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Abstract : Melosira nummuloides (KNU-HAPCC-101), which is a biological resource for fucoxanthin extr-
action, was separated from single cells, and optimal growth conditions were derived according to temperature,
salinity, light intensity, light emitting diode, N:P ratio of culture medium, and dilution ratio of culture medium.
These parameters were assessed to ascertain the best culture conditions for the most economical and efficient
indoor mass production. The specific growth rate was the highest at 25°C in temperature, but there was no
significant difference between 15°C and 20°C. M. nummuloides died at 0 psu in salinity, and the specific growth
rate was the highest at 30 psu in respect to salinity. The light intensity was similar in all experimental groups
except for 5 ymol photons m? s The maximum biomass and specific growth rate in the light-emitting diode
experiment were revealed at the red wavelength, but the concentration of chlorophyll-a was the lowest at the
red wavelength whereas the white wavelength produced the highest chlorophyll-a concentration. In the
experiment according to the ratio of nitrogen and phosphorus (N:P) based on the /2 culture medium, the
growth rate was significantly higher in the 15:1 to 50:1 ratio range. The growth rate according to the dilution
concentration of the f/2 culture medium was the highest in the /2 culture medium, but did not show a signifi-
cant difference from the f/4 culture medium. M. nummuloides can be mass-cultured under conditions of a
temperature of 15-25°C, a salinity of 15-35 psu, light intensity of 25150 umol photons m™ s, and f/4 media
concentration level with an N:P ratio 15:1 or more. Based on the data of this study, it is expected that fucoxanthin
can be produced in a highly efficient manner through the development of a mass culture system.
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npHEFE SEol AAH: JAY BHE 2RE F
Aol A o7 WIA ARZO] 30-50%2 whdsls 13} A
R zA a5 AEA O] S A Fa(Chen et al.
2011), 4 oA Lol FotolulAw wak
A W, A, 451, H]ebl o] 2ol EPALF DHA
Sk 22 Qo] WRR FH= BxsL Aot 7z
ol AES o|AAEE 5 -8 B4 YAt
3} 2 2014). o3t IEAPEX] AAFRS ZHA ulAE
RE AYRENE, A PG AR, JFE 5 Tl
34 Folo] A4HO R olgsiAl S Aol I
HV’ET] AP Q) O (Hong et al. 2019), AR|7IA] E &=

= ALk thEe] e A A A dA B A
PERSER gt lovi, VAR g ek
A HIEA, 71EH BAR Q3] F45] BEEA Eotn
ol Agolth. TFelME sj4oh Tt vlHERY) 28
TFAQARA AFA}| d] BESH= 25 (Bacillario-
phyceae)= A|7F HA| 13} BAEES] oF 40%E A}A| 5}
HA|EF FAE 714 FasE BRLo|H(E 5 2014),
A AA A g7 20%E 7)ok Ao R g
1K Caldwell 2009). E3F F2FH= thE njH|2HFe} tf
27 = 4429 A& (frustule)o] AFERH Holl f‘r@HEl
Zl AL ol FHES] FEH= ol 4%t oA

=L SHH(F 5 2020), AAY DGAA 5 0181
EopollA o] &=L Stk 3 2FIF sk ARt
= 9F 25%7} THEESIRYAHPUFA) S 2 144 & 3(Lopez
et al. 2005), AEZFHIE £ fE BEE(phylum)o] H]
3f] DHA/EPA H]-&0| =2 # o7 dafA] tiIonasdottir
2019).

Chlorophyll-a ¥ ¢ (cl, ¢2) T+ 79 JE4LE 7HA=
TEFE YA B 7}@1&0]5 A E TE
FH(diadinoxanthin, diatoxanthin, violaxanthin, antheraxan-

thin, zeaxanthin, g-carotene, fucoxanthin)& $Hg-5k1L Q)
S m(Kuczynska et al. 2015), 15 fucoxanthin Z+35
oF 27| FAEDA 7tRE 0| Mg, 3, g
§h FHRE e, G T A Aol ik ohget B
o] dFEo] AAF R a7t S8kl UTKSeth et
al. 2021). fucoxanthin®] A} AARS AJsf ThA|a}, H]
o, thet} 22 At 2A2/E ol83t A7} o]FoiR|aL
oLy, sjFe 42F E(Hizikia fusiformis)i} v|A|Z
Fol H25 Phaeodactylum tricornutum2] fucoxanthin gt
QaRg WIS o) mlHZRI oF 109 o4 B RS %
= = Ao 2 BIEtHKim et al. 2012). E3+
2T T4 24| fucoxanthin o]L]of| = Ao} 2
< U o] Wol M| 2F 5 HEET FA vl

