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Palatability-Enhancing Effect of the Alcohol Precipitate of Sargassum
confusum C. Agardh Extracts Using an Alginate-degrading Crude Enzyme
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This study investigated the physicochemical properties and palatability-enhancing effects of the alcohol precipitate,
in the enzymatic extracts of Sargassum confusum C. Agardh (SC), obsained using the crude enzyme of Shewanella
oneidensis PKA 1008. We analyzed the oligosaccharides recovered from the alcohol precipitate using a thin-layer
chromatography for SC-degrading extracts, pH, color, reducing sugar, and viscosity. Thin-layer chromatography
showed that after treating with the crude enzyme for 60 h, the polysaccharides were degraded into tetramers, dimers,
and trimers and pH increased in the alcohol precipitate (EtOH Sedi). In terms of color, the redness and yellowness of
alcohol precipitate/supernatant (EtOH Sedi+Super) and the brightness of EtOH Sedi were the highest among enzyme
treated for 0 h and 60 h, EtOH Sedi, and EtOH Sedi+Super. In the reducing sugar analysis, EtOH Sedi showed the
lowest value of 13.63 pg/mL, and the lowest viscosity of 1.13. In terms of the sensory evaluation, EtOH Sedi+Super
showed the highest value with respect to the overall preference. These results suggest that the crude enzyme of S.
oneidensis PKA 1008 is effective at degrading polysaccharides, and its recovery increases the palatability of the
alcohol precipitate.

Keywords: Alcohol precipitation, Alginate-degrading crude enzyme, Palatability-enhancing effect, Sargassum confi-
sum C. Agardh, Shewanella oneidensis PKA1008
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AUTH(Cho et al., 2003). FAIRF U714 ARG 9lo] L7l4t
o] L7t F7FdE Aot &40l wobA7| wZel A
2 o]go| Agt2]o]tHCho et al., 2003). o] 3t ZAI= 312
s17] fIste], EeakelA ¢l Wl A = 7] A2, AL A1
o A, FAM A7 5 o] &-3to] ke ARARE ARt
(Uo etal., 2006; Kim et al., 2010; Xu et al., 2021). =] 3}5H4]
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a AR QAL Sel o] Al M 02 A o] §ElT 9t
Il B35k} Alginase (E714F 23la4)= sli=L) 34 E
Foll AAlet= theFet 9] ngEolA 1 Zrdo] ghlE et
(Kennedy et al., 1992; Joo et al., 1995; Kim et al., 2007). o] A
Ao A Sunwoo et al. (2013) Hx2720 2Tt (Ulva
pertusa)| ~| Shewanella oneidensis A& #55 A oH,
o] #50] 2AAME PXIAbol| A 2fstelS wf A4S E3f
Al7]+= Shewanella oneidensis PKA 10085 R 7s}4c &471
Ab Bl mavo] ofsf AlxE LA a2 FH|vE aat
(Park etal., 2015), 392 & 7H(Lee etal,, 2021,2022) 2 1
Z2 a7 (Park et al., 2017)7} B 1= Qic).
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S. oneidensis PKA 1008 (Sunwoo et al., 2013) #5% o]-&3}
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2 Aol A FAR a5 1T a9 ol 4] 2009
Hofl 2 Fst &go] AWK, confusum C. Agardh)e AME-3
Aok A3 et GEo] mAREE TR jIto] S2A|5ke] 24417t
S AAAZ SHTE A Az Yol mANRS 7F9| = 2
A A2 3 A7 %7](HyperCOOL 8080; Gyrozen Co., Dae-
jeon, Korea) AR ®io]l whet 3 F2t 5210t 243
4 Z]F 3245kl -20°Cof| A Bashgich.

