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349,922

0.01
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v A dgqw A o & L Ayy 2 w9 &
A8 3 ﬂTWuVIGlG] peak VDINANNUMN lovastatin ‘VlulﬂflﬂﬂiﬂilﬂiﬁL!ﬂjullazuﬂlﬂuﬂllﬁqsll@\jlﬂfﬂﬁ"I

2 o < 2 o 3 o I
Aspergillus terreus ATCC 20542 Tagldnisiumaas Wi Tuan uazriniuuzni dlu

UAIAT VoI
Vit 4 2 day RMIVONC SeRT
(1% wi) A3N WUN1A Peak (/)
1 1,951,484 1.46
2 3,681,375 1.44
Control (laiiduniuiuiia) 3 2,862,578 1.36
4 12,630,376 1.35
5 2,490,651 1.49
1 14,633,987 2.25
2 11,735,761 2.22
Camellia tea oil 3 12,510,745 2.24
4 1,052,698 2.21
5 8,951,392 2.28
1 10,480,378 2.13
2 8,827,695 2.17
Canola oil 3 9,992,917 2.12
4 14,628,850 2.19
5 9,252,810 2.16
1 35,880,583 2.28
2 33,854,520 2.31
Coconut oil 3 44,150,231 2.18
4 37,317,608 2.30
5 42,703,582 2.26

) ) ) y
MINN 4 ﬂ’]il‘lﬁﬂulﬁﬂuﬂ'ﬂn!mumu lovastatin llagu’lﬁuﬂllﬂﬁmﬂ\u%@i’l Aspergillus terreus ATCC

Y3 o < 3 o 3 o ] < ' ¢ a
20542 Iﬂﬂbl‘]funlul,llaﬂﬂﬂ umumium saziuuNzn3 1 Aluuvasnsuewesy

Vit AMUAYY Lovastatin vminafes s

(1% w/v) (mg/L) (g/L)
Control (Laidminduiie) 10.58+10.04 14.20+0.62
Camellia tea oil 21.95+11.89 22.40+0.27
Canola oil 23.88% 5.22 21.54%0.29

Coconut oil 87.18+10.00 22.6610.52
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v A dqw A o & L Ayy 2 vy &
AT 5 ﬂTWuVIGlG] peak VDINANNUMN lovastatin ‘Vl"lﬂmﬂIﬂ’imemimmxuWﬁuﬂLL‘VN*UmL“H?)ﬂ

2 o Y o Y o 4 a
Aspergillus terreus ATCC 20542 Tagl41iiutn Tna Hiiuvznen viuhduTewmdu uay

v o 9

3 g ! ¢ a
HIWUIIU ulmmmmiuamam

Vit 4 2 day i
(1% wiv) A3N Wun 1A Peak (@/flask)
1 4,155,158 1.45
2 5,231,236 1.37
Control (lhifntiiudi) 3 2,761,263 1.29
4 3,675,100 1.37
5 3,085,063 1.41
1 17,950,024 2.13
2 2,722,416 2.21
Corn oil 3 10,733,885 2.11
4 13,317,864 2.11
5 17,475,859 2.15
1 14,703,275 2.49
2 24,411,764 2.33
Olive oil 3 14,572,421 2.36
4 18,297,739 2.38
5 16,240,857 2.32
1 19,781,284 2.35
2 24,131,473 2.39
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 2.18
Rice bean oil 3 20,320,616 2.29
4 8,246,769 2.20
5 20,507,368 2.30

v K4
M35196  MaSeuieunnuduty lovastatin az M AUV UY051 Aspergillus terreus ATCC

¥y o 9 Y Y s a Y o ooy g ,
20542 TaglHiniuin Ine dniuvznen iiuihayle@dy waziiniusivd duuviag

M3 voUEa3Y
Vit ANMTUTY Lovastatin vhmindes s
(1% w/v) (mg/L) (g/L)
Control (lyiidaniniuiiey) 8.46+ 2.19 13.78+0.59
Corn oil 27.94+13.95 21.42+0.41
Olive oil 39.64+ 9.16 23.76+0.68
Palm olein oil 43.66% 8.65 23.56+0.21

Rice bean oil 39.17£11.92 22.6010.66
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v A dqw a o & . Ay v 2 vy &
M7 aiuild peak vowwAaswa lovastatin 91 l@anlasinlaunsuuaziiminuiaveade
2 o < o 2 o R
Aspergillus terreus ATCC 20542 Tasldriniumaanondides 1niua Hiiusumaes uas

