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The objective of this work was to evaluate a solid-state fermentation process for the practical production of arachidonic acid
(AA) by Mortierella alpina ATCC 32222. In the present investigation, batch culture kinetics for both submerged- and
solid-state fermentations was carried out at 25°C to identify the relationship between growth and arachidonic acid (AA)
production. Glucose and yeast extract were used in submerged fermentations by using flasks, while rice bran was used as
a sole raw material in the other type of fermentations by using a series of Petri dishes. It was evident that a mixed-growth
associated pattern existed between the two variables, irrespective of modes of fermentations. The effect of carbon to
nitrogen (C/N) ratio on AA production in solid-state fermentation was studied in the range of 6.5 - 20. As a result, an
optimum condition was found to be 6.5. Supplementary carbon source was not necessary to meet the optimum C/N ratio.
Unlike the previous results obtained by other researchers, a supplement of sodium glutamate up to 4% (w/w) to the rice
bran medium did not have a positive effect on the AA productivity. However, an increase in AA productivity was obtained

with the rice bran medium supplemented with sesame oil.

Key Words : Arachidonic acid, carbon to nitrogen ratio, mixed-growth associated pattern, Mortierella alpina,
sesame oil, submerged and solid-state fermentation
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eicosanoids®} ATLEAE ZF{ HU(, 3). =3 DHAY T
o] AA= HAEY FALEOZAN FHUEE 750
F571%S FAAIE A2 ¥48A Utk 53] DHAS
AAE F¥EER AR fAAd #4AAA building
blocksol] #egsle ZoE HuEH 1 ed, E3] S4F 370
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AAE dF protozoa, algae, fungi A|E Fol| A3t
dHA e, IF AAE A3l HAHY vAES
Phycomycetes ol <3} fungiQl Mortierella alpina2 ¢
A slth AA M. alpinay GRAS (Generally Recognized
As Safe) nAEEA gla g3 food blotechnology F-o}o
A A Ageg 5 Sl W4E SUE HriEa
AHE). dAZAA AAFEAFE EH’T"E‘ IEGHAE
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B Ajodes AA ABTFA M. alpina ATCC 322228
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B Ao AMRH FFEE M. alping ATCC 3222224
American Type Culture Collectlon (ATCC, Rockville, USA)S.
2ZRE F93 AR ATE). FF BEL 2% (WV)
glucose, 1% (w/v) yeast extract & 3% (w/v)2] agarE& Y&
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A #F FAHAEZE FAANIIL ATH  (inoculum
sizeyS TA3HA 37] e B uldulA (5% glucose,
0.1% KH,PO4, 0.05% MgSO,4 - TH,0, 1.5% peptone, 0.25%
yeast extract)o]] M. alpina ATCC 322228 4 F3t] 25T 9
A 3Y7 A”HESS &, o] #FE BEE 1A A9
A 2rste 25CeA 397 F7bE st UA
agar-plug method(9)Z 27 6 mme =7|=Z 33_%" o]
£ inoculum® Z AP oH, AFHEHYS 300
mL baffled-flasks®l] S0 mLe] E ujduAE& ¥ 21 Coﬂ
A 1587 AF3 & 25T A rotary shaker (100 rpm)E
o] &3te] 10Uzt wj kst
TAE 2 AA A Ug =9 JFS
$ Age #39 g4 #3149 IAWMAE £ sjduiA
of 2dle] A7) 5Y7He 25T A" wjek (100 rpm)
ati, 7] 59 Fe oA &% F 15TC, 20T, 25C ¥
30ColA wFstd TA} AAL] A4 mAE £=9 9
FE FAIEL. S ZAREAGLS AFAAM T
BAE 2 ujdulREA] 5 g&, Petri dishesol] ©o} &7
10 mL2 FYstA jrEg § 121CoN 1583 Adsta
25ColA 7~847F AXMY sk TALE viA H A

R

o
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2 Y5td AAd T L H A AA Carbon to Nitrogen

(C/N) matio® 65, 10, 15, 2002 =ZA3a AL,
sodium glutamateZ 2} Petri dishel] 0 ~ 0.2 g HHYZ 7}
(0-4%, wiwydtel 1 982 ZARIHT 38 48 717
Ao 7Yt vegetable oil (soybean, sesame, sunflower,
olive)& 7+7}b 025 g/5 g rice bran? H7lete] 2T
W3 ASNE vludlgor E35) sesame oild] BHE AZ
A8t ,

