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Effect of Growth Conditions on the Biomass and Lipid Production of
Euglena gracilis Cells Raised in Mixotrophic Culture

U-Cheol Jeong, Jong-Kuk Choi, Chang-Min Kang!, Byeong-Dae Choi and Seok-Joong Kang*

Department of Seafood and Aquaculture Science, Gyeongsang National University, Tongyeong 53064, Korea
nstitute of Toxicology, Jinju 52834, Korea

Microalgae are functional foods because they contain special anti-aging inhibitors and other functional components,
such as ecosapentaenoic acid (EPA), docosahexaenoic acid (DHA), and omega-3 polyunsaturated fatty acids. Many
of these functional dietary components are absent in animals and terrestrial plants. Thus, microalgae are widely
utilized in human functional foods and in the feed provided to farmed fish and terrestrial livestock. Many marine
organisms consume microalgae, often because they are in an appropriate portion of the cell size spectrum, but also
because of their nutritional content. The nutritional requirements of marine organisms differ from those of terrestrial
animals. After hatching, marine animals need small live forage species that have high omega-3 polyunsaturated fatty
acid contents, including EPA and DHA. Euglena cells have both plant and animal characteristics; they are motile,
elliptical in shape, 15-500 um in diameter, and have a valuable nutritional content. Mixotrophic cell cultivation pro-
vided the best growth rates and nutritional content. Diverse carbon (fructose, lactose, glucose, maltose and sucrose)
and nitrogen (tryptone, peptone, yeast extract, urea and sodium glutamate) supported the growth of microalgae with
high lipid contents. We found that the best carbon and nitrogen sources for the production of high quality Euglena
cells were glucose (10 g L) and sodium glutamate (1.0 g L), respectively.

Key words: Euglena gracilis, Fatty acid, Carbon sources, Nitrogen sources, Mixotrophic

M E %K(autotrophic), E}7} %l %F(heterotrophic) 3% AFul
%(Mixotrophic) B ¥z 71 o] wheba] Depzlch(Wen and Chen,
F2eElvs 4EAE 7L FRME ke FolA= AE 2003; Wang et al., 2012). 2 2&5l= 7| 5 A 22 o17] 98
& HgstAeh Alazdo] gl HiE g {HES sk HollA A ajopabs o] AAJo] a3l A (Jeong et al., 2015)9]
© =9 HESFE 76| = Trh(Ruiz et al., 2004; Ro- Aol oJetd F2 o] Hio] e Aot e u|7k-331 e E Ao}
driguez-Zavala et al., 2010). 28 H}+= Vitamin E, Pramylon A HFALO] e 2 o) A = E skl oFHb o] XA uljorl ol A
oF & 7)%4 B muk oh]eh EPASL DHA 22 ©ul7k3 o= vehyith uheby 2 Ago|Ae Estedobufel 271510
A= E SR ARS kAL Q1] wiell ol Ao | A e ot pHOF 22 =2l A e e, dad
oEE Y& WAL glth(Harwood, 1988; Hayashi et al., 2 CNHl& 22 Fzds 9e3s o e f=2eud
1993; James and Browse, 1999; Barsanti et al., 2000; Choi AA} 2] A of| n] 2] = 2] A vk AL FE5FaLA) 5F T
etal, 2013). 0|5 715A S A} AFAR] FFeke x}7Fod ol
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Mz H A

<+ Euglena gracilis KMMCC-1351+= St
=S A = F2F(KMMCC) 22 5E 4 ol ARg-s13]
O, vjeFo]] ARE-RE ujA]+= Table 19]] Lrepdl HEL} Zro] Hut-
ner medium (Leticia et al., 1997)& A&}tk A| %31 Hi A =
121°CoflA 1527F 38 Hatsto], 27] FF-20.62 gL= 7Y
ZF3RkE 0 = ujofstglon, Hio| LA 0] 242 &4 E
2]7](UNION 32R, Hanil Science Industrial Co., Ltd. Korea)
of| 4] 3,000 rpm .= 2587t Y4l Ee] gt &, vkl Hg|aL
Al=ZRE =8kt

