
ABSTRACT: The American marten (Martes americana) is a bo-
real forest marten with low body adiposity but high metabolic
rate. The study describes the FA composition in white adipose tis-
sue depots of the species and the influence of food deprivation
on them. American marten (n = 8) were fasted for 2 d with 7 con-
trol animals. Fasting resulted in a 13.4% weight loss, while the
relative fat mass was >25% lower in the fasted animals. The FA
composition of the fat depots of the trunk was quite similar to
other previously studied mustelids with 14:0, 16:0, 18:0, 16:1n-
7, 18:1n-9, and 18:2n-6 as the most abundant FA. In the extremi-
ties, there were higher proportions of monounsaturated FA
(MUFA) and PUFA. Food deprivation decreased the proportions
of 16:0 and 16:1n-7, while the proportion of long-chain MUFA
increased in the trunk. The mobilization of FA was selective, as
16:1n-7, 18:1n-9, and particular n-3 PUFA were preferentially
mobilized. Relative mobilization correlated negatively with the
carbon chain length in saturated FA (SFA) and n-9 MUFA. The
∆9-desaturation of SFA enhanced the mobilization of the corre-
sponding MUFA, but the positional isomerism of the first double
bond did not correlate consistently with relative mobilization in
MUFA or PUFA. In the marten, the FA composition of the extrem-
ities was highly resistant to fasting, and the tail tip and the paws
contained more long-chain PUFA to prevent the solidification of
lipids and to maintain cell membrane fluidity during cooling.
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The American marten (Martes americana) is a boreal forest
marten, together with the Japanese marten (M. melampus), the
sable (M. zibellina), and the European marten (M. martes; 1,2).
The American marten occupies a large part of North America
(3), inhabiting forests or landscape mosaics with seasonal snow
cover (4). The species prefers loose snow with access to sub-
nivean spaces, which has been interpreted as a strategy to min-
imize energy loss (5). Metabolic costs are a major factor deter-

mining the seasonal habitat choice for the American marten.
This could be due to the high energetic costs associated with
the elongated body shape (6–8). The most important food items
in the diet of the American marten are voles, birds, fish, ungu-
late carcasses, insects, fruits, and berries (9).

The American marten has a low body fat content (approx-
imately 5%) possibly as an adaptation to maintain the lean
body shape required for hunting in the burrows of rodents
(10). Furthermore, the species does not experience clear sea-
sonal cycles in its body fat content (11). Due to its small gas-
tric ventricle, the American marten has only a limited capac-
ity to consume large amounts of food during a single meal,
making fat deposition difficult. The high-protein diet and the
high energetic costs of foraging are additional causes for the
limited fat storage capacity. However, it has been established
that the species can withstand at least 5 d of fasting by enter-
ing a state of protein conservation using fat and protein in a
ratio of 1.56:1 (12). The plasma concentrations of particular
amino acids increase and the excretion of urea decreases in
fasted marten probably owing to a high turnover of proteins
and urea nitrogen recycling (13). These results indicate that
the American marten must be able to mobilize some of its fat
reserves effectively for short periods of time. In fact, the peri-
ods of naturally occurring fasting are relatively short for the
marten, as they are also known to leave their nests daily dur-
ing the winter with the exception of the harshest weather con-
ditions (14).

In addition to fur, the subcutaneous (sc) fat layer may offer
thermal insulation for the marten in the boreal climate. There
must also exist a temperature gradient from the skin to the core
of the body affecting the FA composition. The challenge of the
ambient temperature is even more pronounced on the extremi-
ties, such as on the bare food pads and the tip of the tail. Un-
like the sc or intra-abdominal (iab) fat depots, the fats of the
footpads have to maintain cell membrane fluidity, and it can be
hypothesized that they would experience only minor changes
in FA composition during food scarcity. For instance, iab fat
depots of the semiaquatic American mink (Mustela vison) are
preferentially mobilized instead of sc fat probably owing to the
significance of the sc fat layer as insulation during aquatic pre-
dation (15; Nieminen, P., Käkelä, R., Pyykönen, T., and Mus-
tonen, A.-M., unpublished data).
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The aim of this study was to describe (i) the FA composi-
tion of different white adipose tissue (WAT) depots of the
American marten and (ii) the effects of a 48-h fasting period
on FA composition. The fasting period of 2 d was considered
suitable because, according to previous studies (12), it is sig-
nificantly shorter than what the species can withstand.

