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Abstract — In this study, the optimization of several factors for Chlorella saccharophila cultivation was investigated.
The studied factors were medium type, culture type, inoculum size, sugar/nitrogen source type and concentrations. As a
result, the optimized conditions for C. saccharophila cultivation were found to be the best at 3% (v/v) inoculum, 30 g/L.
glucose and 0.95 g/ NaNO; under mixotrophic culture. Under the optimized condition, the content of oil was high at 12

day, whereas, the amount of biomass and chlorophyll were high at 10 day.
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Ul E4o] ul$- chepete] o] erl 2w o & 7hsAo] Hofubrt
31 22l QIEHS-8]. WA SRR A9, 10], o)
& A, F35 FA12] 59 5L ok Ash Al
ZREIE vlo] QT A FETTL o) 91 et A3} AT o

Al o] JaE 31l 13-16].
Chlorella= 2% 713t A% o] 723 Foll AR AL = v
Azt ofth, FToll= 2t f# e AZE F3to] nlo] ey
A& et sk A7 o] Fol A A QlTk15-17]. BA&
Fraly] ko] AAeE v o] &3k v, Wik
o TRdshAl 2d3te za A& 571117122t sk A7t
130 5] 37 QITH10,13,15,18].
B AFto|X ARE3Y Chiorella saccharophila= 3FANA 2] =
o, glyceroks A F3H= 580] vkl ¢l QlA, lipids &
o] vle] 9 oA Aakel] A28 7FedS AAlSkaL Qleh17]. &
el oI8FA C. saccharophilais WF W oll Wt 10~47%2]
lipid & 7HH, A5 %2 glucose®} non-aerated & W lipid $F
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o] Z7lsitka 2e A QIrH18]. & Ao s G548 Ak
317 S8l =527 DAY LER! Chlorella saccharophilas U1
O 7 viekatual SFx e} wjoF vijx] 2702 H A g)ke} 8=
A A o i,

2 M2 W

2-1. OM[Z=S

2 Aol AR S 2 EN= Chlorella saccharophila (Kruger)
Migula KMMCC-1950]9, gt=ralj oFu] Al 22723 of| A -ofto}
AgEI,

2-2. H{SF =AH

2 232 F A3t shaking incubator (Vision Scientific Co. Ltd,
Korea)ol| Al F 8311 00, vljoF &5 25 °C, WHHEE 120 rppm O =
ISk, B Wik 7ivtc) 28] Wi Wik, 2 A7
nhch AES Fste] A

2-3. BiX| 3 HHQF Z=249| E|Hs}

2-3-1. WA F57e] I

wjoF vix] F7o] JFFS Lol R 1A} PG A (mg/L; KNO;,
(1900), CaCl,2H,0 (440), MgSO,-7H,0 (370), KH,PO, (170), MnSO,-H,O
(16.9), ZnSO,7TH,0 (8.6), H;BO; (6.2), KI (0.83), Na,MoO,2H,0
(0.25), CuSO,-5H,0 (0.25), CoCl,-6H,0 (0.25), FeSO,-7H,0 (37.3),
EDTA-Na, (27.8), Myo-inositol (10), Glycine (0.2), Nicotinic acid (0.05),
Pyridoxine HCI (0.05), Thiamine HCI (0.1)), IM(Jaworski’s Medium
with fresh water [19]), IMS(Jaworski’s Medium with Sea water [19]),
BG-11(Sigma-Aldrich, Co. Ltd.), f/2(Guillard’s /2 medium [20])]l
thate] B O 2 glucoseE 10 g/L H718k] 1047F vioFaSIiTt.