Hi LY== 2t pH

ko] wE Ad2 ZEu|F7](KSI-200L, Koencon
Co., Ltd)E 0|83} 15T, 207, 257, 30°C 1AL 35T=E
AAEFR o H, pHol| w2 432 0.1 N HCIZ} 0.1 N NaOHE
o]-8-5}o] pH 3.5, pH 4.5, pH 5.5, pH 6.5, pH 7.5 18|31 pH
8.5% A S AAISHIT: vioo] e H w40 o &
4]E-2]7](UNION 32R, Hanil Science Industrial Co., Ltd.
Korea)of| 4] 3,000 rppmO.2 2557F ¢4 E2|st &, ufjofFe]
H 2] 3L A2t Slpsto] 4 Hzsto] Aol ARSIl

r
O
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2
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i
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Table 1. Composition of Hutner medium

Component Concentration

Glucose 15.0 g,
Sodium glutamate 509
KH,PO, 0449
(NH,),HPO, 029
MgSO,-7H,0 05¢g
CaCo, 02¢g
H,BO, 0.0144 g
Fe(SO,),"6H,0 10 mg
MnCl,-4H,0 1.16 mg
CoSO,-7H,0 0.38 mg
ZnS0O, 7H,0 44 mg
Na,MoO,-2H,0 0.3mg
CuS0,-5H,0 0.32mg
Vitamin B, 2.5mg
Vitamin B,, 20 ug
Distilled water final volume 1L
Final pH pH 3.5

"Hutner medium (Leticia et al., 1997).

20| T, Ao SR 1
GHaglo] W2 A%
< Hutner medium & 7]} Z]of] €r42Q1 Glucose & A<
3}o] Fructose, Lactose, Glucose, Maltose 12|37 SucroseE
Z}7F 1.5% (wiv)= saote] viesialnt. Aol ua 4%
2 Hutner medium & 7] 2wl z]of] 242121 sodium glutamate
2 A|9J5}o] Tryptone, Peptone, Yeast extract, Urea Z12| 1L so-
dium glutamate A8-5}o] Z+2}0.5% (w/v) 5301 ka3l
k. ON vl&of w2 42 eh4 0 2 glucosedt AU o2
sodium glutamate £ ©]-8-5}¢] 24991 sodium glutamate 1.0
g/Lo 2 JIAAZ|AL, B9l glucose =& 24 1.0 g/L,
50 g/L, 10 g/L, 20 g/L 18|31 30 g/L Ta3te] ON H|Lo]
747} 1, 5, 10, 20 21231 30 H]& 2 24ske] ujstaitt. o]
W] 9] HjF = =25+0.5T, P57]+= 18L:6D, F7Ho] 2=
3,000 Ix2 G-A] 5}t

% 24 322 Bligh and Dyer#4(1959)0]] 3153t} B|#A
o Al 5 g& ko] A|3EEA7](homogenizer AM-12, Ni-
honseiki Kaisha Co. Ltd., Tokyo, Japan)ol|4] 15,000 rpm=