Sunwoo et al. (2013) &1 4] H 115k Hle} o] S, oneiden-
sis PKA 1008 G- &714F Baf 234 147 EES A] 1.001
g/Lo] e A= Aoz HEe) S. oneidensis
PKA 10085 4714k Esfish=tl 24 ufjef 27191 2% NaCl
S #7slkal pH 92 Yk Marine broth (MB) (BD Difco;
Franklin Lakes, NJ, USA)ol| 30°Col| A 24A|17F ZA S 2 ujjoF
SH9IT. 0] 4°Coll A 10,000 g2 3057 241 2)(Supra 30K;
Hanil Science Co., Gimpo, Korea)s}o] A5o-S a4 AL
g3tk
UX0| EXHHE EolfE2| M=

10 mM sodium phosphate buffer (pH 9)S AFg-5F0] U0]
22 Bk 50 mg/mL =2 AZsk% ). o, S. onei-
densis PKA 1008 &40 2|2 pH 95 gk37] 9J8) 1 N
NaOH (Samchun Chemical Co., Gyeonggi-do, Korea)E ©]
3}t &40 mAHES S, oneidensis PKA 1008 & 4~
T} 1:1 (volivol) 2 ZE3tsll om, A £1]9] 0.02% sodium
azide (Junsei Chemical Co., Tokyo, Japan)S A 7}5}o] t}2 n
A5 0 H- HA sl th(Léa et al., 2017). Lgo] HAHE-Z A
A0l FHHEL 30°Col A 0 L 60417t Bt wakslE A HES-A]
7|3, k0] F:2 5 100°C ol 1087} A 2] 5 Wpsto] as
S BT L5 4°CollA 10,000 g2 1087 A 418E]
Sho] A& AL 4N W BHSISATE. WHEAIZE H A
FE 717} Enzyme 0 h Y Enzyme 60 h2 EA|51$IT

20| 2R ZallE2| XMEAE

ko] H2PES 10 mM sodium phosphate buffer (pH 9)
= 0] &3} 50 mg/mL FE2 A %35}, S. oneidensis PKA
1008 27 4N-S 1:1 (volivol) 2 F7}18t0] 2 a4 9] gAdo]
7P = A Urebd 25221 30°CollA] 0 2 60417 F<F WHS-AIF
tH(Sunwoo et al., 2013). A4 2243 98l 100°C £of| 10
E2F g 3, 10,000 g, 4°C, 1087 YA EE]ste] A5l
< Aot} o] BARE EallE-2 99.5% ol gt 1:10 (vol/
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A1 g0l TApRE Eaf
231 9, 20 mg/mLE |-3|A 71
18]9] ethanol (EtOH)S A71sFo] 4°Coll A 12417t 59t
2 22314tk 4°Coll Al 7,500 rpm, 3027 9141
SHE AASL, JHEL olleheS &Hs] AA
= o-85ke] 50 mg/mLE GajA| it dEo] B
=2 AEAEE &elstr] $J4) thin-layer chroma-
tography (TLC)Z 43} th(Lee et al., 2021). TLC Silica
gel 60 F, plate (Merck Millipore, Darmstadt, Germany)©i] Z}
Zro] A|=E 5 ulA spottingdt &, 7 41l 1-butanol (Junsei
Chemical Co.):methanol (SK Chemicals DAEJUNG, Ulsan,
Korea):water (4:1:2 vol/vol/vol)E o]-&3}o] A7kt A
7N & 10% 4k ZH7F ol ehe: §-H& F55}o] 110°Col| 4] 30+
7t 313}51% ). Standard mixture+ cello-oligosaccharide S A}
L3199, glucose (Junsei Chemical Co.)2} cellobiose, cel-
lotriose, cellotetraose ¥ cellohexaose (Megazyme Co., Wick-
low, Ireland) & 5} A8-51% Tt
pH & M= =3

pH+ pH meter (HM-30V; TOA, Kobe, Japan)E A8}
Qo] WA HARHE W 4T E Y UE) pHE 25513
o BE AR 53] W S T, Bk ol

ool ARt aaEeflE W dAs AHEY M A
7 (JC801; Color Technosystem Co., Tokyo, Japan)E ©]
o] T (L*-value, lightness), 24 &= (a*-value, redness)
AT (b*-value, yellowness)E 743l A9
L*=98.56, a*=0.23, b*-0.190|H, == A2 = 63] HIE
& 3, Bk e

BT o M 5

ot e

NG =)
i
k
i
o
B
i
r

lO r\i

o
T
o
>,

M o
ofr
o)

o Hr

o
b
>.
>.

