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ABSTRACT

To investigate the characteristics of growth and oil production of peppermint cells during a batch cul-
ture, cells derived from peppermint callus was cultivated in an air bubble reactor. During the batch cul-
ture, effects of inoculum size, abiotic stress, yeast elicitor, and two stage culture on the cell growth, the
productivity of oleolesin, and the formation of flavor components were determined and also the sugar
concentrations and kinetics of cell growth were analyzed. Among the various sizes of inoculum, the cul-
ture with 2.0% packed cell volume inoculum showed the optimum condition for cell growth in the pro-
posed bioreactor, and the cell yield and essential oil production reached to 5.8g/¢ and 0.109g/f,
respectively. When the abiotic stress of daily 8hr dark and 10°C cold treatments were given to the cul-
ture, cell growth decreased but essential oil production increased to 0.546g/¢ . In a modified Lin-Staba
medium in which 100mg/f yeast extract as an elicitor was added to the culture, the cell growth and oil
production increased, and menthol content was 22.5% of oil. In the two stage culture, in which the
basic culture conditions of 27°C, light, and without elicitor were employed during the first six days fol-
lowed by the second stage with daily 8hr treatment of cold and dark condition, and also with yeast ex-
tract as an elicitor, cell growth decreased after eight days, essential oil production was not increased,
and menthol was not detected. Dry cell yield was 0.38 g dry cell/g sugar and specific growth rate was
0.25 day~'. The major terpenoid in the oil was not the menthol but pulegone and piperitone, precursors
of menthol were accumulated. However, when yeast elicitor was added, menthol was produced to the
level of 22.5% which was the highest value in the peppermint cell culture reported so far.
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W2 1950dt) &, Carboy system(2) 502 24
H ol o] 712 Yelo HEujoF, utodsA w
ALA dghulef, 94 fEulE @ TASuof W
W 5o bzl AEULI)E o83 A
E2) 3 Fuoke ZetAaE AMREs dehuljolaie
g2} Aol oI FUI%, 42 Aask, 283 23
HAMEE A4 kinetics Fejol 2He Aol o¥re
Bol wom AFAZLE o4& 2 SEI E4
S MR Q7] W) u)AEQ] wiok BN A}
33 2olE vl Aoz odEA gIthH(3-5).

AZ AL digtuoke] oJste] 22} tAIES A
AE A= oA gA @kedl, Canthranthus
roseuss 3 uokslo] indole alkaloidsE YAk
HaFo] vlwa ggltovi(6-8) Digitalis lanta?)
3| Fuloko] 98] F-methyldigitoxing A-methyldi-
goxino 2 WHEA|7)2]n AlxgF A-$9H(9, 10) Ni-
cotiana tabacum2] AA4ufokell 23k phenolics AJAk
(11), 28|32 Dioscorea deltoidea®] 1&-ujjoke] 2]
&te] diosgenin A4kl T Ba7} 9lgieh(12).

AEol o3 Hatsl= ool Folg F ulslelA] A
AEs EARE %8, AFold SR04 En)
B, YkF 5ol 9 ol4Ex ded oA Fa
TF2343%9l monoterpencidsE A Zulok Hiwjol 2]
3to] AARlEE AlEE gol 9dch(13). Lingt
Staba(14), Becker(15)= Mentha sp.2] Ar=
wlef3l4] o1} monoterpenoidsE AJAHs}A| 3¢l
Bricout$} Paupardin(16)= Mentha piperita] 2
Bz ol SEEE Ao AEARY
B & monoterpencids AR ZAjo] gt}
=& Bricout 5(17)& 3% 9] whalde|A S wjo}
& Z3} monoterpenoids7} A% QAHHE B3k
X Kireeva 5-(18)2 M. piperita®] A AE o}
3ty monoterpenoids& AArsL =] w)toju}
AEA Y Af FHEL 22 =4S A =3}
Z(19)& S=RE NZE Zetrm o4 ek
FetstE W 143 3 528 mgo] Avs) YHPE
X 35} e monoterpenoids®) FAE 4]l menthol
o gk 19.6% =4 Kireeva 5(18)2] 10%¢)
& 2A FUkdcky Bad wl gl AEAHE
wiekol osl wlslAR-E AAEEE ATE o)Al
Zro] i A~ vy ZakiTd)] o3 Heh)
of @AY W& ¢Jsl dual carboy systemo &
£3olulE AEE wjoksiglont WaARE Akt
A F3ldcke B(20) o)9jdle ABURLI)E o]
43t 3 R-2 YA A= A9 flsich
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Fig. 1. Schematic diagram of the air bubble
bioreactor for batch culture of peppermint
cells.



