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Compositional Characteristics of the Microalga Melosira nummuloides
Mass-cultured Using Jeju Lava Seawater

Yunyoung Kim, Hyun-A Shin, Jeong-Woo Choi, Mi-Yeon Kim and Gyung-Min Go'*

Natural F&P Corp., Cheongju 28118, Republic of Korea
1JDK Bio, Jeju 63296, Republic of Korea

In this study, we analyzed the compositional characteristics of Melosira nummuloides mass-cultured using Jeju lava
seawater. M. nummuloides showed the highest growth rate when cultured for 14 days at 17-20°C and 15,000 Ix.
Proximate composition of raw-material (RM) and freeze-dried M. nummuloides (FM) showed high ash content
(65-72%), while ethanol-extracted M. nummuloides (EM) had low ash and high lipid contents. The predominantly
occurring mineral, Si, was 334 g/kg in RM and 269 g/kg in FM, but EM contained only 1.97 g/kg. The ratio of es-
sential amino acids was similar in RM (38.93%) and FM (36.89%) lower in EM (17.83%), but branched chain amino
acids required for muscle metabolism was high (63.40%). The polyunsaturated fatty acids of EM (34.74%) was 11%
more than that in RM (23.81%), and the ratio of omega-6 to omega-3 fatty acids was 1:3.6. Furthermore, the concen-
tration of total chlorophyll was higher by 5.15 times (62.32 mg/g) and that of fucoxanthin by 7.06 times (11.02 mg/g)
in EM than in RM (12.11, 1.56 mg/g, respectively). The mass cultivation and filtration of M. nummuloides using lava
seawater has high prospects of commercialization as a competitive bio silica, cosmetic and healthy functional food
material.

Keywords: Melosira nummuloides, Diatom, Si, Omega-3 fatty acid, Fucoxanthin

M B o] F tEF= M AFES IR S0l Al Al H(
AFANS Aok st Foll wet 7159 279k 7
F =Rl AR (microalgaey= A AlAA o= 7b o231 DA 25 7HA AL Qlek A ol whEt
°F 20-80%F  7P7ko] RIS Qi BAIE AEOIHIPET,  F2FE RelolAS 1), oF 108 ol EAjsh Ao R o
2021). vlH R A4 B0l tet geRRet 2R T ed 9lom(Tommasi etal, 2017) AFEE Fof = L= 2] 9
25 AlsEFetol whet JxF(blue green algae), 535 I FRER ZAEcHJiang et al,, 2014). £33, F25F= AlE
(green algae), 1F=F(diatoms), 2H 2R (dinophyta) 52 A ST E 9] 771A] E(phylum)of| A 713 -2 docosahexae-
2 FES 4= Qltk(Ahn et al., 2013). 1A 257} Thal Al =] \) noic acid (DHA) Y eicosapentaenoic acid (EPA)E $H-5-3F 7
AbE A 5 TR -8 EAES ARt AR o] YFE © & uk&] Hth(Jonasdéttir, 2019). DHAS} EPA= Q| 7}-3 %]
HA(Choi and Sim, 2012) 527¢l 22, StESF LA, Wik z o] 53 Aol A A A o2 AT 4= glof F== of
TR 29 Ry, 2727 El 5o diRulds Bt T5 ol AFfsigtont, sl 2wt op ofFe] 1 24
AR A Bhgo] Bkl o] Fo] A 1 gtk Ahmed etal 2012). & Ql5lo] i BRUCRM ABY 0} AR} F2
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a1 QITH(Kim et al., 2019). o] €jol| =, F3Hd& S st
© THEFe G540t 7HRE o] =of 22 X84 M &
AL g3kl Q1o m(Kim and Lee, 2015) #H8l(xanthin), H]

224 (violaxanthin), Y] 2%HEl(neoxanthin), Uu}7}l= €l
(a-carotene), HE}7I= El(B-carotene), FE|<(lutein) 52| 7}
ZEo|EE AR B Y th(Peng et al., 2011). 2=
Fof 7L 5olA o g ABiksl= 3% (fucoxanthin)S
FAE}, S, T, Funt aukE vlRe vpeFst g
S zh= 7H2E o] A AAo]ti(Gammone and D'Orazio,
2015). =& n] 9, thA|u} 5o At 277t Sk AdAtol &
S5 QA R B w0l o] H2) 9 ARV sk
] 9t} ¥, Phaeodactylum tricornutum, Isochrysis galbana
9 PN 2ROl A AT EF T X4 108] o] ] T3k
= SHTSEAL itk Aol B A A mIA 2R EAIY A o8
28-517] $Jgt walo] AFtHXia et al., 2013).

