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ABSTRACT

Title Improvement of lovastatin production by Aspergillus terreus ATCC
20342 using vegetable oils as sole and supplement carbon sources
By Assoc. Prof. Dr. Pattana Sripalakit

Assoc. prof. Dr. Aurasorn Saraphanchotiwitthaya

Affiliation Faculty of Pharmaceutical Sciences, Naresuan University
Telephone 055-961861

Financial support National Research Council of Thailand

Budget 200,000 Baht

Duration 1 Year (1 December 2010 - 30 November 2011)

The effect of vegetable oils as sole and supplementary carbon sources during the
production of lovastatin by Aspergillus terreus ATCC 20542 in submerged culture has been
study. The eleven vegetable oils tested were camellia tea oil, canola oil, coconut oil, corn oil,
olive oil, palm olein oil, rice bran oil, safflower oil, sesame oil, soya bean oil and sunflower oil.
Lovastatin concentration and biomass were measured. Lovastatin productions with vegetable oil
containing media were higher yield than the control medium. In particular, coconut oil and soya
bean oil significantly improved lovastatin production with 8.2- and 5.9-fold higher, respectively,
compared with the media without vegetable oil supplementation. Biomass was proportional to
coconut oil concentration, but an excessive concentration of oil resulted in a lower yield. Both
cultivations with coconut oil and soya bean oil used as a sole carbon source gave lower
production than the control medium with vegetable oil supplementation. Thus, it can be
concluded that vegetable oils appear to be excellent supplementary carbon sources for improving

lovastatin production efficiency.
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A lAvInes e yiia 15U Aspergillus terreus, Monascus ruber Wag Penicillium species 114
3 =N 1 & = a e o ) ]
AU [4] MNITWOUMSINNUN  Aspergillus  terreus 1% IumsanyR ot udaulng
2 a s a o o SE-A -
iiegnaisanan 18 uaSunaga [1-5] AszUIUMsSTIdUAsIZHYBY lovastatin FuTluds
. a A 1 L é{' Vv F =" o
secondary metabolite INAULKIU polyketide pathway [4] HONINLLAT lovastatin 830152 Tuwu
o o [~ g’a o s % 1 =
dminlfdumsdetuvosnsdunsiwrior simvastatin (Zocor ) Fuduenlunay statins B

Faniea s UansEAUARDIATIADT O MBUAY [6]
H @]
@)

511 Tsea3199@4 lovastatin (lactone form)

Aspergillus terreus GNIONANNIAINGNI IAaNRMYTUTZIIN 28 DR UXRITU
uazh pH 5.8-6.3 leilszAumsazaioveeenFnuilmugay (40 Wesidud) nszuiums
a a a e U ar = @ aaer 1 a ar v
ninau Idnandua sadsonn 10 3 [7] laiauzinddedes Jadnyrtauazsnsiaiu

g g 9/ U 1 o 1 -~ 1 (=) 1 e:

YDIA1TINIT IUIMISAsuFe 1AuA unasmsven unadlulnsnu tamndonirianien A

DANUTNYADNITHAAYY lovastatin [8-13] M IF@150M5H Mz amazyih I deusn
=) _-y 4 L} 1 =Y g

MVAUMTS YA TAreuEDs1 18 danansznuaemsazatvyessnFeuluoimsfouwad

° N ¥ a  w o & =t ' 1
Wl ldndadusanas (71 Teonalduds  gadndesmsemsnaunainiven  unag




(38

~ LI d:v ; o .¢'| =) =9
TuTasiou uazindousiaieg luomisifvusaa waldlunszuiumsniauav lauazmaue-
a %.’ a v Ao w g a .
Aoy diuiimiudindsenevidinnlumsoms@oasad lunswan secondary metabolite
“ ¥ e = ass o o ar [~ 1 o Y = =4 Y
esnmhiuirlquamiaduamshsares (Duuvasmivoundnuaziesy  IHnfumsad
@ Py ) ar =Y a ar o -
aulumsdaanzionlime vazlddmiumsnsyduTauazsnvaninuourad [14-15]
P aw a o I v e oa g ’ s
UAIDUNBITIBNUITIA I Mlszauwadiui lumsididunndusvdnsvonlu
s yg =y S =% r ] yg @
nizuaumInin laolfiFes1vosmsnanufFusatianien iy 0151500 black cherry
a T e 2 ¥ W = s
kernel JUN5WAA erythromycin [14] Msldimiunundowaziimiumdanonmuazinlums
2 y A = . : .
WA® tetracyclin [15] M5 lrhsunamaselunisnan cephamycin C [16] clavulanic acid [17]

o g o o a . g ¥
1A% gentamicin [18] M3 1FHTUS 191211 15HAR cephalosporin C [19] 11 uAY

nndoyaluefnuensinyInaue eI ¥R ADMINAR lovastatin 63 13

¥
a o 1 Aw AaA

=1 = L ¥ o a h
tun3snqulasenudemsilseyndldiniuislunszuiumsnan  lovastatin - 91139018

S A AR = ’o" - | =Y 1 - o = 1
1015 AN DRNE IHAUDINSIANINTURN Yy HauazS 1186199 Tagmrinalunvag

4 a = o d a .
A5 VOURANLAZIAS U IUEITOIMISINVUTARAONISHAR lovastatin VBY  Aspergillus terreus
3w ' B % L I R~ A

ATCC 20542 Taoldiiudy wu diudaraes dudu Fefiuul WulumsmuySuiuns

a A B a oA a A & 9
HTE MIDUINUNTYUABDUS cﬁﬁa’1§]1§ﬂﬂ1u1ﬂﬂﬁ@u1ﬂ@18

1.2 anudnguasiinvestym
o o o A A X o q ¥ Y w

Yeyvunudihelsaszuuvialanznasadonnuiu mldnmslgoisaulse
@ | o & Al o '
AINANUANMUT UL A DAY lovastatin J,ﬂmﬂuﬂqmﬂﬂamaﬂmmaa (cholesterol—lowering

Aq Yo 1 1 [ < @ G -~ = ~ 9
drug) Nlwnusgiwnsvanalumsinuilsaszuuialameraoaion lovastatin WA 16910
W v
ar ~ ar T il 9 = 1
NTLUIMMINTN IAUFDI Aspergillus terreus 1AINANINTINABUDINES HlBINWEALADY
g 9 h23 ar =1 ar s a oA o o @ 1 =Y
asaldsnanieos misviamuna TuTadmsnialatdse@ninmdadlianudvunonandn
; - : 7 . rE . x 2
o ld laonlSuiageiiu Falaemr lludraiiavesmisomsh lddmiuinsau¥esiil
[ - A a a do a ag g A ' 3 v & =] [

ANUTUNUS lasasnuUSmamraanuninadu duny wu hduounaes Wuase1mis
=) 2 2 A - Cal a =Y )
FUANUIFITY52 TorADATZUIUMITHNNVOWINAIIFHA (¥ erythromycin  tetracycline

. . F e < Y o y%" @ A ] s
cephamycin C clavulanic acid 148 gentamicin (Juan NMUszgna [T URTADNITWALING

2 . & = 1 =
WaR lovastatin V1T Asperillus terreus ATCC 20542 Falinnutaulailuseiaba