Vol.8, No.5

THET 2% oA 2EE 2AFG e oF
28 29 F2ag ATR 3o LS T2
I FES Fdel TUNE THE ¢ A F
7] 479 1 BB TPk v $ AT AES
AEE AT 5 A=F N9 e T 24/
40joint 2 whEgich. whE-7) ke 2 flse 370
a7} glass woold XA AFstdoen] T
F97F BH-Eo) sintered glassE ¥Fste] T
AR ¢ =S dgle 7] E7ede 3 &

AE Eol7] A8l &5715 AR

5| Z2ul

718 Wz R AELS WAl 105 wkg7]el
Y 3087 @4 oS AE 2ot 4y gE R
wjoFe 300mlE AE3le] 2F HE5T7} packed
cell volume(PCV)2 & 1.0, 2.0, 4.0%7} H&EE
ZAs 29 AR A8E AFHsgd). wiA|
£ Lin-Staba #|A]& Ag3llem AMFA u)#] <]
%7] pHE 5.72 b9y A8 A 3224 24
D] F&=& 2ppmo® 3ot wjkFY 2k
27CE 2A%tg oo YA Z A ampicillin 50ppm
3 A¥AZA Silicon KM-72 0.02% & 7tz A&
Foll Azlstgdel. 5712 air pumpE o] 434
1.0VVM, 15VVMeo 2 zxslgon uker] 27} B
ol FT ¥ASES AAFY 247 HERAeR
10447k wio¥s}odct.

M= ME 3 HF MMo|| ojX|= sjQYx| F&

Abiotic stress®] ¢8kg- ololH 7] $j3te] 1647}
< 27C, 927 ® wjofata 8417 10T, o
A2 ukE §x)3kH A wieksldc}. Elicitor 37}
o & dolr7] 943t whA]o] yeast extract
(DIFCO, BACTO) 100mg/¢ & #7153} modified
Lin-Staba wj2)2 AM-3gw 27°CHA 2447 9
2702 wjokstqdot. =3 AE Y83 HH A
HAE Beldtr] st dujddgeld e v
(20g/¢ )o. 2 LJehd sucrose ¥ 55 1/28 F49l
Lin-Staba wj#| & AMg-3}d 27CA 2447t H=
o2 697} vk F 7YRE 10d7A]E wiA|
o yeast extract® 10mg #H7}3tx 3% 3 847}
& opeell A wjFLEE 10CE Y50 2t ik
& AXsdeh. Y24 Ampicillin 50ppm3} 4
ZAZA Silicon KM-72 0.02% 2 72} HE $o
718t go v air pumpE o83t E71HE 1.5
VVMe g &}¢ch.
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AEe] A&EE PCV ¥ dry cell weight(DW)
2 2A359ck. PCVE 10ml 9238 9413 (coni-
cal centrifuge cell)el] wiefe¥ 5mlE  FHilx
2000xgell 4] 204 b WA ste] wjoFe F-3o)
o AdE Aze) 252 sHdez e
DWx 15mle] wickels vlg] FAE A oAzA
(Whatman No. 1)¢] 3l 25542 Mo|F o}e
5% 5 Aststel A Haigt F 80T 9 Ax7|AA
2447} AZY Fol TAE 2R3k ASATY.

o 55 24

PCVE 2Asdr Jd& AL 0.45um mem-
brane o322 o3}F F HPLC(Pye Unicam
PU4010) & o]83td 3 F=& 4315k £44
columno % Nucleosil 10-NH, columng A}&3}
93 fvj=  acetonitrile/H,0(80/20) & 1.0ml/
ming] £52 2] RyWon refractive index de-
tectorE ARl F = E EA3H

Oleoresine| &

A% WE/IZRE 20 s Abseln
oAFste] MEE AE ohE AdE YA-AH A%
%27+2](23) )4 pentane: dichloromethaneo] 2:
12 38 f7]180l2 2447 FE3 40 29
& charcoal2 &3l 34 i UJEFo B S8