Y < o & ' ¢ A
HIWULNAAADDINIUASIN Lﬂmmmmimmam

iy b & 318 peak vhfnides e
(1% w/v) (g/flask)
1 3,988,913 1.22
2 3,831,545 1.18
Control (lhifnthiudi) 3 3,764,884 1.28
4 3,854,306 1.30
5 4,983,174 1.23
1 29,089,541 2.13
2 23,231,270 2.20
Safflower oil 3 20,458,823 2.12
4 14,662,842 2.17
5 24,086,056 2.23
1 3,249,296 2.06
2 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 2.17
5 12,672,345 2.13
1 24,411,794 2.24
2 10,953,545 2.21
Sunflower oil 3 13,627,257 2.14
4 30,412,911 2.15
5 29,973,370 2.15

v K4
M35198  MafSeuieunnuduty lovastatin az i M NUTIVeUY051 Aspergillus terreus ATCC

¥y o o ° o 2 o ? o o v g
20542 Taglminiuuaanendines 113 umummﬁm yaziduaanenMuas U 11y

UrAASUB AT
Vit ANMTUTY Lovastatin vhminidos s
(1% w/v) (mg/L) (g/L)
Control (lyiidaniniuiiey) 9.14+ 1.14 12.42+0.48
Safflower oil 50.12411.89 21.70+0.46
Sesame oil 16.72+ 5.47 20.98+0.33
Soya bean oil 53.87421.24 21.06+0.44

Sunflower oil 49.16£20.50 21.7810.44
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v A dqw A o & L Ayy 2 vy &
A9 9 ﬂTWuVIGlG] peak VDINANNUMN lovastatin ‘Vl"lﬂmﬂIﬂ’imemimmxuWﬁuﬂLL‘VN*UmL“H?)ﬂ

Y3 o ] ' 2 ' s a
Aspergillus terreus ATCC 20542 I@ﬂ“lﬁvumummnﬂ?mmmm Lﬂugmmmiuamﬁm

Y o A y
1%!;1171! dl"]f ﬂ%\iﬁ ﬁuﬁ“lﬁ’ Peak MU MY
(g/flask)
1 8,686,062 1.44
2 5,521,663 1.48
Control (laiifaniufuite) 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 %w/v Coconut oil 3 54,812,594 3.19
4 43,554,936 3.13
5 45,968,976 3.18
1 21,136,522 4.17
2 22,484,451 4.06
3 %w/v Coconut oil 3 7,637,586 4.04
4 11,738,983 4.20
5 1,162,167 1.54
1 16,725,562 4.90
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 %w/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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Yy . Y oy J
M3 10 ﬂﬂliuﬁﬂul‘ﬁﬂuﬂ31ulmumu lovastatin llﬁ$u1wuﬂln’i\ﬁ]ﬂ\u%@51 Aspergillus terreus ATCC

2 o ' I ' a
20542 TaglFiniuuznd S inaae) dunransveuasy

Y oo ANUTUTY Lovastatin W03 1
YREVIATE ]
(mg/L) (g/L)
Control (l3ii@n1inaiuie) 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+ 0.44
3 %w/v Coconut oil 28.82+20.32 36.02+11.55
4 %w/v Coconut oil 14.18+ 13.51 42.12+12.91

5 %w/v Coconut oil 8.84+ 2.19 53.50£ 3.52
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v A dqw A o & L Ayy 2 vy &
M3 11 ﬂTWuVIGlG] peak VDINANNUMN lovastatin ‘VlulﬂflﬂﬂiﬂilﬂiﬁL!ﬂjullazuﬂlﬂuﬂLLW\‘]ﬂ]@QHﬁ)ﬁ"I

R A ' < ' 4 a
Aspergillus terreus ATCC 20542 Tagl1iniuaunaeatSinaaee Wuunasansvonasy

Y o A y
131171! dl"]f ﬂ%\iﬁ ﬁuﬁ“lﬁ’ Peak MU MY
(g/flask)
1 1,937,778 1.38
2 8,407,754 1.33
Control (laiifaniuuiiy) 3 3,192,119 1.36
4 2,263,629 1.44
5 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
5 37,224,835 2.30
1 25,172,520 3.20
2 28,697,616 3.18
2 %w/v Soya bean oil 3 22,695,443 3.31
4 24,620,822 3.28
5 20,511,328 3.26
1 19,128,520 4.18
2 18,956,502 4.20
3 %w/v Soya bean oil 3 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
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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Yy . Y oy J
M9 12 ﬂiiLﬂ%ﬂmﬁﬂUﬂﬂmwuﬂlu lovastatin llﬁ$u1wuﬂln’i\1mﬂ\u%@51 Aspergillus terreus ATCC