EXPERIMENTAL PROCEDURES

For these experiments 15 American marten (9 males and 6 fe-
males) born between 1993 and 2004 were randomly divided into
two experimental groups. All the animals were housed singly in
standard cages (85 × 30 × 46 cm) with wooden nest boxes (24 ×
32 × 35 cm) suspended above ground in an unheated shed at the
Canadian Centre for Fur Animal Research, Nova Scotia Agri-
cultural College, in Truro, Nova Scotia, Canada (45.37°N,
63.27°W). Before the experiment the animals were fed for sev-
eral months with standard fur animal feed (metabolizable energy
1200–1300 kcal kg fresh wt−1; protein minimum 11.0–12.0%,
fat 3.0–7.5%, carbohydrates maximum 10.0–11.0%; 16). The
marten were provided about 200 g feed or 250 kcal animal−1

d−1. They are known to require about 80 kcal d−1 when at rest
(17). The fasting experiments were conducted January 5–7,
2005. Half of the animals (n = 8) were put on a total 2-d fast,
while the other half (n = 7) was fed using the diet and procedure
described above. The fed group was fasted overnight before the
sampling. Water was available for both experimental groups ad
libitum during the whole of the study period.

Body masses (BM) were recorded on the first day of the ex-
periment and at sampling, and the body lengths at sampling.
Body mass indices (BMI) indicating body adiposity of
mustelids (15) were calculated with the formula BMI = BM
(kg) × [body length3 (m)]−1. The animals were anesthetized
with an intramuscular injection of xylazine (Rompun™ 0.17
mL kg−1) and ketamine hydrochloride (Ketalean™ 0.09 mL
kg−1). Blood samples were obtained by cardiac punctures using
sterile evacuated blood collection tubes with EDTA as an anti-
coagulant, and the animals were euthanized with an intracar-
diac injection of pentobarbital (Euthanyl™ 0.44 mL kg−1). The
blood was stored on ice until centrifugation at 1000 × g for 15
min at 4°C, after which the plasma was removed. The livers
and WAT samples were dissected. The WAT samples collected
were as follows: sc interscapular, sc rump, sc ventral, iab omen-
tal (om), iab mesenteric (mes), iab diaphragmatic (dia), iab
retroperitoneal (rp), intermuscular, tail tip, front paw, and rear
paw. The fat samples of the paws were obtained from the tis-
sues situated ventral to the metacarpal and metatarsal bones.
At the same time, muscle and kidney samples were obtained
for other substudies, and the spleen and pancreas were
weighed. All the samples were placed into vials, frozen imme-
diately with liquid nitrogen, and stored at −80°C. The carcasses
were also frozen and the different adipose depots dissected and
weighed at a later date.

The FA compositions of WAT, plasma, and liver were deter-
mined from total lipids. Subsamples of WAT and liver were

