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Evaluation on Physicochemical Properties and Biological Activity of Blue
Mussel (Mytilus edulis) Extracts Treated with Subcritical Water and
Supercritical Carbon Dioxide

Yu-Rin Jeong

Department of Food Science and Technology, The Graduate School,

Pukyong National University

Abstract

Blue mussel (Mytilus edulis), which is a shellfish belonging to the mussel
family, is one of the important edible bivalves attached to the coastal reef areas
using a byssus of highly adhesive proteinaceous fiber bundles. M. edulis is
native to Europe and the Mediterranean, but is currently farmed in coastal areas
of Korea, and is mainly used as a minor ingredient for soup or boiled foods. Due
to its high protein content, M. edulis are effective in preventing coronary heart
disease (CHD) and hypertension disease, and the amino acid composition of the
protein contains glutamic acid and glycine, including a high content of taurine,
which regulates the liver's function and causes of Alzheimer’'s disease. In
addition, although the lipid content is relatively low, it is generally well known
that it is effective for antioxidant capacity, arthritis, and inflammation by high
content of astaxanthin and -3 fatty acids. For this reason, it is believed that A/.
edulis have high potential for commercial development of functional foods or
dietary supplements. Recently, there is an increasing number in the feasibility
studies of new emerging green technologies since the conventional extraction
techniques use a high amount of toxic solvents which compromise the safety of

extracts, requiring extra—purification steps for their removal to avoid health risks
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they may cause upon ingestion. Therefore, in this study, supercritical carbon
dioxide (SC-CO,) and subcritical water hydrolysis (SWH) process, which are
eco—friendly technologies, were applied to extract physiological active substances.

Carbon dioxide (CO,), which is widely used as a supercritical fluid, has
characteristics of relatively low critical temperature (31.10°C) and pressure (7.39
MPa) compared to other fluids, and is widely used for separation and purification
of heat-sensitive natural materials. In addition, CO; is colorless, non-toxic, and
non-flammable, so there is no residual solvent after extraction and can be
reused. Since the extract is easy to separate from the solvent, it has high
selectivity with excellent sample recovery. The extraction conditions conducted
for SC-CO, varied for pressure (20, 30 MPa) and temperature (45, 55C), while
the flow rate was kept constant during the experiment (27 g/min). The extracted
M. edulis oil analyzed the extraction yield, oil stability (acid value and peroxide
value), fatty acid composition, antioxidant activity (DPPH and ABTS), color and
TGA. The lipid-free residue extracted by supercritical carbon dioxide was
hydrolyzed through a subcritical water hydrolysis process. Subcritical water is
one of the chemical reactions generated due to changes in physical properties
including dielectric. constant depending on temperature or pressure. These
properties result in a hydrolysis reaction capable of decomposing peptide bonds,
ester bonds and glycosidic bonds without a catalyst. SWH was used for the
purpose of enhancing the food functionality and improve yield as well as safety,
economics and environmental friendliness. Applied temperatures ranged from 120
to 240°C with the pressure and reaction time fixed at 30 bar and 30 min,
respectively. The obtained M. edulis hydrolysates measured hydrolysis efficiency,
pH, color, antioxidant capacity (ABTS, DPPH and FRAP), total phenolic content
(TPC), total flavonoid content (TFC), total protein, amino acid composition,
taurine content and anti-hypertensive activity.

As a results, the best extraction yield condition of M. edulis oil extracted by



SC-CO» indicated at 55C/30 MPa, resulting in the highest yield of 6.02+0.79%.
The best conditions of oil stability and antioxidant capacity of M. edulis oil was
obtained at 55C/30 MPa and 45C/20 MPa, respectively. The oils were
characterized for their fatty acid (FAs) composition using gas chromatography,
while it was revealed that the major FAs were Palmitic acid, Palmitoleic acid,
Electroosapentaenoic acid (EPA), and Docosahexaenoic acid (DHA). Astaxanthin
content increased with increasing extraction pressure, it showed the highest
content at 45C/30 MPa with 9.88£0.33 mg ASX/g oil. In addition, the hydrolysis
efficiency of M. edulis hydrolysates increased continuously with increasing
temperature, showed the highest value of 90.65+0.11% at 240°C. DPPH, ABTS,
FRAP, TFC also indicated maximum activity at 240°C with 12.79£0.01 mg TE/g
dried sample, 9.52+0.02 mg TE/g dried sample, 4.68+0.08 mg TE/g dried sample,
15.66+0.06 mg QE/g dried sample, respectively, while TPC showed the higest
content at 210°C with 7.18#0.20 mg GAE/g dried sample. The total protein
content and anti-hypertensive activity reached the highest values at 180°C with
52.87£0.16 ¢ BSA/100 g dried sample and 95.38+0.20%, respectively.

From the obtained results, M. edulis extracts recovered using SC-CQO, and
SWH is a effective techniques for producing physiological substances and will
have important influence in food industry, and is considered to be highly utilized

as basic data for use as a material that can be used in various fields.
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Fig. 1. The main species of Mussel (a: Mytilus edulis, b: M.
coruscus; C: Perna canaliculus).
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(EYELA N-1000, Rikakikai Co. Ltd., Tokyo, Japan)ZS ©]&3}o] 40°Cell A
718l E TEAA 2dS 353t B

-40°C Staof A 249 F
Rnom, %2 YeERHATH

off
1154

i\
4 2
o
rlo
©
g =
o
i
o
©
o
2
)
>,
ol

S)
Oil Yield (%) = - X 100

o714, S Fad &do ¥ (g), S= Am AAF (g)olth
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1: CO; tank

2: Pressure gauge

3: Cooling bath

4: Safety valve

: Main pump

: Electric indicator
: Pressure indicator
: Heat exchanger

: BPR valve

10: Separator

11: Sample collector
12: Gas flow meter

00~ O W

o

Filter

Fig. 4. A schematic diagram of the supercritical carbon dioxide

extraction process (J. S. Park et al., 2019).
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99 g4 Bt

2.4.1. 27} (Acid value)
ZA olabstera Bl fr]Eule] oa) FEE A A7F (Acid value)=
AOCS, official method Cd 3d-63 (2009)¢] WHS o]&3ste] FAHsATH
(AOCS, 2009). AA 2 0.1 N KOH-ethanol (potassium hydroxide-ethanol)
|AE At AFEstR e, 200 mL A7FEe=Ad 0.1 g9 2L9S A3
g Hl 2 (112, v/v) €& 100 mLE Ho] 2dE& ¢ds] =

5.611 X (a—0b) X f
S

27 (mg KOH/ g) =

o714 a= EA1E HAGo A8¥ 01 N KOH-ethanol €919 3| (mL),
bt A8 Aol AFE3H 0.1 N KOH-ethanol& 9] ¥3 (mL), f= 01 N
KOH-ethanol & <42 97} S AZAHAF (g)olth

24.2. B4eE7E (Peroxide value)

ZA oltstea gl /IR Hjel o3 FEE ode IAstE
(Peroxide value):= AOCS, official method Cd 8-53 (2009)¢] WH S o]&3}
o] A3ttt (AOCS, 2009). A4 AL 0.01 N NasS:03 (sodium thiosulfate)
SNS zAEt] AFEsIR o, 250 mL 4HZtE e~ 01 g9 2L9S HE

1154
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I ZAEFEEYE (32, vv) EEd 25 mLE Yol 9dS A3 moF

tf KI ¥3t89 1 mLE Y3 1087 o 233 vg =755 30 mLot
3}

"olme] PAom Wil 30 27 FANYEL W FRHOE sdgdh g
WYoR FREE ol§dte] TGS AARY B b ol el A4S

A28t = 7} (meq/kg) = 5

o] 71A atv EAE A Ao AL&H 0.0l N NagS,03 &4 F3 (mL), b=
d HAol AHg"E 001 N NapS:0; &< #3 (mL), f= 001 N
Na;5:0; &4 97, S= ARAMFHAT (g)o]H

Cael

25, 2d9 A =4 4

ZAA olakstErA B F7IE el oE FEE LA A 24 42
7k~ AzwpE ey (Gas Chromatography; GC) FH| S o] &3fo] =33}
th 292 AOCS, official method Ce 2-66 (1998)2] ¥ 2 HX Wil o}
A Ak W gl ~8| 23} (Fatty Acid Methyl Esters; FAMEs) ¥4 S 74
THlgtg o, GCo +dxHAL Table 1o YEFHAT (AOCS, 1998).
FAMEs+ 0.05 g9 2945 50 mL vialel #H3ste] Cy; (heptodexanoid acid)

i

.