&

¢

hoii

o] ar7lolw(o] = 2009), A4 717} Al fucoxanthing:
237 4 e Fol FeElolslo] Alofo] ek, o] ut
o FERE Aol MR 47 AolA tkes B
o @k ofy e} &2 AL 7kl fucoxanthin 5
= &80 . L vHE2R{E 53 fucoxanthin A4
T A7t Edbs] XdYE|al 9o, 15 Chaetoceros
gracilis’=2.24 mg g, Isochrysis galbana’= 6.04 mg g,
Nitzchia sp.= 4.92 mg g'& 3G3sk= Ao= HuE gt
(Xia et al. 2013).
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Higfol| A yhatE] =), S 22 o] Falsto] A4 0}
o, BRI M7t AZAE 71 AFdA|(filament) S ©]F7|
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gol MR el T A= 5 202009 AFE A5
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A wjokzs peE AT Hok 4 gilch
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o 28 7Hset A8 =2 AuE At 7loskaat

stsich.
2 A2 2 Py
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AFEERAAE HAIA] FAA 25 palofe)
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Table 1. Experimental conditions for growth response of a marine diatom Melosira nummuloides

Type of experiment

Experimental conditions

Temperature
Salinity
Light intensities
Light Emitting Diode
N:P ratio

f/2 medium ratio

5, 10, 15, 20, 25, 30°C

0, 5, 10, 15, 20, 25, 30, 35psu
5, 25, 50, 100, 150 pmol photons m? s
RED (630 nm), Blue (460 nm), Green (530 nm), Yellow (590 nm), White (mix)

1:1, 5:1, 10:1, 15:1, 20:1

control (no addition), /16, /8, /4, /2

2k0 200 ml, 7] AEETE 200 cells ml' &2 HA3HA
o} 7}7ke] B3l Alf £AL Table 13} Zon), A
A 8lid eEasls HAste] AdE ARl 7
H AL 2% 20°C, G+ 30 psu, 3F= 100 pmol photons
m? s (WA LED %%, A&, 72+Si vj=|o]git}

HjRFAR 712 St i 22 Ajztoll AR-E7lolA
A7HG mi)e #/51o] Lugol 82402 A7 the Sedgwick-
Rafter AJ<=THS-R chamber)} 3F8F& 1] 7d(Nikon ECLIPSE
E100)Z o] &3l Alstle:. £t 25374 717t Sl
ol AESHmaximum biomass)i} A%} E(specific growth
rate) & ARSI, AP F2 F dL o] stol
VS F2 F P a (chlorophyll-a) = 3lsick

=

2 Y 48

S Y Ho AYEFS 5°Co)A] 5,200 cells ml”,
10°Col| 4] 8,692 cells ml”, 15°Cof|A] 23,433 cells ml”,
20°Co)|A] 25,650 cells ml”, 25°Co]|A] 34,050 cells ml™,
30°Cof|A] 364 cells mlI' 2, 30°CE ALt &7} =8
5 AETo] WolAl= AFE EUtHFig. la). A4
A+ A)7)9] AZPGAEL 15°Co||A] 1.21 d, 20°Cof|A] 1.25
d', 25°Coll A 136 d'2 Th2 2% 2] v]3) 24 (p
<0050 % =2 A4S Hlow, Y T8 & 9%
2 a BT 20°Co)|A] 334.8 ug I, 25°CoA] 352.0 ug 1"
2 OE 2% 20 Hla fo4or =2 55 A
CHTable 2).

HE 2AE o YEFS FE 5 psuollA] 6,133 cells
ml”, 10 psuol|A] 20,175 cells mI™, 15 psuj|A] 23,517 cells
ml”, 20 psuof|A] 26,283 cells ml', 25 psucj|A] 25,117
cells mI™, 30 psuof|A] 26,750 cells ml”, 35 psuollA] 27,850
cells mI"2 Ueptom, 0 psuojrs HaF Apdstgict
(Fig. 1b). A7MFAE-L 30 psuollA] 1.26 d' o2 714 =
grom, &4 a BT = 20 psuollA] 346.3 ug I, 25 psu
ol 4] 356.9 ug I", 30 psuol|A] 323.5 ug I, 20-30 psu?)

AR WA fOIHOR £E ARA a 5EE BT}
(Table 3).

