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Polyunsaturated Fatty Acids
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ABSTRACT
The aim of this study is to optimize the production of polyunsaturated fatty acids (PUFASs) by Cunninghamella echinulata and
Bacillus cereus DYU-Too 12. The method of one-factor-at-a-time was used to investigate the effect of cultivating conditions,
including the carbon and nitrogen sources, concentrations of glucose and ammonium chloride, temperature, and pH on the
microbial growth, lipid accumulation, production of y -linolenic acid (GLA) and eicosapentaenoic acid (EPA) by Cunninghamella
echinulata and Bacillus cereus DYU-Too 12. The central composite design was used to obtain optimal production of PUFAs. After
the one-factor-at-a-time method was performed, results showed that Cunninghamella echinulata was best to be cultivated in a
medium with 35 g/L glucose and 1 g/L ammonium chloride under 2500, 100 rpm and pH 7.0, and the highest biomass obtained
was 7.05 g/L, the lipid 1.30 g/L and the GLA 602.48 mg/L. Similarly, Bacillus cereus DYU-Too 12 was best to be cultivated in a
medium containing 20 g/L glucose and 1 g/L ammonium chloride under 300 , 100 rpm and pH 7.0, and the highest biomass was
2.65 g/L, the lipid 0.12 g/L and the EPA 35.45 mg/L. A central composite design of three factors, each with two levels, included 16
experiments (8 factorial, 6 compensate and 2 central experiments). The ranges for the ammonium chloride concentration and the
pH were the same in both cultures of C. echinulata and Bacillus cereus DYU-Too 12. The concentration of glucose at the central
point was 35 g/L for C. echinulata and 20 g/L for Bacillus cereus DYU-Too 12. The 16 experiments were carried out randomly,
and the results were analyzed with statistical software, STATISTICA. The optimal cultivating condition for C. echinulata was as
follows: glucose 33.82 g/L, ammonium chloride 1.04 g/L and pH 6.02, and the highest biomass reached 7.45 g/L and GLA 937.32
mg/L (96% of the expected result). For Bacillus cereus DYU-Too 12, the optimal condition was: glucose 19.00 g/L, ammonium
chloride 0.91 g/L and pH 6.20. The highest biomass obtained was 2.34 g/L and the EPA 29.47 mg/L (96.21% of the expected
result).

Keywords : Cunninghamella echinulata ; Bacillus cereus DYU-Too 12 ; y -linolenic acid ; eicosapentaenoic acid ; centralcomposite
design

Table of Contents

OO00O0OO0C0O00OoO0U0bDOooOoooDoOoOOoDoOoOOoD.OoocO0U0OOWO0ODOOOoO0ODOoOoOOoDoOO
goddooodOooooOd.wbOOoOoooooOoooooOoUooooOoooooOoooo.wvidDoooooooooo
OO00000od0ooooobDwiid0DoO000DooO00ooo0doooo0ooooooD.ixooooooooo
OO000000000oo00oooO0.xido0oDoooooooooooooooooooooogdxwooogo
goodbOOdo0o0ooO0oboUooOOobOoobodDi100ob00obOoU0obOO0obOO0bObOO0oDODObOoUobOODbDOobOODs3240
g0000O00000O0booboO0obo0obOoO0s32110000000000DO000DO00DO00O0O32120000000
00000000000D0e621300000000000O0DOODOOODOOY22y -00000OODODOOODOOO
0000152300 00000000000000000001924000000000000000000000.19
2410 00000000000000D0000.192420000000000000000000.2124300pHODO
cooooooo.boo..b0212440 0000000000000 0O0O0ODO..2224500000000000000....
OO0002225000000000000000000000.24260000000000.000000D.0DO 27
2610 00000C0O0O0DCOOOODCOO..O0282620000000DO0O0O0O0ODOCO0O..00020000000000
coooooOo0oboOoo0oUobOooOoOosapoooooooooooo.DobpboooOoD3s2000b0Oo0OOO
C.000000000032330000oodoooooooooooooO0 83331 pggooogoooogooo
0.000333320000000000000000..0038333300000000b00O000DOOO. 033340
OO00o0o0o0o00b0oOoO0U0boooOO0nD.373500000000000D0O0O0O0O..O0000.373.5.1Cunninghamella
echinuatal 0O 0.00.0.37352000000000000.000000..4036000000000000000OO
O0000...42 3.6.1 Cunninghamella echinulatal O 0O 0 OO0 O ..00 42 3.6.2 Bacillus cereus DYU-Too 120 0 0 0 00 0 .42 3.7 0
0000000000000 O0OOO0O0O0OoO4537.10000000000D0O0O000DOCOO..463.720000000
oooooood.00.0.4637300000000D00000DOO0O0O.O0463740000000000000000O