2-3-2. uiF WP ] %

Sz e wj FelE A4 8 9 Al A9 PG
Hjz]of] 3313} 'S AE A 0 2 A FEict WA 3ol whE
e 1) A8 e ATk 2 3Rt Al E-8 autotroph,
o] gl el Bhags AH|she S5l gk A7 dohi|
$]3} heterotroph, ~12] 37 333} €k B+ A 2-8F mixotroph?)
37FA] vfjeFbH © 2 uljokslSitt. Autotroph?t mixotroph BISF 2712
GF5 FLE o] 838t oF 100 pmol/m?/se] FH2}F T3+ 16413L,
oFgk 8AIZFS] kA0 % YIS FAFSPAA wjeFetGith BE nAlx
2] vl &2 shaking incubators ©]-2-3F31 0™, vl oF & 1= 25°C,
WREEE 120 rppm 2 37Y3te] vlesigint.

2-3-3. JFF] ¥

27| AFF) e SIS dolr ] Q8 27] HEFE wix Y
1~6% (v/v) (ODgqp 0.166~0.676) = 1% 5141 mixotrophic .= Hl]
oFsheirh,

2-3-4. E‘r_/i J«?{-”‘ Lo gk

Bage] Fiel mE St ol TS Lobry] 48 PG
WAl F1A19] TR 10 g1 71t MRSt AL R Pl
< fructose, mannose, lactose, sucrose, xylose, galactose, glycerol

1231 glucose®tF. 18] 3L 7] HEHS 3%= 3to] 1247 )
Fetaitt. 123l glucose®] s 5ol mhE SR A} wif Y= &
olr7] £13l glucoseE 10~40 g/ 3= PG HIX| o)l 7] HE
2 3% slo] U uiFaIITE.

%

2-3-5. 2449 i?r % e 9F

Y2 TR e FFE dotr] f8 AagS 1.90 gL
X3H3h= PG HHX] A2rssd o) B4 © 2 30 g/L9] glucoses
718l ARESE A 49l © 21= NH,NO;, urea (NH,),SO,, casein,
yeast extract, peptone, corn steep solid, KNO, 18] 17 NaNO,°|t}.
27| HEFE 3%E 3to] AT 5 U viasivh. el a A
Ao] Freof mhE S dotny] sl dad T A AdE
T2 AEE NaNOsS 0475 g/L, 0.950 /L, 1.425 g/L=2 A7g3}
Qo1 glucose 30 g/LS 718t 7] AEHL 3%E 610
Mz B 10207 wlkslolT),

2-4. B i

2-4-1. F2 e} 58

oyt S delE F2517] 918l 4,000 rpmolA] 1587 4%
Zate] wjx| g} FRANE RelF O SHRTE ATt} FEE
Fret] dolgli wMiAE AASK: AZabge 28] skt
AHE v SRl 24 A%3 5 Bafjsto] oA Wakn
BaA] £40] ARESIITH21).

2-4-2. Cell density 57

xRt s SA Sl 9 AR AT A EE
27 (SPEKOL 1300, Analytik Jena)=S AR&all E35E2 660
nmel|A Sste] TS o] &ate] X A FEE Slsto]
YeERgSItE y =0.5351x — 0.016 (R2=0.995). oW, x= 3@ &
5 ZH(ODggo)0 1™, yi= cell density (g/L)CITH21].

29 % ¥ Bligh and Dyer method [22]5 W3 3}o] AL
stoict 54 Axd S29E 10 meell 5 mLe] S8 H7}sto]
253 2715 AFEEto] cells skt gk € cellell
chloroform¥} methanol& 1:2 H]-&% 7}k th3 531} vortexing
3k 5000 rppm S Z 1027 A2 3H cell debrisE #1A OPOﬂE}
0]% chloroform¥ SH5 1:1 H[&Z 37|10 573 vortexing 5
TFA] 2000 rpmell A 105—{} °J*‘%ﬂ—f4 sto] & el E skltk 54
oil o}l 2] chloroform %5 3473} Y& 715197 chloroforms
AAT T ARE AZsH] oile] FAIE SASH. S54
chloroform %2} FAl(oil #)= FFo A3 vlo] @ uj 9] %7]
FAI ¥ 81 % of dew (LLFAIZAZZ 100y ARFSISITH21].