27F 2M5E 3, Chloroform¥} MethanolS- 2:1%2 &3k =
= SiE A=Y 2usF Hof oFF 5k AR v chloro-
form SHH& we]s}7] flsto] S EvkiA Qo A& =
a1, 71 91°f Na,SO,E g o] A1 A13] chloroform3-7+ S22} A
atoict. ®2]%¥ chloroform &2 %183]45%7](Rotavapor
R-114, BUCHD)E ARg-50] 40 Colstol| 4] Gl & £ s] &
AR &, 225 & AEY FAE SHsI B A
224 7] 5 sl A F3FATt. AWAF methyl ester =4 {b= Al
=2 dAF YR EEEH(C,,, methyl ester) 1 mL (I mg)s
cap tubeol| 23132, 0.5 N NaOH-methanol €9 1.5 mLE 7}
sto] g FXITThE, 100T oA 821k 7Hgste] H3kstal
o} 9y 2 12% BF -methanol 2 mLE 713t $- tube®| 742
3L, 100 C oA 1127 7HE 5k methylsh sHEITE oF 30T =
W75l 5 [so-octane ImLS 71831 3027F vortex mixer=
RStk 24 3mLo) E814 945 7ok 5] U
5}o] iso-octane=0] EE| &= 3}9t}. iso-octaneZ2 Al &
(4 mL)o| %71 ¥, thA] iso-octane 1 mLE 7135t th3 &5
o] A FE3o] A|& Hof| B 031 o]E x|WHAF methyl ester A| &
2 SFQITE. A AR A of) AR8-5H= GLC= Omegawax™-320
fused-silica capillary column (30 m x0.32 mm X 0.25 pum,
i.d., Supelco Co., Bellefonte, PA, USA)E #4213t Clarus 600
(Perkin Elmer Co. Ltd., USA)E o|&3%ith E4xA0=2
Column-&- 185Cofl4] 827k FAI8kaL 3C/min¥] 230 C7HA|
FSAIZ 3, 1027 FAIsHTE o] wf 29171+ 250, A&
7]+ 270°C 18]l carrier gas+ He (1.0 kg/em?)2 A8-51%
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Walo] EABIT, A HAF EEREL 140, 16:0, 18:1, 1822,
18:3, 20:0, 22:1, 24:0 (Sigma Chemical Co., St. Louis, MO,
USA)3 GC-MS= 57 %l menhaden 0il-& AE-5}$ Tt
SAXE

£ 2k3E SPSS (16.0) Z2WE o-g3lo] HAhEA
(one-way ANOVA)T} 3] 424 (Regression Analysis)2 AA]
3}¢] Duncan's multiple range test (Duncan, 1955)=2 H#7+2]
213 (P<0.05y& A4 sk%ct