00.47375pHO 0000000 O0.00000000473760000000000000000..00473.77000
o0o0oooooooooo..o4738000000000000000000.0...050381000000000¢0
ogoooooo..ose3s2nddddooonoooodoo.bogse3s3ldonoonoooooooon.ooa
0533840 00000000000 0O0O0OO..O0053385000000000000000O..000543.8600000
Oo0o0ooooo.obobogoos438700000oodddoooooo.oose0nonooooooooooooon
O00.00000000584.1y -00000000O0O0O0OO0DOO0OOODOOS84.1.1Cunninghamella echinulatal O O O
00 0.0584.1.2Cunninghamellaechinulata0 O 000 0000000000 O0O0OODOO0O.O00.584121000000
00D0000000.0584122000000000000000...6141230000000000000000O61
41240 000000000000000644.125pHO000000DOO0O0DOODOODO.644.1260000000000
00....00.674.13 CunninghamellaechinulataD OO0 00 00000000000 DOO0OOODOODOG74.14

Cunninghamellaechinulata 0 0D 00000 .79420 000000000000 DOODODOODO OO 80 4.2.1Bacillus cereus
DYU-Too 1200000 00.804220 0000000000 0O00O0O..000...83 4.2.3Bacillus cereus DYU-Too 12001 O O
00000000000 000.000000.83423.1000000000000000..83423200000000
0000000..8e7423300000000000000008742340000000000000000O..904.235
pHOOOOOODOO.000000.904.23600000000000000000934.2.4Bacillus cereus DYU-Too 1200 [
00000000000 0D0oooooooou¥Duinoooooo0DoD0oo0oD0oDo0ooO0oDnDOoDnoOO1065.1
00000000 00o0bDo0ooooooglees2000 000000000000 0ODO0O0OOO1070000DO0O
0000000oo0oooooooooooo1o000 0100000000000 0000DO00O00ODO0ODOO0s5
d200000000000000000..000.000.702300000000000000000000000
00.2302400000000@00O0000)00000O000.0.2031000000000000000000
ogooo.oo3so32iddoooooooooooooooooooog... 41033 Neubaver0 00 OO OOOOO
ogoooooo.ooo4Lo34000B0000oooooooooooooon... 440350000000000
goooooooobooon.. O3600000000000000000O0OO0O00O0O0.55041000000
0 0 (1,000x)0 O O Cunninghamella echinulataD 0D 0000000000 O.59 04.2 0 0 O Cunninghamella echinulatal O
y-0OOO00OO0o00OO0oo0oO00OO000OO0o0obOO0oOO.eon04.3000 CunninghamellaechinulataD O y -0000O000O
0000000000000 000.62044000000Cunninghamellaechinulatad O y -0 0000000 O00O00O0O
00D000000000.630450000003Cunninghamellaechinulatad O y -000000000000CO0OODO0O
00D0000.6504.600pHDO O Cunninghamellaechinulatal 0 y -0 000000000000 DOOOOCODOOOO
0.66 04700000 CunninghamellaechinulataO O y -0 0 0000000000000 OCO0OODOO0ODO.6804.80
00D00GLAOODODODOO0ODODOO0O0D0O.7204.9000 00 00 Cunninghamellaechinulatad OO0 y -0000
0000000000000 00000.08104.10000000000BacilluscereusDYU-Too12O0 0000000
0000000000000 .0008204.11 Bacillus cereus DYU-Too 120 0 0000 OO0 OO O O..84 O 4.12Bacillus
cereusDYU-Too O OO OO OD0OOOOODOO..8504.130 O O Bacillus cereus DYU-Too 1200 O EPAD O 0O 0 0 86 [0 4.140
O O Bacillus cereus DYU-Too 1200 O EPAD 0 0O 0 0 88 0 4.150 O O O O O Bacillus cereus DYU-Too 12 O O EPAO O O O O
00o00000oo0onD.0000.8904.160 000 0O O Bacillus cereus DYU-Too 12 OO EPAO DO DO OO ODOODO
000.000.09104.170 0 pHO O Bacilluscereus DYU-Too 12 OO EPAO D OO OOOODOODOOODOO..0O0O0O
92 04.180 0 0O O O Bacilluscereus DYU-Too 12 O D EPAD OO 00D ODODODOODOODO.O0000 9404190000
ODEPAO0DOOO0OODOODOOODOODOO.97000 021000000000000000000000O0O .O....... 4
0200000000000 0000O0000000O0O0.0.22023 00000000 000000O0O0O000O0O0AQ.
0..14024000000y -00000000O0OO0O0DOOOO..O..1702500000000000000000A0.
gooooo.2sbz26DHAD DO ODOOOOOO.OO00O0OO.O0O.O.... 2603.1PDAOOOOOOOOOOOO
ogoooooo.o.. MJ0320000000000000000O00O00.000.34033 0000000000
gopbooooooooo.o0..3p0340000000000000O00000oDOO0O0.0.0.,.35035000000
doo0dooooooo.0oo0oo.o..36d3.6 CunninghamellaechinulataD OO OO0 0 OO0O0OO.00.3903.7 230
0000000000000 00ooooo0.0o0oD48038000000000000000000DO0O0O0O...O...49
0390000000000 0D000D00D00DO000D..0.510410000000000GLADODOOOOODOO.O
0.e00420000000000GLADODOODOODOODOOOG20430000000000000GLADOODO
00000e30440000000000000GLADODODOODOGSO4500pHODODOODOODOGLAOD
00DO0Dodoee046000000000000GLAODODODOODOODOGBO47GLADOODODOODOODOO
00.000000.0..7004.8 CunninghamellaechinulataD 000000 GLADODOOOODOOOODODOOO
oooori049GLA0000000D000D0O0DOOOOODOODO..O740410000000000000.00000
0o00oo0d0Do...75041100000000000000000000O000O0.O07604.22000000GLAODOODOO
oo0oooooooo.77043GLA000000000000D00O0O00OOODOOO780414000000000