¢

H

ﬂ&

a3

2hs
e}

Wi

].

ol
-

+

A 2 OE oo
oX rlo o

-2 Somogyi-Nelson (Nelson, 1994)8H-8 #3152
o, UV 53433 A|(Genesys 10S UV-Vis; Thermo Fisher Sci-
entific Co., Madison, W1, USA)Z 520 nmoj|4] 45 =
goto] 2HJek P (glucose) A FA O = AT FS
HeFshoiy. SUY A% AL | mgmL glucoseS 0, 625,
12.5,25, 50, 100, 200 pg/mL 2] & & 343 = 1eko =
Asto] EZ&alth A% AL HEA(LVLTDV-II; Brook-
field Co., Middleboro, MA, USA)E AMg-3l0] A= H3lE =

- @A) - oy

L 97k - Z0)g - 5

Asl3ct. Steven and Levin (1976)2] 8-S 2315}o] 40 cP
spindle& AFE-8F31 25°C, 60 pm 2.2 33] WHE =435I
s ot
o] 2 H 107 2] 314 panels A7 ste| 5 H7HE A
ottt B2 dgol mAE AR E 9 dAE
A& 4% F(Enzyme 0 h, Enzyme 60 h, EtOH Sedi, EtOH
Sedi+Supen)Z 3}t H7FtE2 A(lightness), AH(clear-
ness), YAl (abnormal), Al (preference), A2 415 = (pref-
erence) & & 57HA| 3ol tsf 22t 94 A== H7skeict. 9
A Ae 5 1S ol AV s 9302 ol AV S
O 2 FAISFY o1 1078 9] panelo] A&7t B7HE v R
FEEE Fdas okoich o] A panelS F7Hish
712 E 52 91U 5] 9] £5¢1(1041386-202110-HR-53-02)
wrobH W72 S
A X2

For
_1011
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J9E Soll == Aol it FA 242 SAS program
(ver. 9.3, SAS Institute, Cary, NC, USA)S o]-8-5}0] A A
2] ghe] B ghS wAREAS AAIEE -, Duncan’s multiple
range test' 0.2 P<0.05 o A g5 7F 7229l 2ol & 7
ko] whdsict

w1, ool WA Havh 2 iole] 2 M ALLE &
Asl7] Jsto] Lol AT Eibof] 10 mM phosphate buffer
(pH 9)E E33}0] 50 mg/mLo] A &2 Al z8}1ch A x5t Al
=29} S. oneidensis PKA 1008 8492 1:1 (vol/vol)& &3}
sho], 4 Fall 22 25221 30°Coll A 2l 724171 71A] BEG-A|
o™, HH3-3,6,12,24,48, 60 I 7247t Fof] S-S 57
3FAtt. S. oneidensis PKA 1008 8.4~ # 2] 2o A|7to] 7
otol| whet ghlgho] S7hsto] Sejarge] Stk o 4= 9l
=0, 254N B 60A|17E 3ol 7H H-2 gkl o] 2513
o o] 71 A 9] Faff Alztoletal AbR E|o] Ygo] A}
HF 229} S oneidensis PKA 1008 8 AN U2 2 A2 604]
7Fo 2 AR5 tH(data not shown). o]oj A o] WL §
2 7ol E Woll A= thdRE 24t & shel &
& AN S ol 88 Ath(Xu et al,, 2014). 60417t F4F Wk
71 o] BAE 7 AR SE2 1:10 (vol/vol) 2.2 99.5% &
2ol A A & AAES 244E 08510 50 mg/mL=
SAIZ] 8- H(EtOH Sedi)& Al =53tk thdfe= 32 3
ol SJsfjAl 2 E o] mojx|A| =L, 4 EefiE Ui 2t
AT O] ATl G5 ot A ==, ol ek
o _ B}
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Fig. 1. TLC analysis of enzymatic extracts of Sargassum confii-
sum C. Agardh by crude alginate degrading enzyme. Reaction
time: lane 1, standard; lane 2, Enzyme O h ; lane 3, Enzyme 60 h
; lane 4, EtOH Sedi ; lane 5, EtOH Sedi+super. TLC, Thin-layer
chromatography.

