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Volatile compounds of porcine liver were collected by simultaneous steam distillation and extraction and steam
distillation under reduced pressure. Volatiles were analyzed by gas chromatography (GC) and GC-mass
spectrometry. Key aroma compounds of off-flavor in porcine liver were characterized using GC-olfactometry
technique. Concentrates of cooked porcine liver had odor of a typical liver, fishy, and metallic off-flavor. Aroma
concentrates showed over 90 peaks, of which 69 compounds were positively and/or tentatively identified. 1-Octen-
3-one, 1-hexanol, (E)-2-nonenal, (Z)-4-decenal, (E,E)-2,4-heptadienal and (F,E)-24-decadienal were newly
identified in this study. These compounds seem to be produced from unsaturated fatty acids of porcine liver by
oxidation. 1-Octen-3-one (metallic), 1-hexanol (metallic) and (E,E)-2,4-heptadienal(fishy) have been implicated in

fishy and metallic off-flavor in cooked porcine liver.
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Fig. 1. Gas chromatogram of volatile compounds in porcine liver collected by steam simultaneous distillation and extraction.
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Table 1. Volatile components identified in porcine liver as determined GC-O and GC/MS

Peak area (%)”
o (ntlrfn) Compound Odor quality VCSDE (V)CSDR Ib?
Aromatics
2 6.07 Xylene? 0.06 1.05 ms(2)
Alcohols
13 13.92 1-Hexanol metallic, grassy 0.09 2.52 ms(1)(2)
19 19.29 1-Octen-3-0l mushroom 0.15 8.72 ms(1)(2)
21 20.23 6-Methyl-5-hepten-2-ol” musty 0.01 0.94 ms(1)(2)
24 21.23 1-Heptanol unpleasant 0.07 0.74 ms(1)(2)
37 30.48 Furfurylalcohol” woody 0.10 ms(1)(2)
51 4196 6-Tetradecanol 0.17 ms(3)
53 44.19 Phenylethylalcohol 0.10 0.42 ms(2)
Aldehydes
1 4.97 Hexanal® green 0.13 ms(1)(2)
4 7.88 Heptanal® unpleasant 0.52 ms(1)(2)
16 17.40 (E)-2-Octenal” tallowy, nutty 0.01 ms(1)(2)
18 18.53 3-Methylthiopropanal potato 0.05 ms(1)(3)
22 20.46 (E,E)-2,4-Heptadienal fishy 0.01 ms(1)(2)
25 21.56 Decanal orange peel 0.35 ms(1)(2)
27 22.24 Benzaldehyde®” almond-like 0.07 ms(1)(2)
28 2348 (E)-2-Nonenal cardboard-like 0.01 ms(1)(2)
29 23.95 (Z)-4-Decenal cardboard-like 0.01 ms(1)(2)
35 29.69 Phenylacetaldehyde® hyacinth 0.52 ms(1)(2)
47 39.17 (E.E)-2,4-Decadienal deep-fried 0.01 ms(1)(2)
62 52.20 5-Methyl-2-phenyl-2-hexenal” grapefruit-peel 0.07 ms(1)(3)
68 55.40 Pentadecanal ™ 0.10 ms(3)
82 65.74 (Z)-9-Octadecenal 0.03 ms(3)
Ketones
3 721 2-Heptanone™ green 0.10 ms(1)(2)
6 9.18 3-Octanone? varnish 0.06 2.10 ms(1)(2)
7 10.04 2-Octanone varnish, walnut 0.07 ms(1)(2)
8 10.97 Cyclohexanone almond-like 0.20 ms(1)(2)
9 11.56 1-Octen-3-one metallic 0.05 ms(1)(2)
12 13.14 6-Methyl-5-hepten-2-one green/estery 0.04 0.09 ms(1)(2)
15 15.60 2-Nonanone ketone 0.05 ms(1)(2)
26 22.16 3-Nonen-2-one orange-peel 0.02 ms(1)(2)
32 26.80 2-Undecanone 0.02 ms(2)
61 50.24 2-Pentadecanone 0.01 ms(3)
Pyrazines
10 12.35 2,5-Dimethylpyrazine” 0.05 ms(3)
11 12.64  2,6-Dimethylpyrazine®” 0.05 ms(3)
14 15.05 2-Ethyl-6-methylpyrazine” 0.01 ms(3)
17 18.10 2,5-Diethylpyrazine” 001 ms(3)
23 2054  2,3-Diethyl-5-methylpyrazine® 0.01 ms(3)
3 2746 > Methyl-6,7-dihydro-5H- 001 ms(3)
cyclopentapyrazine™-
34 27.84 2-Methyl-5-propylpyrazine 0.02 ms(3)
36 29.57 2,3-Dimethyl-isopentylpyrazine 0.02 ms(3)