0.1% haxane €9 2 mL¢ 05 N NaOH-methanol €< 3 mLE €1
vortex3t & 75°Co A 45% ZoF 71dEl4t). o] AloA] 108 =

_14_



T} Boron trifluoride (BF3) 3 mLE& % il 30%7t vortexste] sdd ko
A 207 FUER AR & ARolA 10 soF WA ST HPLCE
hexane 3 mL® 10% NaCl 1 mLE 9& ¥ A&dS FHste 045 um
hydrophobic syringe filterS ©|-&3}

2 =3 AlF AlbE Blago

_15_



Table 1. Gas chromatography (GC) operating conditions for fatty

acids- analysis of M. edulis oil

Parameter Conditions

Instrument Agilent 6890N GC System
Split Splitless

Inject Temperature 250°C

Carrier Gas &

Flow Rate He, 0.5 mL/min

140°C (5 min) — 4 °C/min for 25 min — 240°C (17
min)

Detect Temperature 260°C

Oven Condition

Supelco sp 2560, capillary column

Column  pygeq silica Capillary 100 mx 250 pm x 0.2 pm

film thickness

_16_



26. 29 4% =7

ZAA olikster A B Fr&vlel old] FEH deo] M= A
(Lovibond RT series, The Tintometer Ltd, Amesbury, UK)E ©o]&3}o] L,
ax, bx A FoR FAH= 3 HF FoE FASIAT 74 L& H
% (0-100), ax= W7 (+ax)¥ A (-ax)9] A% bx= FA (+bx)F 9k

(-b¥)e] 4=& YEFdT

277. 299 F4t3 &A

2.7.1. DPPH radical 27 %
ZAA olitsE A H f{7]E ol 9

(

I =% 299 DPPH radical 47
< Hag M. (2017)¢] #W& oFF Wgste] A8t (Hag M. et al,
2017). 1, 1-Diphenyl-2-picrylhydrazyl (DPPH) &< 01 mM9 Tz =*
A sto] AFE-SEATE 100 L] 7FEiEsi &2 0.1 mM DPPH €< 39 mLE &
et 3037t Vortexdt % 30®xF GAHANA  WEAIZITH EEFEA

(BioTek Instruments, Winooski, VT, USA)E o]&3}o] 517 nme 7oA

33] HhE- 5} o FEEE S48kt s 23] 9 ETEEd=E
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxlic acid; trolox

(Sigma-Aldrich Co., USA)E 0.05 mg/mL=Z 3}o] Al&31on, U2 34t
3} A2 ool 2SS o] &t ALletHow, %2 YUER AT

DPPH radical scavenging activity (%) = [1— (AS/AC)] > 100

_‘|7_



o714, As¥ Hl7nmolA L¥d2 FTFE, Ac2 517nmolA  Control
(Methanol) 2] &3 x|t}

2.7.2. ABTS radical 275

ZA olibstgrA g {r]Eue] o8 FEH 2o ABTS radical 47
& Hag M. (2017)9] "W¥& o7 wysle] =439t (Hag M. et al,
2017). ABTS &2 HPLCE Water 10 mLel 0.0394 g9 ABTSE %<1 74
mM ABTS 893 HPLCE Water 10mLel] 0.00662 g9 Potassium
persulfateE =< 24 mM Potassium persulfate 58NS &3t5to] o2l o A

7} 0.7£0.027}F 5]

—_
[\
>
N
offt
r (%]
rE
oo
>
b
)
o,
o
Mz
o
o
k1
)
et
i
of

L0l
2
i

o
[y

9] ¥+==4d =2 Trolox (Sigma-Aldrich Co., USA)E 0.05 mg/mLZ sl A}

gotdon, o4 Ak &g ol e AS o]&ste] AAbstA o, %=
LER A T
ABTS radical scavenging activity (%) =11 (AS/AC)] > 100

o714, Ast  734nmolA ¥ FFE, Ace  734nmolAl  Control
(Methanol) 9] &3& %]},
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2.8. 299 o~ #¥ (Astaxanthin) &F E4

of 9a F=H Lo ofiBptdl IS
Roy V. C. (202007} 7l<=3g W& o] &3sto A3t (Roy V. C. et al,
2020). 4AFY 2dS ol &vjet &3 F 020 pm hydrophilic
membrane filterg AF&3to] oJZgt & HPLCE o] &3to] 470 nmoll Al =41 gh
. HPLC &4 X318 Table 201 AAEAT 48 f18to] AHEE o]&4
4 1= HPLC$ ethanol, acetonitrile ¥ dichloromethane< 850:50:100 (v/v)2]
H-&2 3&to] AFE3st¥em, ol 045 um hydrophilic membrane filter=
filteringgdt $ 5%&%F degas FAS AFT. B AP ZFEEE
Astaxanthine (ASX)S AF&3to] H#HFAE A on, FE58 U9 ofx

BRe S-S mg ASX/g ol 2 LhERi ST

ZAA olikster A B F7] &l o FEE el dFF 4 (TGA)
2 Az ¥ S 48] Y FAEHJ S, Saravana P. S. (2016)2]
WS of7t WEste] ST (Saravana P. S. et al, 2016). TGA:E
Perkin-Elmer TGA7 (Perkin Elmer, USA)& o]&3to] A Hgon, oF
10-13 mge] Al5E 50°ColAF-E 700°C7HA] 10 °C/min®] %22 714 3shd]
Agsidy. Azt FAZo At &4 FxI67] e, No 7F2E ARESES

7.

ol
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Table 2. High performance liquid chromatography (HPLC) operating
conditions for astaxanthin content of M. edulis oil

Parameter Conditions

Jasco HPLC system
Instrument Pump (PU-2089 Plus), Detector (UV-2075 Plus),
Column oven (CO-2060 Plus)
UV absorbance 470 nm
Inject Volume 20 pL
Flow rate 1 mL/min

Column  Capcell Pak C18 (4.6 mm X 250 mm, 5 pm)
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2.10. o} A & 7tE 3

S leRd BAE o 88U (Fig 5. ARE 297 olustgs #% &
Aol AAR Feel Ang FHstel gt WA AR 30 gt pH

704% S X S5 600 mL (1:20, w/v)E ®WF&7]ol ¥ WEs & HATt
ES

4°Cell Bastglen, B85 fste] sddxs W8ttt H Y5

e
N
&
M
:(I)lj
o
o
oX,
o
Y
>~
_o|L
>,
lo
_‘EL
X
it
i
Au)
5.:
>~
_ﬁ

Hydrolysis ef ficiency (%) =

A7IM S Agel AedE AR Fe), S JhaEd F EEe] FHe)

o]

g

AFGFA 7hrai o] vl A3dS fste], 30 g9 AlE9F 99.99% of &
< &7 600 mL (1:20. w/v)& &3 F AHuwtr] (MS-20D, Daihan
Scientific Co. Ltd., South Korea)& ©]-&3s}o] 25°CellA] 200 rpme] X2 24
Al wNkAlA AEs A #eltt. Filter paper (CHMLAB GROUP,
F1091-110)& ol&3ste] B & & vt FA ol AHEE w7bA] 4°Cell Eatst

