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Seasonal Variation in the Nutritional Composition of the Muscle of
Mandarin Fish Siniperca scherzeri

Kil Bo Shim*, Min A Kim, Na Young Yoon, Mi Young Song', Su Jung Jung and Chi Woon Lim

Food Safety and Processing Research Division, National Institute of Fisheries Science, Busan 46083, Korea
!Central Inland Fisheries Research Institute, National Institute of Fisheries Science, Gapyeong 12453, Korea

Seasonal variation in the composition and fatty acid, amino acid, cholesterol, and vitamin contents in the muscles of
the mandarin fish Siniperca scherzeri, caught in Soyangho Lake, Korea, was studied. The moisture content was 74.5-
78.7 /100 g, lipids ranged between 1.06 and 4.23 g/100 g, protein between 18.5-20.7 g/100 g, and ash between 0.74
and 2.04 g/100 g. The moisture content was lowest in May and tended to increase from June to October. The high-
est protein levels occurred in May, which coincided with the timing of oocyte maturation, and then decreased at the
beginning of spawning. The highest lipid levels occurred in May and November coinciding with the periods before
spawning and hibernation. The ratio of EAA/NEAA was higher than the value recommended by FAO for an ‘ideal’
food protein. There were significant differences in Mg and Fe contents with spawning; they were highest in May.
Contents of vitamin A and E were from not detected (ND) to 17.1 pug/100 g and ND to 0.69 mg/100 g, respectively
and were highest in November. The content of niacin tended to decrease in June and increased until November and
hibernation. The cholesterol content was 14.9-78.9 mg/100 g; it decreased from March to July and then increased
until November. In conclusion, there is potential for expanding the commercial utilization of the mandarin fish as a
food resource.
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27}2](Siniperca scherzeriy= 5°]5(Order Perciformes) 2
Al o] &8z o] A4 Heololm, TS 7 T2l ol
231 0}9)7} e ol o] gt 54 A4A] SollA
A el SA4AE FAHOE B b
A R EEE AT, T8, 21D, AYT 5ol F
2 A4]8kal QITH(Lee et al., 2005; Kim and Kang,1993;Lee et
al 1997). £ 47}2]3= 27r0] 7] ufeto] Aleke 5foi, A2k
71 57UE G Qouk SUT, B2 6UWHE Hawrt
#asitia e el A Qlck(Baek et al., 2015; Lee et al., 2002).
Te3 vt SHANE 83 G o SO B o

ojm FolF F 7| 2 e v & AgolFom BAIA 7t
27} w9 Zokar & A Qlck(Bacek et al., 2015). 20154 $-
SJube} 4o AR O] AVARES: 33,056%0] R, 0] % o] A)
AVRFS 26237 0lTh. B3], 27ke] AL A A 0
2 gelos Qs 7HAIg7E vl ZHAssto] 104E0] o] =3l
tHKOSIS, 2016).

T of ol gt JdETH A= w7, AN, W
o], m|qtetA], 4o, o] Sofl =gt o] 3lom(Gye et al,
2015; Oh et al., 2008; Yang and Lee, 1983; Choi et al., 1984;
Kim and Lee, 1986; Park and Kim, 1996; Kang et al., 1992),
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R7Lelol g TAle] HA F7HE T oLk AFGYEH
Q17 B ¢l (Ha and Kang, 1990), 01 214]7]] w2 )
PR B 9 B A AR Aol

webA] B ATl Aot 7k o] Al7]o] uhe b
3, AL, ot A, wlulet, Sel AE|E, vlebyl e
Apahom, pBHa S FHok A A el o] §-2 913t 7]
252 Bgatus stk

ERRTE

M=

RV U 24 Aol 9135} Gl dckEof A o)
Y Ao 2 NGO, 1287 o5 297 = FHO
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Table 1] Het iTt.

Bligh and Dyer (1959)9] ®Wio] 2Jslo] A|&9] SujjeFe)
chloroform:methanol (2:1, v/v)&qoz2 A& F&53 &,
14% BF -methanol& ©]-8-5}¢] Z|%4F] methyl esters} sho,
gas chromatography (GC; Shimazu GC 2010 Plus, Shimazu,
Tokyo, Japan)= 2415} c}.

