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SUMMARY
(FE LT

This study was carried out to develop the technologies to prolong the
freshness of pine mushroom which was known not to be stored. It was
divided to develop the prestorage stage just after picking the mushroom
and the stage storing the mushroom shipped on the basis of investigating
the current distribution system and quality characteristics

Prestorage treatments were applied to picking box and precoolings to
decrease the respiration rate rapidly, to maintain the its freshness just after
picking. Developed picking box could decrease 14% weight loss of
mushroom to less than 19, represented the efficiency of preventing
economic loss of farmers, approximatly 26,000~52,000% on the basis of
current market price, 200,000~ 400,000%/ks.

Precooling treatments such as vacuum cooling and pressure cooling was
also examined to the effect on freshness of pine mushroom. Vacuum
cooling was the most effective to maintain the freshness among
precooling methods investigated, resulted in prolonging the 7days and
longer than other methods

Near freezing point storage combined with MAP was the most effective
method, being covered with experiment of MAP, CAP and near freezing
point storage as technologies of storage and technology. Pine mushroom
was dip in sorbitol solution for 30 min., wrapped individually with water
absorbent sheet and LDPE film to store at -1TC. It could prolong the
shelf-life of mushroom from current 14 days to 42days with maintaining

the chatacteristic flavour of mushroom.
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of ntgAsA &L GFE A7) "I FoI} 5oz gHAD U
l‘ﬂ’}ig Z¥WE F2Z polyphenol oxidase(PPO)ol 93 &4 2 Zwd] 7|dd
Aoy I Fee B3, 24, T4 34 AF4 T OgsA JeEdti13).

WAL nFAEAYE oHd dF Fo] §i7] Wi FEFITS AT A
TEE IR A Yol WA WREEHoZHE F7] Fo2 FEFE
AHEA JAPHE WALz RE e FESE 9
aaiA Y et WA =Hed, o9 2 ARE AExFTAlF s o™
ZFA4E ga BEAE FAA717] 93] polyphosphateE AHE-3H7| = $rh(14).

8 & A3etE A3E fdde 3N E £F A BN AsEd o
g 2exed, AZ7G T ALASG A 55 A2 AHEEHE FR
7} 84 ©43E2 mannitol# trehalose©) B (15), T3 X HHEE BlAlo] H-yf
do] wet WIS dod £ P AXdd o9y Wiz A F F8E
deg FoH12).

WAle Ao #E 9F2E Minamide S(11)o] #3 F vl A=A
o MAE AGeEe] FaFol okl mug v, WS WA shelf-lifer
1ToA 14~209Y, 6TA 2~3¥82M AF2EN REFFE WA self-life
E ARERT, AF F ZWE, PPOE4, & & o=t FF 59 WHE
E dehuigles, doiwAle A% Zo] AEHz AF7E AAsAY §F-Ast
AT R ofztelfE JEG ARES FEAS TAZ BYT A -E
WAl AGAPAXE 2Bm FAS PE bagol £33 W3 AFE A=
647X AF shedAd oy &% Wl e pin-holeo] YE S F
PE bagel 4T A% ALA Uyt o S58AL §5 558 T
AzRA 7t 84 358 FRASI oyt 22 22~28TAA 2
vro] A LA h16). A F v Ax=dgeS 9T dHez zhut
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2 gasgA el 2E g4 Zdfe] fF AFAME sulfites7t AF T WA
Azt 28¢ M £ AHE HAT & o A f AAed vA=
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ZAGel ZEEAE FHA77] dE AHE R LF AL FAE F
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2 A%l 488 ARE Table 13 2o 4PSA Wt TRa T
@ % AR AY R W ST F v AT QY 348 F AP
g sreiet
Table 1. Fole] HEERE ARHR WY

7 ¥ AR FARA| A AL T AL

7% 5 244 . AT EaE Er
F454 ENNEITCAELE e Ery

aa e BAQAY| A% 247 23§ 499
A e AL 19610 qyaga| 2% suF AYEERT
MA ARAEAE 1997 10.| QB4 | A% $AT AYBERY
CA AA71&7he 1997. 10, | A8t | AE 24T YPAEET
WA AR ST 1097, 10. | AWAe | A% $47 Jd¥EER
AAx 2R N o n -
FAECADINENE 1o 10| +2wa | 3% 98N 35S HBAGD
2. AAY 2 AP
7 A ELE
SolmAe) 41 £F 7 FASUES 3430 Asted @A s AR
$7124 Bol ol8Hx Ak sHold§ WIPELAF PVC 9d 242 T
HE wauag olgatel A Fol AolA AR AR FoMNe A4
9o de U4 AT AEE FAEAES SHAAT o W AEY 1Y



g% T & BAs JERIT $oluAle Eewds JF =7 &
olE A¥d uvg 2t} F7] FARYE  thermocouple® potable data
logger(Temperature meter, KM1242, Swallowfields, Britain)el 9zl 3058
A2 &Aoo, L7109 & .&x= 2. {;—Eéﬂ/ﬂ(.TempRecordTM,
Scientific multi-trip, Monitor Co., U.S.A)E ©]88te] ZA3 Yot %49
Wghs Folnsle zd E7] F4 B0l MY 23 29g 23F gL
Croma meter(Hunter Lab., Model CR-200, Minolta, Japan)& AF&3}o] 24]7F
Aoz FWAY L, a, bae ZA3QATE ol A}43 white standard plate
9 L, a, ba& 9528, -0.97 & 02810tk 44X $5F 5F &9 Wats x4}
7] fgte] 24 SHEETE olmPE AFE WA L) o)A AT o
WAE ¥ 2A 3 99 E potable gas analyzer(DK-2860SOBORG, TEMAC,
DENMARK)E °]-§3te] Z43}rt.

r°"

U AXE U

1) 29tel

AEFARZ 1900X 1700 X 780mmH X LX W)TF29] Xt YA A8e A 23}
of ARE-SHlTh ASteldAlAde WAN A AR gA Ao 7 TAH o

AL SIYFUES FUEZAZ PAH glow, 4E7E 3

S5 544TAA ¥2153 3/4HP Hermetic
type R-22& 94 FUE IHE AZst AL £3 FUE 29



= AduA 3367w, F L ZH 2004 X 05K X 6p2l 7,500kd/h & 20E
Abgatgd o Wule R-22 & AMESTh AdEA A2"dE AU, A4H,
AgANERZ FAH low, Agbdel A7 1000X 1100 X 600mmH X LX
W)ZA 75m $El8 £ Hd= AR, 1300 X 460mH X W)= 719 7]
T2 BEsgr At WEREs 249 FREITVE, AYNEE 7
03m W2 AGXE AL

Folul A9 Agtlde E/FTE EL 15ked ¥ AMHAFA(310 X 235 X
265mm, LXWXH )oll $olwAS ¥ AAstdrh. 5715e +KS9 25
gt Z TRA A AF T& nsd F 3%t HEE dReH, 37
T ARG FHE nEstd A4 2me ¥713E¢ ¥ 671, @¥ 371
go] ALg3grh o] W A Alole ZEZzdA HF Holxz U}
)

A Aolel AL BY 9FE AASGACH, AAY Brt AYNER

ok

o) 7H&dAS gagon s AR AL 7.28mmAq, $3FS 363w

/hrol 31 et

I R

ZolBAL FWA uxo GARA AEZ § batchol] 30kgBE& VTN EF
NE o] &3ty EAHLXE 3T 71X dZ4sArh AHgd AT EEA Y o=
= 712 720mm, 2] 530mm, o] 1,050mmel i AFHZ ] w8y F-E 350 £ /min,

=EFS FHULEE 6T, 355 E 290l e, lbatchel 30kg& A
o}

1) MA A%
FolMAE A Z el AFIHEE AHA AR BHEHE FA AA



g F 9w AASAIAE AAFeAN HAHA o8 & Ut

XS
LDPE(Low Density Polyethylene Film)& °o]&3lo] dAZFH 0.02~0.10mme]

FAYE dE3d 11T A2AFad] AAsq).

13

2) CA A%
£ AL 3%, 5% ArFE 2L 15%, 20%, 25%9

BN

BAtA FEE
A3 CA chamber(Napco, Model 7100, Napco Scientific Co., US.A)e] ¥
1+1CY 2594 A9,

3) WARZHAR
£olul Al 30%9] sorbitol&de] 30E7F X e W EVNE AAF

Z HFHNEJY AAERLIT AL 006m FAL LDPE(low density
9

k-3
polyethylene) A &oll &3t -1TCo] A3t

3. °1&3t3 £2397

1) gukAdE(30)
FolAle] YHHHEBOLEZENE SRS 106THRE,
H

2) Polyphenol
ANE AN FFF 300mE E3 2475

8374 A5 Folin-Denis A% bmf, Na2CO3 10mé ® FFH5 7omd



100m WaEeazd 7iste] A4 ohd 760nmelA H|HFH s o, &

ZEA 2= liquid tannic acidE AF&3H9Th

A AL Chroma meter(CR-200, Minolta, Japan)E AMESte] 2t &7 F
F-9 L, a, bk AL old ARE-$ white standard platei’»l L, ,ab
0.28°] A th.