¥y o & = = ' < ' 4 a
20542 Tﬂﬂiﬁvuwnuaagwaaqﬂiu1mﬁ1m wWuumasmsvouasy

_ ANMATY Lovastatin vhmindes
i
(mg/L) (g/L)
Control (laitAuriiune) 7.95+ 621 13.5840.59
1 %w/v Soya bean oil 55.00£17.08 22.98+0.15
2 %w/v Soya bean ol 5470+ 6.85 32.4620.55
3 %w/v Soya bean oil 51.37£12.90 41.7240.26
4 %w/v Soya bean ol 36.55+18.92 48.14%3.63
5 %w/v Soya bean oil 5431£17.10 57.54+1.36

%’ o I 1 4 @ 1 a .
2.2.4 MIANYIWaveIM3 IFinfuN i uuraISUeUNaNABMTHEA lovastatin
Y I
MINATOUADT Aspergillus terreus ATCC 20542 Na1NTANAA lovastatin 1ae1s
a [ 4 Y~ % o 9 Sol v o A 1 [ dy
yHALKAIMTUoUran WUz NI Muaz iU IaeslsaaNe a9l 12 3 4 uag 5
vew/v e liTmsay  lactose ldmalasunlasunsuuazmamafioumsuanududuuod
. dAa X & . o Y3 o )
lovastatin VUNAVUINNIE® Aspergillus terreus ATCC 20542 AuMs lFhiuueniUsnw
1 (%3 o % BDI o 0'./ 1 (%
@199 UEANSAIATTI 13 1Az 14 auday 1aziniuoumMandtsuaae uaneaensg 15

1ag 16 MUaIAY
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v A dqw a o & . Ay v 2 vy &
M99 13 mW”LJ‘VIGlGl peak VDINANNUN  lovastatin ﬂhlﬂ"l]Tﬂi'ﬂiMWIG]LLﬂilILLaguﬂlﬂuﬂllﬂ\‘]ﬂl@\jlﬂﬂ’)jﬂl

vy o 9 1 I 1 4 @
Aspergillus terreus ATCC 20542 Tagldiniunewindsunuaes uuvasmsvounan

Y o A v
‘131171,! d"]f ﬂ%\iﬁ Vd\:)uﬁhlﬁ} Peak MU MY
(g/flask)
1 2,348,325 1.49
2 5,209,217 1.47
Control 1 (lifuiuiuiiy) 3 6,462,192 1.50
4 2,241,183 1.29
5 1,232,021 1.35
1 180,594 1.04
Control 2 (luiidniuiudias 2 135,266 1.04
1182 Lactose) 3 207,349 108
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
5 873,122 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 3.77
2 286,255 3.68
3 %w/v Coconut oil 3 495,215 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 4.81
1 124,821 5.21
2 216,866 5.38
5 %w/v Coconut oil 3 77,522 5.70
4 185,797 5.09
5 61,102 4.06
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Yy . Y oy J
M3 14 ﬂﬂliuﬁﬂul‘ﬁﬂuﬂ31ulmumu lovastatin llﬁ$u1wuﬂln’i\ﬁ]ﬂ\u%@51 Aspergillus terreus ATCC

2 o 1 I 1 4 @
20542 Tagldriniuuzninlsinaaen $uuvasasveundn

_ ANMATY Lovastatin vhmindes
Wiy
(mg/L) (g/L)

Control 1 (L@ngiuny) 7.8245.00 14.2040.94
Control 2 (ludnsiniufisuas Lactose) <0.04 10.52+0.18
1 %w/v Coconut oil 1.00£0.55 19.32+0.75
2 %w/v Coconut oil 0.52+0.31 28.32+0.89
3 %w/v Coconut oil 0.64+0.34 37.86%1.09
4 %w/v Coconut oil <0.04 47.18%+0.72