ng

/M

i,

¥

Y= =2t pHOj| E Fet

| k&0 pHoll W2 E. gracilis 2] 4% Fig. 1] Lehd
Hel ot ujk =157, 207, 25C, 30T 22|31 35T of| A
ARl tobet 0.62 g/LE Esto] 19 A3 3 2H2F 0.68 g/L,
0.78 g/L, 1.06 g/L, 1.03 g/L 12|31 0.98 g/Lgl.oH, 29! A3}
Zol=1.88 g/L, 236 g/L, 3.10 g/L, 2.83 g/L 18] 11 2.68 g/L
ot} 39 A1t 3 157, 20T, 25T, 30°C 12| AL35T Lo A]
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Fig. 1. Biomass concentration of Euglena gracilis with various
temperature and initial pH. (A) Effect of temperature (B) Effect
of initial pH.
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R U AR
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7471328 g/L, 4.83 g/L, 5.67 g/L, 5.22 g/L 18] 11 5.01 g/LY]
om 49 Au} Sojl= 717 4.86 g/L, 6.78 g/L, 8.22 g/L, 7.83
g/L 71831 7.12 g/L& Akt 59 A3k = 15T, 20T,
25, 307C L2135 Frol|A 2+t 5.82 ¢/L, 9.16 /L, 10.05
g/L, 9.82 g/l 12|11 9.35 g/Lgion, 64 AHut So|= 717}
7.08 g/L, 10.82 g/L, 12.06 g/L, 11.56 g/L 18] 11 10.60 g/LE
ARt 79 A $157T, 20T, 25C, 30C 18]a135C
ol A ZFZE 7.83 g/L, 12.25 g/L, 13.12 g/L, 12.80 g/L 1
3111.88 g/L2 AAsho] vk of] wh2 A7 25T o)A 7}
=2 A4S R AT 30 T 1912121 Afol= Ho]
A] 9ITH(P<0.05). TF2 0.2 202} 35T &0 & LElton
(P<0.05), 15T A 74 We A28 5 9t (P<0.05). ©] 2
A E. gracilis®] /37l 71 A et v == 25-30TCE U
ebdich pHol| w2 pH 3.5, pH 4.5, pH 5.5, pH 6.5, pH 7.5-12]
3L pH 8,594 AFtutet FUsHA 0.62 /L2 Esto] 1Y
A7t 5 7+711.08 g/L, 1.00g/L, 0.88 g/L, 0.68 /L, 0.78 g/L L
2]31 0.80 /LYo, 2% 3} Fofli=3.08 g/L, 2.66g/L, 1.90
g/L, 1.18 g/L, 1.88 g/L 1] 2.50 g/L& AA31lct 39 74
7} 5 pH 3.5, pH 4.5, pH 5.5, pH 6.5, pH 7.5712] 31 pH 8.5¢]
A 7¥7¥ 5.46 g/L, 5.03g/L, 2.98 g/L, 2.08 g/L, 3.08 g/L ~L2]3L
4.86 g/L31 oM, 4 A3} 3ofli= 217} 8.10 g/L, 7.22¢/L, 4.60
g/L,3.16 g/L, 436 g/L 1)1 7.02 g/L& A4A31ct 59 74
I} % pH 3.5, pH 4.5, pH 5.5, pH 6.5, pH 7.5712] 1L pH 8.59]|
A Z¥7+10.6 g/L, 8.96 g/L, 5.81 /L, 4.50 g/L, 5.62 g/L 12| L
9.11 g/Lgl o™, 64 73} Sofl = 7+7H2.38 g/L, 9.96 g/L, 7.02
g/L, 5.52 g/, 6.88 g/L 12|31 10.50 g/L& A A3}3ict 74 74
7} % pH 3.5, pH 4.5, pH 5.5, pH 6.5, pH 7.5712] 2 pH 8.59]]
A 247+ 13.60 g/L, 10.80 g/L, 7.82 g/L, 6.38 g/L, 7.22 g/L 1
237 11.30 g/LZ A43}to] pHoll wh2 A48 pH 3.5001 A 714
2 482 UER 212 3(P<0.05), T2 2 pH 8.52k pH 4.5
E UEHHTHP<0.05). th-5-2] n| &5 pH 6.5-7.59] 54
29l 2ol 4] & A&t A= th=A| pH 3.59F pH 8.5%
& =eke] 2o A Aol Sk A o2 LER

i F-2 =0 pHo|| w2 E. gracilis®] A3 Fig. 201 1t
ERdl vlel 2ok v R = 15,20, 25T, 30°C 28]aL 35T
ol A Z+z} 18.8%, 18.7%, 19.6%, 20.2% 1] 20.6%= Hj
F2reof whE A AT AR 119 Aol Holx] 4%k
©1(P<0.05), pHol| th2 pH 3.5, pH 4.5, pH 5.5, pH 6.5, pH
7.5712] 31 pH 8.591 A A &gtk 712} 18.6%, 17.7%, 18.8%,
17.2%, 17.6% L8] 18.6%= pHol| wh2 2| Agkko] AlE L
= 7Ho] Aol = gle A L& YERITHP<0.05).

v o] WhE E. gracilis 2] A"AF 2/0-2 Table 20f Lt
e vk} 7ok, Espa]HbAe] A2 157, 20T, 25°C, 30T 1
2] 32 35T oA 22 30.90%, 33.79%, 37.93%, 42.45% ~1g]
a1 4823% 8 v =Tt A g STee A 08 ey
©1(P<0.05), B3R HARY] Ao 7k7F 69.10%, 66.21%,
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Fig. 2. Biomass concentration and total lipid content of Euglena
gracilis with various temperature and initial pH. (A) Effect of tem-
perature (B) Effect of initial pH.