transmethylated according to Christie (18) by heating with 1%
methanolic H2SO4 under a nitrogen atmosphere. The same pro-
cedure was used for the plasma samples (50 µL); these were
first evaporated to near dryness under nitrogen flow and then
methylation solvents were added immediately. The FAME that
formed were extracted with hexane. The dried and concen-
trated FAME were analyzed by a gas–liquid chromatograph
(GC-FID and GC-MS, 6890N network GC system with au-
tosampler, FID detector, and model 5973 mass selective detec-
tor; Agilent Technologies Inc., Palo Alto, CA). The injection
volume was 2 µL, and the split ratio 1:20. The injectors were
set at 250°C, and the FID and mass interphases were at 250 and
200°C, respectively. Helium was used as a carrier gas (1.8 and
1.0 mL min−1 for FID and mass detecting lines, respectively).
The obtained peaks were reintegrated manually. The FAME
were identified based on retention time, MS, and comparisons
with authentic (Sigma, St. Louis, MO) and natural standards of
known composition and published reference spectra
(http://www.lipidlibrary.co.uk/masspec.html). Quantifications
were based on FID responses. The peak areas of the FID chro-
matograms were converted to mole percentages by using the
theoretical response factors (19) and calibrations with quantita-
tive authentic standards. The FA were marked by using the ab-
breviations: [carbon number]:[number of double bonds] n-[po-
sition of the first double bond calculated from the methyl end]
(e.g., 22:6n-3). The iso- and anteiso-isomers were abbreviated
as i and ai. If not stated otherwise, PUFA were methylene-in-
terrupted. The FA results are represented as mol%.

The double bond index (DBI) and the total average chain
length (TACL), indicating the mean number of double bonds
and the mean number of carbon atoms per molecule, respec-
tively, were calculated according to standard formulae (20).
The ∆9-desaturation index (∆9-DI), the ratio of the most im-
portant potentially endogenous ∆9-monounsaturated FA
(MUFA) to the corresponding saturated FA (SFA), was calcu-
lated as [(mol% 14:1n-5) + (mol% 16:1n-7) + (mol% 16:1n-9)
+ (mol% 18:1n-9) + (mol% 18:1n-7)]/[(mol% 14:0) + (mol%
16:0) + (mol% 18:0)]. The very long chain FA (VLCFA) were
calculated as the sum of all FA with a chain length ≥24 carbons
(i.e., 24:0 + 24:1n-9; Ref. 21). Relative mobilization was cal-
culated by the formula: [(mol% in the fed animals) – (mol% in
the fasted animals)]/(mol% in the fed animals). The FA com-
position and relative mobilization were also determined for the
pooled sc (scapular, rump, and ventral combined) and iab (om,
mes, rp and dia combined) fat depots and compared with the
results obtained from the extremities.

Multiple comparisons between the experimental groups
were performed with one-way ANOVA followed by the Dun-
can’s post hoc test. Comparisons between the two experimen-
tal groups were performed with the Student’s t-test for inde-
pendent samples or, for nonparametric data, with the
Mann–Whitney U test. Correlations were calculated using the
Spearman correlation coefficient (rs). A P value less than 0.05
was considered to be statistically significant. The results are
presented as mean ± SE.
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RESULTS

The average initial (fed: 884 ± 70 g, fasted: 849 ± 63 g) or final
(fasted: 734 ± 56 g) BM of the marten did not differ between
the experimental groups. The fasted marten lost approximately
113 g or 13.4% of BM during the 2-d fasting period. The ab-
solute or relative masses of the different fat depots did not differ
between the experimental groups (sc interscapular: fed 0.27 ±
0.05 vs. fasted 0.15 ± 0.04 g; sc rump: 0.16 ± 0.05 vs. 0.15 ±
0.05 g; sc ventral: 1.29 ± 0.57 vs. 0.61 ± 0.16 g; iab om: 4.94 ±
1.66 vs. 1.93 ± 0.61 g; iab mes: 2.44 ± 0.78 vs. 1.19 ± 0.24 g;
iab dia: 0.68 ± 0.27 vs. 0.33 ± 0.11 g; iab rp: 5.58 ± 2.18 vs. 3.29
± 1.79 g; intermuscular: 8.03 ± 0.85 vs. 7.52 ± 0.57 g; total fat
percentage: 2.74 ± 0.56 vs. 2.06 ± 0.24%, P > 0.05). The total
fat mass (23.4 ± 4.4 vs. 15.2 ± 2.2 g) was lower in the fasted an-
imals (P < 0.05). The calculated BMI correlated strongly with
the total fat mass (rs = 0.604, P < 0.05) and the fat percentage
(rs = 0.804, P < 0.01). The initial BMI did not differ between
the experimental groups, but the BMI was significantly lower in
the fasted animals at the end of the study (12.9 ± 0.7 vs. 10.6 ±
0.2 kg (m3)−1; P < 0.05). Many of the marten in the fasted group
were physically active and exhibited stereotypical behavior and
signs of stress, such as hair biting.