BotEg For HEST N (fermentation broth)S filter
paper (Whatman No. 2)& A8 AF o33ty dAE £z
3131, 50 mLe] ZHFE 33 A H§ T 105ToA 2047

AZAA HE Az TAZ (Dry Cell Weight, DCW)& <
2 EE2 #A4Y 2AZ A
Fro] Mojx goltA v‘i'—ﬁl ]7J % Azdgoh

& A 2azRy g IAE 60T

71 & mortars ©o]& EAEH] 20 mge
#3ta, o17]9) 0.7 N HCI-CH;0H 5 mL-g 7}3 & 100C
°ﬂ/\1 35 (reflux)d}HA] 3 hr ¢t methylationA} 7 TH(10).
1 o] g hexane 3 mLE 7}t fatty acid methyl
estersi F&3 ¥, o] £ 2 uL #H3l9 Gas Liquid
Chromatopraph (Shimadzu GC-14B, Japan)Z H43t4th &
F A& (fatty acid methyl esters)= Sigma (St. Louis, USA)
AJeF (palmitic 16:0, stearic 18:0, oleic 18:1, linoleic 18:2, a
-linolenic 18:3, v-linolenic 18:3 T arachidonic 20:4)S Al&
3911, columng HP-1 (Crosslinked Methyl Silicone Gum,
USA)olglen BXZAL injectors} detectors= 260TC, L&)
3L ovend 190Co|A AlFde] 5T/mine. 2 FLA17]HA
HE22XE 220CE FAAIHD
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Glucose, Nitrogen 2 Phosphate £ A

WA U gaddez A8EH XET 2 B F9
total sugar= DNS WR(11)& AHE3le B3t £ 2
o] BAe X8 01 gd &FF 10 mL3} 20% HCl 1 mL
£ 713 & 100ColAM 2.5 hr 8RAZ F Yaaim, 47
o] 1 N NaOHE 7}8le] pHE <olg]lgE 2A3m oA
100 mL7}A]  E4g o DNSWHoz EA3¢rt
Nitrogen 5%+ Kjeldahl nitrogen procedure (Kjeltec 2100
Distillation Unit, FOSS Tecator AB, Sweden)Z ¥A3}¢cth
33 phosphorous & QI4+E (KHPOs) 212 Tausskyot
Shorr(12) W& AME3te EET RBAH n3riAR
spectrophotometer (Spectronic 20, Baush & Lomb)ZE A}-8£-3}
o] 700 oA FFEE A3t A

H.
]
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M. alpina ATCC 322229| AlHuts EM

AAE FA W 457 fEd HEIFE B3 1
TR TAE de Aol WS F/3 M. alping?] oA
A7 AAQl AANE S A8 stz $3) 25CTA
1097 &4 Ay kst TAH, iUz A4A9
TR, AAY 3 & FAso 1 AFHE Fig. 19 YE
WAtk Fig. 1e4 & 4 Azo] oA U AAZFHE v &
29 A HE o]FojAw 9)a wE TUA o] T TAA
AL A9 HA (Dry Cell Weight - Total fatty acids)® %A
% AA A4S U oD T WPl
Az FAZ o total fatty acids®] ¥l-&o] oF 20%9] =23t
7] W Fe] oA7|A HA AFX FAFE total fatty acidsE
AL gro g EA SFHTHI3). o]H T A AA Ao
th 5} Eroshin 5(14, 15)¢] X.31§F growth-coupled pattern
7} Andersond} Wynn(2)©]
pattern®] 718 g9l 49 mixed-growth associated patterne]]
AgAtt B A3 AnZEE M alpina ATCC 322229
93 AA9] A AL nitrogeno] L} phosphate’} limitation %] o]
o ol FOlAE AL obdE @ & AT

Table 12 submerged fermentation W E LT Fof A W}
oA ZH9 AASH 7leh APAS ZHES YEyI Aok
AA2] AL ¢ 40% 24 o]& Anderson ¥ Wynn(2)¢] 2
3 (35%)9} vh$ w238l AIRE Simizu §(16)9] A H =
=92, Yuan S5(3)9] A< 70% (scale-upd] A= 53%)
BokE A HA Jeigt ol8g Ade 739 543
afolof wheha] o] gro] ZA wEtd & Utk

