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Studies on the Processing of Powdered Katsuobushi

and Its Flavor Constituents
2. Lipid Components of Powdered Katsuobushi

Kwang-Soo OH and Eung-Ho LEE*
Department of Fisheries Processing, National Tong-Yeong Fisheries Technical College,
Chungmu 650-160, Korea

Changes in lipid components of powdered Katsuobushi during processing such as boiling,
smoke-drying were examined. The total lipid (TL) in raw skipkack was 1.8% and it consisted
of 79.2% neutral lipid (NL), 7.8% glycolipid (GL) and 12.5% phospholipid (PL), while powde-
red Katsuobushi product showed 4.5% TL which consisted of 82.5% NL, 92% GL and 8.3%
PL. The contents of triglyceride, digalactosyl diglyceride, phosphatidyl choline and phosphatidy!
ethanolamine decreased when free fatty acid, diglyceride and monogalactosyl diglyceride inc-
reased during processing. Also formation of lysophosphatidyl choline was identified in PL of
product. Total fatty acid contents of raw fishes, boiled sample, 1st smoked sample and powde-
red Katsuobushi were 721.8mg, 589.8mg, 549.6mg and 473.1mg expressed in Cgx. o as the equi-
valents of fatty acid contents. Most fatty acid contents of TL revealed a tendency to decrease
during processing, there were about 43% decrease in polyenes, 36% decrease in monoenes,
and 26% decrease in saturates quantitatively. The major fatty acids in TL, NL, GL and PL
of samples were generally Cis: o, Cis:0, Cis: 1, Cis:1, Coo:s and Co 6.
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2. NERd =28

Bligh and Dyerd (1959)¢). 3t AERE F
£% thS Rouser et al (1967)9 '3yl wiz}
silicic acid column chromatography &2 FAA
A, GXA 2 AxA2 B3P, °)F & Y2
£ AAFEHH &oE AAT F FHFP ¥}

444, 343, AAA9 §F& TAT

3. XEY =4

2yd FAAE, 3XE ¥ JdA2g 4L
TLC 93te] Eel5 Ak TLC plates Kie-
selgel 60Fzs, (0.25mm precoated, Merck Co)E& A}
£39en, AL = Mangold (1969)2} ¥ o]
et FA4A132] ZH$ petroleum ether: ethyl
ether: acetic acid (80: 20: 1, v/v), YA AL chioro-
form: acetone: methanol: acetic acid: water (60:
20: 10: 10: 3, v/v) EFEWE A&, 3AA
< BT (1980) 9] ¥Wdel mE} chloroform: metha-
nol: water (65: 16: 2, v/v)9] EF&"E AH&35
ot ey BA-F3ENE S92 $4AE £
& o 1200004 @dAZY 53L& &4 A3F
HEEFY RigkF v dte 8383, TLC scanner
(Shimadzu dual wave length CS-910)¢ &}3sle z}
zt 28, 348 A2 FUgFE AL
o},
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2YE S4A4, 2xd £ JdAAE 10N
KOH/95% ethanol® B|738-& ¢}-& 14% BFs-me-
thanol 3mlE 7Fsto] 95Tl A 3082 &F7HE3)
of AWt methylester®2 TE o GCEX £4
gt §H X4 A= EWtReRA A
2% & FAARAY A F wsle 457 A
8te] Suzuki et al. (1985)9] wWrgol wet A&

Table 1. Changes in lipid contents during processing of powdered Katsuobushi

CEER

200mge AP A7) JEEFEDAZA trico-
sanoic acid (23: 0, Nakarai Chemicals, &%) 10
mgs EFstA 9 Fe Wyo s vRdsa X
W4t methylester® ZA 39 GCEXN B3t
ol 7t Aate] §#FL tricosanoic acid mg
#Z YA GCY EAdxde e 2 g4
Aite] 532 XEX4T (Applied Science Lab.
At Rske] W@ 2 Aate] o] AES49 Rt
ole] Y=g o]&3th Instrument: Shi-
madzu GC-7AG, column: 3.1mX3.2mm id. glass,
packing material: 15% DEGS on 60—80mesh Shi-
malite AW, column temp.: 195, detector: FID(250
©), flow rate: 50mi/min. (Ny-gas).