Zoto|=4t et

Folu] Ak A& 200 mgE 6 N HCIZ 24A4|7H5¢H 10T
oA 7raste] ZeEafstth. AlmgdS Aok ARAR]
%, pH 2.29] TLAAF 9130 0 & 50 mLE 4831 0.20 um
membrane filter2 o]}t & ofu|iAl B8 AE2 ARE-
SFICE ofu|lARS ofu|iAl EA7](Sykam DE/S-433D,
Sykam, Eresing, Germany)=2 £-4]5}-%IT}.

oluE e

A AET AR 1 g& ZYA vl FUs] Akt & Aat
65% (Suprapur grade, Merck, Darmstadt, Gremany) 10 mLE
7¥sko] 1802 o4} REg-A1X1 2= 80 C ol 4] 40027t 7+A w3l 5}
k. 7HEEalRE ARS8 9] AARS e8] A7 AL A
of| A ¥zt 5 A 10 mLE thA| 7Fsto] fiof - 2o = A
7rawaleh | AAkS A AR ES 2% AAte B S
3| Al-g-3liste] o] = (ADVANTEC No.5C, Tokyo, Japan)2
o153t o} 100 mLE -8-3}¢] Inductively coupled plasma

ob

v - H4A - 9

e

spectrometry (ICP; Optima 3300XL, PerkinElmer, Waltham,
MA, USA)= #4850t 7714 e A a8 7= o 2 ghitst
of YERY ITHMEDS, 2014).

S AHESE

T4 A=XSE AR 2-3 g& AU3] AFsEo] 95% ethanol 40
mL3} 8 mL 50% KOH 845 7}sto] gk ztahs fakgh &
80-90°C ol A 7027t BIFStA Zi Tk SHR7F SR EH 7HE T &
#1715} 95% cthanol 60 mLE: 713k AP 3l o]
% 5 WAkl 158 F A0 2 WIHIT) 5 24417 5
dFskoitt. o] &0l toluen 100 mLE 7Fste] 30= o]
WRHEke] 500 mL 22 &7 1 M KOH £9 110 mL
= 7ksto] 10271 Rgkste] 2ejd gtk Fsto] thA] 0.5
M KOH -4 40 mLE 937 1023} {est H A=]s}o] ofef
Z= B3t X7 tolueneZ-ofl 40 mL F-7=& % 8] 24 o]
FE =5 AR R AAske] EeH ol S Al AskL
toluene3o] B W 7] o] 32 W stol Ystsick. o
2 toluened-& 2143} oF 20 g] FARARbEF] A9
e Ad71E Eol FI7F - 40 23T oA At wFsto] L
Fl Aol obAlE 3 mLE 7hsto] thA] 4 wEske] A
AXANFH}. 52 3 mL dimethylformamideo]] ¢ 71 %
1 mLE # 3} 0.2 mL hexamethyldisilane¥}- 0.1 mL trimethyl-
chlorosilane2 7}5lo] =43} 314 5a-cholestane WH-3E+
4 Yol A8 2= SHYUTHMEDS, 2015). o] Al &
HP-1 (30 m % 0.25 mm x 0.25 um, Agilent, USA) ZH-& 0]
£-310] gas chromatography (GC; Agilent 7890, Agilent, CA,
USA)Z 24519 tHMFDS, 2015).

HIELZI A E &2t

H]EHI] A, E 3HF2 Kwak et al. (2004)9] B2 Q5 =45}
o ARESHYITE AR 3 g& A W AEekA Ao 3 5 etha-
nol 30 mL, 60% KOH &9 3 mL, “12]3 10% pyrogallol 1
mLE 7}ste] o] 5 ghr Y2704 3027t Bl RAI 3,
AL g WZAIA FR4 30 mLE 7kl 244 Bz r| =2
A E8tATE $5759) petroleum ether® 3+ 3, F-ol
Zj 7o) EgFste] WAAZ $- & S5 WO 2Rz
710l %7131 petroleum ether 50 mLA 7}81o] 2 3] %313
t}. 354 petroleum ether 9-& 55 10 mL4)] phenolphtha-
lein A|oFO. = M o] B k-2 | 7}x] Al 5F3L AL, petroleum
ether =& sodium sulfateZ 718l &3l 24 ZajAzo|
271t} Petroleum ether &N 25°C of|A] 7t &=3}o]
methanol 5 mL=Z A-8-5}31 0.25 pum membrane filter= & 7}
St o] A= N2 Develosil RP-Aqueous C30 (4.6 X 250 mm,
5 wm particle size, Phenomenex, Tokyo, Japan) Z+H -2 0]-&-5}
o] HPLC (Surveyor Plus HPLC system, Thermo, CA, USA)
2 BAstgt,