5 %w/v Coconut oil <0.04 50.88+6.19
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v A dqw A o & L Ayy 2 vy &
M99 15 mW”LJ‘VIGlGl peak VDINANNUMN lovastatin ‘VlulﬂflﬂﬂiﬂilﬂiﬁL!ﬂiullaguﬂlﬂuﬂLLWQﬂ]@QLGH?Jj"I

R A ' < ' 4 o
Aspergillus terreus ATCC 20542 TagldniniuaunaeatSinaaee Wuunasasvounan

Y o A y
1%!:1171! d"]f ﬂ%\iﬁ ﬁuﬁ“lﬁ’ Peak MU MY
(g/flask)
1 1,282,921 1.32
2 1,100,894 1.35
Control 1 (liifaniufuii) 3 904,861 1.34
4 1,016,243 1.34
5 1,120,031 1.38
1 46,975 1.01
Control 2 (Mt 2 6,304 094
118 Lactose) 3 2777 094
4 2,423 0.98
5 1,846 0.89
1 827,809 1.72
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
5 687,264 2.80
1 1,180,528 3.59
2 1,114,405 3.60
3 %w/v Soya bean oil 3 909,308 3.70
4 961,805 3.74
5 1,442,594 3.74
1 861,163 4.53
2 262,615 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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Yy . Y oy J
ﬂiiLﬂ%ﬂmﬁﬂUﬂﬂmwuﬂlu lovastatin llﬁ$u1wuﬂln’i\1mﬂ\u%@51 Aspergillus terreus ATCC

A1519 16
20542 Taolainiusamas Sy Funmasmsveundn

Vit ANMATY Lovastatin vhmindes

(1% w/v) (mg/L) (g/L)
Control 1 (L@ngiuny) 2.4040.31 13.460.22
Control 2 (ludnsiniufisuas Lactose) <0.04 9.5240.45
1 %w/v Soya bean oil 1.91£1.07 18.00+0.55
2 %w/v Soya bean oil 2.55+1.12 27.62+0.52
3 %w/v Soya bean oil 2.48%+0.47 36.74%0.74
4 %w/v Soya bean oil 1.93+£0.96 46.56%3.49
5 %w/v Soya bean oil 1.76%£0.97 51.90+5.35

¥y o I ' 4 @ a ' a .
2.2.5 ﬂ’lﬁﬁﬂ‘]&l’lﬂﬁﬂ]@\?ﬂ’lﬁclﬁlﬂ'!'llluﬁ“mﬂul!ﬂﬁﬁﬂ’liﬂ@uﬂﬁﬂllﬁglﬁﬁll@'ﬁlﬂ'lﬁwaﬁ lovastatin

;4 v
MINATOULFOI Aspergillus terreus ATCC 20542 NAUNTONAA lovastatin Tagld

a v J o ' J a I ? o 9 3 W &
%ummaQﬂ1i1JauwaﬂuammmmiuamaiuL°1Juu1m,!3Jzwzinuazumummﬁmﬂ?mm 1

v ~ Y 9 o Aa X X
Y%w/v vlﬂwaiﬂﬁll'liﬁillﬂilluagWaﬂ'lillldiﬂllﬂ/]EJL]Jﬂ'J']mGUjJGUUGU’E]Q lovastatin MNAVUINNYD I

Aspergillus terreus ATCC 20542 LL@AAINTIN 17 LA 18 MNa1AU
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v A dqw A o & L Ayy 2 vy &
19 17 ﬂTWuVIGlG] peak VDINANNUMN lovastatin ‘Vl"lﬂmﬂIﬂ’imemimmxuWﬁuﬂLL‘VN*UmL“H?)ﬂ

2 o 2 o & ' ¢ o
Aspergillus terreus ATCC 20542 Tﬂﬂ“lﬁi’f'umumw%’nuazumummﬁmLﬂmmmmsuauwaﬂ