OEPADODDODOOO.O0.... 86 041500 000000O00OEPAODOODOODODO.OODO..880416000000
O000O00O0OEPADODOOODO0O.8041700000000O00O0O0OOEPAODOODOODODO.91041800pH
0000000 b0OEPADOODOODODS20419000000000000EPAODDODODOODODO.940420
EPAD0O0OO0ODOO0DOOODOODOODO.0D000.00.9504.21 Bacillus cereus DYU-Too 120 0 0 000 O EPAO D OO
0o000bo0o0obobobOoboboobooo.%d422EPA0 00D 0DODO0ODOODODODODODOODOODOD..10004.23 EPA
0o0o00obo0obOobobobooobooobo.b.u424EPADDODODODOODODODDOODOODOOD. 102
04250 00000EPADOOOODOODOOOOODO.O01030426EPAULDODOODOOOOODODOODOODO
0 ...104

REFERENCES

0000100001990 00Mortierela0 00000000000 O00O0OOOOODOOO0ODOOOOODOOODODOOOO 2.0
0000001920 000000000173-17400000000000000 3.000020020 0000000 Schizochytrium sp.
SO0 000000000-DHADODODODODOO00D0OO0000DD0000O00 4000000000002002000000000
0000000000230 0000000000000000DOO0O00O S 00002000 0000000D0D000DOOOO0O
0000000000000 00000000000000000000 6. 000000D0D19200000000000000O
0000000000039 (2:3-180 7.0 000000020020 0000000000020-32000000000000000£0 8.
00001900 0000000w-30000000000000000000O00DODOO 9.0000193000000000000
O0000000000000025(2):50-620 10.000000001994000000000000000000000O00ODODO32
(1):33-460 11. 000019980 EPAO DO OO O O O O Shewanella putrefaciens 1 00 0000 030(3):30-370 12. 0000000
01040 00000000000000000000000000ODO0O0O0DO0O0O0OA0O (16):135-1500 13. 0 0 0O 019920 DHAO O
0000000000 (6:19-250 14.00001990000000000000000O00OOOOODOOOO 15. Alonso, D. L. and
Maroto F. G. 2000. Plants as *  chemical factories’ for the production of polyunsaturated fatty acids. Biotechnol. Adv. 18: 481-497. 16. Bajpai, P.
Bajpai, P. K. and Ward, O. P. 1991. Optimization of production of docosahexaenoic acid (DHA) by Thrauatochytrium aureum ATCC 4304. J.
Am. Oil Chem. Soc. 68: 509-514. 17. Bajpai, P. K. and Bajpai, P. 1992. Arachidonic acid production by microorganisms. Biotechnol. Appl.
Biochem. 15: 1-10. 18. Barclay, W. R. and Boulder, C. 1992. Process for the heterotrophic production of microbial products with high
concentrations of omega-3 highly unsaturated fatty acids. US Patent, 5,130,242. 19. Bowles, R. D. Hunt, A. E. Bremer, G. B. Duchars, M. G. and
Eaton, R. A. 1999. Long chain n-3 polyunsaturated fatty acid production by members of the marine protistan group the Thraustochytrids:
screening of isolates and optimization of docosahexaenoic acid production. J. Biotechnol. 70: 193-202. 20. Carter, J. P. 1988. Gamma-linolenic acid
as a nutrient. Food Technol. 41(6): 72-82. 21. Carvalho, P. O. Oliveira, J. G. and Pastore, G. M. 1999. Enhancement of gamma-linolenic acid
production by the fungus Mucor sp LB-54 by growth temperature. Rev. Microbiol. 30 (2): 170-176. 22. Certik, M. and Shimizu, S. 1999.
Biosynthesis and regulation of microbial polyunsaturated fatty acid production. J. Biosci. Bioeng. 87 (1): 1-14. 23. Certik, M., Balteszova, L. and
Sajbidor, J. 1997. Lipid formation and y -linolenic acid production by Mucorales fungi grown on sunflower oil. Lett. Appl. Microbiol. 25: 101-105.
