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MaEs AR FrAFFRE S SBLRE S T HE o RAERTE

FR D ABEKR £ F AP F & E(nutrient mist bioreactor, NMB) 4 2 [ % £
#.:8 (Anoectochilus formosanus Hayata);fé ¥ = %% & (gastrodin) o 1%
NMB # 7 5% 4 5 60 % 15 » H gastrodin 3 £ (626.1 + 1132 pg-g')&r 12 %+ @
S 1742(663.3 + 169 pgeg’) ~ RAFLa F F(670 £ 51.2 pgg )& B 3 F(677.5 =
1158 pugg) @M i L8 - S 4R TEE3T mm)fe ¥t £ (2.6 )4 &3 @
e mBELR - ’g?t&%%l——@i‘ﬁﬁaﬂ-ﬂ 8 =P S ARG NEF(T9
em)~ 53,6 mm)~ £ (4.4 om)~ F T2 em) 11E (3T om) 2 2 H kL QA g)
L BEpERI6K AL g ELR -

_é_ﬁ

o}

- A & %33 (Anoectochilus formosanus Hayata) s 4 % # 2 ¥ A4 > v 2 f;g
oo kA Wf,a#@ £1800-1500 2 © & jB R 45 He £ Al Anon, 1999) o ,‘;4_—;@ 9%
1824 C o e fA B P b~ B WL ~ 2 FRAERA L2 BA R e oL B EE A A
&gwigmy oE AR RY T > AR B a?ﬁ#“;¢wﬁ%
R B s b w s fRE - e MH),T\,%LJ(% uglfg,mu;m‘u;,,\‘u#_}% NELE: SN
B~ P T R Ui U R TE G OFHR R 2 R A AR 0 19795 2 %
1976 5 P A KA > 1979) c AW ARG H e B> tc B2 B L AF - EAEF
W EEP S ALER S ERBHE S EARFA S ARE ﬁ:ﬂﬁ NE NPT S NEL
FNEBEUZE IS FES L(50r5R 0 1995) o d $ofiRskE R S MRk DR

1) A2 ¢ B ¥ F;}.Eﬁh'-r‘l;}ippéjﬂ"p%ﬁ Rxv B 8FES L g 4 o
2) M wAFFES sk LY



FRLEFEHMGRE, 19D ERENMEANZHFr | FnREAL S EPTE
o F M&‘((CCM)?@’? g9Fe F 5§ % MGOT2 GPTR hit® » 7 F3Fsc sk ift 2 b
TRl e p Lo g 7R F enE = i 1 £ 6 Binfwd B AKE T 24+ »x(Huang
etal., 1991; Mak et aI., 1990) o @ 12 # -k 5 B~eh% % (gastrodin){r & i 4% 4 (kinsenoside)
ExL > TR ARBETNEE ST #ﬁﬁl—(Du etal., 1998; Ito et al., 1993) -

¥ RRF A5 F & B (nutrient mist bioreactor, NMB)&_~ 38 s * 425 4 i B34
%fﬁc RREEEAG I Y R FHUBTESAT OG0 B B - SR
ﬁﬁ@ﬁﬁ’#ﬁ@@g%h,iza¢#ﬂﬁ CprpHE %1 o st MR SR 1 &
4 & #(Levin and Tanny, 2004) > ¥ *t » 13452 3 4p i » F U E RERJF S L AFFIRA 2
LI R R gss £ T’mﬁbayﬁ%%mmmﬂaﬁfﬁﬁ‘ﬂMMMJg%ﬁg ,
fEtR A £ F A EE (3 0 2000) 0 Fp oo T AR P AR 22 eNMB, & $(Shiau
and Chu, 2010)2 % S &M fhy > ¥ & B % ‘y{*w Lrfoigp 2 —*F,z BTG g
Ffex A F R o

B g

- HE KR
é%%%?zrﬁfﬁéﬁaﬁﬁrﬂ%?%ﬁ#ﬁﬁT%%ﬁwﬁ??%isﬁ
S5cmP 33 23FERER TVTRARK G EERKRY OV R HE XV EGAETR

