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Characterization of Volatile Components of M e n h a d e n Fish
(Brevoorfia tyrannus) Oil1

Thomas C.Y. Hsleh*,a~,c, Stephen S. Williamsb,2, WarlndaL Vejaphanb,3 and Samuel P. Meyersb,c
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Volatile odor components of winterized and undeodor-
ized menhaden (Brevoortia tyrannus) oil were charac-
terized by dynamic headspace concentration on a porous
polymer trap, thermal desorption, cryogenic focusing,
high resolution gas chromatography, mass spectrometry
and chromatography-coupled descriptive odor evalua-
tion. Many volatile odor components derived from lipid
oxidation in the fish oil were identified. T h e s e included,
among others, short-chain saturated and unsaturated
aldehydes and ketones, as well as short-chain carboxylic
acids. T h e former imparted greasy, oily, oxidized oil
and g r e e n grassy or green plant- l ike odors, and the
latter gave rather objectionable s w e a t y odors. Normal
alkanes were detected as major volatiles without sig-
nificant odors. T h e odor-significant volatile components
may b e used as specific flavor quality markers to deter-
mine deodorization efficiency on crude fish oil and to
monitor flavor stability of purified oils. This combined
analytical approach can b e readily applied to the s tudy
of volatile components in other oils.

The American fish oil industry produced an average of
125,000 tons of crude fish oil per year during the past
decade. Menhaden oil constituted the majority of this
production. Approximately 82% of this crude fish oil was
exported to European countries where the oil was used in
manufacturing margarine and shortening. Recently, long
chain w-3 polyunsaturated fatty acids (PUFA), which are
abundant in fish oils, have been implicated in having a n
effect on reducing specific risk factors for cardiovascular
diseases. The prospect of using ~o-3 fatty acids as new and
potentially beneficial ingredients in foods presents an enor-
mous opportunity to the fish oil industry and the food indus-
try in general (1,2). However, due to current harvesting
and processing practices, as well as to the high concentra-
tion of PUFA and other contaminants, crude fish oils are
susceptible to severe deteriorative changes in flavor quality.
Off-odors and flavors in fish oils arise from metabolite
contamination, from fish protein spoilage, or from oxidation
products of the fish oil itself (3,4). The undesirable odors
and volatile components should be removed during refining
and deodorization to obtain food grade oil.

Numerous reports can be found in the literature concerning
flavor or volatile components of oils from plants or animals.
However, many of these studies used multiple steps for sample
extraction and fractionation (5-10) or high temperature sam-
pling of oil samples (8,11-28). The former methods were
labor-intensive and time-consuming, while the latter ap-
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proaches were subject to artifact formation due to thermal
instability of oils. In addition, separation of volatile flavor
components was often carried out by gas chromatography
on low resolution packed columns (8,10,12-14, 18-29).

Recently, dynamic headspace capillary chromatographic
analysis without solvent extraction was used to study vola-
tiles in soybean oil (30). In this paper, we report a new,
direct, sensitive and low-artifact dynamic headspace concen-
tration procedure using high resolution gas chromatography-
coupled odor evaluation and mass spectrometry for analyzing
fish oil volatiles. This method can be applied readily to
analysis of volatiles in other oils.

EXPERIMENTAL PROCEDURES

Materials. Winterized and undeodorized 1985 menhaden
fish (Brevoortia tyrannus) oil samples were a gift from Zapata
Haynie Corp. (Reedville, Virginia). Flavor standards were
purchased from Aldrich Chemical Co. (Milwaukee, Wiscon-
sin), Pfaltz & Bauer, Inc. (Waterbury, Connecticut) and
Fluka Chemical Corp. (Hauppauge, New York).