2-4-4. 2D FF YU IS4

A Seks B249317] 98 10 mLe) methanolol] 54 Az 2
2SS 10 mgS F7Fet v T sHA £t 60 °CollA
B -EEA17] 666 nmS} 653 nmelA] FFEE Sk vhe

& 57 AREEIe] Mao] oS AlAksISITH23]. Chlorophyll (mg/L)

=25.5%Ags; + 4% Agee. ©1 ™, AT absorbance® &3 =0] 11, 6537}
666> spectrophotometerol| <] A8t 22}2] 5hgo]tt, Chlorophyll<]

JIN'
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(%)= 5745 chlorophyll®] 5= (mg/L)E A0l ARE-g 1to]
QuiAe] 27] 59} U] w8k % of dew (chlorophyll & 5/%7]
Hlo] @ Wl A FE*100)S AXFBIATH21].

3. 480 & o

3-1. HiX| SR/l H&

HR] Sl W SR deke] S gobiy] 213l S7EA] viRE
AHE-El ekl o, Fig. 10 21 A¥E YeR Ut vk A}
PG Hi A oA 7F8 2= cell density (1.99+0.13 g/L)S B3It} o]=
7129 C. saccharophila WIA1Q1 /2912 (1.68+0.10 g/L)H.t} 352
cell densityS X 0]+= o]t} 12 cell growth rateS 121 35}153 &
u], PG =]l 1.35£0.09 day'©]ar, f/2014] 1.16+0.07 day Q1]
13l cell density”} 52 IM HliA] o4 1.35+0.06 day'9] =& cell
growth rates B0k, 72X o g 9|k 2 product®] AJAHE 12
e wf o] A3 cell growth rate’} & FEFE T4 & A 0]
gk FsiTh wekA] B Ay o] Fo M= C saccharophila®]
HjeF A3le]| PG HIAE A8t

3-2. HHQF HiHo| et
ik ol W C saccharophila®) 47 A =5 LotR 7] ¢
3 3712 2] w9 (autotroph, heterotroph 78] 31 mixotroph) 2.

25 25
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Fig. 1. Effect of medium kind of the growth of C. saccharophila.
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Fig. 2. Effect of culture type on the growth of C. saccharophila.
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T A

2 ujeF slelth(Fig. 2). 32 AR autotrophell A TR 5 Wl <F
e R} #A3) Wka1(0.2240.00 g/L), 271 AE} B w S
w5 71k cell densitys &213F 4= QIUTE. o1& C. saccharophila”}t
A7} GFEolH, 'hado] Gl dolA FEdvew e
7Fsshe Rolg= Aotk 184 autotropholl Al k= 5 =714
Foh= AIRH Aol st 88 ve e W, o AALkE St
7] gk =] 224 Aol Aghet Wi o] ohekar | Qi 3
A& ATSHA el §EAATHS A58t heterotrophol A= o= H 2

2 cell density (3.791.19 gL)E 21 & &= 3t} o]&= o9
autotroph®} B W S v YR U= gk o] Allgro] S= e} uljokol
7 v F83 Aojgta weky] = Fito|ot T8 Wi o5 g
295 BF AT S mixotropholl 4(5.83£0.66 g/L)2] =2 cell
AATE 37HA] wijoF A5 vl H S o,
saccharophila W%l = Fgol v BhAE T Z o2 A ¥a)
A wrt 25 Al W cell 7] G860 7P & HORE ¥
H 31tk Cell growth rate B 3+(4.53+0.72 day™!) AE = 7
Q18}8lt}. Liang S[24]°1 23t C vulgaris2] Bl el oA
autotroph =71 ¢l141:= heterotrophel] B8} A|3Z 43737} lipid 44
2do] Skl glucoseS BHAY O 7 ARESE 790l 144l 5713 lipid
IS Rskeit, ek Hla) gk glo] 353k mixotroph 3