[ex]
AR
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[~

. Pressure vessel

. Pressure gauge

. Safety valve

. Neadle valve

. Electric heater

. Cooler

. Stirrer (Double Impeller)
. High pressure reactor

. System control panel

0. Sample collector

[

= \D G0~ O th U R o—

Fig. 5. Schematic diagram of the subcritical water hydrolysis

apparatus.
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2.11. vlojof2 u¥k-g M A E (Millard reaction products; MRPs)

nfojok= WhS A E-L Saravana P. S. (2016)2] WS o] &t A&
Tt (Saravana P. S. et al, 2016). T4 7IeEdlEd 24¥W A+ ofYd
A+ ZleddEs g8 F
(UV mini-1240)& ©]-&3te 420 nmo] sgelA ZFAsgen, F35= o
(A. U)=E eI

de g3t 7t ES =4 UV-Spectrometer

f

2122, A=
AFGA AeRAE 2 J9s FEEY AEE 260 ANE PEF} 5
A AWt

213. 7t 2=y dArE 24

2.13.1. DPPH radical &7

AFHFH 7feEsie 2 o F&E29 DPPH radical 24 %2 Khanam
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U. K. S. (2012)¢] WHS oF7F Wdgste FA399tt (Khanam U. K. S. et
1 mMe ¥=2 ZAste] AL&sth 100 uLe)
E3tsto] 30%3F Vortexdt & 30+

Bilo] FHEE =AY B Ade 542 Trolox (Sigma-Aldrich

L.
Co., USA)& Ab&3ste] #Hdstlon, 7heidl=el it 24 ddFE mg

2.13.2. ABTS radical &~7%

AFHA 7t s B dEE FEES] ABTS radical 42715 Khanam
U. K. S (2012)¢] W& oFF Wddste] S48kt (Khanam U. K. S et al,
2012). ABTS &2 HPLC& Water 10 mLel 0.0394 g¢ ABTSE %<l 74

{0

‘

mM ABTS &3 HPLCE Water 10 mLel 0.00662 g Potassium
persulfates =2 24 mM Potassium persulfate T84S =33}o] oFAl of A
12475t RESAI AT, o] 3B EAE ol &ste] FFE7F 0.7£0.027F

L& g 3Aste] AREalth 100 ple FE=3 ABTS &< 39 mL

s Egsle] 30%3F Vortexd F 613F GAoA wEAIZITE EFF A
(BioTek Instruments, Winooski, VT, USA)S o] &3} 734 nm< 3}l A

%)
i)
=
Q
B
a
4
(@)
=
(@)
(-
wn
=
(il
>,
o
o
2
g
o
h
o
it
ox
ol
32
o
Az
N
>
an
e
o

ksl &4 d#S mg TE/g dried sample® Y ER 9T

2.13.3. A o] 3t¥d = (Ferric reducing antioxidant power; FRAP)
ANFEFA 7eisEs 2 e FE529 #H o 39938 Belwal T.
(2016)e] WHS <k Wyste] SASEATY (Belwal T. et al, 2016). Ferric

reducing antioxidant power (FRAP) €92 300 mM acetate buffer (pH

_24_



3.6) TPZ& N :FeCls - 6H,0-8 45 10:1:1 (v/v)e] Hl &= A|Zste] AFE-3FSI T
0.3 mL9 FZ=%E37 FRAP reagent 3 mLE &&3le] 3%7F Vortexd &, 4%
b WEEAIAT. EFFE=AE o]Este] 593 nme| el 33w
EHoto] SHEE SAHSIT 2 AP ZFE=ZEE Trolox (Sigma-Aldrich

Co., USA)E AH&3ste] AFAS AAstdon, 7tedeee] datst &4 <

AFGH AFEAE 2 oge F2BY F dE FFES wdd

.

Folin—-Ciocalteu (FC) reagent”} &Zt]
ol 93] e 3
(2017)¢] Wi &

Zo A F=E2] polyphenold 33+
= st dgE o] &k o™, Gereniu C. R. N.
439t (Gereniu C. R. N. et al, 2017).
FC reagent &9 HPLCE waterE 1:109] v &= &3l x, dze] =4

AL 98t 75% Sodium carbonate &S A Fdke] AFEEFTE 1 mLY

L%
(g o
ot
ol
ol
s,
[\
N

s

g

7}Es &0 FC reagent 1 mLeF 75% Sodium carbonate &9 0.8 mLE &
grslo] 10%7F Vortexdr 3, 2A13F &t Ao ¥rgAZIt EFFEAS

|

o]-&3to] 765 nme] IFeA]l 33 WHESIY SHEE SAHSAT. & 2F 9
F&5 4% Gallic acid (Sigma-Aldrich Co., USA)E Al-g3&te] A=A S 24

=<

o R Ee F dHlE dHS mg Gallic acid equivalent (GAE)/g
dried sample®= YEFH AT}



N. (2008)9] & oft Widgste] F4eAth (Ozsoy N. et al, 2008). 125
pLel 7FRslE 3 75% Sodium Nitrite €9 75 ulS &3bo] 30%3t
Voltexdt ¥ 643+ Wx]gtch 150 ule] 40% Aluminium chloride &< 4

3
3 5%3F A3 o] % 1 M Sodium hydroxide ¢ 750 uL¥ SHFE 4

_—

o A% #3925 mL7b SEE WE F, 1587 WAt $RFEAE o
#3ko] 510 nme] sHFeIA 38 WEste] FYEE SHsAAh B APe

=22 Quercethin (QE) (Sigma-Aldrich Co., USA)S Al&3}e] AeAdS

5

M

AR o, 7TtrEdlEe] F FetH o= $EFS mg QE/g dried sample

2.15. 7} EAEY T T BN

2151. & & &7 (Total Glucose content)

AFEA 7teEdlle 2 debe F289 F T FF2 Meillisa A. (2015)
o] WMHE o] &35ty FA4oH Tt (Meillisa A. et al, 2015). 0.75 mLe] 7}
A Eol ek B4k 225 mLY 40% Phenol 045 mLS Y1 # Ao 1
T 96°Coll A 53t REGAITIAL Aol A ARl 3F=AE ol&3te] 490
nmell A 33] WhEste] 3 E=E SASAY. 2 AP ZFEEE Glucose
(GE) (Sigma-Aldrich Co., USA)= AF&3te] HPFAES st e, 7t

AEo = F FHFE g GE/100 g dried sample® YFERH S th

2. 393 stk (Reducing Sugar content)
AT 7teEsls 9 des FE59 a9 &F2 Sagib A, A N,
(2011)9] WS o] g3}o] 3, 5-dinitrosalicylic (DNS) H| A akH o &2 =4 5}

Gtk (Sagib A. A. N. et al, 2011). DNS €92 1 g dinitrosalicylic acid¢}

_26_



30 g Sodium potassium tartrate (Rochelle salt)S 0.5 N NaOH 80 mLell =
A T FHFTE o HF HI 100 mL7F HEF Azt AFEsAd 1
mLe 7FrEEsiES 4 mLe] DNS €4S @i 10x3F Vortexdtth, 1 %
96°Col A 5&3F WhgAl7]aL Aol & w7hA] WX g}, F3EEAE o] &5t
o] 540 nmelA 33 wWHEslo] FFEE SASAT 2 HPY FEE4EA=E
Glucose (Sigma-Aldrich Co., USA)S A}F&3sto] AFAMES #Astsen, 7t

