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Summary

Subjecct 1 : Development of storage method of pine agaric by

freezing

1. Purpose of study : In order to extend the storage time of pine
agaric to be more than 3 months, it is necessary to elucidate the
conditions of freezing storage of pine agaric. The purpose of this
study is theA development of storage method of pine agaric by

freezing.

2. Results and conclusions : Freezing pine agaric with liquid nitrogen
has been Kkept better quality of pine agaric than freezing by -25C
freezer. This method made to reduce the drip amount of pine agaric
after thawing. The effects of packing materials on the quality of pine
agaric during storage at -25C were not great. But the window paper
and tissue fxéving high water vapor permeability made to be dry the
skin of 'pine agaric after storage at -25C for 120 days. The presence
of deoxygenizer could not affect the quality of freezed pine agaric.
The substitution of nitrogen gas in packing showed high redness of
pine agaric skin. The highest weight loss of pine agaric during
storage at-25TC were shown in vacuum packing. As the results of
sensory evaluation of pine agaric during storagé at -257C, all packing
materials except window paper and tissue had kept being gqod
quality until 230 days. The major flavor corﬁponents of pine agaric
were l-octen-ol, 2—0cténol, octyl alcohol and methyl cinnamate.
During storage of pine agaric at -25T, the content of 1-octen-ol was

reduced but those of methyl cinnamate was risen.
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Subject 2 : Elucidation the thawing conditions of freezed pine

agaric and the transportable conditions of pine agaric stored at

3T

1. Purpose of study : The objectives of this study are to elucidate the
conditions ij: thawing method that could keep being good quality of
pine agaric freezed, to confirm the transportable conditions of pine
agaric under cold storage and to investigate the effects of “addjng

preservatives to sawdust on the quality of pine agaric during storage
at 3C.

2. Results and conclusions @ The thawing conditions of freezed pine
agaric were "standing in 3C air”, “standing in 15C air”, "sdaking in
15C water”, "soaking in 15C saline”, "soaking in 35°C water” and
"soaking in 80C water ". Thawing freezed pine agaric in 35C water
and 3T air could retain its quality good. Adding preservatives(sodium
benzoate, potassium sorbate, sodium propionate) to sawdust could
inhibit the early deterioration of pine agaric diiring storage at 3T.
When the temperature of transportation of pine agaric with small
packing had to be retained less than 3T, the freshness of pine agaric
could be. sustained for 20 days. The work of transportation of small
packing should be- finished for 40 ‘minutes because the sawdust
wrapping pine agaric could inhibit to rise the temperature of pine
agaric for this time. In case of 28°C transporting pine agaric stored at
37, its shelf-lifée showed to be 1 day. .

3. Subject 3 : Study of the storing conditions of pine agaric

- 14 -



under cold storage

1. Purpose of study : The purpose of this study were to measure the
effects of packing materials, gas in packing and tunic reagents on
the quality of pine agaric during storage at’ 37T, to investigate the

storing conditions of pine agaric in sawdust.

2. Results and conclusions : Among various packing materials, the
packing with sawdust of pine agaric during storage at 3C showed
the longest period that the freshness of pine agaric could be retained.
The packing with filling nitrogen gas and the treatment of tunic
feagent(chitosan, prowax) could not effect the rate of _ browning
degree. The shelf-lives of pine> agaric packed with CPV film and
with filling nitrogen gas were 20 days, those treated with tunic
reagents were 30 days and that of packing with sawdust was 50
days. In case of moisture contents(30, 50, 70%) of sawdust, the
sawdust containing 50% moisture content showed the longest
shelf-life, 40 days. The higher density of sawdust showed to keep the
better quality of pine agaric. The reduction rate of moisture in
sawdust was the more increased for early storage, the higer initial
content of moisture in sawdust. When pine agaric in packing with
sawdust was located in which the depth from sawdust surface had to
be more than 10 cm, the quality of pine agaric could keep to be
fresh. Among various container(wood box, plastic box, styrofoam box)
of sawdust, -styrofoam box was assessed to have the best
characteristics for storage - of f)ine agaric. The major flavor
components of pine agaric'were 1-octen-ol, 2-octenol, octyl alcohol

and methyl cinnamate. During storage of pine -agaric at 3C, the
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content of l-octen-ol was reduced but those of methyl cinnamate

was risen.
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A2 RIANNE FHE SolwAL & F5HA
At An zHo] AgEe] HA Rosizz A4To FyL

ol2lg dripd4e Hastsly] Ysted HA AEPUS TR
AR AU AALE meist A Frbold AE" £ g
WAse exs HEE $ANEET), AFAE, ALHASGE0), 4
AFQ0T) 2 GFHFQTIC2H ALARHANN dFHAA F2
¥ 2 ERSeEz ve] Ede 2sigch B8 2XxFo §E
3l7] 913 =4S HdAE7 Yt styrofoam boxE Al&dld $E3
o 2d& A

YEJAAME FolRAe B2 Lu 43 o4 A#slr] s
o 2 F79 TAAL R2AS AL ALETIHFL shdnh A}
4% zAN2E P9PE 1YE PE film, NY/PE film, PET/AL/PE
film, ¥22& 2 PVC film 5¢ Al&£39 T Solisle 5582 =4
371 st gataA i ¥R B2t 3 T EASga w9
Bt A4A 78 4 s ARRAH AUE B4, AER, Folhy 2
Hezd 239t £ Angdizy Z2gad sg4 7zt
10% &o olwAe A gAste] FutAsigdnt. o8 g8 4
HE 23 & Agd $olWAe 3~5Co) AZadaA AR w
& FAo H8E 2A43td Ao TAY ARzAL Fusdh

do ir £ g
i
B
g
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ol o Hlo V|A43le AFAEZA F8 ytdAe dR

E 99 FEHE 108 steAlolol Aoih, ¢, 2
4, &R, Be, g SAA £ NI T
d Z70 wegty & ol& JYEPATH(Cho et al, 1984). @A
Fole AFAuZL HAx gov F£877te] R AL At ¥ oty
& 7] wFol g nrtE dejE I glen B2 Fol 4

_IC_'r
o2 #2931 ey ANB wekA Fol A WA B3 At

oy ofy

£ a
8

X

ot of
o)

Fole F& F Ao HAFSH FFol ZaH" HAAFI A
g1 zh(veilol 98] 7zte] st 2 AWid FA-o] AR 5 dudl
AE ANE AAsHA g ol 22 e BAHo £ F 5FH
thAbzH o] At A AAFRTG FASHA olatstea TAAFo] 20T
oAl A 200~500 mg COxkg/hrol ©3(Han et al, 1992)0 24 FHA
7 wz3n 9@o] FEHY  ZFIER AT FR A=
polyphenoloxidase®] #&4do] ¥} (Lee and Lee, 1988) A®ivtgol £l

S0 nlAEe wWAe] ZriHy] WRolth aHmE WA 48 &

g &8 BEE Aol WAL /% AR F e W T

L o

AdgeEez 23 okFY Ao AgdExm Aok Kimd

Rhim(1997)& =& z3ute] F@o| FFE vlA
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A3t Freon 128 At&3ted FEolgs FE£TAET T Y5 A7)0
o & textureQ} NEg FA8d FH9 ¥H3E Hudtgclee and
Lee, 1988). =% Lee 5(1997)¢ 4 E:BA & W5 Asted Fae
HEE §X8ts 48 920 Leest Lee(1988)& WEWH T %7
Zto] blanchingd 1o Mo uAE AL XAt F& A0
£39 $70 & 2/t Y&L RUFHD Aok

B PEld HoYARA4YE 0Bl B TEFEH
0oy FHHA Ree 9TFRAC] g FEEAL WEHe a7
7t #n WAAS £E7 By gEe) 4Ex3e F9six) gous F

Ao &4o] 2R Yr Aoz LdAA JAvHFE, 1978). EF FutE Ao
M REA 2717 23 3 g2 AR st AF YEA A

T 5820 AFFZEY AT FAE st AL AE Wy ol
o 2y YEdde AFclgn ¥ s AFY BE AFEol 93
3 TZH v&AY dHd v e o] olyr] HEd WEANY F
d= FALEY] dojd & AHKang et al, 1996). <& €3, ¥EA

Z T A2 AZAste 32 A% x3 o] o), NFFH Hzx ¢
AR 5ol JElUYE freezer burn @A A9 g3 #lEll &4,
ol WA, AW A ST AEde] T B9 2y W)
2+ Finnema et al., 1975).