A Wel o) Qfeke W=tk wasigit

=)
=
o
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33, MBEC| g

Z7] AL W C saccharophila®) 7374S ZolH 7] £3)
PG HiR| oA HEHE vi#] 2] 1~6% (v/v)E FF3k] mixotroph
o ket A3E Fig. 3ol eIt ZA2e] 27] HEEe
FFEAZ AHEEE 660 nm TN FHEE SHEAS
1%14 0.166, 2%141 0.270, 3% 0.390, 4%l 0.467, 12
I 6%°l14 0.676 1Atk vieF A7} 27] HE=o] ST gkl ek
47 A F7FR= Ao ® YERTE Z1EY 1% (3.8040.62 gLy
HET 499} 2% (5.82+0.66 gL)S AE3 A$-S v S u
ok 50%2] A 2po]S Bl ot 3% (6.46£0.31 g/L)E AEE 4
2} 6% (7.35£0.01 g/LYy5 HES F-E v e v oF 14%2] A
e AolE Hol 6%5 T A0 AHES JEFl vlsl &

Fo] AA3] W3S B o= C. saccharophila WoFoll 7] A

8 8

[ Cell density
® Cell growth rate
T T
T 1L I

6 4 6
— ‘T>
3 ks
= S
z E
@ 4 A a4 =
S <
3 1 <
z [) g
S [ 5
S

21 3 L,

0 T T T T T 0

1% 2% 3% 4% 6%

Inoculum size

Fig. 3. Effect of inoculum size on the growth of C. saccharophila in
mixotrophic culture.
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To] el A2 vAY 4 sk o] 27 HEFS cell
growth <7&0] Wojx| = 7 © 7 FAHATE 3] 3% (6462031 g/L)=
HE T A 2 4% (6.50+ 035 gm)% HES A A = A
o) 7k A 2] VA o S % YEFSTE mRR7EA Z cell
growth rate”} &0l —0‘7]'@'01] upe} 98]8 Fhaehs 2 gl
k= AATE HEHE 2~4% (vv)ZE 3F heterotroph Z=71 ol 4]
0‘”7 FujeFst A3} heterotroph®l] A += mixotroph¥= HEt] 2 7
TEol TV E o] FHaskE A S E YEMHTE (data not
shown). Productivity 558+ 7FA8R= 2.0 & UER}TE. 0] heterotrophel]
A e 'R Aled v FQ o] 7] FEES 239
|&E&2 o1t mpeba] & A F ol A mixotrophe] 0173211 vl
Pl BRIElom, o]t HEE 7|2E 3lo] o] ¢ A
7] A& 7155 WA 3% (viv)E A5 T Heidari 5
251 C. vulgaris®] hybrid cultivation systemel| 4] 5& ti’d 1A
e vo] W 5 A8 A, R 1 49A HevA
ZRE 66 mg/Le FEE HESIE o Hohe] lipid A& &
Aok Haskgltt. o) HEstaal sk nAlERe vol ek 4%
e, el AE s AR vlAIET 438t lipid A3l
JaES m T 1 o]},

59

IS} l'N’ ofk

ARl 0) FiFoll b2 C. saccharophilal] 737l vA= Y-S
dotr 7] 213l PG HiAol] 87F4] 2] ©AgE 10 /L7t H =% 7F
stod, 27| HEFS 3% 12971 vieFste] 4> AE Fig. 401
veR St A8 o) AFE3 §F A Y2 fructose, mannose, lactose,
sucrose, xylose, galactose, glycerol “12] 1 glucose®|t}. lj<F Az}
fructose (6.35£011 g/L)°lA 718 =& cell densitys X312, 1
RO 2 glucose (5.48 g/L)7F =2 cell densitys H At} o]+=
saccharophila’} glucose .U} fructoseS AT dl= 202 %}‘?}%‘ﬂr.
ok OS] 'Rl A] 129 A el A37do] FHAsIglt. et
£ A= FAAAJ] W3 C saccharophila®) 37 55 18
3197 fructose”} 01 glucoses BAg 02 A5t o] 9} F-AF
St A3} 2= Liang 5 [24]12 C. vulgaris B %F2] mixotroph Z71¢]
A]3= acetate, glucose, or glycerolS th/0 2 wljoFt A 7}, glucoseE