peak 70 2 peak 72& A¥o] FHHA= FUdAT, GC-O
o] Az vAUe F43S el 1 9o 4= 3}
TEY BAAL ot o] 5T 3tk &, Alkanal 3
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27K, eke] 719 @ Zg|g ofLutEtA L FoA, ben-
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221=3
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Table 1. Continued
. 2)
Pea}? fr Compound Odor quality Peak area (%) D"
no. (min) VCSDE VCSDR
Thiazoles
40 33.32 2-Ethylthiazole laver-like 0.04 ms(1)(2)
43 35.55 2-Acetylthiazole®” nutty 0.02 ms(1)(3)
56 45.74 Benzothiazole 0.01 1.05 ms(3)
77 61.49 Phenyl-1,2,3-thiazole 0.14 ms(3)
Thiophenes
39 3231 2-Thiophenecarboxaldehyde® 0.02 ms(3)
41 34.03 3-Thiophenecarboxaldehyde® 0.03 ms(3)
45 37.93 5-Methyl-2-thiophene-carboxaldehyde® 0.02 ms(3)
46 38.69 2,5-Diethylthiophene 0.07 ms(3)
67 54.62 2-Phenylthiophene 0.03 ms(3)
Lactones
60 4974 (y)-Dodecalactone weak-fishy 0.13 ms(1)(3)
Furans
5 8.26 2-Pentylfuran® green bean-like 0.01 ms(1)(3)
Phenols
59 48.84 Phenol*¥ 0.01 1.78 ms(2)
64 53.02 o-Cresol” 0.27 5.67 ms(2)
65 53.40 m-Cresol” 0.01 1.26 ms(2)
81 64.08 2,5-Di-tert-butylphenol 0.02 ms(3)
Pyrroles
52 48.17 1-Pentylpyrrole 0.03 ms(3)
58 4736 2-Acetylpyrrol” pungent 0.17 ms(1)(3)
Esters
87 83.87 Dibutylphahalate 041 ms(2)
Indoles
83 68.82 Indole 021 2.83 ms(2)
85 70.87 4-Methylindole 0.10 0.84 ms(2)
Acids
20 19.81 Acetic acid” vinegar 0.02 0.13 ms(1)(2)
38 31.57 Butanoic acid buttery 0.04 ms(1)(2)
57 46.57 2-Ethylhexoic acid 0.03 ms(3)
71 57.51 Nonanoic acid 0.04 147 ms(2)
78 62.08 Decanoic acid 0.07 2.21 ms(3)
79 62.67 2-Methyldecanoic acid 0.03 ms(3)
84 69.14 Benzoic acid 0.01 ms(2)
86 71.53 Dodecanoic acid” 0.37 4.62 ms(2)
88 86.74 Tetradecanoic acid 6.36 1.68 ms(2)

"Peak number in Figure 1. Estimated conc. with respects to the internal standard. ?Compounds identified on the basis of the following criteria:
ms; mass spectra were consistent with of Wiley/NBS user generated libraries, (1); odor quality evaluated at the sniffing port, (2); GC retention
time was confirmed with that of standard sample, (3); tentative identification based solely on mass spectral characteristics. **Referenced studies
on other liver volatiles in which the compound has been reported (Ref. 4. and Ref. 5.).

