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ABSTRACT

In order to elucidate the effect of dietary n-3 highly unsaturated fatty acids (n-3HUFA)
on the changes of body weight and chemical compositions in the Korean rockfish during
starvation, the fish were not fed for 9 weeks after fed different levels (0~15%) of n-3
HUFA for 10 weeks.

The higher level of n-3HUFA was contained in the diets, the slower body weight loss
was resulted (P<0.05). The decreasing rates of the body nutrients of the fish were
significantly higher in the fish fed n-3HUFA deficient diets than those of the fish fed n-3
HUFA sufficient diets. Protein and lipid contents of the whole body were decreased with
starvation whereas moisture content was increased. Decrease of lipid was mainly due to the
decrease of nonpolar lipid. Amounts of polar lipid in the whole body were almost constant
throughout the starvation, meaning not being affected by dietary n-3HUFA levels.

Percentage of 22:6n-3 was increased in the polar lipid fraction, but monoenic acids (16
"1, 18:1), n-3 series (18:3, 18:4, 20:4) and n-6 series (20:2, 22:4, 22:5) were decreased
with starvation. Fatty acid compositions of nonpolar lipid were not changed with starvation.
These results suggest that all fatty acids of nonpolar lipid are equally utilized for energy
during starvation.
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BREoZ Qg B e Wsle #BHd FHHA ge AuA FHE ofdte Fxo ddH
Aoz EREF BIRY BFREY BEEFS dS a3 BATRES Alc B 28N 9
a9 A W Ae] A 5 AW B wstE 2 Hol A5 HAMgTh 53] HAR
ol Zo] MEREES AT wvt EURHS 2o BT 3 A o] gFH o] RotA
HABEES 234 . 28A 22 ATAEL BASEE RES, &5 a2 EINE5E
=ot A 2A W3} (Ando et al. 1985; Hatano et al. 1989; Igarashi and Zama 1953, 1954 Satoh et
al. 1984; Shimma et al. 19765 Suzuki 1969; Takeuchi and Watanabe 1982; Takeuchi and Ishii 1969
; Zama and Igarashi 1954) 9+ IMm#&A%% <) ¥ 3} (Bilinski and Gardner 1968; Kamra 1966 Sakaguchi
1976) & ZAI3IATh AR ol AU WH3te HAFIY AR BERE et B Aelg Bd
g ok 23V BRETY EEREY RREMG 142 BAERS 9% 43 (Kaneko et al. 1966:
Sakaguchi 1976 Takeuchi and Watanabe 1982b)E o] 91& ¥ 11 77l vl§d AAo|x, =IE
g M= 72 bt gk

Z % (19932, b)& A9 n-3 % BETHAREGE (n-3HUFA) o] =3 22te] VAL S W
& o]2]§ n-3HUFAZ} ¥E3H fEET 2 Bl 4AEMd ~EEol ¥ S &d3tdh o9
2o) Fkte) fREhEsMEAel uhel flE] BEKEL 2etAA HER KBRS A5 9 n-3HUFA
ko] ztzt O E BRAKEZ A8 2HE2FS BAAA KA o BRS #LE ZAMeY
n-3HUFAZ} #A8F 8BANRH o3 438 nxexg FAEIFHUD

MR 8 ik

7 % (19932)°]) AP3 AFY F8 A9 oA, & n-3HUFA &8 (0~15%)°] ThE 61 ERH
£ (D E 451%, X2 89%, 7F4SEFEE 143%)E 1070 FAEY 2AEH (16~319)L 6
M) 1508 98 F$2o EHRENZ 1504 & $£83to, 244 2vtEo 2 EAERS HA3)
Atk B2 209 @BRAE FFHAL, §L 230£05CTE FAA

AR, Bk 2, 5 28X 9B%) AE FAE 2F3 SHAvY FERENA 5ty
mBEsFReE 238d AT (-300)3AY. BERL = EABAMEFY] MBES 10022 3
A5t pATRAIE da8e ES HEEAIERZ ZAEA

SfapEo) RS S AOAC (1980522 #i7stdla, ¥ ouA ¥ EEES BES 244
565 2 941kcal/go.2 AtalAdch (F % 199D). fEE 2 El5EE 54S A3 MIEES #F2 Folch
et al. (1957)¢] ¥l F3alo] AAFGR, FAAE 2L B2 PR A2 538)S Juaneda and Rocquelin
(1985)¢] Hhio] wsith 223 IAXE 2 BFARA AL 14% BFrmethanol2 methylationA] 71
%, gas chromatography (Varian 3400) 2 BERFES H#rstdom Sl 2 & (1993a)°] A&
9wy 2o —ERs 2 RERS S BAPHNE 2T E4%ey, 54922 2 R4
A Fo| B Ak RRBimEES KT Al EAsiith