—&— Fructose

—O— Mannose
6 { —w— Galactose
—&— Sucrose
—— Xylose

5 1 —— Lactose
—&— Gilycerol
—O— Glucose

Cell density (g/L)

Day

Fig. 4. Effect of sugar kind on the growth of C. saccharophila.

12

Cell density (g/L)

Time (day)

Fig. 5. Effect of glucose concentration on the growth of C. saccha-
rophila.

’\}%f?} ﬁo °ﬂ 7P =2 AR 23733 lipid 43S ATk

oll W= C. saccharophila®) /37l v A= S
°‘0}E7] 4 H AP0 2 glucoseS 10~40 g/L7} H == X 7}s}
of, 7] HF%E 3% AFsto] 121wt AHE Fig. 500
YERISITE diA 4 0 2 glucose?] 57} T/ 1S A3E A
Skt 28U 7 8 50 40 g/l (7.74+0.74 g/L)oA =
23|13 30 g/L (8.89+0.87 g/L)K.U} cell density”} -2 H1 & &<l
3k 4= Q1T BE3F cell growth rateol| A1 %= 20 g/L2] 7d-9-olli= 1.83
day, 30 g/L2] 7390l A= 4.63 day™, 40 g/L2] 73-9-0l4= 3.89 day’!
2 UERATE o= C. saccharophila W9FA] 52 559 glucose’} 7]
AA3NE %]37]{— Ao 7 AT Liang 5 [24] C. vulgaris HH
A¥2] mixotroph AN = 52 559 glucose (1~2%)°llA] 1L
5=9] glucose (5~10%)°]l B]3td =2 A|E AJ-S W askSIch w}
A 2 AFofME 7Y =2 %S HolF 30 g/LY] glucose &
ZollA ok A& SIS

—‘Plil

3-5. 249 ER ¥ sk

A °J/] -9 F%ol W2 C. saccharophila®) *37&ll vx=
Qs dotny] 23l 97142 FAY (NH,NO;, urea, (NH,),SO,,
casein, yeast extract, peptone, corn steep solid, KNO; 12| I NaNO;)
3} glucose (30 gL)E E3Hal= viA S ZA|slo] 27] HETH 3%=
AEslo] 8U7E wjekaIiTt (Fig. 6). ik A3} NaNO,= 0.95 /L
A7V a1 (8.45 g/L)llA C. saccharophila®] cell density”} 7+
=94 Cell growth rate 9 A] 7.30 day! © & 714 =94tk KNO, 9}
NaNO;oA] 525521 1.90 g/L (1.91+0.24 g/} 2.19£0.01 g/L)N| A

23] AAo] HAadhe Ao Hol 4yt FAksH 714 A 8

AE-E e Fo® Btk B8 1.90 g/LE H7FEF O A4
AF R} NaNOollA G=&0] £o 27 A4 0 FHE NaNOZ

A7t

0.475~1475 g/L 5 5=2] NaNO; HiA| & o]-&-3to] 10471 vljFato]
42 A3, 0475, 0.950, 1.425 g/L.2] NaNO;oll A 242} 5.34+0.13,
7.34+0.06, 5.29+0.22 g/L.2] cell density= LFEF©] 0.950 g/l NaNO,
ol A cell density”} 71 555 & 5= 2H, cell growth rate ®
N T 43 AL ARSI & A AnE upgor 7
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10 10
(a) [ Cell density
® Cell growth rate
8 r8
[ ] —
— >
d — S 3
2 6 e =
) — T
> . [} 2
= Ry
2 . : =
S =
3 41 . F4 %
(&) =
& [}
(@]
29 F2
[ ]
0 T T T T T T T T T 0
% & & Yo ks Oy
009 ] oll/b& 506,8& Sg, Os 1@6,/%(7 OJ%
0£1 a7 '94// S04
Ve, O4/_y “o.
N-source kind and concentration
8 6.0
(b) =3 Cell density
@® Cell growth rate
F 55
6 -
— T T L 5.0 <
< i L >
k) () ke
>
= )
2 4 E r45 ®
o =
(&) F40
2
r 3.5
0 3.0