FE ¥ 3

Bey FHof =2 5 ymol photons m? s ol A] 9,833
cells ml™, 25 umol photons m? s o 4] 22,608 cells ml™,
50 umol photons m? s o] 4] 25,688 cells ml”, 100 umol
photons m? s o) A] 26,358 cells ml”, 150 umol photons
m? s o] 4] 23,267 cells mI"' &, 25-150 umol photons m™
s' 2ol A e AR YERGTHFg. lo).
A48 719] XHIES = A7 E 257150 pmol
photons m? s 2SI ATHEL FOIF Aol S 1
o7 ekgkom, HEA a F= E3JF 25-150 umol photons
m? s ZAA {25t 2fo]7} ¢igItH Table 4).

o ol Fof BEFE AMollA 33,250 cells
ml", ZAe]4] 25,360 cells ml', &AHo]4 25,530 cells
ml”, o)A 23,770 cells ml”', #§AHo] 4] 23,510 cells
ml' 2, 2 mpol| A AJETFo] 7H Wokal(Fig. 1d), I
FAE ES Aol 131 d'R TP =2 ANES
Bk T, G224 a e A0lA 1086 ug I'E
714 v, Aol A 3648 g I LR Aol g meick
E3H AY F2 & M nummuloides 2] M|3E 7|15 S73t
A}, Pt A7) AMof|A] 9.37+0.44 um, ZAHo]|A] 10.58
+0.81 um, SAoj| A 10.77+0.81 um, o)A 10.38+0.72
pm, WHAHO|A] 12324051 umE Frof| whet Az =17]
z}lo]E H Y THTable 5).

FE HE ¥ 5

249} <l HE(N:P)o)| W2 M nummuloides®] Z|T}
AEEFS 1:1 H]& 24 15217 cells ml”, 5:1 H]&
Z 704 19,600 cells ml”, 10:1 B]E A4 19,367
cells ml'1, 15:1 v]-& 27 0|4 25,333 cells ml”, 20:1 H]
& Z7A0|A 25,350 cells ml”, 50:1 B]& Z7Ao||A] 25,067
cells mI'2, A0 H|-go| =2 15:1, 20:1, 50:1 H]& &
7ol o2 7o) vlg| =2 a2 HolthFig. le). ¢
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Fig. 1. Variations in daily growth of a diatom clone Melosira nummuloides under different temperature (a), salinity (b),
light intensity (c), LED light source (d), N:P ratio (e), different dilution ratio on f/2 medium (f)

Table 2. Growth rates and chlorophyll-a concentrations of a diatom clone Melosira nummuloides under different temperature

Temperature (°C) Specific growth rate (d7) Chlorophyll-a (ug 17
5 0.65+0.12° 39.74+3.64¢
10 0.72+0.05" 106.15+7.11¢
15 1.21£0.03* 234.59+6.58°
20 1.25+0.02° 334.77+27.74°
25 1.36+0.09° 352.00+14.72°
30 -0.010.03¢ 9.02+1.74°

* Different letters in the same column were indicated significantly difference at the level of 95%.

1 HE 2 087 d'R 7P 2 A7 A F2lFQl Zo|7} gliti(Table 6).
3 OE% HAL, 15:1 Blg o]e] 23 [-914 2l Z}o] 2 wijx] o] F= Fof BEEEd WA 7R &
7t Q9o dEA a B 7|FoRE 5] HIE oAt & & control)o)| 4] 9,248 cells ml”, /16 %= 24,433
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Table 3. Growth rates and chlorophyll-a concentrations of a diatom clone Melosira nummuloides under different salinity

Salinity (psu) Specific growth rate (d") Chlorophyll-a (ug 1)
0 -0.38+0.48° 6.50+4.16°
5 0.71+0.17° 25.96+11.42¢
10 0.99+0.13" 159.68+10.28°
15 1.10£0.01% 288.52+13.37°
20 1.18+0.06™ 346.31420.93°
25 1.17+0.03% 356.88+6.06°
30 1.26+0.03" 323.47+15.92°
35 1.18+0.01% 280.56+7.38"

*Different letters in the same column were indicated significantly difference at the level of 95%.

Table 4. Growth rates and chlorophyll-a concentrations of a diatom clone Melosira nummuloides under different light

intensities
Light intensity (zmol photons m? s™) Specific growth rate (d7) Chlorophyll-a (ug 17
5 0.56+0.01° 144.48+17.49°
25 1.19+0.01° 346.15+11.49°
50 1.17+0.13* 325.34+23.67°
100 1.14+0.03* 351.68+11.11°
150 1.26+0.07* 313.07+13.20°

*Different letters in the same column were indicated significantly difference at the level of 95%.

