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Abstract : Blubber plays different biological roles in cetaceans, including structural support, physiological
demands (thermoregulation, streamlining, buoyancy, etc.), and energy storage. As such, biochemical
composition, especially lipid, in the blubber may be vertically stratified in order to effectively assist with
these functions. We analysed lipid content, class and fatty acid composition in the blubber of by-catch
minke whale (Balaenoptera acutorostrata; n=11), long-beaked common dolphin (Delphinus capensis,
n=3) and Pacific white-sided dolphin (Lagenorhynchus obiquidens; n=2) from Korean waters. Lipid
content for all three species ranged from 55 to 96% of wet weight, with a dominance of triacylglycerols.
Vertical stratification of blubber lipid content was different between species. For minke whale and long-
beaked common dolphin, it increased from inner (near the muscle) to outer (near the skin) layer, whereas it
decreased for Pacific white-sided dolphin. Thirty-one fatty acids were found in all blubber samples and
vertical stratification of fatty acid composition was similar among all three species. Among grouped fatty
acids, monounsaturates were the most abundant, gradually increasing from inner to outer blubber layer,
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whereas polyunsaturates and saturates decreased. Such vertical stratification of lipid content and
composition suggests that the modification and accumulation of lipid occur in the blubber itself in order to

help cetaceans with their specific physiological needs.
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8] (by-caught)so] e dFa0] B 59 day,
s, e S AlRE o853 TH(Table
). & AEe B4 A7l 20°C00H HAEon, &
A& flaEl AEE allEe 5, ARAA IR 255 Al
Azt 282 98k HEAl: WA 2.5~3 cm, W
278 1.1~12cm)E FH02 (0.6 cm)sH] Ao, £
FERE1Y e s e 75, YA E tlF; Fig.

#Fe87lE SRR AH6

B 5, =3 /718
[Dichloromethan:Methanol(CH,CLy:MeOH)=1:1)]Z 2~3W
AHHGT, FoE ABE 28710 Wi, £ 1718
1 (CH,CL;:MeOH=1:1)& #7}st &, oF 1087 =59

Table 1. Information on three cetacean species caught off
Korean waters

Species Size (cm)  Sex Site* Date
705 Male Ventral 2002.8.19
814 Female  Ventral 2002.9.2
750 Male Ventral 2003.7.31
515 Female  Dorsal 2003.8.30
550 Male Ventral 2004.9.13
Minke whale 540 Female  Dorsal 2004.12.8
530 Male Ventral 2005.7.5
730 Male Ventral 2005.11.25
- - - 2009.3.10
- - - 2009.2.8
- - - 2009.1.20
Long-beaked 206.5 Female - 2009.6.27
common 211 Female - 2009.7.28
dolphin 223 Male - 2009.9.13
Pacific white- 218 Female - 2005.12.25
sided dolphin 182 Male - 2007.12.10
*: where blubber samples were taken
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Fig. 1. The blubber of a minke whale sampled from the
dorsal surface
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LABORATORIES, Inc.)Z #A1=o](Ju et al. 1997), A%
class standard(Phospholipid: 1,2-Dipalmitoyl-rac-glycero-3-
phosphocholine hydrate; Cholesterol: cholesterol; Free
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Fig. 2. The content of lipid classes (% of wet weight:
presented mean values with standard deviations)
in the blubber of minke whale (a), long-beaked
common dolphin (b), and Pacific white-sided
dolphin (c)
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Table 2. The relative abundance of fatty acids (% of total FAs; mean value with standard deviation) from blubber
samples on the three analyzed species (Minke whale, Long-beaked common dolphin and Pacific white-sided
dolphin). Tr : trace amount (<0.1% of total concentration); - : not detected; * : indicates all isomers combined

. Long-beaked Pacific white-
M“;‘;‘;K‘;a'e comm%n dolphin sided dolphin
Fatty acids (n=3) (n=2)
Outer Outer Middle Inner Inner Outer Inner Outer Inner
most most