The most abundant FA (≥1 mol%) in the sc and iab fat de-
pots of the marten were 12:0, 14:0, 16:0, 18:0, 16:1n-7, 18:1n-
9, 18:1n-7, 20:1n-11, 20:1n-9, 22:1n-11, 18:2n-6, and 22:6n-3
(Table 1). In the extremities the pattern was mostly the same,
but the proportions of 12:0, 20:1n-11, and 20:1n-9 were clearly
lower, whereas the proportions of 14:1n-5, 20:4n-6, and 20:5n-
3 were higher than in the trunk fat. Generally, the extremities
had higher proportions of unsaturated FA (UFA) than the iab
or sc depots. In fact, the DBI, ∆9-DI, total PUFA, and the sums
of 4n- and 5n-PUFA were all higher in the extremities. In the
plasma and livers the proportions of SFA and particular PUFA
were higher than in any of the fat depots; in particular, the pro-
portions of 16:0 and 18:0 were two to three times higher than
in the WAT, and also the proportions of 20:4n-6 and 20:5n-3
were elevated. On the other hand, the proportions of certain
monoenes, especially 18:1n-9 and 18:1n-7, were fairly low in
the plasma and livers.

Food deprivation caused numerous differences in the pro-
portions of FA in the fat depots (Tables 1–3). The sum of SFA
decreased in the sc scapular and iab rp depots and in the pooled
trunk fats, mostly owing to significant decreases in the propor-
tion of 16:0, whereas the proportions of 18:0, 19:0, 20:0, 22:0,
and 24:0 mostly increased in the fasted animals. Also the pro-
portions of most MUFA were higher in the fasted group in most
fat depots with the exception of 16:1n-7, the proportions of
which decreased in all sc and iab tissues. In the PUFA the pro-
portions of 20:2n-6, 20:3n-6, 22:4n-6, 22:4n-3, 22:5n-6, and
22:5n-3 increased, whereas the proportions of 18:3n-3 and
18:4n-3 were lower in the fasted marten. In the pooled trunk
fats, the proportions of 4n- and 5n-PUFA increased due to fast-
ing. In a similar manner, the proportions of n-6 PUFA and
VLCFA as well as the TACL were higher in the fasted group in
the pooled sc and iab fats. In the extremities, the effects of fast-
ing were minor. In plasma, the proportions of several SFA,

234 P. NIEMINEN ET AL.

Lipids, Vol. 41, no. 3 (2006)

TA
B

LE
1

(c
on

ti
nu

ed
)

To
ta

ls
c

fa
t

To
ta

li
ab

fa
t

Ta
il

tip
Fr

on
tp

aw
s

R
ea

r
pa

w
s

Pl
as

m
a

Li
ve

r

FA
Fe

d
Fa

st
ed

Fe
d

Fa
st

ed
Fe

d
Fa

st
ed

Fe
d

Fa
st

ed
Fe

d
Fa

st
ed

Fe
d

Fa
st

ed
Fe

d
Fa

st
ed

Σ:
3

1.
26

3
±

0.
03

2
1.

20
3

±
0.

11
8

1.
24

0
±

0.
03

7*
1.

06
6

±
0.

04
2*

1.
39

1
±

0.
04

3
1.

36
9

±
0.

06
5

1.
29

6
±

0.
02

7
1.

20
5

±
0.

03
9

1.
25

8
±

0.
05

3
1.

21
0

±
0.

04
2

1.
20

2
±

0.
28

3
1.

04
1

±
0.

19
6

1.
45

3
±

0.
08

4*
1.

13
9

±
0.

11
0*

18
:4

n-
3

0.
28

7
±

0.
01

5b
0.