Melosira nummuloides= EHHL 20f 2]HFo] AL AL7]
of F& ot W5 SUREA IHolME HI=, U
7, B, ol ol A 2] =l Slth= 7150] QITH(NIBR,
2010). & Aol A= Al &9 siroll A AlEd EFAEC]
e A Felska, % 2 27 M. nummuloi-
desE 2|33 &9 Sl Al A7 A oA A
= HIRE R dARUSS 1L 54 AJ5tR Sefeol s
O] mu|HZ 3233t sff<polth. UMl sl EeHRE 9 21
o leEEfo] Qlo] e WA 7HsAdol 2 Whd, &¢F s 3
4IRS0l o AFA7g St A o TE|o] Fa< F2H fElE
o] AP tH(Kim, 2009). E3H ASWHH LAt 23 He
= frAIBHL Qlof of i}, Ahet, 7R AR 5o A7t Ed e

maE ofu et s S the] 4= vl-8-o] 25-75u] |7l vl
F=E g8-0] 7153tck(Jeju Technopark, 2014). 0]A| 2%

HfjoFel] 42 Q ¥f= 11882 4k A Ehgof] =2 Al v,
o] 84 gttlje} vl Ato] P adt A7 oJth(Min, 2012). whet
A 2 A= AT &4 sllroll Al el E M. nummuloidesE: -8
& sflm= kel =, 2, v FT ]| mE AFES A
o mM HAA QL tiul e 202 A7 skarat sksict. vof
7}t M. nummuloides©) 379 JE5S 285171
8l 7 of) e AR SA S Bl aLsto] A E 7R A=
# 0] S-gehS AT

ot o2 rE

ERTRTE
o3o 22| ¥ ST

B otof| ARE¥El M. nummuloides'= (F)A| o] t] Alo]u}o] &
(Jeju, Korea)ol Al Algatqrom|, FFAR Skl o FA &2 et
oA 2R A A AT aetatoll A FejehE 4
& AABHAT Bl ez AS-5-2) M. nummuloides - <]
= AFste] &4 si== A= T 33He w7 (Nikon Eclipse

S el - 1A

E100; Nikon Co., Tokyo, Japan)-< &3l 2001} &Hoj] 35}
A E 2 93 A H(Guillard, 1973)2.2 M. nummuloides
T F(species)ye w5 2| SFATE At iR Wl bl
oFstol e %o §9) glo] 2Belu|oFE M. nummuloides
= AR Sepe] Aaa avo] GARS /1R H Felelo] AE
71 AASETE T, 28 R4 2 7h A48
71(SMART-R17; Hanil Science Industrial, Incheon, Korea)&
o]-g-sto] 5-63] o] Al HstaL AX3t F g Eetol=E A
Zslgict. BHEold LetolS ES Palu| W FAAA
& 1|7 (Scanning Electron Microscope; JSM 5600-LV; JEOL
Ltd., Tokyo, Japan) 2 & 77 3}o] =343}t

CHEEHS =24 & A=z M=

Lok 3ol A 24 cells/ L AEE BejEl=H
nummuloidesE TNEF vieFs}l7] &l8)] H£2la-go| =11 347}

o

foldt W=7] 0.1-0.3 mme] U= - HAy| U2 AR
st ezofl =9l AA|3kL 0.5-1 m ZFE o2 AR

= ol B Ago 2 AYE ZA o o 92 He
A& WAk ol &4 sl E Flaet F i 1
00 g® M. nummuloidesE &5t} 2|2 thfulef
A& o] ol &=, 2%, v 717kl tigt M. num-
muloides 3)2=8-8 B7}akgit}. 8,000 Ix ZE 0] 23} 2220
A 14,17, 20, 22°C =2 &2 797 vloket F 3]pdte] 2%
278 AAATL 19°C 4220014 1,500, 2,000, 3,000, 5,000,
9,000, 11,000, 15,000 Ix 22 10217} 212 Zwgafo] wjoyef
=S435k =3, AE 1 YR E 209714 M. nummuloides
AEAKie cycle)E ) BLele] vof B2 A1 8L A
t}. 3]4=%F M. nummuloidesi= 71%3to] FAE S43H H, v
&= thH] o2 giksto] Leh it
2 A4S Fol AAE =l 2ol whek M. nummuloi-
desE % X 2]esto] He i HHe A|H el ol EdS
AABE 5], S5 85% o]al744] 100 pm oJ7} Ao 2}
& gH=5lo] M. nummuloides & (raw-material M. nummu-
loides, RM)& A|23}%th RMS 2831 52 A2 E(freeze-
dried M. nummuloides, FM)x} 5% 3=Z-&(ethanol-extracted
M. nummuloides, EM)A| % 542 Fig. 12] ®Wof whe} 35}
At = RM2 -75°C 242531 (MDF-U54V-PK; Pana-
sonic Corp., Osaka, Japan)of| A Y53t F 96417+ 59+ 524
Z7](FDTE-8012; Operon Co., Gimpo, Korea)ol| A 7454
312l 20| YRR 7] (DSCH-550S; Duksan Co., Ltd., Ansan,
Korea)= 24510 4=23kaF 2%, YA}=7] 100 micron ©]|3}2]
FM& A 23191tk EM& RMZ 95% 4158 574 1085 7}
aff Aol 4] 24417k FRF =57 F, 5 um -9 E R o1}
SFGITh =582 60°C o]5t2] oA e EsSste] 1R
S oiv] 26l 2] YA E S-S S3et ] 212 7](KL-8; Seo
Gang Engineering Co., Ltd., Cheonan, Korea)2 |23} %It}

