind.
Microbiol.,3 1 1 8,1988.

Lewis D. H., Harley J. L., ”"Carbohydrate physiology of
mycorrhizal roots of beech. Il Utilization of exogenous sugars
by uninfected mycorrhizal roots”, New Phytol, 64 238, 1965a.

57.Lewis D. H., Harley J. L., "Carbohydrate physiology of

mycorrhizal roots of beech. Ill. Movement of sugars between
host and fungus”, New Phytol, 64 257, 1965c.

Littke W. R., Bledsoe C. S., Edmonds R. L., " Nitrogen uptake
and growth in vitro by Hebeloma crustuliniforme and other
Pacific Northwest mycorrhizal fungi”, Can. J. Bot., 62 647

652,1984.

Lundeberg G., ”"Utilization of various nitrogen sources, in
particular bound soil nitrogen , by mycorrhizal fumgi”, Stud
Forest. Suec., 79 1 95,1970.

Maarse H., Belz R., "Isolation, separation and identification of
volatiles compound in aroma”, Kluwer Boston Inc., Hingham,
MA, U.S.A., 21 24, 1981.

Melin E., "Some effects of forest tree roots on mycorrhizal
Basidiomycetes”, In Symbiotic Associations Eds B. Mosse and

P. S. Nutman 1963. 124 145, 1963.

Ney K. H., Freytag W. G., " Truffle-Aroma” ,Gordian, 80,pp.214,
1980.

Norkrans B., " Studies in growth and cellulolytic enzymes of



Tricholoma”, Sym. Bot. Upsaliens, 11 1 126, 1950.

Nursten H., " Flavor chemistry”, Food, Flavorings, Ingredients,
Packa-ging and Processing, 4 14 21, 1982.

Omelianski V. L., "Aroma-producing microorganisms”, J.
Bacterio.,8 393 419,1923.

Pacioni G., Bellina-agostinone C., D’antonio M., “Odour
composition of the Tuber melanosporum complex”,
Mycol .Res.,94 2 201-201, 1990.

Pelusio F., Nilsson T., Montananrella L., Tilio R., Larsen B.,
Fac-chetti S., Madsen J. O., "Headspace solid-phase
microextraction analysis of volatile organic sulfur compounds
in black and white truffle aroma”, J. Agric. Food Chem., 43
2138 2143, 1995.

Reineccius G.A., Anandaraman S., "Innorative methods for
isolating volatiles flavors”, Perfumer & Flavorist.,, 6 63

71,1981.

Scharpf L. G., Jr Seitz E. W., Morris J. A., Farbood M.
., ”"Generation of flavor and odor compounds through
fermentation processes”, In Biogeneration of Aroma, edited by
Parliment T. H. Croteau R., American Cjemical So-ciety,
Washington, DC, ACS symposium series, 317 323 346,1986.

Schomburg G., Dielman G., ’ldentification by means of
retention parameters”, J. Chromatogr. Sci., 11 151-161,1973.

Schreier P., Idstein H., " Advances in the instrumental analysis
of food flavours”, Z Lebeusm Unters Forsch., 180 1 14, 1985.

97



Talou T., Delmas M., Gaset A., "Analysis of Headspace
Volatiles from Entire Black Truffle Tuber melanosporum 7, J.
Sci. Food Agric., 48 57 62, 1989.

Talou T., Delmas M., and Gaset A., "New Trends in Black
Truffle Aroma Analysis”, American Chemical Society, Flavor
chemistry trends and developments, 202-212, 1989.

Talou T., Delmas M., Gaset A., " Principal constituents of black
truffle Tuber melanosporum aroma”, J. Agric. Food Chem.,
35 774 777,1987a.

Theodorou C., Bowen C. O., "Influence of temperature on the
mycorrhizal association of Pinus radiata D”, Don Aus. J. Bat.,
19 13 20,1971.

Tirillini B., Verdelli G., Paolocci C., Frattoni M., " The volatile
organic compounds from the mycelium of Tuber borchii Vitt”,
Phytochemistry 55 983-985, 2000.

Trappe J. M., "The orders, famileis, and genera of hypgeous
Ascomycotina  truffles and their relatives ", Mycotaxon IX
1 297 340, 1979.

Trappe J. M., "Truffles in north Anerica’, Mcilivainen, 1
5,1980.

Trappe K. M., " Fungus associates of ectotrophic mycorrhizae”,
Bot. Rev.,538 606,1962.

Van Den Dool H., Kratz P.D., "A generalization of retention
index system including linear temperature programmed gas
liguid partition chromatograph”, J. Chromatogr., 11



463-467(1963).

Woodruff R. C., Thompson J. N. Jr., ” Hybrid release of mutator
activity and the genetic structure of natural populations”,
Evolutionary biology.,12 129-162,1980.

Zak B., Bryan W. C., "Isolation of fungal symbionts from pine
mycorrhizae”, For. Sci., 9 270 278,1963.

Zak B., Marx D. H., ” Isolation of mycorrhizal fungi from roots
of individual slash pines’, For. Sci., 10 214 222,1964.



100