ZUEEDE $olHAE Eusiste] 10%gde 2 Axg the 7,000x gol
A 2087 QAFEHS® F e FFEE 420molA FA3}  optical

density (O.D)ZE YERIA Y.

a2

ol

B

Solg) Fat 23244 §71d $o YT} Az FAAA AE o

& 87 A4 RN A2 ¥3 Aol FaTh

6) W2

oA #7} E7]9 FAF 0l thermocouple AR thd &4 A9
€57} -10T 2 239 J5ndA A2 2% ¥HIgE 18 BAo2EA
st AYAAAY th29) peak pointE WAR O A3tE Beckman' ' (33)



Table 2. Operating conditions of GC for respiration rate analysis

Instrument Hewlett Packard 5890A
Column Carbosieve S-1I (80 ~100mesh)
Carrier gas  Helium(30m¢/min)

Injector Temp. 230TC
Detector Temp. 250C
"Oven Temp. 35C /6min—— 32°C/min —— 225T (6min)

Detector TCD

L |
G2 %e) 4L Labaneiahs9 WG4l wet 2% Fo] of 5gol 80%
JaAgE 00ms SFFYAIEA 8BTAA 247 7HeFEF F 9,000 rm
A 208%e ARHGRT $5F ¢F FEFES Bu=E ALY GF 020
un millipore membrane filter2 o33 5 20 E FHslo] ot} & A3}

Al
~

xS

o} A HFLC(Waters Associate Model 2402 EA349ch & e
YMC-pack ODS-A, £ acetonitrile @ water = 80:20, flow rate™ 1.0ml

/min®] 1.

8) fel ot
Bl A o] B 1g2 75% ethanol 100m¢e] ¥ 3 3087 WY@ F 7000xgo]



75% ethanol 50m(E Y3 Y4Be) s FPdg Ayt FA4E =5 &
3te] 45ColstY EAA AYAZXT F FHEFE 0w/t I=EF AEsH3
0]2 membrane filter(pore size 0.2m)EZ 339, of 104E H| AX
S8 Y¥a {FEA A9 (methanol @ water : triethyamine
phenylisothiocyanate = 7 : 1 : 1 : 1 E¥A1eF, V/V) 30uE %‘%7?'3}04 fr=
Atz olE  AYAXSYAT. AXEE  AE IAA(Waters, P/N
83119, US.A) 2meel] &3 F 10uE F3te] Table 337 22 x7o] wa
HPLCZ #4343t

Aol B oF 3go] & 15mE 7}st3 chloroform : methanole] % &%

Fo} & £ 40mE 718 T Bd Ay oA liquid-liquid fraction ¥HEo]

Table 3. Operating conditions of HPLC for amino acid analysis

Instrument Jasco HPLC System(PU-980, Jasco, Japan)
Column Pico - Tag(3.9%X150mm, 4/m)

Column temp. 40T

Eluent Pico Tag Eluent A, B

Flow rate 1.0 ml/min

Chart speed 1.0 cm/min

Detector UV (254mm)

Injection volume 10440




Table 4. Operating conditions of GC for fatty acid analysis

Instrument - Hewlett Packard 5890A
Column Supelcowax 10 capillary column(30m X 0.32mm)
Carrier gas Helium(30mé/min)

Injector Temp. 2507C

Detector Temp. 270T

Oven Temp. 180C (Imin)—— 2C/min
Detector FID

220°C (5min)

w2 A AL chloroform3 o2 ofdAZ] x2S 23] ¥HEA g

chloroform% 9] 49| anhydrous sodium sulfateZX & AAY F oA
3 2 odAg 40TAHA T st s59 AL 3
w9 benzene® 75m¢] 05 N NaOH/methanol& 7}3te] 3023k ¥H§-A1HA
methyl ester® A Z3Ao. AL E4S 98 GCo 71L& Table 49 &

o,

10) 3714 |

o] B2 02¢ 34 =rhel At 500TNA 242 FEAA WG
& & ole] gole ZFHSF 109 W& AL (HNO3: H20 = 1:1 34
o) 3mE 2AAYA sFsw 100Ce] AWl FEe WAL AAFA.
ol% A 500CHBZAA 14T S 3FAZ g FAEd (HCI @ H20
- 1:1 H49)o 2 5omert FA Aesd AR AgaAth A F9 77

AEA L Table 59 28 279 &3 & Avt B47] (Inductively Coupled

—26—



Table 5. Operating conditions of ICP for inorganic compounds

analysis

Instrument Jovin Yvon 38 plus
Im Czerny-Turner monochromator
Grating | 2,400 grooves/mm '
Reciprocal linear dispersion : 0.33 nm/mm
Slit width : entrance 20pm, exit 40um

Nebulizer Glass concentric

Frequency : 40.68 MHz

Power 1.2 KW

Plasma gas (Ar) 12 L/min
Carrier gas (Ar) 0.3 L/min
Auxiliary gas (Ar) 0.3 L/min
Observation height 10mm

Plasma Atomic Emission Spectrometer, Jovin Yvon JY38 Plus, France)E

o431

11) 7148

7hH ALY £ 3 #4

F71 7Y E3 L dynamic headspace® ol ™2} Purge and Trap system
1 Tekmar LSC 2000 (Tekmer, U.S.A)& A&t A& 05g3% WHEE
EA 89 25mge A EHEG5mm 0.D.X120mm)o] #H3te] FAZ purgingdhe



o

A FNAEE FE39 3, oW mount, bottom, valve ¢ line 5 Z+ F-E
Ko™ stand-by temperatureE 30TCe|st= 3F5ith
Purge gas¥ ZA4AE AME319 3L purgings 30psid) 245 3 100mlEx
3087 AR 60~80mesh® Tenax GC (polymer of 26-diphenyl-p
—phenyl oxide)’} 7R JFF#HA(127 X1/8» stainless steel)o] F7] AEE
FAANAL FF & FEE AAS) A dry purgeE 383 A5
FAE S 23 A7 sk FREE 50T=E Aurtdsta
2 2% AANEAY. Purge’t €5 dE F trap W F-ol doF 3=
&R E4E& AAY] A8t 250TAA 3083t conditioning A Z . =3
%

AT HESe FF 7FeAE WA st AEIL FUd NERE &

Table 6. Operating conditions of GC for flavor analysis

Instrument Hewlett — Packard 5890

Column DB-5 fused silica capillary coloumn
(60m X 0.32mnl.D.)

Oven temp. 40°C (3min) 220°C (10min)

2.0C/min

Injector temp. 180T

Detector temp. 250C

Detector FID

Carrier gas 1.2m¢ He / min

Split ratio 1:20

Make-up gas He, 25ml/min




A AR E 12T ART|A 28 AR AZAA A FHE] Yee
2 g F AHEEAUT

Dynamic headspace® &2 FEH FolHAH 9 3ty | E-L Table 6
B} 7o z7e) GCE ol g3t EAMagrh. FIAEY FHY W HaE
GCAZ7)2 AH4® FIDY response(area count)E A5 &7](HP3396A,
Hewlett-Packard, USA)Z ZA3sld WREE 229 Fadde Q] A 3} A)
stge we AdA goz JYehigith AFsHEY 2FE2ALE zero =5,
attenuation = 7, chart speed = 05 cm/min, area rejection = 50,000,
threshold=5, peak width = 0.04 2 3 th

Table 7. Operating conditions of mass spectrometer used for the

identification of flavor compounds

1. Instrument : HP 5972 mass selective detector
2. Setup source
1) Electron voltage : 70 eV
2) Resolution @ 0.05amu
3. Setup scan
1) Mass range : 50 - 300 m/e
2) Scan speed : 1 second per decade
4, Data handling system
1) Computer system : Sun operating system Ver. 3.60
2) Library : Wileynbs(National Bureau of Standard, USA)
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W) 318 ES 4