PN o
ol rr
O —
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| Melosira nummuloides |
[

| Desalination with fresh water |
[

Sedimentation filteration
(100 pm particle size)

Raw-material
M. nummuloides (RM)

I I
: Extract with ethanol
Freeze dryin |
| ving (at room temperature for 24 h)

Filteration
(5 um particle size)

Concentration
(at60°C)

Spray drying

Ethanol-extracted
M. nummuloides (EM)

Ultra-fine powder mill
(< 100 micron)

Freeze-dried
M. nummuloides (FM)

Fig. 1. Manufacturing process of raw and dried Melosira nummu-
loides

UuHES AOAC EZHI(AOAC, 2019)0] Z5to] 412
105°C ARI7FR A2, 71132 Soxhlet 24, TS Kiel-
¥ 2 2Asgich At SE g g

o
o ol S 1000014 A1,

2y Alzofl fHrEo] = F4(Siet H(Fe), Z45(Ca), 1HL
HeMg), HEFENa), ZE(K), A(P) % o}(Zn) F 852
F7]%42 Hwang et al. (2014)9] 2 tha =74 8to] th53tt
o] EAISISt. RME -24ko] FM} §ASHES: %)
o ARESFAAL ZF A= 0.5-1.0 g& 12 mL9| A4k 7}a] upo]
AR o] H=E 1AZF ¢ Ealstal W2HA 7l §, /52 50
mL7}A] -85} ICP-OES (Optima 8300; PerkinElmer Inc.,
Waltham, MA, USA)Z £43}% T}

74 H 72l ofo|=dt &4

A 9 G2 ofu|iAle] B0 Kim et al. (2001)3} Lim et
al. (2015)] BAJHI-S T30} A|RS AT T obu] Al 2}
&+297](Biochrom 20; Biochrom Ltd., Cambridge, UK)= £
Ha190ck. 74 of|teAlS al7] SIo) AI2 20 meoll 6N

A2 mLE 7hsto] wREg 5 Zd-g-5to] 110°CojlA] 244]
St 72 alst it A A At AR E kst o
5 ¢HH3] AlA g 2 0.2 N sodium citrate buffer (pH 2.2)
2 50 mL7HA] -8 T ofafsto] ARg-shATt
] oplieAt £ 42 AR 1 gof 70% ofHE SmLE 718
102 &<t ket 7 A28t A5 F3teh <5
o

225 mL sample dilution buffer= #-8-5}31

(RN GNA ]

O o &

ek Azt ot

% 10 mLE #|3}9] sulfosalicylic acid 0.5 g& 7}5F 7 W4
ofl Al TAIZE BRI 8FGIT. 1e] il & este] A4S S mLE
7H¢k =38 3 0.2 N lithium citrate buffer (pH 2.2) 2 mLZ %
B3t 7 ofmksto] ARg-kGITE

RlgtAt 74 B

Morrison and Smith (1964) % Park et al. (2020)2] =
we Hasiol At 248 BAsirh AR o 2 gof
chloroform:methanol (2:1, v/v) SN2 A AS =53 3,
1.5mL 0.5 N NaOHZ 7}5}0] 74 F¢ AstA 7tk AOAC &
ol wet 14% BF,-methanol A 2]3to] 2[4k wE of 2
H| 23} A]7] A|RE omegawax capillary column (30 m < 0.32
mm, 0.25 pm; Supelco, St. Louis, MO, USA)= A2t gas
chromatography (GC-17A; Simadzu, Kyoto, Japan)2 45}
itk 287 AL AFS AGIAGOH Q8 LEL IR
2 180°CellA 230°C7HA] S7HAZT. 2F A ake: st 24
2ho] v 5.2 A|7hS ] wato] BB

= Oélg_)lk_ Sh2F A

=
[=) O0o T

ME

Kim et al. (2011)¢] Aol whe} k3t o] BAaheict
+A5EE AR 10 mgoll 55 10 mL& 7138t F 60°C g2~
Z(WB-11; Daihan Scientific Co., Ltd., Wonju, Korea)of| 4] 5}
s uhx) e}, ekl 2 mLoj 5 mL pyridineS 78] 60°Co)
=1 A ske] =& F Y4E2(3,000 rpm, 3=)ste] 4
SqE Flokaiet. A Eof pyridine -8 78l 445 A2 F
St 1S HEE Sl 2 10 mL7} & %22 i) 419 nme} 454
nmof| A AJE-§- 0] TP =S SAT T off o AAHAS Fal
T A5 & AL

o A

ox g

% 9 E22(mg/100g) = C/S % 100

C, A= 4(mg/L) =8970X (7.19 E, , nm+3.33 E,_, nm)
S, &9 2 mLof| g5 Al &2 ¢H(mg)

E, ,nm, 419 nm¢| S3%

E,,, nm, 454 nm®| S3%

L

AT

A

=~

ME

SAXIE| &

& 0

S 32FE FA42 high performance liquid chromatography
(HPLC; 1200 series; Agilent Technologies, Inc., Santa Clara,
CA, USA)S ARE38H3laL, Aol ARERE o] 542 Thermo
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Fig. 2. Morphological observation of Melosira nummuloides un-

der an SEM (a, b, ¢) and optical microscope (d, e). Scale bars, 2 pum
(a,b), 5 pm (c), 10 pm (d, e).

