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Development of Functional Seasoning Agents from Skipjack
Processing By-product with Commercial Proteases

2. Flavor Compounds in Powdered Skipjack Hydrolysate

Eun-Jeong Kim and Yong-Jun Cha'
Dept. of Food Science and Nutrition, Changwon National University, Changwon 641-773, Korea

Abstract

Nitrogenous compounds in hydrolysate of skipjack processing by—product(SPB) was increased
6.4 times in amount comparing that of raw SPB. The major compounds in hydrolysate were anserine,
histidine, leucine, hydroxyproline, arginine, phenylalanine and taurine, and composed 56.25% of total
nitrogenous compounds. In fatty acid composition, the highest amount was saturated fatty acids
in both samples. Polyunsaturated fatty acids such as Cz:5 and Cz : ¢ were increased after hydrolysis.
A total of 99 volatile compounds was detected in raw and hydrolysate of SPB by vacuum simultaneous
steam distillation~solvent extraction/gas chromatography/mass chromatography. Of these, 75 com-
pounds were identified in raw SPB, while 72 compounds were identified in hydrolysate of SPB. These
compounds were composed mainly of 28 aldehydes, 20 ketones, 19 alcohols, 5 nitrogen containing
compounds, 5 aromatic hydrocarbons, 4 furans and 12 miscellaneous compounds. Levels of aldehydes
and aromatic hydrocarbons decreased after hydrolysis, whereas heterocyclic compounds such as
pyrazines, furans increased.
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Table 1. Content of nitrogenous compounds in raw and hydrolysate of skipjack processing by-product(dark

muscle) (dry basis, mg/100g)
Compound Raw Hydrolysate
Phosphoserine 7.37( 019)" 14251¢ 0.57)"
Taurine 736.60(18.83) 1,470.68( 5.90)
Urea 13.28( 0.34) 129.31( 0.52)
Aspartic acid 11.50( 0.29) 211.80( 0.85)
Hydroxyproline 12.76( 0.33) 1,868.21( 7.49)
Threonine 30.00¢ 0.77) 697.78( 2.80)
Serine 34.81( 0.39) 421.18( 1.69)
Asparagine 203.24( 5.20) 1,211.00( 4.86)
Glutamic acid 15.70( 0.40) 472.55( 1.89)
a-Aminoadipic acid 65.52( 0.26)
Proline 115.27( 2.95) 438.00( 1.76)
Glycine 58.29( 1.49) 189.64( 0.76)
Alanine 204.65( 5.23) 789.64( 3.20)
a-Aminoisobutyric acid 3.21( 0.08) 108.47( 0.43)
Valine 64.76( 1.66) 1,073.87( 4.31)
Cystine 10.98( 0.28) 162.16( 0.65)
Methionine 53.14( 1.36) 1,068.62( 4.26)
Cystathionine 5.31( 0.14) 300.85( 1.21)
Isoleucine 48.74( 1.25) 820.62( 3.29)
Leucine 99.08( 2.53) 2,179.05( 8.74)
Tyrosine 32.04( 0.82) 640.23( 2.57)
B-Alanine 31.51( 0.13)
Phenylalanine 58.67( 1.50) 1,554.61( 6.23)
B-Aminoisobutyric acid 75.50( 1.93) 41.02( 0.16)
Y-Aminoisobutyric acid 13.56( 0.35) 149.40( 0.60)
Ammonia 21.33( 0.55) 73.88( 0.30)
DL + Allohydroxylysine 21.82( 0.56) 141.69( 0.57)
Ornithine 113.73( 2.91) 5.02( 0.02)
Lysine 889.13(22.73) 1,411.34( 5.66)
Histidine 2,191.92( 8.79)
3-Methylhistidine 462.48(11.83) 74.13( 0.30)
Anserine 328.66( 8.40) 3,041.12(12.19)
Carnosine 136.69( 3.49) 32.05( 0.13)
Arginine 28.68( 0.73) 1,724.71( 6.91)
Total 3,910.96(100.0) 24,942 .91(100.0)
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Fig. 1. Total ion chromatogram of volatile flavor components in raw skipjack processing by-product.
The peak numbers are correspond to those listed in Table 3.
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Fig. 2. Total ion chromatogram of volatile flavor components in hydrolysate of skipjack processing by -product

produced with Protease P.

The peak numbers are correspond to those listed in Table 3.

3l polyeneite] ek adciy ¥ w3lgl=r
EAYY AS ANE 352 E2Y Az
A AL AAe 2o NAY shgHalo] o3t
B xsiA|ubate] Zriat Aoz AztEw o] 5 B4
A3} A EE 23 bR B ESA AR Sh
B8 59 fralopv) it T3 uk-gahed 3| shpia
E2] 8v)of L 9 3kE v A& heterocyclic compounds
52 AAsHe ZHE AoE AAEITH2).