1.3 Ynglszasa
1.3.1 teWmUIITNITHANEN lovastatin

4 R 3w [ T o o =) v =
132 Lﬁﬂﬂﬂ'ﬂ'lﬂﬁ‘l]6\31&'!‘JJuﬁ‘b'Lﬂ‘LI!.Wi'ﬁ\‘.‘lﬂ']‘i‘l]f)uﬂﬁﬂlmz!.ﬂ‘iﬂﬁlﬂﬂ'liﬂﬁﬂ lovastatin




1.4 YBUYAMIIVY

1.4.1 nIzgVIUMST ﬂﬁﬂi"ﬁéﬁ)ﬁ Aspergillus terreus ATCC 20542

142 iRy 1funsAnede 198 1hiumEean (camellia tea oil) Yisium Tuan
(canola oil) ﬁﬁwzw%’n (coconut oil) ﬁ]ﬁi&%ﬂﬂﬁ (corn oil) ﬁwﬂunxﬂaﬂ (olive
oil) Ysuihaulemdy (palm olein oil) s (rice bran oil) v Eanen
Aoy (safflower oil) ﬁwﬁum (sesame oil) fwﬁ'uﬁ"';mﬁm (soya bean oil) uaszﬂu
wanADANIUAZ T (sunflower oil)

143 MIRsNINNERFnunviardSuia lagmain high-performance liquid

chromatography (HPLC)

1.5 wmMsauiumsIg
151 msmizResdes
(1) subculture L%@‘i?ﬂ‘lﬂiﬁ'lu Aspergillus terreus ATCC 20542 Tuo w3409 malt
extract agar
) Lféam%aﬂﬁqmwgﬁ 30 perusaIFve Tug incubator iiunan 5 Tu
152 msanwaveemsldnuiesiagie Suumsnfueuasuaon13Han lovastatin
(1) Wi38u stock Lc’gasﬂugﬂmammuﬂzﬂauimmi subculture (305191N0 M5
uFaaelu flask YA 250 Hadans N IMIsMAIATIIY 100 Haaans

=Y

ca;- &’ ~ kY 9 =4 1 v " o
() AvuFes Mguraines Tnoldnanuisseruoinsve 220 seusoui
19812
(3) 1114 stock 130510 181505 1.0 Haadans aslu flask vi1@ 250 Tadans Al
. W
PIMTIHAINIATIIU 100 Daddns Alvniudrrian1eg Ysune 1 %ews 13y
aauisznon (SouMeuny control)
g 4 P =Y < ] 1
(4) vaFes ngungiviet lavldnnuisaseuvesmsivg 220 seuaeui
520181 73U
g w ' A A 'd . Aaa 1 - s
(5) INUAPYIUNDUATIZHYIUTUIRYDY lovastatin MinadU WSeueunvas
WIATTIU
= vy o oA v o » o a 1 = R
153 MsAnYINaYeem s IFhdunsds nsaee Wunramiuewe3 uaensHan lovastatin
& i 2
(1) 91381 stock 13951 1UF VB INALNBU TAUATS subculture 1FD519INDIMI3
I~ A Aan aa . a aa
uagaslu flask 4u1A 250 Hadnes AULIMITMAMWNATIIY 100 Hadans
Y gy | = 9 ] ]
(2) vuresnguunivies Tasldnnusiseuvesmsiugt 220 seuasui iy

1812 U




T g d' 9/ ==Y a oA -:;d
(3) 114 stock D317 laY5W95 1.0 Tadans adlu flask YUIA 250 Haaang Nil
a an aa ¥ o 1 =1
DIMITIHAINIATTIU 100 UndaAs NHUUAFLUTIIBAI9 (1-5 %w/v) 11U
aaulszney (WS vuMeunY control)
e:ln d’l‘ P P 8 o ' v P
(4) Rouresngur)ines Tavlsanuisisouvemsvgl 220 seuaswh u
FLuLAT 7 U
I~ a ] & o L4 < aa 3 =t ar
(5) VAR UNDIATIEH MU LU YD lovastatin MiNAVU 1WSouneUNVEN3
UINTIIU
= Yy W A . o B, 1 A i
1.5.4 DISANYINAYD9NIS MUY UN T UM AR5 UDUHANADNI1TWAR lovastatin
(1) 19158% stock 1F8511UFVUBLIUNLNBU 1ABMS subculture (3DT1VINDINT
=1 s oan H o oan
UUaaalu flask v11A 250 Vadaas NNOIMISMAMIASTIY 100 UAAAAS
:? g P = (=4 ] ] = o
(2) Rearesingurgiives Tasldanusisovvesnmsivgl 220 seudeui 1y
1812 U
b v 1
(3) 1414 stock 1¥051% 181/311a5 1.0 Uadaas adly flask ¥4 250 Yaaans N
a an A ?; ar A [~ 1 -
P1MIFHANIATIIY 100 UadaRs NUUTUNTY (1-5 %wiv) iTueauilsznay Tay
i P=| v o a A o as
"lummmmsuau%umuq (L‘]EUUL‘HU‘Uﬂ‘U control)
2 o A a g v 3 ’ ' a g
@) RuurosMgaunnives lagldau3150098INTIVET 220 5OUFDUIN 11U
SEy2IA1 7 U
< ' A A o Lo aa = = w
(5) N VUABHIN B ARSI H M1 U UUDA lovastatin MAAYY WTsLMsUNVES
1IATTIU
1.5.5 MSANALIAUAZNISIATIZH
(1) @NALYA lovastatin 17 fermentation medium Rl ethyl acetate 1 separatory
funnel ‘
v & P PR v A
@) wonutuian 10 wii udmans Mldesuenyu
3 U a g
(3) Iy ethyl acetate W15¥IY Ukiﬁﬂuuwater bath

(4) azaa IUNNADAIY solvent NIKMIT eI

a < 4 =t o
(5) WATIZNAWAT I HPLC l5ouneunuasninggiu

= £ l:: o o ar

1.6 ngufuazaNfafiihnlFlunsidy
. & &

Lovastatin 11/u secondary metabolite lannden Aspergillus terreus TYUAVDI

A a q'v g = T a  w o A a g A Y A
1991 ﬁmmnmﬂlummﬁmENmmuNaﬂaﬂ?mmmmwaﬂﬂmmmmamu ﬂ']‘iéaf')ﬂcl%"ﬁuﬂ

~ dy g ° a  w d j -

fummsa1w1s*nmmzmufu‘aamsmENmsas*nﬂzmiﬁ'"l%’ﬁ%mmwammmmmﬂw 'L!‘liJ'LlW‘h’&‘lJu

= = < o1 a ar o
50 IMIsTHANLIRILse Torinonsing secondary metabolite Tunszuaumsudn M




1 o a ' S A
anudInin 18l Ussyndldnugnamns sunsHAAY1 lovastatin dawali ldfSunmig ey

o Y
uazyhldelisimgnas

¢ a o
17 dszlapiimainazlady
L71 mounsranu3selunsasinmassduni seauuuang viemsendnsung
172 wouninanuiselunsUszrnssAumanIaszauuIUITA
=y = =) = o 1 = = =Y a
173 iwiwdsgantamlumswaauazi lgmsnandannise

[~ o Aaaw 1
1.7.4 Wuesdanudlunmsiiiiivas hl




ad o & a s aoar
2. IBAUUUNITIVYUALHNAN3IVY

2.1 I miiumsioy
2.1.1 uﬁaﬂmmgm
L‘%@‘ﬂﬂﬂﬁ'jﬁ?u Aspergillus terreus ATCC 20542 éﬁlmﬂ American Type Culture
Collection (ATCC, Manassas, VA) ﬁ?@ﬁmm Sgwuiug 1) revival freeze-dried culture ﬁ'ﬂ‘ﬁ‘uﬂ’%

