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Seasonal Variation in the Nutritional Composition of the Muscle of Wild
and Cultured Korean Bullhead Pseudobagrus fulvidraco
Chi Woon Lim, Min A Kim, Hyun Jin Gye, Na Young Yoon, Mi Young Song' and Kil Bo Shim*

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

We evaluated seasonal variations in the proximate, fatty acid and total amino acid compositions and mineral content
of the muscles of wild and cultured Korean bullhead Pseudobagrus fulvidraco. The wild and cultured samples showed
a significantly higher proportion of crude lipids than other components. Crude lipid content was highest in May in
wild fish but lowest in May in cultured fish. We found no significant difference between wild and cultured samples in
terms of fatty acid and total amino acid compositions and mineral content. The levels of saturated fatty acids (SFA)
and polyunsaturated fatty acids (PUFA) as well as n-6/n-3, were higher in the muscles of wild fish compared with
those of cultured fish. However, monounsaturated fatty acids (MUFA) levels were higher in cultured fish. Both wild
and cultured fish were good sources of eicosapentaenoic acid (EPA) and docosa hexaenoic acid (DHA). In wild fish,
the Mg and Zn contents were highest in August, while the Ca, P, Na, K, Fe, and Cu contents were highest in May.
However, the mineral content of the cultured fish did not exhibit significant seasonal variation.
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o] Au] A E o] B3t ¢7L(Yang and Lee, 1983), ©4=0] 2] 2|2
of] &+ A7(Choi et al., 1984), &1 @ A4l gharo] o] Al
d&(Kim and Lee, 1986), 72|71 &-012] Ad<zof w2 A5
B0l 22 AR 0] M 3K Park and Kim, 1996)7} 910U} of
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172 Kieldahl 24 k9], 22 4gH2k-S Soxhlet 5%
)

Bligh and Dyer (1959)9] "ol 2Jslo] A|&2] SujjeFe)
chloroform : methanol (2:1 v/v)&H o2 A& FE3 &,
14% BF -methanol ©]-8-5}¢] Z|%4F] methyl esters} sho,
gas chromatography (GC; Shimazu GC 2010 Plus, Shimazu,
Tokyo, Japan)Z#] H-4]3}- ¢t}

Z0t0| At ofEt

Zo| AR A& 200 mgS 6 N HCIE 244752 110C
oA 7rdste] ZhEalstiith. AlRgde A dERAI
S, pH 2.29] F+A4 5l o2 50 mLE -85t 0.20 um
membrane filter2 o] 7}5F & ofu| At A& A| 72 ALE-S)
At White et al., 1986). & o}u|=Al THERS ofm| 1Ak BLA17]
(Sykam DE/S-433D, Sykam, Eresing, Germany)Z 43141
=g

U9 - S0 - AR
ojuE 2t

B2 ALY AR | g 32 7o) F 5| Yok A
65% (Suprapur grade, Merck, Darmstadt, Gremany) 10 mL
7Fto] 1804 o]/ WH-g-A171 5 80 C of| A 400+27t 7+ H-5i
STt 7HEEalRE AlRl-8- o] AARS e8] SEAl7] AL A
oA W7k 3 A0 mLE thA) Ffstol 9jol e 2 h 0w
7FEEaleh 7 Ak AR O AR 2% AA e R S
3] Ag-3lste] o] A (ADVANTEC No.5C, Tokyo, Japan)=
o3t oF3- 100 mLZ #-8-3}¢] Inductively coupled plasma
spectrometry (ICP; Optima 3300XL, PerkinElmer, Waltham,
MA, USA) BA/3tele}. 571 Sleke 9187] 202 shars
of YERY ITHMEDS, 2015).
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P+ 222 Yep|glow, 248 Duncan’s multiple
range test= H7F2] 2] 4(P<0.05)= 451 tH(Steel and
Torrie, 1980).
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FAEo] 17.0£0.05 g/100 goflom 3| Hafe: AHdAtol
1.02+£0.07 g/100 g, SFA14F0] 1.09 +0.05 g/100 go] 3lch A<l
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o]7} L ATH(P<0.05).
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RO AL FAN ] B FHFL 72 4+0.59 g/100 g2
oA el Aol7F UeR o H(P<0.05), 5ok HE=A At
SR gt FheFo] eFAARR T =2 TS UER ST 2
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Table 1. The capture date and biological data of wild and cultured Korean bullhead Pseudobagrus fulvidraco