Dynamic headspace @ 2.2 XX 3 FrjHESL FAF7] Y3to gas
chromatograph/mass spectrometer(GC/MS)E A}-&3te] A8 9ct. GCoA
mass spectrometer(MS)Z AlE2E Z U337 Y3 interface2 == 200CE 3}
A o]uf ALE-3F MSe] XFAE7(35)2 Table 73 Z2th GCHEIE AL S
FIDYA] oA chromatogram¥} MSo|A ¢o6]2 total ion chromatogram
(TIOE #3% wluwsy] A% EF indexBAZA n-alkaneg AH&-3tch ©
Z n-alkaneS GCo| FYUdte] LolX= chromatogram®.® ¥F¢ 779
n-alkane® ®F-& AL FIFL(Fig. 1), & °]& GC-MS systeme] FY
& dojAe= TICE FH Z79] n-alkane?] #WEFE A7HE AT washe
ZF F714EY] AdEd HFE ALE FIEAT RS AR =8 GCo
MS chromatogram 49 ¥F7|4E s=ag 747 #E319 09, F/AEEY F

4& Wileynbs library$] spectrum¥} W] ate] 21549]ch,
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Table 8. Standard for sorting T. matsutake
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Table 9. Standard for sorting T. matsutake in export company
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Table. 11. Surface color changes of T. matsutake during

distribution in producing districts

Pileus Stipe

Time
(o'clockk L a b L a b
09 435 95 205 789 12 182
13 410 103 190 782 12 200
16 414 95 180 785 10 203
18 402 91 169 776 13 218

Hunter color®] ¥ 3-E& Fig. 113 Zo] RAIS 2, 25 1A3EFH

7](Lightness)®} A E(a-value)7t H4de A wd, E7]dAe
L-value7} Y242 AHQA 18009 97k 74T ¥ F=gx AWEds gl
ok @k FolWAlY 4R fF F A9 ¥y fEEHE FES E7EY
2 Fio] AzeA Jegen, O WIAEE oF INFLE FHer ¥
Fol9] F2o] Tt #ZELZol F453] FUMte AAF dAE AHE

B






A4 E. SoluAe ZASY
A 14 AA

A4 Sol= AXAA AAG T APlA QMW TFeA 2SI

o FReE Yok olel SIAEL Folo) Aol 2t} Fepol met 2

, EF TR wE SoluAe] EdAold dE 2AMIE AF
AR AY ANHA gm Y= AAolth wekd AA vl AAHe] 3

1~25 %4 @450 gon, AFAAFIL ANEH
2e 35E9 SoluAd W@ Fud S4L FAG: Qe ARk o9
% F48 A0 E AsAle FR2 9FY FE
A4 $oluAe £39 Aol 157 1F 2 25F0] oF 65%, 3
AARAAE| o 30%, AAE] 18%FFo2 SFE ARl WS
3tk @A ARl FolwAe el AARA £
£40] 2A b8 B o}t 35T o) ATHY £

Wi ARFE Agow Aste] AAAEY AF ¥
202 AANA $W F 2o He 5 FA €4S TS AFND & Yo
3 @

# S0l AFAEY Aol U] YA Fe BAZ AABANA



% anlsle] wEE AFE Yo |

@epa B FOAE ABAR ANE Aol i douae SFW
g AR SRer, o BFe AP FoluAY FFTEE AT Mz
ABZA o4 o}gd ASF Lol FEA Zus FTAE ALL
I zAEEAN 24 5 AL Aotk



FolMAE o 2%0A AFNEA Azte] A BE EFFE FA
LEdAMY TFEEE AES AAE= Fig. 217 2o 4 &9

Xe) EFEEE 1ToIA 4858 - COvks - hr, 5C 53.30mt - COx/ke - hr, 1
5ColA 102.09m - COx/kg - br, 20Co1 A 149.11mt - COz/kg - hr2 ZAHAL
W, AR A AFs QALAEANAAA AA FF5 F Fol9 ZFS
£ 164.11m¢ - COv/kg - hro. 24 20CH T ot 433 s FFEoIATh
CdurE 9 FE2EUY 20TAAN ¥4l 256.4ml - COx/ke - hr, EIH A €]
915ml - COv/kg - hr, =E}&¢] 4904l - COx/kg - hrZ EF ®WAY FFEE
(11)7} 200~500mt - COs/kg - hrd & e BE Fo|wAle TFLEE W)
0F ¥ AgE Ho AR oA AxHFAI e FEY F oW guk ¥
FEO AZAE 68 SAXNE F J& Ao dddrh

T3 FoluAle fFE2R e ZEFEEE 20T 1TY oF 314, 15T
7} 5C9 1982, 57} F/H84E 3FEEE F7lshes ASE FAHGL
U, 5T 1CALN = 55259 Aozt 0%AEE A9 gl Aoz U
B, 7HEE ALz fAEE Aol ZFEE SVt wWE A=ALE 9A
g F AeE ¢ F AT
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Fig. 23. Coolimg curve of T. matsutake
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FolHA e WHHL DSC method®t Backman method(33)ell £j3te] &4
¢ oE AA Solu AL 4749 WY we A" x| AFsUA ¥A
el & 2Ast] ZA Y. WA Fig. 229 DSC methodolE ¥Sd £
HS 5C/ming £E2 7M93tAE W9 & ¥siyh dojutes 4838 4
For FA%tY AT AAZ WAHO -285~-409CZ F HA e
W FolM Ao =4 e thermocoupled A AR 2RE 1¥ 217
22 A3A71BA Backman methodZ &3 3 A $+E Fig. 233 Zo] -04~
-09T2 ZAHEAAT. BEF FolWlAlE -1TY A3 AA W=
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£
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Table 12. Proximate compositions by grade of T. matsutakes

(unit :96)
Third
Grade First Second
MAE AZRAAF

Moisture 88.0 87.9 87.0 87.1

Crude Protein® 19.0  17.5 18.7  20.1
Crude Fat% ' 2.2 2.7 3.7 2.5

Crude Ashx . : 8.0 8.3 8.8 8.7

Crude Fiber# ‘ 6.2 5.7 5.7 5.2
Polyphenol 1.1 1.2 1.4 1.4

Browning index 17.1 18.8 28.3 15.4

* . dry weight basis
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Table 138 £0]9 #7 Z7)o] thalo texture analyzer®2 FAMS A=
A, Fol9) FnAAET gEo F2F V3 AAEY U 2RFY HolE
Fuz Aduag s,
$ole 1570] 549202 BFAAES 5363ket FAE AT
Uetd vhd 25 F el E 6229keo 2 714 9od AHE Holn YU
AHEo] 4388kgl E Z1F A FEHE HAFI QAT o9t 2L AFR=R
E o Folrt RGoA EEE A= A 2F o] R AHdA 2%
F AEHE Azte] AHge wE o= xS AXAAH O FHYY FEFTE

WAs Aol o8 7o desd vt 3559 AMAFCE dtg

ol

i

=

=

it
;

Table. 13. Texture properties by grade of T. matsudakes
(unit : kg)

Third

Grade First Second
‘ MAE AR F

Pileus 549.2%+1445 6229+t1495 4388+ 648 536.3+145.0
Stipe  615.5%101.8 6252+1522 533.8+103.2 4614+ 325




uheh 229 AR o] v S
E719 ASAE 2] ARG $RE2 §AS AFE wlF
ARAEE AAE SF BAYel 29 AEuY o vad 4HE U
szlam ARAAFANE R AR 1579 442 Ao 2

4 27 A%e 35T ALED A% 9 RPN £ AR
5 Aol obd 24 A FEHS HHel Qs 2ol ohdst gzt

Ao FH wE FYEss 2] At @9 F3F 2w
A3} Table 149 2t} SFHaEE 153 ¢
A dEbd vk ARRAAFLS 0.76n/g2 71 A U

f‘

2 adEn.

Table 14. Density changes by grade of T. matsutakes
(ml/g)

First Second Third

A2k BAAAFE

1.01- 1.09 0.93 0.76
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A3 2 3 &2 §F T PoplE AFoIA. olg 22 F
3Nl HolwA L tigdoz ste] XA Ao wEW mannitol HA
9 ZAYAAE F7AR FE34A EE AeE HE
Ao FE7 ¢ FeZo] SFEE Koyt Y& AL FAsA ¥

FF WAe) A% 3 +% Fo wHGPe dEsd 29T Yevt

it

fr

ot o3
Jfu
do
i

o

ol
ox /L
o
30

o

o 2
of
L,
R

3o
o &

. {8 ofnlx=it FF
WAY §alobu] A nucleotidest A T3 gto] &3}

iy
M

94

Table 15. Free sugar and sugar alcohol by grade of T. matsutakes
(unit :%, dry basis)

Sugar & . ) .