07t el FLMM

ez Tol 98] dojzl VCSDRe] 432 2.0 mg%
ojet. 7+ Aol FAZAA} AHX= Table 19 VRN
T} AlcoholF+= hexanol, 1-octen-3-ol, heptanol, 6-methyl-
5-hepten-2-01 % phenylethyl alcohol®, ©] 3 heptanol
(T=10ppm)y2 WA Al 2 ANEeR naty fla-
vor® = BIFHE Uehlle Zle®m kel Bl EHF )
o] #EHLe AL Aor AAHJT T, A&KFFISH

Al F%3 24 B9F hexanole] rErER Fd= A

o
A

23} kA, FolHA

ol?h& sbslel A FL] 3t mushroom flavore] H91&E
Az62 AgldE gt AAHE, diFh, SR o T
olAle) BE® 7 AAgk Ad Ao HAsFERAM L]
ZA)7F HaE e, olel 7bo) l-octen-3-ol A2 4
T A Eo) Abslol) os) AT AAESE, mushroom flavor
2ZA glEgt B ol ELHES] PUFAS] Aksloll 9§t 4373
o] &d#A Ut w3 o] BAL F£EFL 10ppmol UoIA
v 93 FE5HAE 2= WAFHE YEZ, 1 ppmoliAE oF

d7e2ZA LA UE 1-octen-3-
[,
B |



358 =2 Zek3)A] A 35 WAl 3 3 (2003)

g HAEAE YeEh= Zlo2 HiEo] JTE®. Ketoneft
= 3-octanone, 6-methyl-5-hepten-2-one®] 132, 6-methyl-5-
hepten-2-one(T = 0.5 ppm)> W32 Ao| oa Frlsh, =
2] B FH (off-flavoryd 224 HEo] ok, i
71 7re] e FE£HE UEld l-octen-3-oned AEHA
=i

Acid5+, dodecanoic acid, decanoic acid, tetradacanoic
acid, nonanoic acid @ acetic acid®] 02 3Hf-3Fo] Eotrl
o] & FAAEe 7tEE s A E AlAE HX
o] AWM E HuEo] AT,

£ (EE)-24-heptadienal(fishy) ® w3 E b= l-octen-3-
one, hexanol?] EAE It} L3 MG A 7ke] £
Z Aol 7ldshes soz Azt oJA= (E)-2-nonenal(card-
board-like), (Z)-4-decenal(cardboard-like), (F,F)-2,4-decadie-
nal(deep-fried) 5 2 FAE ZH= aldehydeTo A4
st T8 69F9 AFEF 40FFY 4R B A
TFollA Hgo® 7t =7k PR R FAHEAU
1-Octen-3-one, hexanol, (E)-2-nonenal, (Z)-4-decenal, (E,FE)-
24-heptadienal 52 5442 WAE Jepin, =HAHe &
A A o Fad SFPEE ALEET. °|E alkanal,
alkenal @ alkanonet= SiA| 7ol o} {2 BXZIALAL
o] Absl MSAINER, 1 AR 7FEA T o A
¢ ZoE AlRdED

o
o

P

1. Kimura, T. and Ogawa, Y. Effect of ultrasonic wave irradiation on
cooking (part 3). A study on removal of blood from chicken liver
and its deodoring effect. J. Home Econ. Japan 36: 851-860
(1985)

2. Kimura, T., Kagaya, M., Fukuya, Y. and Kosugi, S. Properties of
chicken liver preserved in Miso. J. Home Econ. Japan 41: 629-
636 (1990)

3. Kimura, T., Fukuya, Y. and Kagaya, M. Changes in properties of
chicken liver cured in aged sake lees. J. Cookery Sci. Japan 23:
267-274 (1990)

4. Mussinan, C.J. and Walradt, J.P. Volatile constituents of pressure
cooked pork liver. J. Agric Food Chem. 22: 827-831 (1974)

5.Lorenz, G., Stern, D.J., Flath, R.A., Haddon, WE., Tillin, S.R.
and Teranishi, R. Identification of sheep liver volatiles. J. Agric.