AES B3 712 AFE 9 Mg ALEA dFEe 84
%@""‘4 EHAZZ A% “freezer burn” ©|t}. Freezer burn @4
BA57] etel AE] WolE YA FW 2 22 WA
sl A2 Ade TAAEN TFsE Aoz LA Qi

aEE F dFe FouAe A7 ARy st mo zn
NEd EHor WA TAAAY FF Auo)

L o rlo
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1. AgY A3 2 3%

B Ao AFRF FolB AL 199749 9€9 24Ul UFToAAM AHNE
RozA zto] HA F& AL sty MAIZ AF AFLAE &
o]7) Y4ty =Z7)E=Z 8emold}, 8~10cm L 10cm ©]4 o2 3 FE3lA
Zt aZEE 3 AAY INAE 7 A5 A g ARE
HAFsA. FolwRe MAYE F552387] fdtd JAFLE AHE
s FE552d doMe AR FALES 47 -25T % -45TCAd
2@ g7tz dFdre] AAsY FEAL M AFT 3AAY
S 1709 =& 992 dd o2 A2 XY SgUNFEERE
g7 ¥ZAZ TAT F -25TY FZNA 48AIZ o1 FZHSAC
olg@A WAL R FAz) 93 F28 ANEE -25C FADA AR

F2E ANEE d8 FHY EIFAE Mgt ERSScd 1EE
polyethylene  fIm(PE), polyester(PET),  polyester-aluminum-polyethylene
laminated film(P/A/P), ¥743& polyvinylidene chloride(PVC), WHIE
(antifogging film), 332 2 Ee o2 EFsdvd AHZLEAN
TAY ANRE ETAUAEE 47 s YEAY NEE A+-8-3F
o}, _

2 ZA3AL FFPREL Kim5(1999)9 3y
of aiet A9 BHez FIA 3 Foll g Z=. %
g thg o] #Aste] YErAT |

o
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Rate of weight retention(%) = W, X 100
W

A7 Wo A 2719 2, W& AdF 71 A% F9 FHojo

@ Drip %9 =3
JE Az ds F24L FA7 -r]o}"q 528 N2E =249

B2 3C A& 4847t F % & Hamm(1969) 22l 2 Karmas$}
Turk(1976)¢] #ie] wet A5 BFAEEL 2g+0.02g ﬂl\:% A 5
mBEE 7t22 ddsd uig AHY & 9A(Toyo No5 ¢ llcm)
o] Fdoll ¥ ojAE F AT Atold] A B FYVE ¢F
(30kg/ct, Imin)3tqd A FHd FEFEFE Fdto ANBo g
WEEIA EASGET
@ ot g Ao A _

ofujic e} F 49 F#L Spies®t Chamber(1951)8] F&W ol miat u) A
&3t
@ Zix &3

Age) e 2718 9AF HAT ethanol® N BmE  A7bed
homogenizer2 =¥ ¥ 6AFQ Wxstd TAMLE 22T 9
Aesie Jsag o spectrophotometer(Shimadzu  UV-120-02)
24 420nmoM FFEE AT Z2HEE AR lg? ¥F=2M ¥
A& o).
© =33

Foljde] MuustE FAstY] st 2E ANE EV|REY duy
E718 22 HY3iA A2 duwe &AL chromometer(Minolta,
Co)2M £33 M=E Hunter system? #SZ Yehfdrh ojuf A}
€8 2T EEMNY 542 Y; 920, x5 03137, v;0.3197(C)o) A o}
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® Texture? &4

FolW A9 textureE: A7l st WEE ARE EFE U=
3¢ HeAddM 48N H5® F Byun5U%9S el met
rheometer(Fudoh, Co)& AM&38le WA 2t} £7]18 89 hardnessE 2
zt 243k |
@ #sAM

10% o] panel member2M Z M FAIz 9 7te] HMAPE 7] & o
2 B3 £2 9y Axyd o3td Hristy HAIZI}E SAS programe
ol 43ty EAAFsFen A 7z IFLHER Al un
A2z dosted gAL Alzleg #gsted Meo] MEE YU

§P7l*é—‘¢ 574
371

Alg e ¢ NES 223t7] 98] AhnT Lee(1986)9 WS 3
Bl 2zsgn. = WER AE 300ge 03cm ©jste] AVIE A2
=22 600mlE 7}8te] Likens-Nickerson ZX](Simultaneous steam

distillation and solvent extraction apparatus, Kontes, USA)S #A
flask(3000me)oll H&3tATH FE2 2719 AL HAES %7 HAstq Al
& flask® 2#37) Aol $%o] -10C9 ¥@+E £8AAY. &9
flaskoll = & 381l (n-pentane: diethylether, 1:2v/v) 50mE Wi, WA A
27} B0 QE flaskS 130C7F €A F=F 7tEsAnh. A B 7]
AZstd Z3eust E flaske 25 50C7F FAHEE JMEstd I
MRS TIHAT o F AR FES ALY F EFEUSL =
flaskE ®asta FFEFAYEFOR SFAI L FATt2E F53A
GC/MSD( HP-6890 plus, HP-5973)%] £4{A1 82 AM8-stich. |
FolMAY 7] 4Be BEAS] 98 ¥ GC/MSDE =
2 Lee5(1993)0] AA & U2 FH% 5}9\?\0“] 2alg ed A8

Fe A HLAEC HE vE2 BAHA

=iy

4l
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A 34d Az 2 nz
1. SAudo] Solusle] Edd o= g

1) Drip %< 93
SAYYo 98 $oluAY dripe) F WHE otrr) st
SATE o4 ST AAPAE olfiE YWoT FolMAL
Ztz} F431 249 AEE PE fiimesE TR -25C W5 A
AEA A7 42 ANEQ dripHFE FAHSA Fig. 19 =AF49
t} o] AgM -BTZ FAHE vt TEIZH FAAND A=z
drip%e AFE7)E 1087%2 ¥ 2L Usudeu A% 1509
ghol] 50.95%2 43 FUtstL 1 o] Folle & ¥E7} gl AHE
Vel oy dMALEN HAY FALES -NCHEE FBAZ Al
29 drip%e A% 2109 FolE 3875%E 40% olstE e drip %
o] Yt FATZ YEAN NRRT W& BT ojRe AHPLEA
54E A% &3 $2F WAS EAsE 2o B2 A

Aot w FeAAe & BAT Ivie Ay dEo wAS HIE
A EZANA F%7] WELZ YzZtEr. a2 Folwsd I
ZBEE AL AT Jou AANILZH FolE FHFASIE A

of vi% fr&sttetn ¥4A

2) obul:E] AATI HEe W3

B2 AR EAe fHE dFe %) f5td AMP A}
-25C 234 2z WEAZ % PE film3 F2A24 327 £33
of ~25C W&ol @A F7)ke] }E ojv| e FFo A
82 Fig. 2.0 222 AEe WS Fig. 301 227 JeEhiUo. Fig. 2
oA & ¢ A%l PE fim¥ ¥z 4 A5 a8n dxdie
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Fig. 1. Changes of drip amounts(%) in pine agaric freezed by' two methods
during storage at -25°C.
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350 | —@— PE packing, -25°C freezer
~p— PE packing, liquid N,
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Fig. 2. Effects of freezing methods on changes of amino
form nitrogen in pine agaric during storage at -25°C
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Fig. 3. Effects of freezing .methods on hardness of pine
agaric during storage at -25°C.