24
6

±
0.

03
5

0.
27

8
±

0.
01

4*
b

0.
18

7
±

0.
01

5*
0.

21
6

±
0.

01
8a

0.
19

3
±

0.
01

2
0.

18
6

±
0.

01
7a

0.
16

1
±

0.
01

8
0.

17
2

±
0.

01
8a

0.
14

5
±

0.
01

0
0.

12
6

±
0.

01
3*

0.
19

9
±

0.
02

7*
0.

05
0

±
0.

00
9

0.
11

3
±

0.
03

8
18

:4
n-

1
0.

04
9

±
0.

00
3a

0.
08

1
±

0.
02

8
0.

04
1

±
0.

00
2a

0.
04

2
±

0.
00

8
0.

09
0

±
0.

00
4c

0.
08

7
±

0.
00

8
0.

06
8

±
0.

00
2b

0.
05

7
±

0.
00

7
0.

06
4

±
0.

00
7b

0.
05

6
±

0.
00

6
0.

04
6

±
0.

01
4*

0.
12

2
±

0.
03

0*
0.

03
1

±
0.

00
6

0.
03

6
±

0.
00

9
20

:4
n-

6
0.

44
5

±
0.

02
2*

a
1.

41
5

±
0.

34
9*

0.
51

6
±

0.
10

1*
a

2.
20

9
±

0.
43

8*
2.

47
6

±
0.

26
1b

2.
90

7
±

0.
45

7
2.

18
4

±
0.

25
8b

2.
82

7
±

0.
47

0
2.

43
6

±
0.

44
6b

2.
80

3
±

0.
46

3
6.

85
9

±
1.

83
7

6.
03

8
±

2.
16

3
7.

76
8

±
0.

67
6

6.
69

2
±

0.
84

7
20

:4
n-

3
0.

14
3

±
0.

00
6a,

b
0.

24
5

±
0.

06
4

0.
13

9
±

0.
00

6a
0.

15
5

±
0.

01
1

0.
19

5
±

0.
00

6c
0.

20
0

±
0.

01
6

0.
16

7
±

0.
01

1b
0.

14
5

±
0.

00
3

0.
15

2
±

0.
00

7a,
b

0.
14

2
±

0.
00

7
0.

15
6

±
0.

02
3

0.
28

2
±

0.
06

2
0.

11
2

±
0.

00
9

0.
12

1
±

0.
01

9
22

:4
n-

6
0.

17
2

±
0.

00
9*

a
0.

48
9

±
0.

07
3*

0.
18

9
±

0.
01

7*
a

0.
51

3
±

0.
06

0*
0.

33
1

±
0.

03
5b

0.
38

0
±

0.
06

3
0.

32
0

±
0.

05
1b

0.
37

1
±

0.
05

9
0.

29
3

±
0.

04
7b

0.
35

2
±

0.
04

4
0.

16
0

±
0.

03
0

0.
49

9
±

0.
16

0
0.

24
6

±
0.

04
1

0.
25

1
±

0.
02

6
22

:4
n-

3
0.

03
3

±
0.

00
2*

a
0.

15
5

±
0.

04
5*

0.
02

8
±

0.
00

2*
a

0.
07

2
±

0.
01

4*
0.

10
1

±
0.

02
3b

0.
10

3
±

0.
03

2
0.

06
2

±
0.

01
8a,

b
0.

05
5

±
0.

00
8

0.
03

6
±

0.
00

7a,
b

0.
04

1
±

0.
00

8
2.

00
1

±
0.

94
1

0.
58

0
±

0.
36

8
0.

04
7

±
0.

01
2

0.
04

5
±

0.
01

0
Σ:

4
1.

12
8

±
0.

05
2*

a
2.

63
1

±
0.

56
4*

1.
19

0
±

0.
12

5*
a

3.
17

8
±

0.
51

7*
3.

40
8

±
0.

33
7b

3.
86

8
±

0.
53

1
2.

98
7

±
0.