IGEIGERY
¥ o X v
2 o oA Y A A Hdq v HINUNLFDIULNN
HIWUNY AIIN ‘Wu‘ﬂhl@l Peak
(g/flask)
1 1,865,848 1.39
2 2,576,174 1.33
Control 1 (Liduisiuny) 3 1,355,565 1.32
4 1,491,870 1.37
5 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 2.35
5 36,037,935 2.27
1 19,474,663 2.32
1 %w/v Soya bean oil 2 19,059,434 2.17
(Supplement carbon source) 3 12,481,465 2.12
+ Lactose 4 4,689,930 2.03
5 3,309,849 2.28
1 44,172 0.95
a3 o oA 2 57,142 1.00
Control 2 (lait@nsiniuias
3 68,405 0.96
1ag Lactose)
4 95,532 0.98
5 68,782 1.00
1 1,959,967 1.80
) 2 553,728 1.88
1 %w/v Coconut oil
3 1,205,554 1.82
(Sole carbon source)
4 3,166,244 1.77
5 1,823,967 1.86
1 26,738 1.69
) 2 305,886 1.77
1 %w/v Soya bean oil
3 316,036 1.76
(Sole carbon source)
4 420,396 1.64
5 181,543 1.78
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M9 18 ﬂﬂliuﬁﬂul‘ﬁﬂuﬂ31ulmumu lovastatin llﬁ$u1wuﬂln’i\ﬁ]ﬂ\u%@51 Aspergillus terreus ATCC

Y3 o ] 2 o O A g ' ¢ o a
20542 Tﬂﬂclﬁvumumwammzumummamrﬂmmmmimuwaﬂuamﬁﬁu

_— AN Lovastatin vhfnidesuie
HINUNY
(mg/L) (g/L)

Supplement carbon source

Control 1 4.13£1.08 13.3040.58

1 %w/v Coconut oil 62.88+17.67 23.0410.63

1 %w/v Soya bean oil 26.50+17.23 21.84%1.18
Sole carbon source

Control 2 <0.04 9.7840.23

1 %w/v Coconut oil 3.87+2.19 18.2610.44

1 %w/v Soya bean oil 0.52+0.34 17.1810.61
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3. 9nseansdow

. W a dJ a a
3.1 msAanmwaveamsiFihdunystiane flusnasmivewaiunen1swan lovastatin
1 4 1 I Aa o o 1
memi‘ueuuammm"luimmuﬁlummimm L‘]JuﬁTiﬂWﬂWﬁﬂﬂJﬂ'J"lﬁJﬁ"lﬂi‘gﬂﬂﬂWi
9 Y
Lﬂﬁﬂ]umﬂiﬂlmgﬂ13waﬁﬁ'lﬁ secondary metabolite ‘U’E)\ilglﬂ)'ﬂﬁ'] ﬂﬁuuﬂWiLﬁﬂﬂ%uﬂlla%ﬁﬂﬁﬂu
1 4 1 1 o @ 1 a .
ﬂlﬂﬂl!ﬁaﬂﬂ'ﬁ‘ﬂf)l!L!a%tﬂ’iaQquiﬁﬁlﬂu1u61ﬁ15lﬁa'Jﬁﬁ')liﬁ']ﬂﬂluﬁ@ﬂﬁgﬂﬂl‘lﬂ']ﬁwaﬂ lovastatin
a ' 14 I (J a . f
Glﬂlﬂll,a3?]']1”1619]/“5[9]}1!5[]@\1“,11@\‘]fﬂﬁ“ﬂﬂuLﬂuﬂﬂﬂﬂﬂﬂuﬂ'ﬁwaﬂﬁ"ﬁ secondary metabolite "’UENL%@
= Y 2q9 < ! & ' ¢ o
51 [8] TumsAnuInTallF yeast extract (Huuriaslulnsau lactose Wuunasnmsuauvian
y o a 1 < 1 14 a
(sole carbon source) uazumuﬁwuﬂmm WuraInsUeUIESY (supplementary carbon
I 1 3
source) 1ABN1INAABIAILAN (control) 19 yeast extract 1Hunnaslulasiau uaz lactose 1ilu
! 7 o = a Yy o A a A Y o
UAaNAITUBUNAN NﬁfﬂﬁﬁﬂH1!,1_"%ﬂULWﬂUﬂWii%uWNuW“B%’uﬂ@N‘] NANUAVNUY 1 Y%w/v N1
. A a 4%1 . A o g ' I Y o
'IJATJJ'ITM lovastatin mﬂmluuazﬂ?mm biomass UAIU ﬂ'lﬁ'Vlﬂﬁ’t’]\iLL’U\iﬂ@ﬂLﬂu 3 e T%umu
[ y o y o 9 ) ? o Y o
LUAAB umuﬂﬂum HAaZHINUHUSNIN Llﬁﬂﬁclu;iﬂ 4 ummnﬂ‘m HIWUHYSNN UINU
J a T ? o < o ? o Y o 4
ﬂmﬂma’au HAaZHINUITTIV Llﬁﬂﬁiugﬂ 5 Llﬁgu'lllulﬂaﬂﬂﬂﬂﬂ'lﬁjﬂﬂ HIWUIT HIUUDD
A y o 3 @
IHADN LASHIUUHINAAADNNIUASIU Llﬁﬂﬁclu;iﬂ 6
= Y o oA & a v Y o 9 Y .
INNITANHINAUVOIUINUNENY 11 YUA WU'J']H'INHNZW“J']'JGI,W‘]J%NTEN lovastatin