_30_



0.5

—@— NY/PE packing, -25°C freezer
0.4k —— NYIPE packing, liquid-N,
' —— paper packing, -25°C freezer
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£
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Fig. 4. Effects of freezing methods on browning degree
of pine agaric during storage -25°C.
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YEDoM F2E Ag BF ofvlme] A ko] M ARz A
2 160.24 mg/100g¥} 206.89 mg/100gAtel 2 EF AL £FH9 Sy
of W& & WHE YA FAuch S 8 F 2Asis] A

s ofplweliel ol FrEThE AU ¥ B9 SE
£ 9% Aoz

oluf XA FFH AE Rl & AggS vxA
Bojdr}, ' | |

BEe ¥3HFig. 3o QoAM= PE fime2 TFE AgolA 2309
A Folz ALY BARCl 272 kg olste] @Foz AHY z7]9
198 kg# € WHE JYEUA FUov FIANEZ ETAY ARdqAE
-25TC TZHIE Y5% AEE 417kg, AAZLZ YEI 8= 428
kgl2Z B2F %719 Axug A4 deuch $olHAle AxE w4l
ANEZL DARAY Jastd 232 o] gago] HFE7} ol oy
& AMdS mejd] RY Fig. 2, 39 JEld AsolA PE filme g T3
Mg ZE¥SE A s AL Holujalo] WEXNA Fo AME A
AT AL uiditt, 3 A2 TZN Al A AEIF =3

HE
AL A ANET}L Fr18AT7) Ros ARARZ ZAEA7) 0 &
TEY FEE U3t wiMe FHol AU w ot

3) Mo} W3} |
AWl AR FHA viHe JdTL L7 giEe AL

-25C $230H 247 WEAZ F PE film® F5A28 7 43
o -25C WS el BBeBA Agztel WE SolulAe Aee) Wa
g 971 98t NBe EAD} oM ZWEE ZAs Fig 490 &
Atz Algel RS AS AxAZ 23 Fig. 5~7ol, 2ex &
We] ME=WEE Fig. 8~100] 22 Jeluidt Ag dxe] guwe
W 3lo] QoM E=(Fig. 4) AMAA22 5281 PE filme s xA% Alg
£ A4 AR72E Bood 0.111~0296/ge YehRon Az ¥
A3 Algo e 0.130~0.250/g, -25C Y& 12 $H3I A2 & PE
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Fig. 6. Effects of freezing methods on redness of
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Fig. 5. Effects of freezing methods on lightness
of pine agaric flesh during stroage -25°C.
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Fig. 7. Effects of freezing methods on yellowness
of pine agaric flesh during storage -25°C.
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Effects of freezing methods on lightness
of pine agaric skin during storage -25°C.
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Fig. 9. Effects of freezing methods on redness of pine
agaric during storage at -25°C.
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Fig. 10. Effects of freezing methods on yellowness
of pine agaric skin during storage at -25°C.



filmEZF A ZME 0141~0263/g, ¥34 £ ABE 0.178~0.234/g
2 Yeido] & W3g Jeldxe ¥sten HAv|zte] ZAadd nE
AAE A3 Vel gk durH oz FolvjAe FHo| AshH
W ZWEst ZolAttE AL mEstd E AFolAe dAF AgL B
olx] G ZWEe WIE YEAT Fo A5 FHAASE UG Ao
ol 7] AAAIY] Alg B ZWUE o] YjREo2 Azdc)
Fig. 5~7914 % J§A%37ze] gaty YE& $olg A2z e
st o g AANAARAZA &9 FE(Fig. 5, YN =(Fig. 6) ¥ &
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A AAE BH% AR 2 PE film EFANEE HE 734004 230Y
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A ABE Z7] 7344004 1209 A Fole 65252 vind F43
AsSAT AF 2304 olF 64.728M ¥ SR #AE YERAA
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N AR AukRel 1209742 $ol&M WEo wWiE Avrd AAF
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Ag. £3 1209 A% F FEA2 TRY AR 4o HEsh
Z7h8 AL AFEe WEE FEFFo] woul ol AHde 3
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NE 2309 A ¥ 7z -1.259 -2152 25 ZastE 38 nyy
Iy 751*—‘157} 25 o @& dehilon Aize we wse
Zol 2A ¢k Ao Hol Fo|falo] o} &
Moz wsﬂﬁ 4 F ed Y5 FoE
A ¥e Aoz Azdr)

Aol Wslel AAMEFig. 7) AYALZ SHE AZ = PE
film £38 Al8€ A3 279 16228 UYeUdov 1209 A
= 20012 o Frtstd oy O ol 2 WslE Rolx Ygton I
34 2F AR A9 2309 Fel: 20622 Zotete Age ngu
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B F 213622 HUigs AT T ol 2 W Holx 9
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Fig. 11. Effects of freezing methods on color of pine agaric during storage

at -25C.



Weight loss(%)

Fig.
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12. Effects of freezing methods on weight loss
of pine agaric during storage -25°C.
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We) £% Zwz Ase) 0Y A% F FEA Eoh AT & F Ak
Aase) wae] glolHE(Fig. 9) -25C WERE FAW AE 3 3
54 249 A% A% 0Uol 83302 P B AL U
= A%e pgon AAMALZ FHEY ARE 613~712

wilo] FolMAle EARAE Ae F71z Al ol fE3oe A
g A o

AT o Wale Joj A =(Fig. 10) -25C W¥E12 FASA FoA
2 A9 AzE Adsn: £RWH DAY FAEs 1723~
25602 QA7 AolWel weh dAHoE Frhshe ATE B
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golo] AEmz A9 Wt 27 ol FEHEL AUL AN B
A2 £A8D -25T ¥%
=
[+

249 6
TR

=
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Table 1. Effects of freezing methods on sensory score of pine

agaric during storage at -25T.

Storage . PE film packing Paper packing
time(day) e freezer ligid-Na freezer ligid-Nu
Flavor 10 10 10 10
0 Color 10 10 - 10 10
| .
Overall 10 10 10 10
acceptance
Flavor 6.67 6.00 6.00 6.00
45. - Color 7.13 6.7 6.50 6.38
: O 1l
vera 683 600 600 633
acceptance
Flavor 6.16 5.66 6.16 5.50
9 Color 7.00 6.75 6.38 6.88
Overall
T 6.83 6.16 6.00 6.66
acceptance
' Flavor 5.13 5.00 5.11 495
120 Color 6.00 6.40 5.90 6.23
Overall -
2.20 6.11 5.78 6.11
acceptance
Flavor 4.00 450 4.00 4.00
230 Color ‘5.00 6.20 5.80 5.80
Overall
4.70 5.80 550 570
__acceptance :
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Fig.

NH,-N (mg/100g)

270 } —&— antifog film
—O— NY film
—%— PE film
—/— PET film
240 } —8— PVC fim
—{}— paper
—4— tissue paper
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150
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Storage time(day)

13. Effects of pcaking materials on changes of amino form
nitrogen in pine agaric during storage at -25°C.
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Fig. 14. Effects of packing materials on hardness of pine
agaric during storage at -25°C.
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$- A #&A7|7ko] Zo]lA S freeze burn EA4to] dold Jlx o) BYdl

4) WESo9 &, HY % Fhol gy B}

%G1k @& Az 3 Ay P Ax FAo hE 10 HAEYe
2 B5AAE AAsld 2 AIE Table 1ol JehlAY. A &9 o
W3 2348 BY 1209 AN FAYHIY EFAY FFHo A
glol 50001422 ol Lfe &L AU UANAAT 230d Folle %
o] 8} & 400~4500.2 F& FrtE ¥R ZatATh Mg sl 9l
olME 230¥ AF ¥ dAxHA2 FHE AE F PE filmeg 3
AMEZL 62022 71 £ HriERos A FH wE Fo)
A% Ao Aol A WUk A MU ZANE 2309 AF ol
ARAL2 ¥4 A8 F PE film?d FEA2 TFY Ng: 47
5803 57008 wmd Edol ¥5d Aoy yYehgou -25C JET
2 FAS Aage 747 4073 5708 JER dHFALE FHE AgR
ot vl @A F@o]l ¥A HrHU

%XJRHQI F771 W8 Fcl ERo nAE FFE U7 fisa ¥
&, NY 25, PE 28, PET 2&, PVC %%—, 23 9 E]"‘if\i ¥
A F 25 Coﬁ e W Y A7k wet ofnme] Ao W3}
& A48ty 1 43%E Fig 139 vdehliles Fx9 WEE Fig. 149
©A8 gt Fig. 13904 & & g1%o] A9 ZFol wAl A%
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Az Walol QloiM=(Fig. 14) W2 E, NY RE, PE 1E, PET

§, PET & % PVC ¥Eo8 TAY A& AEE Z7)d 289
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Fig. 16. Effects of packing materials on lightness

Fig. 15. Effects of packing materials on browning degree of pine agaric skin during storage at 25°C.

of pine agaric during storage at -25°C.
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Fig. 20. Effects of preservative conditions on changes of amino
form nitrogen in pine agaric during storage -25°C.
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Fig. 21. Effects of preservative conditions on hardness of pine
agaric during storage -25°C.
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Fig. 22. Effects of presérvative conditions on browning degree
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Fig. 26. Effects of preservative conditions on lightness
of pine agaric skin during storage -25°C.