Dynamic headspace sampling. A dynamic headspace
samplersystem (DHS) consisting of a Tekmarmodel 4200
Automatic Heated Sampler and a model 4000 Dynamic
Headspace Concentrator (Cincinnati, Ohio) was used. Ultra
high purity helium (99.999%, Linde Div., Union Carbide,
Danbury, Connecticut) was used as a purge and resorption
gas in this system and as a carrier gas for subsequent gas
chromatography (GC). In each run, a 350-ragaliquot of the
oil sample was pre-purged a t ambient temperature for two
min to remove any oxygen from inside the sample tube.
The sample was then heated to 65 C, and the volatiles were
purged from the oil sample onto a porous polymer Tenax
TA (Chrompack, Raritan, New Jersey) sorbent cartridge at
ambient temperature a t a purge flow rate of 50 ml/min.
After 60 min of purging and trapping, the helium flow was
directed through the Tenax TA trap (bypassing the oil
sample tube) for another 10 min to remove any trace of
moisture that may have been transferred from the sample to
the trap. The volatiles in the trap were then ready for
desorption onto a stand-alone GC or a combined GC/mass
selective detector (GC/MSD).

Gas chromatography. Chromatograms and aromagrams
were obtained with a model 5793 GC (Hewlett-Packard CO.,
Palo Alto, California). During the 20-min desorption period,
volatiles were flushed from the Tenax TA trap in the DHS
by thermal desorption a t 185 C and cryogenically focused
with a dry ice/ethanol mixture into two parallel fused silica
capillary columns (60 m x 0.32 mm i.d.; film thickness,
0.25 pm) bonded with polyethylene glycol stationary phase
(Supelcowax 10, Supelco, Inc., Bellefonte, Pennsylvania)
installed in the same injector using a two-hole ferrule (SGE,
Austin, Texas). The column temperature was held a t 40 C
for five min and then programmed to 175 C a t 1 C/min.
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TABLE 1

Volatile Components in Crude Menhaden Oil as Determined by DHS/GC/MS

Peak compound Retention Odorcharacteristics Ion Conc. Peak compound Retention Odorcharacteristics Ion Conc.
No. Name index m/z (ppb) No. Name Index m/z (ppb)

1 octanea 800 43 20 30 decanala 1488 sweet, green fruity, 57 640
2 nonanea 900 43 2 fatty withcitrus
3 pentanalb 979 58 360 topnote
4 decanea 1000 57 90 31 (E,E)-hepta-2,4-
5 2-methyl-5-ethyl- dienala,e 1493 81 2180

furanc 1014 110 10 32 pentadecanea 1500 57 520
6 1-penten-3-one a 1022 84 240 33 (Z,Z)-octa-3,5-
7 (E)-but-2-enal ~,e 1040 painty 70 130 dien.2_onec.e 1520 124 130
8 hexanala 1085 cut grass, green 56 1380 34 benzaldehydea 1521 cherry,almond,
9 undecanea 1100 57 130 sweet fruity 105 60

10 (Z)-2-pentenalb,e 1110 84 70 35 nonenala 1535 fatty,waxy,musty 70 200
11 (E)-pent-2-enal a,e 1130 greasy green, 84 930 36 propanoicacida 1547 astringent, acidic 74 2410

musty 37 octa-2,4-dienala,d,f 1563 81 10
12 heptan-3-one a 1162 sickly sweet,cooling 57 8530 38 (E,E)-octa-3,5-
13 heptanala 1186 waxy green, grassy 70 410 dien.2_onec.e 1570 124 40

57 280 39 isohutanoicacid¢ 1579 sweaty,dirtysocks 73 100
15 (E)-hex-2-enal a.e 1218 sharp green, oily 69 540 40 (E,Z)-nona-

138 10 2,6.dienala,e 1587 70 240

14 dodecanea 1200

16 2-pentylfuran b 1233
17 1,3,5-trimethyl-

benzenea 1242 pesticide-like
18 1,2,4-trimethyl-

benzenea 1279 pesticide-like
19 octanala 1290 citrus, fatty, orange
20 tridecanea 1300
21 (E)-hept-2-enal a,e 1323 sharp green, greasy
22 1,2,3-trimethyl-

bezenea 1332 pesticide-like
23 nonan-2-one a 1390 mustywithcitrus

topnote
24 nonanala 1395 fattyfloral
25 tetradecanea 1400
26 (E,E)-hexa-2,4-

dienale,e 1402
27 (E)-oct-2-enal a,e 1429 musty,waxy floral
28 acetic acida 1471 irritating, vinegar-like
29 hepta-2,4-dienaF, d.f 1467 vegetable green