31
1b

3.
61

6
±

0.
51

5
3.

15
2

±
0.

49
8b

3.
53

8
±

0.
51

1
9.

34
7

±
0.

91
7

7.
72

0
±

2.
20

0
8.

25
4

±
0.

67
1

7.
25

8
±

0.
79

9
20

:5
n-

3
0.

64
6

±
0.

04
6a

0.
76

5
±

0.
19

7
0.

62
9

±
0.

06
7a

0.
80

7
±

0.
13

5
1.

90
1

±
0.

15
2b

1.
79

1
±

0.
14

7
1.

67
2

±
0.

16
4b

1.
69

6
±

0.
20

6
1.

80
1

±
0.

26
6b

1.
72

3
±

0.
21

7
5.

55
9

±
1.

69
9

2.
13

2
±

0.
74

2
5.

42
4

±
0.

30
1*

3.
57

8
±

0.
27

6*
21

:5
n-

3
0.

09
6

±
0.

00
6*

b
0.

19
2

±
0.

03
8*

0.
09

1
±

0.
00

6b
0.

11
4

±
0.

01
0

0.
13

3
±

0.
02

9ab
0.

14
3

±
0.

03
1

0.
08

5
±

0.
01

0a,
b

0.
08

1
±

0.
00

3
0.

06
3

±
0.

01
1a

0.
05

9
±

0.
00

4
0.

14
7

±
0.

08
8

0.
12

3
±

0.
02

6
0.

02
6

±
0.

00
3

0.
04

9
±

0.
01

6
22

:5
n-

6
0.

16
4

±
0.

01
1*

0.
47

7
±

0.
10

9*
0.

16
0

±
0.

01
1*

0.
31

0
±

0.
02

7*
0.

16
6

±
0.

02
0

0.
18

3
±

0.
02

4
0.

14
7

±
0.

01
6

0.
21

2
±

0.
02

2
0.

14
2

±
0.

02
3

0.
16

9
±

0.
01

6
3.

93
3

±
1.

79
2

3.
09

2
±

1.
66

4
0.

24
6

±
0.

03
0*

0.
36

6
±

0.
03

6*
22

:5
n-

3
0.

69
5

±
0.

02
8*

a
1.

13
2

±
0.

11
8*

0.
70

3
±

0.
03

2*
a

1.
12

9
±

0.
07

7*
0.

97
8

±
0.

05
4b

1.
09

7
±

0.
08

6
0.

95
9

±
0.

06
6b

1.
09

2
±

0.
08

3
0.

96
3

±
0.

07
6a,

b
1.

03
5

±
0.

08
2

0.
59

1
±

0.
18

2
1.

12
5

±
0.

42
3

1.
37

1
±

0.
06

9
1.

37
2

±
0.

06
1

Σ:
5

1.
60

1
±

0.
08

4*
a

2.
56

7
±

0.
44

8*
1.

58
3

±
0.

10
7*

a
2.

35
9

±
0.

23
3*

3.
17

7
±

0.
24

7b
3.

21
5

±
0.

25
8

2.
86

3
±

0.
22

5b
3.

08
0

±
0.

28
5

2.
96

9
±

0.
36

3b
2.

98
5

±
0.

31
0

10
.2

31
±

0.
53

6*
6.

47
2

±
1.

35
0*

7.
06

7
±

0.
37

7*
5.

36
5

±
0.

29
5*

22
:6

n-
3

2.
54

1
±

0.
15

9
2.

77
2

±
0.

18
3

2.
50

1
±

0.
15

1
2.

86
8

±
0.

13
5

3.
11

2
±

0.
28

0
3.

17
3

±
0.

24
0

2.
79

2
±

0.
30

4
3.

93
3

±
0.

34
5

3.
01

3
±

0.
32

9
3.

60
0

±
0.

41
4

3.
09

4
±

1.
05

9
7.

06
8

±
2.

36
5

11
.2

62
±

0.
65

8
14

.1
45

±
1.