Ex| JteEsiEel AUy B0y

2] e B 5] GC/MSD #4 Az doiAl 3
A 8714 29] total ion chromatogram-2- Fig. 1 2 2ell,
a2 54 3w §7) 4 32 Table 3¢ Ve
o}, & 99F9] 35HEo] FAHGEY A FAEA
dgodAde F 75709 H3Eel FAEG oA 7tFE
A EdAE F 72709 33FEo) FAHHU °1FE F
AE FEL 1FHE BEeld dds=F 28%,
AEF 20%F, 4EF 195, FALITER 55, U
ZIJEF 108, 73742 2 Ve SR EF 1252

Elis

2 FAE ot} 53] ojFolA 8% FFES
EZZ 59 mass spectrum¥ RIZA] &alslg 1
) A] 3= Mass libraryell 9Jshe] A5t 2 A&l
A EA]E BA FolA A F& F7 HggEL
disl=qich YA Bl A& 24%9 o3 =rt T4
¢]=d] £3) o] 30l A hexanal, (E)-2-hexenal, (E)-2-
pentenal, octanal, heptanal -2} ¥eko] @kl o] &
straight chain®] alkanale|‘} alkenalf+ %= B¥3}
2 ukake] Abslol] o] &k Zlole} S 5] 1(26), 53] bran-
ched aldehyde?] 3-methylbutanals o}#] x=4k9] stre-
cker degradation T v A E3h4ql Eafe ofsA
A A3 oA g th27). 2 175e] 4% 7}
5323 22 A $-E o] F straight chain ¢] 9ol = 74
g gez=y GF 855 7FA 2 9l benzaldehyde
= ek 2125 9 cH(28). 53] 2-methylbenzaldehyde
£ e BBl A& A Ho 5(25)2 ol
straight chain®) 4%+ 343 7|3 EY il
heterocyclic 31352 A& 2 243kt 3 B3}
st



622 AR AT

Table 3. Volatile flavor compounds in raw and hydrolysate of skipjack processing by-product(dark muscle)

Retention Index Raw(R) Hydrolysate(H)
Peak Compound name
No. by class R H Sta Meanaea gpy  Mengrea g0
ratio ratio
Aldehydes(28)
3  3-Methylbutanal 918 917 914 0.85 0.07 6.10 0.76
7  Pentanal 980 980 978 0.96 0.76 1.19 0.01
12 (E)-2-Butenal 1040 1042 0.35 0.25
16  Hexanal 1088 1083 1082 18.89 242 241 0.09
17  2-Methyl-(E)~2-butenal 1094 1096 0.22 0.02
19  (E)-2-Pentenal 1131 1132 2.37 0.35
24  2-Methyl-2-pentenal 1147 1158 0.03 0.02
30 Heptanal 1186 1185 1186 1.02 0.14 0.32 0.08
34 (E)-2-Hexenal 1221 1217 1222 292 2.16 0.06 0.07
39 (Z)-4-Heptenal 1243 1244 1248 0.80 0.26 0.40 0.05
47  QOctanal 1291 1294 1291 1.30 0.27 0.24 0.04
51 (E)-2-Heptenal 1324 1325 1325 0.13 0.08 0.02 0.02
58  Nonanal 1396 1394 1394 0.47 0.17 0.11 0.04
60 (EE)-2,4-Hexadienal 1404 1403 0.12 0.14
63 (E)-2-Octenal 1432 1430 1435 0.48 0.22 0.03 0.03
69 (E,E)-24-Heptadienal 1469 0.46 0.06
74 Benzaldehyde 1526 1527 1523 0.52 0.01 157 0.38
75 (E)-2-Nonenal 1539 1537 0.36 0.23
78 (E,Z)-2,6-Nonadienal 1593 1594 048 0.49
79  (E,E)-24-Octadienal” 1593 0.16 0.07
82 2—Methylbenzaldehyde” 1626 0.01 0.01
83  (E)-2-Decenal” 1646 0.08 0.08
88 Ethylbenzaldehyde]) 1710 1711 0.42 0.10 0.46 0.07
90  (E)-2-Tridecenal” 1754 0.02 0.02
91 (EE)-24-Decadienal” 1768 0.04 0.01
92 (E,Z)-24-Decadienal 1814 1820 0.15 0.13
98  Pentadecanal” 2027 0.01 0.01
99  Hexadecanal 2133 2132 2128 0.23 0.26 0.07 0.08
Ketones(20)
2 2-Butanone” 903 0.21 0.08
9 1-Penten-3-one 1020 1021 1025 0.46 0.32 0.24 0.04
10 1-(2-Furanyl)-ethanone” 1030 0.31 0.21
13 2,3-Pentanedione 1064 1061 1064 7.60 0.34 0.08 0.02
15 2-Hexanone 1069 1073 023 0.08
29  2-Heptanone 1182 1183 1182 0.29 0.08 0.52 Q.08
38  6-Methyl-2-heptanone” 1237 0.03 0.03
4]  3-Octanone 1254 1259 0.04 0.03
43  2-Octanone 1284 1280 0.03 0.02
46  3~Hydroxy-2-butanone 1286 1282 0.06 0.04
52  6-Methyl-5-hepten-2-one 1339 1339 1339 0.04 0.04 0.06 0.01
57 2-Nonanone 1390 1390 1389 0.30 0.04 0.25 0.04
62 3-Octene-2-one 1407 1412 0.01 0.01
63 5-Ethylcyclo-2-penten-1-one’ 1424 0.09 0.16
65  2-Cyclohexen-1-one 1433 1441 0.03 0.01
73  2-Nonen-2-one 1515 1518 0.02 0.02
77 (E,E)-3,5-Octadien-2-one 1574 1573 1570 0.27 0.08 0.29 0.02
80 2-Undecanone 1602 1602 1601 0.35 0.03 0.34 0.02
93  Geranylacetone 1858 1858 1863 0.01 0.01 0.01 0.01
95  beta-lonone 1940 1941 0.01 0.01
Alcohols(19)
4  Ethanol 933 932 924 0.22 0.04 042 0.13

