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< SUMMARY >

| \ D-02

Purpose&
Contents

To establish the optimal conditions for the vitamin D-fortified Shiitake
mushroom (Lentinula edodes) and to commercialize
To study bioavailability and bone loss inhibition effects of the vitamin

D-fortified Shiitake mushroom produced under the optimal conditions

Results

. Effect of cultivation method on the vitamin D-fortified Shiitake

mushroom through UV irradiation

Vitamin D production of sawdust-grown Shiitake mushroom was better than
that of log-grown Shiitake mushroom. When UV irradiation is performed
after drying, chipped form showed better vitamin D production compared to

sliced form.

. Process optimization of the vitamin D-fortified Shiitake mushroom using

response surface methodology

Temperature, UV dosage, and moisture content of mushroom were selected as
independent variables, and the optimal conditions for the factors were
40.56 C, 36.27 kJ/m*,and 80.46%, separately.

. To study bioavailability and bone loss prevention effect through i/n vivo

test
Shiitake mushrooms, irradiated under the optimal conditions effectively
improved rats' serum vitamin D conditions and showed positive effects on

retarding bone loss speed.

. Development of Food dryer

Patent for Food dryer (patent No. 10-1556074, 2015.09). High performance

UV lamps were used for time saving.

. Production

Dried Shiitake mushroom products are produced in various forms: including

whole, sliced, chipped forms to fulfill the customers' needs.

Expected
Contribution

The expansion of vitamin D fortification with other food source is being
expected, using Food dryer and RSM methodology.

Development of functional mushrooms can improve the national health as
well as farming household income. Moreover, a big change in food market

particularly for babies' and old people's could be induced.

Keywords

shiitake . . . L Optimal . . .
vitamin D | UV irradiation L. Bioavailability
mushroom conditions
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methodology =olA & 2§ BaChu WA S o] &3t tdf{F FE9 HAXAE RME o] &
) Fagth 471 JRAAE ARF H AT FAPAAD R =A%) ANE =
=3t

O 2010 Postharvest Biology and Technology A2<¢] Influence of UV-C treatment on
antioxidant capacity, antioxidant enzyme activity and texture of postharvest
shiitake (Lentinus edodes) mushrooms during storage oA+ Ealv|Alo] =83t UV-C
Aol 8 ol A YIS A, AsEd, dbEas T SE Lot

A ‘_lUr =

5
9. 247 S50 @ Uee B ATUEL Fua)

O 20113 European Journal of Clinical Nutrition A4goA] 3% Bioavailability of
vitamin Dy from UV-B-irradiated button mushrooms in healthy adults deficient in
serum 5-hydroxyvitamin D: a randomized controlled trial =& 22 ko] HIElY DY
dEFs Zte v Dﬂi}ﬂ oot 7]Ee] HER] D A AA o] &ES vl

A7k, aglal 7S S Ao A FFolE B3I AAoJRE ¥ $FASE HA
om FAl Wi 100pg U&%fﬂ HIEIY DE H&3% s|7F d3 §lo] st 8=
Aar e,

O 2012%3 Food chemistry #122] Generation of potentially bioactive ergosterol-derived

products following pulsed ultraviolet light exposure of mushrooms (Agaricus

bisporus) ol A ol WALl A9 2AL A o 2asE|Bo] e D 2 AFF gol
FYHT o9 P FEAEE FHHE AL nasgh. 2w 4 2A] HE
W Do e AHom Frhsht waFe A9NS 24 A 11 F7bEe] Eakshe A
ngivh,

O 20123 Archives of Biochemistry and Biophysics #A¥9¢ Vitamin D safety and
requirements =% A Hatchkock et al.(2007)¢] =& 2183 7]&29 50~100u
g/day® A4 AdASFAFY] FA= Uy i dLAAZFES 250ugeE A= A3
Bl ot o] ekt WE2 3

-
=
o
g

4
o ]
ol
K
%2

O 2013¥ Osteoporos Int #A¥¢] Vitamin D, from light—-exposed edible mushrooms is

safe,bioavailable and effectively supports bone growth in rats T=iolA gt W|E}
WD HAS ratollAl He 1 kA, AAEE & AR Ay gk ]E‘r”] D <d
sk vlEY D= AA|

WS M2 ratolld E5 25(0)DS] FEFol Eokal Aol Abel 9
a8l o H5A]lo] kdsittal Halshglivt,

_18_



O 20131 Food and Chemical Toxicology #g¢] Safety assessment of the post-harvest

treatment ofbutton mushrooms (Agaricus bisporus) using ultraviolet light =&o|A+=
WA= AEokoll A S HES AEHojA & T HA o R o HBAAE QP &
AZF gl sl 7]<=star 9l

O 2014%3 Food Chemistry A ¥2] Stability of vitamin D in foodstuffs during cooking +=

we f#l F dofrhe vn Do) WA wste] o 2. Fekel, w01, o]
5 aegue geaA AE =59 selsh aea b g F FE 94w 4
Eo f90 9L sbaFE el meh 1 o] BES welw 9
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O “WA A2A wel wEw Db, FHF FPW sd 48 29, FANE 5

2003-0040258)
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- 95 0 U= A SFIU0CAA 30 kI/m”)
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Aol 2AL o] & 223 W3t

A% 542 TAXT2 texture analyzerE ©]&38] SHATHLH. 16). AEF°] dimsl %
& probeZ AMEITE. A=) Zol7b 5mm7b 2 wl74A] probe’t 2mm/s9] SEE = 12*7
FEIGF A 22 SR 23 5 ES #3‘6‘11"1 At 7 WAl 715E

¥ agEE 2 1) AE, 2) g8€4, 3) WA, 4) B2 =& dojyr}. w3k n
FEES 4TAA 10¢ &t YR A A tﬂﬁ}ﬂ 47kA1 o] 223 =45 Lottt
A% AEe 25 S0l FHE M SAYY. A Ao AdE $xae

G F7|FES Eshe ke RS FATVE lem ol HA EEtels g 2t

el k= probeZb @A dto] SAYUT(LH. 17)

E. 4. 2AE YEM = 471A] Egol digk A3
ZAb 5
Al P el GRS A7
(Hardness, N) | (Springiness) (Chewiness) (Gumminess)
= wy 8.92+1.15 0.88+0.03 5.974+0.72 6.814+0.81
o) 2

= 5 A ul 7.05+1.32 0.86+0.05 4.31+0.81 5.03+0.96
Aol A} | AEA 9.19+1.80 0.89£0.02 6.22+1.28 6.97+1.40
(& 3EaL) ZukA) v 6.15+1.64 0.8740.03 3.9941.10 4.61+1.30
Aol zAp | AEA 10.52+2.32 0.8740.04 6.94£1.73 7.74%1.70
(&£2to]l ) = 5 A al 10.57+2.32 0.90+0.03 7.56+1.73 8.40+1.85
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Gumminess
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o}, AL] A ZAbY wE AT W3
O A% =Ao] 222 system HA A2 =4S 9allA Lab value(CIE 1976 AA)