62.07%, 57.55% 12|31 51.77%2 HjOF& =7} AF5aka g 7t
28} A0 2 JERFTH(P<0.05). E3F 18:3n-32] A< 15T,
20T, 25C, 30C 18]aL 35ColA 42 11.47%, 10.61%,
9.13%, 5.28% Z12]1l 2.98%= UEF S, 20:5n-3(EPA)2]
749 2171 6.00%, 5.58%, 4.58%, 3.22% 12|11 2.88% % 2

22:6n-3(DHA)2] 7%= 212} 4.56%, 3.93%, 2.66%, 1.66%
231 1.28%= YERGTE o]#gt 18:3n-3, 20:5n-3 22:6n-3
B QR 7} ool ufet st} = 49e meick T3
HUFA (Highly unsaturated fatty acid)®] 4% 15T, 20T,
257, 30C 1AL 35 CollA 42t 21.74%, 19.21%, 15.70%,
11.35% Z12]3l 8.18%= UEl o™, Y'n-6 HUFAS] 4% Z¢
7+ 20.00%, 21.77%, 15.55%, 17.41% 1231 17.84%°.2 L}
ERER P P EE NP REEEREEEE)
=93t ¢3S v X (Ackman et al., 1968; Satu and Murata,
1980; Thompson et al., 1992), dHkx 02 ko n|y|x2F F
S AR AaskilE o oo Blgol F
7Foh= Al® dHA Ith(Mortensen et al., 1988; James et
al., 1989; Renaud et al., 1999; Oliveira et al., 1999; Jiang and
Chen, 2000). o|*1 A9l-& Sl viF2=of okt f=du
O] A itEA o = AAGE Afo] & Hol= A o= et &
3], {27t =2 4E ZIA AR Bl S oIt o

o] 2olo] Auksat A xshs 2akE trehole E5, E4A
Q1 e foFLEst ol dss HF A0l Y34 do] Woly
£ A0 e ARGt Slold e Lz Hlosh
1= 7o) 43 2102 Lieh} o] = wobz o] mHE AL o]

L ufj ~2f(biomass) ¥} G FHA Q1 Sl A A E 3
= A0 F& Lo E AR H) v f o] w2 AHARS )14
A3} sterol | H4k] T 248 RS Wt AE 21
Fol A TERTSAYALS 127Col4 80%7F FAEL 200
o} 30 CollM= 22 51%8} 30%9] E22apA RPAto] H/d &
(Browse and Slack, 1993). =7} Yo 53235} 2ipAke] oF
o oA = Whd v 257t = O EIPR|HARS] ¢Fo] Wol
ZAtkal 113 Qlth(Neidelman, 1987). o]H Lol A= &
L7 Eobglol wheh EEpA| 4] H]Eo] obR]= A YA