PRVt R A AzAAY F & ARy AFE
silicic acid column chromatography@ FA A&, 3
A 2 QAXNEA2 23 I ZAule WIS
A% H3s Table 17 2o} darigagdols &4
ADYEY 2L FAA) 799%, BAA 7.8
% R AXZo] 125%22 4 FAXA9 #Fol A
33 Zoled sitlateles EE Ao A3 2 o
FolBE X go] He FAXA, 53 trigly-
ceride ¥%0] ¥ Aoz Az A9 olE
AZAGE] =ne YA, JYF: S =
g o)zt A& Aot AxAY F 4 AFLYE
Z4H e AgEHEY HE AXAY BS
2 #qFo) AR Fase wE AFez FA4X
A 4 ARG FL Foee FEE vehd
Az AF EWt2eRA AFY =4vEe F4
A 825%, TXE 92% B AAAo] 83% Ak

dEritge], A&A R, 13FEAANE 2 A=
{E AF 492 £48E& TLC 2 TLC sca-
nnerl] 9J8jA £, £33 ZFAE Table 29 2

(wt %)
Crude lipid Percentage in total lipid
content NL GL PL
Fresh skipjack 18 79.7 7.8 12.5
Boiled skipjack 2.7 80.5 89 10.6
1st smoked skipjack 41 814 8.6 10.0
Powdered Katsuobushi 4.5 82.5 9.2 8.3
NL: neutral lipid, GL: glycolipid, PL: phospholipid
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t}, YdE7ldFole triglyceride (TG)7} 96.7% =2
FAAAY dRES FASL UL, v free
sterol (FS), diglyceride (DG) ¥ free fatty acid
(FFA)E TAH ] 23t EF sterol esterst hy-
drocarbon®] EAF HEHUh & & F4 59
THE& T TGE HA #4siyern] FFAs
DG FFo] Frtetdh AFA= A% FHR A
o] %4L& TG7F 815%, FFA 12.1%, DG 48%,
FS7} 1.6% ol ATt AEAZ A S F2AHAZY o
e WEe TG7L lipased] A% 7143 & €9
o5t Esi=o] FFA ¥ DGZt F71891 =&
A A9 s A= A Eate] St

£ 202 FAHE od AAH KHATUAS
a2 e o JdEdHe] EUsine i
24 g FHEAHEY ASHATAR FE3Y
7t2Q FA B YAl AFEHe] B A2 4
2yt (PESE, 1976).

At RA Az F AR, XA
ZA¥3}E Table 33 2tk BRI 2A4dA &
E7FhHel & digalactosyl diglyceride (DGD)7T 41.
0%, monogalactosyl diglyceride (MGD) 27.0%, ac-
yisteryl glyceride 16.6% 2 FAES oJF1 UA
o AFEAR B4F UL ZAZLR] FL

3t ¥ MGDE ¥l Frhele A Ee veh)
Aot #9 AartchFole) A A=4L phospha-
tidyl choline (PC)o] 735% &4 §Fo] 713 &t
$2 2 phosphatidyl ethanolamine (PE) 22.7
%, sphingomyelin (SPM) 38% & T35 ¢} 313t}
As 2 FAAE F PCY PES ¢ §gol AR
Aaste] AFAZ JF 590% R 140%2A Al
Z3F F PC7l & 20%, PE= o 38% 74§ uk
H f8odMe FAHA SR lysod IXEAQA
lysophosphatidy! choline (LPC)°] A/3= o] A&
Z AF AAAY 90%F AAIFL U, 2
Az F SPM4 Aule F7FtAed ole PC
g PES] #del] wE A3 @4olet gZdch
Keller et al. (1973)& ¥ujo]18& £-& 60~70C2
7483949 LPC ¥ lysophosphatidyl ethanolamine
(LPE)e] A/=l& wd PCS PEY Z4E 9
Ptz EAEH 8% 2HE ZaF b Uk
Lyso¥ <1AEL& XA ] phospholipase Aol 2]
3 FHFREAEAY sthd o5 Za=o] BAEH
=] B4 A= phospholipase A7} E-&4 55
7) Ao o] e 4% PCY £ ¢ AFAz F
7+gel 93 PCrt £l A4HAT T FRL
t}. ¥ ©]$& lysophospholipase?} E4do] 78]

al

Table 2. Changes in composition of neutral lipid during processing of powdered Katsuobushi