= °
= = h =
systeme o] €JcH( Y. 22). TX1E A% 54 FHdo| lem FAZ &80l 3 FH 1
o, 23.9F o] M XHe ME Sz HAS dHloR A 109 SH T,

19, 22, CIE 1976 system 52 2
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E. 5. AL ZALA] o)k Ak W)
A& = FauAl - UVX) 95.19+1.21 0.21+0.29 6.02+0.7
48 = A - UV(O) 95.89+0.43 0.11£0.15 5.584+0.31
A& Lgto]l~ - UV(O) 93.76+1.32 0.71%0.34 9.44+1.74
B9 5 A - UVX) 92.90+0.71 0.78+0.21 8.17+0.67
9 5 FavA - uv(O) 92.684+0.92 0.87£0.24 8.44+0.53
w5 &8l - UV(0) 93.24+0.91 0.75+0.18 9.5+1.4
O A<M Aol 2]t 2ol
4 AExIe Fo= }94**2 et dEXIE vudS w LA A 7F Ao
A= Qe Ao YATHE. 5). olHT A A FurEael X8 FHEa AEZoA
T A 2 YERS T @LLQ} QA A E e Fas Aupdale Araglel L, a,

b gto] HZ=8tA YErgTh. =, 40ColA 30 kJ/m* w2 29l d FAR=E Lk olug) a
o} bt M= ZFolE AA HolXA gol FEAo= Aol gl & & AU

Aol we ol
A%} FybAl B XS WA L g

Hh ash bk ERbAbE & A agh bo] gho]l B & Ao
2 Hol Eyhulx] FuHTl o] 33 ZWE Holx ARHon My HoiME =L %
a7k Ay ae] wle] o 9 dlE Hoiva & ¢ d9dvh. ol AdE A
A dEFiaet FERaL, 2Eal dEEetelagast FE MY

=
S W= FL3T. 200999 Journal of Food Engineeringol A 3% Modelling browning
and brown spotting of mushrooms (Agaricus bisporus) stored in controlled
environmental conditions using image analysis i=%-o A= wjAle] AWML 4% 24
Hol 7]ttt Zlestar Qlrk. wAldE FolEsiEe]l & W olYe} tyrosinasedt

A

1 B8 EuAE Ea
KeR

| S

As Fxsks g4 A Soljlol dRlel FHesirhar gyl o

o= dEAu Fael W&l B B2 24W 3 54k 2 FHsdFeR & f9 #
A7t BEHe Ao AndEn

FEe] FEjel wE Ao

X
Qe sdeARE Ao dE Aestal JEHE $ Edtol2R dedt xS 747
wal] 2otk dEAule A9 Txael a, b gtol &Eholzo HE WA uskth. 2000
W LWT - Food Science and Technology®ll 4] 3% Post-harvest Treatment with Citric
Acid or Hydrogen Peroxide to Extend the Shelf Life of Fresh Sliced Mushroomso] A+
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1. 2% :40°C :
W - UV : 30ky/m?
Hi 10h )

-2z :10n

[ A3} ]

O &xae] 45(2d. 25), =Xk Ao 2AMFS dAA7IHeEE O $o Az e
A=tk AAA gmvkell kel B4 W BlERR Dy el Zpol7t Y. Az AAA
S 1 TR v ke 41.71 pg/go® 7P Bkm A9)A FAL o]F 10413

’

9
A7re] AzHAL AA 3, 4H TR H|etw D, dHeEe 747 36.83 pg/g(DM), 29.98
g/g(DM)Qi Az ko] =718 guir; Zoj=9u).
Zof o] HEM Db AE 3y 5L PSS A% F 4 9
Tk Zﬂioﬂ olal wojzl THA - ]F/]-U] Dz«] R R NS DA P S|

Control®™} 2¥H *@.%% Hlus] B olF AHYE A ¥ Y& F o % eFfre] H)
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ko] Ax & 7%:5] 7S
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5 100
E
= 79.175
2 g0
o
= —
2 60 B ==0
2 | EEGESEn]
=
5 40 29.985
o = No.1-UVeH
g 20 *  No.3 - UV+ZZ=E(10h)
= = No.4 - UV+AHZ(15h)
0
1 3 4

. 27, A9 A olF AxE AAAY AAA &L FxAS Sehols xuHAl
HIEFY D, oF%F

A masAe BEael Zetelx, 45 A2 A Holq wE A FuR AFelA B
M ek ool AxAAL AR H AAL FAA AW v Lejolauasl Pu
5 2]

=
aLo] HER D, A ES Hlaskgleh. R Aol 2AF o] o] AxEAo] Ax o
* = g

dows MEp D9 dF dA Z7A
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O A ARl w2 Wk D, &3 2ol

GER PO E R

A A B ARl S AeekA] @2 AEelA s vE

D2
ol Al zlol & Holx| (1 H. 29). ApL|Ad o] Fo] F7HEl wet Az &efo]l ¢}

Az 7o) ek D, el

25 S7HY.

Bl = setojl~ ED
100, | 7z% E2
5
= 30.94
E 80
B
=
S 60
% 4354
2 40
& 2777
a)
g 20 11,53
=
= " 1.087 122
0 30 60

a9, 29, Ax &dfol~ - HY

ArelH A (/)

ARl w2 WER D, AR Wlal

o} =)

ghol 29l Az 3 FHo|l AAF v D, o= Z xpol 7k AATE. 30 kI/m’ol
el vEkl D, A 7H7t 11.53 pg/g(DN), 43.54 pg/g(DM)
wBom 60 ki/moNH%E 27.77 ug/g(DM) I 80.94 ug/g(DM)WHEFe] & o] =
B9l D,E AT, o)y d Aot v ol E E AFIES U F 7HA
o .

ZpolE Hol=d Tl 1 go2 g& A &7

S HL 34.67 en’/g2 oF 12.7 cm’/gwE o] zpolE W GuH(2™. 30).
=¥ = ergosterol/l oko] 1wk T @] wo| ulEbw Do AAE 2}
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1cm 83 Sz
3
0.8~09cm
S=2'S1+SQ+83 S=2'(S1+82+83)
« HA EHA :31.024 cm? « HA EHKE 572 cm?
+ 83 ¥ :14l24 - HZ ST:0165¢
¢ "%*EHHI EWH ;2197 cm?/g - ZEFH| E2HH : 34.67 cm?/g

9. 31.