@ a

4 = Y lqg v ¥ 4 =) .
’(,;N 19 Lﬁmiﬁaumt’mmmnmamﬁ%umu%uﬂﬁuﬂ LHAZNINADBDINIUAN Iﬂfm lovastatin

Y
=

A Aa a o 1 Aa v Y o & Y A a o 1
NAYY 87.18 Haansuaoans aiutiniuouraaliSunal lovastatin (171 53.87 Haaniuse
1 ?)I -7 =) ‘O = = U 1 = v (% (%
aas ludrniniunlilsua lovastatin diga (16.72 Tadniunodans) Fedoandeanuny
[ 4 1A %’ o
MSANHIUDY Sripalakit wazaAmz [20] ludiuvesmanaaesniugui lidudniuiyez 1%
ANUNAGVDINITHAA lovastatin 1NNV 9.39 WaaNTNA0ANT (0g1UFII 8.46-10.58 Uaaniumo
Y Y v '
das) Tagsaudniniuuzninuaziniunundeslinanaaganiiminaasiniuguie 8.2
1 o W [ g’/ g [} A a [ 1 =1 A ) @ =1 1
Haz 5.9 1 awday aulniuiy 2 stiadenandgnmenludwsumsanyiaell Tu
[ . A A L%' [ A A %’ v A a 1 Y
#5119 biomass ARV WUNNTNABBIMAN TN UNYFUAA19 agluorviisivalee i
U511 biomass Indifeanudalinieglugie 20.40-23.76 nSusedas (Aunde 21.95 NuAD
a ¥ %,‘ o [ v 1 [ ] ] 1T A 1 {
ans) FNIMINUINNINMITNARIRNIUANAINMoYIUTIN 12.42-14.20 NFUADEAT (ALINAY
13.47 nSuA0ANT)
[ 1 2K A 9 (% = d' (% a %} v A
NANITNAABIAINAINIUANVADANRDINUMTANEUNEINUMTANLT LN Ty

21M15Mad TUMSINURNANAAVDIIHAIOFUA  1¥U  erythromycin  [14], tetracycline [15],

cephamycin C [16], clavulanic acid [17], gentamicin [18] tt8¢ cephalosporin C [19] Fludu e
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=~ a ? o A Aq v = v 3w D A 3 ¥ o oA A
llﬁﬁlﬂlﬂﬂﬂ“ﬁuﬂﬂl@ﬂu1uuwsﬁﬂﬁlcﬁ1Uﬂ1ﬁﬁﬂH1 WU'Nu'uluﬂ?lﬁ’fa@\uﬂuu']uuwclfﬂlﬁil']g

Y] a

dgfumvaaluesimad iesnamsosin 1S u1e secondary metabolite vianewtialu

[ ] < [ = ~ 1 1 a ’.f v A Aa [
sEAUEY [12-18] 019 lsiamuds liliswauinannmsilszneurialalmhdunsiiinase
MINAANN TLANTANUBINIIHAN lovastatin MIANEIND 1UAITILANHINAVDIFAVDINTA

o . A A 3 o oA = = .
lusiu (fatty acid) tazesdsznevduq nilursiunes msane11ud) 2010 Tae Sorrentino tag
Az [21] wunmatasunsaluiy linoleic acid adluomiiamairie1iyuna lovastatin

2 X 4 9 oo a .
AR G]Nﬂa"lammeumﬂmummmswaﬁ lovastatin

100 - - 100
=) 87[18
)
E g0 1 l L 80
=
-° -
€ 3
£ 60 - - 60 T
£ g
S 40 r 40 2
= ==}
& 21195 2240 2388 5,454 22.66
w
2204 -+ . 1 - 20
g 1olsg 1420 J_

o 1 ,
G, “MNeyy. g, O¢,,
Yroy Uy te, %4 o4 “ue o
Oj/
' ¥ o A '
sl 4 mynfFeumeunnudutuued lovastatin (MIIMUNITV) waziminwes e (naunad