Y a

Qﬂﬂszf»}”uim%mTﬂm%m‘lummsmm nutrient broth (NB) (Merck KGaA, Darmstadt,
Germany) dusgeznar 2 Ty 1a2oIM15ude malt extract agar (MEA) (Merck KGaA) Bipy
seoza 5 5u fioumgd 30 seruwaidue Lﬂﬁaﬂgﬂ subculture 113NAY A5 RS UNITNATDS
Tny mﬂﬁﬂmss.%mwaﬁuagmsxﬁuﬁaadﬁaﬁ'qwuﬂﬁwiué’ laminar air flow cabinet (Forma

Scientific Inc., Marietta, OH)

2.1.2 Al

ININTIIU lovastatin (B-hydroxyacid form) (ﬂ??uﬂ?gﬂfﬁf >08 1lesiua) 31N
Sigma Chemical, Co. (St. Louis, MO) a‘mwmamgu\u%m nlsenaudiy yeast extract (Fluka
Chemie GmbH, Buchs, Switzerland), lactose (Ajax Finechem, NSW, Australia), KH,PO, (Fisher
Scientific, Leicestershire, UK) MgS0,.7H,0 (Merck KGaA), NaCl (Merck KGaA), ZnSO,.H,0
(Merck KGaA), Fe(NO,);.9H,0 (Merck KGaA) 11ag biotin (Merck KGaA) 130010 trace
clements 1U5TAOUAIY NaB,0,.10H,0 (Ajax Finechem), MnCl,.4H,0 (Ajax Finechem),
Na,Mo0,.2H,0 (Ajax Finechem) 18 CuSO,.5H,0 (Ajax Finechem) ﬂﬂauﬁmmmﬁwﬁuﬁ%
FUAA 7l lumsinueasiumse 1 dvhezaeduiiddmiumsasady AR orade
fi® ethyl acetate (Lab-scan, Bangkok, Thailand) #2vaga1uduyi388 m5uns3ins1ey HPLC
aun acetonitrile (Lab-scan) L1¥ methanol (BDH, Poole, England) fu AR grade 7
phosphate buffer saline (PBS) 115 gD KH,PO, (Fisher Scientific) 0.26 ﬂ‘??}il, Na,HPO, (Merck
KGaA) 2.17 n§¥ 18 NaCl (Merck KGaA) 8.71 n$u azarolurhndu 1 8as USus pa 19
117U 4.0 A28 HCI (Lab-scan)




= 1 L 3! p=
M1 INUASIDUAN NG ewaﬁgw_ﬁa_.aﬁﬁﬁﬁtz._mﬂbwz

sanae i (g)

g =
e oy W
7 8 =1 =
2 o ) L= 5 Rt
ity 5 t . A off —aNE £ 3 S 3 e
. ¥ila UTnminiy = & 2 3 & 5 ¥ & UTHNANGN
(Vegetable oil) yww 3 = & S g R
S 2 2 3 2 § S 2
z 3 = & e o w3
=2 ~ s 5 ﬂum ©
ww ,.M\ w.m &
=
= =
Camellia Tea oil Lam Soon (Thailand) Pcl., Samutprakarn, Thailand
Y o g Refined 15mL/14¢g 14 L4 n/a n/a
(Auan)
Canola oil 5 . - Sime Darby Edible Products Ltd., Singapore
. ure g 1 83 4.1
@nium ual)
Coconut oil n/a
¥ o 3 n/a ~ n/a n/a n/a n/a
(WIWUHENT)
Com oil Refined L - o 2 . Lam Soon (Thailand) Pcl., Samutprakarn, Thailand
¥ o efine g
i ne)
Olive oil o Rafael Salgado SA, Madrid, Spain
ﬁ ¥ . v Extra virgin L n/a n/a n/a nfa
HIWHUZNBDN
Palm olein oil i P. 8. Pacific Co., Ltd., Petchburi, Thailand
Retined 15 mL 14 6 n/a n/a

ainfuayTeasy)




= ' W o A A = !
swazduan1q Yoaniuisi 14 lumsin (de)

M1
51 lusiuriiadieg
S =3
LIS = o W
= L = 3
”_ ) p ) = u..l St
i . g = SN E z 2 5 7 2 oa
¥ilA 1310 = & 2 o s 5 G g UTUNHHEN
(Vegetable oil) R 2 o e 5 g ¥
= o wu = i’z 7] 3 <
—r 2 2 2 5§ 2, O
£ L w3 w® g
: = = fonu\ = =1 ;7] WJ
s =] — <]
i N =
1 W = W
: = ==
ﬁ, Rice bran oil Extra-cold Coagro Co., Ltd, Bangkok, Thailand
' U o l4g 14 3¢ 5.7 4.8
(H1uUII1U) filtered
Safflower oil Ouiheng Health Consumer Co., Ltd., Bangkok, Thailand
¥ o 5 Refined 3 n/a n/a n/a n/a
infupandiden)
Sesame oil Chaiseri Co.,Ltd., Chiang Mai, Thailand
v . n/a 15 mL 13 2.5 n/a n/a
(H1UE)
Soya bean oil Morakot Industries Pel., Samutprakarn, Thailand
Yo b Refined 15 mL 15 2'5 3.5 9
iunuang)
Sunflower oil Thanakorn Vegetable Oil Products Co., Ltd. Samutprakarn, Thailand
Refined 15 mL 15 2 5 8

¥
(UUUABANIUAZIU)

n/a = Not available




2.13 MSWSENAIREIMAEMSIATIEH
(1) M5IASUNAIDOI
LUNE5180N 1NN JAoNToudd aeeMIsalIRInd1n S0 Dadans
uAhul$y pH 1WHd ity 3.0 Tasldnsa HCl iWudu afauunmsndnsiaal lovastatin
INDIMITNAIAIY ethyl acetate 131105 50 Undans (EaT1edmmMsana 1:1 Tas5uas) Tu
separatory funnel 1111381 10 U1H iasania 131RLonT 1hauae ethyl acetate 25 aGans
VTLMOLRILY water bath UEIAZAWAIIENATIHADIINNISTZHMD (residue) A28 mobile phase
2.0 Tasans ol lumsSinsieriuifiine lovastatin Inan3es HPLC s

-} o n'a g a ?;’ (-9
WA UL AT R AN R DU

= o
(2) N353 IEH HPLC
a o ) a A Yy oy A

Anensazaud901950ms 20 JuInsaas HIUNITNTO membrane A7 191UAT D
HPLC #91)52n0UA28 solvent delivery system (Varian 9012, Varian, Inc., Palo Alto, CA) L
variable wavelength UV-Vis detector (Varian 9050, Varian Inc.) Famanu Rheodyne (7725)
sample injector (Rohnert Park, CA) a2 100-1iL sample loop o819 ODS Hypersil® C18 column
(250x4.6 mm id.; 5 pm particle diameter, 250 A average pore size) (Thermo Electron
Corporation, Waltham, MA) 118% mobile phase U5¥NPUAIW acetonitrile, methanol (1A
phosphate buffer saline pH 4.0 HATIEIN 55:12:33 Tautf311a5 B9 1AANITNTOINIU 0.45 m