Hunter a value

12 30
—&— Control
11} —@ Control 28 L —— Vaaum
= Vacuum ~—&— Deoxidizer
—&- Denxdizer —C— N,gas
10} ~0— N gas 25
6 £
8 24
ial
8 g,
€ 2
£
7 20
L
6 18
5 . —l. - — 16 " " L 1
0 50 100 150 200 250 0 50 100 150~ 200 250
Storage time(day) Storage time(day)
Fig. 27. Effects of preservative conditions on redness Fig. 28. Effects of preservative conditions on yeliowness

of pine agaric skin during storage -25°C. -of pine agaric during storage -25°C.

-.52..



o] WalE Z7t Fig. 20 7 219 JERARTH ofulwe) W) Wt 2l
o} M(Fig. 20) A AF71He Fato] ojuliej@ae] FFol 167.23~
20689 my/100ge2 TAAUWE 7lAaeol Aol 2 Hol& tehl
2 etk olRe £2W $ole AslgHon FAo| FX@ Aol
YR Solg Wi FAJF AEeA 25T IR EHELE A
AuE AFol =AsA Tatnz TAA e Er1zAel BASe of
owe) Aol Wk a4 @ Ao 4Zat.

Asslo] lIME(Fig. 21) Age AEE 175~317kge 2 T3
el 7AdHe BAglel AA AR S s 2 ASE BolA
GorTh o] AL Holo AES WaAFE 22 Fol§ WRe ©

pojasgaol AL Astel FAY FHE FAHD ke AF $
Agole] £EZLAE PE film EFO2 Asted X @y e

z Az

2) Mz o] sl

ol Ale 2 AF 5 A W9 7]74]’“5}]7} Ul e FEE
2ala7] st EAE 40|% PE filme2 LR AMET
control), PE filme2 AETZG A(RTEA), PE fimeg ol &
A BAAAE Y1 ATTAG A(24aaA D), PE filme2 TR
WA AAVAE 28 3 228 A(AAVMA FAE) A FRA 2
B2 ZRste] 25T AASAA AR Aol kg ZHES &
olo] & @ FHMo] WaE Fig. 22~28] JEFHAT

B se] olME(Fig. 22) EAAWe sl BAGCl 0104~
02782 2 wast AAAT SiaA H@ATANE AF 2308 F
02112 Ueh} AA AR/ 7E 5] trE Az Blstd wmH W
Al VERSEE o

FolFAe malel] ololA(Fig23) A3 908 7AE JAFER
9-1 - 74.66°0)% E}% ANert 957t 24 Jelkeuw 1 olF

o

_53_



2 ZAastd 2304 Fole 67482 7MY w2 &8
AW FAG e o W] W AR e ReR Azidd,
Fol Mol HMT W5l Af XM =(Fig. 24) 2309 A% F @ik

Al HAEe FAA FH AgE 47 -418 ¥ -3858 vehd ¢
H AFERS AREE 1172 HF 2R
€ EYY tZF< PE filmeg 243 Re &
: zZhgig, =g S ko] Wstel glelM =(Fig. 25)
HEzF} JFEF 7ol 2309 AF Fol 20949 2217% HER A
B712ke) Aol W i et AL JHURA L Deban
2 7 Nav 747 17.08% 16.200.2 A z7|d] 4

o
e
2
n
£
=

X

o
e

b
Y
B
FlF
)
tlo
N
fu)
=
rZI

Aoz ety :

HEo] ojME=(Fig. 25) AF27) 5322404 90Y A

ARAE AFEFH 277 2hZF 50759 491124 & Alge v
O FE2E EUE AolE RolA guth Al EW9

FEs ERFA W ZiAgE #AIglel A47Ibel BRpdtel whel A

Hog RAaste A% Ve,

Fo] X HAE Wl YoM (Fig. 27) HEFE AFE7) 623
oldE ol HFr|zte] AFgo] wel Z7lste] 230Y Fol: 874
A% ks 2%e 2900 IBERY A$ AR 4H5Y ol 8182
F48 Frlagrl 1 F2E 2 W8E Rolx Ygon] wakax
7V AR Aavts B ARe ALY BFd 9Eg & Wde g
Aok aAY ZFA W9 J)HEe @2 $o] EW HAT9 zol:
27) AFAY o8 Az} sfolst FAY WF AAE
gAz o dstol] gloj(Fig. 28) tiZ=TFE 0¥ Aol 23602
nRo EPF7t 2 F aAEF gasE 73?%-3: Bolon AFxG Algst
AL7te 33 ANEE A7) B3] ma dHHon Frlets
F& Hgon guaA 27 AsdHE AR )N e Fme W
g7t 3A gtk 22 TAA W) s AAtElo] o Fol W F4

X
rh‘
&2
32
AL
B
e

..54..



14

12

10

Weight loss(%)

—@— Control
—7— Vacuum
~—— Deoxidizer

—_— N, gas

50 100 150 200 250
Storage time(day)

Fig. 29. Effects of preservative conditions on weight loss

of pine agaric during storage -25°C.

_55_



Table 2. Effects of preservative conditions on sensory score during
storage at -25C.

Storage  Measured . . L Nu gas
. Control Vacuum - Deoxidizer o
time(day) Item filling
Flavor 10 10 10 10
0 . Color 10 .10 10 10
Qverall “
10 10 10 10
acceptance
Flavor 6.67 5.83 5.67 5.00
45 Color 7.13 6.88 6.50 488
Overall - o
6.83 583 5.83 4.67
acceptance i
Flavor 6.16 5.83 5.66 6.16
90 Color 7.00 6.63 6.50 5.38
Overall : _
6.83 6.00 6.00 450
acceptanc¢
" Flavor 5.13 436 5.11 6.02
120 Color 600 = 623 6.45 5.69
.Overall
5.20 6.11 6.11 4.69
acceptance
Flavor 400  4.00 5.00 6.00
230 Color 5.00 7.20 7.00 6.20
Overall ,
_ - 4770 6.30 - 0630 - 590
acceptance L

_56_



Table 3. Changes of volatile compounds from pine agaric packed in PE

film during storage at -25T.

Storage time(day)

Compounds
0 230
Cyclopentane 0.31 _ -
Benzene 0.09 0.02
@ -Pinene 0.11 0.02 -
B -Pinene 0.12 ' -
| a - Terpinene - -
Ethylene glycol 0.12 0.05
Propvlene glycbl ‘ 0.11 0.08
1-Heptan-3-one 0.01 0.02
1-Octen-3-one 0.14 0.11
1-Octen-3-ol 7485 7032
3-Octanol : 0.13 007
2-Octenal 0.10 0.09
2-Octenol 7.42 7.14
Octyl alcohol 334 4,25
Linalool oxide 0.07 | 0.21
Methy! cinnamate 12.04 15.33
The others 054 2.29

Total 100 - - 100
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Thawing method

. 2. Effects of thawing methods on browning degree of
pine agaric after freezing storage for 120 day.