A Y ' a ? o ]
M) NHAANAABIT Aspergillus terreus ATCC 20542 TaglHmainsvemaiunniniumwaa

3 o 3 o Y 9 9 1A 2 o oA
w1 dium Tuan nagihduue w1 anududu 1 %w/v (Control = 'lumuumuwcﬁ)



32

100 - - 100
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B
E g0 - L 80
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= oy
4 —
£ 60 1 - 60 T
g 43[66 T z
g 40 39-|-64 [ 39017 40 g
@ L o =]
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§ 21.42 . . 1 22.60
g 20 - 13.78 - 20
Q
S 8.46 |——|
Cor. o, Loy, Rie,
oa,rw 'lw.j Ve ay ] e . e b"ap;a?
273 e/

= (= H o ¥ (=
MsfSeuieuanudutuve lovastatin (NF1UNIFV) tazimindes e (ATlunad
{ A 4 J 4 a ?

M) ANAAINYOIT Aspergillus terreus ATCC 20542 Taglduvasaivewaiuaniiniuv

9 o Y ¢ a ? o oo 9 9y 9 '
117 1ne iuvznen WiuliayTemdu uaziius v ANy 1 %w/v (Control = lliJ

a ¥ o oa
IAUUIWUNY)
100 - r 100
=
E g0 4 L 80
E _
—
£ 60 - 53|87 60
g 50(12 49{16 -
2 2
S £
S 40 40 35
£ =)
‘E 21.70 1672 20.98 21.06 21.78
s 20 L 20
E 014 1242 T ‘ \
Co, R Sesa, K S,
o Wep. [P [ Ol
o v oy Yoy

] ¥ o 4 1
MIFeUNeUANUTUTUVDY lovastatin (PFTINUNIFVN) Az iAo Wi (P INUNNF
A a 4 ' a 3 o o
1N1) NWAANINIDIT Aspergillus terreus ATCC 20542 TaglHunasnsueuas uantiniuwaa
o %’ @ %_,’ v & g Y] < o
aonmdey 1L Hiuamae taziiumaanenNIUaL U ANV 1 %w/v (Control

"a %’ v A
= Tyduiniuivey)
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=X Y ?,’ v A \ I v Jd a v a .
3.2 msﬂnmwamaam{lwmuw‘uﬂ‘%mmmaq Wunnasmsvenasunemswan lovastatin
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e
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Y 9 Y o oA A A Y 9 ¥ o 9 o q ¥ .
ANVANTUYDIUTY ADBINNANVLIUVBIL T UBE NI 121 1959l Tovastatin anaq
o_ v = 9y 9 Y . A a o 1 Aa
Muday Tagnanuandy 1 %wy 91219155 lovastatin gaga (118.15 Haaniuaeans)
A ~ 9 1 a ¥ o 9 Y 9 v
WonfFeuMeunuNMINAaIAIIANNUNMIANINTULE NI 1IN NI RS
. o v ¥ e 4 oA 1A 9 9 v .
lovastatin g4 AIHIVUNUDURADI NUNAANUTUTY 1-5 %w/v 92 TH150100 Tovastatin
A 1 v A 1 1 A Aa o 1 A A Y 9 Y
NuanaInuAeog1UYI 36.55-55.00 HaanTuaeans TasNanuandu 1 %w/y 3 1H15u0
1 a . Y o & @ @
lovastatin g4g@ (55.00 YAANTUADAAT) FINANITNAADIVDIU T UN UMD AN B ULALINY
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AumsdsenauzIe lamesieanuld 201 useg1elsnaumamuiinniueg 1S naunnn
A a [ 1 . g’/ = 9o} o 9
Won)ToumeunUMINAaeINIUgY  @IULTY biomass VOININMIANE UM UNENI

Y v Y
u,azumummﬁawmﬂiwumummﬁui’fummumuﬁ%



34

140 + r 100

=
114.15
? 120 - :I_ %
g 100 - 9574
g 60 %
£ w0 sp0f 60 S
[>] w
= 42012 z
g 604 36{02 L 40 E
o 31.56 =
=
g 40 4 22.48 2883
s 13.78 L 20
2 J 1585 14[18
E 20 ? |—1—| | 8.84
o lo/o 20/0 30/0 40/00 So/o
ar -
‘o o%‘?w . Oty . gy
% 9 7 ofy of