41 (E,E)-octa-2,4-
120 20 dienalc,e 1590

42 hexadecanea 1600
120 40 43 butanoic acida 1636
57 240 44 decenalc 1645
57 370 45 heptadecanea 1700
83 140 46 pentanoicacida 1747

dirty socks

Parmesan cheese,
dirty socks

81 40
57 10
60 8110
55 410
85 80

60 330
120 20 47 5-ethyl-2(5H)-
58 620 furanonec 1755 112 20

48 deca-2,4-dienala,d 1764 oxidized oil 81 150
57 500 49 deca-2,4-dienal~,d 1806 oxidized oil 81 250
81 230 50 hexanoic acida 1850 sweaty,dirtysocks 60 810

51 nonatrienalc,d,f oxidized oil 79 60
81 100 52 nonatrienalc,d,f oxidized oil 79 130
70 280 53 decatrienalc,d,f oxidized fish oil 79 70
60 1380 54 decatrienal¢,d,f oxidized fish oil 79 8
81 1880 55 phenola 2014 medicinal, disinfectant 94 110

aIdentified by GCretention index and MS(standard and literature).
~Idenfified by GCretention index and MS (literature).
CIdenfified by MS (literature).
dConfiguration of geometric isomers not determined.
ePrefix (E)- denotes a trans-isomer and prefix (Z)- denotes ads-isomer.
/Calculation of MS response factors based on trans, trans-hepta-2,4,-dienal.

Effluent from one column was directed to a flame ionization
detector. During the same chromatographicperiod, the efflu-
ent from the second column was directed to a sniffingport for
descriptive odor evaluation on the components by three panel
members who had experience in GC-coupled odor evaluation
techniques and were able to recognize and describe odor char-
acteristics of variousflavor compounds as these compounds
emerged from the end of the GC column. These panel mem-
bers were also familiar with the fish oil's characteristic odor.

Gas chromatography~mass spectrometry (GC/MS). A
Hewlett-Packard 5792 GC/5970B MSD system was used
to analyze the fish oil volatiles transferred from the DHS. A
similar column with a narrow bore (0.25 mm i.d.) was used.
Additional conditions were as follows: ion source temperature,
250 C; ionization voltage, 70 eV; GC/MSD direct interface
temperature, 200 C, and electron multiplier voltage, 1800
V. A series of standard hydrocarbons (PolyScience Corp.,
Niles, Illinois) were used as retention references to deter-
mine the retention indices (31) of the volatile components.
The identification of the volatile components was based on
chromatographic retention indices, odor characteristics and

mass spectral pattern in comparison with those dataobtained
from reference standards under similar experimental condi-
tions. When standards were not available, data in published
literature (32) were used for comparison.

Quantification o f volatile components. A 350-mg aliquot
of the crude menhaden oil was purged and analyzed by
GC/MSD under the conditions described above. At the end
of the first chromatographic run, the spent sample was
immediately purged and reanalyzed. Total area for each
volatile component in the total ion chromatograms from a
total of three consecutive runs on the same sample was
calculated. The experiment was repeated twice with a new
aliquot each time. External standard methods were used to
determine the average concentrations of each component
listed in Table 1. When incomplete chromatographic separa-
tion of components was observed in a segment of the total
ion chromatogram, mass chromatography (33) of a character-
istic ion was carried out to obtain a resolved peak profile in a
mass chromatogram. The same ion was used in the mass
chromatography on that particular peak from the external
standard mixture. This approach for quantification of com-
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FIG. 1. Reconstructed to ta l i o n chromatogram of m e n h a d e n oil vo la t i l e s by DHS/GC/MS. Abundance indicates the to ta l i o n in tens i ty .
P e a k numbers correspond to t h o s e i n T a b l e 1.

ponent concentrations was found to be more satisfactory
than using total ion intensity because a characteristic ion
minimized interference from partially overlapping or coeluting
components.