A..3°C, air

B : 15°C, air

C : 15°C, water

D : 15°C, 5% saline
E : 35°C, water

F : 80°C, water
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Fig. 8. Effects of thawing methods on cohesiveness of pine agaric
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—@— 3°C, air
50 ¢ —~7~ 15°C, air
—— 15°C, water
40 | —O— 15°C, 5% saline
—&— 35°C, water
30¢

—O— 80°C, water

Center temperature(°C) -

Thawing time(hr)

Fig. 9. Effects of thawing methods on changes of center temperature
in pine agaric after freezing storage for 120 day.
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75
—@— 3°C, air

70 —7— 15°C, air
—i— 15°C, water
65 | —— 15°C, 5% saline

—aA— 35°C, water
—0O— 80°C, water

60

Hunter L value

40 '] ‘ 1 1 1 1 -
0 20 40 60 80 100 120

Thawing time(min)

Fig. 10. Effects of thawing methods on changes of lightness of
pine agaric skin after freezing storage for 120 day.
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L‘ —@— 3°C, air

—7— 15°C, air

—i— 15°C, water
—— 15°C, 5% saline
—aA— 35°C, water
—O— 80°C, water

Hunter a value

2 ] I\ ) - - 1 -

0 20 40 60 80 100 120

Thawing time(min)

Fig. 11. Effects of thawing methods on redness of pine agaric
skin after freezing storage for 120 day.
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% 21 —@— 3°C, air

T | —— 15°C, air
200 —8— 15°C, water

4 —C— 15°C, 5% saline--
or _ —&— 35°C, water

18l —O— 80°C, water

17 L [l [ 1 [l 1
0 20 40 60 80 100 120

Thawing time(min)

Fig. 12. Effects of thawing methods on yellowness of pine agaric
skin after freezing storage for 120 day.
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60

—@— 3°C, air

—7— 15°C, air

—— 15°C, water
—O~ 15°C, 5% saline -
—&— 35°C, water
—O— 80°C, water

55t

50t

45 |

Hunter E value

40 |

35}t

30 8 | L 1 1 L 1
-0 20 40 60 80 100 120

Thawing time(min)

Fig. 13. Effects of thawing methods on total color difference of pine
agaric skin after freezing storage for 120 day.
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Table 1. Effects of thawing methods on sensory score of pine agaric

after freezing storage for 120 day

A B C D E F
Item - m o e e - F value
35C, water 15T, water 15T, saline 80T, water 15%C, air 37T, air

Flavor 6.20 5.80 5.80 5.80 5.60 6.20 0.47
Color 7.00° 5.80° 6.00° 4.80° 5.80% 6.20" 6.61™
Overall .

e 6.70° 5.70% 5.80° 5.20° 550 6.10' 262

acceptance

“Significant level(0.05)
“Significant level(0.01)
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Fig. 14. Effects of storage temperature on changes of amino
form nitrogen in pine agaric.
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—— -5°C
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0.D/g at 440nm
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0.0

Fig. 15. Effects of storage temperature on browning degree of
pine agaric. :
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Fig. 16. Effects of storage temperature on changes

—@— 3°C
— -5°C
—— control(3°C)

10 20 30 40
Storage time(day)

of lightness of pine agaric flesh.
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Hunter a value
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—8— 3°C
—7— -5°C
—— control(3°C)

1 4 1 1

0 10 20 30 40 50
Storage time(day)

Fig. 17. Effects of storage temperature on changes of
redness of pine agaric flesh.
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—o— 3°C
—7/— -5°C
—8— control(3°C)

24 |

Hunter b value

12 1 1 I-. - 1
0 10 20 30 40 50

Storage time(day)

Fig. 18. Effects of storage temperature on changes of
yellowness of pine agaric flesh.
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Fig. 19. Effects of storage temperature on lightness of pine
agaric skin.
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Fig.. 20. Effects of storage temperature on changes of
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Fig. 21. Effects of storage temperature on yellowness of pine
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Fig. 22. Effects of storage temperature on changes of
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Fig. 23. Effects of storage temperature on changes of
weight losses of pine agaric.
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Fig. 24. Effects of storage temperature on changes of degree
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Table 2. Effects of storage temperature on sensory score!’of flavor of pine
agaric during storage in sawdust treated with sodium benzoate.

Storage Storage temp.(TC)
time(day) 3 " control
0 10.00 - 10.00 10.00
-7 9.20 9.21 928
14 901 899 9.21
21 8.70 801 893
28 7.20 742 765
35 6.80 6.42 6.60
42 5.90 6.01 3.82

U Signifcant level(0.05)

Table 3. Effects of storage temperature on sensory score” of color of pine
agaric during storage in sawdust (reated with sodium benzoate.

Storage Storage temp.(C)
time(day) 3 -5 control
o 10.00 10.00 10.00
7 . 798 8.31 3.00
14 7.1 7.60 7.60
21. 7.01 7.54 7.20
8 623 6.87 6.42
3B | - 5617 6.21 591
42 5.01 6.02 5.50

Y Signifcant level(0.05)
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Table 4. Effects of storage temperature on sensory score”’ of overall

acceptance of pine agaric during storage in sawdust treated with
sodium benzoate.

Storage Storage temp.('C)
time(day) 3 -5 control(3)
0 10.00 10.00 - 10.00
7 8.92 9.01 8.56
14 766. 7% 182
21 702 . 788 741
28 623 6.70 6.92
35 6.04 6.52 6.73
42 5.50 6.12 5.84

Y Signifcant level(0.05)
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Fig. 25. Effects of preservatives on changes of amino form
nitrogen in pine agaric during storage 3°C.
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"degree of pine agaric during storage 3°C.
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Fig. 27. Effects of preservatives on changes of lightness of
. pine agaric skin during storage at 3°C.
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Fig. 28. Effects of preservatives on-changes redness of
pine agaric skin during storage at 3°C.
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Fig. 29. Effects of preservatives on changes of yellowness of
pine agaric skin during storage at 3°C.
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Table 5. Effects of preservatives on sensory score”
agaric during storage at 3TC.

of flavor of pine

Storage Preservatives
time(day)  sodium potassium  sodium .
control .
benzoate sorbate  propionate
0 1000 1000 10.00 10,00
7 8.67 833 8.00 8.67
21 7.00 7.92 700 . 783
35 6.17 6.15 6.38 6.33
42 551 550 5.02 5.20

Y Signifcant level(0.05)

Table 6. Effects of preservatives on sensory score” of color of pine agaric
during storage at 3TC.

Storage Preservatives
time(day)  sodium potassium  sodium
i control _
benzoate sorbate propionate

0 10.00 10.00 10.00 10.00
7 8.17 ' 7.67 883 . 8.50
2] 700 675 175 7.00
35 6.32 6.50 6.28 6.04
42 517 425 517 - 5:58

Y Signifcant level(0.05)
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Table 7. Effects of preservatives on sensory score! of overall acceptance
of pine agaric during storage at 3TC.

Storage Preservatives
time(day) sodium potassium  sodium
.. control .
benzoate . sorbate  propionate. ’
0 10.00 10.00 10.00 10.00
7 783 7.33 767 7.00
2] 5.80 6.20 5.28 5.00
35 512 5.00 517 2.17
42 5.00 5.00 500 415

Y Signifcant level(0.05)
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Fig. 35, Efacts of depih from sawdust's surface on changes of termperal
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Fig. 34. Effects of width fom sawdust's surface on changes of temperatur
of sawdust in styroloam box.
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Fig. 36. Eflects of width from sawdust's surface on changes of temperatur
of sawdust in styrofcam box.
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Fig. 37. Changes of amino form nitrogen in pine agaric
during transportation at 20°C after cold storage.
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Fig. 39. Change of hardness of pine agaric during
transportation at 20°C after cold storage.
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Fig. 38. Changes of browning degree in pine agaric
during transportation at 20°C after cold storage.
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Fig. 40. Changes of weight losses of pine agaric during
transportation at 20°C after cold storage.
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Fig. 41. Changes of lightness of pine agaric flesh during
transportation at 20°C after cold storage.
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Fig. 42. Changes of redness of pine agaric flesh during

transportation at 20°C after cold storage.
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Fig. 43. Changes of yellowness of pine agaric flesh during
transportation at 20°C after cold storage.
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Fig. 44. Changes of lightness of pine agaric skin during
transportation at 20°C after cold storage.
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Table 8. Changes of sensory score” pine. agaric during transportation

at 20C after cold storage.