CETHES IA2M)THEL3S5E05ecmE R 2203 ecm ERoE R A G S 0.5-1 cme
Z &k E
(C)FEBEZHNIHFERGERITE A FEFELEE
WEg* e G BT 3N > 85 8000 mL 24 g;ﬁgygx$:47mﬁy
cmx6.3 cm ; PR e A) ~ 500 mL L5 fF 7 FL(H R 2 B) ~ 2000 mL F sk fis fig (Polycarbonate,
PC)% B4r 6000 mL :x 2 H NMB & 5L & o I & R & AL ii%’é‘ R 2 G0 R
WEPRBHAE - 2P EE | BRAY ARRP BT DE L E(F 4 B s )L A
e WA FTH AL Z F 100 mL FRERE A AT RS S HR(Z B 1250 B 60 %K)~ F
%m§$§7MMnf%%%&iﬁﬁmﬁ@ﬁﬁ3%’%%@ﬁ%iﬁﬁ@%j
B2 T RS LT 200mL FAEs & AT L 348 30 $R(5L3E 60 $h) 0 ¥ & 800 mL R

ﬂ?ﬁi‘“%érfﬁrg%,igl 2o o EEmIL AT BEABART I BT R SR Y TR
%é*g 80*;:\ i_\.;[—,.,%’ifm/"%ﬁ‘ﬁ q E' (ﬁ-ﬁﬁi‘l(BVB3%&u’4FW)°
nggﬁ; % & A & F 1/2MS (Murashige and Skoog, 1962) 3k ~ B #gpe > »

NHNO; * £d B4 1,650mg L' L% 825mgL"'» e @ Yy A BT R L{r_;'ﬁc”@l
FRE A AR R T BCAcRAREL R o BERA LY 4 Ehr 520 2 60
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gL @ L AITm s F I BT HRART 60 X PFF | * hg E&:&“_f&fi 0.4gopt?h >
Fhser lgl! EHA-30gL Elir9gL i ERH(F 1o i
PR AEEE A AR A /”‘4t2§ B ;p'r_ﬁ‘ﬁrﬁ’ii\#ﬁﬁ’r e B R AMF R (S > A2 IN NaOH &
OSNHCI’%ﬁ’f}f?épHmRS7 %A A%,g’ﬁﬂﬂiﬁ—]ép\'l B O121°C ~ &4
1.05 kgcm 7 ) 15 min > ﬁ-*x/‘vﬁ’* o X I W ! Bufﬁ’ R #“—F‘{%_%_%?’ﬁp &
BRI FEG20£2CHEF o HAY EER25£1C 3038um01m sk L A kT
o & B & (photosynthetic photon flux density, PPFD)% k¥ #p 2 /a5 14/ 10 hr 5132 % % -

AT H* NMB i sl (FiE 2 > G-F MR % 25 3 Lomin’ CHFRRF G
BEiFd 515 90min 51 %% 80sec> TrE p b2 FRRF FAHEE 16 = (FH > 2010) -
BT AL PR EFE R EERA LD RE A ES THOELEAE T2 T HE
#Z#"E—?‘Fﬁit'ﬁﬂ* cHFT 60 X B FATTEPIR ISR R BFA AL AT IR
P REEE WAL T 2 gastrodin 7 E2Z B o
(C) F HFERBEHHE L %ﬁ$fsﬂs$1‘m‘%4 TEAREZEZPE

RSB INMB i S (TR B - TR Srit AR o 2y RRF HELEY

SEIE90 2 180min F51* %/ 80sec> & p Lz YR RHF LB 5 168 8% o
AP FREIRZTESRE L T 200 mL q%ﬁ%?év LA 30 th 5 A A (R
60 k) > ¥ & ## 800 mL "’,%w‘%*"i%%éwm LrJREE ARG c BT 2R R
AR AP AR 0 B F - IR T H A 2 ’%fi'wﬁu P F&EEREHHE» -
BeRpfERE v 2 %iﬁ'% B2 F -

21 ABEARAPHRAT FRT FET ﬂar 2 f“%ﬂﬁgfﬁfii H A
Table 1. The media volume and composition for Anoectochilus formosanus Hayata plantlets

cultured in different methods.

