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Abstract: For the development of functional food and
cosmetics using hot water extract of Muraenesox cinereus’s
skin, contents of vitamin, amino acid and element, and
antioxidant activity were investigated. The results are shown
as follows: among vitamins, A (0.21 mg/100 g), C (78.12 mg/
100 g), D3(0.03 mg/100 g), E (1.97 mg/100 g) and Niacin
(2.53 mg/100 g) were detected, respectively. Mineral contents
were an order of K >P>Na>Mg > Ca > Fe and Zn. Contents
of total amino acids were an order of Pro > Gly > Arg > Glu >
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Phe > Ala. Especially, the sum of total amino acids was
27.17 mg/100 mL, which was about 4.0 fold higher than that
of free amino acid. DPPH radical scavenging activity of hot
water extract of M. cinereus’s skin at 25 mg/mL was 63.5%
and did not increase at above 50 mg/mL. Activities of
antioxidant enzymes in the liver of ethanol-treated rats using
hot water extract of M. cinereus’s skin were investigated.
Compared to control group, activities of ADH and GSH-px
were decreased. In the case of CAT and SOD activity, they
were increased. These results showed that the hot water extract
of M. cinereus’s skin can be applied to raw macterial for
functional food and cosmetics.

Keywords: Muraenesox cinereus’s skin, hot water extract,
amino acid, catalase, superoxide dismutase
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o] i 7155730 FAtst 2432 A WielA DNA &
A, o 3 T oReke A o] 1y o) Sl
el ZH7lell Qe & B RA BAE Beshs
T3 Ve R 5 ww 9lr} [2,3]. AL At
E Q1% of 7] niAehA] ok s15=e] FAE WHIst
7] 213l A1 AL el 7 fek Abstel] ofs) A w =
715 Aksh AJES DNAS &3 A7IAY s #72 3hd
ATF] w3t WAPY Q= AeE defA Stk [4,5]. A%
o]|A] butylated hydroxyl anisol (BHA)Z} butylated hydroxyl
toluene (BHT) & &4 FARHAIZ} Qlont o5& 3 2%
H7F2e] ANkARl 713 St ofe} A A5 o g
7h 2 QP Al d|, A% =8 ol st 54 A4S
doZ o Qlrl= Zlo® delA] [6] bgh Al SAkskA|
of tigk A7 8= ar ok

70707 (sea eel, Muraenesox cinereus):= Q¥o]& &5
th= o] o= & defA] Qlal FEol7t WiES Holal %
o] Z2FA WjEL- ol Hggo] 53} 3 o7}
MRS sfal Qlo] WgolRo R 7 &= FojRE o
B 18 52 AN oot skl AN, 718
A50] Qo] W3] gl Holg-o 7 Wol o] ¥l Qlt}[7].
FHtolli= o] 315 o] &3k TARES] 71, o duEA
o) 71sAE AE 3] 8l AR AR, FUEE 9 24 5
& AEIY [8-10]. 12 Zgelg ] thst A= of
2] wu)gk Zgejolct,

wepa 2 Aol A\ AA drsEaS of8slo]
71574 A W s Azl 913k A wAlRA G
o % A AFel 288 ¢ U= 517 flste] vl
9, 571 9 opr Al 3k kel EAds HESIIth

2. A% Ry

2.1. A ¢F
B AFref] AREE AJeR2- AlT1v} (Sigma, Co., USA)A
T3k}l

23. 9+ 3%

A1 gA 4 kg Fsto] 7t A FE700 £
4 L =5 931 100Cefq 6023 712 5 80 C= 3ART 52t
718t o)1AS g Aol 2l filtering 311 3 Lo]
ANE Tk 90CE GeldHlZ s531] ¢F 1.5 L I
55 ARSIt REE AR s flak B4 Txsisith

24. 2718 24

A5 FEE FHHe] Qi T2 B4 ICP-AES
(OPTIMA 4300 DV, PerkinElmer, USA)Z #1313 0™, Cu,
Se,Ge, & Cdi= ICP-MS (Xseries, Thermoelemental, USA)