¥
nylon filter membrane (Alltech Associates, Inc., Deerfield, IL) ﬂ@HﬂWﬂ%“r}ﬂﬂN mobile phase

9t o = A A 1 - e ) . = A o A A

hh’i'ﬁﬂ?ﬂf’)ﬂi']ti? 1.0 4naansaouIn Lﬂﬁlclﬂ)' UV-Vis detector WUA599R5293ANAINYTINAU

‘ " o
238 Tuuuuns W3sufHvy retention time Y84 peak YBIWAANUNMNATUIINFOIINUVDIATT
g}; o c;. “a g ,_:f e [ 3 al.
WATIIU lovastatin 'i'JﬂJ‘i’Nﬂ']u'Jmﬂ%ll"lﬂl lovastatin YNAUUIINEDT lﬂUﬂWSLIEUUWlU'UﬁuW

a as s = 5 ar
16 peak vosrAanuARNATU 11 TAsHN IALATUADNTIMNIATTIUUDIEITUINTFIU lovastatin

(3) MIAATIENNIINWIATT 1L
ATAWAITNIATTIY lovastatin 25 FAAN3Y A28 methanol W35 5 Tadans owh
13) standard stock solution (5 TadnSudefiadas) wWieua1sazaiw lovastatin 6 ALY
ot 0.005, 0.01, 0.05, 0.1, 0.5 uag 1.0 UpanTuABNARAAT MNEIAL 91N standard stock
solution #30N13158919430 mobile phase LdNM 1S ATEHRuASes HPLC iuild peak

Y 9 Qs w oda )
LAgAMMIVIUYDITITUIATI U lovastatin UIWIANUTUWUBLBAUTUATY (linear regression)




214 MsmzEsuies

sterilization DIHITIUAINIATIIY %aﬂszﬂauﬁw (A9AA3) lactose 10 N3N, yeast
extract 8 N3V, KH,PO, 1.51 A5y, MgSO,.7H,0 0.52 nfu, NaCl 0.40 3%, ZnSO,.H,0 2
1aan3y, Fe(NO,),.9H,0 2 U0Ansu 1ag biotin 0.04 UAANTU UATATATAY trace clements
Buws 1 dadans Felszneudao (@efns) NaB,0,.10H,0 100 Jadniu, MnCL,.4H,0 50
1aAN5Y, Na,Mo0,.2H,0 50 §adniu, uag CuSO,.5H,0 250 Nadnsy USum pH ¥9e01M13
wauii 6.5 Aaansazaly NaOH 0.1 ueiuea

subculture L“‘I%’I‘r]ﬂ Aspergillus terreus ‘luammmﬁa malt extract agar fi?JUL?;'ﬁJﬂ"I‘iﬁﬂE']
57U gc’gasmnmgmgﬂ subculture TU@¥ISIMATIIAT 100 UARAAS Lgsalﬂﬁamﬁqmﬁgﬁ 30
oAy uazRinmiEisew 220 soudeu® Hunal 2 4 udas wuFesuuiuazneu

T lumsdnunas 1u

g ar =Y ] I~ 1 a =y 1 = .
2.1.5 MsAnEINAUIns I uirrtiani199 Huumasns uaua s uABMIsHNAR lovastatin
1 g Y oy Se
WUWFRI Aspergillus terreus Jugluvaungnouluve 2.1.4 Y5193 1.0 Yagaas

a o e R A 4 " g o
wuadluoIIsmaINAsg IS IIRS 100 Jadans (INT lactose 1uLmMAIMsVOUNGN) Tu

A Y o oA a0

a aa [ U v 3w =1 P o
flask UW7A 250 Hanaas NIMNUAYYHan1 Wuamwdseaeyldun Wsiumdas Wikium
< 3 o o HETC IR 1 ¥ Fo ? g 5 a 3 BN A 9 <
lual WduuEns 12 1Nud Ive diduugnen Wivulhaulomdu Winusivn UINUIAA

o Y o 2 e & ‘ ¥ o o o
ﬂﬁ]ﬂ'ﬂ'lp‘l'ﬂﬂ HINUI HTHHQ?L”%@Q ﬂ%@u?NULNﬁﬂﬂ@ﬂWWUﬂgﬂ}u ﬂ'T]llL“ﬁJll“ITu 1 %wiv
~ @ Anlakel 3 4 A L2 A . W = a9 o
(SeuimgunumsnaaenIuui lanhiuny)  ReuresiAnaINguigines  lagld
o ] 1 P -1 [ r P = g ¢
ANULITITIUVBINTIVYT 220 J0UADUIN Lﬂuﬁgﬁmﬂﬂ'} 79U (Lmﬂgﬂ'ﬁ"ﬂﬂﬁaﬂﬂ’]ﬂ’]ﬁﬁﬂ‘lﬂ'l“lf'] 5
- g a ] v A s o ki =l = ar
A39) NUADYNUASANANDAATIZHMIUTUIG  lovastatin NNAUU evununsivesas
) 2 A e 2 3 A v )
WATTIY lovastatin nsedhuresIMIlugluuuadesuazidulenlavinasnanssisnue

© 3 a g o A
WD UUAS BazFItmunmen Sy

= 9/ :g @ [} 1~ U o = 1 = .
2.1.6 MIANYIHAVDINT IFUNUNTYS WA WUUNRAIMTUDUETUADNISHAR lovastatin
U031 Aspergillus terreus Tudnviuaznoulude 2.1.4 511ns5 1.0 Haddns u
= a aan ~ [ 1 a
wuasluemsmannasgmliuins 100 dedans (Taull lactose 1Wuundsnivoundn) lu

- -y C: z o =) L] 1 1} g ar
flask YWIA 250 Hadans NNuRvyHaae Wudidszoeuldun diiunendn wso

IR

Uiunamdos anududu 12 3 4 uaz 5 %wy (WisudisudumsnaassnIugui Ty

o

ar

& Y ar ' P = < = ' 1 e
WAIURAY) RoadesAmnaniigurgiives Taslanuisiseouvesmswe 220 seudeui iy

ar 1 o % & < o ] s 4 A
JeuSIN 7 U (lmﬁgﬂ']'iTlﬂﬂ'ﬁ]\ﬂTﬂﬂTiﬁﬂ'H‘]“ﬁ'] 5 A39) LﬂllWJ'E]UTQLBﬁ&’ﬂﬂﬂLﬁB?Lﬂ?’]gﬁWT
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3 da X = o 4 & )
15018 lovastatin  NNATY mU‘IJﬂiJﬂS'IﬂﬁJ?Nﬁ']‘imﬂ‘igm lovastatin  NIBUALIFDI MU