27re| e A

Stk
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Niacin

A& 5-10 g& 5 mM Sodium hexanesulfonate &-<of =
o] 50 mL7} HEE s}gick. o S 3087 R &} F53}
3L 600 rpmoflA] 307 wRESE 3, e skan4 T, 3,699
gxX 158) A5 42 #H3l 0.2 pm membrane syringe filter=
oaate] AlFLH o7 ARSI THMEFDS, 2015). 2427
2 C18 column (250 X 4.6 mm 5 um, Waters, USA)S AR
5} a1 o] =AF €l = A: 5 mM hexanesulfonate/0.1% acetic
acid, B: 35% 5 mM hexanesulfonate/0.1% acetic acid 65%
MeOH & AF2-8}% 0.1, 42 1.0 mL/min, A| 222 10

uLZ 3}o] 260 nmej| 4] HPLC (Surveyor Plus HPLC system,
Thermo, CA, USA)E o]-&5}o] 24 5H3itt

SAXzE

N5 JF gzt dutol gk sA A= AlEe] il
P+ 22 Yepglew, 248 Duncan’s multiple
range test= H7F] -2 4(P<0.05)= 451 tH(Steel and
Torrie, 1980).

=1}

=<

TR A2

=T T = Ut

AHYE M3
2749 7RAIE 282 62.2-78.9%0] %21, AFt7] 2l 3¢
HE 647 = 42 02 7445t Table 1). 18] 31 A]7]

SlaFH 3= Table 20| LER]

=

=
sy

o
'C._

off w2 27 50 UNHE
olt}. SRS 74.5-78.7 /100 go|Ql.o.n, 593} 110 7+

7+ 745 9 75.0 /100 g© 2 5-2] 2 9] 2}o|= 91 ATth(P>0.05).
ZA 3FERS- 1.06-4.23 /100 go]lom, ARz 0l 50
3.46 g/100 go|9low, Aet7] ¢l 6¥ 3t 79 o= 2}2F 1.69, 1.06
/100 g & &2 7455t o] FheFo] F7Fsto] 11Yof=4.23
/100 g© & 7P =kt 2ok A $Hk2- 18.5-20.7 g/100 g
ojglom, 100l 7H =9k 4dof 71 k). 3l g
0.74-2.04 g/100 go] 1.0, 8of| 0.74 g/100 g© 2 73 L3t
01} 390 2.04 /100 g© & 7H3F =9k},

T 0% T A o]FRl e = A, 7|, 42
ol whet o=t di2f 4ol A 7Aoo Alkg Skl 109
Sl<eol| A 3Y Bl 7] WA FHE dtHA EES )
L B4 71R) 1 Qltk(Park et al., 1995). E3F n]fLabx] = A
2] 3ol 71 sEgkego] Wl FHA S 7P oo, 2
WATE 2 A2 ARER ST} 7P =0k oy FH AT 7t
w31 B 1181 ch(Park et al., 1995). 2712 & SHEHA]
S3h= ojFolu, ARz Aol 5UT B A 119 2
Ho

=SB

o

o

FgRpol 7V 9, 20 FRL AR A A S5k
¥, SRRl thas Wtk Fobalo} A< Matoh et 3
T ol WEYY TLI SEQ RO R Y FelH G 27}
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Table 1. The capture date and biological data of mandarin fish
Siniperca scherzeri

Month  Total length (mm) Total weight (g) Yield (%)
Mar. 270.5£35.2 228.8+102.1 75.3£9.07%"
Apr. 287.1£19.9 285.6+49.9 65.445.33%°
May 237.0+13.5 191.2+36.4 65.0+1.423¢
Jun. 223.5+24.5 140.3+44.3 53.4+18.0°
Jul. 278.015.7 245.7£19.6 70.0+3.18%
Aug. 295.0+24.9 356+94.6 78.9£16.82
Sep. 336.7455.8 472.6+241.6 62.4+1.59>
Oct. 251.7+12.1 223.3+29.9 77.7+17.3%®
Nov. 279.0+16.4 269.6+40.9 62.2+2.50%

'Different superscripts within a same column are significantly dif-
ferent by Duncan's multiple range at P<0.05.