2 skl

2.5. el 4

HEF 418 HPLC (Waters 510, USA)E #1819tk
HPLC #415712 Cj3 Column (Bondapak Cis, 0.39 x 30 cm,
10 um)©]™ 4= solvent 30 mL/hr, ninhydrin 20 mL/hr
0]31, solvent $F&-2 5.5 barith

2.6. FA) ou| Ak (total amino acid) ¥-4]

T3 op|al A4S flete] WA WE 1 g& 6 NO| HCIE
7Btk 7Emtallst AlRE ©]8-81¢] loading buffer
(lithium citrate, pH 2.2) 5 mLol| ¥ 223 355 304
ZF A8t £ 0.45 pm filter = o33}k 10% S-sulphosalicylic
acid 1 mL2} 9] & 1 mL& E33E 5 4CollA] 1ARE WA
slo] JHES AAS § oIt o] 5 10 mgs Fslo
PITC labeling3t 5 & A& 400 pL =4 50 uL-2 F3h
o] HPLC (Waters 510, USA)E ©|€3}0] 241513t} HPLC
%] Pico-Tag column (3.9 x 300 mm)= ARESISICE A=
71+ photodiode array detector (Waters, USA)E ©]-83}]
254 nmelA HESIGI

2.7. §r8] opu| XAt B4

A& 1 goll T75 20 mLS 718k 80 CollA 2413k 5
g3k 5 Qi Feste] AN Esltlnk olF e
chloroform © = washing 3F1l THA| €A Eg]ste] A5
AlE= ARSI ©] 5 10 mgS F3H] PITC labeling
S A2 Al 400 puL FollA 50 pLe FH st HPLC
(Waters 510 system)E ©]-83}o] 418131tk HPLC HH>
Pico-Tag column (3.9 x 300 mm, Waters, USA)= AME-5}
St} =71+ Photodiode arraydetector (Waters, USA)E
o]-g-sto] 254 nmellA HEsIch

2.8. DPPH radical £A4% 84

DPPH (1,1-diphenyl-2-picryl-hydrazyl) 3 mg= o€+ 15 mL
o =21 g 1.5 mLo]| Tt ogke- 3 mLe} DMSO 0.5 mL
S Zaitk 183l AlE 100 pgS 1 mLoj) ¢l £
50 uL&} A|Z3k DPPH 895 E3ato] 104271 Zd-2ollA
HESAIZ] F 518 nmelld 22355 SAsIeIth AEE A7
SR ek Tz vlwsle] f2] 22 A (Free radical
scavenging) &35 Whi-g% UERICH

29. 4¥FE

A& el= Sprague-Dawleyl 855 (190 = 15 g) 37
(male) 31 (rats)E tsh vlo] @ & F oA =q1ste] AL
SIStk AR QlyxrgAdnle] oJato] =PARME: ol
R2ARre 7 2L, A2 = 20+ 1CE FA1813
th AR AloIA 3uk A ARSIl o w, AL 9 2 S
tjghuto] @ | oA Fufste] ARESRYE wre dRk
R ARRSIGlom, ALl e AlgkelA] ekgkom,
AR E HolshdA 27Ut oln] ARSSE Sof] Ajdel

AMgaigiTY.
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2.10. 41313 2EHA I W X2 T Y

SHE ofb] AR 5, o okaE FolalA] ok
(normal group), &3 W5FoI ] thZ=r* (control group),
izl FAKSIAIR] silymarin 7" (silymarin group), 12
3 A drFEs Folukl Al Folu (sample
group) O = WFEQIth At Al9)sh Aol 457 (1-4
week) &<t v vlEld 20% ol§HE 5.0 mL (2.5 mL at
10 : 00, and 2.5 mL at 18 : 00)5 77 Ake}4] ~Eg~
& Fsiolt o5 47U (5-8 week) BRI 20% ollehe
& FoJ8ka} 3 silymarin % AEZE 19 : 000]] Fof 311
AL, 8o At 1 vk Il 7k (liver) = AFHSISATE

1_.