al= Ao® R,
EtAIT AP0 HE

chaat A4 Fol whE A9 Auk= Fig. 3of Uekd vt
o} 4t} era © & Fructose, Lactose, Glucose, Maltose ~L2]
1! Sucrose & ARE5Ho] wj st A= 242 8.52 ¢/L, 6.81 g/L,
13.23 g/L, 5.62 g/L 712]31 3.32 g/LZ glucoseE EHAY o2
AR FHollA 71 =2 RS B0 (P<0.05), thS
2 fructose, lactoses= S 2 =A| YEPGTE 24|24 T2 fruc-
tose, lactose, glucose, maltose 12|31’ sucroseS ARE-3}o] Hf
oFst A= 7F2F 15.6%, 17.7%, 20.2%, 14.2% ~12]31 17.0%
2 glucoseol|A] 714 gFFo] =90 1 (P<0.05), T2 & lac-
tose, sucrose <=2 2 LERSTHP<0.05). 240 2 Tryptone,
Peptone, Yeast extract, Urea “12] 3! sodium glutamate S AR
slo] wjofst Aut= 7kzF 112 g/, 11.8 g/L, 12.2 g/L, 10.60
g/L 712]31 13.32 g/LZ sodium glutamate | A] 7H4F =2 A
S B 0m(P<0.05), Th2- 2.2 yeast extract, peptone 42
2 yelgtt & A2 g2 tryptone, peptone, yeast extract,
urea 1|1 sodium glutamate S A&-5}o vkt A= 7}
7} 15.8%, 17.7%, 16.3%, 14.2% 12|31 19.6%= sodium glu-
tamate o 4] 7} gFFo] =k 0 1(P<0.05), th- 2 & peptone,
yeast extract <=0 2 UEFFTH(P<0.05). Bt AAY 9] &
Tof| whE A% A3k= Fig. 40l Uepd viel Ao ghiglo®
glucose?} AAYU S =2 sodium glutamate £ ]85} C/N H]
&°| 247} 1, 5, 10, 20 21241 30 Hl== 2A4sko] vijefet 2
= Fig. 40 Urehdutel o] vpo] emjae= 742F 1.83 g/L,
6.65g/L, 13.6 g/L, 16.6 g/l Z12]11 17.3 g/LE C/N H|&0] &
opf]of| whe} vio] Quj ARk EFE Folx]= AR UERG S
C/N H]&o] 100]/dol| A Blo] e mjAghe 4ol w3ks]= A
o2 yebdth & A4 geFe C/N Bl&o] 2424 1, 5, 10,20 1
237 30 v &Y o 22} 18.6%, 17.8%, 20.2%, 22.3% 18|31
21.6%= C/N H]&°] 10, 20, 30 Lol A {214 Zpo]7} Glo] =
< 02 YERFTH(P<0.05). E3 C/N H&of uf2} ghaxelo]
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Table 2. Fatty acid compositions of Euglena gracilis grown in different temperature (% of total fatty acids)
. Temperature
Fatty acid
15°C 20C 25C 30°C 35C
14:0 9.09+0.18 11.570.12 14.214£0.23 17.48+0.08 21.56£0.12
15:0 5.20+0.01 4.96+0.10 7.07+0.16 8.33+0.06 9.74+0.10
16:0 15.13£0.12 15.68+0.20 14.46+0.28 14.40+0.36 14.11+0.32
16:1n-5 1.68+0.01 2.95+0.02 3.95+0.08 3.43+0.02 2.16+0.02
16:2n-4 0.56+0.00 0.83+0.01 1.05+0.02 0.96+0.01 0.86+0.02
17:0 2.42+0.01 1.96+0.02 5.58+0.08 5.82+0.06 5.563+0.08
16:3n-4 4.40£0.02 3.19+0.03 6.90+0.05 5.48+0.13 4.65£0.12
16:3n-1 0.81+0.04 1.00+0.01 0.54+0.00 0.48+0.00 0.50£0.02
16:4n-1 1.3410.01 0.63+0.00 1.1520.01 0.30£0.00 0.43£0.02
18:0 1.3310.02 1.40+0.02 2.04£0.03 2.03+0.02 2.52+0.02
18:1n-9 2.51£0.02 2.1340.04 2.79£0.02 6.00£0.02 5.04+0.08
18:1n-7 2.18£0.01 2.07+0.02 0.46£0.00 0.52+0.00 0.69£0.02
18:2n-6 3.9740.02 4.72+0.08 5.9140.08 5.75£0.02 4.71x0.08
18:2n-4 0.34+0.02 0.35£0.00 0.79£0.00 0.82+0.01 0.7240.01
18:3n-3 11.47£0.10 10.61+0.16 9.134£0.22 5.28+0.16 2.9840.12
18:4n-1 1.87+0.02 1.64+0.02 1.04£0.01 0.49+0.00 0.7240.02
20:0 0.15£0.00 0.18+0.00 0.14£0.00 0.21£0.02 0.30+0.00
20:1n-7 2.7140.03 2.3110.01 1.1910.03 0.37+0.04 0.6940.01
20:2n-6 3.65+0.04 3.650.05 1.32+0.02 1.93+0.02 2.06+0.06
20:3n-6 1.30£0.03 1.92+0.02 1.03+0.03 1.32+0.03 1.27+0.02
20:4n-6 6.35+0.06 7.08+0.06 3.87+0.06 3.99+0.06 6.13£0.08
20:3n-3 1.69+0.02 1.1120.02 0.55+0.01 1.00£0.01 0.89+0.03
20:4n-3 1.71£0.01 1.50+0.02 1.07+0.01 1.41£0.03 1.44+0.06
20:5n-3 6.00£0.026 5.58+0.03 4.580.08 3.22+0.06 2.88+0.05
22:1n-7 0.56+0.00 0.59+0.00 0.79£0.00 0.89+0.02 0.86+0.02
22:4n-6 0.81+0.01 1.20+0.01 1.73+0.03 2.20+0.08 1.66x0.03
22:4n-3 0.22+0.00 0.12+0.00 0.26£0.00 0.21£0.00 0.14£0.00
22:5n-6 3.93£0.02 3.19+0.06 1.70£0.01 2.22+0.06 2.02+0.02
22:4n-3 0.59£0.01 0.76+0.02 0.71£0.00 0.96+0.02 0.58+0.01
22:5n-3 1.450.02 1.18+0.01 1.3210.01 0.82+0.01 0.86+0.01
22:6n-3 4.56+0.06 3.93+0.02 2.66+0.02 1.660.07 1.28+0.05
SFA' 30.90° 33.79¢ 37.93° 42.45° 48.232
USFA? 69.102 66.21° 62.07° 57.55¢ 51.77¢
> n-3 PUFA® 21.742 19.21° 15.70° 11.35¢ 8.18¢°
> n-6 PUFA 20.00° 21.772 15.55¢ 17.41° 17.84¢
n-6/n-3 0.92¢ 1.13¢ 0.99c 1.53° 2.182

