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Abstract

The specific attributes of aroma quality of canned tuna meat were investigated before and during re-
frigerated storage. Fresh, cooked tuna, beefy and meaty flavor notes of canned tuna meat were
changed to card-boardy (1 week storage), oxidized fat- like (2 weeks storage), fatty acid- like and
heavy oxidized fat- like (3 weeks storage), and then moldy and painty (4 weeks storage) flavor notes
during storage in refrigerator at 4°C. More than 126 peaks of volatile compounds collected from
canned tuna meat were separated on Carbowax 20M capillary column of gas chromatographic
analysis. Of the peaks, 54 compounds were identified by mass spectral data, matching I= values, and
sniffing the effluent of each peak from GC detector. The contents of many low molecular weight com-
pounds eluted with early retention times were decreased, whereas some other new compounds eluted
with longer retention time were formed during storage. The compounds increased up to 3 weeks of
storage and then decreased at extended storage time (4 weeks) were 1-penten-3-ol, 3- penten- 2-ol,
heptanal, limonene, 1-pentanol, octanal, 1-hexanol, nonanal, 2- octanone, 2- nonanone, 1-heptanol,
benzaldehyde and some methyl substituted benzenes. p-Thiocresol, 2- chlorophenol, 1, 2-
dichlorobenzene, dipropyl disulfide, 2- isobutyl- 4, 5- dimethylthiazole, diethyltrisulfide, and 2 - hep-
tylthiophene were formed after 4 weeks of storage, but not detected in fresh canned tuna. Therefore,

these compounds could be used as indicators for the quality changes during refrigerated storage.
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INTRODUCTION

Canned tuna has relatively a long shelf life at
room temperature as well as refrigerated tempera-
ture, if not opened. Sometimes, consumers store the
left-over canned tuna in a refrigerator after opening
the can. Frequently, the quality of canned tuna after
openning the can during storage is determined by
smelling the top note. Thus, the flavor and related
flavor compounds should be an important indica-
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tors to detect the freshness of canned tuna before
the microbial deterioration occurs. As result, the ol-
factory judgement of odor has been and is still the
main criterion. However, it is extremely difficult to
qualify and quantify the characteristics of odors and
uncertain to assess. The means of chemical analysis
are believed to be the consistant indicators of
changes in flavor quality during storage. Many
chemical tests have been proposed as indices of
spoilage and quality’?. Complicating factors affect-
ing the flavor quality of canned tuna during storage
have been discussed such as temperature, oxygen,
and the types of microorganisms®#. However, only
limited information has been published concerning
the changes of volatile flavor compounds in canned
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tuna meat and their affects to the quality during
storage.

in the present study, we investigated the changes
of volatile flavor compounds during storage at the
refrigerated temperature (4°C) and the presence of
oxygen{canned tuna spreaded on aluminum foil
dish), which is the most common storage condition
at home and restaurant.

MATERIALS AND METHODS

Materials

Canned tunas (Albacore ; Thunnus alalunga) fill-
ed with oil were obtained from commercial sources.
Contents of the canned tuna were throughly mixed
in a mortar, and then 20g of each mixed tuna sam-
ple was evenly spreaded on the aluminium foil dish
at about 1cm thickness. The aluminium foil dishes
containing the mixed tuna sample were stored in
the temperature controlled refrigerator (4° C) for
4weeks. Each dish was removed from refrigerator
every week for the analysis of volatile compounds
and the sensory evaluation.

Methods

Volatile compounds of the mixed tuna was quan-
titatively analyzed according to the method devel-
oped by Olafsdottir et aP. Tuna sample (50g) con-
taining internal standard (1 ug of 4~decanol in
ethanol ; Aldrich Chemical Co., Milwaukee, W)
were blended with 250m! of saturated sodium chlo-
ride solution with a Waring Blendor (Hartford, CT)
at high speed for 30s. After placing each of the slur-
ries in a round bottom flask(500 ml), they were
purged for 3 hrs with nitrogen(300ml/min) onto
Tenax GC®(60 to 80mesh ; ENKA N.V. Holland).
The purging was carried out at room temperature.
Volatile compounds were eluted from the Tenax GC
traps with redistilled diethyl ether into concentrate
tube (Laboratory Research Company, Los Angeles,
CA), and then extracts were concentrated under a
stream of nitrogen to about 10ul for GC analysis.