& AAR o AT A SR 530

usmRe T4 B4

Af2] MBS Gas Chromatography(Hewlett—
Packard 5880A)& Al&sjed BAe 3lgch &
AL columne 2 0.25mm(ID) x 30me] SPB-1
fused silica capillary columng& AHE3l93, col-
umn L5 27] 80CANA 387 AAlg F 200
C7A 4°C/ming &5t E st9dct. Carrier 7}
28 AxE A4} 1.0ml/ming $&2 &3 ¥
Wor A& AEo flame ionization detector2
BAstn AR o FE A7 vlaste A

Hahalch,
Az 9 2%
HHQEZ40] ME Mol 0|/ Hg

71X AEuE79 HEEE 1.0, 2.0, 4.0%= 2
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Fig. 2. Grwth of peppermint cells in a batch cul-
ture with different sizes of inoculum.
1.0% PCV —@—; 20% PCV, —>—; 40%
PCV,—p—

2 A= Fig. 29 2tk AEHS 1.0%E 2
B3-S 1.OVVMoZ 3te 1097} ujokslde o
AE Q&L 3.14g/0 (DW)olglon 20% 2 &z
7)%S 1.5VVMeg 3 7$dl= 5.8g/¢ o|%ic}.
4.0%F AF3 1.5VVMe] 7o 2 wiogkgt A
= 7.73g/0 & AE 78L& dYEd o] A=
AZLE7E YT Fo} SAEHE 73] glo] 84 o
Foll= wieko] ofeisich. wjok 8~10U7A = 7]
o} ko] uk-7] qlolA] FE&Ho 2 o]FojFH o}
109 olfol= AlTEo] uhg7) WEE- sintered
glass F9foll FAA o] 5719} mulo] A F
AL AR AFHAE ofge] ddch Yukyor
AZAZ wekedl e AlEe] Y& Foly] 95
o 5~20% 9 ¥& ¥FEZ HENAN A= uke
7l Ae HEF 2.0%, 1.5VVMe) E7)gto g 10
A7t wiekt A9t EEH E7l9 o] A ¢
Az 73e]3lc}.

Abiotic stress®] d3-& dolr 7] $Jsto] mujor
d HEFE 20%(PCV)E 8 85 F 847k
PEANA 10CE A2t wieksigled 2
o] &2 Fig 34 Jeh) oo}, HE & 4
A7 ALY Ago] dojz] iyt 2 o) F1E
HAE7} Y37 Alatsle wjok 109 F A2 A
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Fig. 3. Growth of peppermint cells in a batch cul-
ture with daily 8hr dark and cold treat-
ment at 10C.

§& 4.01g/0 2 27°C, HEALR 1097} wlokalg]
)] 5.8g/0 o A&Eo| wla Y& Aspgr}. o] A
T dehlFA] sHF 6212 Bt ghRA6A 10T
2 AAE s o AT A8 HE Ajo|r}
U B (19) k= #olE Bole Aolgirh.

ubslA| o] FHuloFA] elicitor 249 yeast ex-
tract 717} AEL] Aol nv|Xe FFE golr )
$5ted A%l Lin-Staba wj#]ol] yeast extractS
100mg/¢ 2] =2 H7B3lz =Eujekd 2.0%
(PCV)E AFshe] wiokstded Az Hg34
2 Fig. 49} z}. wijef 10qke] 10.5g/¢ o] A=
TEE doded olZle B A Ad o s
E2 Folgjc). ulalA|E HetujokA] yeast extract
£ H7Ble wlddt AT AE9] Aol 79 o
w2 dsieh(19)+ At Rad ul gldded &
Ao Ae 238 AE ASo] F715 AFE 7}
Ak}, Elicitor A7bs Qubd o2 Hxeo) AJ$u
the 23 dAREES] S ER18E] 9ste] AlX
sed AEAEY F5 aldzAd we) AE
A5 AANE dFE o)A e Ao Yehta glo
o2 SR wjekolME o7 elicitors} AE A
fro v|AE %S Hoh FsiA dA7d =
Fert & Ao ® Ral

AEAZ vk A4 ANEYETH 2% hAMAHE
WS A ko) XA g At we
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Fig. 4. Growth of peppermint cells treated with
yeast extract as an elicitor in a batch cul-
ture.