Body weight (g) Body length (cm)
May Aug. Nov. May Aug. Nov.
Wild 82.5+31.4 125.9+20.0 147.2+51.3 18.616.8 22.9+12.1 24.9+32.1
Cultured 80.2+12.7 200.7+45.1 179.8+19.5 21.0+11.5 26.1£19.9 25.3+7.5
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Table 2. The contents of proximate composition content (g/100 g) in muscle of wild and cultured Korean bullhead Pseudobagrus fulvidraco

Season Moisture Crude lipid Crude protein Ash

Wild Cultured wild Cultured Wild Cultured Wild Cultured
May 79+0.42'2  81.6+0.122  575+0.32*°  1.57+0.21° 17.2+041%2  17.0£0.05°  1.02£0.07¢  1.09+0.05%
Aug. 77.7+0.30% 72+0.59° 4.3240.09>  6.57+0.38°  18.3+0.53=  17.0+0.36*  1.18+0.05*  0.56+0.03°
Nov. 77.9+0.372  74.7+0.32°  3.68+0.11°  5.25+0.60°  17.7£0.162  17.0%0.11° 1.17+0.212  1.9240.35°

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

ATETE o2 02 #OITH(P<0.05). Tl e ALt
18.340.53 g/100 g, 9FAJ4to] 17+0.36 g/100 gO & 2|4
ol ztol= gl ot 38 g2 2FA4te] 1.18+£0.05 g/100 g,
oFA1AFo] 0.56+0.03 g/100 g o & UEh} -2 22l 2jol7} )
2 TH(P<0.05).

7HEE ] AL SR O] S FER 77.9+0.37 g/100 g,
OFAIAL TN O] 4B SFeRS- 74.7+0.32 g/100 g &2 52 %]
2l zpo]7F UrER o (P<0.05), o543} np7kA = A4k
o] ALt =2 S UEhSIth A o2 AFd
Ato] 3.68+0.11 g/100 g, 9FAlAko] 525+0.60 g/100 gO&
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o] 2121 Aol 7 R ATHP<0.05).

ArAatat QAL FAN 259 AR 5
A= ALto] ALt HIgke] =k om,
ofl = Falito] ZdAte] vlste] gheFo] =9k |
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o] FAlLto] HREA O 72 =2 A7k & WSkl §ITHAck-
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2 Table 37} Zct. SRR Ao A 9] 2408 dfF-& palmitic
acid (C16:0)7} =8 Ad2o]glon dUEA At A =
oleic acid (C18:2n6)7} F¢It}t. =252 HFAkol| A= lin-
oleic acid (C18:2n6), docosahexaenoic acid (C22:6n3) 12|
1! eicosapentaenoic acid (C20:5n3)¢] 8|7} A AR oF
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£ ZR 14F o7 72 Ak 2 ZopA Rk Cl4:0,
Cl16:0, C18:0, FLEALZSAYARS C18:1, ILE=EESIA|HF
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2011). TERF AFAAR QFA AL SAN B s spR Ao
41.9-53.2% =QFo ] N EEFAYARS 17.2-30.5% 2 H2
S dbe=g

2 Ao AnE WAool o AR At vl
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6.94%), EPA (C20:5n3, 2.45%)2 AR 202 SAE 2112
UERH AL 91t (Moon et al., 2012).
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Table 3. The comparison of fatty acid (%) of the muscle of wild and cultured Korean bullhead Pseudobagrus fulvidraco

. May Aug. Nov.

Fatty acid Wild Cultured Wild Cultured Wild Cultured
C14:0 104 173 2.23 181 229 219
C16:0 18.2 19.3 211 219 19.1 203
C18:0 712 3.95 5.85 5.11 4.23 4.42
S Saturated 276 254 31 206 274 277
C16:1 552 9.99 10.73 778 1116 7.83
C18:1 338 412 342 425 313 36.8
C20:1 251 3.57 148 246 129 274
> Monoen 419 55.6 46.8 53.2 443 48
C18:2n-6 3.44 8.26 3.11 6.53 352 9.24
C18:3n-3 19 114 3.08 103 4.03 141
C18:4n-3 ND 0.2 0.26 0.15 0.26 0.21
C20:4n-6 471 0.95 2.76 0.79 3.14 111
C20:5n-3(EPA) 2.55 193 3.32 133 3.74 2.02
C22:6n-3(DHA) 9.37 477 4.07 463 6.72 6.78
SPolyen 305 19.1 222 17.2 282 244

ND, not detected; EPA, eicosapentaenoic acid; DHA, docosa hexaenoic acid.

