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Abstract: Objective To explore the effect of different culture conditions on protocorm-like bodies (PLBs ) of Dendrobium candidum
in bioreactor culture. Methods Inoculation quantity, ventilation, sucrose concentration, and light intensity were taken to carry out the
single factor experiment design. Biomass was determined by drying method, polysaccharide content by phenol-sulfuric acid method, and
SPSS16.0 software was used for data analysis. Results Under the bioreactor culture, the nutrient medium components for the PLBs
proliferation of D. candidum and polysaccharide accumulation were 1/2 MS medium supplemented with 1.0 mg/L NAA, 5%
coconutmilk, and 3% sucrose, pH value was 6.0. The culture conditions, such as inoculation with 40 g/L, 15 um pore porous nozzle,
aeration volumes by 1.0 and 0.5 L/min used alternately, and photon flux of 2 000 1x could improve the proliferation coefficient and
polysaccharide contents of PLBs. Conclusion Different culture conditions have the significant effect on the growth of PLBs and the
accumulation of polysaccharide. Suitable culture conditions have the very important practic significance to the biomass of PLBs and main
medicinal ingredient production of PLBs.
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T A MPRLZE BT AR MR R R A M 38952 56 e Ay Bk
KA 81 Dendrobium candidum 2R FRZE
1.2 A&
121 BMERRE K PLBs 1% 20.40.60.80 g/L
R R N 500 mL AW VA, AR IR
400 mL, FEFREEN 1/2 MS FEA TG IR EL, I 3%
BERE, 5%KFFL, 1 mg/L NAA, pH N 6.0, B
o4 1.0 L/min, YGHEERIE A 2 000 Ix.
122 ESEMKE K PLBs 1% 40 g/L (30 B4
N 500 mL A=W i, KR FREEh 172 MS SEARRE AL
(400 mL), PN 3%ERE, 5%AFFL, 1 mg/L NAA,
pH 18} 6.0, fHHIFLER 15 um 2 ALWEL, Jalom
JE4 2000 Ix, EAEKERN 0.5, 1.0 1.5 L/min,

1.2.3  BERIREDBOVCE B PLBs 40 /L (1
FEMP RN 500 mL AW RN AR, FiFREEN 12 MS
FEAREEFRHL (400 mL), BN 5%ABFL, 1 mg/L NAA,
pHH K 6.0, L4 15 pm 2 AWk, Gl
FEA 2 000 1x, 3B HEN 1.0 L/min, FERETE D%
WEN 1% 3% 5% 3 PMRE.

1.2.4 JGIGREMIE O PLBs #% 40 g/L F4Hp
HEN 500 mL AEW R NiAS, BEFREEA 172 MS HEAR
BrFEdk (400 mL), PRI 3%JEHE, S%MEFL, 1 mg/L
NAA, pH {4 6.0, {FFAIFLER 15 pm K12 fLWi %,

AN 1.0 L/min. YGRS R 04500+ 1 000+
2000. 3000, 4000 Ix.

DL ESACPEEAT 3 1K, b, @A mARERESE
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P, UV2550 EHNT AT (IS =
IR BT Z PR, LR B P RR
V), WERBCARAREE (X)) ZeilbruE i e Y=
6.710 62 X40.005 49, r=0.999 65, {EZHH 1.24~62 ug
WA TR S R B AP PESC R
1.3 HigabE

SPSS 16.0 Gt AT ALy F 2 Bl 10 7
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Table 1 Effect of different inoculum densities on biomass and polysaccharide of PLBs of D. candidum in bioreactor culture

PR /(gL RFETRE /g BRETRE /g SV EE ) ZHE /%
20 35.60+3.23 dD 3.870+0.052 cC 4.450+0.050 bB 28.72+1.13bB
40 88.96+3.48 aA 9.100+0.024 aA 5.560+0.063 aA 34.04+1.45aA
60 84.0044.04 bB 8.26040.029 aAB 3.5004-0.042 cC 19.1040.86 cC
80 68.78+1.74 cC 7.160+0.011 bB 2.150+0.038 dD 16.87+0.94 cC