RESUL1S AND DISCUSSION

Figure 1 shows the total ion chromatogram of the volatile
components of the menhaden fish oil sample used in this
study. Table I lists the volatile components identified in the
samples, retention indices, the odor characteristics, m a s s /
charge (m/z) values of ions used in quantification, and the
estimated concentrations of these components based on mul-
tiple purging analysis as described in the Experimental
Procedures section. Most of the compounds were identified
by comparing the mass spectra, GC retention indices and
odor characteristics of the components with those of authen-
tic standards and/or with literature data.

Most of these volatile components were derived from
oxidative degradation of PUFA, which were abundant in
fish oil. A series of alkenals and alkadienals constitute the
major volatile components detected. Unsaturated aldehydes,
such as (Z)-pent-2-enal and (E)-hex-2-enal, could come from
oxidation of linolenic acid and other PUFA. Dienals were
detected in series with chain lengths ranging from C6 through
C10. These dienals, once formed, can be degraded quickly
by further oxidation to form other smaller compounds. For
example, decadienals can be degraded through bond cleav-
age between ca, and C5 to form hexanal, 2-butenal, hexane
and but-2-en-l,4-dial (34).

Two compounds, (E,Z,Z)-deca-2,4,7-trienal and (E,E,Z)-
deca-2,4,7-trienal, have been reported to contribute signifi-

cantly to the fishy flavorof autoxidized linolenic acid (35,36).
It has also been reported (36) that (E,Z,Z)-deca-2,4,7-trienal
was the sole compound responsible for the fish odor in slzongiy
autoxidized oils containing w-3 fatty acids. Decatrienal and
tridecatetraenal have been reported as tentatively identified
in autoxidation of methyl docosa-4,7,10,13,16,19-hexaenoate
as a model of oxidation of marine oils (10,41). In this study,
two nonatrienals and two decatfienals were detected in the
crude menhaden oil sample. Detail structures were not identi-
fied due to lack of standards. However, the oxidized oil
odors given by the alkadienals and the alkatrienals were
considered as important and characteristic of the odor of the
crude menhaden oil.

Recently, the potential for artifact formation by heating
oil samples at 90 C or higher was reported (30). The rela-
tive amounts of volatile thermal decomposition products of
linolenate and linoleate hydroperoxides, such as hepta-
2,4-dienal and deca-2,4-dienal, increased significantly when
samples were heated at 90 C or higher (30). The alkadienals
and alkatrienals detected in this study were most likely
already present in the oil samples and not an artifact during
analysis, because oxygen in the headspace above the sample
was removed by pre-purging, and the sample purging tem-
perature was set at 65 C.

Several saturated and unsaturated ketones were detected
as shown in Table 1. A series of volatile fatty acids, with
chain lengths ranging from C2 to C6, gave very intense and
objectionable sweaty odors. Among these volatile acids,
butanoic acid was most abundant in the fish oil samples.
Short-chain fatty acids in oils have been reported before
(16,38-40). These short-chain volatile acids were consid-
ered as important flavor quality markers for fish oil.

Low molecular weight alkanes (C1 to C7) were not detected,
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possibly due to insufficient cooling of the cold trapping used
(dry-ice/ethanol mixture at - 7 6 C). Liquid nitrogen cold
trapping will be used in future studies. However, higher
molecular weight straight chain hydrocarbons (C8 to C17)
that were detected in the fish oil did not contribute signi-
ficantly to the flavor quality of the oil.

The odor-contributing volatile components identified in
the crude fish oil (Table 1) may be used as flavor quality
markers in the refining and deodorization processes leading
to food grade oil. Application of mass chromatography (33)
on the GC/MS data allowed determination of component
concentrations based on compound-specific ion profiles in
spite of possible chromatographic interference at the molecu-
lar level. The combined analytical approach used in this
study can be applied readily to analysis of volatiles from
other oils and many foods.
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