Storage Sensory test
time(day) flavor color overall acceptancé
0 7.0 7.0 7.0
1 58 58 56
2 51 48 48
3 32 30 34
4 2.1 1.2 15
5 1.0 1.0 1.0
6 1.0 1.0 1.0

Y Signifcant level(0.05)

- 129 -



4) B5H7}
ALAF F 28C FLAd FEF Wel Fold #FYst AAE
Table 8o UEhASich o) ElA & & %ol FF 19 ol &, 4
AAHA EYoIA 27 58, 58 2 562 Uehuo] e
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AHALE ARl FHLEI} 45T TEIEE 5HF £
% PE filmeg2 EFAstn -25T ¥F 2o 1204 S AZF o]
3T ¥71 FAM, 15T F7] FolA, 15C & oA, 15T 5% 4+
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Hale 4% 23 g 2o

oful:mef FA o Tl oM sHEWHT F ol HolA Y&
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AR FE AR BUEHY FEFIFE 2 Aot YoBZ dripd F

HHNE AFE R S Aoz AAHUY E=F B hr9
Ageld 43 B WHE AW BT Bl AFF AR texture
profile® gumminess’} =7 14'5}1’}3'- springness”’} Bl & A Jelhy
Fol9 textureE Z|AH LR FAsW 22248 FAsE Aol wiy -
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Folg o] 7zt 3T -5Tol AFstAA $ol9 FLAUIE A -
T BEA A adg vasy] f REAE HbskA] ¥E 50% 7
g FET Folg o] 3T HAHARMSAAN Folo FFWUIE
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< Aoz BwasAY.

s

Y FHE LA s AF ALE7ME T REAY sodium
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H 4 & ol MAME = A+

A14d M A

%ol (Tricholoma matsutake)e 537 F71EF 0 oz Qs 3
%, ¥, 3F 59 FgobAlcl AGlNE 48HA F A% dsse
2ARF WMoz YA gk $ol BRIASE Tricholomatacea
stoll 48w, Pinus, Tsuga, Picea 1231 Abies% 9 AQ 4+ T8
W24 oltHOgawa;1976a, 1976b, 1977, 1981, Ogawa and
Ohara;1978). o

28 Yetlde A Folrt 44HT AN D SEEEEE
sighe] sl 7 Aetqeoz AR He '
g 22U FF AFGo] FolE dF XS
3] A 44 199 AFHoAN AdHE Fole 553 A7t Zlo}
T gho] molu AR AFelA ZA BHWD o)
Zqaol siutth F7hstm qloh AReIMS Fol 9
o 2244 M/Tolld el '9adel= 3622 M/T 22 Z7hstm QAT
FEA Fole AR £EFINE ‘2dol YR FARe 334%E AA

)

d

el zlo] '93dol= 6.8%, '94dolE 38%E Tidte WY EI¥ H F
ZA Folo] UYL FEFL 929 488%, '93d 735% 2 '94d 79.9%

%
2 B4 F7h2 2ol ARoMe Fol FMel $8 MRy B
- 2T0% $AX 7T Yee & & Atk ol B WAL Fo|
9] M A717b 99 s¢RE 109 stEos FAF YAd FHT
Rom 3 T 2~3Yvte] =AY Jitkste] FReo] Ao AE
43 AsE § A4l % e HE o8 drd £
AL B0l 7HAS Wi BASAD B R F24 $olg AR YE
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H2 Fyele Folmslel nFNFolde AN Wz 2u7t =
AH B2 19979 o ¥ wid Y FFToIME 20019 FF FA T
AL dulstel “FF ol FA'E AHstd 94F BPAe 22 2y
AL o4 A7ksted YT Solo] U AE FnEe) IYAE o) %

o itk 2oy ole Fusle) BAYTo SRR

o Foste oW Hol9g FEANL WTH PP FAT + Ut
Aol Aol B4 o),

531 $olt 8 F ALl AHY EFo| Paun wWaAEs
AE D stveidol W) 2te) HP D ZATY o] HFHH £
Wl 4E 7bAE A "o oleh e WYL WAl 48 5
5 dAbzgol At By, ALFRG Lot o|AsTA WA ol

o7

20CelM 200~500 mg COxkeg/hrol 23 (Han et al, 1992)0 24 Z
Zazh w23 9@e) F£EH9 F3FEZ Q3 TL ALozm

polyphenoloxidase®] &/d°] %o} (Lee and Lee, 1988) ZWutgo] %2
g9 wlgge) Mol 3457 Wl zeuz WA ¥ ¥ F
& AE8 33 zlo] MAE AT AFY £ Qe B o sy

2 geiA go,

a2z £8. % dojuE 3EY YAgoz A FHe] o
g WA ole) £8e 2A B 2To) ARs ATst A
. Kim $(1995)& 44F9] MEQARL st 33 FA2E (
2 Jqustd & ARE UG Basgoy Frieel :
A7) fstd 5CT2 AAsle 249 W32 2 a(Kim an
Sti Aok = Kim$(1995)L EamAe Mx Q78 9 st z2q)
9e F3ol EZnuAe £3 F 205ColM 66T
A EFAFAN 2 A7) AUNS S BISGY. 3 o] WA AR
A& AFe7] Astel 2EE WRo) 1 aRE BEF A7 (Gormley,
1975; Goodenough, 1976; Dennis and Leonard, 1975, Bartlett and
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T3 AAd 2 AAFE HAE TUIFEAEE = HEoY EW
getAzy dHstd &0 s EZHY davt AHEHT 01‘33'45
7b Aol A A BBtz ¢E
Ak (Kader et al, 1989)0] B o] Ao Leedt Kim(1979)2 F4t
£ 0y CO; ¥ Np 7t2E &3] AAE veo] EH(E Husty o
a8l YAAE 4FFY PE fime s EAsD AU 7]AA Atas
olabsletA o] H]&E DEstd AASEEN Hd=fA|d HAT x2d&
A+ (Hong et al, 1993)8 TR 22 A2 dantz9 A
Aol F gL v TAUWY Az F&go dEtd A7 (Hong
et al, 1994)5]9) gt WAl Ao #¥ AFolrxE Han T(1992)°]
“elepAlg TawAY $571¢ A7 E st PE Wl do} [
W ZEES dAATT dden Kim $(199%5) E#Ast PVC ¥
AAZ FaNAL T459E d PVCE EZAF AoAM SFFHo] Zx

of ZgAel Hde] Fo%e Busen NS

MAAZE weo FAWsle g AdFE Bi(Lee et al, 19917 = 3l

o} Ogawa $(1989)& ZAALAE ol &3t Folol HA7IE HAst

PRe EFHE £9s8A o vt ¥l FAFAE A A

71 zAe WEA7E A F(Nichols and Hammond, 1975 Kim et al,
1989; Beit-Halachymy and Mannheim, 1992)&°} Higo| Ut

T3 g, Qa2 A EEE Y YHoE AL E A
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s
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o stes EREE Bio] Agstel FAo FskE HaTHH T HY
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Aseash Asel S3u7t gRAER wel 4y Wae dog
o ste} Al A2lzk MAY AR 01§ & Ug HoE Bud
hoES Sole) FAE ARSE K4 9 sl g AF YFYW
o oz wHoz 4E4E Wojmt 2% Asjolth o s
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2 2704z @ AN 3ANE 2 PR 2] AgHT ARE
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2. AEe £ 9 Feba Ha
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Febeide Zzh xSt 3Tl AFSRTL =¥ UFFAHT0OX30X
S0cm) &) &Y% F3H10 mesh)T vHAIEE 27 AN 2 Fol o)
o $ol7b & 422 3T ARshATh £F NP P film
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FELE JYAzYPo g 2P L FLPRLEE KimS(1995)9

Rate of weight retention(%) = W, X 100
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FEAFA 71LE QAR A 2WE AYE 2Ho= ¥F
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Storage time(day)

Fig. 1. Effects of packing materials on weight losses of pine agaric
during storage at 3°C.