211. R A& @ 549 =]

AE3 I (liver) 0.9%2] AR AlHsto] oA =
T AR v 220C 2] WEare] Bakshar ARSIt
a1, 24 o Ul gAaokS FRIEeleh 1 (liver) 1.0 g
°ll 10.0 mL2] 0.25 M sucrose &5 713t The WV elel]
*] glass teflon homogenizer (800 rpm)E ARE-5l] w5}
ATk vkEE S-S 600 x g7 1587 AR sl o,
Fs9 (Liver homogenate) 1.0 mL-& 3|3} glutathione
(GSH) =gl ARgaRlth ] 9.0 mL-& 10,000 x g
2203 9 AaEE]stol dojxl %= (mitochondria
pellet)el] 1.0 mL2] 50 mM PBS (phosphate buffered saline,
pH 7.0)S 7131 catalase &5l ARSI el
R (105,000 x g, 60 min)3}o] D 54 superoxide
dismutase (SOD), glutathione peroxidase (GSH-px), alcohol
dehydrogenase (ADH) %! acetaldehyde dehydrogenase (ALDH)
544 AEE AMEsISiT

2.12. ADHY ALDH &A 84

ADH+= 0.2 M ethanol 0.1 mL, 0.5 M semicarbazide 0.02 mL,
0.1 M NAD (in 0.01 M HCI) 0.02 mL %! 0.1 M Tris buffer
(pH 8.5) 2.0 mLE &% th, 30 Collx 255 24313
t}. o] Egole] wjg] FhlE &4 0.1 mLE 7lsto] 3
340 nmelA] 1331e] 3% HiskE SAsIgoH, 499
NADH?| #& &4 0% $ileiSith. ALDHE/2 75 mM
phosphate buffer (pH8.8) 0.4 mL®l| 5= 70 uL, 12 mM
NAD 70 pL, 12 mM magnesium chloride 70 pL, 2.4 mM
4-methyl pyrazole 70 pL, 8 mM rotenone (in MeOH) 2 pL
= £ vk, e 5489 0.1 mLE AUsklon,
5 mM acetaldehyde 0.1 mL-S 7}8Fo] WES-S AJ&8}SiTt,

HES-2 30 Col|A] Al3Y5FY T, 340 nmollA] 187F 3%
75l Ad%E NADHO| &S &4 o= shkslsich

2.13. GSH-px &4 &4

GSH-px 27421 mM sodium azide®} 1 mM EDTAS
3= 0.1 M potassium phosphate buffer (pH 7.0) 500 pL,
B4 100 uL, glutathione reductase (2.768 U/mL) 100 pL,
1 x 10-2 M glutathione 100 pLS =3}, 37 CollA] 10+ &
QF o] wljekst & o] W) 0.1% NaHCOs°l %<1 1.5 x
10-3 M NADPH 100 pLE 7}3l] 1424+ T12J3 1.5 x 10-3 M

H,0; 100 pL-& 713t 5 thA] 1322F 340 nmell §35E
=435k

2.14. Catalase &4

Catalase €/3-20.1 mL %] mitochondria pellet= 1.0 mL
2] 0.1 M potassium phosphate (pH7.4)°.% 3|23l 2o
10 pL2} 2.89 mL2] 50 mM potassium phosphate (pH 7.0)
5 g3k v, 0.1 mL 30 mM H,0,& 37Fsko] Hh-e-&
FrEatoirk 25 CellA] 5321F WhEAIA H00 7H45%ES 240 nm
oxe] FFE wisk® Stk 2484 (U/mg protein)
<= 127 1 M H,0,5 ZelA7]E ol 75 a4%

o= vehiglt

2.15. Glutathione

Glutathion (GSH)9] 352 %<l (Liver homogenate)
0.5 mLoll 5% (v/v)2] 4% sulfosalicylic acidE 37}t
2, Q4R (600 x g, 15 min) 3FATE A58 0.3 mLol
2.7 mL9] disulfide reagent (5,5'-dithiobis; 2-nitro benzoic
acid 39.636 mg in 1 L 0.1 M phosphate buffer, pH 8.0)%
Hrete] 412 nmelH FYAE Sk