NEFRERIR P<0.05 MR EMEZER, KEFRER P<0.01 MREEZER, TR

Lowercase letters mean the significant difference at P < 0.05, uppercase letters mean the significant difference at P < 0.01, same as below
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Table 2 Effect of different aeration volumes on biomass and polysaccharide of PLBs of D. candidum in bioreactor culture

WS /(L'min") FiRa e i /g

BiIRfa T /g

VRS ZHE /%

0.5 81.92+0.69 bB
1.0 102.56£2.83 aA
1.5 69.28+1.87 cC

9.010+0.017 bB
11.280+0.052 aA
7.620£0.032 cC

4.120+0.039 bB 26.53+1.23 aA

5.410+0.059 aA 25.12£1.06 aA

3.330+0.042 cC 21.98+1.75bB

2.3 EHEREDEEE AR PLBs £ RS 831E
FFHIR M

H1 3w, BERE R B AR, S
At PLBs B4 3G It kA48 4k . K97 40 d
Je . FERERE R BON 1%HI4E F, PLBs HIZEY)
EH A D, B RBCN 2.70. 1024 R R A B
Thi 2 3%}, PLBs [ 24 38 hn e W 42, 6 i ot
T B R BRI 2 B =400 100.87 g+ 10.09

g, 5.30 1 28.86%, 5 HAMALFEAHLLEL, PLBs ffif
JiE, ThE. WlHRBATEEREE ZER (P<
0.01), ZHEAAEEFHMEER . R E S ECN
5%, PLBs A, 208 AT R 505 T F%,
IX 1 B i 0 20 5 RERE AN A T8k 2 AR 28 PLBs
FIEFE R 2 BERIR R . Rk, R R N 2R IR 4
PEF, B PLBs 5 R 220 R 2 1) R o 2
SECN 3%
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Table 3 Effects of sucrose at different concentration on biomass and polysaccharide of PLBs of D. candidum in bioreactor culture

HEHEIRIE /% HF R /g

HRE TR /g

HETH AL ZHE /%

1 59.20+1.63 cC 5.9801+0.036 cC 2.700£0.019 cC 26.77£1.52 bcA
3 100.87+2.78 aA 10.090£0.097 aA 5.30010.043 aA 28.861+2.34 aA
5 83.20+1.34 bB 8.490+0.082 bB 4.200%0.032 bB 23.53+1.84 cA

2.4 NXEBIEE TR AR PLBs £V R ISR
A
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AN BEZER (P<0.01); {EZHiE AL T,
2 000 Ix [FIALEE, ZHERE N 26.88%, ‘B3 T HAb

AOER, BRI, FEAE ) R N 2SR5 974 T, i B PLBs
AN 22 BERL R IR ISR E ) 2 000 1x.

1M1 H S50 %25 PLBs - e b 5557 B Al
IEAIZEWEE N, HEFR 40d o, TR A i s
Wrka T2z, 2R ERERT IR N R I e U2 ST A
NEE, 1R 30 d I R IA R R (B 1D, B
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F4 RRBEWNKKAR PLBs £ & ERIEFHIFIE

Table 4 Effects of different photon fluxes on biomass and polysaccharide of PLBs of D. candidum in bioreactor culture

DR/ Ix W EeE i /g BRI T i /g LYY 28 1 %

0 50.02£0.87 cC 5.000£0.051 dC 2.500%£0.016 ¢C 20.294+0.97 dD

500 60.04£0.73 bB 5.800£0.062 cC 3.000£0.024 bB 24.58 +1.56 bB
1000 65.50£0.95bB 5.900£0.085 ¢cBC 3.280£0.031 bB 23.814+1.33 beBC

2 000 82.70£1.61 aA 7.400£0.072 aAB 4.14010.028 aA 26.881+0.86 aA

3000 78.66 £ 1.79 aA 6.600+0.059 bB 3.9304+0.042 aA 23.04%1.60 cC
4000 83.26+2.77 aA 7.500£0.091 aA 4.1601+0.034 aA 24.3941.38 beBC

ZHEE 30 d B A EEE, HRTARIEN 40 d (IR R 2 5

Polysaccharide content for 30 d sampling survey data, the other indexs for the sampling survey data of 40 d