First Second Third(H) Third(K)
alcohol
Mannito] 3.96 395 374 4.01
Trehalose 6.33 6.14 5.84 5.09
Total 10.29 10.09 958 9.10



o A, dFHRAE FeFHQ g AT FulolA =AE A&
HAE FolA FolmAe feolueit(38)e £HEWA, Folwal, &
A, e U OFo®2 wel FRHY e AeE HuEm o ek
Fol Al FEotvlite] 24 2 $FE SHEE ZAG n, 1 dns=
Table 169 2tk oluAe £ olvmite]l e FFEE 157
2327.81pg/g oM 3579 ABFAAEFL 119298ug/g2] B o, 15
AM ATHoZ ZFE F Felolvily FHe Fasts 4

o EF FolwAle #7 olnite 2AE TFE AW 1539
9| = arginine, alanine, glycine, glutamic acid®] &-§2o] =gid uly
o]A+ arginine, alanine, glycine, leucine®], 3539 7JAE A arginine,
alanine, glycine, cystine, 357 AZAXNENANE arginine, glycine,
glutamic acid, aspartic acid7} F& freohvl=Ate YAsw YTk wrapa
FolWA Y Fo FElopvxite Aol BFEIIAAY AFe] ARG £
HAlE A Q)83 arginine, alanine, glycineo] S50 @A go] =2 &0}
TS IS € F Utk dubFos uAlY Fa fgobn it
< glutamic acid, aspartic acid ¥ Z19]9] amides® €A 9= €11, &
oMY ALees FUAM E TGB)NY ZAFo] WEW arginine, alanine,
glutamic acid®} threonine®.2 Hug u#} glon URA = (EFEE(39)0]
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ol

glutamic acid, glutamin, alanine, arginine®] F£ -§&o}u x2S FAlskv}a
& w9l o]s 2o 5 £ FolWAINE Seotulnite] 24 L ¥
Fo] of7H Aolzt e A& BAWWoY ARe Fuwhy 2 A75 A
JlE TS ANEA, AFEA, FAAA Q £ Fo AFWy S
Hel e Folrh Y= AUNSE FeiA Yo EE HAe foju
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Table 16. Free amino acids by grade of T. matsutakes
(unit : peg/g, dry basis)

Free amino acids First Second | Third(H) | Third(K)
Aspartic acid 70.03 48.21 39.79 110.81
Glutamic acid 174.22 115.17 95.22 123.60
Sen'né / 168.98 138.30 102.62 7342
Glycine 192.66 181.49 137.47 151.10
Histidine 121.76 104.15 82.37 69.60
Arginirie 308.45 252.14 207.42 155.08
Threonine 14903 | 13276 | 10925 65.19
Alanine 234.56 191.02 159.20 90.76
Proline 95.63 84.68 73.38 46.99
Tyroqine 102.65 81.19 73.39 40.99
Valine 117.75 103.97 36.23 33.48
Methionine 25.44 - - 18.76
Cystine 31.15 39.78 14996 14.89
Isoleucine 91.34 80.20 66.95 21.89
Leucine 169.81 148.16 129.40 45.22
Phenylalanine 135.86 119.21 103.68 63.46
Lysine 164.55 116.21 79.80 67.75

Total Amino Acid| 2327.81 1936.66 1696.14 1192.98

Aol Folz wasy, FAH AFEE YHlE AL od Aoz 23

i,



Table 17. Free fatty acids by grade of T. matsudakes
(unit : %, dry basis)

Fatty acid First Second Third(H) Third(K)
C15:0 0.028 0.028 0.022 0.028
C16:0 0.211 0.237 0.280 0.222
C18:0 0.236 0.249 0.256 0.255
C18:1 0.323 0.665 2.236 0.352
C18:2 1.933 1.911 1.384 2.044
Total 2.731 3.091 4.177 - 2901

712 gt 8 AWl AE S EE pentadecylic
acid, palmitic acid, stearic scid, oleic acid, linoleic acid §°¢] A& R}
SHEES SolHAlYg AZA rx=FAzte] BRd 355 MAEel 7HF
o] FHaHY Y2 HwA R 24 15FH AZAANEFY A

t Auges G4l ¥A kit

713 FFE It ARl vste] B WAFe vwrt HA

= Hol e H, I FAAE ZFEU0)S =€ 104,
FEol9 of 408 A%, FEolwAe of 3uMiAE o FwHo U, HE
£ B WAFe 109 Ax=2 AT AojE EYF i JUT. THEEE

AEF7 YAAAZRY 2537 3579 NATo] ozt o] FH5o] g

ed
aly
N
o, 4
juc
o



Table 18. Mineral contents by grade of T. matsutakes
(unit : mg%, dry basis)

Mineral First Second Third(H) Third(K)

Cé 16.31 20.27 18.58 19.49

P 311.19 307.64 337.57 351.40

Fe 48.02 58.65 3755 - 6185
Na | 147.35 122.44 347.56 257.96

K | 3039.81 3313.01 2986.18 2681.19
Mn 1.24 1.67 1.23 1.76
Total 3564.00 3823.67 3728.66 3373.66

£ 35FATG EFH 2579 TES $olol OF FHH) ' Aoz =
AHERE H, 2EA)LE WAFTAA K09 FHZA EAstzm e d, o
2EE W3 H49FES AN LYY REgo] ¥ Aow dHA
31t

Ao THEE FHF Aolrt A YeEd: AdFF $oluMFg AL
F 2 ARBRAEE UL E 3o Fr|AHES GC-MSE =

24-26¢9} Zom, o] AFH}E Table 199 Zo] AREEZ APt SolHA
o FPEL 87719 peak’t HEHO] Fow olFolA F 18719 AL
libraryS %38l T2 4 AT FolwAleY F Fr|PEEL
Felol we} zte] eyt Ue d, E5FY A$dE RT 79689
3-octen-ol, 33.61%2] Morphine silyliert, 44.92%¢ NN- bis-benzamide,

offt

f 4
H
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Table 19. Flavor characteristics by grade of T. matsutake

No | RT Name | Grade-(area%)
First Hirake Kora

1 | 694 [Cyclohexane - 0.16 0.14
2 796 {1-Octen-3-ol 7.74 3.34 5.64
3 | 761 3-Octanone - 064 | -
4 1041 2-Octen—1-ol 112 0.39 0.49
5 11.36 |Linalool 0.13 0.12 0.08
6 13.79 |5-decanone 0.16 - -
7 18.22 |N,N-dibutyl-formamide 0.12 = 0.05
8 19.06 |dodecamethyl-cyclohexasiloxane 0.35 0.14 0.35
9 20.73 |methyl-3-phenyl-2-propenoic acid 0.25 0.49 0.18
10 | 2350 junknown 0.94 0.09 0.14
11 2446 itetradecamethylcycloheptasiloxane 094 0.67 1.12
12 | 2476 |2,6-bis-phenol 043 - 0.67
13 "2’7-.23 ‘12~methyl-propanoic actd 0.17 0.20 0.28
14 | 29.38 [1,35,7-tetraethyl-1-ethylbutoxysi 3.75 4.10 491
15 | 31.79 BHT-aldehyde 0.25 - 0.21
16 | 3361 Morphine silyliert 5.02 5.98 6.53
17 | 35.19 |Nonadecane 0.13 - 0.08
18 | 36.56 junknown - 0.38 0.43
19 | 36.73 |1,2-Benzenedicarboxylic acid 0.29 0.42 0.50
20 | 87.40 [Eicosamethylcyclodecasiloxane 483 524 5.84
21 | 40.88 |Tetracosamethylcyclododecasiloxane|  4.16 828 | 535
22 | 44.26 |octadecamethylcyclonasiloxane 4.78 7.46 7.75
23 | 4492 |2-chloro-1-ethanone 6.53 552 7.78
24 | 48.86 |7-bromomethylcarbamaeseroline 6.08 6.99 8.02
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Table. 20 Surface color changes of T. Matsutake during distribution

in producing districts

Holding Measuring Conventional Developed
time after L . :
time
harvest (o'clock) Pileus Stipe Pileus ~ Stipe
(hrs)
0 9 482%03 | 789%0.3 482+03 | 789x03
4 13 454+05 | 785*04 48104 78505
7 16 41.0+0.2 | 782%+07 478+0.3 78704
9 18 402+04 | 782%=04 48.3%0.3 783+0.2
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Table 21. CO; gas inside film of T. matsutake packaged with

different COz conc.