3.84% Y nF

3.1. vjgl, #7118, 9 ojn| At FeF

ol A ArFEES ol8sto] HlE] A, By, By, B,
B, C, Ds, E, K, Niacin, Pantothenic acid, Biotin, Folic acid,
HEl 7F2E 55 2ASIITE A $ A7 Table 1]
YehfQlel o8] vlell ol BlEFd A (0.21 mg/100
g), C (78.12 mg/100 g), D; (0.03 mg/100 g), E (1.97
mg/100 g)Z Niacin (2.53 mg/100 g)7} AZE AT} 1
w7 9le] HiEIS: HE HA] QF Fitk o)== Aol A4
A F= A HIER CE B deol oFsh nlEle- 9
wlo] AEHA] S Fo0% AlRH) s EAs Ay
Table 2 YERNSITE 7715 3 K7} 6,973.26 mg/kg)
o7 7P =3 1 v 9% P > Na > Mg > Ca > Fe >
Zn > 701213 Mn%} Se 1.0 mg/kg ©]3FAt} 181}
Ges} Cd= A= HA &+ Ftk Free of]irt W 574 of]
AL 74 AP Table 390 VERAQICE 7ol B4 4
FEE] f8 oAk 18F0] AEHNL F2 F #d
oM :-AF FE= 6.40 mg/100 mLATE 1 FollA Argo]
3.14 mg/100 mLE 7P %343l 71 t5° % His > Gly
> Thr > Lys > Pro > Ala > Glu > Leu > Val > $=0]3]31
Asp, Asn, Ser, Tyr, ¥ Met’d-9+ 0.1 mg/100 mLo]3}3}
th 12 Gin 2 Cys& A% ¥4 qF Jek 74 opv|aAt
2 F 1850 HEFJAL 71 FollA Pro©] 11.67 mg/100 mL
2 7P =31 1 o9& Gly > Arg > Glu > Phe > Ala
=olQal 11 9)9) ob) AR 1.00 mg/100 mL ©]8kith
ZJ2fvt Asn 2 GIn HE =A] 9F Pvk 53] F 74 op|
AF S5 27.17 mg/100 mLaL 2] of]iAte] nla)
oF 4.08) =Skt
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Table 1. Contents of vitamin E and C in hot water extract of M.
cinereus’s skin

Vitamins Content (mg/100 g)
A 0.21
C 78.12
Ds 0.03
E 1.97
Niacin 2.53

Table 2. Contents of mineral hot water extract of M. cinereus’s skin

Minerals Content (mg/kg)
Ca 151.23
K 6,973.26
Mg 292.66
Na 1,762.12
P 2,876.33
Fe 3.04
Mn 0.17
Zn 3.00
Cu 0.88
Se 0.16
Ge -
Cd -

Table 3. Contents of amino acids hot water extract of M. cinereus’s skin

. g e Free amino acid con Total amino acid con
Amino acid kinds

(mg/100 mL) (mg/100 mL)

Asp 0.07 0.39
Glu 0.15 1.10
Asn 0.01 -
Ser 0.09 0.47
Gln - -
Gly 0.45 4.45
His 0.66 0.58
Arg 3.14 2.48
Thr 0.42 0.98
Ala 0.28 1.00
Pro 0.31 11.67
Tyr 0.04 0.56
Val 0.10 0.46
Met 0.05 0.37
Cys - 0.06
Ile 0.07 0.31
Leu 0.13 0.59
Phe 0.04 1.08
Trp 0.07 0.05
Lys 0.32 0.57
Total 6.40 27.17

oAl 22k 32} 4ks) Hhgo] YdojurtE st DPPH]
A YA} aleohol ol 474 Aol FAE7] wlFol
alcohol &4 UlellAl= Blwa] Hdsitt [11]. Ao BA
AFFEE0] Fakays Ao r] 913 DPPH 2zt 47
o= 574 33 1 A= Fig 19 YEF Uitk DPPH 2
7 2SS G9EE T 1.0 mg/mL7ARE= S0 1.0%
o]&ldt). 2.5 mg/mLY-E DPPH 27 2752 d45%
9] kol nlFlEIitE 53] =5 5527} 2.5 mg/mLol
A 25.0mg/mL 57} & 7% DPPH 212 2752 14.6%
o 63.5%% S7FITE 1Y F5E0] 50.0 mg/mL ©]
3 79 DPPH )72 2752 S7FHA ¢F gtk B
272121 ascorbic acid 1.0 mg/mLo4:= DPPH radical 47
T2 92.3%Ath

< 100
80

o/
o/ .