(%)
DG FS FFA TG ES & HC
Fresh skipjack 14 15 04 96.7 trace
Boiled skipjack 19 12 3.6 95.3 trace
1st smoked skipjack 35 14 89 88.2 trace
Powdered Katsuobushi 48 16 121 815 trace
DG: diglyceride, FS: free sterol, FFA: free fatty acid TG: triglyceride, ES: esterified sterol, HC: hyd-
rocarbon
Table 3. Changes in composition of glycolipid and phospholipid during processing of powdered Katsuobushi
(%)
Glycolipid Phospholipid
Unknown DGD CMH SG MGD ASG LpC SPM PC PE
Fresh skipjack 8.7 41.0 5.6 11 270 16.6 - 38 735 227
Boiled skipjack 5.4 48.5 6.9 15 23.9 12.8 19 119 676 186
1st smoked skipjack 2.8 416 48 14 379 12.4 7.9 175 601 147
Powdered Katsuobushi 0.7 232 2.0 2.0 58.8 13.3 9.0 180 590 140

DGD: digalactosyl diglyceride, CMH: cerebroside, SG: steryl glyceride,
MGD: monogalactosy! diglyceride, ASG: aclyteryl glyceride, LPC: lysophosphatidy! choline,
SPM: sphingomyelin, PC: phosphatidyl choline, PE: phosphatidyl ethanolamine
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lyso® AA Aol FFHA geve Hix Yo
(EER4, 1970).

Table 40 £%7t2eBAl Az F AW
#F dsts et ARREEe 4 A=
A F&F AF 169 23: 0 (tricosanoic acid) 9
mgT 2 YeER At 2+ ity Agge £438
71 984 WEEFEAE AT 23: 09 peakE
gas chromatogram’goll A 22: 0 & 20: 5 Alojol] 1}
Bstth AEFANE 5 FTAAXNA] e W

€ 2d fgasiddeld AL JE 127 23 02
NELZ 7218mg, ASAEE 589.8mg, 13 4
A& 5496mg 1Y I EAVIA QBN AEL 4731
mgl. 2 A&A % 18%, EFRS FAA 29
oF 35% 9] AWhato] ZAF{T ol A% R ¥
AA] 4719 Az WA e} o] zk A
Fro AR aaL stde) 93 faX
Hdez Eise] AFe Fad A AY A
HEZR AEEEY] gEez 4% g4

Table 4. Changes in fatty acid contents of total lipids during processing of powdered Katsuobushi

(mg/g-lipid as 23:0)

Fatty Fresh Boiled

1st smoked Powdered Sliced

acids skipjack skipjack skipjack Katsuobushi Katsuobushi?
14:0 28.9( 397 194( 3.3) 18.1( 3.3) 182( 3.9) 20.3( 4.0
15: 0 82( 11 700 12) 7.0( 1.3) 58( 1.2) 37 11)
16:0 165.4( 22.9) 139.5( 23.7) 135.4( 24.6) 118.0( 24.9) 84.4( 24.9)
170 12.8( 1.8) 14.8( 2.5) 12.9( 2.5) 9.4( 2.0) 43( 1.3)
18:0 51.1( 7.1) 50.5( 8.6) 52.7( 9.6) 46.5( 9.8) 31.3( 9.2)
20:0 71( 1.0) 7.7( 13) 44( 0.8) 4.2( 0.9) 32( 09
22:0 2.0( 0.3) 2.0( 0.3) 2.1( 04) 2.0( 04) 14( 04)
Saturates 274.6( 38.0) 240.9( 40.8) 232.6( 42.3) 204.1( 43.1) 148.6( 43.8)
14:1 L1( 0.2) 10( 0.2) 1.0( 02) 1.0( 0.2) 1.0( 0.3)
15:1 52( 0.7) 25( 04) 21( 04) 11( 0.2) 0.7( 02)
16:1 50.8( 7.0) 35.8( 6.1) 304( 5.5) 289( 6.1) 245( 7.2)
171 81( 11) 7.0( 12) 6.2( 1.1) ' 49( 1.0) 39( 12)
18:1 110.5( 15.3) 83.2( 14.1) 82.3( 15.0) 76.7( 16.2) 54.3( 16.0)
20:1 10.1( 14) 8.9( 15) 8.7( 16) 54( 11) 39( 12)
221 32( 04) 23( 04) 3.1( 0.6) 3.3( 0.7 1.6( 0.6)
Monoenes 189.2( 26.2) 140.7( 23.1) 133.8( 24.4) 121.3( 25.6) 89.9( 26.6)
18:2 13.3( 1.8) 75( 1.3) 7.1 1.3) 6.5( 14) 58( 1.7
18:3 52( 0.7 45( 0.8) 48( 0.9 44( 0.9) 75( 2.2)
18:4 3.0( 04) 25( 04) 2.7C 05) 2.0( 04) 1.1( 0.3)
20:.4 204( 2.8) 14.1( 24) 14.3( 2.6) 13.1( 2.8) 83( 24)
20:5 35.8( 5.0) 23.7( 4.0) 222( 4.0 185( 3.9) 18.0( 5.3)
22:.2 6.2( 09 ‘ 75( 13) 82( 15 74( 1.6) 53( 16)
22 4 169( 23) 14.1( 24) 13.6( 25) 85( 18) 22( 09
22:5 6.7( 0.9) 45( 0.8) 42( 0.8) 45( 1.0) 24( 0.7
22:6 150.7¢ 20.9) 129.8( 22.0) 106.2( 19.3) 82.8( 17.5) 49.6( 14.6)
Polyenes 258.2( 35.8) 208.2( 35.3) 183.2( 334) 147.7( 31.2) 100.2( 29.5)
Total 721.8(100.0) 589.8(100.0) 549.6(100.0) 473.1(100.0) 338.7(100.0)