Az eolxsl Az P HE BUA

o] wk3k

of ]3] ergosterol — H]E}Y] D, Wglo] 7} EhitalA dojuy= 312 WA F
oltt., &glolx~ FH KT ol AF FFo] 9&S e Ao HAH wEd H¢
Aoz @] "] FEo 9%k Ao It ¥ & Aoz AgHT (9.

ko] el mEE = Sepolast 3 Fale] RAE

V. A9 2 B WEH D FFe] FUE LAY FANE 9 A%7) AF L

AFE A

EEE P 4EL AZFEA A0 2R T 5 UES AL HA

T AHEgn A F53 EF (5 : HEN D, shFo] SulE WAL A
EWE 0 10-0637833) ] AFEH AL MG ApjA o] ®H7F 280~313nm=
j\:q-

A7k wdd wbd 2 Az AR E = Al deE 310, 311nme] vk
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O v A xYolgo] ulax FHFYE FHAAFH (Agricultural Research Service, ARS)<
Monterey Mushroom AFe} &7 wAlel] H]ElTl D7} Astd WAS ZASATE. WAS 33t
T 2A9Ae A 71 vlebdl Do EHUF =& o A|FIth. FR Aol vAl
o] FRE= AW, 2A8A, zeple So] 3. 100g 7 F 500,000 1U (12,500 ug)wh
o] HIE}T] D& Al3-ghr).
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a9, 36 . AlFol A #ufE = Montery mushroom ARS] BIERY D 733} v]Al A=
O HIE D 3 WA 399
1. Dole AF - XEfHE HAS 2] AHg] & 7FF3F A|AA AEsk. 18] 23l oF 600 1U
(15 pg)e] HIEMl D& Algstchar A zstar .

'| Portobello

;. ushrevwn Moo

D & HA It

2. Minvita A} = 3ol EALE & o] I A= 100% AFAAE 715 SFFolE AL Ael =
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_____
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kI/m* whg Ae)d |1 A4S AR eake] AFe AxT AR mamselitt. BAle
A2l Ae] WAl A5 BIERl D gFko]l BRAL Aol Blsl €5d] w2 A 9 & ¢ U
t}.
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AFIHAES F2 SNA, Solols HASY Fuz Bo] Bojsa Jom Aot xe9
AL BN A Fue] AR Aol Yok, mepd B AGAAE e 4% Az
1% olgste] MER D b FUE WAL ARNA AulAEe] wol AgsHE FEjel B
A, etels, A WU AFOE Astel Fad, WIvHEAA Bistn ek,

* A Eke-A| 3
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- 2015. 03. 12 A=A} AF2] AW Fgoiio) ek AA vy 28y, FpAte] 7t
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O HA =1, S HEgY Do 765 59 5 v Al 71 dFqFjAEe] A4 19 A
A Aelo] gk, IV ZA= JEIO TECHY UV-incubator<- o]-&3l &= i},
A58 PhilipsAte]  ‘PL-L 36W/01/4P° A|FS AMelglon w3
310-311mme] @345 wrEavh(2e. 41). W 9 Z%(intensivity:W/m’) = A} =
© Delta-OHMA}S] Eht] @ w]Ef(radiometer : HD 2102.2)E o]&a SA3c(1d. 42). Y
HE] Exof A= A =4 AAQ ZZH (Probe)E W-BIEE QAsH= o=z i)
glom b <12 e 280-315nm o] vH(1H. 43).

o o flo

oy, 41, UWWAS(Philips ‘PL-L
36W/01/4P" )

19 . 40. UV incubator

19, 42. Radiometer | (Delta—OIMAF) 1% . 43. A probe(F747])
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19 . 46. Moisture analyzer

40
% . 33.92
E
= 30
=
o0 23.68
g 25 2042
[F - 16.48
;_5, 15 12.28 12,74
@ 10
=
E s
1

0

66.6 70 75 80 8341 87.5

Moisture content(%6)

a9, 47, SR v D, 39 (&% 1 35 C, 30 kI/m’)

oy
("

Fasrgol 83.41%K Y W we FEEHEH HEY Do e HlEdtes Ad¥ds BT (1
H.47). 83.41%° A4 HIEFY Do) & 33.92 npg/gD)o= 7Hd = 2
87.5%°] TEITFS v Axiv olHY W& FXE 7|FSGlY. oy
(Perera et al., 2003; Jasinghe & Perera, 2004) ¥& w A& 4t3x39 FHE3=F
ot 2 ou gl Ayl mpRA R A5 FREFFEY o AL A%
EtRl D, S Bl
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(%)

1H
Xk

a0
&0
70
60
50
40
30
20
10

y = -0.1119x + 84.621 (R* = 0.9875)

0 50 100 150 200
HEAZHE)
3. 51. 80C HAxR7|ANA AXAZ-FEEE o uE gz
3. 10. 20709 3o sk AZHopE Ho RS
A{HE

M =) 30 50 % 120 150 180
1 8157 8208 7908 7599 725 536 &
2 8328 8107 7799 7192 7161 5794 6395
3 8265 30,19 77,08 7377 7014 6618 6187
1 36,56 847 822 7924 7577 7161 666
5 8383 8143 782 7454 077 5515 5908
; 871 8235 7968 7698 713 7079 57,06
7 84,66 8289 3065 7837 7603 7344 706
g 7947 7674 734 6971 65,61 5083 55,32
9 8299 8096 786 75.86 7201 59.58 5583
10 8471 8248 7944 7578 715 56,09 59,54
11 8313 8045 7784 7497 7187 6339 6433
T 856 8359 8146 79,05 7647 7355 7025
13 8298 8033 7748 74,09 7027 656 6006
1 8474 82,69 304 7754 743 7031 65.6
15 8067 7814 7505 7148 6747 5207 57,36
16 84,65 8189 792 7614 777 53.69 6379
17 8089 7703 733 6915 6451 33,86 5244
18 85,06 8267 8051 771 747 7104 66,54
19 8357 8112 7856 7557 73 5337 5396
20 8341 3144 792 76.64 7384 707 57,26

67 2=o120) | 83.61+1.69 812105¢1.9878.4725+2.31 75.375+2.69| 71.95+3.16 |67.934+3.79 63.3065+4.61
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19, 53, HPLCEA

O

O

o

‘_?4

rob
Iy
2
i
&
3

I % sEgade I 93 HAE B5F B Ao F(separatory funnel)ol] whE L
&89l n-hexaned 30mL, TF4E 10mL THF %E‘%E}/\ELOH gol ko] gHyp A
=2 3Fd EqoFel oA BT 1 F FxEt PEA S50 FH ookl u o
A ESES gaghdo] W o] £ A 33 wES H FHTE 26mA Yi EE59
A FFFEF Ay F8A4 ESES 3 AAFUL. AFE dow REE T
Fres e 5 fd @& s &A4S A2 SHg FEEGAAE SRHY. AT R
Z 2] (rotary evaporator)ol] Zet2aE AAs L SwjE 50Tl A ZHU\P’] = ;E‘ré o
Folle HEM D.E 1sopropy1 alcohol?} methanol, acetonitrile®g-&N(Z2 2;1:3
v/v)2nLE A% § vialel 9= &7 5 HPLC BA41S 2P},

vl 24
LC/NS 34

LC/MSTH Ao 2holi= HPLC FH| 9] 75 ofet EA =49 AAHEA 7ek: A
Higk EA 77101tk A 2l sgtEe] A4 AMEEEY R SFES 2Ye H, &
A 2N ZANA= FAFoRE FAAAAE st Aotk HER DY ZvrEdES