BEAMBEAEZES

B 3 4k Media volume and banana content *
j:% —; ) (; Vessel Nu_;nber Of : -w— A _g
Culture methods volume lantlet eR ] 2k A LA E
(mL) plantiets Liquid Solid  Banana in solid medlum
(mL) (mL) (L")
W =58 500 5 0 100 20
R 7 B 2000 20 0 400 20
FH AP FRE 6000 60 800 400 60

‘Rl & A 2 & A 1 1/2 MS (Murashige and Skoog, 1962)+1 gL & #4st# +30 gL' 4 +9 gL
agar, pH=5.7 o %R 4 A 1 12 MS+30 gL' E#g, pH=57 - 3+ 5 2 Eur e & | By ka2 4
PRET 60T i ERER L 04g-
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(2) = frh A

AR OEFEE ST RAFRRFERAE LT A RN Gl 0 1-20°CH
BAc 8 (FD-25B3P8 » 235 » o )& Fic L » iok ik AR T £ 01 Bk P
oA X RHBL02g AP AT 4o 0 10mL 2 33 kiF53% £ 2 Elma® &5 AR
F ®(T-760DH, Germany):& 17 50 °C %38 £ 1 hr & ¥ B~ o ¥ B¢ & Hermle™ % i# 3o 4
(Z383K, Germany)% 15°C =g % T » 12 4&:# 5000 rpm &< 10 min » £ B~ F7% o B
& et F ik 4 Speed Vac®E 7 R 3k ﬁ%}ﬁ(SCIIO NY)it {7 Jk 4 5 -ﬂ LA I A S A
T SmL o KBRS B ki Ap & 47 R(HPLC)E (7 447 © & * s HPLC 4 5 & 35 4 Bir
ir(Waters 2695 HPLC separation module, USA) ~ % ¢t /% L & 1§ jp| % (2489 UV/Visible
Detector, USA) 2 p # kil » B o 7 3;#5 (stationary phase) i * Atlantis © dC18 (5um,
4.6x250 mm Waters, Ireland)® # L8 473K 2 5 40 'C ; H & 4p (mobile phase)R| £4z -k %
¢ 13 (ACN, Germany) (95:5; v/v)i &3 i% > & finig 0.5 mL-min™' # i T » & > & (gradient)
PV FIL T R R Ao SR R AR TR R 0 L 11 0.22 pm i I ME(Millipore,
Carrigtwohill, Co. Cork, Ireland),},@“,’f RF R AL 30l R T B AT AR
¢ * 2_ gastrodin #& % F-pbp ¥ i%%@é# WimF L @ (Lot. 20071114, 5 #F) > 10 L#
£ I oRBFRE R AR FEES 1~ 1050~ 100 §- 200 pgmL’ e 8k R > 125
i B AR D)3 A7 £ H R -
Z R A AT

Wtk A gastrodin & 4 F By R E H BT 5 2 £ % £ (standard deviation,
SD); H i i#sE f= TP e tRlic® Mok iy 0 A B H T o 30U CoStat V.
6.311 vzt ##8(CoHort software, 2005, USA):& i7 % £ #c s 17 (ANOVA)fS » £ & B ¥
M £ B ;% (least significant difference test, LSD test)# T_% 2 ¥ £ B chdg ¥ |4 (p <0.05) -

2.5¢107
2.0x107+ _—

152107 —

Area

1.0%107

5.0010%]

o BT

T T T T T T T T T T T
0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

Amount
Peak Name: #ff#% RT: 42.902; Fit Type: Linear (1st Order); Cal Curve ld: 1856; R 0.999995; R"2: 0.999991;
Weighting: None; Egquation: Y = 1.11e+005 X + 2.61e+004; Normalized Intercept/Slope: 0.002333; RSD(E): 0.395039