DPurchased from local market
D% to total fatty acid content
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daritdgole APAzAHL 16: 0 FAHAELE
3 X3lito] 274.6mg (380%) 02 FFol 714 B
Sk, ohgo] ZE At 258.2mg (35.8%), R4t
189.0mg (262%) wolAch FLTFAX AL R
16:0, 22: 6, 18: 1, 18: 0, 16: 1 2 20: 5 59 o]
gt EUUl2 R AEL 4L
A2 16: 08 FAR § E3Hto] 204.1mg
(431%)e2 FFe] M BRI, ooz Fi
N2t 147.7mg (31.2%), =Rt 121.3mg (256%)
ol 16: 0, 22: 6, 18: 1, 18: 0 ¥ 16: 10] F
STARAARNI AT, AFAZ A F & AT
ekl Wists AUy AKold FIAFTA T
22: 6 & 20: 58 FAELE e Zdie &
o] 433 ZAadd AxF AUFLE F 43%

dgolst

o EYAie] EEAE 5T A Aol
QoM AEF F 26%9 F4AE HolT o,
AA At A5 WL d=27ithgols) 38,
0% 1Y H&lo] FAFAFL 431%2H 2 24
£ ta F7HET ¥ Rxedid 9A) Az2F o
36% 2 THe ZAS Holu zAddME Ag
Wy gisith olde e Kol AFAX FA
F thE] Aito] F7o) wE ol Jont
#ZHadte ZF%E Holi 9lod, FHAivge %3
2bell wlE] XA Wate] Zoh B FnE AR
7t BEA Y NWaEgFe EAM3Y Yehlsie
o & AAET vnste] Bof Audzdeies E
o7t go dAoFd e 4T FFalol g
Holm gIiel ol 103 olde FAAT %

Table 5. Changes in fatty acid composition of NL, GL and PL during processing of powdered Katsuobushi

(area %)
Fatty Fresh skipjack Boiled skipjack 1st smoked skipjack Powdered Katsuobushi
acids NL GL PL NL GL PL NL GL PL NL GL PL
14:0 44 59 18 32 6.3 14 44 38 09 46 54 06
15:0 12 15 0.2 14 16 38 1.2 11 28 10 11 14
16:0 233 228 187 246 24 202 264 233 223 281 235 231
17:0 1.6 06 2.6 25 0.7 10 23 15 10 2.2 11 16
18:0 6.7 5.1 6.3 85 69 9.1 96 9.2 109 103 88 125
2000 10 20 10 15 15 14 038 12 05 0.9 0.9 0.5
2200 05 04 0.1 04 0.2 04 0.3 04 12 0.3 0.3 12
Saturates 387 383 307 421 39.6 373 450 405 396 474 411 40.9
141 0.2 1.0 0.2 0.2 0.1 0.2 0.2 - 0.1 - -
5.1 0.1 0.2 - 0.2 0.1 - 0.2 0.1 - 0.2 - -
16:1 73 49 2.7 6.3 6.7 17 7.0 5.6 21 64 52 34
1701 1.0 0.7 1.0 11 0.6 04 11 05 05 09 04 0.3
181 152 11.7 108 145 137 10.7 150 13.1 111 153 139 115
20:1 13 46 35 05 3.7 50 1.2 12 49 32 6.2 51
221 04 33 24 04 18 06 12 0.5 02 0.7 0.7 1.0
Monoenes 255 264 206 232 26.7 184 259 262 185 268 264 212
18:2 1.0 22 0.7 1.2 2.2 1l 15 23 19 14 20 08
18:3 0.9 0.2 0.6 08 04 04 09 05 05 09 04 02
1814 04 17 04 0.5 15 0.1 05 04 02 0.6 0.3 0.1
204 23 1.5 52 17 11 45 2.5 28 46 26 18 46
20 '5 4.9 21 6.5 3.7 2.0 52 41 28 39 36 1.8 32
212 13 08 20 1.6 0.7 13 15 13 14 19 19 12
224 20 18 31 2.2 1.6 31 12 2.6 34 16 35 33
2215 10 13 0.7 038 0.9 07 0.7 1.0 09 09 20 0.9
2:6 22.0 23.7 295 22.2 233 279 16.2 19.6 251 124 188 236
Polyenes 358 353 487 347 337 43 29.1 333 419 259 32.5 379
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FgolEoly] FAHLE AF xyate] ul 43
A=Y H2Y Aolch,