LC/MS= AAEA stz & wf 2/ xa1 AP ¥ = product ion®] A 69

107(w/z)E YeEbth, oW gk mAe] 4 HER D7t Eold=A dar dow HEw
D, XFEA9 LC peake] YEI}E A7 A X8=2 WA 2 Ho product iond EA}&
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o] 69, 105, =& 1079 X AHAE7F 80~120% %) ote] & AL, “ E4o] H

“gfar g o QA "

a9, 54,2 HER DE dqAEE 549 2K BAES 2 A9
product ion¥}e] A x

o] Ml &S FAE o HIEY D7t AAEHA S & T A}H.

v . 56,2 WlERE DR SAlEE mK BAe 2ol BABE ¥ Aol

al
Z)go] 103.9, 100.4%% 80~120%2] HHE <o Sojgkorm g B A7

D:9] TFE49 product ione 79, 105, 107(m/z)e] EA=S Hol=d #HAFo] A &7
&

AR &0l 400%E FBol7tEs B Aol wE Az HEM Dy7b ESH
1

= -/l: /\)\/\q

Target Compound Vit.D2

+ MRM (387.0 -> 69.0) 0324_35.d 397.0 = 69.0 , 397.0 -> 107.0 , 357.0 = 10
£ x103 8.073 min. ¥ x10 2_[Ratio = 40.8 (103.9 %)
3 il ! | o Ratio = 48.8 (100.4 %)
o c 1
N | |
0.8 o 7 B ﬂ }
| = _ i 3
1R / f \ | |5 °° | n
y = ;|
0.4 I lll\ At AR RE 0.4 / u:
— II| i = 0.2 H 1 ,‘rr
- | / | 4 / KH‘,{L.._..-J
5 P
AR B NS e I : :
7.5 8 a5 g 7 5 8 8.5 9
Acquisition Time {min) Acquisition Time (min)
19, 54, HIERYI Dyoll o gk LC/MS &4 A 2 a4
Target Compound Vit. D3
+ MRM (385.0 -> 79.0) 0324 _35.d E 85.0->79.0 , 385.0 -> 107.0 , 385.0 -> 10
*"53 x10 1] 8.264 min. g x10 2 Ratio = 279.4 (421.8 %)
8 5- ) § 15 Nu.’g Found
h 8
4.8 h[ }‘ﬁﬂ g 1]
0
4.6+ L-h M | T »
| ) > n_
4.4 \ =
’ e -0.54
4.2+ 'i.lr el
R —. : -1.5-
7.5 8 a5 ]
Acguisition Time (min) Acquisition Time {min)

%, 55, HJEFY Dsoll ofgk LC/MS w4 23} 2 34
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O &4 =1
F. 11,2 o & ARoA ARES EA et HET DY AFEAS AgilentAh
Al Polaris AHE o] &t HEY D, FF84°] standard curveE ©] &3 9
FRFEAEeR Al AE Wl HIE Dol ik AREEAlo] o] Fol R
¥. 11 HPLC 4] =3
Column reverse Phase C18 column
(Polaris 3.0 x 250 mm)
Mobile Phase Methanol : Acetonitrile = 25: 75
Injection volume 8.5:8
Flow rate 0.43mL/min
Detector UV 265nm

A}, RSM A3}

O #®. 12.& RSM 4o Hast 167] AM=2 2yl HIElY] Do &=Fol tjsk ZAyjo|r}, 3
7FA] dakdate] zF A ghe] wrE AHEldk AEEo H WEY D, W REHAE

EF ATt
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E. 12, 1670 AZol i@ FFARE vk D, T3
X2
No. o CHLS (GEFD) | Vit Dz content (ng/e)
No.1 30 20 70 20.28+0.42
No.2 30 20 80 20.62£0.6
No.3 30 40 70 26.98+£1.03
No.4 30 40 80 27.710.66
No.5 40 20 70 24.7%+0.82
No.6 40 20 80 29.97+0.82
No.7 40 40 70 26.32%+0.95
No.8 40 40 80 32.16+1.79
No.9 35 30 75 26.77+1.22
No.10 35 30 75 29.9+1.47
No.11 26.6 30 75 24.45+0.76
No.12 43.4 30 75 28.98+0.23
No.13 35 13.18 75 21.32+£1.74
No.14 35 46.82 75 32.14+0.87
No.15 35 30 66.6 23.45%£2.77
No.16 35 30 83.4 28.47+£1.06

@ RM E=A &4

(O SAS programel] <] 3l

0.006282X,"-
o] 2]¢] R°ZHE 0.9494% 2 AUPAES

[e)
=%

(%) -2 A A (kT /m”)
B3heknl pAIQlo]l Ake) A zAbEEe] Fhel 10 kI /m’
,o] teFo] A& Z7MEHS
1ﬂmDﬁlﬁﬂﬁﬂ%%
HIERT D7} 7 =&
o] %—i» < (50 kJ/m>)=

3T T

83%HF-Loll A 7+

0.036104X5”

PN

Hes o

T AN

e

!
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o574 & theat gkt
Y=-143.850457-0.873616X:+1.333187Xx+3 . 887659X5—0 . 024925X X540 . 050250X1X5+0 . 002375X5X5—
0.025404X,*~

BE 50 kJ/m*7HA]
(2. 56). AR FAbFo] o
ﬁsko] DLBLE}

< 80%+- :LO] Ao A}

[e]

Fhgtoll e



ol = T a3
NelT. S =Tt ol mhel uE DE B Qe SRR R ol
= A%e nad

S X (C)-AF A (kI /)

227 25T 2 Fks wl zejaAe] ool ZrhetE nlEtvl Do U= AlEGEA F7HES
B 2 (2. 58). AAEFe] 10 kI/m'E W
oo]:E
&

Al A S7HRES & ¢ AT kARt

AdAIE S vt o ® RMEAS ¢ A3 HEN Do HUFES 9 AXF=AE D
F 40.56 C, 2) A&jd=o] 36.27 kI/m’, 3) FE3Fo] 80.46% ©]Ati. 3
z70) o3 At=d HEFY Do) o] BFhS 32.33 pg/gelth. HAEA stelA AL

Aol wlebyl Do AAIZEE 29.87 £ 1.38 ng/ge® o237 AAl9] Fhell & A
o

O M B o oly

WAle] Fighere] oF 85~90%%) A et & Wl A 2AbE FHATIS] ¥Rl (¢F
15 g) stu7t ek vlElY Do 2 oF 45 pgde vk, HIEY DO 5 FHus &4
(W)= : 100 pg/g, = 60 pg/e)E LdskdS w WA 1-371 AF7F 7t vl
5 7P gabd o e ¢ e 20S Mo Aesin.