35

~&— no wrapping
3¢ —m—cPv

—d— P/AIP
251 —¥— NP
——P

Weight loss(%)

L. Il ) 1
0 10 20 30 40 50 60
Storage time(day)

Fig. 2. Effects of packing materials on weight Iosses-of pine agaric
treated with 10% chitosan solution during storage at 3°C.
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Effects of packing materials on weight losses of pine agaric

treated with 10% orowax solution durina storaae at 3°C.
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Fig. 4. Effects of preservative conditions on weight losses

of pine agaric during storage 3°C.
MSD ; sawdust contained 50% moisture
MS ; sand contained 50% moisture
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Fig. 5. Effects of packing materials on changes of amino
form-N in pine agaric during storage at 3°C.
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Fig. 6. Effects of packing materials on changes of amino
form-N in pine agaric treated with 10% chitosan

during strage at 3°C.
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A u L Aavt2E FAEFSA o] BEF 3T HAY o ofr]
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A& 220 mg/100g2 2 7ol WalatA ¥goy 1 Fof FA3 Frtet
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A chitosanS 2 Mg A2 ofv|iej @A Wil QlojA
(Fig. 6) chxtosanP_i Ae)stn TSR Fe hxTe TARZH L
A Age Z Aol flol AR 4098ee ZF 400 mg/100g olFe R
S7vetdeh 28l Fig. 5914 diz7ol otnlmejaxe] Wael Fig 6
AN Jebd =T W3E dns R chitosano @ 23k A& oA
otul Ej A A7F i Fe @& Jehdlo] chitosanH 2 & ﬁ“~019] A 7%
oful ;e B4 AME TA AdASE A2 AAZC) o] AL chitosan
ol F@Aol onz UURHELE YN AT FHL o=

- 148 -



NH,-N(mg/100g)

Fig.

NH,-N(mg/100g)

800

70F g cvr
—m— PIAIP

600 | —d— N/P
—~y—P

500 | —&— Control

400

300

200

100

L 1 . L 1

0 10 20 30 40 50 60
Storage time(day)

7. Effects of packing materials on changes of amino
form-N in pine agaric treated 10% prowax solution
during storage at 3°C.
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Fig. 8. Effects of preservative condition changes of amino

form-N in pine agaric during storage at 3°C.

MD ; sand contained 50% moisiure .
MSD ; sawdust contained 50% moisture
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Fig. 9. Effects of packing materials on browning degree
of pine agaric during storage at 3°C.
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Fig. 11. Effects of packing materials on browning degree of
pine agaric treated with 10% prowax solution during

storage at 3°C.
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Fig. 12. Effects of preservative conditions on browning

" degree of pine agaric during storage at 3°C.

MSD ; sawdust contained 50% moisture
MS ; sand contained 50% moisture
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Fig. 13. Effects of packing materials on changes of
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hardness of pine agaric during storage at 3°C.
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Fig. 14. Effects of packing materials on changes of

hardness of pine agaric treated with 10%
chitosan solution during storage at 3°C.

- 155 -



10

—— MSD
—— MS
8 | —A— N/P(N,)
—&— Control
2 6
%
N
]
c
T
©
8 4
2
0 ] i 1 [ [

0 10 20 30 40 50 60
Storage ti_me(day)

Fig. 15. Effects of preservative conditions on changes of hardness
of pine agaric during storage at 3°C.

MSD ; sawdust contained 50% moisture
MS : sand contained 50% moisture
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Table 1. Effects of packing materials on degress” of posi-harvest aging of pine agaric during storage at 3°C.
£

Stora Wlthout treatment ’lxcated wnth 10% chuosan soln [reated with 10% prowax soln Nogas®
o e e IS SRR .
£ ] | MSD”  MS”
time( CpPV P/A/P N/PP NW“ CPV P/A/P N/ P NW* CPV P/A/P N/P P N/P P
day) . e —
0 100 100 100 100 1.00 100 100 100 1.00 1.00 100 100 100 100 100 1.00 1.00 1.00
10 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 1.67 2.00
20 240 230 220 220 200 220 200 250 200 ?._.40 2.00 200 260 200 240 2.00 200 240
30 300 310 3‘40 330 270 280 280 240 270 280 300 220 290 330 29 320 2.00 3.8
40 410 380 39 440 320 320 350 3. 40 3.10 310 330 300 350 360 350 370 3.00 3.70
\ . .
= 50 420 460 410 440 420 430 420 440 450 - 450 470 440 440 410 430 4530 3.33 4,60
o ) o -
|
Bmean value of 5 mushro'oms.
B4 Eutolst Aehe) Abel, 2 ¢ AT ol WA Jul, 3 €doly 50% oldte] FEH wEFH, 4 guto} 7} 509 o}de] F-&

Ael 5 : grole] @AF Fe, 61 to] A WAADL TF Ao} YElhG e, 7 1 Zto] A3 HAA L

)no wrapping after treatment with 10% chitosan solution.
9no wrapping after treatment with 10% prowax solution.

”packing after substituting Na. ‘
s sawdust of pine tree contained 50% moisture.

b%s sand contained 50% moisture.

FEAol g1 FPH A
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Table 2. Effects of packing materials on sensory score!’ of color of pine agaric during storage at 3°C.

" Treated with 10% chitosan

Treated with 10% prowax

Storage  wyithout treatment Nagas®”

time(da soln . soln - MSD”  MS”
y) CPV P/A/P N/P P NW? CPV P/A/P N/P P NW¥ CPV P/A/P N/P P N/P P
0 10 10 10 10 10 10 10 ' 10 10 100 10 10 10 10 10 10 10 10
10 B7 78 86 75 93 84 8.6 82 96 95 83 9.1” 85 9.l 89 93 94 93
20. 71 6.7 43 67 82 78 62 76 79 87 53 52 7.4 7.6 75 9.0 9.2 82
30 52 49 42 45 65 54 51 51 62° 85 5.0 43 64 52 54 74 87 6.4
40 47 36 42 25 62" 51 47" 43 43 48 49 .61 28 26 31 32 6.7 4.8
50 35 25 28 22 35 37 29 35 24 32 32 24 24 23 30 3.1 5.6 25

Ysignificant level(0.05 except 7).

" Yno wrapping alter treatment with 1096 chitosan solution.

¥no wrapping after treatment with 10% prowax solution.

packing after substituting No-.

5)

5). . .
%%s sand contained 502 moisture.

is sawdust of pine tree contained 509 moisture.



chitosan® 2 3|2} At Alfo| = P/A/P filme 2 E 43 A& A
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Table 3. Effects of packing materials on scnsory score” of overall acceptance of pine mushroom during

storage at 3°C.

StOrage  Without treatment  Treated with 10% chitosan soln Treated with 10% prowax soln Nogas”

time(da : - : MSD” MSY
v) CPV P/A/P N/P P NW* CPV P/A/P N/P P NwW* CPV P/A/P N/P P N/P P
¢ .10 10 10 10. 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10” 69 6.7 10 87 68 89 69 81 86 65 81 69 87 10" 10 10 10
20 6.7 47 49 41 80 47 44 46 80 84 43 47 46 88" 80 81 8.7 - 64
30 © 45 44 45 40 65 46 40 44 60 85 41 44 47 81 4.3 6.3 75 6.0
40 60 42 43 25 _' 62 43 62" 45 46 47 44 45 43 43 41 46 6.3 4.7
50 46 40 43 26 45 40 41 40 43 43 48" 47 41 40 2.7 44 6.0 6.3%

~T191~

Vsignificant level(0.05 except 7).
“no wrapping alter treatment with 10% chitosan solution.
no wrapping after treatment with 10% prowax solution.
4)packing after substituting No.

is sawdust contained 50% moisture.