24. Chen, H. C. and Chang, C. C. 1996. Production of y -linolenic acid by the fungus Cunninghamella echinulata CCRC 31840. Biotechnol.
Prog. 12: 338-341. 25. Cohen, Z. and Cohen, S. 1991. Preparation of eicosapentaenoic acid (EPA) concentrate from Porphyridium creuentum. J.
Am. Oil Chem. Soc. 68 (1): 16-19. 26. Conti, E. Stredansky, M. Stredanska, S. and Zanetti, F. 2001. y -linolenic acid production by solid-state
fermentation of Mucorales strains on cereals. Bioresour. Technol. 76(3): 283-286. 27. Dunstan G. A., Volkman, J. K. Barrett, S. M. and Garland C.
D. 1993. Changes in the lipid composition and maximization of the polyunsaturated fatty acid content of three microalgae grown in mass culture. J.
Appl. Phycol. 5: 71-83. 28. Gema, H., Kavadia, A., Dimou, D. and Tsagou, V. 2002. Production of y -linolenic acid by Cunninghamella
echinulata cultivated on glucose and orange peel. Appl. Microbiol. Biotechnol. 58: 303-307. 29. Goodnight, S. H., Harris, W. S., Conner, W. E.
and lllingworth, D. R. 1982. Polyunsaturated fatty acid, hyperlipidemia, and thrombosis. Arteriosclerosis. 2 (2): 87-113. 30. Horrobin, D. F. 1987.
Low prevalences of coronary heart disease (CHD), psoriasis, asthma and rheumatoid arthritis in Eskimos: are they caused by high dietary intake of
eicosapentaenoic acid (EPA), a genetic variation of essential fatty acid (EFA) metabolism or a combination of both? Med. Hypotheses. 22 (4):
421-428. 31. lida, I. Nakahara, T. Yokochi, T. Kamisaka, Y. Yagi, H. Yamaoka, M. and Suzuki, O. 1996. Improvement of docosahexaenoic acid
production in a culture of Thraustochytrium aureum by medium optimization, J. Fermentation Bioeng. 81 (1): 76-78. 32. Jang, H. D. Lin, Y. Y.
and Yang, S. S. 2000. Polyunsaturated fatty acid production with Mortierella alpine by solid substrate fermentation. Bot. Bull. Acad. Sin. 41: 41-48.
33. Jiang, Y. and Chen, F. 2000. Effects of medium glucose concentration and pH on docosahexaenoic acid content of heterotrophic
Crypthecodinium cohnii. Process Biochem. 35 (10): 1205-1209. 34. Kamlangdee, N. and Fan, K. W. 2003. Polyunsaturated fatty acids production
by Schizochytrium sp. isolated from mangrove. Songklanakarin J. Sci. Technol. 25 (5): 643-650. 35. Karmali, R. A., Marsh, J. and Fuchs, C. 1984.
Effect of omega-3 fatty acid on growth of a rat mammary tumor. J. Natl. Cancer Inst. 73 (2): 457-461. 36. Kavadia, A., Komaitis, M., Chevalot, I.,
Blanchard, F., Marc, I. and Aggelis, G. 2001. Lipid and gamma-linolenic acid accumulation in strains of Zygomycetes growing on glucose. J. Am.
Oil Chem. Soc. 78 (4): 341-345. 37. Kendrick, A. and Ratledge, C. 1992. Lipids of selected molds grown for production of n-3 and n-6
polyunsaturated fatty acids. Lipids. 27 (1): 15-20. 38. Kinsella, J. E. 1987. Effects of polyunsaturated fatty acid on factors related to cardiovascular