witamin D {pg/g)

31.93 1
2418 1

50.00

867 1
80

80
Meisture content {36) o N

a7, 056. =7F 04(35 O)d we] R R 3 Ao AR 9] WiE D, AdE



2 9

_"

73

U dose (kJ/me)

Weisture content (%)
Ape) A AN o] MBI D, A

7167

65.00

25.00

‘%E’ ﬂ—

31.67

Temperature (T}
Temperature (T)

vitamin D (pg/gh
3419
27 54
vitamin D {pglg)
32.23
25.17 1
a1t

a8, 57. AL ZAFEFo]l 08 (30 kI/m) Y w e
%, 58, FEEEo] 0 (75%)d wi e

e
N

N

o
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II. in vivo HIZEE T3 E AT+ AF9 Ao &E v

7b AdEa o Akske R Ale] nEnl Do) AAel8-E At

AP A5

of 3714 Ael&

O a9 7+
H7d7] o] %9 ZhEFo 1A4 EAL W] &Mool AFES vtgesE dAvt Qe
Sham 1 (FaAA HFAHY L3 o = A=A ) dAE AAS
OVX ZE(HF2AA <% @ Ovariectomy) &2 YA 9o AF3 Al 7} Aol& #Hrh, =
gk A ol WE HEE D ASHA S F

¢

F

o Aol A4
O Atz ol HIEFY D %S 750 pg/ke(Ahm) o2 AT o]

2013\ d Osteoporosis International #golA <& Vitamin D. from light-exposed edible
mushrooms is safe, bioavailable and effectively supports bone growth in rats == &
Ao A AFEgE ratd 22 FO] ratoll Al EF] RIERN D7F 2gE WAS wola 1 ¢F
A4, AAlelEE S &9

i}

ol o w=ge] A%, vEE DE U Bl AW wel HAg

of mAEAF W A%l JsyAen A Aol A7 HEE mme] weh D

bR MAS Bl ratsl A4 2, Agtel 249 H ol H@ AAHS B

o oHE D Aol AR kg F AIAS mel WA RS 256, 5% WF AoHe W 7
u

7} el Do] @aFo] 1kg AbE Ulel 375 pg, 750 g
Solgl AlRE Holn 24 HAL T, ol B A7 el A Mg e
A #gkel Bagy] W 750 ng (ME D)/kg (Ho)E 7EOR HolE WEATH

1)TD89123At= (HM]EFR] D A|ALR)
: Control o

2)TDB9123AFS. + Apelid & AP sk g2 WA 2% (WER D A9 §l+)
DO

3)TD8II23AL R + AFe] M-S g8k v]Al Hwk (u]glwl D EH)
D UV(0)



O Aol Az}

12pd ko] RMEAS B3l A8e &% A9
T, 36.27 kJ/m*,80.46%2] 78t HIEF D
HEFT D 2] AFE 9 ATk, 59, 60). AArE W
A3 25 pg/g (D) ©oRNoB g 1kgo] Atgol H g

w2
N
>
oft
+
Mr
i
ot
o
N
2
offt BN
R
-
32
A
5
o
>

i}

Az A BTy} 970ge] Hlepl D Ao AlgEdS &3t 2z wukel 5 pelletS WHEA T
2ol A 7F HA @ WAl S0t AlRd R FUEA AR F wEstE Aeld A

2= 84 @2 AW AS 30g WOl ¥ ulnk, pelleting 3T

O rat< Sprague-Dawley =& o]g&3om dart AARE (OVX Ag¥E) rat 249t 9F i
A Az Ba Yals Asgx] 42 (Sham AE]H) rats 24vtgE Fch. Zasg |

F712 o Al AE, &% A AE HAL 2%
Aol A A A5

" e
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O wlerdl p7F Zste WAl dAae {57 dF vErY D 424
J3FS 3Helsly] 98] Sham1E 3 OVX1EO0 2 UFal 1 9 A
ZF gt (. 13). d2AA ratd AAEA Z2 ratg ol E3 AP AL Uiy
pair-feedingS 3dh=Hl sham159] 3FFAAFHALFS OVX 19 v & Aol 3 A3
o}, ol vt 1117%‘54”4 ol dA & AxIFo] WA 37 Aokl Hwt HA FSAHE

ZHOr” 01 T sham19] 8k A Aolgfe] St HolE T3

Sham Sham Sham ovX OoVvX ovX
(control) UVv(X) UVv(0) (control) uvx) Uuv(0O)
I A= Vit D Vit D Vit D Vit D Vit D Vit D
= ZH Ao | mmAo | zENo | zmmAo | zmAo | AW o
Al MelZt | noia mayz IHEI’** x1EI7f xto|M Hal7
e _E_?_—'_ [ AL (L — |:| I:I [ Al e —
Vit D, X X TSDdipe?tfkg X X 750;135:{[(9
M= 1kg
H(?I!-El B A I;g_) . X 30g 30g X 30g 30g
opa] 2 8 8 8 8 8 8

1. g
HANe 0,2 AT ratEe dAHS Adoja AR B Aol A o] Fo]H T},

O Total 25(0H)D : H]E}Y D] biomarker?l 25(0H)De] x5 =4 3IT} . HPLC-MS/MSE A}-8-3
Sl om 25(0H)D2%}F 25(0H)D3E 33t k<l total 25(0H)DL] A& AT,

O Calcium : 9 Zx S Il Hol2fy dF=2 F449 Cao da F4st7] Al

O Estradiol : YA&AIAAEo] & A=A &2st7] §8] sham¥} OVX rats & R 1w
¢] Aol A ELISA (Enzyme-linked immunosorbent assay) kitZ ©]&3al] Estradiol +3x=
kel skeltt.

2. W
O LEF dUH=S Txd o 2o ALy b IS5 Aty w5% dEH=



(proximal femur)?] &' & (trabecular bone: WAT+%)S SAHIctt. HEH D7} wof 1
ﬂ%:””WJMﬂ%HWﬂﬂiRMUwIMMPﬂmﬂ‘%é?iﬂﬁ1§ﬂ@ﬂ3i“W4
ATzl 27ES T AT

O ROI(Region of interest, ¥ 9Y) AAL NEITF AAFOZFE 60 pm Folxl A
Aol A58 Alztel]l diE 45 (femoral neck) WO 750 pm HWQ WA=z HAY

n

1) BMD (Bone mineral density, mg/cm’)

[y = ) I
. = =2 1=

2) BV/TV (Bone volume/total volume, %)
DA we] Fa 5 A3 st wo] W&
3) BS/BV (Bone surface/bone volume, 1/mm)
D5 ] o ) wo] 1A
4) Tb. Th. (Trabecular thickness, mm)
el B )
5) Tb. No. (Trabecular number, 1/mm)
DA Wl ol & EAlskE AT
6) Tb. Sp. (Trabecular separation, mm)
ATt "old e 74

3 gth. Micro computed
] BA A E o] =
2 350, sigma 0.7,

LEE YEHE (n=48)¢] AHAES HH=E AZstslr] 3 des #
tomography (VivaCT80, Scanco Medical AG, Switerland)”7} AF&% 302
uCT Evaluation Program V6.6 (Scanco)’} AF&%¥<dth. Threshold
support 1.0 7 3ol A FEAJo] FHAc}.