[¢]
£ A% BT @B Table 194 & 5 5o 2

B3 non-growth associated
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F- A= v-linolenic acid (C18:306)7} <7} =X+ A
2 HdoFy gt AAE AA ATTAL y-linolenic acidE
2.E] dihomo-v-linolenic acid (C20:306)S A* arachidonic
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AN Aoz d#A o ukd Brjavks &Y
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Figure 1. A typical batch submerged fermentation kinetics for arachidonic
acid production by M. alpina ATCC 32222. Fermentations were performed
in triplicate and the values are the means + the standard deviations. ()
Dry Cell Weight, (@) Dry Cell Weight - Total fatty acids, (&)
Arachidonic Acid, (")) Glucose, (O) Phosphate, and (A) Nitrogen. -

Table 1. The fatty acid profiles obtained from a number of M. alpina strains in submerged fermentation

Relative fatty acid composition (%, w/w)

Strain 16:0 18:0 18:1 182 18306 18303 20:406  others Reference

M. alpina ATCC 32222 14.6 123 19.1 6.2 52 - 399 2.7 This work
M. alpina Ty-Nig 63 22 37 49 L6 . 702 1.6 3
M. alpina 20-17 159 8.1 210 143 ; 55 284 638 (16)
M. alpind® 160 140 140 100 ; 40 350 70 @

* Organism used for commercial production of single cell oil.
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Table 2. The effect of temperanre shift' on growth and arachidonic acid
production in submerged fermentation”

Treatment Dry Cell Weight “Total fatty acids  Arachidonic acid
() (g/L) &/L) (L)

25— 15 25.76 6.24 2.62

25— 20 22.20 7.14 3.04

25— 25 22.50 4.89 228

25 — 30 247 6.80 196

*Temperature was shifted on the 6th day of submerged fermentation from 25°C
to 15°C, 20°C, 25°C, or 30°C.
“Fermentations were carried out at various temperatures for 10 days.

Diameter of growth halo {cm)
w

Time (Day)

Figure 2. The effect of incubation time on the diameter of halo in cm on the
surface of the rice bran solid medium from the progressive growth of M. alpina
ATCC 32222 during solid-state fermentation at 25°C.
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AbgEte 15-30TC WM &5 43S 2AMG A
A% BlgakA 20T ol AAF&o] LR THE).
AdubA oz Ak Ao QoMo Exg Fxe HY
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7b GopAE Avbe BAqZY AHFe] wE membrane
fluidity] Z7t2 Adtd BFIpAAre] 2AguH1go] A
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M. alpina ATCC 322220| TH|YS SA

M. alpina ATCC 322229 A9 E EAL ZALY] ¢
3t 4 emmzZ AAE FFE AFY L PR
A7 mAA7E F4E Petri dish 290 Fol 7T &

H oA 7] W2 FAA Y ARe FAFsATh Fig 294
4 4 glol A AR wE ¥ A1z 7AA
(subsurface mycelium) 2732} wjFATE Aol AFH
DA 9LL & F AAT Wk 349 o|FREE A
2 A BEHoRRy AW g Rroy £95Y
o A2z FAMA|(aerial mycelium)7} A AZHTH
Table 35 kAol whE A, AA AAAF, 183 o
7 Aty 248 RodFm gl FQ AW RME
C20:4 ol9le] C160, Ci8:1, C182 Tojglew, FAAZT
AAX Aol BAE submerged fermentationo] A9} wj-9- &
A}8LA mixed-growth associated patterng R o] Fch 8Y3t
zA ek shH ¢k 55 mg AA/Sg rice brand E& 5 U
t}. 39 Table 394 BEo] AAY H§L 25% HAEEA
submerged fermentation®) ©] 40%3RTF BN L ALZ 1}
eyt oy £ #FgE wARAgY dhex T
Az 2A e%7] WEQ AeE ARHET

—

WA gadt 249 ujEe AA TFo AN Hg
298 B4 2490 Aoz g4EA Ut A& £49, Koike
A T Fo] AT FUoE =