B L= k2 Rk EREEERRER 1~ 1050~ 100 = 200 pgmL™) -
Fig. 1.The standard calibration curve of gastrodin (standard concentrations: 1, 10, 50, 100 and
200 pg-mL™).
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A%

i

SRR FEN OB ERGERE T 2 :‘/ﬂ% FEZER

CAERMANMNIFRERIERTO0 XS AR ETEREZ AESFL 725 % (%
2) His & AIT s XESE L 100% 0 P AT LRk A T i (B 2) 0 11t L NMB i
RETH O ATHRETA WJF’“&;«%FB%\ 49 cm # 4 3 7.7 cm o pt - BolE g gl
W eF5(7.9cm) ~ PC % B(7.8 cm)& fp # Y 8 (6.5 cm)3E 5 Jzum, WRFHELE -
FAEEGTmm) s THEHRGT P bt PE2ZFLE@.6cem) - F (3.0 cm) -~ 12837
F)~ 1L (42cm) ~ #E Q2.6 9)frict £(2542me) R AIKR S G 0 2 B H B LT A
FEELR

AEHRT AT R 5 £ A 7B~ 17 o0 gastrodin 7 £ 0 v HPLC B
(R 3)NE* BT 0 & RIEEFR A G20 CHA iR I ?éﬁ F B~thgastrodin 7 £ ¢
UEHRAFFE RERT e T5 5 6261 £ 1132 pggl o H 21 ket @ B oAy
(663.3 + 169 pgg’) ~ FApp  B(670 + 51.2 pgg')st p &> i+ 7 £33 % (677.5 + 1158
ngg I m P B L B (R 4) -

22 RAESZHEHDIFENGIE 0 BERE L ZPE
Table 2. Effect of culture methods on the growth of Anoectochilus formosanus Hayata after 60
day-cultured.

H¥R@e Hpicd

- CECE R B i . L £ 2L
TSk F e ¥ 9
PC:d tur; Survival ~ Plantlet  Stem mei:fer Leaf Leaf Nimg;ater Root vf;esfllt / wg% "
rate height diameter length  width length & &
methods o of leaves of roots plantlet  plantlet
(%) (cm)  (mm) (cm)  (cm) (cm)
(® (mg)
A* 100 79% 3.5¢ 3.4° 45° 2.5° 3.2¢ 41° 2.4° 223.2°
B 100 7.8° 3.5° 3.5° 45° 2.6° 3.5% 3.6° 2.3° 220.8*
C 100 7.7° 3.7° 3.7° 4.6° 3.0° 3.7° 42° 2.6° 254.2°
D (CK) 72.5 6.5° 3.5¢% 3.3¢ 43° 2.6° 2.5° 3.8° 2.3°% 231.4*°

”* A. traditional flask cultured; B. polycarbonate vessel cultured; C. mist bioreactor cultured; D. soilless media
cultured in greenhouse (control).
¥ Means followed by the same letter in the same column are not significantly different at 5% level by Fisher's

protected least significance difference (LSD) test.
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R 2.

Fig. 2.

MARREBEIERT SABALEREAY 60 % (& nfiA) o

(AR 3 & 2P0 5 =2.6cm); (B)#Ig g 20 5 =1.7 cm) ; (C)F st
fefa 7 BRAC I =32em);D)F HF2FF BEBZ( 6 =7.6cm); (B-G)
A F EBERRE S TREADOYTRER SO H®EFZ=2027 cm fr 2.8
mm) o

The plantlet growth situations of Anoectochilus formosanus Hayata cultured for 60 days
with different methods.