B2 B Ageis 2z 6947 AEYSLS Y8 7|
B oA, 2 olF el AFANS s o
Aol A A&x el 5 sted wijokshe 2ubuioks AA|
stg=d 2 A% A= Fig 59 2k AEe] A
52 viof 8U7A] Frlete] 7.55g/¢ 9] A&E
Pl 2 o] Folli= 7hadte] wlek 10419) 5.06g/
09 A&=E vehisich old AZEL 8%
o7t AA wal7] Aatete] 109 o]Folle Ao R
Hatgled AEs) ket A% Helr) dEd
ok 89 o]F-HE ALY Afo] HolFck A7t
g}

i F uiX] MR & MR W3}

AZAZ ool A shAlo] AFEslole Rafo
+ sucrose?] 5¥EE 2~3%=F sto] 71AF o] A}
SEogd A 2L A ZAYSRA ole}
22} hAMFE AAtele F3kE vty oA 9
t}(24). Lin-Staba w74 $-d3 eh4al su-
crose= Fig. 694 & 4 9l%9) w2 A glucoses}
fructose2 F3FHHom olAL sucrosed 7R
s5t invertase7} WiF-E9] AlEA e Eapgc)
(25) = Ao A] A& = sl AF o). sucrose
= 4duto)) ¥R s =Holew A" glu
cose ¥E= fructoseBr} Rolor} A E2) glucose
9] o]&<£x7} fructose it} weltc),
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Fig. 5. Growth of peppermint cells in a two-stage
culture. In the first stage, the culture condi-
tions were 27T, light, and without elicitor
were given during the first six days after in-
oculation. In the second stage, daily 8hr cold
and dark treatments were given to the cul-
ture containing yeast extract as an elicitor.

20 T T

Sugar Concentration(g/¢ )

Cultivation rime(days)

Fig. 6. Concentration of sucrose and its hydroly-sis
products during the batch culture of pepper-
mint cells with 20%(PCV) inoculum.

Total sugar, —@—; Sucrose, —V—; Glu-
cose, —V¥—; Fructose, —(1—
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B2 & M= kinetics 4

A& kinetics Fig. 298] J£5(2.0% PCV)¢}
Fig. 6] ¢ A& wiglell A A&t Fig. 72 &
HE s 3 3o DWW FAE Jehd 7o 2 o)y
9] dry cell yield(Yy;s)= 0.38(g dry cell/g sugar)
2 et} Fig. 82 wlok|7kel W A25Eo
HIls HoFa glid dry cell %9 specific
growth rate2 0.25day~'24 w]qEol u|s 20u)
Az ok}, o]FA e specific growth rate= A
SAEY B2 gAEEE HFE Aoy o)l
wj} 77 o] Zojxo} S ojn|slo g m|AYEol o3
299 7FsAde] 1k AR e ¥ a2
2 AZY drsEE FA7)7] e 3424
< HAsEAY A2E 2AsEle] AaEss 59
WS E3be] e specific growth rated Zx3}

= ko] Wastthw AR}

HHU=Z10] HRMA X =Mof| o|X|= H&t

ALekg 1.0, 2.0, 4.0%(PCV)9 37}# A%
stod Zhzb 10 ok 3 AFE wbslAlfo] Ak
3 2 %8 4% g Table 1o vheht otk
AEago] 4.0% < 75l st WA =3t
I 1.0%9F 2.0% 1 5ol AF AR 2 2
o7} gldich. watAfo Ao glolA A A =
% menthol-& A=A ot HEeF 1.0%9} 4.0%
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Fig. 7. Relationship between the dry cell weight
and consumed sugar concentration during
the batch culture of peppermint cells.
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o= A7-H <l pulegones} piperitonec] Y4E2|
RS Axstg ot 20%NME BFEE A)7bo)
#2- 3P AESo] %ol A= pulegonest
piperitone ] §HFo] AojAo g A} o]9} 2
A JEF A7 A 24 dEe w3t
7] Hepe §7lek ambo] debAlel ule} MEe] A
2|3 2710| Wa}gly| wjFole} Aztich

Abiotic stress, yeast elicitor A7}, 2 wiek &
o2 wjFE 7| W3 Fof wistdS o uElA
o AT o F8 AR gk Table 29 1}
et glch = ookl HEeRS 2.0%(PCV)& 3t
5% BAIZEE o ZANA 10CR A 2sle
wjeFat ol el wlok 10 F A2 A§L 4.01g/¢