HAE ARugu|ds Edted C/N ratiort M. alpina®
morphology 9} AA AAddl] wIX& dFE AT AAA
A9l HA N ratior 152081 Ao 2 Byt Ha 5(19)
T T com steep powderS Al-&3H M. alpina DSA-12
AR FN A HAA CN ratiod] thate wi=d ARy &
olH Tk B AFoA ALES AA (FE 160 + 02%) T

F g 2Adn I JIF0E 480 + 29% (wiw) I

Table 3. The effect of incubation time on arachidonic acid production and fatty acid profiles in solid-state fermentation with rice bran at 25°C

Time Dry Cell Weight Arachidonic acid Relative fatty acid composition (%, w/w)

(day) (g/5 g rice bran) (mg/5 g rice bran) 16:0 18:0 18:1 182 18:303 20406 others
3 0.21 21 304 55 30.1 20.1 24 6.0 5.6
5 0.65 20 21.1 43 25.1 21.1 1.0 215 5.1
8 0.86 55 22.1 3.0 24.7 170 1.8 25.1 6.3
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i ZzEWAL 176 £ 02% (ww)olQx, watr] AA
A 8] CN matioe 6.50|th & dAFoME ON ratiod)
BIEE FAE) Hetd 2A LA ExRgE F7T
Z HIAA 65 - 20 MR A Table 404 &
4 9J%o] ON matios Hx F/MAAFH FAGFo] A
Z}3HAl A& ¥l  solid-state fermentation®] &-&o] HA A
38 & & AL, ON ratioZ} 15 o= FAH A%
o] A9 ojFojAA ¢t} wepA AAE UEE T 1
Aggo e CN natiod Z7HA & dart g&s &
F IdY. B BA Foe AE 5 @4iEo] 30-50%
(wiw), TR 0] 10-20% (wiw) AEZ T2 AAT
M. alping HEZ} AYHHA oG 1R EFE
Edoz 74EE 5o T3 FAje) oj&dum

Atk A BEARY F HAHOZ o8H F 9]
A9 2 HA9Y (available carbon and nitrogen sources)o] T
& ZAAIE CN ratio= 659 AA ©& 4 vz ALZE
o} wald] B A9 solid-state fermentation ZzE Koike
S21)¢] submerged fermentation Z7#} Th2 7] wj&d 4
Az 4 o2 A veikdus Azd

fr e o
4y e

Table 4. The effect of carbon to nitrogen (C/N) ratio on growth and arachidonic
acid production in solid-state fermentation at 25°C for 8 days

Carbon to Nitrogen Dry Cell Weight  Total fatty acids Arachidonic acid
ratio (g/ 5g rice bram) (g/5g rice bran) (mg/5g rice bran)
6.5 0.86 025 55
10 0.48 049 45
15 trace trace trace

Table 5. The effect of sodium ghitamate supplement on growth and arachidonic
acid production in solid-state fermentation at 25°C for 8 days

Sodium glutamate Dry Cell Weight Total fatty acids Arachidonic acid
(g/5¢ rice bran) (g/Sg rice bran) (g/5g rice bran) (mg/Sg rice bran)

0 0.86 025 55
0.05 0.79 0.26 55
0.1 0.73 0.25 56
0.2 0.74 0.38 58

Sodium glutamate & 7|51}

Singh 5(23)& Thraustochytrium sp.9| 23+ DHA &0
A glutamate’} ZHH3 dAYolgtr LEFPr, FHL Lan
S2HE M. alpinad] 93 AA ZFo)A glutamates}
pentose phosphate pathwayS ZAIZIA| #H A AALl Ao 2
AF Ay (glutamateE 0.8 g/l H7}319E 739 control U]
v 174 FHE AFddn Rugoh geka 2 AT
A5 &A gluamateE H7}eted 21 AHAE ZANSI B
ok 28y odEe ge] Table SA & ¢ glRol M
alpina ATCC 32222+ glutamateo] ¢]3] <32 growth
inhibitiono] dojxtor] wely HF AAFE FaHE 3
&S 2Pty 22y glutamate ¥=F FUHAZC) wEr &
A & total fatty acids (%, wiw)L 47t Z7lH e FEFS
B, Ha C204 AL ZAAHAW Cl8:1+= Z715H+e
Azt dojFH}t. o]#H 3 A= glutamate’} M. alpina2)
growthE A8 Bt ofz} ofvtx AA AFAAZ(Q) 4
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9] desaturaseol] Eo]2 AHANE &Y 7L AlAS
g goz ol digt F4dA77E Ba3dit AAFeR
Z3s) A Table SlA & 4 50| sodium glutamate 3
717 ARAAF AA A FAAL 9EFE FA gt
dE