: 2 R
sthwvadeiuanduleildvinnisnanesianua thueuuds wazsninminmonlFunm

Yo oA

=1 ' o a1 a .
2.1.7 MsAnYINaYeIns 1F LA UL UOUNANADNIHAN lovastatin
L] -ﬁg‘ . 9/ a Aaa
WUNADI Aspergillus terreus Tugtuviunznouluye 2.1.4 Y5u1a5 1.0 Jadans i
a a aa ) 124 < T o o
duaslusmamalnssuliuing 100 Nadans (a1l lactose Wunvasmsuouvan) lu
a aa P ’o" V| 1= 1 [=1 1 J {,’ s 9
flask Y9 250 Uadaes UUNuRYHeasn Hudiudszneulaun tduuzni v
Uniugunans anudndu 1, 2, 3, 4 uaz 5 %wv SsuMeuAuMINaavInILaUR Ty
¥ o oA "y A o v Je a g <~ 9 = ' ' a o
Wil Reufesiasnanfigungives laglaanuGiseusonswe 220 seudeui Wy
ar 1 o %’ le -1 a ] [ 4 o 4
sEezIa1 7 S (AN 1snaasdiimsANI 5 A39) NUABEIHAZENAND NS IZAN
[ & a & ~ o - 2 A )
U530 lovastatin  UAAYY msmﬂnﬂﬁwwmmmimmgm lovastatin NFBANVFDI NI LU

s an v 2 ° ¥ & 3 o A
sluvverlesuazdulon lavinmanaasanavua oL tagsnnvuniNenIUTIu

?; ar (=4 ' ar =Y 1 a .
2.1.8 MafnywareIns Iiuinduuasms vounanuazia i uAeMsHAR lovastatin

[ 3 . 9 a aa
WEDI1 Aspergillus terreus TUFHUVIURzNOUINYD 2.1.4 U5HIAT 1.0 UaddaT 1N

o oaa 2 e g ar
Aunslusmnmainasguiuing 100 Tadfies Tu flask yuia 250 Hadans Felidniuieg
a < v o1 3w ¥ 4 B oo & oA LV '
a1 Wuaindseney laun iduuenig ¥io U WA ANMINTY 1 %w/v 1Y
Hormsmarnasguaenailiuas il lactose Huunasmsuoundn  isuieudums
= L e B o ,:{ 1 ar \ Poi a = <

naapenIunuA Biiuhdudy) Peuvendsmnaniguvgiives lagldanusisovvesns

' ' a o ar ' o 2 ¥ =34 (9 1
w1 220 5UABKIN 1TuszezIAT 7 TU (uAaznsNARRIIIMSARYIE 5 A59) INUAIBLAY

a i a '3 A a ¥ = ar

AAANOUATIHHIUI M9 lovastatin WARYY NOUAUNTIMUDIAITWIATTIY lovastatin NTBI
g A ¥ P ) = v & a o LS
nuides malustduuuaeiuasdulonldvnmsnaasinanus UL uazFuimin

oI

2.2 WaNISI0Y
2.2.1 MIAATILHATIMWIATTIUVDL lovastatin
M5 UNIIEH lovastatin AIomATia HPLC WU peak vosmsdanlsinglulasin
To-unsuiiom 15-16 wiit Taoldnalumsdinsesiudazasalssine 20 Wi wanism

Y

o w o a " g —
ANUFUNUFIFUFUATITEN IR NUTUTUVDIT5AZANIATTIY lovastatin HNUNUATA peak
s -3 s ) 5 g C;
A391519 2 AU URTIU AN NUFURUTIE NI NUTUTUYD lovastatin AUNUNIF peak
A9 Y= 35.569X+0.0197 (R’=0.9994) NimaNudunuB@uduasesenINaNududuvog

4 '
A1TAZAWYIATTIY lovastatin PUNUATA peak 1095WANUTVIY 0.005-1.0 Haaniuse




a aa a o n ¥ A
finddns nanalugy 2 Tasu Taunsuuesn1s3As1eH lovastatin A201A309 HPLC wamalugy

3

el .
ar G ’ . o 4 oo B
M52 e wduiuiszrInenaududuesmIaza1uNIAGE ™ lovastatin AURUT 14 peak

AL UTU Lovastatin g 5 2 ey 2 de e .
ATIN WUN 1A Peak AUN 1A Peak 128y
(mg/mL)

L 176,638
164,183
179,391 177,221
188,897
176,996

b

0.005

£ W

wh

1 352,974
362,764
349,757 354,681
357,986
349,922

2

0.01

th B W

1 1,658,505
1,697,336
17315217 1,690,589
1,684,318
1,681,570

|39

LU T S

1 3,397,046
,300,228
0.1

O )
Ju\) (V5]
~]
|
(o)

L}
w
(¥3]
(o))
Ln
28]
8]
(V]

L
[S5]

h %
L
(=]

—
~]
<

16,898,958
19,085,456
18,695,959 18,470,262
18,725,087
18,945,851

|28

[, T S WY |

o

36,933,631
32008955
36,250,163 35,282,218
35,395,105
34,920,239

2

th &S W
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40 -
Y =35.569X+ 0.0197
R* = 0.9994
30 -
e
=
=
g 20 -
=
=
[~
£
10 -
0 v - . . S
0.0 0.2 0.4 0.6 0.8 1.0
Concentration of lovastatin (mg/mL)
o v
512 nimanuduRuRFuduas sz duduIsImsazawNIRT I U lovastatin AUALRATA
peak
mv o,
o DatA Ch
7504
- 8
1 3
500+ 8§
3 g
g
250 H
1 i
]
i
A |
o == =
e o
0.0 25 5.0 7.5 10.0 12.5 1550 1S 200
min
(A)
- - = # -, o . = ‘:'
31] 3 IA73n IAun3u1NATEY HPLC 499M33A512H lovastatin N 1801013057 Aspergillus terreus

¢:' LY %’ ar - ?.’ ar ) <.
ATCC 20542 (A) lovastatin standard solution (B) control Aldduiniudie (C) IUUTUUNY ey

7 retention time U84 lovastatin UsEu18s 15-16 UM
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mw

1000 Cat.A Ch1
7504
1 :
500 hos
A )
g
-
1 §
1 l
250 ~
: i
A,
P F AT T T Ly T To Y T T T
0.0 25 5.0 75 10.0 125 15.0 17.5 200
min
(B)
my 2500 i
] g Dat.A Chi
i g
T ¥
2000~ E
; g
1500 §
] &
1000+
1
500~
]
ool N 258 Samg 0 75 109 28k F 2RO 175 200
min
(©
v . »
~ -~ o - r'd =l 9 -~
sU3 1511 1AUATUINIAGEY HPLC ¥84N15UASIZH lovastatin 71 19910139351 Aspergillus terreus

ATCC 20542 (A) lovastatin standard solution (B) control 7l e Q) Wiy Tag

# retention time U949 lovastatin U5zt 15-16 U (A19)
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=1 Y a 1 = 1 o = ' a .
222 ASANEINAVBINT IMNN WA YHAA19 TUURAIMTUDUIATNABNITHAR lovastatin
J { o & 3
MSNATOUIFDI Aspergillus terreus ATCC 20542 NUISONARA lovastatin 18 1%
~ ' a o o » '3 =Y [=¢ g @ M =S 1
FAUNAINS UDUNAMTIY lactose HazuvaIn1s uowasuduiiuNssiian 199 USuiuninuy
Yy Y -~ = Y oy L Aa A
WUTY 1 %w/v MeRa1asu IasunsuuaziansiUsouneun UL LYY lovastatin MDAV
g a :: a =3 g ar l'g ar
VINFD31 Aspergillus terreus ATCC 20542 AUMS 1Y Wiuwaasn Wdum luan uagudy

o o o g LY - :,',’ o.- nu‘ ar o =
mw%’n LUAAIAIAITN 3 BT 4 ATUATAL 14111'1"!‘1!]’1’3 lWe WINuNEnan umuﬂmuiamau uag

v
o w

¥ = o ¥ o 2 o &
u?llu'i']%}'nklﬂﬂﬂﬂﬁﬂ'ﬁr] 5 IR 6 AMUAY UD 1yunaaeeni ey 11U 1INUND