Table 1. Contents of essential oil and major com-
ponents of oleoresin obtained from three
batch cultures of peppermint cells for 10

days.
Inoculum Amount of content of
size oleoresin  menthol  pulegone piperitone
®pPcv) (/) %, w/w)
1.0 0.118 0 3.1 94.55
2.0 0.109 0 0.58 4.80
40 0.279 0 14.2 75.17

3.0 T T T T T
25 /. -
~ 201 n
=
.
o [ )
=
g s
S L
$ T
o
a
<= ®
£ 10} .
0.5 B
0.0 1 1 i 1 )
0 2 4 6 8 10 12

Cultivation time(days)

Fig 8. Specific growth rate with regard to the dry
cell weight of the peppermint cells during
the batch culture with 2.0%(PCV) incoulum.
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Table 2. Contents of essential oil and major com-
ponents of oleoresin obtained from three
batch cultures of pepermint cells with
different culture conditions.

Culture Amount of content of

condition  oleoresin menthol pulegone piperitone
/) (%, w/w)
Abiotic stress 0.546 0 1.02 1.1
Yeast elicitor 0.257 225 4.28 27.2
Twostage culture 0,143 0 2.20 215

2 27C, W7o 1097} wlekslad-g we) 5.8¢/ ¢
o Agxol wla Wokfolr Brstn wel g
0.546g/¢ £ wo| AXHUch Af9 &AE FAF
A3} methole A=A ¢33t pulegoned pi-
peritonee| Ztzt 1.02%%} 11.1% =2 AA ==
HE-E 7ol & TIEA AEEo] wol HAT
%47] W&ol AejA o2 terpenoid A¥-E2] Fefol
A Jebych o] Az zRe o, of ubd 23
ALl g FozH AX Y8 dojzu} uhal
Aol A 31Ee 4 5 ddn A9 F
A<l menthol g2 Z71E%] gok=d] o]
A&Azl7}t detujekt A= afato) 4] whalAl5-9)
AEE 7M1 menthol ke Z7}A17)A]
otk ¥ar(19, 26)9F dxske Aol
AbfrsEl Lin-Staba  ®)#]e)] yeast extract&
100mg/0 ] =& #H7lsts = wlofde 2.0%
(PCV)E AHFsbo] wliokst Az wiok 10Udwtol
s} 0.257g/¢ (Table 2)7} A== oA
& e AFYolA yeast extractE H7F3IA| o2
7$-(Table 1, 2.0% PCV)$¢] 0.109g/¢ ¥} 24}
e F713F ofolglont Ao AgEE 2u) A
Hog oA xgd MAleko 2 B ol yeast extract
7} AMEE 9] elicitation Brh= Al Z2] AAlube- &
AN Aoz B 2eht Fee 2He B
A& A7} F4%9] mentholo] 22.5%7F WA=
2 AF-AQ pulegoned piperitonex. z}z} 4.28%
9} 27.2%7} AAE ). ©]7L yeast extract’}
Aol 2AH glojH= elicitorEA &Aoo R
2435192 pulegoneel 4 menthoneg 7% men-
thol2 7h= AR A BAT4E0) S5
WFole Aztet ABAZ viopol] oo Toide
2 2248 A HiMe o] & ¢
T NEFE Adslodo} s} 95+ AlEF7) Abits]
et striets AZbRe| olaf Aol HojAA
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go| A&Aql Adto] dg3lA Hoz YL =
o]7] $J&jA]&= abiotic stressi} elicitation Sl <
# ALY hAsE EEHOE FUA7)E Aol B
S8}, webA ko Aslg I A 5 =
Hato welAfo YAk 54 F UEE yeast
extractel] g Ev] TGz AFs} S8 oo}
& 7lo|n yeast extract ©]2]¢] o §&Aaql elici-
torg A& Aol i}

13Alo| 4 Lin-Staba w]#]¢] sucroseet(20g/¢ )
$ 1/2(10g/8 )2 Zo|x 27T, HAEZ 647} v)
kst ALY A§-E S35 £ b, 2594
+ yeast extract® 100mg/¢ & Hr}3tx 9, o ut
B3 10CE A&AeE AABle 25 wjoks 44
g A}, AH AAleke 0.143g/¢ (Table 2) 8 AL
el &A] %L yeast extractd Hrlste] AAIE
0.257g/0 v} yeast extractZ H7)8}A] 3 AL