Time after COz additions(%)
Gas conc.
treatment(hr) , 10 30 50 70
95 CO2 10.0 224 33.7 | 435
o O 103 6.2 47 2.8
45 CO2 11.3 23.7 325 45.6
' Oz 79 65 37 02
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Fig. 32. Temperature profile of T.matsutake during vacuum

cooling
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Table 23. Changes in weight and color of T. Matsutake during

vacuum and pressure precoolings

Vacuum Cooling Pressure Cooling
Color & Weight Pileus - Stipe - Pileus Stipe

L ja|b |Lja b L |a|b |L |a|b
| Before 49.210.922.6{79.7| 1.9 21.851.6| 83 |24.1163.8 | 59 259

ol ™ fter 49,1 [107 229 771 24253534 | 7.8(24.0 65.4 | 6.3 283
Weight Loss(%) 240 334
Time for 15min 63min
precooling(3C) ,,
. oA 9% AAA B}
1) %E-‘%—J w5}

#zoz A3 9P WY EE 247 WS BE AT/A ST IR
o) 7 WEo] FAo] AotHAE Aty Ao] Hm vk B3 AA F
Fras Ao A7 Fo] ol 7Y 28 Wske) FIRA, 24%E
o oF £E &4, EELE] 3 BrsiEe B, Aol 9@ wIFE o
G859 74 S0 9§ A25)o]H, Brasksma T(26) Tt 1A EHE T
zHoz WA w3 AT So] AA AR o] A9HE Aow

Z23% v gl

walA] FolwAl e 1T 2 Ao AFsAN AL T FTEHLE A
JuHrAd AAEZHE ZAZ v 2 AI= Fig 349 2o AL AGA =
3R] FHLAL] 12~14%EA FEAL 2487 NFFIeH AF T
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Fig. 34. Weight loss during storage of T.matsutake treated with
different precooling methods TRT @ T. matsutake stored at room temp.
after nontreatment. TVRT : at room temp. after vacuum precooling, TPRT
: at room temp. after pressure precooling, TLT : at 1C after nontreatment,
TVLT : at 1C after vacuum precooling, TPLT : at 1T after pressure

precooling
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Fig. 35. Changes in firmness during storage of T. matsutake treated
with different precooling methods. TRT : T. matsutake stored at room

temp. after nontreatment. TVRT : at room temp. after vacuum precooling,

TPRT : at

nontreatment, TVLT : at 1°C after vacuum precooling, TPLT : at 1C after

0 10 20 ' 30

Storage period(days)

room temp. after pressure precooling, TLT : at 1C after

pressure precooling
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Fig. 36. Changes in moisture during storage of T. matsutake treated
with different precooling methods. TRT : T. matsutake stored at room
temp. after nontreatment. TVRT : at room temp. after vacuum precooling,
TPRT : at room temp. after pressure precooling, TLT : at 1T after
nontreatment, TVLT : at 1C after vacuum precooling, TPLT : at 1T after

pressure precooling
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Fig. 37. Browning index changes during storage of T. matsutake
treated with different precooling methods. TRT : T. matsutake stored
at room temp. after nontreatment. TVRT @ at room temp. after vacuum
precooling, TPRT : at room temp. after pressure precooling, TLT : at 1T
after nontreatment, TVLT : at 1T after vacuum precooling, TPLT : at 1C

after pressure precooling

-112-



Table 23. Changes in Hunter color during storage of T. matsutake

treated with different precooling methods

(Pileus)

Storage Control Vacuum Cooling - Pressure Cooling

Period

(Days) L a b L a b L a b
0 4323 | -796 | 18.07 | 49.00 | 805| 22.19 | 41.00 | 7.78| 16.06
3 4460 | 8.07| 1746 | 48.00 | 754| 19.83 | 3845 | 7.37| 14.00
7 4201 764 1651 | 4831 | 742| 20.24 | 40.27 | 632| 146
14 4321 7191604 | 4694 | 7.21| 1898 | 4231 | 713} 1662
28 4187, 746 1570 | 4492 | 7.18| 1824 | 4582 | 7.44| 18.74
35 37779 7.22) 2008 | 3779 | 7.04)| 1424 | 3801 | 648 12.90

(Stipe)

Storage - Control Vacuum Cooling Pressure Cooling

Period

(Days) L a b L a b L a b
0 | 69.14| 633]2868 | 7377 | 329| 2233 | 69.29 | 354| 2226
3 68.78 | 6.64| 2847 | 7223 | 344 23.60 | 66.22 | 530 2598
7 67.76| 6.09| 2754 | 7304 | 306! 23.02 | 66.22 | 464 2574
14 67.70 | 634 2848 | 7238 | 3.80| 2451 | 64.92 | 4.36| 24.08
28 66.03| 6.71| 2850 | 70.77 | 3.15| 27.88 | 66.32 | 514 | 25.16
35 8927 | 6.72| 2829 | 6843 | 3.89| 27.23 | 5896 | 5.01| 26.37
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Table 24. Changes in sugar and sugar alcohol during storage of T.
Matsutake treated with different precooling methods
(unit : %, dry basis)

Sugar & Storage period(days)
Treatment* | Sugar-
alcohol 0 3 ! 14 21 2 ®

mannitol  [14.02 1325 | 1268 | 1225 | 1428 | -13.09 | 12.83

PLT#*  |Trehalose [21.14 | 19.09 | 10.16 | 1536 | 1378 | 1244 | 11.34
Total 3616 | 3234 | 2284 | 2761 | 2806 | 2553 | 24.17

mannitol  14.02 1248 | 12777 | 1066 | 1146 | 1046 | 11.95

VLT Trehalose 21.14 | 21.86 | 6.31 1471 | 1534 | 12.08 | 1250
Total 3516 | 3434 | 1908 | 25637 | 26.80 | 2255 | 2445

mannitol |14.02 996 | 1452 | 1100 | 1317 | 1140 | 12.02

LT Trehalose [21.14 | 2003 | 1034 | 1506 | 1169 | 1502 | 10.17
Total 3516 | 29.99 | 2486 | 26.06 | 2486 | 2642 | 2219

mannitol 14.02 13.82 8.26
VRT Trehalose [21.14 11.35 | 947
Total 35.16 2517 | 17.73

mannitol  14.02 858 | 10.12
PRT Trehalose (21.14 1245 | 642
Total 3516 | 21.03 | 16.54
mannitol  {14.02 1075 | 948
RT Trehalose {21.14 1114 | 7.26
Total 3516 |21.89 |16.74

# P ; Pressure cooling, V ; vacuum cooling, LT ; low temp., RT ; Room
temp.
** means mushroom stored at low temperatures after pressure cooling
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qME AZ 3¢ olFFEH F43] F/ste 4¢E Uehded, 99 A
A 22 dxzTA JHE EL FUMEE ¥ v, IF APF Fold
Ae F7He0] Y wA vERth B3 49 HE 3 AL AFT FLde
ey, FAT, ATAYT £22 FUHE0] IAHT Yo, E3
Aty Folrt YA F& FolHt {8 ofvxAl FfEo] Frletm
ARt
ols} Zo] FolwAe A F fFFolvlAte] FFo] FEE AL x4

WHe] proteased] BAe] FhH ol 24 wuio] Ead AGDoD LA

i

Table 25. Changes in total free amino acids during storage of T.
matsutake treated with different precooling methods

(unit : pe/g, dry basis)

Storage | rer | vRT | TPRT | TLT | TVLT | TPLT
Period(days)
0 158343 | 158343 | 158343 | 158343 | 158343 | 1583.43
3 1971.29 | 199363 | 164196 | 1847.92 | 154744 | 1724.22
7 9699.10 | 248357 | 279637 | 184792 | 154744 | 2014.89
14 1701.93 | 163632 | 2014.89
21 2052.67 | 192435 | 2281.39
28 214557 | 206922 | 225562
35 22170 | 241224 | 247470
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Table 26. Changes in free amino acids during storage of 7.
matsutake treated with different precooling methods

(unit : pg/g, dry basis)

Storage period 3 days 14 days
Amino
acid
ASP 62.56 65.01 53.01 54.56 49.79 64.74 | 14956
GLU | 21258 | 15531 | 185.06 | 12961 | 18459 | 13819 | 180.18
SER 89.76 | 131.81 | 12971 | 110.79 90.39 81.07 69.00
GLY | 1896 | 17596 | 19271 | 12253 | 169.04 | 14255 | 214.20
HIS 81.74 82.30 88.31 71.53 89.20 79.35 | 118.00
ARG | 25228 | 20392 | 29440 | 20085 | 231.22 | 264.11 | 29994
THR 7563 | 11243 | 109.15 9784 | 101.26 | 9292 99.08
ALA | 18024 | 22504 | 22670 | 19811 | 19144 | 17546 | 134.08
PRO | 5825 8245 71.30 66.42 64.07 49.76 55.87
TYR 43.93 72.64 75.40 69.42 65.51 55.88 42.86
VAL 32.45 82.69 8358 |  83.82 60.24 48.21 35.65
MET 22.05 15.48 1717 20.98 21.50 24.02 19.34
CYS 2152 | 14919 | 17.32 14.94 1401 | 104.15 22.68
ILE 22.21 69.12 69.12 65.97 45.25 37.87 22.73
LEU 4875 | 13604 | 13483 | 12965 | 106.88 85.57 51.66
PHE 7715 | 10255 | 10547 98.24 96.63 87.86 80.65
LYS | 11338 | 10884 | 13439 | 10671 | 12090 | 10463 | 128.77
TOTAL| 1568343 | 1971.29 | 1993.63 | 1641.96 | 1701.93 | 1636.32 | 1724.22