Volatile flavor compounds in the diethy! ether

concentrate (1 pl) were separated using a Carbowax
20M capillary column (60m x0.32 mm, i.d., 0.
25um coating thickness ; ] and W Scientific, Inc.,
Rancho Cordova, Cal} with a Varian model 3700
gas chromatograph (Palo Alto, CA) equipped with a
flame ionization detector (temperature, 250°C ;

hydrogen, 30ml/min ; air, 300 mi/min). Helium
was used as carrier{(2ml/min) and make~up gases
(30ml/min). The oven temperature was pro-
grammed from 50°C to 250°C at 2°C/min, and the
on-column injection system employed a tempera-
ture program from 50° C to 250° C at 100° C/min af-
ter injection. The identification of volatile com-
pounds was carried out by GC retention indices (fe)
®, aroma assessment of each peak from the effluent
from the column end, and the mass spectral data of
gas chromatography-mass spectrometry (GC ~ MS).

Aroma assessment for peaks was carried out by
authors and others experienced in assessing aromas
by sniffing the effluent carrier gas from the end of
capillary column (Carbowax 20M) during GC analy-
sis of the extract. Aromas were matched with GC
peaks using timed notations marked on a stripchart
recorder which was operated under conditions
identical to analytical runs.

GC-MS was carried out with a Finnegan
4500GC ~ MS equipped with a Carbowax 20M cap-
illary column with helium as a carrier gas (head
pressure, 10psi ; split, 10ml/min ; sweep,
5ml/min). The same oven temperature profile de-
scribed for the GC analysis was used.

RESULTS AND DISCUSSION

The specific attributes of aroma quality of canned
tuna meat were investigated before and during stor-
age. Fresh, cooked tuna, beefy and meaty flavor
notes of canned tuna meat were changed to card-
boardy (1 week storage), oxidized fat-like (2weeks
storage), fatty acid-like and heavy oxidized fat-like
(3weeks storage}, and then moldy and painty (4
weeks storage) flavor notes during storage in refrig-
erator at 4°C(Table 1). More than 126 peaks of
volatile compounds collected from canned tuna
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Table 1. Flavor description of canned tuna samples stored in

refrigerator (4°C)
Storage time Flavor description
(week)

0 Fresh, cooked tuna, beefy, meaty

1 Beefy, meaty, slightly card-boardy cooked tuna
2 Card ~ boardy, oxidized - fat like

3 Butyric acid and other fatty acids, heavy oxi-

dized - fat like
4 Strong butyric acid, card-boardy, moldy, painty

meat (Fig. 1) were separated on Carbowax 20M cap-
ilary column (60m % 0.32mm i. d.) of gas chromato-
graphic analysis. Of the peaks, 54 compounds were
identified by mass spectral data, matching e values,
and sniffing the effluent of each peak from GC de-
tector (Table 2). Saturated hydrocarbones, unsaturat-
ed hydrocarbones including terpenes, and aromatic
hydrocarbones, alcohols, aldehydes, ketones, esters,
pyrazines, sulfur compounds, and phenols were the
classes of compounds identified from fresh canned
tuna meat and stored canned tuna meat. Early stud-
ies employed Tenax trap methods™'* for the analysis
of fish volatile compounds showed the many of the
compounds identified from tuna meat also present
in other fish meat and play an important role for the
general fish flavor. Traditionally, amines have been
included a major characterizing group of flavor
compounds in most of the fish volatiles®', however
they were not identified from canned tuna meat
used in this study. As shown in chromatogram (Fig.
1), the contents of many low molecular weight
compounds eluted with early retention times were
decreased, whereas some other new compounds
eluted with longer retention time were formed dur-
ing storage. The decrease in concentrations of the
volatile compounds may due to the loss of volatiles
and / or their intermediary roles ; leading to the for-
mation of other end products during storage. The in-
crease in high molecular weight compounds might
be related to bacterial action on canned tuna meat
during storage. Bacterial digestion of the meat tissue
leads to formation of extensive number of volatile
compounds.