Table 2. Seasonal variation in proximate composition content
(g/100 g) of the muscle of mandarin fish Siniperca scherzeri

Crude

Month Moisture  Crude lipid protein Ash

Mar. 77.9+£0.49'%2 2.23+0.09¢ 19.1+0.25° 2.04+0.322
Apr. 77.1£0.36% 2.99° 18.5+0.16¢ 1.38+0.03°
May 74.5£0.6> 3.46+0.26° 20.7+0.38% 0.98+0.05
Jun. 78.0+0.15% 1.69+0.06° 19.7+0.11° 1.05+0.06°
Jul. 78.7+0.12  1.06x0.09" 19.8+0.12° 1.52+0.12°
Aug. 76.9+3.94%  1.2+0.19" 19.2+0.24° 0.74+0.05¢
Sep. 78.6+0.38% 1.94+0.09° 18.9+0.18% 0.99+0.05%
Oct. 76.610.14% 1.92+0.16° 20.7+0.45% 1.23%0.2°
Nov. 75.0¢0.4>  4.23+0.09% 19.940.32° 1.06+0.22°

'Meansstandard deviation. *Different superscripts within a same
column are significantly different by Duncan's multiple range at
P<0.05.

St A}, 229 e 2 ¢/100 golslo]w, el Al L. 18.14-
19.81 g/100 g2 B 113}% 2 (Chu et al., 2013), E3F -2
uetol| A 271e]9] URHIE RAMAoA = e 79.7
o/100 g, 15512 0.9 ¢/100 g, 2 5HE 0.8 9/100 g, ZEHeket
15.7 g/100 g 2 B3 %]3Ith(Ha and Kang, 1990). 0|5 19}
H| Wk, 5Lt 119-E Al2Jgh A]719] 2712 2] Uubd &
FF ARSI

X4 =g| Het

13
=

7te|o] Al A 2/ 8] ¥SHE Table 30] LR It
UubA o2 of 7o Ail 2/gH|of frAFSH o1, Al7]9} 4
Hglo] ZIPAARS: palmitic acid (C16:0), TU-ELF}A]
AR oleic acid (C18:1), L E=EEZ SR AR linoleic acid
(C18:2n6), docosahexaenoic acid (C22:6n-3) 1]l eicosa-
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Table 3. Seasonal variation in fatty acid composition (%) of the muscle of mandarin fish Siniperca scherzeri

Fatty acid Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov.
C14:0 4.08 3.94 2.59 2.65 3.67 1.83 2.83 2.99 3.59
C16:0 16.1 15.2 17 17.2 18.5 20.7 19.5 19.6 17.8
C18:0 2.90 2.74 413 5.25 4.65 5.54 4.21 4.39 3.29
> Saturated 25.9 24.4 26.5 27.9 31.1 32.1 30.2 29.2 274
C16:1 11.2 1.5 8.46 8.57 9.45 10.2 14.3 13.8 10.4
C18:1 224 23.8 27.7 24 27.8 27 26.1 20.1 22.1
C20:1 0.40 0.42 0.70 0.74 0.75 1.36 0.96 0.70 042
Y Monoen 345 36.1 371 335 38.3 39.2 42 35.6 33.2
C18:2n-6 5.72 5.73 6.20 5.41 5.46 4.70 457 3.08 5.52
C18:3n-3 4.02 4.24 3.55 3.21 2.69 3.91 4.16 4.1 4.75
C18:4n-3 1.67 1.83 1.00 1.00 1.00 0.37 0.71 0.57 210
C20:4n-6 574 5.41 5.13 5.14 4.71 277 2.04 291 5.05
C20:5n-3(EPA) 6.48 7.18 5.16 497 3.65 3.28 3.78 5.95 6.13
C22:6n-3DHA) 7.40 6.84 7.25 9.07 5.85 4.98 3.85 8.58 7.75
> Polyen 39.7 39.4 36.4 385 30.6 28.7 27.8 35.2 39.5
pentaenoic acid (C20:5n-3)2] A4 8|7} 7}3F =3kt 0.64-0.680]1, 2 A3}= o] EH U= A6 =2 slhafo| ittt