= (= H o ¥ (=
MsfSeuieuanudutuve lovastatin (NFUNIFV) taziimindes e (ATlunad
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M) ANAAINYOIT Aspergillus terreus ATCC 20542 Tagldunasaivewaiuaniiniuv

v Y 9 va %o oA
NI ANUUYUVU 1-5 %w/v (Control = Illlmll‘LHiJ‘Ll‘I/\IGH)
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E 30 L 80
=
=]
g 57.54 =
; 5500 S4
E 60 5¥0 silar " 5431 ¢ 60 ‘?
%)
§ 41.72 é
1 3655 |
S 40 32.46 40 =
S =
g 22.98
g 20 4 13.58 - 20
Q
= 7.;5 |—-—|
0 T T T T T T T T T T T 0
Co 12 2 s, I s, % S
oy Wa Va Va Va Va
bea, beay, beay, bea, bea,
0/"/ 0[‘, O;? 0]? O[',

Yy g . ' Y o A v '
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! A 4 ) ' P a HEOE
M) NNAANITDI Aspergillus terreus ATCC 20542 Taglfuvasaisuouasuaininium

A Y 9 ra ¥ o oA
IMa93 ANUINUU 1-5 Y%w/v (Control = "thuumuwm)
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?,’ Y d [ a
3.3 msanywaveImslviaTunmiuuasmSus uanaan1INan lovastatin

v A a A ¥
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Abstract

This study investigated the effect of vegetable oils as sole and
supplementary carbon sources during the production of lovastatin by
Aspergillus terreus ATCC 20542 in submerged culture. 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 production was higher in oil-containing media compared with the
control medium. In particular, coconut oil and soya bean oil significantly
improved lovastatin production. Yields with coconut oil and soya bean oil
were 8- and 5-fold higher, respectively, compared with control media without
oil supplementation. Biomass was proportional to coconut oil concentration,
but an excessive concentration of oil resulted in a lower yield. The
cultivations with coconut oil and soya bean oil used as a sole carbon source
gave lower production than the control medium. Thus, it can be concluded
that vegetable oils appear to be excellent supplementary carbon sources for
improving lovastatin production efficiency.

Hypercholesterolemia is considered as an important risk factor in coronary
artery diseases of human being. Lovastatin, a widely used anti-
hypercholesterclemic 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 suitable medium is important for
establishing a process for producing lovastatin. Numerous examples of the
successful use of vegetable oils as carbon sources are cited in the literature.
Many studies proved that the vegetable oils can improving fermentation
efficiency.

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

Entroduction

Methodology '

The standard fungal of A. terreus was reactivated by culturing on PDA
(potato dextrose agar) slants at room temperature. The culture media
contained (per L): 10 g lactose (C source), 8 g yeast extract (N source), 1.51 g
KH,PO,, 0.52 g MgSO,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 flasks held on a orbital shaker (150 rpm).
Lovastatin was extracted by ethyl acetate from the media and was
determined as its p-hydroxyacid form by high performance liquid
chromatography (HPLC).

Results and Discussion '

The maximum production levels of lovastatin were found in coconut oil and
soya bean oil, 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
biomass increased with increasing oil concentration, which suggests that
cell growth is related to oil concentration. Fig. 3 shows the effects of
vegetable oils in different concentration as a sole carbon source. The
experiment with only oil as carbon source shows negative effect on
lovastatin production. Vegetable oil used as supplementary carbon source
gave higher yield than their sole carbon source (Fig. 4).
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Fig. 1 Effect of vegetable oils on lovastatin production (light bar) and biomass (dark bar)

(A) (B)

Fig. 2 Effect of concentration of cocanut oil (&) and soya bean oil (B)
as supplementary carbon sources on lovastatin production (light bar) and biomass (dark bar)
(Control = C+N)
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Fig. 3 Effect of concentration of coconut oil (A) and soya bean oil (B)
as sole carbon sources on lovastatin production (light bar) and biomass (dark bar)
(Control 1= C+N; Control 2 = N)

o, oy

Fig. 4 Influence of supplementary and sole carbon sources on lovastatin production (light bar)

and biomass (dark bar) (Control 1= C+N; Control 2 = N)

The lovastatin production performance of A. terreus depends on the
composition of medium. Clearly, the vegetable oil supplement as a carbon
source seemed to improving fermentation yield.
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