Although the concentrations of the most of
volatile compounds were varied during storage, the
volatile compounds were classified as three cate-

gories of the compounds decreased, increased, and
not changed in the concentration during storage.
The concentration of 1-penten-3-ol was decreased
up to 2weeks storage time and then slightly in-
creased after 3week storage(2.68ppm), and de-
creased again after 4week storage (0.02) (Table 2).
1-Penten-3-ol has been found in raw tuna'® and re-
ported that the compound decreased as the spoilage
time was extended. This compound has been used
for the development of quality index of raw tuna'®.
The proposed reason for this may be related to a
greater degradation rate by bacteria as opposed to
generation rate by oxidation of unsaturated fatty
acids. As the same classes of compounds with 1 -
penten-3-ol, 3-penten-2-ol, heptanal, limonene,
1-pentanol, octanal, 1-hexanol, nonanal, 2-oc-
tanone, 2-nonanone, 1-heptanol, benzaldehyde
and some methyl substituted benzenes were obvi-
ously decreased as the extended storage time (Table
2). 1-Penten-3-ol and pentanol found in fresh*”
and in oxidized whitefishes®. Limonene (peak 9, Fig.
1) has been identified as a major component in the
volatiles of Citrus fruits'® and aroma characteristic
of the authentic compound is lemon-like flavor.
Limonene has been identified in oxidized whitefish,
but not in fresh one” indicating that this compound
may be the oxidation product of fish. The com-
pounds having characteristic mushroom-like aro-
mas (2 — octanone, peak 24, Fig. 1) also decreased
as the storage time is extended. Hexanol (peak 32,
Fig. 1) contributes green, plant - like aromas and
nonanal (peak 35, Fig. 1) contributes cucumber and
melon — like aromas in fish products.

p-Thiocresol, 2-chlorophenol, and 1, 2-di-
chlorobenzene were not detected in fresh canned
tuna sample and the sample stored up to 3weeks,
but detected in the tuna sample stored for 4weeks.
These aromatic compounds have decomposition
aromas of fish™ and contribute to the sensory quali-
ty deterioration. Among suifur-containing com-
pounds, 3-thiophene seemed to contribute partly to
meaty flavor of fresh canned tuna, but others in-
cluding dipropy! disulfide, 2-isobutyl-4, 5-
dimethylthiazole, diethyltrisuifide, and 2-heptyith-
iophene contribute to the deteriorated tuna meat
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Table 2. Concentrations of volatile compounds isolated and identified from canned tuna stored (0, 1, 2, 3, 4 weeks) in refrigerator(4° C)

2

Storage time (week)

Peak No. Compounds le
0 1 2 3 4
concentration (ng/g)