Initial | TRT VRT PRT TLT | TVLT | TPLT

ATk M @ 503 B35 559 A8 @ 483% A 3
felolvlmate] Z7be 2719 zto] maEE HAAN wuAc] Balsol of
Aite] F7hse AS=A WAFel 2elA ofneate Frbe wsAY
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Table 27. Changes in sensory characteristics during storage of 7.

matsutake treated with different precooling methods

Staorage Control Vacuum cooling Pressure cooling
days ]

Color | Flavor | Texture {Overall| Color | Flavor  Texture | Overall Color | Flavor | Texture | Overall
0 [90 190 {90 /90790 |90 /90 190190 190 190 |90
3 190 |87 {90 [ 86190 |90 {90 |90 87 |90 |90 |88

7 |88 |85 |85 |85 87 {85 |89 |88 85 |86 |85 |86
14 |85 {81 79 81|85 |81 |82 8585 |80 |73 |80
28 |80 |57 {60 {47 73 |67 60 |65|57 {60 |57 |55
3 |65 |40 |51 |43 |61 |47 |55 |57 50 |43 52 |53
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Fig. 38. Changes of weight loss during storage of T. matsutake
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Fig. 40. Changes in weight loss during MA storage of T. matsutake
with different film thickness
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Table 28. Changes in Hunter L-value during MA storage of T.

matsutake with different film thickness

Thickness| Storage period(days)
(mm) 0 7 14 21 28 35
control | 39.03 3491 38.03 5532 59.04 4424
© 0,02 | 3903 51.87 42.64 51.10 4997 46.32
0.04 | 39.03 47.64 46.37 39.06 55.36 46.39

Bleus 06 13903 | 3738|4951 4585 | 4727 4169

0.08 | 3903 | 5369 | 5613 | 4500 | 4231 | 4553

010 | 3903 | 4402 | 4591 | 3833 | 4L10 | 5643

control | 6629 | 70.81 | 7149 | 7292 | 70.66 | 76.79

002 | 6629 | 6755 | 6908 | 8241 | 7540 | 72.09

. 004 | 6629 | 7353 | 7635 | 6634 | 75.09 | 7124
Stipe

0.06 | 66.29 65.89 72.18 73.00 75.52 76.74
0.08 | 66.29 68.37 79.30 78.68 72.62 77.10
0.10 I 66.29 60.95 75.51 7130 59.37 70.30

Table 29. Changes in Hunter a-value during MA storage of T.

matsutake with different film thickness

Storage period(days)

Thickness
Initial 7 14 21 28 35

(mm)
control | 7.54 6.45 7.67 834 | 509 6.71
0.02 754 7.90 811 716 615 7.81
. 004 | 754 8.04 833 745 6.09 788
Pileus ——5"06 754 8.03 6.63 837 773 8.08
0.08 754 9.43 652 1038 | 888 827
0.10 754 932 | 857 8.05 $.16 721
control | 3.78 352 5.05 423 443 3.08
0.02 378 533 6.71 143 316 433
. 004 | 378 2.40 270 557 3.04 4.85
Stipe 406 378 488 467 333 348 3.18
0.08 378 575 2.04 258 5.00 3 44
0.10 378 9.40 316 548 7.80 5.90
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Table 30. Changes in Hunter b-value during MA storage of T

matsutake with different film thickness

Thickn ‘Storage period(days)
ickness
(um) initial 7 14 21 28 35

control 15.26 12.54 12.45 25.84 23.24 17.22
0.02 15.26 23.17 16.30 21.95 18.56 17.28
0.04 15.26 19.82 20.09 12.74 21.84 18.87

Pileus I ——5"0¢ 1526 | 1349 | 2063 1899 | 2019 | 1652

0.08 1526 | 2344 | 23.18 1846 | 1692 | 1882

0.10 1526 | 1805 | 18.23 13.65 | 1621 | 21.46

control | 3038 | 2348 | 27.66 | 2504 | 2751 | 2429

0.02 3038 | 2599 | 2900 | 23.11 | 2748 | 2530

. 0.04 3038 | 2128 245 2627 | 2453 | 2635
Stipe

0.06 30.38 25.49 25.48 23.70 26.77 25.34
0.08 30.38 27.62 25.89 25.16 28.17 24.87
0.10 30.38 2991 24.08 30.84 28.04 28.21

WE=T7F A BLAo 24292 MAXNETFHEY FATs 3A JeEgon,
MAA A A= 0.04ms 0.10mme) MAZZFA FAxe] W3yt 713 3
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Fig. 41. Changes of firmness in pelei of T. matsutake during MA
storage with different film thickness
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Fig. 42. Changes of firmness in stipes of T. matsutake

during MA storage with different film thickness
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Table 31. Changes in sugar and sugar alcohol during MA storage of
T. matsutake with different film thickness
(unit : %, dry basis)

Film Sugar and Storage period (days)
thickness(un) alcohol 7 21
Mannitol 15.33 11.40
0.02 ‘Trehalose 12.08 9.85
Total 27.40 21.25
Mannitol 15.71 12.60
0.04 Trehalose 12.74 10.58
Total 28.29 22.98
Mannitol 14.57 11.90
0.06 Trehalose 12.95 10.83
Total 2752 22.73
Mannitol 13.78 12.34
0.08 Trehalose 14.57 8.33
Total 26.91 22.11
Mannitol 14.52 10.60
0.10 Trehalose 12.90 10.96
Total 27.42 21.57
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Table 32. Changes in amino acids during MA storage of T. matsu-

take with different film thickness

(unit : pg/g, dry basis)

Storage
days

21

Film

mm

Cntrl

0.02

0.04

0.06

0.08

0.10

0.02

0.04

0.06

0.08

0.10

ASP
THR
SER
GLU
PRO
GLY
ALA
VAL
MET
ILE
LEV
TYR
PHE
LYS
HIS
ARG

6256
13415
89.76
195.72
58.25
35.12
212.19
72.13
16.98
4876
102.38
52.18
62.14
302.61
12165
162.37

26.83
174.32
73.60
233.32
82.55
31.24
268.65
77.02
2223
49.36
127.10

1 53.29

79.98
332.28
123.71
231.21

48.19
184.23
63.09
289.99
0

22.84
274.83
43.80
6.02
21.83
78.57
9.23
45.86
261.55
139.61
202.6

87.26
153.25
60.17
211.79
43.71
28.02
267.80
69.40
467
35.76
99.99
1.74
30.56
288.65
105.00
159.31

71.84
151.88
76.59
485.87
0
60.48
363.56
99.65
32.98
66.74
136.44
56.51
68.80
503.84
104.42
209.99

3456
134.15
72.92
266.40
8153
4924
212.29
95.28
20.20
5863
136.07
3365
61.34
839.46
80.50
185.03

73.48
182.72
85.11
206.01
70.07
3371
281.88
89.15
3.09
50.83
134.69
27.04
80.67
333.62
124.74
261.22

0
15511
79.90
209.24
79.27
76.40
31092
86.49
2458
59.97
135.37
56.08
155.73
41414
106.81
199.79

53.15
155.16
74.90
194.27
80.20
38.62
22942
78.42
18.43
48.62
119.47
45.20
72.85
468.83
85.44
280.59

37.87
14723
77.83
209.57
88.39
46.54
232.8
99.53
23.40
6591
157.50
63.02
8853
39853
87.88
22572

17.90
189.14
86.15
290.83
108.30
38.70
303.04
85.83
29.04
53.95
142.22
73.48
98.15
660.19
139.25
501.53

Total

1728.9

1986.7

1697.2

1647.1

2489.6

2361.2

2093.1

2148.8

2043.6

2050.3

2817.7
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Table 33. Changes in sensory characteristics of 7. matsutake during