Table 6. The effect of sesame oil supplement on growth and arachidonic acid
production in solid-state fermentation at 25°C for 7 days

Sesame oil Dry Cell Weight Total fatty acids Arachidonic acid
(g/Sg rice bran) (g/Sg rice bran) (g/5g rice bran) (mg/Sg rice bran)

0.0 0.75 0.27 55
020 0.78 0.27 58
0.375 0.82 0.25 65

Sesame oil Z7|71 AA MMo| O|X|= 51

B84, 16, 25)00 st ZHE A EHE X H/E
A5 AA AAC 3t o= A FAAU Axrt g
Ate Aldoe] &d8jx gt E dAFgMe ofe FFHe
212§ (sunflower, soybean, sesame, olive)o] ™3 HFS
o uj Ao R ZARSIY B A3} sesame oile] 7} a7} F
9tth(data not shown). we}A} sesame oile] H7}A T wWE
A A L AA A oiF dFS ddste 1 A9E
Table 6] YENMRQITE Table 604 & 4 Q1% o] sesame
oil g iAo 0.3-04 g/5 g rice bran H7}s)5H AA AAA
o] &7 vl oF 1.28) =7l lch A A2 sesame seeds
o] FAREL YRE C18:15% Cl18:20l11 AA C204= A
9] AR Fom(26), FAiH3}EAQ] sesaminy} sesamolin
5ol 2% FFHA UAeH27). L} sesame seedsE oF
250CANA EAEEte £ & 78S FE3W sesamin
AP 2 Wt AT sesamolin® B RE # =T F
=2 sesamolo] A ETH28). H]E sesamind sesamolin-
dihomo-v-linolenic aciddl X} AA AFAAZAZS AHHAQDH=
g AR, EAeEERYE Ad=Ee Jg EZER
sesame oile] $H-H ZHE o4t & mju|@d Fol ojul®
AASIAAS &R0 2 XN sesame oil 7o o3 AA A
o] FAHT A/t dojA e AL E Asdr

AT 201 71543 2AE 08T UAE HAAAE
o] gutd| APz e} vlRd ANHLE i FAES
o] &3l AAE AYatA A4HE F animals dietsol] B 7HA|

FORN TIHOZ AATE FiE E4E ALl TkE
A 2 HoZ ARETHQ). AR B4 T2 dVAlER
ojml dz] AMEE I U] GFe B AFMHYE mAY
HE o] &3td ¥z AA £ GA F4 glo] 714 A
2A7F FHE AEHMAZE ALE U Aotk E
aAEE AFAAe WIS T892 AFHAAT u)
FAZHE 15~20d Fx EHFH old M} AA9 U=
Z g4E 5 IS Aoz Agdnt

o o
L

B de] 238 FZ DHAS yEof E8AA7A 5
=4 AAA2A £87F Z71E¥ln = arachidonic acid
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(AAE -E,’-%]'O] Mortierella alpina ATCC 32222E o] &3}
Aoz FAA AN £ de BALEIFHE N
3] g 7;i ojth, B dATddAe i A% 9 zAL
BEATFE Bt AR AA A g HEe 24}
HgEn, 49EE ERE

NXe EEFT FRFEE
TALEANME T4 FAEY Ziafﬂ'

o APHAT}. AReE 9
A F I EF TAALT AA A T HEFHQ
mixed-growth associated patterno] FojZc}l. LA EE wl A
o] ZZH3ES Y3t carbon to nitrogen (C/N) ratioZ 6.5-20
HAZ -3ty s £ A gA0 g4 =T
S 7 FA g2 BF F, 6544 M F& AU
Adoj At X3 sodium glutamateE A e (0-4%,
wiw) 7S ol 2ag Bdde g #AFE 23
By ZAEE AEFE BYor, nedi H& FAA=HE
Aol sesame oil (7.5%, wiw)yS H71FS A AA A4+
e o 1297} FAE L.

& A}
°l =EL 200335 ShERATAGe] dAFule] s
75918 (KRF-2003-005-F00007), oo} ZFAl=dUt}.
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