NEE AR 2AJH] = 27.8-39.7%0] 9l on, 3YHE 8
A 9L7HA| = FAadt= A S UEh o7t S7kste] 1045
39.45%714] 2|5k}, o]of| uFal ZEFR|HFARS: 24.4-32.1%
ojglon, GUEZFA AR 33.2-42%0| 91t} o5 A4
Z/Qu| = N ExsiA AL g 893 9U7tA] STttt
adhe 3ol et

NEEESA L F EPA 234 390 6.48%0]% o
A& 07 Zhaste] 793} 89 3.65% X 3.28%°]%10H
o] 7ttt DHA 2/43H]+= 690 9.07%= 57FstaL ©]
T 543] 75t 9ol 3.85%0]%leH, o] & F4 3] 78t
of 11€ell= 7.75%0] Stk AR C18:0 2/dH]= 94
7HA] 20.7%2.2 27151900, 0|3 kAol 1199 17.8%

2712]9] Al7]of| WE Fopu|iAl g BSk= 159-19.1
g/100 golleom, FQ ofullAk2 leucine, lysine, aspartic
acid, glutamic acid, alanine, arginine ©]¢ic}. ZFofu]i=Al S}
e 590 274 19.1 /100 g0 714 ol E3tos, 74
o 15.9 ¢/100 g©.2 FHeFo] YokTH(Table 4). B4-0u] Al 3
22 7.01-8.09 /100 go] 2101, 9o] 8.09 g/100 g2 7}
Z; =gk}, Wb v o] Ak RS- 8.89-10.6 g/100 gO|
900, 990] 71 9ttt vlmgobuliedt thu] Wesofule
AL ]-80] 0.75-0.820] 91001, FAOSA] o] 2101 g4 4%
© AT WA Bek £UTHEAO, 1957). S Ato|A
o125l 2712 9] ] H4eou] ek} Wo}n At Tk 1] &S

(Chu etal., 2013).
oju|2 &2k Hst

27pe|o] A7jef mhE vl e Table 5 WERUSL
th o] & vHlE & FEFol w2 A2 =, 2F, dolden, z
7} 230.4-498 mg/100 g, 273.8-394.5 mg/100 g, 177.7-294.1
mg/100 g & & WebyTh W of f 5 AF o o ZE o
357.9+2.1 mg/100 g, 31 T2 226.2+1.3 mg/100 g0] 92
(Oh et al., 1980), 4-012] 41 g0l 263 mg/100 g, 25 3
ko] 400 mg/100 g© & B 313} 0 B(RDA, 2011), AH AL 1]
719] 2+ Feke 323.88-379.40 mg/100 g, 91 Ea-2- 193.74-
223.02 mg/100 g & (Gye et al., 2015), = A% 3} )1 4%
& o 2t o 2 7IE vl o] ek vlatsh i w Bl
TS e o & e tha 2 A0 R LEhE

27e] 250 vdlE ko] Al7]of mhE HgkE 2ARE
I AFRRAIZ191 7ol vhdl<, A ool thE Al7]of viste]
o, 7g vjEe S &2 AoR YEpt vh
le o2 390f 23.9 mg/100 go|glou A& o8 57t
sto] 74 38.1 mg/100 g FFFOE 7P &3hom, o| % of
Al ashe BRolflh ERE ofd fFF Al7]of| whE B
o] Aol ALt Al7]of mhE 2 §idet E3 2
= 390 35.2 mg/100 go| Lot 4dofi= F4 3] fhaoto]
13.6 mg/100 go] $l.o.m, o] % B|Sx3k ol it ¢l oheg
0] 308.3 mg/100 g2 714 =gkon, o]3 AA]3] 7hAst
o] 1199+ 200.1 mg/100 go] it