mg/mLE 34171 £ 2 %] 50 mgimLe] 52 £
A7 8-(EtOH Sedi+Super)S Al 2353t

Qo] BAE] 2 E 40 YhE Z(Enzyme 0 h), 6041t
& $(Enzyme 60 h), &3& JH(EtOH Sedi) ¥ &3 3
A=-"d5A(EtOH SeditSuper)] A4S 2H¢1at7] 913t
o TLC 84S A5ttt 1 A7KFig. 1), 60A17F a4 2
3= (lane 3)ol4 AEARE Hofuf =T} o8 7 EA =
AL golakgi}. o] 3t At Zhu et al. (2016)9] Ao A
celluphaga sp. NJ-10] Absk= AXIAF Eafjaas o] 8-t
A714to] Eafjd A7 E A 2E TLC 2413 23} kg 3A17F
HE] 2|7} A A= o] tetramers, dimers Y trimers 2 £-5] %
thal Hugk Avkel, Wong et al. (2000)2] AFofl A 474 =
ol 47} B-elimination®]| 2]} alginateS S| A|A &3} &
714 S2) e ATk B gk Zske SARHA LeRt
o}, 23 AHZo] v]ahA| gk oFzke] o]z} 9l HL- S, onei-
densis PKA 1008 a4 9] er71A Bl g 47t 47IAke B
S A 2] sk WA O] Aol = H oItk wheha] Ygo] HAREo] S,
oneidensis PKA 1008 a4 X &3t 21} B-elimination

207

ol €13 S Rot ARAS EI9EL & S Uk EF, B

Qo] AL Bibof| S, oneidensis PKA 1008 284S
Al 2] 8kt ¥h-g- Z(Enzyme 0 h), ¥H-3- $-(Enzyme 60 h), 23-&
2 A E(EtOH Sedi), &8 3 A E-Ar2H(EtOH Sedi+Super)
o] 54& utetst| f1sto] pH 574 23+ Table 10 YERHSL
t}. EtOH Sediol| 4] pH 8.302 7} %9131, Enzyme 60 holl 4]
pH 7.51% 7P W& pHEES K K Table 1). o]2]3t Adb=
Park et al. (2017) 2 Xu et al. (2020)2] 2] w23ka} njoju
2] @ 2 2eke] 22250 S. oneidensis PKA 1008 % & 4-H
= 7Rt 5 Azt el whet pH7F fhaxsh= Aol A
3t} S. oneidensis PKA 1008 28 AL oF7|ALS HL|5) 4=
e B 47 7)%50] glo], &714ke] B-1,4-glycosidic Ajto] £
%] o] polymannuronate”} A4 = =t)|(Kim et al., 2011), A]
Zto] A'gell wh2} polymannuronate”} o] A4/ =] o] pH7| 4t
23FgIhal & 4> Qlek 3, m A=) o 3 A4S pHO| 7
2:0] Yol 0 & E 2= QI A0l F A 2EE AR A 0.02% sodium
azide®] 7tz nAEL] @ ¢ B Aol o3t pHO 74 a3}
L& vjojsietal AbR ETh(Léa et al., 2017).

L0 2R ZollE H €IS

=
=:]
=

[\

ne

AHCE
Qo] mApre] A7 Y Hol Qg A
5 =43t A3} Table 29F At} A1}, EtOH
Sedi+super?] M (a*) 9 AT (b*)= 2+ 11.55, 62.68

of

Table 1. Changes in pH of enzymatic extracts of Sargassum con-
fusum C. Agardh with incubation time

Treatment pH

Enzyme 0 h 8.24+0.01"
Enzyme 60 h 7.51£0.01¢
EtOH Sedi 8.30+£0.012
EtOH Sedi+Super 7.95+0.01°

"Means in the same column (a-d) bearing different superscript in
samples are significantly different (P<0.05).

Table 2. Changes in color value of enzymatic extracts of Sargassum confusum C. Agardh with incubation time

Treatment L* a* b* AE

Enzyme 0 h 49.40+0.08° 9.82+0.12° 43.83+0.26° 67.3910.08c
Enzyme 60 h 34.9040.18¢ 11.13£0.16° 32.01£0.20¢ 72.8210.10b
EtOH Sedi 68.79+0.05° 3.70£0.104 53.0910.092 62.26+0.05d
EtOH Sedi+Super 57.89+0.15° 11.55+0.082 62.68+0.11° 76.43+0.13a

"Means in the same column (a-d) bearing different superscript in samples are significantly different (P<0.05). L, Whiteness; a, Redness; b,