Fisher Scientific Solutions (Waltham, MA, USA)2] HPLC
grade AJFS F&32 T 32E(16337; Sigma Aldrich Co.,
St. Louis, MO, USA)& AR5t o] %A 0.1% formic
acidE g3t acetonitrile (A)} 5F<(B)E Al=314] 0-10
(10— 60%A), 10-175(60 — 100% A), 17-305(100% A)
o] 2A 45 0.7 mL/E2o & EA8Hh A4 7= 0.5
g= A%5He] 50 mL MgE& 719k F 1027 259557
(SD-300H; Sungdong Ultrasonic Co., Ltd., Seoul, Korea)of|
A F=3to] o]3H0.45 pum)3t - 10 uL FAskATh 44
2 kromasil 100-5-C18 (4.6 ID *X 250 mm, 5 pm; Nouryon,
Amsterdam, Nederland)& ©]-8-35}31 35°C2 FA|3HA] 450
nmof| A HE5k3ITt

Zn 9 D3

ol
=39 22| ¥ Y

M. nummuloides®] FeeHs] EAL 74 E= 5 EHYE
(Fig. 2e)o]H ofn| A 29 E|u & FHT O =2HA A= TA|

2o} 5 24 FAH o Fol Sl A7 mapel AAAIS
ol Zrh(Fig. 2d). BEA|2] 272 9-42 umo] 2] ol
10-14 pum2 7R 2)740] that 212 3019 1] 22 0.4-1.00]
v 5$27.0) 2714 oF 2 umel 4 2 mm7) W7 o] 9}
CHNIBR, 2010). HEA) EW-2 0.08-0.09 pm 7] 9] ThE-4]
TR o]0l lom thy T S ohul §e wwly
o2 ofuA] 9l 4 wEhE w21 5-8%0]7 Fhrh(Hong et
al, 2020). 74 (valve) Zok329} 71Ake] Aolo] #17] at
(carina) 27} Q= Ao] EA o FYFoll= E+F 2R 7HA
(corona)”} F-3EZSH(Fig. 2a).

el A7 Y A2

M. nummuloides®} 22 F-2H7d 22 v f2 mlAl =77t
A &5 self-shadingol] 23] & H-Eo] ashH A 4%
o] A= L, Abdl= A 27} F7Fske] Blaago] Zaxgitt o]
off 2|2 o] el 218 AHsh| el 2k, 2, Wi F7IE

—
()

=
N
o
S

Cell weight (g/ton)
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b b
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a
) j
0
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Fig. 3. Melosira nummuloides cell weight according to tempera-
ture (a) and illuminance (b) culture conditions. Data are expressed
as mean=SD of duplicate determinations. Different superscripts
letters are significantly different at P<0.05 by Duncan’s multiple
range test.

off Wt 3|4k vA|2F72 o2 AL A3k= Fig. 3
I} 2tk 43k 25 0] 4310] 14, 17,20, 22°Co] FUst 4=
oA ul ¥R M. nummuloides= 79 5 ¥ == 1] 2= 1
%31 100 gRth 217) 23, 223, 230, 184 g Z713 3)4eFS B
At 14°CollA = &F o=l 27004 AlQlstelon 17,
20°C =2 ol A oA 08 =2 442 B th(P<0.05). &
Lol w2 I AE 10Y ol Blasiels o, 2,000 Ix
ofstof A= eet o] WAsto] vigFE 4= ¢lalen, 5,000
x| A= 274% AR 11,000 Ix7H4] Q32614 Z7hshc7}
15,000 Ixol| A= Ff@ do] WAgst F243F S el
th. M. nummuloides®| *YZAH= 4-5U )| 444517 AlAksto]
T-1447F 2 FOo 72 ARt §, 154 o] &2 Aol A==
255 B @ th(data not shown). #1734 Eaf st 21} 12
AVIA = v ad] 21 BE 329 M. nummuloidesE S 4=
AR 14 o] 2= APESEAY v|tel 2l 27 Tk
o}, webA M. nummuloides®] e orz A8 42 17-20°C,
2% 15,000 Ixoll A 1447E wjefsl= A o& AAstqit o
il FE M. nummuloidesE- Fig. 12] 0] wte} A|RE A|
23S o], 48 oF 85%3HF+ RMollA] FM2 10.77+0.75%,
EM2 2.454+0.16%2] At 8- Bt} 1+25 Chatoceros
simplexg ©]-8-5to] w7 ol wh2 A4S AR AP A+
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of w2 25°C, 20 psu, °F 6000 Ixof Al 7U7F B Fa1AL o
|19 AL B ow(Yun, 2005), SUF C simplexS
01951 Min and Hur (2015)2] &17L0]| 4= 30°C, 33 psuof| 4] &
9] A Hlnh mA| 279 Jdae wiA], = A7 2
uijoF gHg 2 of| whe GEiA| B R nlhlzRol B 24 uief
Z27& AAsh= 2ol Sasitt