2 e 390 381.5

mg/100 go| I th7} o] % 7Hadlo] 11¥e]l= 273.8 mg/100 g7}
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Table 4. Seasonal variation in amino acid content (g/100 g) of the muscle of mandarin fish Siniperca scherzeri
Amino acids Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov.
Essential amino acids (E)
Histidine 0.58 0.54 0.58 0.58 0.52 0.43 0.45 0.52 0.53
Isoleucine 0.92 0.83 0.75 0.88 0.74 0.80 0.87 1.01 0.93
Leucine 1.46 1.45 1.41 1.59 1.37 1.41 1.66 1.65 1.55
Lysine 1.30 1.28 1.41 1.25 1.50 1.52 1.72 1.39 1.35
Methionine 0.50 0.45 0.55 0.38 0.55 0.54 0.62 0.63 0.63
Phenylalanine 0.85 0.81 0.78 0.71 0.73 0.76 0.87 0.91 0.87
Threonine 0.80 0.81 0.83 1.24 0.78 0.80 0.94 0.92 0.86
Valine 0.92 0.86 0.83 1.05 0.82 0.88 0.95 1.02 0.96
Total E 7.34 7.02 7.14 7.68 7.01 7.15 8.09 8.06 7.69
Nonessential amino acids (NE)
Aspartic Acid 1.74 1.80 1.77 1.52 1.63 1.67 1.87 1.85 1.77
Serine 0.72 0.74 0.73 0.8 0.71 0.72 0.86 0.81 0.77
Glutamic acid 2.46 2.57 2.61 23 2.58 2.63 2.98 2.85 2.71
Proline 0.41 0.60 0.66 0.61 0.52 0.69 0.67 0.69 0.66
Glycine 0.81 0.04 0.07 0.1 0.07 0.03 0.07 0.04 0.03
Alanine 1.15 1.13 1.10 1.36 1.02 1.10 1.23 1.24 1.19
Cystine 0.03 0.83 0.92 0.78 0.72 0.89 0.88 0.91 0.88
Tyrosine 0.63 0.61 0.63 0.78 0.61 0.64 0.75 0.71 0.71
Arginine 1.06 1.02 1.04 1.08 1.04 1.12 1.27 1.20 1.1
Total NE 9.00 9.33 9.53 9.33 8.89 9.48 10.6 10.3 9.82
Total amino acid 16.3 16.3 19.1 17.0 15.9 16.6 18.7 18.4 17.5
E/NE ratio 0.82 0.75 0.75 0.82 0.79 0.75 0.76 0.78 0.78
Table 5. Seasonal variation in mineral content (g/100 g) of the muscle of mandarin fish Siniperca scherzeri
Minerals Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov.
Ca 35.2+1.68 13.6£1.79 13.5#0.62 16.2+0.05 16.3+4.81 14.6x1.20 16.7+0.04 23.9+3.23 14.00+2.45
P 230.4+0.62 308.4+0.45 200.9+8.21 218.5+6.05 201.3+2.00 181.1£7.77 177.7x1.46 294.1+21.7 200.1+0.26
Mg 23.9+0.56 22.2+0.24 27.1+0.34 36.0£0.79 38.1x0.04 32.8+0.47 32.6+0.47 34.9+2.33  23.7+0.29
Na 70.3x11.9 1254216 37.2£2.79 422+096 43.1+0.52 4714137 27.620.23 61.4+4.79 45.4+8.58
K 381.5£10.2 394.5+7.23 334.6+55.4 320.9£6.18 350.6+1.11 311.6+£12.59 288.9+4.12 359.2+30.1 273.8%+1.29
Fe 0.41+0.04 0.33+0.04 0.1940.26 0.14+0.01 0.49+0.03 0.21x0.04 0.39+0.03 0.44+0.01 0.32+0.07
Zn 0.59+£0.03 0.55£0.01 0.33x0.21  0.52+0.03 0.33x0.01 0.55+0.37 0.34%¥0.03 0.66+0.17  0.26%0.01
Cu 0.08+0.02 ND 0.02+0.03 ND ND ND ND 0.07+0.01  0.01£0.01
Se 0.06£0.03 0.04£0.03 0.08+0.03 0.00+0.00 0.08+0.01 0.08+0.01 0.07+0.01 0.15£0.04 ND
S 230.4+10.6 616.6+10.8 469.6+204.4 498.+8.97 496.3+3.59 469.6+3.59 43241520 476+32.6 276.6+0.81

ND: not detected.
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o= 0.14 mg/100 gol etk 78oll= F43] F715te] 0.49
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Fig. 1. Seasonal variation in cholesterol content (g/100 g) of the
muscle of mandarin fish Siniperca scherzeri. 'Different super-
scripts on the bar are significantly different by Duncan's multiple
range at P<0.05.