%4s sand contained 50% moisture.
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Fig. 16. Effects of moisture content of sawdust on weight
" losses of pine agaric during storage at 3°C.
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Fig. 17. Effects of moisture content at sawdust on divergence
degree pine agaric during storage at 3°C.
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Fig. 18. Effects of moisture content of sawdust on -
degree of post-harvest aging in pine agaric
during strage at 3°C.
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Fig. 19. Effects of moisture content of sawdust on changes
of amino form nitrogen in pine agaric during strage
at 3°C. 4 o '
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Fig. 20. Effects of moisture content of sawdust on
browning degree of pine agaric during
storage at 3°C.
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Fig. 21. Effects of moisture content of sawdust on
lightness of pine agaric skin during storage

at 3°C.
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Fig. 22. Effects of moisture content of sawdust on
redness of pine agaric skin during sterage
at 3°C.
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Fig. 23. Eftects of moisture content of sawdust on
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yellowness of pine agaric skin during storage
at 3°C.
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'Fig. 24. Effects of moisture content of sawdust on
lightness of pine agaric flesh during storage

at 3°C.
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Fig. 25. Effects of moisture content of sawdust on
redness of pine agaric flesh during storage
at 3°C.
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Fig. 26. Effects of moisture content of sawduston -
yellowness of pine agaricflesh during storage
at3°C. L
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Fig. 27. Effects of moisture content of sawdust of on
hardness of pine agaric during strage at 3°C.
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Table 4. Effects of moisture content’ of sawdust on sensory score"’ of
color of pine agaric during storage at 3C

Storage Moisture content(%)
time(day) 0 50 -0
0 10.00 1000 10.00
10 8.50 9.40 7.33
20 680 870 680
30 5.60 7.20 540
40 5.00 6.50 4.20
50 483 5.40 417

60 3.75 4.80 3.25

b Signifcant level(0.05)

Table 5. Effects of moisture content of sawdust contained on sensory

score’’ of flavor of pine agaric during storage at 3C

Storage Moisture(%4)
time{(day) 30 50 70
0 10.00 1000 10.00
10 7.83 8.00 6.67
20 6.20 7.20 6.40
30 © 560 6.20 4.80
40 ' 5.60 5.40 3.20
50 4.17 5.00 350
60 - 300 4.00 2.00

U Signifcant level(0.05)
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Table 6. Effects of moisture content of sawdust on sensory
score’ of overall acceptance of pine agaric during
storage at 3T

Storage Moisture content(%)

time(day) 30 50 70

0 1000 1000 10.00

10 825 842 8.00

20 690 700 700
30 5900 690 540
0 510 640 570
50 48 575 425

60 288 500 263

Y Signifcant level(0.05)
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Fig. 28. Effects of depth from sawdust surface on changes
of moisture contents of sawdust (contained 19% of

moisture as intial content) during storage at 3°C.
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Fig. 30. Effects of depth from sawdust surface on changes
of moisture contents of the sawdust(contained 50%
of moisture as initial content) during storage at 3°C.
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Fig. 29. Effects of depth from sawdust surface on changes
of moisture contents of sawdust (contained 30% of
initial moisture) storage at 3°C.
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Fig. 31. Effect of depth from sawdust surface on changes
of moisture contents of sawdust(contained 70%
of maisture as initial content) during storage at 3°C
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Fig. 32. Changes of moisture content of sawdust located 10 cm
beneath its surface in sawdust contained variousely initial
moisture contents during storage at 3°C.
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Fig. 33. Effects of density of sawdust on weight losses of pine *
agaric during storage at 3°C. -
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Fig. 34. Effects of density of sawdust on divergence degree
of pine agaric during storage at 3°C.
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Fig. 35. Effects of density of sawdust on degree of post—harvest
aging in pine agaric during strage at3°C.
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Fig. . 36. Effects of density of sawdust on changes of amino:form-N
in pine agaric during strage at 3°C.
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Fig. 37. Effects of density of sawdust on browning degree of pine
agaric during storage at 3°C.
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Fig. 38. Effects of density of sawdust on lightness of pine agaric
skin during storage at 3°C.
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Fig. 41. Effects of density of sawdust on lightness of pine
agaric flesh during storage at 3°C.
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Fig. 44. Effects of density of sawdust on hardness of pine agaric
during storage at 3°C.
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Table 7. Effects of density of sawdust on sensory score”
of color of pine agaric during storage at 3°C.

Storage Density(g/cm”)
time(day) 0.18 0.23
0 10.00 10.00

10 8.00 8.17

20 58 620

30 4.80 460

0 540 5,60

50 400 450

60 300 225

Y Gignifcant level(0.05)
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Table 8. Effects of density of sawdust on sensory score”

of flavor of pine agaric during storage at 3C.

Storage Density(g/cm”)
time(day) 0.18 0.23
0 10.00 10.00
10 7.00 750
20 - 6.20 6.20
30 5.20 5.20
0 5.40 5.20
50 4,00 425
60 3.00 250

Y Signifcant level(0.05)

Table 9. Effects of density of sawdust on sensory score’’ of overall

acceptance of pine égaric during storage at 37T.

Storage Density (g/cm”)
time(day) 0.18 0.23
0 10.00 10.00

10 7.42 8.08

20 6.00 6.20

30 4.90 4.80

40 5.40 5.30

50 375 375

60 3.00 2.25

Y Signifcant level(0.03)
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Fig. 45. Effects of depth from sawdust surface on changes of temperature
of sawdust having low density(0.18g/cm?) in styrofoam box during
storage at 3°C.
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Fig. 46. Effects of depth from sawdust surface on changes of temperature
of sawdust having high density(0.23g/cm>)in styrofoam box during
storage at 3°C.
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Fig. 47. Effects of width from sawdust margin on changes of temperature
of sawdust having low densidity(0.18g/cm ) in slyrofoam box
during storage at 3°C.
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Fig. 48. Effects of width from sawdust margin on changes of temperature
of sawdust having h:gh density(0. 23glcm ) in styrofoam box
during storage at 3°C.
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Fig. 49. Effects of containers of sawdust on welght Iosses of plne
agaric during storage at 3°C. '
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Fig. 52. Effects of containers of sawdust on changes of amino
form nitrogen in pine agaric during storage at 3°C.
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Fig. 54. Effects of containers of sawdust on lightness of
pine agaric skin during storage at 3°C.
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Table 10. Effects of containers of sawdust on sensory score”’
of color of pine agaric during storage at 3C.

Storage Packing box

time(day) styrofoam wood  plastic
0o 10.00 10.00 10.00
10 8.00 733 683
20 5.80 500 620
30 480 420 360
40 5.40 3.60 3.20
50 400 367 217
60 3.00 1.75 1.25

Y Gignifcant level(0.05)

Table 11. Effects of containers of sawdust on sensory score”

of flavor of pine agaric during storage at 3C.

Storage Packing box

time(day) styrofoam’  wood  plastic
0 10.00 10.00 10.00 °
10 - 7.00 6.83 7.50
20 6.20 6.00 6.40
30 520 - 4.80 5.00
40 5.40 4.80 4.40
50 400 383 3.00

60 3.00 2.50 2.50

D gignifcant level(0.03)
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Table 12. Effects of containers of sawdust on sensory

score! of overall acceptance of pine agaric during
storage at 3C.

Storage Packing box
time(day) styrofoam  wood  plastic
0 10.00 10.00 10.00
10 7.42 7.00 7.08
20 6.00 5.40 6.20
30 490 4.20 4,00
40 5.40 3.90 3.80
50 375 358 2,50
60 3.00 2.38 1.75

Y Signifcant level(0.05)
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Fig. 63. Effects of depth from sawdust surface on changes of
temperature of sawdust in styrofoam box during storage
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I'able 13. Changes of volatile compounds from pine agaric burried in

sawdust during storage at 3T.

Storage time(day)

Compounds
0 40
Cyclopentane 0.31 | 0.25
Benzene 0.09 0.02
@ -Pinene ' 0.11 0.34
B -Pinene 0.12 ‘ 0.21
« ~Terpinene - 0.50
Ethylene glycol 012 0.10
Propylene glycol 0.11 0.04
1-Heptan-3-one 0.01 | 0.02
1-Octen-3-one 0.14 0.04
1-Octen-3-ol 74.85 68.72
3-Octanol 0.13 0.08
2-Octenal 0.10 0.04
2-Octenol 7.42 8.14
Octy! alcohol 3.84 5.25
Linalool oxide 0.07 | 0.23
Methy! cinnamate 12.04 154
The others 0.54 0.62
- Total 100 100
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