#ist#E ¥ Duncan’s Multiple Range Test (Duncan 1955) 2 AEHS #A3tAt (P<0.05).
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FRIARS n-3HUFA 06% #HIEHEIE #AE 8F5 100% HAMSIE o™, n-3HUFA 0~03% %%
k= 1074 100%, n-3HUFA 0.9~15% #infks 10 34 50~70% #HAFstc}. Table 17
Fig. 1] uehd nio} o] #ABIMEs BWES 100 0.2 ot EAMMIZ I3 932 ¥A59
=, RHkTe] BERDE 2EREA A3 Zastdou n3HUFA 480 22 HKE
He HEREITE FHEIA BERD 7 Yo

Table 1. Changes of body weights in percent of Korean rockfish during 9 weeks starvation after
fed different levels of dietary n-3HUFA!

(%)
Diet No. 1 2 3 4 5 6
Weeks starved ret o SEM?
n-3HUFA levels (%) 0.0 0.3 0.6 0.9 1.2 15
0 100 100 100 100 100 100
2 9445  9441° 9458  9450° 9539° 95.64° 0.148
5 89.25°  89.51" 89.99® 89.87" 90.78® 91.01° 0433
9 83.35*  82.90° - 84.05° 8495  85.95° 0.224

! Values in same row having the different superscripts are significantly different (P<0.05).
? Standard error of the mean, n=2.
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Fig. 1. Changes of body weight of Korean rockfish during starvation after fed different levels of
dietary n-3HUFA.
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2] ERHESES n-3HUFA 06~15% Akt Ae 24 5 7474 Zasitzt 1 §
A AT @& FAF ¥, n-3HUFA 00~03% HFEks R 5F ol$dx A% iy
o} p-3HUFA 0% ffte 343 Z43Aoh (Fig 2). AZAH £ oviA] & wste @A
filo] Dol wet dAsHA Zastfen], 53] n3HUFA &3] B2 AI5E HUYD BERE
(n-3HUFA 00~03%)7} 4t ez raFo] At} (Fig 3~4). KHaEe EAMRMG IFH &8
o gt AFE 2o S7H5HH2H n-3HUFA &80l ¥ BRE~ o @43 $7138td9 (Fig 5).
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Fig. 2. Protein content changes of whole body of Korean rockfish during starvation after fed
different levels of dietary n-3HUFA.
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Fig. 3. Lipid content changes of whole body of Korean rockfish during starvation after fed different
levels of dietary n-3HUFA.
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Table 2. Effects of starvation for 9 weeks on the whole body composition (%) of Korean rockfish
fed different dietary n-3HUFA levels

o Starved Diet No.

weeks o o 1 2 3 4 5 6
Moisture 69.6 69.8 69.5 69.9 69.0 68.9
(1000) (10000 (10000  (1000)  (1000)  (100.0)
Protein 174 177 17.7 17.2 17.3 17.3
(1000) (10000 (10000 (10000  (100.0)  (100.0)
0 Lipid 8.1 77 8.0 86 9.3 92
(1000) (10000 (10000 (10000  (100.0)  (100.0)
Ash 4.7 53 49 48 38 45
(10000  (1000)  (100.0)  (100.0)  (1000)  (100.0)

GE (kcal/kg)! 1745 1724 1752 1780 1852 1842
(1000) (10000 (10000  (1000)  (100.0)  (100.0)
Moisture 70.9 705 713 70.3 70.1 69.1
(1019 (10100 (1026)  (1006) (1016)  (100.3)
Protein 17.2 17.2 17.3 17.2 17.2 17.0
(989) (9720 (9720 (0000 (94 (983)
2 Lipid 6.4 64 72 8.0 8.1 86
(790 (81D (90 (9300 (828 (935
Ash 52 53 53 49 5.0 45
(1106)  (100.0)  (1082)  (1021)  (1316)  (100.0)

GE (kcal/kg) 1575 1575 1648 1727 1733 1769
(903 (914 (941D (9700 (956 (960
Moisture 714 718 718 71.0 70.9 70.4
(1026) (1029  (1033) (106> (1028  (1022)
Protein 16.7 16.7 16.9 16.6 16.5 165
(960) (944 (955 (95 (954 (954)
5 Lipid 53 64 65 70 75 84
(654) (81 (813 (814 (87 (913
Ash 58 53 54 48 46 45
(1234) (100.0) (1102)  (100.0) (121.1) (100.0)