MA storage with different film thickness

Film

Character— Storage period(days)
Thickness Lt ;
(mm) - 1sucs 0 7 14 21 28 35
appearance] 9.0 75 7.5 7.3 5.3 3.3
color 9.0 6.5 6.8 8.3 6.0 4.0
control texture 9.0 8.0 7.0 5.3 4.7 3.0
flavor 9.0 8.0 6.3 4.2 4.0 2.8
overall 9.0 7.0 6.5 4.5 4.8 3.0
~ |appearance| 9.0 8.0 7.7 7.7 65 | 50
color 9.0 7.3 7.3 6.7 6.0 5.0
0.02 texture 9.0 87.3 7.8 6.0 5.2 35
flavor 9.0 8.5 7.2 6.0 ‘5.2 3.8
overall { 90 7.3 7.2 6.5 - bl 3.7
appearance| 9.0 8.0 79 8.2 6.2 45
color 9.0 75 7.0 7.3 49 47
0.04 texture 9.0 85 82 | 62 - 5.6 3.5
flavor 9.0. 8.5 6.7 6.0 4.3 2.7
overall | 9.0 75 | 7.2 6.0 4.9 3.2
appearance| 9.0 8.0 8.0 8.3 6.3 5.0
color 9.0 7.3 75 8.0 4.7 4.3
006 | texture 9.0 8.5 8.2 7.0 5.3 4.8
flavor 9.0 8.5 75 6.2 35 2.0
overall 9.0 7.5 8.0 7.0 46 3.5
|appearance| 9.0 3.0 8.0 7.3 6.3 5.2
color 9.0 8.0 7.3 6.2 4.6 4.3
0.08 texture 9.0 8.5 8.0 6.3 6.0 3.7
flavor 9.0 9.0 7.3 5.3 4.0 1.7
overall 9.0 8.3 1.7 6.0 4.9 35
appearance; 9.0 8.0 7.0 7.2 7.0 6.2
color 9.0 8.0 5.8 4.7 4.2 3.7
0.10 texture 9.0 85 7.9 6.2 5.3 6.3
flavor 9.0 9.0 5.8 5.7 4.3 1.5
overall 9.0 8.3 6.2 6.0 4.3 4.0
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Fig. 43. Pictures of T. matsutake after MA storage of 36 days with

different film thickness 141
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Fig. 44. Weight loss of T. matsutake during CA storage at
different O, and CO, concentrations
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Fig. 45. Hunter L-values in pilei of T. matsutakes during CA
storage at different CO, and O, concnetrations
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Fig. 46. Hunter a-values in pilei of T. matsutake during CA
storage at different Co,and O, concentrations
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Fig. 47. Hunter b-values in pilei of T. matsutakes during CA
storage at different CO,and O, concentrations
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Fig. 48. Total Color differences in pilei of T.matsutake during
CA storage at different CO,and O, concentrations
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Fig. 49. Hunter L-values in stipes of T. matsutakes during

CA storage at different CO5 and O5 concentrations
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Fig. 50. Hunter a-values in stipes of T. matsutakes during
CA storage at different CO5 and O5 concentrations
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Fig. 51. Hunter b-values in stipes of T. matsutakes during CA
storage at different CO, and O, concentrations
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Fig. 52. Total color differences of stipes in T. matsutakes
during CA storage at CO,and O, concentrations
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Table 34. Changes in sugar and sugar alcohol of 7. matsutake
during CA storage at different CO; and O: concentrations
(unit : %, dry basis)

sugar & | COq
sugar- |- O
alcohol | O 712007 207|207 (217 (217 |21

mannitol 10.6 |11.7 |126 [11.6 |12.1 |11.8 110.7 |11.7 | 9.2 |12.1 |11.1 |11.2 |11.3
Trehalas

15-3 15-5 20-3 20-5 25-3 25-5

13.3 119 | 88109 | 9.0 11.3| 9.0 |10.1 |10.1 {120 | 9.1 11.1 | 85
S

Total [23.8 |123.5 |21.5 |22.5 |21.1 |23.1 |19.7 121.8 /19.2 |24.1 20.1-22.2 19.8

Trehalosed] Aol 2714 133%<14 Ag712e) Ao} tie] #Aass
FAE e AT

ojg} Zo] FolWAe CAAY T ©F3E F mannitol?] FFL A9 7
A5 A ¥ trehalose 9 FFo) A e AL TEF7]|FEA mannitol 4=
trehalose”} ©]- &= oA Y& YEH L Yot Aoz WA FTF/E
24 ®o] o]&¥E mannitold fructose’b NADPE ©|£3 mannitol
dehydrogenased] &js] @dgdozm AHHNAE ], AA FoHR FodE
o9 = glucoseY fructose 59 AT &Fo] AY HAEHA & AER v
F B¥sa Q7] Wi $ojwAle TF7)|ZE2AE trehalose’} HF-Eo] o
olds} =gt} ol 7+ A= Table 249 312 A4

$H7k2 Fxol wWE BstEe HIdAE AAHOEE CO; 20%, O
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Table 35. Changes in free amino acids of 7. matsutake during CA

storage at different CO; and O; concentrations

(unit : wg/g, dry basis)

Free
Amino
Acids

CO;
me )

15-3

15-5

20-3

20-5

25-3

25-5

0

14 26

14

2

14

26

14 26

14

26

14 26

ASP

71.03

146.171485.96

86.30 | 533.73

155.62

525.63

153.87 |469.80

204.35

52245

128.40|432.03

THR'

937.40

137.18/216.33

181.49| 270.02

180.53

247.85

189.56 |246.07

245.38

265.21

146.74,220.07

SER

149.44

116.331115.32

85.48 | 14381

99.10

124.93

100.78 |118.73

132.70

124.61

79.32 |1110.07

GLU

419.73

308.32/511.85

238.42| 506,30

273.28

52241

315.01 |1470.39

331.86

436.29

22460142413

PRO

13491

132.35{159.63

91.77 1193.50

12.40

206.85

137.77 {19749

164.43

203.00

105.72{187.63

GLY

61.07

97.57 1116.98

65.21 | 138.41

92.17

149.21

99.34 1149.82

113.80

159.33

73.38 1133.36

294.88

263.811408.30

212.81| 408.88

200.06

392.32

219.78 |378.77

254.38

395.57

164.05/348.99

VAL

133.28

158.08|175.44

109.13| 208.36

124.18

220.11

220.221204.55

154.49

223.08

193.94 [180.94

MET

51.63

43.58 5903

28774 | 66.83

39.87

77.62 .

77.66 | 60.02

46.65

8152

23.83 1 52.03

ILE

99.13

108.28/112.69

71.74 | 136.65

85.98

141.72

141.79132.87

112.86

149.39

62.27 {125.20

LEU

211.67

220.86|211.33

153.03|257.30

174.55

270.56

270.70 | 242.61

219.25

271.29

122.01,238.83

TYR

109.15

94.22 | 76.53

68.29 | 8643

72.68

103.47

103.52 | 84.61

95.70

88.23

52.31 | 59.89

PHE

150.71

123.05/ 96.80

93.02 | 10715

94.96

130.67

130.74 | 96.60

109.13

90.99

56.01 1119.04

LYS

659.88

747.92|469.71

567.62,522.49

595.45

595.23

595.52 1689.21

288.51

649.54

417.96/590.71

HIS

88:96

121.45111557

94.65 | 130.30

97.24

120.26

12032 1115.98

72.396

105.90

71.72 1 90.00

ARG

349.83

317.31/144.68

|

230.94% 17774

259.21

187.68

187.77 1188.74

338.14

8

263.23

179.32,202.50

Total

3222.7

3236.5|3476.1

2378

.61 3887.9

2557.3

4016.5

187.8 |3746.4

2884.0

4029.6
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Fig. 53. Weight loss of T. matsutake during storage at different
temperatures
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Table 36. Color changes of T. matsutake during storage at different

temperatures
Hunter . Storage days
color | Temp(C) 14 21 2 35 42
1 4429 | 4198 | 4232 | 4018 | 4152 | 4198
L-value
-1 429 | 3692 | 3827 | 3933 | 4031 | 3895
- ol 1 730 | 832 | 810 | 902 | 881 | 889
Heus | atvalue rmTy 730 | 1222 | 1264 | 1311 | 1313 | 13.02
1 1629 | 1730 | 1678 | 1698 | 1687 | 17.70
b-value -
-1 1629 | 1768 | 1838 | 1926 | 2034 | 1896
L 1 7483 | 6993 | 6913 | 6688 | 6375 | 59.77
vae 7483 | 6724 | 6688 | 6729 | 6860 | 67.97
o o 1 329 | 426 477 | 567 | 691 | 847
e | arvae Ty 329 | 639 | 659 | 712 | 647 | 665
ot 1 2345 | 2645 | 2684 | 2766 | 2893 | 2846
vawe 2345 | 3134 | 3184 | 3246 | 3249 | 3256

A4 (2, FAE )T 04 2 2AE Bl olg o]

chroma metere]A] o] e o] &3t F MeElz}o](total color difference,

Lo
&
L

4E)E ta9 HozRy dgler, O AoE Fig 549 2] IdeE g
A |
oje} Z& Ao Hw ALAZH FolMAY Af ARVIzte] FIES