disease. Am. J. Cardiol. 60 (12): 23-32. 39. Krauss, R. M. Eckel, R. H. Howard, B. Appel, L. J. Daniels, S. R. Deckelbaum, R. J. Erdman, J. W.
Etherton, P. K. Goldberg, 1. J. Kotchen, T. A. Lichtenstein, A. H. Mitch, W. E. Mullis, R. Robinson, K. Rosett, J. W. Jeor, S. S. Suttie, J. Tribble,
D. L. and Bazzarre, T. L. 2000. AHA Dietary Guidelines. AHA Scientific Statement, USA. 102 (18):2284-2299. 40. Kristofikova, L. Rosenberg,
M. VInova, A. Sajbidor, J. and Certik, M. 1991. Selection of Rhizopus strains for L(+)-lactic acid and gamma-linolenic acid production. Folia
Microbiol. 36 (5): 451-455. 41. Ohta, S. Chang, T. Aozasa, O. Ikegami, N. and Miyata, H. 1993. Alterations in fatty acid composition of marine
red alga Porphyridium purpureum by environmental factors. Bot. Mar. 36: 103-107. 42. Patnayak, S. and Sree, A. 2005. Screening of bacterial
associates of marine sponges for single cell oil and PUFA. Lett. Appl. Microbiol. 40 (5):358-363. 43. Picciano, M. F. 2001.Nutrient composition of
human milk. Pediatr. Clin. North Am. 48 (1): 53-67. 44. Ratledge, C. 1994. Yeast, moulds, algae and bacteria as source of lipid, in advances in
improved and alternative sources of lipids. Blackie Publishers, London, England, 235-291. 45. Schalin-Karrila, M. Mattila, L. Jansen, C. T. and
Uotila, P. 1987. Evening primrose oil in the treatment of atopic eczema: effect on clinical status. Plasma phospholipid fatty acids and circulating
blood prostaglandins. Br. J. Dermatol. 117 (1): 11-19. 46. Singh, A. and Ward, O. P. 1997. Production of high yields of arachidonic acid in a
fed-batch system by Mortierella alpina ATCC 32222. Appl. Microbiol. Biotechnol. 48 (1): 1-5. 47. Somashekar, D. Venkateshwaran, G. Sambaiah,
K. and Lokesh, B. R. 2002. Effect of culture conditions on lipid and gamma-linolenic acid production by mucoraceous fungi. Process. biochem. 38:
1719-1724. 48. Stinson, E. E. Kwoczak, R. Kurantz, M. 1991. Effect of culture conditions on production of eicosapentaenoic acid by Pythium
irregulare. J. Ind. Microbiol. 8 (3): 171-178. 49. Stredanska, S. and Sajbidor, J.1992. Oligounsaturated fatty acid production by selected strains of
micromycetes. Folia Microbiol. 37 (5): 357-359 50. Uauy-Dagach, R. and Valenzuela, A. 2000. Marine Oils: The health benefits of omega-3 fatty
acids. Nutrition Reviews. 16 (7-8): 680-684. 51. Vazhappilly, R. and Chen, F. 1998a. Eicosapentaenoic acid and docosahexaenoic acid production
potential of microalgae and their heterotrophic growth. J. Am. Oil Chem. Soc. 75: 393-397. 52. Vazhappilly, R. and Chen, F. 1998b.
Heterotrophic production potential of omega-3 polyunsaturated fatty acids by microalgae and algae-like microorganisms. Bot. Mar. 41: 553-558.
53. Weitzman, 1. 1984. The case for Cunninghamella elegans, C. bertholletiae, and C. echinulata as seperate species. Trans. Br. Mycol. Soc.
83:527-528. 54. Wen, Z. Y. and Chen, F. 2000. Heterotrophic production of eicosapentaenoic acid by the diatom Nitzschia laevis: effects of silicate
and glucose. J. Ind. Microbiol. Biotechnol. 25: 218-224. 55. Wen, Z. Y. and Chen, F. 2001. Optimization of nitrogen sources for heterotrophic
production eicosapentaenoic acid by the diatom Nitzschia laevis. Enzyme Microb. Technol. 29: 341-347. 56. Xu, X. Q. and Beardall, J. 1997.
Effect of salinity on the fatty acid composition of a green microalga from an Antarctic hypersaline lake. Phytochemistry. 45: 655-658. 57.
Yongmanitchai, W. and Ward, O. P. 1989. Omega-3 fatty acids: alternative sources of production. Process Biochem. 24: 117-125. 58.
Yongmanitchai, W. and Ward, O. P. 1991. Growth of and omega-3 fatty acid production by Phaeodactylum tricornutum under different culture
conditions. Appl. Environ. Microbiol. 57: 419-425.