%JO] 2 e 53
% ¥z (n=30)9 4ol A" Wyeo] AH=E AMEs| 58P A=+ Instron
5569 universal testing machineS A}83] 3T o2 SHYPTH(2H. 61). 35 Span(i] =] X
el Aoli= 20 mm= 3§A cross—head speed® 10.0 mm/minl 2 ¢F3t5S 7Fel H st
N& S8
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vk, S

EE @52 meantSDE YUEFHRATE. ShamZH3 OVXZ&F wWollA o] 2ol (HEFRl D] 5)°l
& zbol= one-way ANOVAR 747} fro)d& dopitom, 28 2ol9] Sham¥t OVX L& FH(H
Ao Fiel wE) HluE Student's t-testE E3 FAHS HAIUT. SPSS AZESE
Abg e PgLol 0.05018td W el 4]l kel 7E glvkar Ih ),

[ 23} ]

1. g
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%

—
W
gt
ofy
=
o
g,
)]
ot

NE

ZE A

Sham OVvX

Con UV(X) Uv(o) Con UV(X) uv(o)

25(0H)D (ng/mL) 0.71+0.15° 0.69+0.13"% 11.16+1.31*°| 0.73+0.15° 061+0.06° 8.71+043°

Ca (mg/dL) 10.93+0.28* 9.95+1.33*F  7.91+0.22* 5.93+£0.16 5.61+0.38 5.58+0.28

("

O

b¢ Aol §o)A: one-way ANOVA, “ OVXZE 3} Sham1E&7+e] 5214 t-test)

abF it whE] & AFHskE Aole] &2 oF 15 go|AT. H]
gk WV(0) 159 rat 8% oF 11.25 pgl = =19 35 gl

of 3Fet= ¥ vl=It. Sham¥t OVX1H2] UV(0)w E5F controlwr@ UV(X)w-2} H]
WS o 25(0H)DY] FH A Fe)Ael ztolE BFUH(IE. 14). ShamLE9] UV(0)3}
OVXZ359] UV(0)*2] 25(0H)D A A = {24 zpolE HGl=d v &< HlEw DE
AFAE dodol 2+ 25(00)DY] ¥ WAart Ae rats

A= HE Do AAo]&E F-AH I% 2

o

o] AgoA B AR ufEgo R 21Ql Aoj= HIEN D7 A9l §li= TDI1230]gh 2o
o}, TuuAosRE AAE BEN D2 &2 oF 11.25 pe® 1057 AHE rate &
% 25(0D 47} 8.71-11.16 ng/mL T3 o}zl AL zhorahd Hlelyl D7} ¥-53F Al
o] d5 250D A& = W= FAHHA a7t J& oz AZH.

o
2
hy,
_V:l
)
°
3o
na
w
5
o8]

=

&
ol
Lo
ol
4o

o] 9ke Sham1E 3 OVX1&HolA zHzt A
o A o] Al zpol 7 Ve = ¥ e
& Bt w3k vE D o7k HX1 &

a5 24 559 495, ShamFolA HEH D7} S7Fd BiAlS AFHE 2005 British
Journal of Nutritionol]4] 3% Bioavailability of vitamin D from irradiated
mushrooms: an in vivo study =&l A %= TDI123 AR S Alg3loew wvetyl D7} S

FuvAe el Ao FHket dF ZEds AU dxza vags o vk D
7b Zdskd WS wel Fe 2dkEs SVl 4 Zeeiot gagderd £ A
Aot FARRE BEFS YERAT. TD89123 AbRel= 0.47%9] Zgo] SoldoH ¥IRT &
o Zae AFANS A = T WO T Zge] 9 deu SHEs HEd sud
o] Ax7F A W2 ol HIER] DO FFoR dirol = ZEe] ME o siud
& ARG AHEE Ao AlgRHET. YAt AAR OX1E Ul Al 2E el dF
el w5 A7k sldle= 2l
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Wi §57F gl vAE J¢S Lol FA3 2olE AdF S Sham1E ¥ VX1
w9 TR ApolE A7t dopyts W WAt = ShamTlEolA B o] ARl 2polE Ko
H 2453 22 FAE VST & AT olF Fdl Fal] FAVE 2] AA
|55 A dEve AHES 75T U

dardAze] Aedoz HeA] dotry] 98 S49Y 5 Estradiol T4 VX1
5}

(< 3.0 pg/mL) & sk},

2. W
H.15. Mo 2AH AF P
Sham OVX
Con UV(X) UV(O) Con UV(X) UV(O)
(mijhﬂc?ng} 939.94+14.39° 940.31+21.25° 963.09+11.03° | 930.95+15.14° 940.96+21.53"" 95169+12.19°
B\(’;g\/ 0.65+0.06* 0.67+0.07% 0.71+0.03* 0.47+0.02 0.48+0.04 0.48+0.04
BS/BV 1842+191* 17.09+1.88+"  157+107* 22.68+0.74 22.08+1.79 22.18+1.16
(1/mm)
-I?:nrln? 0.11+0.01*° 0.12+0.01%° 0.13+0.01* 0.1+0 0.11+0.01 0.11+0
Tb. No. 7.93+0.73% 7.83+0.65% 8.08+0.42* 6.03+0.31 5.99+0.55 6.25+04
(1/mm)
-?:nriﬁ, 0.1+£0.01% 0.1+0.01% 0.1+0.01* 0.15+0.01 0.14+0.01 0.14+0.01
(2 P ¢ 2ol™M 8914 one-way ANOVA, * OVX1E 3} ShamZE7Fe] 524 t-test)
O 3% 1594 Sham I35 7+ 2Aolo] wE& vluoA BIERR] D 7} S Aol e 2ol&
HA rat5 BIDZF FHoE FoEA. Weh Db FHE Holg AAT WO
o] BMD #ko] controli®} UV(X)<tel vl&] A Z7bsk wbd | vlelY] D7} Zoi= A &2 o
Aol Eoj7F Ao]E HFH3 W(X)H control<t ZFoll&= BMDY =Fol7} gldth. OVXZE-<l
M H2d o] Ugktk. UV(0)T 3 controla 7F BMD e £-91F2 Ao]E HolH
BMD gkell w]x]+= HIE}] D 73} HAle] axitE J5drt.
O we] A3)sle v&S Y= BY/TV 59 #e AR 27 Sham1#9] rato] OVX

2559 rate] HlE) WAL F3 (9)7F U AeS & T Ao HENAE HAS A
& rat®] BV/TVgke] controlell M]3 & Z o2 Hol HERID7} W o] A3 slo] J3ks 7
Hos G0 & A}, BS/BV &Hol A= Sham™Lw Woll A contorlwte] s de] 3W
Aol UV(0)wrell Blal oA o g vk, o] wWje] ¥ 3zto] HIEMY D ZFst MAlS A

Agdo=A garidas & Y. & Holds T A% I vude W, 0VXZLE9
BS/BVE o] el HA Roermz wo] ¥3to] ¥ Bk HHAeE 758 7 U3

O Th. Th.& AT & ddgdeo=zn i3 FAE Yl FZoltd (29, 63).