(A) soilless media cultured in greenhouse (scale bar=2.6 cm); (B) traditional flask
cultured (scale bar=1.7 cm); (C) polycarbonate vessel cultured (scale bar=3.2 cm); (D)
mist bioreactor cultured (scale bar="7.6 cm); (E-G) the plantlets and roots grew healthy

on cultural shelf (scale bar=2.0, 2.7 cm and 2.8 mm, respectively).
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Fig. 3. The high performance liquid chromatography chromatograms of Anoectochilus

formosanus Hayata gastrodin contents with different methods cultured for 60 days.
(A) flask cultured; (B) polycarbonate vessel cultured; (C) mist bioreactor cultured; (D)

soilless media cultured in greenhouse (control).
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1000 ~

T L

600

400

Gastrodin content (10~ mg/ g)

200 -

Culture methods

B4 %2R >2R7T oFERIFKROXBZ A BEZE -
(A)1B SLpF foHgE & (B)%U?‘u&ﬁq rEEE (C):p HFiArrFRER L, (DR
FRIPRBREHRE) BRI EIHOERERL
Fig. 4. The gastrodin contents of Anoectochilus formosanus Hayata with different methods
cultured for 60 days.
(A) tradition flask cultured; (B) polycarbonate vessel cultured; (C) mist bioreactor
cultured; (D) soilless media cultured in greenhouse (control). Values represent the mean

and vertical bars indicate standard deviation.

RFHE /‘L%:ﬁF ;J’im 180m1n%%1'~ %/} 80 sec > 7 & p LR

FoiE: 85 0 HTHHRE L T9em (% 3) BEE AR F FELEY L EIE
90 min 7% v % % SOSec’ﬂ?’r’jr pinsriEidd F’”‘T;ﬁ—»’g RS HFoEE 165K # (7.7 cm)
FTEREFLZRB S -FE v RE B RE TR 2 HEEIE(3.6 {r 3.7 mm)~ #&(34
1037 B)~EE (@4 4046 cm)~ E H(2.7 40 3.0 cm)~ {2 #c(3.1 40 3.7)~ 2 £ (3.7 4¢ 4.2 cm) ~
BT o E (2.4 1 2.6 2)& AH $AT 1955 € (249.6 v 2542 mg) 7 AR L B 2 Kk
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23 ¥ ZRFHFERIHUHEIT LB LMD T 60 X BHERE L 2ZBE
Table 3. The effect of nutrient mist supply cycles on Anoectochilus formosanus Hayata growth

after 60 day-cultured.

FpF G . o - - Ep#wd HiPgd
peg PP OEE g BEO¥E g, e STOE SUE
- Plantlet  Stem Leaf  Leaf Root . .

Mist supply . . Number . Number weight/ weight/
. height diameter length  width length

times/ day (cm) (mm) of leaves (cm)  (cm) of roots (cm) plantlet plantlet
(times) (2 (mg)

8 79 3.6° 34 44 27% 31 37% 24° 249.6°
16 7.7° 3.7° 3.7° 46" 3.0° 3.7 427 2.6° 254.2°

“Means followed by the same letter in the same column are not significantly different at 5%

level by Fisher's protected least significance difference (LSD) test.

BS F2RF HEREH BT SHEARHMAY 60 % 1) o
A& pERI6YARFH: B)FPERSITYAiRFH (5 =1.0cm)
Fig. 5. The plantlet growth situations of Anoectochilus formosanus Hayata cultured for 60 days
with different nutrient mist supply cycles.
(A) nutrient mist supply 16 times per day; (B) nutrient mist supply 8 times per day. (scale
bar=1.0 cm)
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S AEFP L DONMB AT 60 2 fAw @R AL f (B2 reha
b g S TR TIRE B THIROTE > & T A 5 100 % ( 2) ¢
fr2(1988) 8 R dn 1 WU R 2 v AR T ARBETREET 0 F N E G A R
BESET BN E REEITE A Lo B oo F(1988) ki bwﬁi‘*” PEAL LD
BB E_A Y 25-30 C2 B - Malda % (1999):& - ﬁip s JE C3-CAM 3k & = 4 19 i s 4
B CAM 4 » i £ 15 BR R4 R E S 44 £ o REN b v iFaie
B T RE N AERED SN CA L E 2 LA %F MR vt £ B (R
% 520025 3 >2003)- %'*Ff HINERERPFE SRR BN TR AFRR
2w kT o H CO,HTH T CAMAERZ Gl P fERE R @ K { 4o pi
(% > 2000) > Yoon %(2007)% EB~ S B4 MA & & iv 5 R@E M TEFF A5 2 P
5 J& % (balloon-type bubble bioreactor, BTBB) ~ & # # & ;% 4 $ F J& % (continuous
immersion bioreactor, CIB) ~ /5% 3% & ;% 4 = F J& % (raft culturing bioreactor, RCB){r & ¥ j#
#34 F K g E (temporary immersion bioreactor, TIB)¥4>t 4 w 3 78 scae 200 e > B %
BTBB v CIB B AEF B2 S F BB L 8 gL 46 % & (inoculum density)fr 50
umol'm?s' PPFD chif 2 T2 5 2 B » ¥ EERF 2 HF R (WL foicd £) 78 %
LB uthenicE /L EHF 0079 EAfth kA 2 EHI L ANF T AFERS -