7} 490] 12.5 mg/100 go & sl %drtr} o] % A4s] 27}
sh= Aol o,

SYAHE Y Hsl

272 o] A7)0 wE <ol 79 mg/100

T 2HE FF3
g = 7P =okon, o]F U7 = Faxste] 15 mg/100 g
o2 gheFol 7P Wkt 1083} 11¥€0] 242} 32.2 mg/100
g,27.9 mg/100 g0 & t}A] Z7515 ch(Fig. 1). Ha and Kang
(1990)2 27}e o] Zd|~8= HeFo] 53.1 mg/ gO2 K13}
o], & AFZAL] 4-59 Fe| A E g vttt E=5
=1 o] Fo] Wit k2 40.9 mg (11.7-249 mg/100 g)o]H,
274 250 FEAHE T2 30.3 mg/100 gO = Bt
219} v w5l A (Jeong et al., 1998). & A2 A7) 104 2 11

ol Fega fARRRs
HIEF2I A, E, niacin &2F Hst
A9}

2712 9] 2|87 vletel AL EgFey-2- Al7|of whet At 2t
°]7} 1{thTable 6). HIEFY A= 5o 3.20 ug/100 g, 7%
3.57 ug/100 g, 1193} 129 0f| 77} 3.86, 17.1 ug/100 g FHegol
, 71eF Al7loll= AEE A gteh B3 HlEk E= 34

2 6ol HEHA ekon, 5200 0.21 mg/100 go] et
7} 79-119714%= 0.29-0.69 mg/100 g 2 el Jeong
etal. (1998) of w21 27}2] 8.2 v]ebl ES] a-tocopherol
o] 0.1 mg/100 go2tar B o 2 A Ak eh= tha 3¢
o7} QA Atk A8 gulepyl ke A gt Aol =
2 Ao 7 o] gl=t|(Jeong et al.,, 1998), & Ailol| A= 5
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Table 6. Seasonal variation in vitamin A, E and niacin content of
the muscle of mandarin fish Siniperca scherzeri

Month ViFamin A Vitamin E Niacin
(ui/100 g) (mg/100 g) (mg/100 g)
Mar. ND ND 2.56+0.02 'e¢2
Apr. ND ND 2.9240.21°°
May 3.20+1.07 0.21+0.01 2.8510.03 b=
Jun. ND ND 2.58+0.17
Jul. 3.57+1.13 0.42+0.06 2.5140.15¢
Aug. ND 0.63+0.06 2.99+0.10°
Sep. ND 0.26+0.02 2.97+0.26°
Oct. 3.86+1.77 0.35+0.04 3.23+0.162°
Nov. 17.1£3.63 0.69+0.01 3.51+0.162

'Meansstandard deviation. 2Different superscripts within a same
column are significantly different by Duncan's multiple range at
P<0.05.

Ao} 280l e AL 7127 Rok, vER] E710.2
mg/100 g© & UEPE S m(Oh et al., 2008), AFAAAL #i7}o] ]
HEH A S-S 100 mg/100 g (A52H) SH-65He 202 Bl
SFTH(Cho et al., 2006). E=5F AL AR WALo] HIEM E $Fefo-
4-7mg/100 g (Zﬂ a}:) o 2 oA 9lom QAL oFAl HiZlo]
(Anguilla japonica)®] T~ oF5F-221-37 mg/100 g (A55F)
2 YepPgth(Furuta et al., 2009).

2:712]9] niacin e AR A, AIZIER Fe] 2o
= njojalg oy 7TEY7HA] 2F4 hadte] 2.51 mg/100 g&
2 7P wopon, thA] Zvtsto] 11496 3.51 mg/100 go|
¢ltH(Table 6).
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d Sador SRIEQI Eot vl e vl A
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o], 24 vjehyl FHEe A0l 1Yo|| Abgs] =9ft).
Niacin &g AFehA] 7] o] thas Yo7} 5l 2 30704 571
SFRILE. o] /o] Ak A, 27te] e Meke Akt
I sro] ofsto] ke whar Qlom, o]t At A Th= Akgt
A7) 854 5o A E Rt 7| 2AR RS 8t A
710] w2 G ANE 3 AT EH A7) Foll gt 2
ARz Zgo| 7Hsd Aoz ke
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