HER D7 ZFske MAS AdF S Sham 159 UV(0)w*<] Tb. Th. #te] 0.13 mm=z 7}
AR, B5 BlERY D7F Aste WA 18] ke wAS AAS o5 e Tb. Th.
g A T2 Holx] FAAIRE WA o] So]7FA] &2 controlw ¥ H] L

7F ZAstE wAle] foAQl 2E B 5 Ao (AR & 4 Slo] 7159 +
A7V FART (9. 64). OVX1w ddAE 5 F 799492 AR controlaell H]
& BAlS AFHI F V), V052 Tb. Th. gktol mAleAl #vt. Sham=ZE 3} OVXL
 AF HaoA = BE oA oAl AolE EAH. Sham 19| A o] o]
7IsEe] OVX1&9 7€l vl o #1 EEISS & 7 AT (7. 64).

a9, 63, - FaAZ (Tb. Th. ¢ Th. SP. o thd+ H7} AH)

64, OEE SAGIHE) S micro-CT AR
. Sham™Z452] control=<*

: Sham %9 UV(X)

: Sham=2F-2] UV(0)
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(d) : OVX159 control+*
(e) : OVXZH9 UV(X)*
(f) : OVXZZE-2] UV(0)+*

. Sp.= AT A 7E dddesn Ades A duds oF= TIvE
kel A4S vehli= grelvk (. 63). webA o] &9 Flo] FF5 uAS o] F=
715 o) 1HFo] WolA dig ety avE s &4l AvtE AL YER
ShamZ WellA = Aol mE ofwd ko] & Holx Xtk OVK1F el Ble
D st o5 #AGlel MAS A 59 Tb. Sp. #kol 0.01 mm ¥HF Yol siwz
AL P ASS Uebllth. 2 Aol Ee] e ShanlF I OVX g b Hlalo A= =
F S Bolw davt gl BE £E9 Th. Sp gkel #ow ¥, 6404 B F 3
=ol gdg vl FIt xpolE KT}

O ROI(Region of interest, #AAFH) o Ao] Yol &Ast= 7169 & YEE= Th. No.
#hell Al Sham™1F 2 OVX 1% Zholl= & Aol & Holm {4 S =Ho} Aojo w2 2o
= 7 2FolA AolE Holx| X

O WA HEY D7F e =9 sivd &9 dFe vA= F3FS dotrr] s S4Id
o] Zojo} 27 BE wolA oAl Zpol7 gl (. 16). o A= H[ER D
o ATt thE ol MA = FEFS s F@dEJ o HE =] 7Rl mid-shafti-
o] ¥FH Hojoll= F 84 EF 79 dF%s 74 FUSS ¢ F A}, 20109
Journal of Steroid Biochemistry and Molecular Biologyoll4] 1< Discordant effects of

vitamin D deficiency in trabecular and cortical bone architecture and strength in

-

| S L

growing rodents

|2 e Do) WA} wEe] nAE P Mg e

D FEo] Aude £4% ARG U, ATl P FA dovin wussc.
¥, 16, 9% UE=9 doj(mm) 2 & =(N)
Sham OVX
Con UV(X) UV(0) Con UV(X) UV(0)
i Za|{mm) 34.86+1.54 36.49+0.44 36.2+1.17 37.13+2.2 36.3+0.96 37.09+0.66
= ZI=(N) 129.12+6.51 120.6+13.05 132+17.39 [ 133.7+13.45 123.46+12.78 135.14+2.75

_65_



§ 3
2

I3

40.56 C,

i

Kol
T

al

a

=

a

VS

deg, A 2A] o

2

1

°
pul

MER Dol HFE e 9

}

h S

SIEESIES

O A2l 2Abel 9]

S % e ™ E X T o oW o o o i
]f.ll Il ‘»I JuA ~ T° ) ﬁ K-
2 5 L R N N B rE 7
W op %o 2 7T o o 7 o = o
T . WK e E e AR B ) B
med gl aF o % T o 3% W
Fzr TH32Feilzs gs zE o
_ — _ 1 =
LT Tutgl &l EC iy 5 B 2
o ‘.ﬂﬁ ;ﬁﬂwu\_l‘mu_lz_.o]\mﬂ._ﬂﬂul U_LHMM,UI v ﬂﬂ]ﬂ
T T g TAE B X T oo G+ & 0% %
A I o % T T g
S oE 2 Wk Moo R oo Tz oV = > A
Mo & Mg B W R o AR P O =7
S nET T = PEg o ¢ 1 .y
HMLW %uﬂ%&rﬁwmew\mﬂ % ol o mm
IR ST I S w7 w e
~ ATXL ° = ol W = <
1) om =Py T &) g T B o
T Tl o & B TS g W ow * el oy dn B )
ﬂ!.ﬂﬂ a o = Njo WK o o _ o w5 ™ Hn W
il -~ .a 9 A < = oF 3 7?; )
®® N B - me T ED SIS L R
° T aM%ﬂmwiﬂMHd.. WD g ox o T o
s NT T _ L EwSk ME R o T oo
Swg kg X=2SmgEFY P Cam @ h
> ; T Y= A )l <
%ﬁwﬂ ﬂmx%%m%%ﬁ% _fwm% KT w O~ Ew
—_— 7_ o= ~, —_— = o —
2he mERM4” TS FEm TR M mo D
i z®E X =X 2%m zol mpep®
G =3O W LB P PE W es  _FL
To2d TEfPmtraasm L G2 Ty
w2 oy o e T gk T X A
- e i U | A R A
e oy FgPr X wiFy Xy ml. wnsd
Sog Y Prodfxr. FTomw mL% zad
ooy = Jwm T E &R ﬂﬂ,;e I o
5o T e PR o BN R e R R
S s S I i S == < S|
8% DT oA ZERY L OBRET gy I
T - S B o ° e
S S S S = B w M doEw w9
FTad TAETITTLTMIET I ORTT TP
O O O O

- 66 -

AA]
boiet.

o

ul
o AlA

TR

1120159 129 2197}

[e)
=

.‘I

5

& A77NE 2A 9

<A E7 A



&10. ot ol g4
] R R

.]