TFERINEL dUF dFH2 g GE/100 g dried sample®= YWEFH ST}

o)

(1951 WHS o]l&sted FAHsIT (Lowry O. H. et al, 1951). 1 N
Folin-Ciocalteu (FC) reagent £ 2 N FC reagent® HPLCE WaterZ
11 B &2 38, Lowry &4 &4 134 &4 25 50:1¢8 H &2 33t
o AFEStAT 89 12 10 g9 NaCOs# 2 g NaOHE S 400 mLel
s 5d g HAFT Y9 500 mL7t HES wEL, §94 2= 50 mg9

Cupric sulfate?} 0.1 g9 Potassium sodium-tartrateE <7< 8 mLo] <4
8 =2 ve HF H¥ 10 mL7t H=ES vreEd 02 mLe ZheEsE
Lowry &9 1 mLE 431 2%7F Vortex3 5, 208 5<oF o AoA wksA1 71
t}. 22 ¥, FC reagent 100 L& ¥ 2%3F Vortex?d 5 35& FoF b2l
A RESAIIY. EFFE=AE o] &8te] 750 nmollA 33 wHEdle] FHEE

[1

aih

O

=Astge. 2 AFe FFEEZEE  Bovin serum albumin  (BSA)
(Sigma-Aldrich Co., USA)<& Al&3te] HAFAS st on, 7teia =9

T84 g4 ek g BSA/100 g dried sample® YER AT}

d
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AFGA A5EHE 2 e #22o) SDS-PAGE: @ud PR
Felsty] Sstel FaAHYon, odel ATH WWS of WA

(Asaduzzaman A. et al., 2020). & A= 12 % resolving gel? 5 %

stocking gel& AF&3lith AME &9 WA T2 71X A8 3 mg)E 5

[0

mLe] 0.02 M sodium phosphate buffer (pH 7.2)°] 343stAtt. 1 tL, 5
mL<2] sample buffer®} &33te] 90°ColA] 5% &<t 7FEstd k. 10 ule] A
Z 89S Tris—glycine-SDS buffer (Noble Bio, TGS buffer 10)o] w7 %
Mini-PROTEIN Tetra cell (cat. #1658004)° 2 3le] 120 VoA 2413+ &t
Attt 2EEd2A G d w7 (cat. #161-0732)5 A&t EAE

Z74stlen, o= A wdel 233Ath

m[o

[\l
—
(0]
:
m
%
i
Lo
o,
i)
b
>4
N
o,

2181, FAobv] =2k

Adol AAE e AFEA g eEdd e e Tk =4 A
2S5 ¢35t Henderson J. W. (2000)2] WHS oF7F wWdsle] =AY
(Henderson J. W. et al., 2000). 7 &3}lHd Alx 2 g& 6 N HCl 30 mLol| &3
sto] 130 °CollA 24417F sF EafjAzlt}h o] ZeFE 3|4 ste] 045 ym
hydrophilic sylinge filterg ©|&3le] o33t NaOH= F3+3t o 33 5
T2 s|AAA HPLCZ #43%ttt. HPLCE FL detector 1260FL (Agilent,
USA)7}F A2kl Ultimate 300 (pump, auto-sampler, oven and UV; Thermo
Fisher Scientific, MA, USA) system= ©]&3F3t}h. A& Inno C18 Column

(46 mm x 150 mm, 5 pm / YoungJin biochrom, Korea)S 23] 2232
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AT AIZES 353, column} sample &%= ZF7F 40°C % 20°CE A 8}

’

7)
I, AELZ 05 s FYskArh olsd &wl A 40 mM  sodium

2 5

phosphate (pH 7)¢} &v] B+ 3% F 5 9=:Acetonitrile:Mehtanol (10:45:45,
v/v%)S  AFE3FtE. FL detector?] 749 OPA  (o-phthalaldehyde)+=
Emission 450 nm, Exctitaion 340 nm, FMOC (fluorenylmethyloxycarbonyl
chloride)= Emission 305 nm, Excitation 266 nm=Z &3t UV detector

T 338 nmE Aot =Ats At ¥ A9 2 ede 01 N HCll
s Mete] Wgsilon, g o] FA o=t S mg/go®
e AT

2.18.2. frejobr] =4t

f
g
N
N
ol
A
:"?{:4"

255219 de-oiled +2 H =9 oAt %2 Henderson
J. W. (2000)9] ®H& oFgF wigste] 88ttt (Henderson J. W. et al,
2000). frejobr] At FE5& fste] |A ME 2 g= 30 mLe 70% ethanol®l
Egete] 1A ZHEt ultrasound A 23k thE Aol A 24x7HEF WA &
0.20 pym hydrophilic sylinge filter® filtering 3 HPLC® %#2]3}itl. HPLC

e FAoleitl BAR xhoz Adstgon, AFHA $9y 2
(o]

3
7hrasl e ot it e mg/g 2 mg/LE LER QLT

AFea] 7hrEss 2 das FE559 g9d %2 Orth. D. L. (2001)
ATt (Orth D. L., 2001). A& $Z21dx9 7

el & HPLCE waterg 1%° == 3|4 sto] ALEsHATh E9-Ho i
A= ste] 1 mLe 7FEEsiE3 001 M Carbonate buffer (pH 9.0) 2

ﬂll
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mL<¢} dimethyl sulfoxide (DMSO) 0.5 mL, 2,4-dinitrofluorobenzene (DNFB)

5 Yol & Holx&E 30x7t vortexst F, 40°Ceol Al 15%7F WESAIZIT o]

um hydrophilic membrane filterE ©]&3te] ZEHz & HWOoRRE HT
By & HPLCE ©o]&3te] 360 nmellA #Agth. HPLCO #4 =7&
Table 3 YetlAth 45 skl AFEH ol&4d & A= 0
phosphate buffer (pH 6.0), 7 B HPLC %3 2| acetonitrile2 AF&3}3 S

o, F &0 2% 045 ymE filteringd ¥ 5%7F degas IS ARG E A

)

Ao REF=HEE Taurines AREste] HPFHS AAstd o, 7tedsl =2
B} ¢S mg taurine/100 g dried sample® YEFH ST
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Table 3. High performance liquid chromatography (HPLC) operating
conditions for taurine content of M. edulis hydrolysates

Parameter

Conditions

Instrument

UV absorbance
Inject Volume

Flow rate
Gradient program

Column

Jasco HPLC system

Pump (PU-2089 Plus), Detector (UV-2075 Plus),
Column oven (CO-2060 Plus)

360 nm

20 uL

1 mL/min

10% of solvent B — 25% (~10 min)
— 50% (15~19 min) — 10%

Capcell Pak C18 (4.6 mm X 250 mm, 5 pum)
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>

CE Kit - WSTE jate] ald viwdel wet A 54 21z 4

S HPLCE waterd] X34 1% Sdo 2 A %39t Enzyme working
Q.
[e)

i

solutione WA Enzyme BE 2 mLe HPLCE Waterdl £&A# Enzyme B
HNS e F 15 mLE AFHASY] Enzyme Al FUste] AxEgoH,

op

Indicator working solution Enzyme C<%} Coenzyme®l HPLC& Water 3
mLY Yol &3]A171 vt 28 mLA A FH k] Indicator working solution®l]
F98ko] A& 96-well plateo] 20 Lo A Z &84S H 7}kl blank 1
7} blank 2 welle]l 24 20 pLe BT 1 o5 Al&, blankl ¥ blank2
wellell 20 uLe] 712 %594 (substrate buffer)S %3l blank2 wellol & %<&
T 20 uL=, A% % blankl¢l enzyme working solution 20 uLE F7}35}¢]
37°Coll Al 1A1ZHE<?r  incubatorell Al ®lFSEA T =& wellel  indicator
working solution 200 uLE& @il A-ZA 10+ &< WA 3 t5 F3F =
(BioTek Instruments, Winooski, VT, USA)ZS o]-&3}o] 450 nmoll A 33] wh
Bile] =S =AU 2 Ao FFEAZ Captopril (1%, w/v)& A+

gargon, A A B obehsl 4 ol g3l %z LhEsivh

Ablankl o Asample

Inhibitory activity (%) = =100

Ablankl o Ablank?
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2.21. SAAH