0.475 0.95 1.425

N-source concentration (g/L)

Fig. 6. Effect of nitrogen source kind and concentration on the
growth of C. saccharophila. (a) Nitrogen source, (b) NaNO;
concentration.

e} wjoka] AAYE 0.950 g/Lo) NaNOy7}F 21 dsithar dkalsd
o}, Wb o] Nigam 5[26] C. pyrenoidosa®] autotroph Bl &Fef| 4]
0~0.4 g/l KNO;9] Aol mA|z72] /3747 lipid 35 <1
T8 A3 nitrate®] F 57} Aol Wl vNEF MEFE A
a1 oL, lipid 2 S7FsFIthaL Har SFek. T3 0.05 g/L2)
KNO, F=ollA =2 lipid 548 X133k
3-6. =X ZHOMM C. saccharophila HIF
A8 AF AE FEsto] F7 219 wixE 24dsloH,
O|Z5¥E C. saccharophila’s mixotrophic HI%F 27 oA 12¢€3F
HjeFatel 1 A3HE Fig. 70 UEbtE A9 Ao} AJto] okt
of Wt C. saccharophila®) cell density 2} productivity:= & 7}3f
*E FAIGOLE, 109 o] % Akl 22} oil 2] 790
= R Frrehe A8 4= Qe ol 2l gk AR 10Y
o]_ﬁr_ Hi%| 9] JokARo] i pZhEmA] WA= S A AE
@Y 1z, 9 s fshel 719180 oile] $o] 23]
7k 210 & WeItH14,25,27]. YNEA 0 & wlA| 5] el
olA] HijeF F7]of AAYe] AE T o] & lsto] nlHEFL
A4 g F2o] Tttt ATA =] €HA vk
[14,26,27].

(e}

g
=]
LA EX
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8 1.0
(a) Productivity
—@— Cell growth rate
—O— Cell density
r 0.8
—~ 6 7 e
g ] 5
h=2 || R4
Jdg 1 — T - 0.6 g
D@ <=
2 | =
s 2
2% g
o 2 04 S
T O '8
T 0 o
0o, |
r0.2
(R 2 T T T T T T 0.0
0 2 4 6 8 10 12 14
Day
70 12
(b) == il
| —e— Chlorophyll
60 L 10
50 1 T
T F8
= X
X 404 T =
g _ =
il Lle <
Q2 Q
= 30 4 - g
o | | &1 | L — T <=
| = | L4 ©
20 4
10 4 2
0 T T T T T T 0
2 4 6 8 10 12
Day

Fig. 7. Effect of optimized medium on the growth of C. saccharophila.
(a) Cell density, (b) Products.

4.4 E

C. saccharophila®] W WiF= 913k wix] H st ddE A
skelch. A8 A3 712 %= PG WA 7F A Fsigl o, ek 3
H= 37 o aA9S 25 393 mixotrophic B %]
AalGitt. 7] AEH A gss SR o 1A E o A
9] 3% W8l & FFshe o] &Aoot} sjA o A7ty A
43 A de A9 FAYE glucoseE 30 g/LE H7beka A
AL NaNO, 2. 0.95 g/LE H7tshk= o] $-73t3lom, o]&

735 kel gt 71AA 7 Bk Ao R WS
AR A AR ke A oile] B 129004 7
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