AFEFHMCLDONMB BT SALAGMAT 60 X 0 BABE LA TR T
ol B E e & AR m B (4 2) 0 LT b{i\-i‘—“pﬁﬁf“é—@a R B H R A Ege
BUREFATHEFLRL 2 L WONMB ART IR EFRRE T FF R TER
‘ TEBY T I A S oA L BT Ea s anck s Fpr o Fa L

PT OB ENRF A LEREBT NI F R HE G FAE 20t RRIE AT
iz 838 LA A SR A7 B~ 18 e e & (gastrodin) 7 £ (R 3~ B 4) 0 %% it g NMB
GEB T T T 05 4 6261+ 1132 ngrg’ s st s B 8 4852 2 i E 17 60 663.3-677.5 ngrg”!
FEVRT AP ARELR > FP o i LINMB i si2 F gastrodin = A L O B4 o

Correll % (2001)% 4 %45 ) > & 2 %(Dlanthus caryophyllus L.)en 5 §8 & 4% * # & pF ¥
SGF 3T o IR LI T 1 (hyperhydrate) st € <tk B 5 B EF ME poef ffeh=x
BfoF B B 5 5 prdl 3y %‘”L FA vk L ERCERELE TP E o AFERAZ
B 25°C2® 3 Lmin §F 458 % 6rpm £33 *vqg; FETIEET o LR R SR
FPWEHP R ERIERETE AR B2 B S5 HT o Fp LG EHE L7
YRR HAELSIE o ARA TR T EhEL CET PR
HREL A AGTE 085 P YR EME B2 ARF HIks 64X ANY
AR(23 WS &FARCEPFHOELIEKEIFDP 8> A2 A BT T o

AT EHRBFERY CLONMB A AR T S LRR By i 0 F ABTHRF T X [f;f,
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The Production of Anoectochilus formosanus Hayata
Using a Mist Bioreactor

Yih-Juh Shiau”  Chien-Young Chu?

Key words: Nutrient mist bioreactor, Anoectochilus formosanus Hayata, Gastrodin,

Polycarbonate vessel

Summary

This study were to produce Anoectochilus formosanus Hayata and its secondary
metabolite- gastrodin by a nutrient mist bioreactor (NMB). The gastrodin content (626.1 = 113.2
ng-g') of A. formosanus Hayata cultured in NMB for 60 days was not significantly different
from those cultured in traditional flask (663.3 + 169 pg-g™), polycarbonate vessel (670 + 51.2
ng-g") or greenhouse culture (677.5 £ 115.8 pg-g™). As well as the average stem diameter (3.7
mm) and fresh weight (2.6 g) per plantlet were also not significantly different. On the plantlet
height (7.9 c¢cm), stem diameter (3.6 mm), leaf length (4.4 cm), leaf width (2.7 cm), root length
(3.7 cm), and fresh weight (2.4 g) per plantlet of A. formosanus Hayata cultured in NMB
supplied 8 times mist per day were similar to those cultured in NMB supply of 16 times mist per

day.
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