Hoaso] = BAAE = SPSS (statistical package for social science,
A}
t-hoc Turkey® UYsHlnZ

o4z AAES AAFYHT. A AA = Pearson’s

version 25) T2 WS o] &slo] Ao s BARA & @i W gE

)

g Taw, IS e K94 @HEL Po

w0
=
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)

43 2 &

W2 Table 4] e

Q)
=

FA] 9

7

R ES]

7<OL

do] 7}

o} W5 o]

t} (Mohammad S. H. et al,

2016; Nguyen T. T. et al., 2017; Hyung J. H. et al., 2018).

uy &)
|

A2 67.30+0.13%%

9.89+0.10%, T

KN
T

10.13£0.12%, & 3t&

-
-

=
=

ki3

= AF

ot

&
=

wheh, 2

A=A o8] 7h
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Table 4. Proximate composition of lyophilized M. edulis powder
Content (%)

composition
M. edulis
Crude lipid 10.13+0.12
Crude protein 67.30+£0.13
Moisture 5.39+£0.04
Ash 7.294+0.05
Carbohydrate 9.89+0.10

1) Mean+SD (n=3)

_35_



oF
TO
o}

—

0

A
-

ol

oo

il

Table 50 WefHdeh. 719 FEW A #7118

6.40+0.11% <]

45°C, 20 MPa 714 A

R
=5

30 MPa x=7lA] 6.02+0.79%= FHUo +&

)

A

o

me

o WS g3 ol
L3898 S/ H B2 88 29

FAt (M. Hag

1)

o]
=4

ol e},

Eyl,

HH
R

et al., 2017; Lee H. J. et al., 2017).

0
o

B

)
)

_36_



Table 5. Oil yield of M. edulis oil obtained by SC-CO; and organic
solvent (Hexane) extraction

Conditions Yield (%)
45°C, 20 MPa 5.03+0.61°
45°C, 30 MPa 5.06+0.31°¢

SC-CO,
55°C, 20 MPa 5.51+0.38"¢
55°C, 30 MPa 6.02+0.79"°
Organic solvent Hexane 6.40+0.11%

1) MeantSD (n=3)
2) Means with the same letter are not significant different (p<0.05)
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Table 6. Oxidation stability properties of M. edulis oil obtained by
SC-CO; and organic solvent (Hexane) extraction

Conditions Acid value (mg KOH/g) Peroxide value (meq/kg)

45°C, 20 MPa 7.61+0.09° 4.02+0.33¢

45°C, 30 MPa 7.4620.07° 3.754+0.16°
SC-CO,

55°C, 20 MPa 6.8240.18° 4.59+0.02°

55°C, 30 MPa 6.36+0.02¢ 3.71+0.05¢
Organic Hexane 9.00+0.02° 5.13+0.04°
solvent

1) MeantSD (n=3)
2) Means with the same letter are not significant different (p<0.05)
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3 Table 79 YAttt AFHA 2de] Fo Awikd £33} AWkl
Palmitic acid (C16:0), & X3} A W4FQl Palmitoleic aicd (C16:1), w-3 WAt
Q1 Eicosapentanoic acid (EPA; C20:5n3) % Docosahexanoic acid (DHA;
C22:6n3) &2 YESTE o] < Palmitic acid7} 20.12~36.96% = 7} =2
on, 7 WA Z= EPA7E 1679~21.75% % & &S UEddch e
of welA = B3 A (47.22~61.29%) 0] ESEAAE (41.91~53.54%) B
o %ol 5o At EPA ¥ DHAS F &2 2258~-2752%=2 YES=
g, o] & 55°C, 30 MPa 7oA 2752%= 717 ol gl &k

3 98-S st dex9ltt (Dyerberg J. et al, 1978; Back M., 2017).
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Table 7. Fatty acids composition of M. edulis oil obtained by SC-CO; and organic solvent (Hexane)

extraction
SC-CO, Organic solvent
SI Name 45 °C, 20 MPa 45 °C, 30 MPa 55 °C, 20 MPa 55 °C, 30 MPa Hexane
Area (%) Area (%) Area (%) Area (%) Area (%)

1 Lauric acid (C12:0) ND 0.12 ND ND 10.87
2 Mystric acid (C14:0) 5.96 8.97 5.05 8.59 4.00
3 Palmitic acid (C16:0) 25.47 36.96 24.56 36.28 20.12
4 Palmitoleic acid (C16:1) 17.76 23.56 17.17 23.26 11.92
5 Heptadecanoic acid (C17:0) 10.57 2.13 9.75 2.13 13.14
6  Stearic acid (C18:0) 3.09 442 2.46 445 3.75
7  Eleic acid (C18:1n9c) 2.94 3.28 3.47 3.69 3.32
8 Linoleic acid (C18:2) 1.07 1.49 1.35 1.45 0.79
9  Arachidic acid (C20:0) 1.14 1.07 0.16 1.11 0.91
10  cis-11-Eicosenoic acid (C20:1) 1.95 3.10 1.64 2.67 2.14
11 cis-11,14 Eicosadienoic acid (C20:2) 2.53 1.54 2.99 1.64 1.74
12 Arachidonic acid (C20:4n6) 1.36 0.72 1.57 0.77 1.77
13 cis-11,14,17-Eicosatrienoic acid (C20:3n3) 2.04 0.27 1.56 0.28 2.94
14 f‘cség’g’nl;)’1f’é;flcosapenta“°‘° acid 18.66 19.13 20.33 21.75 16.79
15 flcsi%ﬁ%lf’]l)%f'Docosahe"anmc acid 5.46 5.36 6.94 5.77 5.79

YEPA + DHA 24.12 24.49 27.27 27.52 22.58

Zw-6 PUFAs 4.38 5.31 4.56 4.90 4.70

YSFAs 46.23 53.54 41.97 52.57 4191

SUFAs 53.77 58.46 57.03 61.29 47.22

ND: Not detected

* Yo-6 PUFAs: Total omega-6 polyunsaturated fatty acids.
SFAs: Saturated fatty acids
UFAs: Unsaturated fatty acids
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Table 8. Color properties of M. edulis oil obtained by SC-CO; and

organic solvent (Hexane) extraction

Conditions L* a* b*
45 °C, 20 MPa 25.42+0.19* 3.20£0.19° 3.39+0.22°
45 °C, 30 MPa 24.03+0.21° 1.63£0.05° 1.66+0.08°
SC-CO, X
55 °C, 20 MPa 24.73+0.22° 4.01£0.52° 2.38+0.43
55 °C, 30 MPa 23.69+0.19¢ 0.33+0.02¢ -0.68+0.02°
Organic c d d
solvent Hexane 22.19+0.10 0.16+0.03 -0.09+0.02

1) MeantSD (n=3)
2) Means with the same letter are not significant different (p<0.05)
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Fig. 6. Photograph of M. edulis oil.
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6. 299 Fust B4