Yellowness.
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o0& 744 =9rom, BOH Sedi®] W% (L*)7} 68.792 714
30}tk EtOH Sedi®] HAE(a¥) 7} 3.700.2 744 Lhe Zhe
RS, Enzyme 60 he] B (L), SHA%(b¥) 7} 2k
34.90, 32,012 7P LFe ZHS LEH QK Table 2). ZF2 52
kA A a2l chlorophyll a®} ¢ & 71A] 22 Q)32 xanthophyllZ)-
B-carotene=: 7}A| 1L QIT}. ESF ZFol = 7FRE| o] A A A
o] fucoxanthing 353111 Qlo] Z2xF E4-0 WS uA =
TH(Lee et al., 2007; Mohamed et al., 2011). o] 2 3F AAF2- Az
W 7he, ARe] S A A 2 WARE Qo Aukae
2 O|F S uA vhEo] s Mol 2A| FIFE nIAA
Hth(Han et al., 1984; Shin et al., 1998). Kim et al. (2012)2]
T-of| A tea fungusoll Al -21%H gluconacetobactor <52 ThA| Tk
FEEl AEstol aAlxl & Mw S4Auto]| = L* gt
= 92.17-99.172 vl 52 Frgde HAIL, a* g2 vl @
& A YEPd kAL B sheiek, whebA, A7) Ao whel sf
25 oo Mieo) Hake Aol AR oA fef = A
429 Jko] 71 AA 283 AoletaL AbrE T

=
ok EXHHE EHEE L AT AMEO| SteEt 4l

zyme 0 hof|A] 103.73 ng/mLE SA % %137, EtOH Sedi®] £+
QU o] 13.63 pgmLE 71 A vt ool wx)
Hh EoE W g3s AES s Enzyme 0 hoflA] 1.85
P2 7H =0 kS nelon EtOH Sedio] AE7} 1132
2 7P o 78 H ¢t} Sunwoo et al. (2013)2] Lol A S.
oneidensis PKA 1008 &AM} F71ALS: voFslgS o A

Table 3. Changes in reducing sugar and viscosity of enzymatic
extracts of Sargassum confusum C. Agardh with incubation time

Treatment Reducing sugar (ug/mL)  Viscosity (cP)
Enzyme O h 103.73+0.05° 1.85£0.01°
Enzyme 60 h 199.12+0.182 1.77+0.01°
EtOH Sedi 13.63£0.05¢ 1.13+0.01¢
EtOH Sedi+Super 134.12+0.10° 1.28+0.02°

'Means in the same column (a-d) bearing different superscript in
samples are significantly different (P<0.05).

- o)y

L 97k - Z0)g - 5

color (lightness)
9.22
8.22
7.22

6.22

total preference ¢ __— color (clearness)

smell (preference) smell (abnomal)

——0 -®-60 ET-OH Sedi+Super

ET-OH Sedi

Fig. 2. Sensory test results for enzymatic extracts of Sargassum
confusum C. Agardh. Values with different superscript within
products are significantly different at (P<0.05).

7Fo] A|tol waf ek714to] afeol mret Helekgio] 27}
St vt ZhAskcka R skich E3E Joo et al. (1995)2]
Aol A ER1Ate] Aa Baflof ot A7lAe] 2HTe] F7}
of tlEo] HErF Zaxgirhal B gt vl Qlef. & Aol &
Z-0] || S. oneidensis PKA 1008 Z8 AM-S x| 2]5}o]
AT S B4 A7 By A Ao} Zo] T
o] Z7FtaL H =7k Faxstl om, o= dso] TARte] EA4
Sl= & 714} -8 o=t S. oneidensis PKA 1008 a4
Hof| ofsf T o= ST Z ol o] AREALSE Sl
o} 8 4 9lek.