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

Food Chem. 31: 1052-1057 (1983)

. Nickerson, G.B. and Likens, S.T. Gas chromatographic evidence

for the occurrence of hop oil components in beer. J. Chromatogr.
21: 1-5 (1966)

Buttery, R.G. Vegetable and fruit flavors. pp.175-211. In :Flavor
Research-Recent Advances, Teranishi, R., Flath, R. A. and Sug-
isawa, H.(eds.), Marcel Dekker, New York, USA (1981)

Stark, W. and Forss, D.A. A compounds responsible for metallic
flavour in dairy products. J. Dairy Res. 29: 173-180 (1962)

. Hammond, E.G. and Hill, ED. The oxidized-metallic and grassy

flavor components of autoxidized milk fat. J. Am. Oil Chem.
Soc. 41: 180-184 (1964)

Hill, ED and Hammond, E.G. Studies on the flavor of autoxi-
dized soybean oil. J. Am. Oil Chem. Soc. 42: 1148-1150 (1965)
Frazzalari, FA. Compilations of Odor and Taste Threshold Value
Data, p. 130. Am. Soc Testing and Materials, Philadelphia, PA,
USA (1978)

Sick, TJ. and Lindsay, R.C. Semiquantitative analysis of fresh
sweet cream butter volatiles. J. Dairy Sci. 53: 700-703 (1970)
Bading, H.T. Cold-storage defects in butter and their relation to
the autoxidation of unsaturated fatty acids. Neth. Milk Dairy J.
24: 146-256 (1970)

Josephson, D.B. Seafood. pp. 179-256. In: Volatile Compounds in
Foods and Beverages. Maarse, H. (ed.), Marcel Dekker, Inc., New
York, USA (1991)

Lillard, D.A_, Montgomery, M.W. and Day, E.A. Flavor threshold
values of certain carbonyl compounds in milk. J. Dairy Sci. 45:
660 (1962)

Patton, S., Barnes, 1.J. and Evans, L.E. n-Deca-2,4-dienal, its ori-
gin from linoleate and flavor significance in fats. J. Am. Oil
Chem. Soc. 36: 280-283 (1959)

Nakahara, M., Takano, R., Ito, H., Yano, H., Hirase, S. and Hara-
maya, K. Volatile constituents of Uroglena americana (Chryso-
phyceae). Nippon Nogei kagaku Kaishi 62: 157-159 (1988)

Tressl, R., Bahri, D., Holzer, M. and Kossa, T. Formation of fla-
vor components in asparagus. 2. Formation of flavor components
in cooked asparagus. J. Agric. Food Chem. 25: 459-463 (1977)

. Walradt, J.P, Pittet, A.Q., Kinlin, T.E. Muralidhara, R. and Sand-

erson, A. Volatile components of roasted peanuts. J. Agric. Food
Chem. 19: 972-979 (1971)

Meilgaard, M.C. Flavor chemistry of beer. Part II. Flavor and
threshold of 239 aroma volatiles. Tech. Quart., Master Brewers
Ass. Am. 12: 151-168 (1975)

Murahashi, S. Uber die riechastoffe des matsutake (Armillaria
Matsutake Ito et Imai Agaricaceae). Sci. Papers. Inst. Phys.
Chem. Res. (Tokyo) 34: 155-172 (1938)

Stark, W., Forss, D.A. A compound responsible for mushroom
flavour in dairy products. J. Dairy Res. 31: 253-259 (1964)
Hoffmann, G. 1-Octen-3-ol and its relation to other oxidative
cleavage products from esters of linoleic acid. J. Am. Oil Chem.
Soc. 39: 439-444 (1962)

Honkanen, E. and Moisio, T. On the occurrence of oct-1-en-3-ol
in clover plants. Acta Chem. Scand. 17: 858 (1963)

Cronin, D.A. and Ward, M.K. The characterisation of some
mushroom volatiles. J. Sci. Food Agric. 22: 477-479 (1971)

Markl, K.S. and Palamand, S.R. New flavor compounds and their
relationship to aging. Tech. Quart., Master Brewers Ass. Am. 10:
184-189 (1973)

Watanabe, K. and Sato, Y. Volatile acidic compounds in heat-deg-
radated pork fat. Agric. Biol. Chem. 33: 1411-1418 (1969)

20039 4% 9% A< 2003 64 49 AE)