/ /. —@— M. cinereus
20 / L]
0 ’—‘ T

—— Ascorbic acid
0 1 2.5 5 10 25 50

Concentration (mg/mL)

DPPH radical scavenging activity (

Fig. 1. Effect of extract concentration of hot water extract of M.
cinereus’s skin on DPPH radical scavenging activity.

33. A% QL RASF

AT (20%, SmL/day)= 457U Bt FoA8 vh, &5
== A% FolehaA 457U 53 A EE W 3ste] Folat
o] 85U 2] 31H ] SVl (Body wt. Increase during
last 4 wks), 1H& (liver)e] -7 9 7H2] sl F-A)
(Liver/Body)= #248l1aL 1 A¥= Table 48} Sk
2" (control group), & FOI (sample group) 2 Ak
=291 silymarin T (silymarin group) & &3S 5o
0] ST el vlate] frelebAl Aglom, iz
T HlWESlE W AR Tt ST felE A
o|7} Stk thxe] Al At el gk 2po]
7F glom, ME Foiate] A+ vl 7ol 2jo)
7F stk dizx=wte] AlsnlE FAE A felsk &
ol& HolA| ¢kttt I, tixutdt AlSH]EFAIE v
W3NS W A8 ¥ Silymarin TS thEtol vlEke]

Felabl e,

Table. 4. Body weight increase during last 4 weeks, and Liver weight

3.2. DPPH radical £A4%

DPPHE free radicalS 7FA|1L & 84 EZZA
515-520 nm H2ollA Hlf FH=E 7HH Skt 24do]
e =4 i HA2RE ol radealo] AT ©
A=) o]# 3k DPPH dioxane®|Y} CCL S} 2 H]=A

Body wt. Liver wt. at last day
Groups - -
(&) Liver (g) Liver/Body wt. (%)
Normal group 214.5 18.2 3.55
Control group 186.0°" 16.5 3.48
Sample group 179.2 15.1 3.18
Silymarin group 174.5 15.0 3.20
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3.4. ADHY ALDHEA

Al ofe] zel Qe FEus AkshA AEH A=
A Qtell EAsh= FAtskAlel oJsf A A=A RE AbsEA
AEH AL rfste] aljasA] Fehd AAke] 4
2wzl 2l DNAS] W3} 7534 5 H3A o]
frakE 5= Qloh[12]. AR AEgIAS] F2 20 F shiel
of[fFE-2 Z1 (liver)ollA] oleh&-S acetaldehyde = 2F5}A]7]
i ADH+ 5417131, acetaldehydeE acetate = Z13HA]7]
= ALDHZVJ 9] Asp7} f72} [13]. 7H (liver)2Jalcohol
dehydrogenase (ADH) Yacetaldehyde dehydrogenase (ALDH)
EdL Table 59} 2t} S3-8-S Foigh vz ADH &
A (2.86 unit/min) & AAE (2.22 unit/min)ol] B]ER] £-2]
S “d=ssldtt A FoIe] ADH 2 (2.69 unit/min)
tizrdt Blwskls o, AR vk Askd A B3ith
Fsk il ALDH €432 5.53 unit/min 0% g7
(6.67 unit/min)e]] W510] F2la7 AT A Fol
ALDH 42 thxwd} HlwsiSls v oFh 5 a3l
silymarin Foiu> &4do] FolatA| “d=ssiaitt.