S S92 o AT 0.546g/0 ¢ ouch UM 2
stom Afel 2A4E £A% A3} menthol ve}
v}#] ¢39k3 pulegones} piperitonento] ztz}b 2.2%
9} 21.5%7} A=}, B Aol At o, of ub
B 273 AeAMelE 3 =Y A2 AsLer)
olAHA AR MRS Frlstga wjekAlel
yeast extractE AH7}3l9E v AxY g
7k8lH 4 menthole] Gl & 25 wjok A
ollMe AT DE Ae AdAdsko] asn
menthol = A=) =] o)}

Thalictrum rugosum wjekel] 2|3+ berberine AYAt
ol $lo14] yeast extractoll4] ¥-2|3} grstE 2
S FS FREE AR AL oiRE9 AESe] 2
Ao 2 wWate] At E|9]7] Fo) berberine AY4to]
ZaEgicky RaE o (27)71 lgled 2 Ay
HE A2 AY§o] 8Y olFo Hojxm g3l
A% A7) Ao AH B4%2 menthol ek
o] Hojxl 7o g A7t}

q &

2 Ao Ae dHvE AZE Ampicilline]
$% Lin-Staba ujx]oll #£3}o] 7| uk-S7] 3
o] AEuRETINA wWFE7E WA BEuor
31E o ok 1007kl o) 10.5g/¢ o A2

& Ao WEAGE 9, o W 243 AL
A2lE AAlEte 109 3 546mg7bA] A=Y
ok B A Ao 58 4448 menthol
< AAEA] ¢ AFA el pulegoned} piperitone
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o] F3 AAEg e} B0l AE yeast extractE
vjekAle] Ar1etE 73Sl 22.5% 2] menthole)
A =lo] o]A7tA] ¥l menthol el vis| =
gt=d), o] A3} yeast extract”} mentholS A
A7 & 9 elicitor® o]8-° 4 9+ 7MeAdE B
o & Aoz Azt

o]e} o] yeast extract®} ol mel Fo]ze
£ mentholo] A AL Fvlsle Jd=EH &
A AME e 7 AEFE Al
yeast extractZ A ZA0 2 AHego=x AL
o =& A 83 £ 2L U™ £ 0
Zolch. B Agel ARG 7|Z AEUHST|NAM=
A Z2] Ago] FAste] 104 o] Foll= wuta} 57
7t ol slem o7 27 mel ukg-y] WA A
7} A4 &9 Aol vebdth webA ol
A WAEE 5 IEF F92AS HAAA He
7F k. =3 AESA WE 55 F8ld AR A
TAE menthol2 HFA|A = Qe W] B A
oo} AT ASuids} nAsfwF S 53l ut
A5 AAFS VA 7 e 75l Y
Elojo} alejeta AjztEich

2 o

H e AE 3Eu]ekel] 93 monoterpenoid
FoAES WA AT A2 S 9 ASALE
EA4S odoliy] 8 AejAg2HE A mujokd
< 7128k57) e AEubsvlel AdEsle] wlok
slgdrt. 3EuioF & AEek, abiotic stress, yeast
elicitor, 2232 2% o} S9) wjekz o] ATAS
¥ ety f A 9@ A v JE 2R
o w#)) sucrose 559} HEAS2 kinetics
£ skt AESS dejste] vk A3t 2.0
% (PCV)E AE] 757} ubg-7]oll 4] wjoko] 712
g3l vioF 104 whol] 5.8g/¢ o] A EAS-E
dglen 0.109g/¢ o] w3571 A= ek, Abi-
otic stress@] ¢332 M7} Y3 164|171 27T o)A
PAEE, 8A|17H el 8l 10CE 228
ZFof okt A AE] Y& Holg on} whaA
& QyAMere 0546g/0 B & F8L B Fu)
A48} Lin-Staba #jA]el] 100mg/¢ ¢} yeast ex-
tractE elicitor® A7} o AE) ASI} AS
o] AAeko] ¥otom #2UskA mentholo] AHH F
225% 9 ¥ F=2 AU A9 FEEE
1/23 Zolx 27C, ®HZAoE 647} ok F

Korean J. Biotechnol. Bioeng.
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