tlo

M. nummuloides®] 7~ X Y AET he HATH ARk
F32EL Table 13} 2tk RME] Tzl 20.59+0.27%, A2
5.13£0.27%, Z3E-LS 72.47+2.17%, B3 1.81+0.15%
2 e FM2 izl 21.06+0.24%, A& 3.60+0.06%,
3 65.4340.91%, B<r3HE 9.91+1.05%% Tt S5Ax M.
nummuloides®] A'5-2 B7IeE APAAToll A URtd 2
S thlA 18.87%, 3| 59.24%% R 11513 2 (Noh et al.,
2020) & A-Foll A S 2Agste] UEhd RM} FM
URHIE 24T AR EMO] IR 2442 5 1%
I F 7R Y AE s 7 HAsto] Uil on o
2] 28.534+0.67%, A& 36.11+0.86%, 3] 13.55+0.11% =
42 BTk EMO) A 3 $7Hs $425S Be) Azt
59 A8/ M 23t 2Ato] 5% o] FM thH] 10H)
THA| F7kRE Ao g2 Helrh BbH, 24 35E Al RMo )&
2 18.70%%1o] o] =11l FMO 2= 90.29%7} o]l &= it
=22 Nannochloris coulata®} 1+735 P tricornutum®] 4yt
e Bl agt Atol| A= Tl ghefo] 7k7E 43,91, 38.07%
2 =287l =90 3|1 sleke 7+7) 21,53, 29.33% % %
FolA 2 A= UERHTH(Kim et al., 2001). & 91+ A,
FMO] et 2] s2k0 21.06+£0.24%2 P, tricornutum®.th o
U, 38 FHFS 65.43+0.91%2 2.234) =7 Ll 312 g
o] Apol= Fol - AFA| A Afolof] o3t Ao g Helrk
(Rodriguez-Nuiiez and Toledo-Aguero, 2017).

CESR

M. nummuloides AFAS AL Q= 4 9 F714 7
9| &= Table 2] YeRlth. RMIF FM2 7] 8%5-9]
= ok 717} 339.32, 293.16 g/kgl 2, 3H-9] 44-46%E

Table 1. Proximate composition of raw and dried Melosira num-

muloides (Wt%)
Composition RM' FM? EM3
Protein 20.59+0.27 21.06%0.24  28.53+0.67
Lipid 5.1310.27 3.60£0.06  36.11+0.86
Ash 72474217  65.4310.91 13.55+0.11
Carbohydrate 1.811£0.15 9.91+1.05 21.81+1.15

AABLI Ik 5 A2 714 ol hirElol gl Fr)He
S22 RMTF FMO| ZH2F 334.0045.14, 269.0040.36 gkeS:
Urebth kS0 2 RMolls nlayl4 1.6240.03 gkg, ¢l
1.46+0.02 g/kg 220 2 3950191911 FMS 25 8.67+0.03
gkg, EE 5.15£0.02 g/kg, ¢1 5.09+0.01 ghkg 0.2 L}e}
stk EMeofl e 7714 859 & o2 RMET 178) 4]
& 1947 gkgollom] thg F ARoA 7 wol T
717 Fa 0.59%5 o] HE(1.9740.02 gke) Hhd, YES
(9.77+0.01 g/kg)T} Z-5(5.42£0.01 g/kg)e FAaxT) 7F2} 5
ull, 3uf =2 gHFo] EIESIh 754 A Az dY 4
A =25 Chlorella pyrenoidosa 7% F- ol H= 72 2.44 o/
kg, A 0.8 g/kgo| &-7-5l°] 1213 (Cherng and Shih, 2005) 1
aof o3t il glok. &, e 27 S nvE R
RMojl Al FM2 22| i}4 o|3§&E-S vt A1} 334.00+5.14
g/kgol| 4] 269.00+0.36 g/kg O.2 80%7} o] 3] glom thas 71
£ A2 $580] & AR Yeyth & 4272 P
tricomutum®= 410.0 ghkgo| 7145 et A o2 BiE it
(Branco-Vieira et al., 2018). 727+ 20,000 ppm ©]42] 1
a5 ookl o, d4=0] g4 FhE Bl RS o, 89
= 2.38 mg/kg, ARHElE= 0.21 mg/kg= 8% =7t 11
)7} =9keHINC and KAIST, 2018). 7-4[Si(OH), ]2} 11|
HMg)& T2 ol gafel A& THeke 270 4ol
= 891 9145 B Ao] st AR AoR B
L= AEH(Noh et al., 2020). 2 2 AA U et &
oko] Al A2 A G37] Slat 2 ik 2 B8 A7}
1 9itk(Jang et al., 2014). 3FAT FA) F2FE 083t Hlo]
2 Ae|7he BAE 27 E it ols v Fom
BE| Al o] oz Aalzlel Welzh el ot
TE77E] Bolol 4] o] 8-8-0 Bl =althHong et al., 2020).
olof| uksl| M. nummuloides T2 F-& 0]-8-5}10] AJAkst vjo] o