2 7w o as a o o
D9 LA U INUINAAADNNIUAZ AU UTFAAIA1T1E 7 Lae § MUMAY
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W . w Pt
M3N3  ATAURI peak YBInBATN lovastatin 1 1910 Tnsu launsunazdminudsveute

Aspergillus terveus ATCC 20542 Tag 1wt dan dhifum Tuan wazinfuuymdn fu

uraImsUoUIaSY
Yhifuiiy L 2 Y ogaw dminigosuds
—— A WU 19 Peak (il

1 1,951,484 1.46

p; 3,681,375 1.44

Control (lulifnsi i) 3 2,862,578 1.36
4 12,630,376 1.35

5 2,490,651 1.49

1 14,633,987 225

2 11,735,761 %)

Camellia tea oil 3 12,510,745 2.24
4 1,052,698 b1

5 8,951,392 228

1 10,480,378 2.13

2 8,827,695 2.1%

Canola oil 3 9,992,917 2.12
4 14,628,850 2.19

5 9,252,810 2.16

35,880,583 2.28

5 33,854,520 231

Coconut oil 3 44,150,231 2.18
4 37,317,608 2.30

5 42,703,582 2.26

maed  mnaSouieunundudy lovastatin uazdinUT U9 U051 Aspergillus terreus ATCC

~ ¥¥ o o 2 o - 3 o ) < ' o .
20542 lﬂﬂj%’]ﬂ“kﬂﬂﬂ‘ﬁ’] WU AT LAz N UNEHI I WUUMAIAITUD AT

Ve AUINAU Lovastatin dmiinigeswia

(1% wiv) (mg/L) (g/L)
Control (luiArmdnsiui) 10.58+10.04 14.2040.62
Camellia tea oil 21.95+11.89 22.40+0.27
Canola oil 2388k 5.22 21.54+0.29

Coconut oil 87.18£10.00 22.6640.52
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1 cf =g Y a oo I'd 2 ag @ ¥ a Y g
M35 SUATE peak vOIHAATUN lovastatin 1 149N TSI TALNTUNAZI IMUAUMIVBUTDS
2 B g =
Aspergillus terreus ATCC 20542 TagliniudIna diuuenen vniuihduTeadu vag

N < ' 4 o
WINUITIU UMM UoUATY

Ve £ 2 daw KwiniFesuds
AT Wun14 Peak
(1% wiv) (g/flask)
1 4,155,158 1.45
2 5,231,236 1.3
Control (ul'lflalj‘lfﬂlu‘ﬁ‘lf) 3 2,761,263 1.29
4 3,675,100 1.37
5 3,085,063 1.41
1 17,950,024 2.13
a 2,722,416 2.21
Corm oil 3 10,733,885 2.11
4 13,317,864 201
5 17,475,859 A1S
1 14,703,275 2.49
2 24.411,764 D33
Olive oil 3 14,572,421 2.36
4 18,297,739 238
5 16,240,857 2.32
1 19,781,284 Z.35
2 24,131,473 N
Palm olein oil 3 20,132,795 2.34
4 19,713,654 2.34
5 13,395,826 2.36
1 20,619,804 2.33
2 17,472,302 2438
Rice bean oil 3 20,320,616 280
4 8,246,769 2.20
5 20,507,368 2.30

=1 g al 1
596 MR ouRenauELd lovastatin Az iU VD UAB3) Aspergillus terreus ATCC

_ - v o v = 3 o ) d o - o oo W < '
20542 ],@]UGL‘UHH.I‘HQJTJ Ing LW UNENBN 'Ll']ll‘ulhﬁll 9oy LazUINUNINM Wuurag

AP UBUIETY
Vi AMUITUIU Lovastatin dminideswiis
(1% wiv) (mg/L) (g/L)
Control (luiAmI NI Y) 8.46% 2.19 13.7840.59
Corn oil 27.94+13.95 21.42+0.41
Olive oil 39.64+ 9.16 23.76340.68
Palm olein oil 43.66% 8.65 23.5610.21

Rice bean oil 39.17+11.92 22.60+0.66
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+ A dqw a w & . a - Y e A
M5197  AAUNTA peak vBINAAAMY lovastatin  #11A910 IAsN TANNTULASIMENUYIYBUFDI
Aspergillus terreus ATCC 20542 Tagldrinfumdanend ey e dnludunaes uaz

¥ w a =~ 1 P
iniuwaaaenmuaz 3y Iuumasens veuay

Ve L4 2 iaw Sminides i
AN WU Peak
(1% w/v) (g/flask)
1 3,988,913 1.22
2 3,831,545 1.18
Control (ladifuninfuiiar) 3 3,764,884 1.28
4 3,854,306 1.30
5 4983,174 1.23
] 29,089,541 2.13
2 23,231,270 2.20
Safflower oil 3 20,458,823 22
4 14,662,842 2.17
5 24,086,056 222
1 3,249,296 2.06
73 7,804,951 2.12
Sesame oil 3 9,085,315 2.14
4 7,980,240 2.07
5 9,158,022 2.10
1 34,068,134 2.09
2 29,375,636 2.08
Soya bean oil 3 15,199,941 2.06
4 28,541,882 217
5 12,672,345 2.13
1 24,411,794 2.24
2 10,953,545 ) 2|
Sunflower oil 3 13,627,257 2.14
B 30,412,911 g.15
5 29,973,370 2.15

o v . Y &
Mg mafeuieun Uy lovastatin azv MUY 10 U031 Aspergillus terreus ATCC
- Yy e a o Y T 2 o o v g
20542 Tavlninfuuaaaonfides Winiuer iiunamans uaztihduuanaennuae T iu

UHAIAS UL Y

vhsudie AMULTUYU Lovastatin vhniniges

(1% wiv) (mg/L) (g/L)
Control (laii@uniniud) 9.14+ 1.14 12.42+0.48
Safflower oil 50.12%11.89 21.70+0.46
Sesame oil 1672+ 547 20.98+0.33
Soya bean oil 53.87421.24 21.0640.44

Sunflower oil 49.16220.50 21.781+0.44
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293 msaaynavesms i naaie Humamiiuouei urensHan lovastatin
MSNAUINDT Aspergillus terreus ATCC 20542 fiausonan lovastatin lavld
wiaunasmiveundndy  lactose meméaﬂ1§uaum’§uﬁ‘]mfnﬁ'umw%’nsmmfﬂué’q
WA Usuma1e9 Saf 12 3 4 uaz 5 %wiv IgnaTasu TasunsuuazwamsiFouisuai
uduusy lovastatin FARAMIINGS Aspergillus terreus ATCC 20542 Sums iy
Pzwd IS IAAeY LEALFInIsIe 9 1aE 10 AR pazius A inaaen uaaa

A9M1319 11 1AL 12 MUaIaU
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A Aqw a w o | - 3 @ Y A
M350 AMUR1R peak vpenAATUA lovastatin 71 14110 IATu TALATULAZINMINUNIVRUTBI