B Ado A= DPPH % ABTS radical £271%5<S o] &3t 294 o]4ks}

g 2 Fr]Emel o FEE AFEA ede] dibst &4 (Antioxidant

Efilom, 55°C, 30 MPa®] ZdA:= ZH7F 65654026 B 68.75+0.37% =
Mg e 24S Fdsith #7718 5 299 DPPH % ABTS radical
a%5e Z7F 38944026 2 39.04+0.16% % E YA olatstEtA & 9 A
HlE] @43 @ EA4S Yehdinh o) Aol waw, 294 ojststea
£ olgdte FE2¥ U 7189 Hexanes ©]&3te] 58 2dnt)

giatsl gdo]l A YEl T Bttt (Jung G. W. et al, 2012).
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Condition

1) Mean+SD (n=3)

2) Means with the same letter are not significant different (p<0.05)

Fig. 7. DPPH radical scavenging properties of M. edulis oil
obtained by SC-CO; and organic solvent (Hexane)
extraction (A: 45°C, 20 MPa; B: 45°C, 30 MPa; C: 55°C,
20 MPa; D: 55°C, 30 MPa; E: Hexane).
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Condition

1) MeantSD (n=3)
2) Means with the same letter are not significant different (p<0.05)

Fig. 8 ABTS radical scavenging properties of M. edulis oil
obtained by SC-CO; and organic solvent (Hexane)
extraction (A: 45°C, 20 MPa; B: 45°C, 30 MPa; C: 55°C,
20 MPa; D: 55°C, 30 MPa; E: Hexane).
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7. 942 of~EtFEl (Astaxanthin) &

ob~ERIE A FEl FakstAl T ostuel JFERHwoE=A MAiR, w2
dikst Zgom Rl QA fFold dF¥FES F= AR d4#HA Ut
(Panayotova V. et al, 2019). 2 A olitsters 9 f7] 8o o3 F&=4%
AFTEA] ede] of~ezte e ZFEHZA Astaxanthin (ASX)S AF&
sto] 470 nmoll A &k on, 71 A3} Table 9o HebliAT (Fig. 9). =<
Al olitsteta FE U] of~ERE St 45°ColA FEH U9 A9,
20 MPa % 30 MPa®] Zz79
oo, 55°CellA FEd 29 4F, 20 MPa 3 30 MPa®l ZziollA 2z}

—

!
J

Zk7F 0.64+0.04 2 9.88+0.33 mg ASX/g oil

(Ali-Nehari et al, 2012). 7] &9 3

%
Ggkor, ol Bate] A olMsEL FEYE
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Table 9. Astaxanthin (ASX) content of M. edulis oil obtained by

SC-CO; and organic solvent (Hexane) extraction

Astaxanthin
Conditions
mg ASX/g oil
45°C, 20 MPa 0.64+0.04¢
45°C, 30 MPa 9.88+0.33
SC-CO,
55°C, 20 MPa 2.47+0.07¢
55°C, 30 MPa 4.9340.26"
Organic solvent Hexane ND

1) MeantSD (n=3)
2) Means with the same letter are not significant different (p<0.05)
* ND @ Not Detected
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Fig. 9. Chromatogram of astaxanthin (standard; 40 ppm) detected at
470 nm.
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8. 9¥9 d==%=4 (Thermal Gravimetric analysis;

dF =4 (Thermo gravimetric analysis; TGA)S A 59 74 AHAES 2
AstAY, 44 dAAS HAAeteE d AFEEH TGA =48

o AA F2E (< 180°C), Fr71&=4d a8l +1F (180-540°C), #H7 &4 &4 &
 F7F (> 540°C)o. 2 FREY (Marcilla A. et al, 2009; Rai A. et al.,
2016). =4A oltstera Bl FU] 8wl E o] &ste] FEE UFHA U
TGA 23} == Fig. 100 YebldG. T 7ol 98% = 2st7] A& sk
z7] il v YA olitsteAE FE FEHE LYY A5 45°C, 20
MPat= 169°C, 45°C, 30 MPai= 157°C, 55°C, 20 MPa+ 161°C 12]3L 55°C,
30 MPa+= 178°C® YEF} S ™, Hexane ¥ LY 108°CE wj$ &2 2%
o A E37F AZE Y. 53], Hexane 75 299 4% 180°ColA 7.23%
(wWt%)e] T ol ZAAEAeH, ojx 2 dd Z7F¥ Hexaneo] AAEo] T
o] ZAA&steE Ao R AL ETE S 540°C o] F9o] FHelA 10% (wt%) FX%

7 A EA ge e FAdskdlodl, ol Hexane T2 2ol F7]=o] &

|o

7 Fads REe dusst AdEs Prom

= = 9 =] = = o) 5L 2=
A2 Ba ARALED soldy FF o9 4 APYS MuT £ Yo

o, o] Flg. 119 YEATE F28 2dS 7 274 wel 210-240°Col A
HA Bl 7F dojt
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TGA analysis

Weight (%)
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40 ——43°C, 30 MPa
I ! 0 A AP
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Temperature (°C)

Fig. 10. Thermo gravimetric analysis (TGA) graph of M. edulis oil
obtained by SC-CO: and organic solvent (Hexane) extraction.
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DTG curves
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Fig. 11. Derivative Thermo Gravimetry (DTG) graph of M. edulis
oil obtained by SC-CO; and organic solvent (Hexane) extraction.
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9. 7V+&3d &4 2 vioJof= Htg AAE (MRPs)

Table 10% €% Wl & AFHA ArRage Asie) T84S
Uebd Blolth sbaisl BeHS 2%sb 2ol utel AFEaA b
o B Z/FkYlon], 2U°ColA 9065:0.16%2, M we AT e
JEPRRAT. ot oldel ATAN F& o] 8@ okdA & ssiale] Al

FrARE e vEbdlS Qs (Lee H. J. et al, 2018). &

=
suA gelel WE % Eugele] pastu, Sulzt AT Tz 47

rlo
k1
~
ol\
~

il

A7l AS & A (Herrero M. et al, 2015).

chal g o] ofm| 7)o} 7o) FtR 7|7 Def o A EH=
stet wrgoltk XFEHA Tt Ee dW =S sy fg miojor=
Wg A= (MRPs)2 420 nme] F33%olA S4HAtk Table 10914 =
T o], JFEREE S MRPsE & 57 5718t wel F7tstk gl o, 210°C
oA 3170.00 AU.Z FHA ¢ s HElATE oAl 5 Zhais A =
o] o] &3} 44 (Kw)el T7F= <lstel MRPs7F F7kstslon, 7tE A==
geks W=t} (Lee, J. H. et al, 2018). ©]F MRPs® 7#FAa+= 11204 3+
G} obm 4l EEE QI3 Ao® AlgHTh
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Table 10. Hydrolysis efficiency and maillard reaction products
(MRPs) of M. edulis hydrolysates

Temperature (°C) Hydrolysis efficiency (%) MRPs (420 nm)

120 45.96+0.54° 2.2140.02¢
150 56.77+1.32¢ 2.7740.00°
180 72.4240.70° 2.95+0.07°
210 84.30+0.81° 3.17+0.00°
240 90.65+0.11° 2.95+0.07°

1) MeantSD (n=3)
2) Means with the same letter are not significant different (p<0.05)
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(

-

S5 Wste] w2 FEA s Ee] pHE Table 116 YERH AT 7
S/ el we hEEdEe] pHE fastt S7bske 4

welom 180°ColA 534£0.01% 7} wrobxith 240°Col Al 7.56+0.01% 7}
=2 g YEHIIH ol Aol b Al arginined}t 22 @714 of

o
o

n=iko] @3 A7tsle] maillard WH-§-l o8l AHd =2 o] A Hd wel pH
7b otk Haskk: ddoe] gtk (Lee J. M. et al, 2015). o] 9] Aol
wEw g2 A 7td Al ZwutSo g olsle] AAHE o] Fr|sto R
EalEo] pHE Y5t 7ldaien, do d4 2 dA=d 333 22
g EEY EAC 9% A = dukar Baskdtt (Getachew A. T. et

al., 2017, Sasaki M. et al., 1998).
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Table 11. pH of M. edulis hydrolysates

Conditions pH

ETE 6.04+0.01°

120 5.55+0.00¢

150 5.36+0.01°

Subcritical water .