T /g
— WA LN O
\m
>

RiFRifa) /d

35
N be b b
e 20 [ d
SRR E
% 10 B
5
0
10 20 30 40 50

FEIRINE] /d
1 $REAH PLBs EEYRERFBERIEFFRE A)
MZHEE (B) T
Fig.1 Dry weight (A) and polysaccharide content (B)

of PLBs of D. candidum in bioreactor culture

FEZ W SEA MR D) R A KA OE
3 it

TEA) S N 35 57 v O B ) 4 P 2 g M 85 7
VYR E RN R — EREE AR T
BRENABAA, 2N E PN, PLBs
X RGFRIL I AEA ek B ds KAk, 38 s IR AL 3
SRR R 2, W D A A N TR) P R
FrHE B — R e UM TR R R, 33 PLBs (1)
ARKIEZE o W] PLBs fRZEK, o &2 E
Ffit PLBs SERLAN 24 45 s (0 BRI DA 110, 3 e
b i B A8 fe KA Bl R FH s 7 55 S B i

PLBs ‘EW AL HRER . BN 100
o/L Rl R B A R 28 LA st PLBs (1 BVERE IR,
XK KA1 fift PLBs &I S0R I, B 61.94
g/L [f] PLBs E KA . TAEASLKH, 40 g/L 1
PR RO R A PLBs A KA A, alfe A
A3 5507 s AR 5.

WA RS FERE R BIPIR DUk B2 A1/ PLBs B 77
R P B B W B /D N s A PN A B
TR A TR A A B AR Rl N AR S
[, P N IR A s 256 0 At IR K /N 35 G
R WA, BRIEARE R S, WEED,
S PLBs X USURIFR A RIS S R T, AT 5w
ik K g a Y, Rz, EREE R, 5
FIR A RO, SHrRECKIMEY ), SR
355, XF PLBs MEKAR] . ALILE RER, &
B AT PLBs BT AN 24 R B0 AR SO A%
HWAEN 1.0 Lmin™Pl, 46, skR el it sz
BN s Sk AR S0 A 4 S N 2 PR A K
HERFR, WO RN YIOE TIHEAT SR
Ny NI AR RE R ARG TR a7 8L 4k
PR AR AT A A SR . ARSI, R T kA
IR, SRHE/NLEESSL, ARIT PLBs 3555,

FER B RE IR AEE F b, B RYIAE R 77
R SR L AR RS, T A I I
st AR O R S S i i Ak KRR
KINEEERM 72—, ERFRYREPREREER
VER o ARSI 5 B, 80 m 0 RERE & 2 A A
F PLBs [390H, Xn]fg 597 0BE KA %,
PRV T 5 77 5 v S A B R4 I 1 R AT 41 6 4
H, SUlgn A smphia . KoK, SEg e KEE,

SR T 0 M Py AR T R E AT
FERE T 4k 5%, Bk A R IR L 2 Bl
WP, XATRERE Y S2IE B IR i, PLBs



¢ %% Chinese Traditional and Herbal Drugs 38 45% 25 5#] 2014 4E3 A «713 -

BRI 32 B, 2 T 2 BEIA R
JerE R A SR AR I s SR b R AAR 5 1

—ANEERER T, REURERYDER R R

A P A A AU R 5% i 03 R R R AR 7 A AR

F, ZHHDM A CEIE IR AT M AREIE R E

Ko, AHRAAEIN P B BRX S0, A%

e AERTREIRAAE T, o AEE, SEJsREE I

PG, AR TOCEAER AR, [F,

AR 2 S #E PLBs BRI HLEG Y, AT 2

T BTG It G s T G R R 2

A, WS BRI, USROG R

JEARER T PLBs 21, RERSHE S PLBs DG AIEA,

NG PLBs IOGHERH SR RAE AL R0,
TEARH R RO A b, 2 I AR IR R K

REIARET,  BE R P YRR BT T, S

PP AR A, AH T AR IR RS, 1

FEHAKUR,  HAE R AARERAT 5 it R 2 I AN

W iE, AR ASAERPPL FE5RY

SRR RN A TP IRIRAT . T AR S

PR BAT M PLBs IRIARE IR WA IR &

Yy N FRAFIX 3 R IRAR R IIHID WS, R W]

PLBs {35 KIS R E5 00 3.56, 4.81. 5.56. M

TR A, AR B 2 TR AT [ A SRR A

wVFEIR N T PLBs HUMSIH. B R A=)

[N as TR, AR EAT PLBs A RA—E

HIArAT 1

SEHK

(11w, S, R, & B aif ekt Ry
MR E R I LEE ST (3], T4, 2002, 25(7):
487-489.