Table 2. Mineral contents of raw and dried Melosira nummuloides
(g/kg, dry weight basis)

Mineral RM! FIM? EM3

Si 334.00+5.14  269.00+0.36 1.97+0.02
Fe 0.11£0.00 0.530.00 0.030.00
Ca 0.85+0.00 1.96+0.01 0.3610.00
Mg 1.62+0.03 2.68+0.01 1.34+0.01
Na 0.830.00 5.150.02 9.77+0.01
K 0.33+0.00 8.67+0.03 5.42+0.01
P 1.46+0.02 5.09+0.01 0.550.00
Zn 0.12+0.00 0.08+0.00 0.030.00
Total 339.32 293.16 19.47

'RM, Raw-material. °’FM, Freeze-dried. ’EM, Ethanol-extracted of
M. nummuloides. Data are moisture content or/and dextrin correc-
tion and expressed as mean+SD of triplicate determinations.

'RM, Raw-material. ’FM, Freeze-dried. ’EM, Ethanol-extracted
of M. nummuloides. Data are expressed as mean+SD of triplicate
determinations.
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A7k U v E40) 3t =2 5488 55 2 A S 1§ FMof|4]+= proline, valine©] 57} 2@l = ¢l ch. EM 2] ofn|
A8 2] &8-S5 913t uRIIA|S A7t HarE vt Ieat EA AT G o) ieAH(55.46 mg/g)t r-2lobr] At gF
(Lee etal., 2020), S oF Al 22354 9] o34 vio] @ A 2j7} (54.68 mg/g)o| FAFH oH = ofu| Al Hlg w3t 7t}
FTHYo 2 HE Tg 7Aoo At 17.83, 16.64%2 & 2}o]7} $1i T}
244 91 23| ofa|LAF TA EM2] g ofn| 1 Ake J14] o} Al 5 Jeucine (2.40+0.03
mg/g), valine (2.31£0.01 mg/g), isoleucine (1.56+0.02 mg/g)
M. nummuloides®} A| 2570 whE W2 A2} Ho] 414 o] 7} =2 aleke 21 %]}l 9.0 -2 otu| i Abof A & G-}
2 frelotu|eAte] 22405 Table 3of| UERHTE 14 B R0} 3+ A3k 2 9lch(leucine, 2.16+0.03 mg/g; valine, 2.06+0.03
0] leqks Rt & ofu)leqle: AlREE RM 14.17 mg/g, FM mg/g; isoleucine, 1.34+0.02 mg/g). 523 F2(P. tricor-
180.78 mg/g, EM 110.14 mg/g7} 3Hr=]o] itk RMo| Z4 nutum)?| ohu| Al 2A1L BLAFE olTro) A Ex|afofu] Atk
ob|ieAt HI S-S 4 ofnlleAl T 38.93% %A 2 obr|ie (branched-chain amino acid) H]-&-2 14 ofu]izAbof| A leu-
AhFol A= 6.25%E ZAFAFTE FMO| 4 ofu| At 5 H4 cine 8.29%, valine 6.34%, isoleucine 5.28% ¥}eF0 2 FMI}
ofr] =ik 36.89% %= RMI}F FrARRH HI&S UERHAINE & S AF8HA LRt Brown, 1991). leucine, valine, isoleucine
2] ofu| Ak ff F= opu| Al HIE-2 12.54%E RM tiH] 2 o 29 chl A o) ZA5Hs Bx|afolu|iAlo g4 o5 = 2

v 57kt FE Helch RMat FMO] 414 ofn|=At & & SolA] oA Yo g 71 Wol o] 5= ofu|Ato 2 e
< e AASHL e ohv|ieqke: glutamic acid, aspartic k. leucineS 5ol A Thald A4S 24561l valine
acid, alanine =2 2 F At RMo|| A HEH -2 ofu|ieAt 2 AR} QAL 2251 o L] R] YAk T, isoleucine

2 alanine, aspartic acid, glutamic acid £=©.2 o] HZF %} 5 thAte]l Tofdtchar B arE]o] 9IrkKim et al., 2009).

Table 3. Total and free amino acid content of raw and dried Melosira nummuloides (mg/g)
. . Total amino acid Free amino acid