) 180 5.34+0.01
hydrolysis (°C)

210 6.49+0.00°

240 7.56+0.01%

1) Mean+SD (n=3)
2) Means with the same letter are not significant different (p<0.05)
* ETE : Ethanol extracts
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d Edo] EAo 4FS W] wtol] 7tE Al He
kS-S F = 3kth (Bueno-Solano C. et al., 2009). ¥ 2

} S7kghel wEl W=Ql L valuex 7
golsld o ax2} bx values S 7Fsttlh Hash
A Ae¢S YeplAd Y (Fig. 12). 53], 180°Col A 2] Lx*, a*, b* value:
Z} 33.38+0.38, 5.36+0.06, 3.35+0.062.% =243 ZAsA=d, ol 7t
Ao A carotenoidZl A7t FEEHUAAY A ExFe] Ak = 2w
o3 Ao R oJAEtTh E3L saravanats =2 2E oA e o

oA HAE F de L BEed weH A-d"E

)
oo M ol
2 o Norr o

H

= Al

bl ot

kol
.
2
ol

3l Hal

(Saravana P. S. et al., 2016).
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Table 12. Color parameters of M. edulis hydrolysates

Conditions L* a* b*
ETE 36.20+0.31° 0.37+0.04° 8.944+0.22°
120 43.68+0.04" 4.66+0.11°¢ 13.38+0.30°
150 41.23+0.13° 8.17+0.18* 14.14+0.33
Subcritical water ) . d
) 180 33.38+0.38 5.36+0.06 3.35+0.06
hydrolysis (°C)
210 29.99+0.17° 0.75+0.08¢ -0.50+0.04°
240 29.75+0.04° 0.64+0.07¢ -0.54+0.04°

1) Mean+SD (n=3)

2) Means with the same letter are not significant different (p<0.05)
* ETE : Ethanol extracts
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Fig. 12. Photograph of M. edulis hydrolysates (ETE : Ethanol
extracts).

izpC 13°C 184 °C 210 1460
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11. 7k 23 &o F4ds 24

11.1. DPPH radical &A%

o
oK
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SA3E o=
Fig. 13°] Yetdtt. =7} 7kl wat 7hR812 ¢ DPPH radical 4
A 180°CellM &

dried sample® 7}F Zgh st @48 vdehdddY. 5 227 SUHES
Z oAl 9 FHF BaE A FEEHY FE&o] FUtete] I3
g4 w3 FUkg Ao g Holw, &AFA oW wmAte FEkdE ##o]l gl
(Mlyuka E. et al, 2016; Li Y. et al, 2008). ®tdo] ogg FEEL o]
AT Ao oes FEEH AT 23 gGs BIon, ofdA F Tt
ol Hls) e S YEWAT (Park J. S. et al, 2019). ©]
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1) Mean+SD (n=3)
2) Means with the same letter are not significant different (p<0.05)

Fig. 13. Comparison of DPPH radical scavenging properties for M.
edulis hydrolydsates (ETE : Ethanol extracts).

_62_



11.2. ABTS radical &A%
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(Hee-Jeong Lee et al., 2017).
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Fig. 14. Comparison of ABTS radical scavenging properties for M.
edulis hydrolydsates (ETE : Ethanol extracts).
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o FAAS Ao Hixo] 9t} (Saravana P. S. et al, 2018). o]#g &
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Aol das vz Aoz o4AZY (Nkurunziza D. et al, 2019). ¥49F o}y 2}
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Fig. 15. Comparison of FRAP properties for M. edulis hydrolydsates
(ETE : Ethanol extracts).
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12. 7t &A= desfF &FF 24

AFHEA 7=y F dE &% (TPC) A3+ Fig. 169 YE AT
SX7b SRl wet TheERsEe] TPCE F7kete]l 210°CelAl 7.18+0.20
mg GAE/g dried sample®z HU A4S BHgom o]F 7H43dte 6.94+0.01
mg GAE/g dried sample®] &3S gelstadth. ol B2 AFAE] 3]
Hag wpe} Zol oA de ESHAet s sigtEe EIE sk

¥ SteFo] 7HA vt Khuwijitjaru P. et al, 2014). o] A 9] Hilo] wp=w

HEA e g dats &4 gk T2 FoAdRY S Ao
o, ol& vy o g AFER Fgk 53 ksl B Fadel 2 IS
Ao g oARAT (Watanabe M. et al, 2012). =3l #& 3}t o 3toF 9 3
1d 59 AU sA 5ol ¢t dHA Qo] IFEA R =
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Fig. 16. Comparison of total phenolic content for M. edulis
hydrolydsates (ETE : Ethanol extracts).
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2) Means with the same letter are not significant different (p<0.05)

Fig. 17. Comparison of total flavonoid content for M. edulis
hydrolydsates (ETE : Ethanol extracts).
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Table 13. Pearson’s product moment correlation coefficients analysis
between antioxidant radical activity and total phenolic and

total flavonoid content

DPPH ABTS FRAP TPC TFC
DPPH 1 0.807**  0.991**  (.919%*  (.984%*
ABTS  0.807** 1 0.874%%  (0.964%*%  (0.821%*
Pearson FRAP  0.991%*  (.874** 1 0.959%*  (.985%%*
Correlation
TPC ~ 0.919%*  (0.964%*  (0.959%** 1 0.920%*
TFC  0.984**  (.821**  (.985%*  (.920%* 1

#x Correlation 1s significant at the 0.01 level.
* TPC : Total phenolic content
TFC : Total flavonoid content
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and S. K. Moon, 2005).

st ol 284502 4tslE = ddsto]l=7] (-CHO)ZF £8d o]
t}. -CHO7|E xg3= 99 FTF=E glucose, mannose, galactose,
arabinose % maltose 5°] ATk WFEHA 7t ddd F 2ad=
Fig. 1991 Yetlidtt. &%=7F S71ske] wet 7tiaiEe] dd3d dFS =
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nom, olF Zaste S UEAT. SAT 2 T2 Al Gl ofsf A A
EaE o S =FAWEEZEZ (hydroxymethyl-furfural; HMF) % @&
A4 (levulinic acid) 53 22 3lgE9 FJHZ FFHUES 7Pz A}

29 (Meillisa A. et al., 2015).
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Condition (°C)

1) Mean+SD (n=3)
2) Means with the same letter are not significant different (p<0.05)

Fig. 18. Comparison of total glucose content for M. edulis
hydrolydsates (ETE : Ethanol extracts).
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1) Mean+SD (n=3)
2) Means with the same letter are not significant different (p<0.05)

Fig. 19. Comparison of reducing sugar content for M. edulis
hydrolydsates (ETE : Ethanol extracts).
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Fig. 20. Comparison of total protein content for M. edulis
hydrolydsates (ETE : Ethanol extracts).
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M 1 2 3 4 3 6

Fig. 21. The results of SDS-PAGE pattern of M. edulis hydrolysates
at different temperatures (M: Marker; 1: Ethanol extracts; 2 - 6:
hydrolysates at 120, 150, 180, 210, 240°C, respectively.).