Saturates
14:0 42(0.8) 42(0.7) 4309 43(12) 46(1.3) 50(1.0) 4.0(.6) 6.2(1.0) 6.9(0.0)
15:0 06(02) 0.6(0.2) 07(02) 0.70.3) 08(0.3) 1.7(.5) 13(0.1) 19(.2) 1.5(0.3)
16:0 1292.8) 14.1(27) 15.0(2.6) 158(22.8) 17.1(2.8) 88(1.8) 7.9(1.0) 54(0.9) 7.4(1.3)
17:0 0.6(0.1) 0.6(0.2) 07(0.2) 0.8(.2) 09(03) 06(.1) 0.5(0.1) 04(0.00 0.6(0.1)
18:0 43(04) 5.000.79 5709 650.8 6909 27(0.8) 2.7(0.5 1.7(0.3) 3.0(1.3)
20:0 04(0.2) 04(0.2) 0502) 0603 0500.3) 02(0.1) 02(0.00 0.1(.00 0.2(0.1)
21:0 03(0.2) 03(0.1) 04(0.1) 05¢.1) 04(0.0) 0.1(0.1) 0.2(0.0) 0.1(0.00 0.2(0.1)
2SAFA 233(4.7) 25347 273(52) 292(5.8) 312(6.0) 19.1(44) 169(3.3) 1592.5) 19.8(3.2)
Monounsaturates
14:1(n-5) 0404) 02@.3) 0202 0.1¢0.1) 0.1(0.1) 1404 1204 6.6(1.6) 1.9(0.3)
15:1%* 0.1(0.1) Tr Tr Tr 0.1(0.1) 0.1(0.0) 0.1(0.0)0 0.4(0.0) 0.2(0.1)
16:1(n-9) 03(0.1) 0.3(.1) 02(0.00 03¢@.00 03(0.1) 13(03) 13(0.2) 32(0.3) 1.4(0.3)
16:1(n-7) 146 (1.1) 124(1.7) 10519 9.1@2.3) 872.1) 202(56) 194(3.7) 29.7(3.1) 143(0.3)
16:1(n-5) 03(0.1) 03(0.00 0.3(0.1) 03¢.1) 03(0.1) 0.7(0.8) 0.2(0.1) 0.3(0.1) 04(.1)
17:1* 08(0.4) 0.7(03) 07(02) 0.6(0.2) 0703 1004 1.100.0) 14(0.2) 1.0(0.1)
18:1(n-9) 25.8(2.8) 242(3.3) 22.8(44) 21443) 215(44) 226(52) 269(1.8) 229(2.5) 202(2.5
18:1(n-7) 6824) 6725 6821 71@1) 7121 8168 49(1.2) 2.1(04) 2.7(0.3)
18:1(n-5) 0.4(0.1) 04(0.1) 04(0.1) 03¢0.1) 03(0.1) 04(0.2) 0.3(.1) 04(0.1) 05(0.1)
20:1(n-11) 36(3.1) 3226) 292.1) 26(1.8) 25(.7) 44(1.0) 550.7) 55(1.2) 13.1(@3.1)
20:1(n-9) 04(0.2) 04(0.2) 04(02) 03(0.1) 03(@0.1) 09(1.0) 03(0.00 0.2(02) 0.3(0.1)
22:1(n-9) 30(1.9) 3.1@Q.1) 2917 26(.5 2515 1707 1909 22(0.6) 7.83124)
24:1(n-9) 02(0.1) 03(.2) 03(03) 03(.2) 03(0.2) 0.1(0.0) 0.2¢0.0) 03(0.00 03(0.1)
IMUFA 56.6 (12.6) 52.2(13.4) 48.3(13.7) 45.1(12.8) 44.8 (12.8) 63.0(22.3) 63.4(9.4) 75.2(10.3) 64.1(9.8)
Polyunsaturates
16:2+3% 03(0.3) 0304 0304 0305 04(0.5 0.1(0.1) 0.1(0.0) 0.3(0.00 02(0.0)
18:2(n-6) 22(0.5) 22(@.5 250.6) 220.7) 27(0.5) 23(0.1) 220.3) 2.5(00.3) 1.9(0.0)
20:2(n-6) 1.8(20) 23(3.2) 2639 2646) 2543 Tr Tr Tr Tr
20:3(n-3) 0.5(0.5) 0.5(.5 070.6) 0.6(0.7 04(0.5 0.1(0.0) 0.1(0.0) 0.1(0.0) 0.1(0.0)
20:4(n-3) 1905 1904 2105 2300.5 2104 1.6(05 1.8(0.1) 1.0(0.0) 1.5(0.8)
20:5(n-3) 43(14) 4709 5215 590 5216 29(.1) 3303 2304 3629
22:2(n-6) 06(0.8) 0709 050.7) 02005 0204 - - - -
22:4(n-6) 06(0.6) 06(0.7) 0.60.6) 03(0.6) 04(0.6) - - - -
22:5(n-3) 33(0.7) 3.70.7) 4.0(.1) 45(.1) 42012) 3.0(1.9 3.3(0.8) 09(0.1) 28(1.9)
22:6(n-3) 47(13) 55(1.6) 60(1.7) 6725 5923 79(63) 8924 2004 6049
2PUFA 20.1 (8.7) 22.5(9.8) 24.4(11.7) 25.7(13.7) 24.0(12.5) 17.9(10.0)19.7 (4.1) 9.0 (1.3) 16.1(10.5)
X(n-3) PUFA 14.6 16.4 17.9 19.9 17.8 15.5 17.3 6.2 14.0
X(n-6) PUFA 52 5.8 6.2 54 5.8 23 22 2.5 1.9
%(n-3)/(n-6) PUFA 2.8 2.8 2.9 3.7 3.1 6.7 7.9 2.5 7.4
Total concentration g0 o761 2546 2073 1485 3258 3011 2622 3302