Table 5. Growth rates, chlorophyll-a concentrations, and cells size of a diatom clone Melosira nummuloides under different
LED light source

LED light source Specific growth rate (d”) Chlorophyll-a (ug 17 Cell size (um)
Red (630 nm) 1.31+0.01° 108.63+8.89° 9.37+0.44°
Blue (460 nm) 1.11+£0.07° 162.57+5.11° 10.58+0.81%
Green (530 nm) 1.13+0.02° 169.33+13.80° 10.77+0.81°
Yellow (590 nm) 1.16+0.03° 108.06+17.29° 10.38+0.72°
White (mixed) 1.17+0.07° 364.76+15.61° 12.32+0.51°

*Different letters in the same column were indicated significantly difference at the level of 95%.

Table 6. Growth rates and chlorophyll-a concentrations of a diatom clone Melosira nummuloides under different N:P
ratios of culture medium

N:P Ratio Specific growth rate (d7) Chlorophyll-a (ug 17
1:1 0.77+0.01° 169.00+1.89°
5:1 0.82+0.03% 330.00+10.48"
10:1 0.81£0.01% 328.63+16.27°
15:1 0.86+0.03" 367.76+17.74%
20:1 0.87+0.01° 366.35+15.25°
50:1 0.83+0.03" 373.53+26.77°

*Different letters in the same column were indicated significantly difference at the level of 95%.
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Table 7. Growth rates and chlorophyll-a concentrations of a diatom clone Melosira nummuloides under different dilution

ratio of f/2 medium

Culture medium ratio

Specific growth rate (d7)

Chlorophyll-a (ug 1)

Control 0.77+0.09° 55.82+17.63¢
/16 0.98+0.03° 251.43423.76°
/8 1.08+0.02% 335.1249.11°
f/4 1.10+0.04° 385.27+20.51°
/2 1.12+0.01° 385.19+£9.21°

*Different letters in the same column were indicated significantly difference at the level of 95%.

cells mI”, £/8 %% 33,650 cells ml”, /4 %% 31,467 cells
ml”, £2 SEo]A] 34,233 cells mlI"' 2 UERITHFig. 11).
UMILEL 14 Aol 1.11 d', 172 AFFofA]
112 d'2, F49} 2 AP oA foldoz 2o A
Hyon, 24 a vx EIF /4 AFFoA 3853 ug
I, 2 Aol 385.2 ug I'2 o} th2 Ao} f
O]Z¢l Apo|E K GItHTable 7).

2BL Rojopel Aejons ARRe] WEst u
A3z U] AT G242 a H=7F =THMiyajima et al.
1994). £3|, M. nummuloides'=BOD % X9 527} oF
O] FHEAIE 7HAIH, LAET =2 AQtelA AujA o
2 AAStclal B l(McLean et al. 1981)31, o]= 2.
O] A7t gt AgtollA Addo] 7Hsdt o ARTU=
AARRHEE olF 5 Melosira spp.+= -G 43} 2ol A=
A-ggo] Holuw, s 427 T =7 =& Tl
25FCK Castenholz 1963). T3+ Melosira spp.+= 71 A A4
o & Bxsin ol ohsh 3 o) gt WS 7
== A& 9Ju|slal(Thomson et al. 1980), £3] 4~21}
Ft wEol et Aol v =2 A& ou|gtWulff
and Mclntire 1972).

B AL A M. nummuloides= 15-25°C Z oA X
X AL BT < 0.05), A24 a FEE 25°Co|A
71 A YEbstth o9} fASHA Navicula sp.2] |2
7ol Fdots 2k 20-25°CE YE=d, o= A
A TFEF7E e Foll HlshA 9 J91e 25k A
0] 7Fed 54L& 2= A& vzt 5 2011). E
3} Prelle et al. (2021) AAA F257} 1520°Col|A] ]
JAAES Btk B3t 22 £9] Melosira
moniliformis= 21°Co]| H]3}| 26°Cof| A wWE A2 Ho|
), Ao R & 2hoA =& AFES Hedohal &
% THLora-Vilchis et al. 2018). 54 £& tjalo = st

N

Aol A 5 (2022)2 17°CL} 20°CoflA] F-oJH 07 =
2 AL Bl Ao BuE| 2 AR Thh o 2

= AAEFATE webA M nummuloides= 15-25°C %
AolA wiefsh= ol 7 At Aoew when,
30°C 27 W AFEE S 8w, ARIH O e
3 A9 o erol Fojajopr.