ISFA: Saturated fatty acid, “USFA: Unsaturated fatty acid, *PUFA: Poly unsaturated fatty acid. The values are mean+S.D. (n=3). “*Different
superscript letters within rows represent significant differences between treatments (P<0.05).
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36gL,0.12gL! 12)31 008 g L'gon, ONHE 30 o w9k 1,2,3,4,5,6 183 72 A3} 5 21242783 ¢
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Fig. 3. Biomass concentration and total lipid content of Euglena
gracilis with various carbon and nitrogen sources. (A) FR: Fruc-
tose, LA: Lactose, GL: Glucose, MA: Maltose, SU: Sucrose. (B)
TR: Tryptone, PE: Peptone, YE: Yeast extract, UR: Urea, SG: so-
dium glutamate.
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Fig. 4. Effect of glucose concentrations. (A) Effect of glucose
concentration on biomass and total lipid content (B) time-course
profiles of glucose consumption under various initial glucose con-
centrations.

1992). E3F A A s A7) olle AR AR v]A]
of wix) 4ol Algkelel Ago] A AE T Z7hEAri st
(Honda et al., 1998). A9 F-5rol what 2|2 Y 4lol| ok
2 t|x= Aog deA Qo (Regnault et al., 1995), M.
ramanniana™= potassium nitrate”} Z3Fg vj x| S AFR-SF A&
ammonium salts”} Z3HE iR & AFRSH= ZeH T AT
= AAY sE7t =rha B arE o] QIti(Sajbidor et al., 1990).
R A HAYE ] A AR wli x| 9] Fofa FollA a4
o] £53 Aol Z2o] Hrkar Ui A SlthHonda et al,
1998). E3F vi| O] AT =257, Alt, wF0]9] LA
WA SO AR Hlgof] JekE Frkal A A Jlew
(Yokochi et al., 1998), alj%Fu|A|225F21 Dunaliella bardawii
9} D. salina 5-& 44910 121 Aefol Al 1 AgHFo] of
Akl B Eo] QJR|WH(Renaud et al., 1995), G-0|A| 25
o] Scenedesmus 2} Chlorella A= AAQ9] =rr7} =2
) R|AgIEFo] F71oh= Ao 2 H w1 QIt(Piorreck et al.,
1984). 5t Fegole} -2 €719 Y(heterotrophic) F]AE-
Ao ig ot e o] F e e A APAS 2Hst= AL
2 R E o] 9l omf(Watanabe et al., 1997; Kim et al., 2005a,
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