(ug mg™' wet weight)
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Fig. 3. The relative abundance of grouped fatty acids
(saturated, monounsaturated, and polyunsatu-
rated) in blubber layers of minke whale (a), long-
beaked common dolphin (b), and Pacific white-
sided dolphin (c). Presented mean with one stan-
dard deviation

e AR} 1‘% TOR pFoiA £33 A

#o] W el o FelshA Uik
4. & 9
Baveet FeEad Aol A FEFe WHE

SEPA T @ TR ArF ST e, ol
A= v Rl IRl dehve S A
el s fAlkskdth 53] 11592 (fin whale;
Balaenoptera physalus)®] 334 %S A5-¢F Ruchonnet
et al. (2006)°] ZAzfol] W=, TR o] 2]F-o] WZol

Hla o B ) A PRk Adch. 9 B
2R ASAYE] 9% & £4L Zol7] Sl
BE g A A FAZA Bt B YA

o] W3, o]F, Aol dojubr] wjitol] £l Bl A
3 SH(Aguilar and Borrell 1990). 221} 2]
AN Aol F-9], YAl arefe] A=, v F
ol W}E} Q)T WFe A o] thE2A vERsT ¢
£ 5o, 11dge] A g 3o F(dorsal) T
o] 7P =kom, o]E 3k xfo|= vl (ventral)7l & -
Ht} o ddsial ghgido] s, 5 2 = oy
A& Axsh7] Wl Ao E 21l E]‘}ﬂ\r/]-(Lockyer et al.
1984, Ruchonnet et al. 2006). B8t 715-A 572 2] T3]
WS 1A% OE Aolie Al dle] e 2 A
7o vt A ohke] wske}t fAfskAl kA e
2ol ol Histe] A o] o & Zo= UE
Y THAguilar and Borrell 1990). & oA = I kAW
o] o] EFold A ER FAE ] AAANE Tk
E AFoM e TsREe] A class 7o) thFsHAl o
ERstt}. 8l 7ef (white whale; Delphinapterus leucas)2] 73
= EflopdIgAEel 7P Bkon Wae(killer
whale; Orcinus orca)?] 73-5-ol= I A L] QoA <
2 A EHEZE WA Egjord 24l &9 dhFel 7t
=2 A7 BIFEAY(Krahn et al. 2004). =3 )
Aol A M alss F=522 (bottlenose whale; Hyperoodon
ampullatus) DAL 7P -8 Ak 22 of| &
HEgon, Y3l For A4E EjoldIeAE
o] o] HaF FUlske S B th(Hooker et al.
2001). B-23} oA A7l 71 gol ARE= A
Egjold I EF g o AHERA, 7t AAshe
e o] 3t 7} JhAe] AelA 7)Ao wet MeE o
2 A AAst 58] g o iH 2 ERoldF
AlZol Hlsl Zerdo] WaL oy ol &7] wiel
A9} o] o] Bre o] S YFEfFROAA THE
ol WHxE Aol FEjo]rk(Sargent and Henderson
1986). o] 3 ATFE T3l A2 9o 2 Lol v
2} ek A class Aol EEftivhe As gRlsk
ok ey B Aol s A S AlQlg A class
T/ W3} BAEA = 3Tt
oA HeAEE AR Ao ¥MEsA
Moller et al. (2000)7} 149vt2] ] ®aarel o)apA S
A& Aot ARl vebstth. sl EF-F7 3l sk
AARE ATelr] ARRE 27100 iAol T A}
o)2 HEap AT 5 YA, Kakeld et al. (1993)
o] AFE T AFFHEH (rlnged seal; Phoca hispida
bomica)Z} S)ANBITIEH (grey seal; Halichoerus grypus))]

S r1o
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SR} 9)Fo A= Zo 2 BArti(Koopman et al.
1996). B3+ FalAe] AWAF F (n-3)/(n-6) PUFA 43
HlE A" wel 3ol & molE AoR HIHT Yot
(Samuel and Worthy 2004). (n-6) PUFAS] F=+= A& Z

© 2 H37} Qle Al (n-3) PUFAE 28T Ago) o
FERF
ol o2 H

BA
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&S

Aol WEH £ At 0] tdETE A
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E A7 AR} Ak S A A M-S Al
g}ol 5k tHKoopman et al. 1996). 3FAI T J] &k HkS-
SoET vro] A E A, dsAEEol e A W
P FHAA A g A ARE A7) oSl
2 dAiXe a2EstE AR FolA 16:1(n-7), 4 BRES FXsk= H /F-851H7]
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(Lockyer et al. 1984). Ho]& &

T o,
o2 3ol A =, 93]
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