Suryaningtyas et al. (2022)2 g5 10, 15, 20, 25, 30,
35 psu A S 7 ul|oFst Melosira sp.2] /44 2] 2 AYAk
doll Tt A5 Bl A Hit Aol A At a&
A9l L vl AEFE 5o ARolA Zl
3 BSATh S M nummuloides= G5 H3lo]| ot
Ul ZHe WA Folk S WS iolME e
T fle g FEFY 54 7HAIY, =2 FiEelA
A o 72 AJAEo] =t R a1E v} QItkPrelle et al.
2021). & A+2] i ARolA 0 psu 242 APESIGIAL
30 psu 2104 2o A4S Beom, 1035 psuc] A4
5 E3F =7 YeEPGthp < 0.05). M. nummuloides= 4]
At AAE W W9l At 2o & A8sh, o
54 a 5 B3 2030 psu 274 FlsHA =oHp
<0.05), 2k <l T GARSE AR 274 HHo
2 4 & 98 Aoz wrk

Raharianto (2020)2 Melosira sp.2] 440 o] dlit
BET|e 205k 47 285k, 4310 lux (SF 74 gmol
photons m™ s™), 2,230 lux (2F 38 umol photons m™ s™)o]|
Al A7 Bk Ax 2,230 luxof| A Afl22o] At 5f
29 8 Q] B4 o 7 o] Follcka mustg
o B3 WIS A 209 1 984 a9 7
Elimo|= skrt F7Hom, ol A% #F 2ol M
nummuloides®) $-§ 22 Aol ¢ EIHYL Lepi
o} 2 7o) Fw AlF A} 25-150 umol photons m™
§1 2700 M SAFHA ek AT BRI < 005),
Q24 a B EF A Ve, o] 2 L W
Sk HrHoR AYE 2AGAE BEHoR et
= AN FRRY S 2t Zew wuEd,
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to] @ =(LED)E 0|83t M. nummuloides 2] 37
A% ATk AAE30 ol TP S AR A7k
HES B Wb, A, =4, G, mae ol v
o MBI AIAES HOlUA AR fA o
Uehgth T AT 2718 245 A3k 24 LED Al
o] HZ Z7]7} WA LED Ao uls) 2@l Hol
skolgo] wlg} Schulze et al. (2014)2] A7 Auje} o]
A o] mA|lRRe] & AS XTI, G453
Ao Qs Alize] =77} Aopxl= AiE Atk E
et AEEFAEY 954 a Tt Alxs 9 A
O] AAle sl F 7HA To] HAlEa Ql=d|, 5
T (2011)2 HEA a = AYAFE = Azt 4
DA} o =0hi WSt Jin et al. (1998)2 G
a sl 29 R Aojurh $%e] AH} 1
Qbof] TR Ause] B BAZ AHOR Psa
T AE U, B e, Q% 5 A4 8] of
of the obie Uehi, S Wl ufel wsleitn
B TslgIc & Apold A spguct Hze) 277} 2
aa) solN Q184 a SR A et 1S B
M. nummuloides= chlorophyll-a®} AATF 7+2] ARt
7B =2 A0E etk T2 PYEA as FE 660
nme} 420 nm o] 98 malHeE Faolzt, o)
#A1(630 nm)3} 54460 nm) T e e, wAe
o] 5 7] upe sty Wil HEA a st 7MY
A vepd Aoz, sl mhE dE4 ad SHE
Apo)7} Qe Ao HAHE Tt 5 2014). wheba] A A3y
= o83l M. nummuloides @) WHE /d7-g F=skal, M
oz MaA o] dgE SR FY ndf A 1L
He = S Ao=E A7

nlAj ol qlo] AAr} QA Y] Fes A4l A
A4t S Ao, siERE IYgHS S
SRS Atk el 3Rl 2= 2
5 2013). Redfield ratio= 3[|%F G7]|&E2] A+ A
Sol=tl 83 AE oJulskal(Lenton and
2000), YHFA S &2 C:N:P=106:16:12 UER|H,
nA|2Fo] A4 24 Hle= 1612 de|A ik et
AR 229 AL Gymnodinium sp.-= 6:1 (NOs), Gony-
aulax polygramma’= 4-8:1 (Dissolved Nitrogen, ©|5} DN),
Prorocentrum minimum-< 4-13:1 (DN)&Z 20:1 2t} Z&
H|-E, 259 79 Skeletonema costatum-2- 15-30:1 (DN),
Cylindrotheca closterium-2- 160:1 (NO3)Z 20:1Ht} =2
Hlgol A a2 om s, Fof el 23t NP H
231} 249 7} th2ci(Zhang and Hu 2011). 2 A+
O] NP H]-& A3 A3}, 15:1-50:1 2AA Gojzog
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