GE (kcal/kg) 1484 1542 1567 61592 1642 1718
( 85.0) ( 89.4) ( 89.4) ( 894) ( 88.7) (933
Moisture 744 732 - 723 72.1 71.2
(106.9)  (104.9) (1034) (1045  (103.3)
Protein 154 16.4 - 164 16.7 16.8
( 885) ( 92.6) ( 95.3) (965  (97.1)
9  Lipid 4.2 45 - 6.1 69 6.8
(519 (584 (709 (712 (739
Ash 5.7 55 - 56 52 55
(121.3)  (103.8) (1166)  (1368) (122.2)

GE (kcal/kg) 1268 1350 - 1496 1588 1585
(727 (783 (840 (858 (8.0

! Gross energy was calculated based on 5.65 kcal/g protein and 9.4 kcal/g lipid.
? Parentheses . % changes when body weight of 0 week was regarded 100.
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Fig. 4. Gross energy changes of whole body of Korean rockfish during starvation after fed different
levels of dietary n-3HUFA.
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Fig. 5. Moisture content changes of whole body of Korean rockfish during starvation after fed
different levels of dietary n-3HUFA.

AR 268 BIREF 5443 2 ¥34X3Y S n-3HUFA 3o 52 RS o
EREZH A Jdehdt BERERHNZ AolE JEded, #alike] Zojdd mat B FAdxd
A A ZasAn, FAADLE 4 FUEIAY QAT £E28 FASA T (Fig 6). TAA A /A
FSAAE e HY 713e] A4-F 2ERERAA Frtste 338-g vellen (Fig 7), 3] n-
3HUFA €&°] & BERE/ dudez Fr1Eo] s

Atg o] n-3HUFA £ wef #RE EIEEHEC] olm & Aol& Ho £fapge FAXAH

o
p

o
=
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HSAAAE F n-3HUFA 22 AL 9 BRRAEEHARY) 93-S o} n-3HUFA7F B& RS 2o
BIE= EPA% DHAZ-2 n-3HUFAZ} Adido g Pol AT} Al & FAAA A%
n-3HUFA Eo} #EAGMMGES T8 2t2 59~145% 9 83~24.1% 2 JehT A28 =719 w
H| 54X d 9} n-3HUFAE 4.6~19.6% 9} 52~17.6% & UENL} kol = n-3HUFAS] £ =7
= AUTh B3 EaE S4AF $9] 16:0 ¢ DHAE Z718H 2.1, monoene B (16:1, 18:1), n
3% (18:3, 18:4, 20:4)9} n-6% (20:2, 22:4, 22:5) RERHEES 7239t (Table 3~4).
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Fig. 6. Polar and nonpolar lipid changes of whole hody of Korean rockfish during starvation after
fed different levels of dietary n-3HUFA.
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Fig. 7. Changes of polar lipid/nonpolar lipid ratio of whole body of Korean rockfish during
starvation after fed different levels of dietary n-3HUFA.

Table 3. Fatty acid compositions (area %) of polar lipid fractions in whole body of Korean rockfish
fed different levels of dietary n-3HUFA

Diet No. 1 2 3 4 5 6
Weeks starved 0 9 0 9 0 9 0 9 0 9 0 9
Fatty acids

14:0 28 26 24 26 29 — 13 56 72 36 48 44
16:0 143 232 274 377 295 — 156 242 192 210 167 416
16:1n-7 59 — 19 11 32 — 83 25 79 52 60 12
18:0 51 49 26 36 31 — 52 55 58 52 59 44
18:1n-(7+9) 246 181 222 182 195 — 197 208 202 207 20.7 155
18:2n-6 247 280 263 220 193 — 146 164 87 60 111 83
18:3n-3 68 59 44 32 47 — 108 61 88 78 80 30
18:4n-3 1.1 16 04 - 07 — 09 - - - 22 -
20:1n-9 1.1 14 08 07 - — 05 — 22 20 16 17
20:2n-6 07 09 07 05 - - 18 — 09 - 16 -
20:4n-6 06 07 02 05 09 - - 12 06 15 05 13
20:4n-3 18 — 07 - 11 ~— 18 — 08 -— 18 05
20:5n-3 17 27 25 15 41 — 23 36 41 57 49 35
22:1n-9 - - 05 - - - - = - — 09 06
22:4n-6 13 — 04 02 18 - 07 — 07 — 05 -—
22:5n-6 26 10 13 12 — — 43 10 31 28 36 06
22:6n-3 24 79 45 69 65 — 52 118 88 184 78 128
24:0 06 06 06 03 28 -— 13 12 11 - 16 07
Total (n-3) 138 181 125 116 171 — 210 215 225 319 247 198
Total (n-6) 299 306 289 244 220 — 214 186 140 103 173 102
n-3HUFA! 59 106 77 84 117 — 93 155 137 241 145 169