Table 5. ADH and ALDH activities in the liver of ethanol-treated rats

Groups ADH activity ALDH activity
P (Unit/min) (Unit/min)
Normal group 2.22 6.67
Control group 2.86 5.53
Sample group 2.69 5.98
Silymarin group 2.65 6.13

3.5. Antioxidant enzyme &4

AE2] Z&aPgol] AdEE E434k (0; superoxide) =
DNA 4 ©hilzlo] A= fasto] AJAl|e] Akshs] ~Ed A
s s ot offgkso] i} FolEH E4gika
A Al Tofsh= thEa] &A% CAT, SOD2] 4L A3}
T} [14,15]. skH, AYAjel] EAlsh= v d 9 E
& (thio) =] PAkste]] SAHAR] 7555 SR= hepatic GSH
+ ollgkE & Al PellA] AskE [16,17], GSH-Px €
o] AsEtkar A Slth[18,19]. IHE tPdo= ¢+
= A A ~EYAE 4031 v Ao Hd 252
ksl aiE AESIGIh diksl a4 IS AESP] 9
3l CAT, SOD, Glutathione GSH-px, % GSH $H-5 -4
sl3itk 71 A¥= Table 601 VR UIGIth d3&0] Foisl
tlZ=T0] CAT &4d-& 7wl nlste] dAsiAl Ask= 3
T} (14.8 unit/mg protein). Silymarin Fo3r-2 Tzt H|3}
o] CAT o] fr2lek 53l o), M T CAT

L iz vlasiA o St (17.9 unit/mg
protein). Z FoI7] SOD & vy nlwalA oF
F 53 18y Silymarin Fo97-2] SODE/2 =
ool vlato] felsHAl AFalidith thxae] GSH-px&/d-
el niste] olekAl Adssteltt Silymarin o2
GSH-px &/ thzrel Hlsto] FolshA “dssial oy,
RWE FoIT] GSH-px S tixa vlwsiA ot s
T} (17.7 unit/mg protein). GSH $32] 739+ =l
Hlsto] AAsHA AekE QlaL, Silymarin Fol7-e] 9=
tjzrol] vlste] frelakAl ssiglth. A8 Folte] GSH
S iz} Blaalia] oFgE 253tk (data not shown).
A&A oz Mg HAL 31 (liver)olA1¢] ADH 4
GSH-px 42 A8l=2lal, CAT 9} SOD2] 4L Aksa)
Ak ol F Ay g FEEo] g Aksh
AEYAE 7=l frashks AR

4. A&

B A7E AP GrFEas 71 AFE 2 S
ANE=z Ggstaal vel, F714, opn| Ak W itks) g
& FAERIE ofe HlER FellA] HIERI A (0.21 mg/
100 g), C (78.12 mg/100 g), Ds (0.03 mg/100 g), E (1.97 mg/
100 g)% Niacin (2.53 mg/100 g)7} A& =30k F71E g+
28 K7} 6,973.26 mgkg & 7P =9k 1 RSO0 ® P >
Na > Mg > Ca > Fe > Zn To|Qlth 74 opn| ik &
18] = ¥l 71 FolA Pro©] 11.67 mg/100 mL=
7Fd =3 71 U0 % Gly > Arg > Glu > Phe > Ala 0]
Ak 53] F 4 oA $ 51 27.17 mg/100 mLOE
2] ohu|Atel] Hla oF 4.08] =3kt 3F (liver) oA 2]
tz7 7 HwsiA] ADH % GSH-px 432 Ask= 91,
CATS} SODO] &4 Asalint ofefsh Ayl 7]
B FEE0] g3 A AEYAE st
TEgke ARSI e g\l drsEes Vs
AAFE U PR AER o] 8V w5 ZloE v
e 75 A W SRR EE ARS s flEiA A
AP GFFEEe] e TAHZQ A7 et

AR

B Qe mame|eel fl Ao Aol sle
PgAslow o Al (2010)

Table 6. Activities of CAT, SOD,and GSH-px in the liver of ethanol-treated rats

SOD activity (Unit/mg protein)

GSH-px activity (Unit/mg protein)

Groups CAT activity (Unit/mg protein)
Normal group 26.5
Control group 14.8
Sample group 17.9

Silymarin group 19.3

123 16.7
8.8 19.2
10.4 17.7
11.5 18.6
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