1 1,4-Dimethyl benzene 5.0 4,850 2,960 3,103 4,130

2 1-Penten-3-ol 5.14 1,760 240 1,527 2,680 20

3 Myrcene 5.26 230 100 10 120 110

4 3-Penten-2-ol 5.30 170 70 20

5 Pyridine 5.38 840 310 427 730 40

6 2-Heptanone 542 120 110 100

7 Heptanal 5.45 220 80 40

8 2,4,5-Trimethyl oxazole 5.50 100

9 Limonene 5.60 120 140 245 1,070 110
10 3-Methyl butanol 5.73 220 132 90
1 Dodecane 5.79 720 330 420 550 250
12 1-Ethyl-3-methy! benzene 5.86 340 160 190 210 60
13 n-Amyl alcohol 592 320 180 130 140
14 2-Pentylfuran 5.94 230 210 180
15 1, 3, 5-Trimethyl benzene 6.05 350 120 170 320 20
16 1-Pentanol 6.10 520 310 320 300 50
17 Styrene 6.24 170 270 240 190 20
18 2,4-Nonadiene 6.26 120 110
19 Hexylacetate 6.28 130 100 90 80 20
20 3-Thiophene 6.30 110 120 110 30
21 Hexy! acetate 6.33 650 630 510 30
22 A methyl pyrazine 6.39 350 360 270 20
23 1, 2, 4-Trimethyl benzene 6.43 210 250 260 290 50
24 2-Octanone 6.46 140 150 130 90
25 Octanal 6.53 360 120 190 310 40
26 Butenyl cyclohexene 6.65 190 140 130 120
27 Cyclopentanol 6.68 170 150
28 Tridecane 6.76 150 210 20
29 1-Ethyl-2,3-dimethyl benzene 6.89 170 140 180 230 30
30 1, 2, 3-Trimethyl benzene 6.94 140 130 120 130 40
31 1-Methylpropy! benzene 6.98 140 120 130 120 20
32 Hexanol 7.06 120 100 1o 160 20
33 Dipropy! disulfide 7.38 20
34 2-Nonanone 7.50 140 180 100 50
35 Nonanal 7.53 450 209 140 150 40
36 Tetramethylbenzene 7.71 120 40
37 1, 2-Dichlorobenzene 8.00 160
38 1-Octen-3-ol 8.06 110 260 180 100
39 1-Heptanol 8.08 160 170 190 200 20
40 1, 2, 4, 5-Tetramethyl benzene 8.41 120
41 3, 5, 5-Trimethyl-1-hexanol 8.44 460 400 370 300 40
42 Benzaldehyde 8.77 12,380 12,200 13,240 14,180 7,950
43 Pentadecane 8.79 890 1,420 1,520 830 2,700
44 2-Isobutyl-4,5-dimethylthiazole 8.93 20
45 Diethyltrisulfide 9.1 30
46 t-3-Octenol 917 100
47 Isoamy! heptanoate 9.24 80
48 3, 5-Octadiene-2-one 9.36 150
49 Octanol 9.49 30
50 p-Thiocresol 9.75 20
51 2-Chlorophenol 9.81 220
52 Furanmethanol 10.09 30
53 2-Heptylthiophene 10.23 20
54 3, 5-Octadien-2-ol 10.32 40

*Reference ®
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flavor (Table 2) due to formation after 4 weeks of
storage. However, 2-methyl-3~furanthiol that has
been reported beefy aroma compound as in the
steam distillate of canned tuna', was not found in
any of the samples analyzed in this study. A methyl-
pyrazine (peak 22) and 2 ,4 ,5 - trimethyloxazole -
(peak 8) were found in fresh canned tuna meat, but
disappeared during storage, and thus, they con-
tribute to the brothy meat flavor note of fresh
canned tuna meat. The concentration of benzalde-
hyde (peak 42) was decreased, while the concentra-
tion of pentadecane (peak 43) was slightly increased
after 4 weeks of storage (Table 2). Benzaldehyde and
pentadecane have historically been found in fish
volatiles”?~"1*, but their role for the fish flavor have
not been clearly understood. As considered the fla-
vor characteristics of their authentic compounds,
the sweet, cherry-like flavor note contributed by
benzaldehyde may decrease and petroleum-like fla-
vor note by pentadecane may increase in tuna meat
after 4 weeks of storage.

In summary, of the peaks(126) separated by gas
chromatographic analysis (Carbowax 20M capillary
column) from canned tuna meat volatiles, 54 com-
pounds were identified. The contents of many low
molecular weight compounds eluted with early re-
tention times were decreased, whereas some other
new compounds eluted with longer retention time
were formed during storage. The compounds in-
creased up to 3 weeks of storage and then de-
creased at extended storage time (4 weeks) were 1~
penten-3 —ol, 3-penten-2-ol, heptanal, limonene,
1~-pentanol, octanal, 1-hexanol, nonanal, 2-oc-
tanone, 2-nonanone, 1-heptanol, benzaldehyde
and some methyl substituted benzenes. p-Thiocre-
sol, 2-chlorophenol, 1,2-dichlorobenzene, dipropyl
disulfide, 2-isobutyl-4,5-dimethylthiazole, diethyi-
trisulfide, and 2-heptylthiophene were formed after
4 weeks of storage, but not detected in fresh canned
tuna. And these volatile flavor compounds could be
used as quality indices of canned tuna meat.
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