! Highly unsaturated fatty acids (C=20).
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Table 4. Fatty acid compositions (area %) of nonpolar lipid fractions in whole body of Korean
rockfish fed different levels of dietary n-3HUFA

Diet No. 1 2 3 4 5 6
Weeks starved 0 9 0 9 0 9 0 9 0 9 0 9
Fatty acids

14:0 21 32 23 18 23 — 27 46 33 60 44 26
16:0 147 126 161 156 208 — 160 127 211 218 174 115
16: 1n-7 30 45 31 26 34 — 55 111 62 48 63 82
18:0 35 34 34 35 26 — 34 19 28 22 31 21
18:1n-(7+9) 266 275 291 286 263 — 308 266 272 289 271 275
18:2n-6 357 361 337 335 283 — 238 233 141 55 69 176
18:3n-3 38 33 39 26 31 — 23 16 21 11 13 23
18:4n-3 04 03 04 03 06 — 07 04 08 07 11 09
20:1n-9 14 21 19 27 27 - 19 43 44 69 67 40
20:2n-6 03 02 - 03 02 — 03 03 - - 03 03
20:4n-6 - 03 01 03 03 — 05 03 08 06 08 12
20 4n-3 04 01 - 02 03 - - 02 02 04 05 03
20:5n-3 22 23 18 22 28 — 48 33 56 54 75 72
22:1n-9 04 10 04 14 08 - 14 23 28 39 42 27
22:.4n-6 15 - - 02 - - - 01 05 02 - 01
22:5n-6 - 01 05 01 04 - - 01 07 — 02 05
22:6n-3 29 28 28 39 43 "— 57 61 78 104 116 101
24:0 14 03 02 04 07 -— 04 08 - 12 05 08
Total (n-3) 97 88 89 92 111 — 135 116 165 180 220 208
Total (n-6) 375 367 343 344 292 — 246 241 161 63 82 197
n-3HUFA! 556 52 46 63 74 — 105 96 136 162 196 176

! Highly unsaturated fatty acids (C>20).

5 R

AH 57 A E EEY 3 EBE 80 U AAsE ASE Hol, AR oux EHozH
FEEE olvE HAER ok Ak o|§H e Aoz vehgrt &3] n-3HUFAZL d7lE X e Alg
19 B¢ o& gRE v 3 dux FH EES Bo) AR3 A Uz BESEO
ol&xo Y 55 Fox= KAHE A& A% #4ad Ao FHAY WEABY Fis AR
HAbol ZAFAHL 9L VA= F23F g9tk n-3HUFA REES BENYE 482 14 55
Foll AT e FASA=S, oleidt IS AMY B, AR AN LS glucose’t EH
BolA BZE7t o]l I3 g wet o= 7)1t o] FRE glucose Al ketone A7} oY= &
o® HI3Evi Huso gtk (Mayes 1988). olo] 2AE T KW Z9Eg% Q7te] A9}
H2g Aog HFHol 2 53 o|Fox EHE 48 93 o2 41 fgEo) AL
#FaE Ho] obdrl Mzhen,

e T 2ERES] S4AEE A A FFECE FAE v, HSAXNIL A% gadt
o RE F duyxA FHoz AMEHJeH, n-3HUFA €80 e ERBES ZAXA/MZTHNA
H7t s iiEo] dojdol e Jide g F71Eo] 52 AL BjZ XA Ardo] AhHoz
F3%7) mEolth Satoh et al (1984)2 Belmols F EWEE (15T, 25 T) oA #eAA# BERKe)
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Hsls ALY R, 2AE EREY BEEE <A Asdrt 270Y o] FREH HaEol
F7le 48 B2, S48 FFe dF 52 FAH 94, triglyceride”t olH A Re 2

ARgEo] Ald PAEJAGT Bastdn), Jol9 FRME Y #EAES (Takeuchi and Watanabe
1982)l = A4 7|t 5t triglyceride’} ZA8le] AEEBoI A9 2o] F A Fow vZA
2| A o] o] &= At