HIETIE AR e ¥ EaS TE dRiE) o
£ frigttgolaa, S5 HlEll Di e Bl Ea
S gt HIENE Dis Hold 2E-oiivo SpE S
AL A ol Eejo s T ORI, MR
ol - s At RSOl OlITELEY M
] el D7) 0 AR, o)k 2 WOl Sl =
QIR OfFI0R= )7} Bl 0] wigh 71 6

LI eI} GRS wial HeiEo) 7
Aak] Ueh Re aasison Mol dEo) shizstl A
S S0k BEo] 4124 Yollke SckES0) Wil
I HEN e Z e,
#0 HIER [ AbEEO] TN 0N Kbl 6 2}
- A el iepd Sadg, Mooz v Los Hg)
el i Zailol] mEFUV-A, UV-B, UV-CE LSz, o]
5 LIN-B7F ARRES] TMOLA T DB MAdsH= T2 8 5
T gl o] B @E golEs 2o e s =
; ol ASiEe AR e
- EIST i Aol S
L TS dosie g
BE UAEQ,
2ot ol 2|
B ool =3 el
SR e
= HER D7) B0l
Ui grle afd =
HetA HiE) DE 35
“glotet 2.

ok

Futimoa

=, HElI D E% 213l

HEN D7} | B0l Gl @alols old el Rigriar |
AR e Bx), S Sl 50 Qv prako) e |

ool pisiolid Hlgll [ MES BEaly) digiel 9
L g7kl Wit D daistol Bla. shld e
Efje O S 0j9h0) Slog, Fe] whie] St Bai dny
B o] SIS Fol 5 H0 UE PE ol s
HIEF] D7} 8] o) pHER.

A S|S0 B il ghso Aok o 2ites|
Holeh= 20| W0l 50| Yioio. waks] Saoieite
R S0k BlaH 54 < Klaldo) AETasiEE
Bl 1,2 ol mols A siuinf het s =)
O] et 17 15 vl EVR) Db 10m) o) 3~
Sl ity Baol SlstHiabt t-risl = a g
FIE0JEH S0] LR BEio) Sles), B e 1
A o) EE0) EHE0 HERLDS Hpne B
gl (Rl ZIF0S G-1mikE Mon 19l e D
izt i - AR s W) 2t R ae
o} sk DE R0l ials.

Ol Tletoll sFEulle vaﬂﬂmmnﬁ- o)

S e el maRl woi TR e H
2 rksed @) Sidole. dirjold EobEe wa o 4
Holzh iz At BEd B S B uisiEc Yo
Qi o sslol Gl =R M o 2000 MetHo S oo
2ioim 22| dﬂrmnmﬂdmuﬁmm
Fietos et Al 504 iiag

e Tain) BB

Sl A RO Il o5 T ol g |

AZ3HA Hlola

x Fosi
2 Roral HD E20pH @ ORI/ B8 BT YRl
mwmmsﬁﬂm SO 0f S| B, B
m:&ammmum |10} o] AMEiRlE i

AF

<5 yhuj)>
20163 7€ 219 A

Zao | 20168 O7TE 212 16A] 40 &

[HS] AEITIHA %EFOIJ\HIE( )
39,900

HBAL Baad

AR

2016H 072 212 1610 ~ 16:40

EFO I-
=

Fulst7|

A A A
o] §-3}e]

<H Bl E Huf>

SZH oA X ¥

HIEF D 7} e o

HEAZI S QAR AFOR FLRe ool Sane
Aee 2o d gl
WA AE o] 2 21 (20159 79 2Y, 159~ 23])

_67_



<A A]>

3] Food & Hotel Vietnam, W|EY X%, 2015. 04. 21-23(3¥3}H)

3] Akl A

ol o2

S

DR

clal

_68_



2. g A AE AR oiA, dAF 718~ 2015, 05, 12-15(4¥9 %)

ZHPEE, /IS B, 9] F= 2Eel SAbE £3E ole IAtee] 2 A& 7
I glof AEH R Aeeta olE. 58] ‘sheevl dhn FAbe Sag B AAA EES
A2A ofol5e] AZel 83 WA vE D, F35 A3 dFan ol walo] wolA
st s AEs AAE Hal @A F=7lsAmg el 95 Fel s

_69_



_70_

S oele 8| oSS
Ho ﬂ%%%J%_AOuO%%OOROum
B Ny mﬂ | N . = | &
0
3 A I e - R e
il e T i e i
T
1 X
= NE
N5
S % E
el X XK R A ~ | e
~ BT tlERlEl s | Rl 2| el
Zlﬂq_lw‘m.b ﬂuﬂuﬂXﬂﬂLﬂXﬂ = = = -
=R CR P I I N R R
N
g.n e ee e _UT ™ .foT o ;oT g ;oT ™ To mo
»A_l _E ]_:_Al 17_A| ‘WE __OT mmE ;OT me ;oT ME .UT N XO
R i Tl |T(we| T | ®° | & | ®° Mloﬂ
LI Y < W
ur wlo blo wir B =
;00 E_.G
- % =
owe | owe b i R
3 " S S x1_ T
a0 (e el ) B | ™
X =~ T = N
ol W
N N
o = N
o Wmud i o o O X ar
= O 5 =K N X ook X =0 oF
> T = = < % T o
i o |®mT e cx 3
N | = S S EIG
OTﬁ L ™ o % Q KO 70 L3
3 G wﬂ o
= _
e NOW e % ,_.ma T | o B
< M= uo po & oV - = | gl
J ~X ! —~ X
S B o | H % % # %
. wir X0 Do Pl %° |
< T *




- ARdsE Ag 2 g A2

3 = AR 5 3
A st 2871700d) | 59
Zaeoak(awied) | 594
(<) 575t 20°] 50°]
NEE 21 (%) A 7HA 3dF 5%
A AF
UGN 2% 30% 45%
T =
= 9] 5% 9%
g5 gy, HESIAR A SERAE AT
A &3 AT ASdE
2 AE AEAH lm s a5 e A o))

R ER
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A& : Establishment of the Optimal Conditions for the Vitamin D.—fortified

Shiitake Mushrooms caused by UV Irradiation

2. The 6th International Conference on Food Factors (ICoFF), A& Coex (2015. 11. 22-25)
A& Establishment of the Optimal Conditions for Vitamin D.—increased

Shiitake Mushrooms cuased by UV Irradiation using Response Surface Methodology

3. UIUC-KU-CAS Joint Symposium, University of Illinois, USA (2016. 07. 22)

A& Vitamin Do—increased Shiitake Mushrooms and their bioavailability

4. 2016 Annual Meeting of Korean Society of Food Science and Technology, 3¥+=+2]%3}38t3] o+
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edodes) using response surface methodology
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