Amino acid

RM! FM? EM? RM FM EM
Isoleucine 0.67+0.00 6.91+0.34 1.56+0.02 nd* 0.47+0.00 1.34+0.02
Leucine 1.16£0.01 12.41+0.52 2.40+0.03 nd 0.62+0.01 2.16+0.03
Lysine 0.87+0.00 8.75+0.20 1.131£0.02 nd 0.19+0.00 0.83+0.02
Tryptophan nd 1.80+0.02 nd nd 0.08+0.00 0.42+0.00
Methionine 0.12+0.00 2.76+0.01 0.22+0.00 nd 0.08+0.00 0.29+0.03
Phenylalanine 0.85+0.01 8.55+0.07 0.84+0.01 0.03+0.00 0.32+0.02 1.12+0.03
Threonine 0.80+0.00 8.07+0.04 1.43+0.02 nd 0.39+0.01 0.88+0.01
Valine ~ 086+0.01  867£0.03  231x0.01 nd ~0.83+0.03  2.06£0.03
Essential amino acid 5.33 (38.93%) 57.92 (36.89%) 9.89 (17.83%) 0.03 (6.25%) 2.98 (12.54%) 9.10 (16.64%)
Alanine 1.231£0.02 15.10+0.64 15.00+0.16 0.27+0.00 6.00+0.04 16.73+0.23
Arginine 0.86+0.01 8.14+0.04 1.49+0.02 nd 0.38+0.00 1.51+0.03
Aspartic acid 1.59+0.04 16.75+0.51 2.04+0.01 0.12+0.00 1.43+0.02 1.23+0.01
Cystine 0.07+0.00 0.75+0.00 0.10+0.00 nd nd nd
Glutamic acid 1.81+0.03 26.55+0.31 16.87+0.14 0.06+0.00 9.73+0.06 14.33+£0.33
Glycine 0.87+0.01 9.37+0.07 1.97+0.03 nd 0.49+0.01 1.131£0.01
Histidine 0.35+0.00 2.83+0.06 0.41+0.00 nd 0.65+0.01 nd
Proline 0.32+0.02 7.43+0.08 6.26+0.15 nd 1.79+0.03 9.20+0.04
Serine 0.83+0.03 8.08+0.07 0.99+0.03 nd 0.22+0.02 0.43+0.00
Tyrosine ~043+0.00  4.10£0.01  0.44+0.00 nd ~0.09+0.00  1.02£0.01
Non-essential amino acid 8.36 (61.07%) 99.10 (63.11%) 45.57 (82.17%) 0.45(93.75%) 20.78 (87.46%) 45.58 (83.36%)

Total amino acid 13.69 (100%) 157.02 (100%) 55.46 (100%) 0.48 (100%) 23.76 (100%) 54.68 (100%)
'RM, Raw-material. 2FM, Freeze-dried. *EM, Ethanol-extracted of M. nummuloides. *nd, Not detected. Data are expressed as mean+SD of
triplicate determinations.
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o, AP At bl A R o] e 4te] Fof7t 85 A|EA|
7+ AN (Calders et al., 1999) 2! 3] 2 Z+4A(Blomstrand et al.,
1988) 50| Slo] Bre A o = flgh o= 3 A5l M.
nummuloides?] & 71548 sFel3hgict
Z3p 3 S X[HA 2Y

M. nummuloides®] AWHAF 2412 Table 42} 2t RM 2] A
HRAE 2402 3| H K(saturated fatty acid) 47.61%, S U=
ESER|9FAHmonounsaturated fatty acid) 28.57%, THEE3}A]
WFAK(polyunsaturated fatty acid) 23.81%%2™ FM2 Z}z}
48.36, 27.05, 24.59%=% RMI} GAFSE A WA 2448 B ich

5 AHFAF T3 myristic acid, oleic acid, linoleic acidZ &
g o] RMojl A= A A 9] 76.19%, FMOJ A= 90.16%2] =
< Bl AA[SAL ATk EM &) AAE 2442 RMeie] o
UEILIAAL H]E-0] 10% 7H225111(18.94%) Tha 23R
Ake] BlEo] 11% 57Fst A 2.1 (34.74%) 2| 7}-32F 2| 7}-6
A2l FaAAto] theksiAl <= ek 2 713 A4kl
EPA7} 23.89%= A At 5+ WAl 2 2 s B3
o, 7 Qo= DHA (2.47%), eicosatrienoic acid (0.16%),
linolenic acid (0.16%)3} 2-2 .| 7}-3 x]Hkato] HA| 2| HkAL
5 26.68% Bl&& AR5k A 02 e ek 2w 716 A4t
H] L2 7.41%%.21 linoleic acid (3.79%), arachidonic acid

Table 4. Fatty acid composition of raw and dried Melosira nummuloides (Wt%)
Fatty acid RM! Fm? EM?
Arachidic acid nd* nd 0.16+0.00
Behenic acid nd nd 0.16+0.00
Heptadecanoic acid nd nd 0.16+0.00
Lauric acid nd nd 0.33%0.01
Lignoceric acid nd nd 0.33+£0.00
Myristic acid 33.3315.01 45.08+6.68 18.45+3.67
Palmitic acid nd nd 25.54+3.84
Pentadecanoic acid nd 0.82+0.00 0.49+0.01
Tricosanoic acid 9.52+1.22 nd nd
Stearic acid e 4.76+0.54 2.46+0.05 0.66+0.00
Saturated fatty acid (SFA) 47.61 48.36 46.28
Elaidic acid (w-9) nd nd 0.16+0.00
Erucic acid (w-9) nd nd 1.15+0.01
Oleic acid (w-9) 28.57+3.11 27.05+3.07 5.44+0.46
Palmitoleic acid S nd nd 12.19+1.96
Monounsaturated fatty acid (MUFA) 28.57 27.05 18.94
cis-11, 14, 17-Eicosatrienoic acid (w-3)* nd nd 0.16+0.00
cis-11,14-Eicosadienoic acid nd nd 0.16+0.00
cis-13,16-Docosadienoic acid nd nd 0.49+0.01
cis-4, 7, 10, 13, 16, 19-Docosahexaenoic acid (DHA) (w-3)* nd nd 2.47+0.03
cis-5, 8, 11, 14, 17-Eicosapentaenoic acid (EPA) (w-3)* nd nd 23.89+5.32
cis-8, 11, 14-Eicosatrienoic acid (w-6)* nd nd 0.33+£0.00
Linoleic acid (w-6)* 14.29+2.30 18.03+£2.06 3.79+0.23
Linolelaidic acid (w-6)* nd nd 0.16+0.00
Linolenic acid (w-3)* nd nd 0.16+0.00
Arachidonic acid (w-6)* 9.52+1.33 4.92+0.06 2.64+0.01
y-Linolenic acid (w-6)* S nd 1.64+0.00 0.49+0.00
Polyunsaturated fatty acid (PUFA) 23.81 24.59 34.74
Essential fatty acid 23.81 24.59 34.09