A% dojAle 3424 F DHAE 57189 2 W, monoene B (16:1, 18:1), n-3% (18:3, 18:4,
20:4)9} n-65% (20:2, 22:4, 22:5) MalheS A deld oz DHAZ Z71E AL dAoeg
A A7HE AR ZHA T AU A Fer WeEHA] Ees 3=, DHAE 4
o) #E ez $83 Jd8L = Fiie s 434 Utk AEEI A9 2ol EPAYE # A
L7~49% oA BRI 1.5~57% 2 HHZ 52 HstE Ho|x &2 ¥hd, DHAE AR 24~88
%ol A MR 6.9~184% 2 B A8 Z71g Ao 2 Hol EPARCF DHAZF Ao o =03 e
@3t iMooz F3ddo olHEd AFe= F % (1993b)o] ZFEH B microsomal
membrane®] BREM] DHAY 8748 AA npel dA3tn o, e AR 23
B (M2 dM % 44 DHAZ} EPARTE o &3ba o] #a=Egnh ols} 22 DHAS Z7171
92 BV n-3 % THEAEEEA Y A8 A=A BE4As). daigoel, ol ¥4
% ARl doAdFE F9A2 9 DHA= S7M8vt B 15| o} 0] (Castledine and Buckley
1980; Takeuchi and Watanabe 1982;Satoh et al. 1984) AEFHT TS AL HYdh

HWAR Y FAAEL AAH o2 74 AE BAe, vSA4ARE T2l RIRERS 1610
o] Zadle A oo 5 W3 FFS UEhlA e Aoz Hol AR YA FHoZ HF
AA Fo EF el g oz o] &H Aol ojtlgl RE Xutilo] Eo] o] £EY o
o2 AZHAr)h Kaneko et al. (1966) 9] FAMEo] AERINAM BES BAN BRI A8
Froll BAQlel dAEA A, 2EBENAN F21H o] EPAY DHAS #2 n-3HUFAE A
Ho g Z78he AES YeElel 38 Takeuchi and Watanabe (1982) 2] g olot ZA7/40] #
AERAME AR AHT A5y SR/ o LA BAKY BE EREMNZ A
o]& Bom, Jojot FANEY fERAEEMEALS W3t AFE MZ 2 A JehtA ffEdl oe)
U] o g ol&sw MiFMER T dEdn Biuse )

Murata (1979)9} Murata and Higashi (1979 o] Z%2 mitochondriadl4} 18:10] B-
oxidation® 7] 4 A2k 22:6n-3 & B-oxidation¥ 7] ojEl 9] oUx] Fo R I g Fgsity
#7243tk =8, Murata and Higashi (1980)9] Yo} HBAERIAM KR T BISAANEY Iy
B ErEo] AAIEIIL B-oxidationo] EXETEL Y =H, triglyceride’} F oA FHo. 2 o] & &,
2 % 18:1 18:2n-6 ¥ #2 TEEfMEIAEsC] ¥ o o]&o] o AEGI Y} ]9 Zo]
Bffol v BRIEH wetA ol&He Aty EH7F d2A JepAR, KERN A= ¥4
A Fol BE AWite] BF3A o&HE Aoz veroen Castledine and Buckley (1980) 2
FAME #AEERIANE XERT 2L AL 2L

o] HREE vFo] Ko}, AN F BERL 2 BSH B EREMIIZ AJolE e
We AL #80 AHT ALRe] BIFRERC T2 Brilie] Wi =] dios 490, &
g FAAE Fo DHAE AWdAld Fa3 EAZA BAYKE 5 S7EeH, kAR 298
go] F A HE HFAHAE Fo ZE BUECE o5 BF FNT o] &IAT. MK E
Dol e B ImEA Hol HF o] AT A7), v olfd 2 drjEgkel A7)
HAKEZL 2UHBR AN BHY BRERES $83 9uE s
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Z2HE228S #AANHS o A2 n-3HUFA &80 W& AgEe] #slE A A3l
n-3HUFA & ko] T2 62 AR (n-3HUFA 0~15%)% 108K AFS 2JE2S 9:8H
BEAIZ A3 98 B %o BENIRS 140~171% HHEA n-3HUFA o] =2
AEE A3 EREISFE BERAVE AJ0 EAE & 288 s JddMe
RE HRRENA KoaEol /sl HEES #adtte A4S BYoen, 53] n-3HUFA
BeFo] ¥ FMKHE (n-3HUFA 0~03%)0A JEESES] M LiEel w34t EREE
£ n3HUFA 0 @SN 25 A 5 FAZIAE #Fadicrt 2 ojFole 98T &
& §A% 9d n3HUFA &M SRES 55 o3 Alg 143t9 n-3HUFA &%
& atolE vhely it

Zffmo] FAXNAL ALK T FERE 2T U2 9T &S FAG oY, v
MR Mo #ad Az, AN st uet SAANAMSAAE ot S7Hstd v =
A Aol jpale F dur Foz AMEEHAT KA 2K S92 DHA ¥
iR ve 2 Fog Zvlstg oy, vF4x A EiiEHRKd s 583 W A
=3

2 %E XK
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