Soteh. AAR} GFAAL BAPA S Bepotu) Al G 217
6.33-6.52 g/100 g, 6.07-6.33 g/100 go| 2.1, RFAAFo] OF2]
Abel] ul3to] T Segfeh. Zk2te] obv] Al GRS Aot of
Ak, e 5 A7) EE Hol nju|stgich. v Heropn) ik}
Zgolu| 1A 3k W82 0.69-0.750] 1, AW © & .7 o] A
o] oFde) hij 2 TAE A 0 2 BEke 4 glrk(Iwasaki et
al., 1985; Kang et al., 2010).

Kim et al. (2014)2] o) A = FX]7j4-019] F ofu] w=Ato]
FRE BT 17%0] Qo0 & S 1776 /100 g0.2 £ ¢l
T} B12=519i ). Glutamic acid®} aspartic acid 3 2F2)
2402100 g, 1.63 g/100 g0 2 2 AL AT H TH= tha Weko
U} 71 9] 74 o Abe mlSt Seke Uehy ol
0j|E e Hlw

At B At SRR Al7T ol mE mvlE e
@ Z1o|tH(Table 5). 7HAF- 100 g vl 2 2412
3}, Z-§ 296.6-382.3 mg, ¢1 179.3-241.3 mg,
mg, F14]<5 23.9-33.1 mg, 45 16.8-41.5 mg &0 2
™, o1 0.40-0.86 mg, 2] &7 %-0.07 mg, Y7t
mg 0| Qleh AAibat AL TEja A7 & ujd[E ek
o] Higts A, AHAAE SN A e 13.9-22.5
mg/100 go] 1.1, AR 16.9-41.5 mg/100 go] Tt A7
Hae o e gl 7H wokon, 7| 7 R
< el sk

AAA 5A Q] 9l Fheke 177.4-211 mg/100 go] e,
AJARS 181.6-241.3 mg/100 go]¢l.om, ApAke: 2k Shek
RE7HA| 2 o] thE Al7]ef Blske] thar wotom, A4
& 7H Ao g A7 Ht ghge] tha E3iTh

> B ol

c

UEF ko Apolika) oFAlAbo] 7127} 49.4-57.4 mg/100 g,
34-87.1 mg/100 go| ek, AAAF AN 9] 25 ek 296.6-
357.2 mg/100 g, WA A9 ZE a2 298.7-382.3
mg/100 go] it & k2 0.21-0.58 /100 go]gl.om, ofed,
o) gheEe 747} 0.40-0.62 g/100 g, £7%-0.07 mg/100 go|

15
Z}

7}
ol om, W7k FHFS B2 2-0.03 mg/100 go] it AFoI Ak} oF
AAEzre] ek bl wln|atel o, A|7lof| mhE ShekRte]=
F3igh A WolA| ekotrh. AFAAt FAMNE whLdl Gt of
AL 0] 5ol thE A7) H]gte] E9koH, ol & Aejatile
B 7H T2 gFollet. vhd FAHFAN ] w2 g

F2 A7 o w2 g Aol & Kol x| ekttt

20109 % 7HEE =l g FAdFl7IEe] E 194 o4
W49 1Y vld[E A FES oI 5 24 700-750
mg, 21 700 mg, UF14|<¢ 340-350 mg, LTEE 1,100-1,500 mg
(T35, 25 3,500 mg (A= dAstlon
o2k u)u|Z-e- 4 9-10 mg, o} 9-10 mg, -] 800 pg, A&
55 ug, 825 150 pg, 7k 4 mg (FEAFH), B4 3-3.5mg
(FEAFE), =226 600 g (3= Hsk3in
12 aL 194 o4 Al o9 1Y wdlE HAFH = o=
oy Fof| ZH5 650-700 mg, 91 700 mg, TF 14|14 280 mg,
YEE 1,100-1,500 mg (F43519), Z+ 3,500 mg (4
FzHoln vgu g2 A 8-14 mg, k¢l 7-8 mg, T-2] 800
ug, Al 55 pg, L2 150 ug, Wt 3.5 mg (27,
4 2.5-3 mg (FE2AF), 2221 600 pg (FEHHE) S
2 AA5}9CHMHW, 2016).