23  Butanol 1143 1143 1145 0.09 0.06 0.04 0.00
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Table 3. Continued
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25
28
33
40
49

1-Penten-3-ol
3-Penten-2-ol
3-Methyl-1-butanol
Pentanol
(E)-2-Penten-1-ol
(Z)-2~Penten-1-ol
Hexanol
(Z)-3-Hexen-1-ol
1-Octen-3-ol
Heptanol
(52)-Octa-15-dien-3-ol"
2-Ethyl-1-hexanol
Octanol
(E)-2-Octen-1-ol"
Nonanol
2-Furanmethanol”
Benzenemethanol

N-Containing compounds(5)
Pyridine
Pyrazine
2-Ethylpyridine”
2,4,6- Trimethylpyridine(L.S.)"
3-Ethylpyridine
Trimethylpyrazine

Aromatic compounds(10)
Benzene
Toluene
Ethylbenzene
p—Xylene
m-Xylene
4-Ethyltoluene
3-Ethyltoluene”
2-Ethyltoluene"
1,2,4-Trimethylbenzene
Naphthalene

Furans(4)
2-Ethylfuran
2-Butylfuran
2-Pentylfuran
2-Hepthylfuran"

1

Misellaneous compounds(12)
Ethylacetate
Decane
Dimethyldisulfide
2-Ethylthiophene”
Dodecane
Tridecane
Tetradecane
Pentadecane
2,6,10,14-Tetramethylpentadecane
Heptadecane
Hexanoic acid
Benzothiazole

1164
1177
1206
1250
1313
1323
1353
1384
1456
1459
1491
1492
1560
1619
1662

1362
1375

937

1125
1133
1138

1222
1258
1278
1740

952

1232

901
1000

1202
1300
1400
1504
1679
1703
1862

1162

1251
1314
1323
1353
1384
1455
1459
1490
1492
1560
1619
1661
1665
1880

1177
1210
1281
1363
1377
1404

1036
1124

1138
1220

1740

955
1133
1236
1433

897
1000
1069
1172
1202

1399
1502
1677
1701

1957

1162
1177
1206
1249
1310
1317
1354
1380
1463
1461

1496
1560

1660

1873

1175
1206

1368
1373
1401

937
1038
1124
1137
1144
1226

1278
1743

955

1237

890
1000
1072

1200
1300
1400
1500
1670
1700
1850
1953

13.06
0.02
0.08
0.82
0.38
2.24
0.57
0.03
30
0.36

0.04
0.14
0.55
0.06

0.12
0.01

0.01

0.07
0.12
0.12

0.06
0.01
0.05
0.01

7.04

0.69

4.14
0.01

0.09
0.08
0.19
3.90
0.85
0.38
0.01

271
0.02
0.01

0.02
0.24
0.02
0.02
0.28
003
017
0.03
0.05
0.16
0.03

0.12
0.01

0.03
005
008
0.05
001

0.04
0.01

59

0.32

293
0.01

451

0.56

1.12
0.12
0.02
1.81
068
0.62
0.02
0.21
0.36
0.17

0.02

0.04
0.01
0.04
0.07
011
0.04

0.06
0.03

0.02

0.01

26.58
0.24
7.46
0.03

0.96
0.01
0.05
0.01
0.01

0.08
217
0.58
0.24

0.04

0.03
0.01
0.01
0.01
0.02
0.04

0.01
0.03

0.01
0.01

001

5.00
0.05
0.63
0.01

049
0.01
001
0.01
0.01

0.02
0.46
0.26
0.08

0.01

YCompound tentatively identified by MS data only
PStandard deviation of mean area ratio
¥Compound peak area/LS. peak area from the average of 2 SDE extractions, and 2 injection of each extract
“Internal standard
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