'RM, Raw-material. °’FM, Freeze-dried. *EM, Ethanol-extracted of M. nummuloides. ‘nd, Not detected. *Essential fatty acid. Data are ex-

pressed as mean=SD of triplicate determinations.
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Fig. 4. HPLC chromatogram of fucoxanthin (a) and ethanol-extracted of Melosira nummuloides (EM) (b). Detection was carried out at 450

nm.

(2.64%), y-linolenic acid (0.49%) <=2 2 7% ] St} 54
3l Melosirazzo| ] BA|F &jjotol| A E-2]= M. moniliformis
= 51.12% EPA2} 6.19% DHAE gHa-sto] THojut <= ]
HRAL A A5 o] 2FQ1E] 9l th(Lora-Vilchis et al., 2018). P, tri-
comutum A7 X5 EIAAE 45.52%, TUEEZSA| Y
A 37.35%, CHEESFA AT 17.13%%.08 (Kim et al., 2001)
HEhe 22 Eo| A 712} 41.83, 26.54, 31.63% (Foo et al.,
2017)= & ALt FAHA 71-8 1 5 A] tHE a2 SpA b4k
o vl o] F7loh= AFe Eairh

A= AR QAIA|19] theFst 274 vh-gof] sk 4 o]
] Aol A =R gFot AE2 53 A 37/ sHAIRE, 4]
S AN Y g A A Ao s Qlef =gt |76
K37} 547} 53 9lckSimopoulos, 2004). EME 9.07}-6
Hr} 368 =2 @u|71-38 Faotal glow wighs &3P
tricornutum®} Chaetoceros calcitrans 5 % 2% 2}2+ 5.7,
32500 Yot F5e @73 AP 244E EAtH(Foo
etal, 2017). +AFEE 5ol D A4t H ew7}-3 Bl
= EM2 GFsha 0 & 943t AWl 24d& Zh5=a1 gl o

2~ H3lako

% T T o=

filo o

HES}SItH(Table 5).
hF 12.11£0.21 mg/g (d.w.), TIZZE 1.

)= SR QATE FMO] 75452 71 5% RMtfiH]
}0.87, 0674 743k 10.59+0.17 mg/g (d.w.), 1.04+0.03
mg/g (dw.) 2= ZRIE ). ¥, EMO] 75422 & 9%
2> 19.53+0.25 mg/g, 7] 3.4540.02 mg/gO 2 YAER
T S BAAYS ul, 1 5% RM tid] 5.158) 571t
F B54:[62.32+0.80 mg/g (d.w.)]2} 7.068] 575t S 4E
[11.02+0.05 mg/g (d.w.)]& $H-3laL AT} 257 P, tricor-
nutum AAEE0) S HA 2% SuE AEe At
oA oblEe| Lt o oA o] E gl 2 &3S wj Hrt o
BRe 25 Al 1571 mg/g (dw)l2 =2 5082 1Y
(Kim et al., 2012). I. galbana, Odontella aurita, P. tricornutum
5 1059 FAHE S BAT A AT AT B 3,07

l“>’ oL OE.

~
[oN

b3

X
N

il
=

A BFUORA 2 7Hs o] 21ck mee (w2 B ehieh s AT Tuchian <t al,
2020). & A¥-LS S8 M. nummuloides?} 135 SO A= &

Table 5. Pigments contents of raw and dried Melosira nummuloides (mg/g)

Pigments RM' FM2 EM?

Fucoxanthin 0.23+0.02 (1.56+0.15%) 1.02+0.03 (1.04+0.03*) 3.45+0.02 (11.02+0.05%)

Total chlorophyll 1.8240.03 (12.11+0.21%) 10.40£0.16 (10.59+0.17%) 19.53+0.25 (62.32+0.80%)

'RM, Raw-material. °’FM, Freeze-dried. *EM, Ethanol-extracted of M. nummuloides. * Moisture content or/and dextrin correction. Data are

expressed as mean+SD of triplicate determinations.
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