W pabEe] 13] A3 Al vldlE S 194 o) 4
A ] FFAF7IE (2 2L 710l wheEk 4, 2L, vk
%, A, of¢l, +8] U4 3 FH(Recommended Nutrient Intake:
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Table 4. Seasonal variations in total amino acid (g/100 g) of the muscle of wild and cultured Korean bullhead Pseudobagrus fulvidraco

. . May Aug. Nov.
Amino acids - - -
Wwild Cultured Wild Cultured Wild Cultured

Histidine 0.49 0.42 0.34 0.32 0.41 0.48
Isoleucine 0.72 0.50 0.72 0.65 0.78 0.71
Leucine 1.29 1.28 1.30 1.33 1.34 1.3
Lysine 1.31 1.41 143 1.44 1.44 1.39
Methionine 0.48 0.53 0.45 0.37 0.45 0.51
Phenylalanine 0.72 0.61 0.63 0.64 0.58 0.55
Threonine 0.72 0.73 0.78 0.76 0.77 0.78
Valine 0.77 0.58 0.68 0.71 0.75 0.55
Essential amino acids 6.47 6.07 6.33 6.23 6.52 6.27
Aspartic Acid 1.59 1.63 1.55 1.59 1.61 1.41
Serine 0.67 0.74 0.68 0.72 0.68 0.70
Glutamic acid 240 2.55 245 249 2.50 24
Proline 0.62 0.55 0.60 0.52 0.60 0.58
Glycine 0.05 0.05 0.03 0.06 0.05 0.06
Alanine 1.04 1.00 0.98 0.92 0.98 1.00
Cystine 1.03 0.79 0.78 0.73 0.76 0.78
Tyrosine 0.54 0.54 0.52 0.57 0.54 0.51
Arginine 1.03 0.99 1.00 0.99 1.00 0.98
Nonessential amino acids 8.96 8.85 8.59 8.59 8.72 8.42
Total AA 15.4 14.9 14.9 14.8 15.2 14.7
TEAA/TENN 0.72 0.69 0.74 0.73 0.75 0.74

Table 5. Seasonal variations in mineral content (mg/100 g) of the muscle of wild and cultured Korean bullhead Pseudobagrus fulvidraco

) May Aug. Nov.
Mineral - - -

Wild Cultured Wild Cultured Wild Cultured

Ca 22.5+3.39 41.5+£26.01 18.8+2.96 18.4+6.48 13.945.28 16.943.23

P 211+18.4 181.6+20.3 207.7+3.41 179.3£7.03 177.4+£0.90 241.3+23.6

Mg 28.9+0.48 23.944.02 32.6+0.36 33.1+£0.18 21.4+0.19 31.247.86

Na 57.445.75 34+1.10 46.1+3.60 45.1+2.84 49.4+3.52 87.1+32.4

K 357.2+26.1 308.9+2.29 296.615.70 298.7+13.5 315.2+4.84 382.3187.4

Fe 0.47+0.01 0.30+0.08 0.21+0.00 0.58+0.05 0.36+0.03 0.39+0.33

Zn 0.62+0.01 0.50+0.07 0.86+0.02 0.40+0.02 0.51+0.01 0.50+0.09

Cu 0.06+0.03 0.06+0.01 0.00+0.00 0.00+0.00 0.03+0.00 0.07+0.04

Mn 0.03+0.00 0.03+0.01 0.00+0.00 0.02+0.00 0.01+0.00 0.02+0.01
RNDZH YEF, 2, W7H Z-54] 3% (Adequate Intake: A ol wj-- Atttz o] % skl o, AFdAt SR = =
¥} vl asko] WES-2 Alktste] PR RIS A EH, 2 Aol 7 =0Tk} o] askeih. SAN Y] AR 7= 5
4 6.39%, 21 59.2%, tt1Hl¢ 17.9%, A 7.92%, ot 11.7%, 4 F4o)| A 697A| o] ™ (Kang et al., 2007), ZF 7HAH = Algh
T2 9.64%, EF 7.30%, 25 19.1%, 87T 1.02%°] it o Lol w9 & F3Fo] = Ao ® AmETh W 71e 9%
wheba] AA A R AN O] G A7 ol Al 3 At AL e A A7 = 2ol 7 glgleH,

ol 7Py 2 Aol YoM, FAA FANE BA A pel chuidz sl Slek. oyt AT AT FAAY
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