_79_



°
=)
b
>
5
ol
rlo
5
%
N
o
g,
ul
-
[
iy

e walstel AW Feloh e

o Fapol shial 2ol WAL JFS Ay As APHUL w0

et al, 2018). T2 %9 AFEA 390 FA = B frefon] it
7= frelotn Ak kel thdk A= Table 14 % Table 159
Bt WA, s2dx geHe dg 9 Bjds Ao =AY SRS
580.70£0.25 mg/gel o™, o] % Glutamic acid, Aspartic acid 2 Glycine©]
80.32+0.17, 74.05+0.35 % 4646031 mg/go® %2 TS ekl
(Table 14). Glutamic acid¥= #& 5t ($-vk0], Umami)e] + A2 o= 283}
H Glycine2 @32 Yeldth (o] 3¢ et al, 2017). Aspartic acide= 1A W
oA AT 2R AMAS =X A7|= D-aspartic acid®} @M dS FAF =
%9 93-S 3= L-aspartic acid® TAEC. T3 S244% 990
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Table 14. Total amino acid profile of de-oiled M. edulis powder

Condition (mg/g)

M. edulis
Essential amino acid (EAA)
Histidine 12.52+0.31
Isoleucine 24.91+0.18
Leucine 37.40+0.27
Lysine 30.99+0.37
Methionine 18.89+0.40
Phenylalanine 22.06+0.11
Threonine 42.43+0.28
Valine 26.55+0.13
Total 198.75+0.26
Non-essential amino acid (NEAA)
Alanine 32.97+0.07
Arginine 45.67+0.39
Aspartic acid 74.05+0.35
Glutamic acid 80.32+0.17
Glycine 46.46+0.31
Proline 25.00+0.28
Serine 29.51+0.12
Taurine 29.10£0.20
Tryosine 18.87+0.16
Total 381.95+0.23
EAA+NEAA 580.70+0.25

1) Mean+SD (n=3)

* ND : Not detected
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Table 15. Free amino acid profile of de-oiled M. edulis powder and hydrolysates

Conditions
mg/g mg/L
M. edulis ETE 120°C 150°C 180°C 210°C 240°C
Essential amino acid (EAA)

Histidine 1.08+0.33 33.26+0.20° 129.45+0.21° 110.71+0.38° 97.81+0.56° 105.68+0.24° 129.05+0.16
Isoleucine 0.61+0.23 37.02+0.14" 125.2620.36° 100.10+0.25° 109.42+0.27¢ 328.30+0.17° 553.63+0.32°
Leucine 0.88+0.10 47.09+0.27" 161.21£0.11° 134.25+0.27¢ 112.52+0.45° 204.16+0.29° 378.70+0.33
Lysine 0.78+0.18 38.37+0.17° 150.65+0.29" 124.26+0.22° 81.18+0.31° 101.37+0.24¢ 190.32+0.15°
Methionine 0.24+0.22 2.03+0.10f 30.93+0.16° 47.4620.25° 80.6620.45° 128.33+0.12° 118.33+0.30°
Phenylalanine 0.44+0.19 22.58+0.12° 77.57+£0.10° 60.13+£0.31¢ 51.64+0.26° 81.26+0.23° 151.98+0.38"

Threonine 1.10£0.25 53.77+0.21¢ 166.63+0.13" 126.55+0.41° 94.454+0.27° ND ND
Tryptophane 0.34+0.19 ND 92.44+0.44° 102.84+0.18¢ 107.61+0.52° 220.8240.07° 284.8440.13%
Valine 0.70+0.47 4531+0.25° 151.52+0.34° 114.26+0.25¢ 97.39+0.45° 165.21+0.58" 274.52+0.07°
Total 6.17+0.24 279.43+0.18 1085.66+0.24 920.56+0.28 832.68+0.39 1335.13+0.24 2081.37+0.23

Non-essential amino acid (NEAA)

Alanine 6.24+0.25 232.59+0.08° 788.71+0.23° 640.46+0.424 549.19+0.34° 865.36£0.27" 1160.29+0.30°
Arginine 2.91+0.14 113.31+0.24° 355.3240.49 298.27+0.16° 221.84+0.35° 142.42+0.28¢ 84.40+0.22f
Aspartic acid 2.08+0.16 59.51+0.45" 198.94+0.37° 235.37+0.45° 426.30+0.39° 194.32+0.19¢ 111.9340.15°

Asparagine 0.60+0.26 22.99+0.14° 39.53+0.21° 49.60+0.42° 22.36+0.47° ND ND
Glutamic acid 5.35+0.09 227.7240.51° 650.7240.21° 296.040.32° 18.3240.16" 22.01+0.39¢ 24.98+0.29¢

Glutamine 1.08+0.12 48.99+0.11° ND ND ND ND ND
Glycine 15.27£0.33 670.25+0.54 1939.52+0.16 1513.24+0.24° 1114.48+0.44° 787.31+0.36° 1046.52+0.50°
Proline 2.95+0.42 127.3120.17° 296.58+0.31° 195.04+0.31° 210.51+0.15¢ 248.46+0.36° 316.57+0.41°
Serine 1.08+0.20 58.21+0.11° 167.61£0.45° 151.78+0.12° 164.41+0.24° 122.64+0.41¢ 46.73+0.17"
Taurine 29.74+0.07 1432.67+0.31¢ 4098.51+0.14% 3074.74+0.25° 2137.95+0.43° 1395.56+0.51° 1360.53+0.36"
Tryosine 0.64+0.29 26.24+0.30" 97.84+0.18¢ 83.24+0.21¢ 79.33+0.48° 110.38+0.23° 179.55+0.56"
Total 68.26+0.21 3019.79+0.27 10633.28+0.28 6537.78+0.29 4944.69+0.35 3888.46+0.33 4331.50+0.33
EAA+NEAA 74.43+0.23 3299.22+0.23 11718.94+0.26 7458.34+0.29 5777.37+0.37 5223.59+0.29 6412.87+0.28

1) Mean=SD (n=3)

2) Means with the same letter are not significant different (p<0.05)
* ND @ Not detected

_83_



18. 7t EAES B¢ FF

Z oty=, yE3|E 9@ 3t e 35 o a3E Ay Jon dnk ook
F BT A7 EY dEH= g AFEE I ok (Choi W. S. and Lee

= al J
, 2018). XFHA ZhidlEe B9 e I-=2 =2 Taurines AHE

0w

s}
(@)
5
D
0,
wn
Q
3
=)
(@)
fu
N
)
o
i
rlo
il
o
o
f
32
I
o
o
o
ol

rr
o,
ofk
ftlo
J U
rO
off
o
4%
T
J|m
ol
—
0.0)
3
@]
|
L
o
rlo
ol
=2
2
D
w
g
o0
o1
5
s}
=
o
o
=
3
o
—
o
(@]

g dried sample® 2 F243] 7HA5H =T
El-9-d o] 3] &2 180 °C o] oA WdeH=E vkl o) e wkg-go
2A dgleold MAvt AdEo ERed o] At Aoz ofAXIY

(Lee H. J. et al, 2018). %uF ojyel, e 2% Moy AFH B4

_84_



Table 16. Taurine content of M. edulis hydrolysates

Taurine
Conditions
(g Taurine/100 g dried sample)

ETE 412.58
120 3,615.94
150 1,704.99

Subcritical water
hydrolysis (°C) 180 434.85
210 324.55
240 290.39

* ETE : Ethanol extracts
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Fig. 22. Chromatogram of taurine (standard; 1000 ppm)
detected at 360 nm.
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1) MeantSD (n=3)
2) Means with the same letter are not significant different (p<0.05)

Fig. 23. Antihypertensive activity of M. edulis hydrolysates at
different temperatures (ETE : Ethanol extracts).
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4)

5)

6)

T8 oS el we fFoHd Aolr e AS FAEd e, 45°C,
20 MPa¢] Z#dAHe] DPPH % ABTS radical A%< Z+zb 7997 +
049 % 87.04:042%% Hje] F4S Uedem, 55°C, 30 MPael =7
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