¥ I 1 -
Aspergillus terreus ATCC 20542 Tagldhiniuusni 1S unasineg Huumansvewady

2 . oA ¥
HINUNFDIT TN

it A 14 peak
(g/flask)
1 8,686,062 1.44
2 5,521,663 1.48
Control (luii@uni it 3 7,152,313 1.14
4 10,976,000 1.38
5 2,991,699 1.45
1 42,892,243 2.28
2 56,236,358 2.17
1 %w/v Coconut oil 3 56,058,554 2.23
4 54,829,396 2.27
5 52,738,806 2.29
1 36,879,521 3.09
2 31,707,893 3.19
2 Y%w/v Coconut oil 3 54,812,594 3.19
4 43,554,936 35
3 45,968,976 3.18
1 21,136,522 4.17
2 22,484,451 4.06
3 %w/v Coconut oil £ 7,637,586 4.04
4 11,738,983 4.20
5 1,162,167 1.54
1 16,725,562 490
2 3,678,759 4.88
4 %w/v Coconut oil 3 4,860,787 4.84
4 5,063,377 4.52
5 1,287,666 1.92
1 2,541,962 5.11
2 4,057,010 5.17
5 %wi/v Coconut oil 3 3,832,052 5.81
4 4,041,795 5.64
5 5,282,838 . 5.02
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m1a10  maoufounnududu lovastatin taztmunuR W8 uTe s Aspergillus terreus ATCC

¥ 1 T )
20542 Tawldriunznd S inang Wuumdenivewasy

Yoo om AMULTUTU Lovastatin BRI R
RITRReTeY
(mg/L) (g/L)
Control ( JuiAiiuAs) 15.85+ 6.83 13.78+ 1.38
1 %w/v Coconut oil 118.15+12.54 22.48+ 0.49
2 %w/v Coconut oil 95.74+19.89 31.56+ 0.4
3 %w/v Coconut oil 28.82420.32 36.02%11.55
4 %w/v Coconut oil 14.18% 13.51 42.12+12.91

5 Y%w/v Coconut oil 8.84+ 2.19 53.50%+ 3.52
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L A oA _ L A - ¥ e &
3911 AU ld peak voWARSw lovastatin 7 16910 Tasun Inunsuuazsiminudsueutes

- v¥ o 4 oA ' < 3 7 -
Aspergillus terreus ATCC 20542 TavlHiniunundesfSumaie \uunasmsvauasy

’ % . 2 2 oda @ dmrinides s
RPN AN W14 Peak
(g/flask)
1 1,937,778 1.38
2 8,407,754 1.33
Control (laifwni e 3 3,192,119 1.36
4 2,263,629 1.44
= 1,971,756 1.28
1 17,135,481 2.32
2 22,043,182 2.29
1 %w/v Soya bean oil 3 24,385,939 2.28
4 21,567,094 2.30
3 37,224,835 2.30
5 1 25,172,520 3.20
2 28,697,616 3.18
2 %wi/v Soya bean oil £ 22,695,443 3.31
4 24,620,822 3.28
5 20,511,328 3.26
19,128,520 418
2 18,956,502 4.20
3 %w/v Soya bean oil % 18,518,513 4.18
4 26,408,884 4.13
5 31,289,916 4.17
1 28,130,808 4.97
2 7,234,298 4.22
- 4 %w/v Soya bean oil 3 9,322,020 4.85
4 19,798,623 4.83
i 5 16,861,927 5.20
1 26,043,889 5.64
2 28,693,368 5.80
5 %w/v Soya bean oil 3 10,848,584 5.95
4 25,898,659 5.77
5 29,343,767 5.61
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2 2
a9 12 meneunsunaududy lovastatin bazu MRS UTO 51 Aspergillus terreus ATCC

¥ Y " " =
20542 Tavldinfudande s iTumaanivewdiy

¥ oo ANUANTY Lovastatin vmindesude
HWINUNY
(mg/L) (g/L)
Control ( liAminiuRy) 7.95% 621 13.5820.59
1 %w/v Soya bean oil 55.00=17.08 22.98%0.15
2 %w/v Soya bean oil 54.70L 6.85 32.4620.55
3 %w/v Soya bean oil 51.37£12.90 41.7240.26
4 %w/v Soya bean oil 36.55£18.92 48.1413.63
5 %wi/v Soya bean oil 5431£17.10 57.54%1.36

ok B [~ T d w1 = 2
2.2.4 MSANEINAYINS N uANTMIKAIAIT UBUNANADN1SHAR lovastatin
y = - N 9/
MINAXDUIYFDI Aspergillus terreus ATCC 20542 NAWI5OWAR lovastatin 1Ay 1%
a ' '3 o ¥ o ) 1 v &
FRAUNAIMT VLA N T MNEN Az U unA RS uImA1eg Aell 12 3 4 waz 5
- 124 = Y = ¥y 9
%w/v  1a0UTMIAY lactose lawalasualasunsuuazHamsifSoungun M uduuaa
AN Sy y " o/
lovastatin MAAVUIING® Aspergillus terreus ATCC 20542 fumslFhtiungwingium
' @ o w S | o 1 @
A9 LEAIRIATTI 13 LAY 14 MNAIRY LagiiuunanIlSuIuaI19e uaaeaInse 15

LAY 16 MUY
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¥ s a a - » o &
5113 AMunld peak VoWAAATH lovastatin #1 1#n1n IasunIaunsunaziminud e ures

¥ 3 o ' < ' & o
Aspergillus terreus ATCC 20542 TagldiniuuzndmfSuaeieg Wuurdsmiiveunan

Lo o 2 gy dmnindesurs
WUy A7 AUN 19 Peak
(g/flask)
1 2,348,325 1.49
2 5,209,217 1.47
Control 1 (luifurhiuite) 3 6,462,192 1.50
4 2,241,183 1.29
5 1,232,021 1.35
1 180,594 1.04
F ol ¥ o 2 135,266 1.04
Control 2 (TaisRuniafuie
1A% Lactose) ? e | 08
4 176,498 1.06
5 247,780 1.04
1 416,472 1.98
2 452,596 2.03
1 %w/v Coconut oil 3 219,982 1.93
4 352,963 1.86
3] 873,122 1.86
1 138,344 2.87
2 175,789 2.88
2 %w/v Coconut oil 3 162,399 2.68
4 324,353 2.83
5 461,425 2.90
1 267,087 8.77
2 286,255 3.68
3 %w/v Coconut oil 3 495215 3.70
4 388,787 3.95
5 91,431 3.83
1 89,284 4.67
2 202,219 4.65
4 %w/v Coconut oil 3 95,458 4.68
4 60,405 4.78
5 72,556 481
1 124,821 521
2 216,866 5.38
5 %w/v Coconut oil 3 77,522 5.70
4 185,797 5.09
S 61,102 4.06




9 &P

xL
-GS 25
e [ 59965 5%
. mae1s  nsnFeufiounuduti lovastatin sazrmiinudsveudest Aspergillus terreus ATCC |
20542 Tagldinuue w3 naeie fumaenisveundn Munvodaya
s o A u4Y Lovastatin Swinderunts
H (/L) wv  + A 2555
g
Control 1 (TuiAuri1iuneT) 7.82+45.00 14.20+0.94
Control 2 (LiAui nuRYLIAL Lactose) <0.04 10.52+0.18
1 %w/v Coconut oil 1.0040.55 19.324+0.75
2 %w/v Coconut oil 0.5240.31 28.32+0.89
3 %w/v Coconut oil 0.6410.34 37.86x1.09
4 %w/v Coconut oil <0.04 47.1820.72

5 %w/v Coconut oil <0.04 50.8846.19
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M31915 MU IR peak vosnAnAuaT lovastatin i TN Insu Taunsuuasiminudveuye