(21 BCRBL, TN at. A i AL TR I 24 T SR
W [I]. 251, 1998, 21(11): 543-545.

[B1 4R, HK—, ¥ &, S AFEDG RN RN
)N Bk B A7 it SR S Bk 2R AR B L 2 MR A i ) )
AL [J]. 2y, 2012, 43(2): 355-359.

(4] 5Kk, TOMREE, TORRRE, SE. R B RIE G R T AR
A 10 R B AR o BORAIT ST HE JE (7], Th R 2Y, 2013,
44(16): 2336-2340.

[5] Wu C H, Murthy H N, Hahn E J, ef al. Establishment of
adventitious root co-culture of Ginseng and Echinacea for
the production of secondary metabolites [J]. Acta Physiol
Plant, 2008, 30: 891-896.

[6] MESE=%, FMEAR, PR N HAEY RNV ARY % Casa
Blanca® B &% [J]. [@ZE 24, 2003, 30(4): 479-481.

[71 Hahn E J, Paek K Y. Multiplication of Chrysanthemum
shoots in bioreactors as affected by culture method and

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

(24]

inoculation density of single node stems [J]. Plant Cell,
2005, 81(3): 301-306.

Young P S, Murthy H N, Paek K Y. Mass multiplication
of protocorm-like bodies using bioreactor system and
subsequent plant regeneration in Phalaenopsis [J]. Plant
Cell, 2000, 63(1): 67-72.

BOW, M. BRI IR T LA R PLBs B GEA
WA )y 2 (0] L BOR R, 2009,
37(24): 11430-11431.

M, OREAE, U0k AN ROV AR E R
WEEHERE ()] ) 7T, 2001, 18(6): 665-671.
MFEY, EEFF, BEI & AT HRAEY)
S 2% 5 7R i BRI A R (] AR,
1999, 41(2): 181-183.

oW, L, PECr. L ARIEERIREE T
FRANML AR M ZHE S BB 1 E W5 (1], B TR
R, 2007, 23(1): 79-84.

Neves J M, Teixeira H A, Simoes N. Effect of airflow rate
on yields of steinernema carpocapse Az 20 in liquid
culture in an external-loop airlift
Biotechnol Bioeng, 2001, 72: 369-373.
Ballica A, Ryu D. Effect of rheological properties and

bioreactor [J].

mass transfer on plant cell bioreactor performance:
Production of tropane alkaloids [J]. Biotechnol Bioeng,
1993, 42: 1181-1189.

Paek K Y, Hahn E J, Son S H. Application of bioreactors
for large-scale micropropagation systems of plants [J]. In
Vitro Cell, 2001, 37: 149-157.

TKAEAE, WMEER, BRSEE, A5 R ROV AR R T
Zoh N [T, FEYEE R, 2007, 24(4): 526-531.
FOMELE, IR, SRS, S RIEADGE KRR
FRANAE KA A B AR PR S (J]. sRDUR P 2wt
¢, 2004, 22(2): 136-139.

WG, MNVE, Pk, S8 RNk A AR R R 2
EREG 2R EREm 0] ZBARE, 2007,
35(13): 3817-3819.

Jp AL, AL, TG TN AN R RE R Bk
BEAT it SR B S 2R R 5 (0] AR R,
2010(9): 65-67.

AR, P E A R RS RS IR 0 TR
O] AN LDRAE AR BB, 2004, 27(1):
53-57.

HEEE, KRR, KBS, 55 MmN AR S
ARSI (1], Bl 2574, 2000, 27(5): 380-382.

Lian M L, Chakrabarty D, Pack K Y. Growth of Lilium
oriental hybrid ‘Casablanca’ bulblet using bioreactor
culture [J]. Sci Hortic, 2003, 97: 441-448.

AR, WOuk, PO, &5 NVEY RN SN NS
AERBANSBHREM ] e ® K, 2011,
31(8): 1700-1705.

Mg, BESEs, EAFH AT RN & KA N
ZAER [J]. MR, 2007, 32(6): 54-56.