A o] g5to] T W71 AXIBHY 0], M(lightness), 4]
(clearness), HAl(abnormal), HAl|(preference), HAAZ A&
I (preference)@ & 5714 =02 H715lthFig. 2). Ta-
ble 4049} Zro], EtOH Sedi7} Ai(lightness), Al(colorness)
oA Z+z} 8.11, 7.89% 71 =& 4= HEtl Sl e, EtOH
Sedi+supero| YAl (abnormal), YAl (preference), A4 A&
= (preference) 3ol A 2+ 6.44, 7.00, 7.33% 714 =2 4F
<R3k BOH Sedie] 4] 7ol 713 28 7he 1
EPl AL A Baeh Aol A Lgto] A 248 A3} o

Table 4. Sensory test results for enzymatic extracts of Sargassum confusum C. Agardh

Treatment Color (lightness) Color (clearness) Smell (abnormal)  Smell (preference) Preference

Enzyme O h 5.00£0.71¢ 6.11£0.93¢ 6.11+0.932 5.11£1.45° 5.3341.32
Enzyme 60 h 2.89+0.60¢ 3.89+0.93¢ 5.00£1.412 4.67+1.50% 4.67+1.58°
EtOH Sedi 8.11£0.33? 7.89£0.782 5.64+1.86° 6.09+1.87% 6.18+1.72%®
EtOH Sedi+Super 6.67+0.50° 7.00£0.87° 6.44+1.672 7.00+1.582 7.33+1.122

'Means in the same column (a-d) bearing different superscript in samples are significantly different (P<0.05)



dgo] A Ao dia A ofgt 7|24 T4 209

ARk & = Qo 3h, 524 97He YERl= WAl (abnor-
mal), ‘YAl (preference)@t A2 A 3 I (preference) 2o 4]
Enzyme 60 h7} Z+2}+ 5.00, 4.67, 4.670.2 714 W2 72 L}
WAt upeka 40| maREo|| S. oneidensis PKA 1008 23
aolS AEjsto] vhE EalES 43S A AIRE A4S A

WAL AR Sk, ARAAQ HEES F7HA7)E
o) 7)of el g 4 e,

7 g
B AT A=l 2F7F o] BAHES S. oneidensis PKA
1008 2o AT HjIst 3, g4 HeE2] 4TS HAH 9

25} A0 F AYHOR ol g3brlol WA, A Fat 28 7]

A A7 uhE7] w2l ol et £AIE s dsty] el theF

5

SRS o] AAIE AL Qe 71 2 Aol A e EEE A
= FolA HERE 2okl on, 0|9 HiEof dEE A
= &0l dol e FEsto] asAor {8 54 9
Fotarzt spgich A HollErt daE A= pH, Mk, 3t
A A J=E S5k o, 71244 7iA o 75 fls 5 3
7Fe AAISEIT sz of8-oll §lof pH7} 45| e ¢
AFAA o] gofl qlof FHol Y PIAA HaL, G FHAY
oflM= Ae7 L E A aHE2 S-atoll A7 71 7] = 5t
=, & dAFollM = B Bl He) dEES MHE 4 A

otk ;45-_ A A= B4 BalErRc ¥4 IHS Bl
A2 A= E(EtOH Sedi ¥ EtOH Sedi+Super)2] L* gfo] ¢
=l 40| = Qltt. ghee] A9 aaiaEolA 7 wol
S0l Hglom, 43 A o]% X E(EtOH Sedi)ol A=
A SAE oY M HE/SH(EOH Sedi+Super)of 4] &

© ope] FHelgo] 245 gick. o]t A= o] oJshA cf
Y7t Aol Hgonk, U] St Aol ot
gleh ol ik, HEe] 49 Ak WaE o] ek g HAo
2 Qe AR gho] W T4 Hgon], ol FaS AN
2 Fof |2 F BohRO) WES Pk AYORM A B
2 golsb] Fieki £ 5 ik Us B7HE Fofo] A A
AL B3 A 2 ] Aol RS Shelshe on, AR A2

(EtOH Sedi+Super)©| =& H4-= wiglt}, o]2|3t
ot 275 o] 85h7] flel A o= Zaf g, o]
& 7H7) Qs S Sk Gl g s AN S A8
Aoz s o] 8o FEA S wAIQl 7134 A= 7
AEThL & 4= ok, =3 43 & Aol A Thes] et
0] g5h= Ao ofd A= oA Egete = 4l
A 357t o] FO|A| AL, AHA A S & o] 87 E B Y = AT
I HojRleh

of

_‘d
rr

AP A}

B ANEE WG S A A L] Ao XYL kot
3 3eHA) Abskl @ e A wEdisk SAJARRI(LING 3.0)9] <
FAIIY
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