E 271A A zHAge W)l gt F-9olA entstA dehd wd E7]5
H

—-162—



18

—8— Pileus( 1°C)
| —C— Pileus(-1°C)
—¥— Stipe( 1°C)
—v— Stipe(-1°C)

-
(3]

-
N

Total color difference(delta E)
[«)] [{s]

W

O 1. 1 1 1
0 10 20 30 40

Storage days

Fig. 54. Total color differences of T. matsutake during storage
at different temperatures
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Fig. 55. Browning index of T. matsutake during storage

at different temperatures
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Fig. 56. Changes in firmness of T. matsutake during storage
at different temperatures
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Table 37. Sugar and sugar alcohol of T. matsutake during storage at

different temperatures
(unit : g/100g)

Storage temp. -1TC 1T

Storage days 14 35 14 35
Mannitol 23.85 18.86 14.54 15.90
Trehalose 4.29 7.18 6.24 6.46
Total 28.14 26.04 20.78 22.36

A Vet SoluAe WER Reddd APy A
A7t AL stressol RFEA A3kl AR wudolt hFRE ARA 5

%El%“’lur obulmat 5o UER 2AE0] &
3

i gtk B AdelME 1T e

HeAZTAE & f2D o] 2% AT wF Fasts 2HAE B
plas 1 TANE 2318 2%A% F7leshe 2948 Holm dgley, 4
AZE A% 14944 219 A FadF TN 2 Fol7t glo] A9 U

6) frElolrxAte] W3l
FolHAe WaAFo wmE FAWMI F FIolu)xite] W E
acid analyzer2 A3 Z3= Table 383 2t} $olvjA Y F2 Sgolux

A2 lysine, alanine, glutamic acid, arginine @ threonine 52 24, Ax7}
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Table 38, Free amino acids of T. matsutake during storage at

different temperatures
(unit @ pg/g, dry basis)

Stzzie 4 2% 14 K
ASP 625 66.9 70.7 62.0
THR | 1239 140.3 1478 1879
SER 636 755 773 764
GLU 2275 259.7 285.1 3505
PRO | 1219 1115 1246 1039
GLY 409 46.4 46.9 446
ALA 3187 3433 3555 3753
VAL 91.1 103.0 95.4 756
MET 157 5.8 - 187
ILE 60.3 67.0 58.7 473
LEV 1379 153.7 1342 1147
TYR 68.4 514 476 -
PHE 78.0 796 65.9 558
LYS 283.4 3480 3257 2633
HIS 57.1 91.4 83.9 120.1
ARG 1674 192.5 211.7 191.4
Total 1923.0 2156.1 9130.9 2087.4

At met 24 AA o 9 protease’t ZAGUAL BFozA

—169—



Zbehs Aoz 4EA vk 2 Y FoMAE 1TY ALd -1TY Hed
dellA AFstEM A 1499 289 FAT AF F F opvx=AgFL
-1Te BedddAE T Feohvimite] TU1E wE 1T A2 A
FE Folo F FEolvimAle: 2 Wast dehdx g S8 -1CY
WEAZAN F FEobul=At FFo] /1T AdE fYPe A A&
wpeh ol WAS wsAg] 9% Aceiuc: AANFE WY ¥
2 olste] 2Ee] WAF A4 AT AAH AYzdHEoz s
el F250 Yede WS mi s 719t

O

=

ofl
)
o]
e
o,
18
2
4
=

e A B4 WsE A 95t 1T
=72 5o A 2AZ 2 Fld dste] 97 HA
Hell 9§ Aol AWAAE AA S AWE Table 399 2T LolwAle A
#9 FAAZNE 508¢ 7Fo AL, 1T ALAFF gz
o Y 74X AEAE FAT Ygo] 9] -1Co) Wedde] AAH &
[HRgE AR 29 F
Z, FolujAlE 1T Ao AR HFE Fig. 57904 HE upgp 2o
A U AL E Aste] F7] RN REHo2 AT Aol
Uehr] A#staen], A% 289 Ao &2H S ofzhe] W] 9
Z gasst #AE7 Azsidch AREs) 359 Al 24
o] 2Fx Aol FHSAIL, AT o|H 9 LA TR Fig. 57149 2ol
th a3 -1Ce W&o AR Folu
AL MG 219 A% Az 2 &9 o] ¥A o] Fig. 5894

—

o

Jfo
#:3
rl U
o
L
i
o,
=
o}
o
[
ol
32

o

—-170—



(T. matsutake after storage of 35days )
Fig. 57. Pictures of T. matsutake after storage of 21 and 35days at

1T
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(T. matsutake after storage of 42days )
Fig. 58, Pictures of T. matsutake after storage of 21 and 42days
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Table 39. Changes in sensory characteristics of T. matsutake during

storage at different temperatures

Storage Propertics Storage days

Temp 0 14 21 28 35 42 49
Color | 90 | 79 69 | 50 45 2.8 -

¢ | Texture | 90 | 78 | 73 | 60 | 63 3.1 -
Flavor | 90 | 80 58 | 56 49 2.7 -
Overall | 90 | 79 6.1 52 45 3.0 -
Color | 90 | 85 88 | 175 79 6.8 59

o | Texture | 90 | 90 84 | 80 8.7 7.8 6.7
Flavor | 90 | 87 78 | 71 73 6.8 49
Overall 9.0 8.8 8.2 7.3 75 69 49

Zol 2719 Ag Aot gdRew, A B QY% $o)9) THY
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Table 40. Heat characterisrics of materials composing transporting

boxes of T. matsutake

) Thickness
Material T1 Tz K
(mm)

Japanese film 6.56 575 347 0.0257
Korean film 1.1 571 46.8 0.0297
EPS sheet 1.42 567 47 0.0208

" 5 56.6 40.8 10.0351

" 9.19 57.9 34 ' 0.0265

y 9.12 57.2 35.1 0.0365

" 1775 58.4 287 0.0351

y 17.89 585 29 0.0338

Corrugated board |  3.28 56.5 2 0.0372

Double 7.62 576 35.1 0.0404
corrugated board
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AAEE S SA5t] Table 407 2L & Ak A AFA o7
4 2], FolWAl T RY&VIEZR Ho| o&4Hu Yt AAZE AE
AFES T 0mFAZ o] &H3 E 17.75m, 17.89me] EPS7} 558~
58.7kd/mhe] AFLES JERAQ T, 10m FA7 69/ mhE v¢ ¢4 4
g B2 Yetdiey, sm FAY AX2FS A= 110.8kd/mhE,
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At HERTE 2AZF FAETY o 2~3uU & 2FE Y 2
%4 20mF79 EPSE z+zt 0.0351kd/m -

h - C, 0.0338kd/m - h - Tl ew, 10mF77} 0.0265kd/m - h - C, 5mn 7 <)
EPS+= 0.035lkd/m - h - T2 vehd wkde] ¢t3 EPS(F7 1.42m)E ©o|EH
o 22 00208kd/m - h- TEA ¥lw3 & ddi53E Yz I

dENM BAFTHL e HYE79 TX¥ PE(FA 656mm)s EHAUE
7b 103.1kd/mh2 Sm FA Y 2XN2F HES} FA18 FFo|Poy, 4AES
< 00257kd/m - h - TEZ F33F AdS Jehlz Yot

TUA @8 o= AFHa gE U¥ PEIES T/l HE 45~

6.2mmo] X33 glon, dFUdEE 989~1385kd/mh, EAEELL 0.0306~
0.0460kd/m - h - T HHNA dFEo] 110kd/mhBES AFLE9} 0.035kd
/m-h-TY AEES YUz ox 3o was FU Aadz

LY PEE 4EA AFRY I ¥ 4 A 538 AUE Aoz guy

Ao, X PEY ¢FvE 3dejy FRX A 5L AFAND A¢ &
A BEE71Y EPSEAS fAE 454 E9E Ad 5 I8 ALz dd
A 53 Z8AE 2AME ¥ PEY EPS RE S vH|dd ¢&74=s}
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ES dad EdE 77 328mme ©E ZTHA9 AL didx @ AR
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F1g 59 An Example for sheet structure of transporting boxes for

T. matsutake

o1y Zol AR olE ARE] 4 BHE sl wIEIE AT
7 faAE aRaEol} dAELe] RowA sl gm Fdel Aue
HadaAE ZAT Bast 3l ool weh $X PE Fol4 u] MM F
Q5 RAgEe A5uel wRsAz Adsad Sgon, BEREY A
94 2 A4 AEE FAA] A% GYBE JlFFRIVA HEE A

Fahe PA o2 SolMAe] $5871F Az
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Fig. 60. Changes of temperatures inside different export
boxes during transportion at different temperatures
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Fig. 61. Changes of weight loss druring transportation of
T. matsutake with different boxes
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