Aspergillus terreus ATCC 20542 Taslfainfudamdeafuiameg ihumadmsveundn

2 . 24 2 daw Yrmrindoswds
dnfuiey A9 AuUN1A Peak
(g/flask)
1 1,282,921 1.32
2 1,100,894 1.35
Control 1 (Wit 3 904,861 1.34
4 1,016,243 1.34
5 1,120,031 1.38
1 46,975 1.01
Control 2 (lalifsni miudie ke i 0o
Iae Lactose) 2 e, ol
4 2,423 0.98
5 1,846 0.89
1 827,809 12
2 332,425 1.78
1 %w/v Soya bean oil 3 502,327 1.82
4 1,465,083 1.81
5 1,212,990 1.87
1 2,004,282 2. 71
2 976,116 2.80
2 %w/v Soya bean oil 3 1,032,859 2.70
4 1,056,699 2.80
3 687,264 2.80
1 1,180,528 3.59
5 1,114,405 3.60
3 %w/v Soya bean oil 3 909,308 370
4 961,805 3.74
5 1,442,594 3.74
1 861,163 4.53
7 262,615 4.50
4 %w/v Soya bean oil 3 716,599 5.28
4 1,192,280 4.47
5 1,351,124 4.50
1 1,049,657 5.54
2 179,891 4.24
5 %w/v Soya bean oil 3 1,161,841 5.38
4 1,091,265 5.41
5 518,261 5.38
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- - Z
M31216  msSouieunnududu lovastatin UastiMITNUR U0 UF851 Aspergillus terreus ATCC

20542 TagldriniunamaesSumae iWuundemivoundn

Vit ATMIYUIY Lovastatin rmindesunts
(1% w/v) (mg/L) (g/L)
Control 1 (L@ 2.40%0.31 13.4640.22
Control 2 (luiRaninfuianas Lactose) <0.04 9.52+0.45
1 %w/v Soya bean oil 1.91+1.07 18.00+0.55
2 %w/v Soya bean oil 2D ) 27.6240.52
3 %w/v Soya bean ol 2.4810.47 36.74+0.74
4 %w/v Soya bean oil 1.9340.96 46.5643.49
5 %w/v Soya bean oil 1.76+0.97 51.90+5.35

BJ?;" LY [ " o a = U a .
2.2.5 MISANHINAVDINT NN UNB UV T UBUHANNAZAEG UABNITWAN lovastatin
4 ~ - < s/
MINATOUINBI Aspergillus terreus ATCC 20542 NAMITOWAR lovastatin Iae 1
- " ' o ' & &g Y 7] g ol A
yHaurdsmIUoURARLAZIH AT VBN s uIT W uuEnI uazhdun araeafsunar 1
v a y CoAa & X
%whv laRa lasun IasunsusazranisifSouiouanuutuung lovastatin MAATUIINFOT

Aspergillus terreus ATCC 20542 LEAIAINIS Y 17 1A 18 umaU
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M5N17 AU peak YOINTASUA lovastatin 7 1d91n Tnsun Taunsunaziminudsveu e

Aspergillus terreus ATCC 20542 TanlfinfunzwinuaniniudumdesThumasmiveundn

GEGERY
¥ o 2 A dew Wminires wrs
1Y AT AU 1A Peak
(g/flask)
1 1,865,848 1.39
7] 2,576,174 1.33
Control 1 (liAxd 1T URNY) 3 1,355,565 1.32
4 1,491,870 1.37
B 1,983,713 1.24
1 16,971,411 2.22
1 %w/v Coconut oil 2 34,665,506 2.38
(Supplement carbon source) 3 23,973,005 2.30
+ Lactose 4 28,237,676 285
5 36,037,935 220
1 19,474,663 282
1 %w/v Soya bean oil 2 19,059,434 2.17
(Supplement carbon source) 3 12,481,465 .12
+ Lactose 4 4,689,930 2.03
3 3,309,849 2.28
1 44,172 0.95
e 2 57,142 1.00
Control 2 (iR uvi iy
> 68,405 0.96
118% Lactose)
4 95,532 0.98
3 68,782 1.00
1 1,959,967 1.80
2 B 553,728 1.88
1 %w/v Coconut oil
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Improvement of Lovastatin Proeduction by Aspergiiius terreus ATCC 20542
Using Vegetable Oils as Sole and Supplementary Carbon Sources
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HBbstract

This study Investigated the effect of vegetable olls as sole and
supplementary carbon sources during the production of lovestatin by
Asperglliuz terreus ATCC 20542 In submerged culture, The eleven vegetable
oils tested were camellia tea oll, canola oll, coconut oll, corn oll, olive oil,
palm clein oil, rice bran oil, safflower oil, sesame oil, 3¢ya bean ¢il and
sunflower oil. Lovastatin concentration and blomass were measured.
Lovastatin production was higher in oll-containing media compared with the
contrel medium. In particular, coconut oil and soya bean oil significantly
improved lovastatin production. Yields with coconut ofl and soya bean oll
were 8- and S-fold higher, respectively, compared with control media without
oil supplementation. Biomass was proportional to cocenut oil concentration,
but an excessive concentration of oil resulted in a lower yield. The
cultivations with coconut oll and soya bean oil used as a sole carbon source
gave lower production than the contral medium. Thus, it can be concluded
that vegetable olls appear to be excellent supplementary carbon sources for
improving lovastatin production efficiency.

Introduction .

Hypercholesterolemia is considered as an important risk factor in coronary
artery diseases of human being. Lovastatin, a widely used anti-
hypercholesterolemic drug, is a secondary metabolite produced by the
fermentation of A. terreus. As with any fermentation product, the culture
medium has a significant influence on the yield of product. The selection
and composition optimization of a sultable medium s Important for
eatablishing a process for producing levastatin. Numerous examples of the
successful use of vegetable oils as carbon sources are cited in the literature.
Many studles proved that the vegetable clls can Improving fermentation
etficiency.

The present work reports on the effect of adding vegetable oils as a sole
and supplementary carbon scurces to enhance fermentation productivity of
lovastatin by A. rerreus.

IVEethodology

The standard fungal of A, terreus was reactivated by culturing on PDA
{potato dextrose agar) slante at room temperature. The culture media
contained {per L): 10 g lactose (C source), & g yeast extract (N source), 1.51 g
KH,PQ,. 0.52 g MgS50,7H,0, 0.4 g NaCl, 1 mg ZnSO,H,0, 2 mg Fe(NO,),, 0.04
mg biotin and some trace elements. All fermentations were carried out at
room temperature in 250-mL shake flazks held on a orbital shaker (150 rpm).
Lovastatin was extracted by ethyl acetate from the media and was

determined as its p-hydroxyascid form by high performance liquid
chromatography (HPLC).
Results and Discussion e

The maximum production levels of lovastatin were found in coconut oil and
soya bean oll, whereas sesame oil gave lowest production (Fig. 1). As
supplementary oil concentration of 1 %v/v resulted in the highest lovastatin
production; higher concentrations tended to give lower yields (Fig. 2). The
biemass increased with increasing oll concentration, which suggests that
cell growth s related to oll concentration. Fig. 3 shows the effects of
vegetable oils in different concentration as a solo carbon source. The
experiment with only oil as carbon source shows negative effect on
levastatin production. Vegetable ol used as supplementary carbon source
gave higher yield than thelr sole carbon source (Fig. 4).
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The lovastatln production performance of A, rferreus depends on the
compesition of medium, Clearly, the vegetable oll
source seemed to improving fermentation yield.
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