Z AgolA 2% F4x4, 3x3 Z dx3F
9] AFArZA L Table 59 Zv}, Erirstol g
Az e T4 € A9 3% 16: 0 2 18
0S FAHEL=E e Eite =467t 387%,
383% 24 7Hg %I theo] Edi Bied
2] ¥ QAR AL 22: 68 FAELE e =g
Aol 2AH7} 487% 2 AA 9 o Ay XA
s dges X3, 2xAdd &olgth
ANALE Y FRFTYALIL 16: 0, 18: 0, 16: 1,
18: 1, 20: 5 ¥ 22: 6919, IAEL FAHAR
vl 22: 6, 20: 5 B 20: 48] ZAH7L B ukA
FAAAL 16: 0, 18: 19 A7} =94oh ¥H
TRt Al AFY FA4XAYg 24L& 16: 0,
18: 02 FAHE o2 e Xdito] 474%, L0
2 18: 1, 22: 62 FAHELE = R (268
%), 2843 (259%) &olth BA 2, QXA
A5 X3t =47 A 411%, 409% 2 7}
F wkon, ggol EA4F (325%, 37.9%), &
=t (264%, 21.2%) oAtk s L FAA
2 29 Z Atz e $4, 9, AR
H2 g FHole glov il 22: 6, 20: 5, 20:
49} 22 =B IZIAENe 2Au7 gidte
¥ 16: 0, 18: 0 2L XIS FUEle BY
oA, 16: 1, 18: 1 59 Hicollake] ZAH]E A
9] ¥zt i

Sl

2 o}

EA7t2 o R Ae] E4d AFHgoz FTFS 1|
e AZPEE 2987 98 ASAZ F 49
ve AL Hsle) dste AP

dsrtdFele FAAzYL FHANE 797%,
AR 78% B AAAo] 125% 9T, A& L F
A F AzAR F AXFALe F2 24T vy
4, XA v FoElg. 2Ll
A AF 24 $4XA 825%, FAA 92%,
AR 2 83% At AZAAY F 4 ALYEY %
4¥sE TG, DGD, PC ¥ PE Sol Z&3gx
FFA, DG, MGD %9 #%& Frlstgon, LPCY
AT FAHAUT FXAY A2EgFe 5
227 157 23: 02 7122 g8rdFel7] 721,
8mg, AEAIE 589.8mg, 1AFAAE 549.6mg, ¥
DA QBAAE 473 mgl 2 AEAZ F ¢ 35
%] Apato] Ak FAA WAL W

1980 12€ 21¢ HF
1980 29 104¢ 4

 22: 6, 20: 58 FAHRLZ 3 Edae) 4
HFo R oF 43%, B} 36%, E3}4to] 26% 9
ZF4E EAoH, FAFAAAEAAL 16: 0, 18: 0,
16: 1, 18: 1, 20: 5 2 22: 6]}

TR LEA A2F F4, T, AAEY A
dz4d ddke gE¥a gie Hoe oy
2 22: 6, 20: 5, 20: 4 TS TEEZIHA YA
9 2AYle ZAad v, X849 24 F7)
e AFgolNL i A WEs) gt
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