16
7

ΣP
U

FA
20

.6
5

±
0.

42
*a

23
.2

8
±

1.
20

*
20

.7
3

±
0.

50
*a

23
.9

5
±

0.
90

*
24

.5
2

±
0.

51
b

24
.4

1
±

0.
89

24
.4

2
±

0.
82

b
26

.1
8

±
1.

10
24

.5
1

±
1.

20
b

25
.7

6
±

1.
25

40
.3

4
±

5.
83

30
.2

3
±

7.
11

38
.3

5
±

1.
84

39
.8

5
±

1.
45

Σ:
n-

6
14

.7
9

±
0.

20
*a

16
.3

5
±

0.
41

*
15

.0
1

±
0.

26
*a

17
.5

7
±

0.
56

*
16

.3
4

±
0.

47
b

16
.1

6
±

0.
52

17
.1

1
±

0.
48

b
17

.8
0

±
0.

59
16

.9
8

±
0.

58
b

17
.8

0
±

0.
66

28
.0

3
±

4.
01

17
.6

2
±

4.
01

19
.4

6
±

1.
02

19
.7

4
±

0.
72

Σ:
n-

3
5.

39
±

0.
27

a
6.

23
±

0.
69

5.
30

±
0.

28
a

5.
94

±
0.

36
7.

51
±

0.
51

b
7.

51
±

0.
45

6.
75

±
0.

47
b

7.
89

±
0.

57
7.

00
±

0.
68

b
7.

46
±

0.
64

12
.0

4
±

2.
04

11
.8

4
±

3.
39

18
.6

2
±

0.
98

19
.8

4
±

1.
01

n−
3/

n-
6

0.
36

±
0.

02
a

0.
37

±
0.

03
0.

35
±

0.
02

a
0.

33
±

0.
01

0.
46

±
0.

04
b

0.
46

±
0.

02
0.

39
±

0.
02

a,
b

0.
44

±
0.

02
0.

41
±

0.
03

a,
b

0.
41

±
0.

02
0.

42
±

0.
03

0.
65

±
0.

15
0.

96
±

0.
04

1.
01

±
0.

04
ΣV

LC
FA

0.
11

1
±

0.
00

9*
a

0.
91

6
±

0.
25

4*
0.

11
3

±
0.

01
5*

a
0.

67
2

±
0.

14
1*

1.
18

0
±

0.
23

1b
1.

16
9

±
0.

19
0

0.
78

4
±

0.
22

7b
0.

73
4

±
0.

14
1

0.
79

5
±

0.
15

1b
0.

77
5

±
0.

08
8

0.
44

5
±

0.
12

4*
1.

52
8

±
0.

17
0*

0.
21

3
±

0.
02

5
0.

28
7

±
0.

03
5

U
FA

/S
FA

1.
76

±
0.

08
*a

1.
98

±
0.

04
*

1.
71

±
0.

05
*a

1.
91

±
0.

06
*

3.
08

±
0.

29
b

2.
77

±
0.

25
2.

54
±

0.
21

b
2.

49
±

0.
13

2.
59

±
0.

16
b

2.
56

±
0.

11
1.

15
±

0.
26

0.
93

±
0.

28
0.

98
±

0.
03

*
1.

20
±

0.
09

*
D

B
I

0.
51

±
0.

01
a

0.
52

±
0.

01
0.

51
±

0.
01

a
0.

51
±

0.
01

0.
60

±
0.

02
b

0.
57

±
0.

03
0.

56
±

0.
02

b
0.

55
±

0.
02

0.
57

±
0.

02
b

0.
56

±
0.

02
0.

21
±

0.
03

0.
18

±
0.

04
0.

22
±

0.
01

0.
26

±
0.

02
TA

C
L

17
.2

9
±

0.
03

*a
17

.5
4

±
0.

04
*

17
.3

7
±

0.
02

*a,
b

17
.6

2
±

0.
04

*
17

.2
8

±
0.

07
a

17
.2

1
±

0.
06

17
.3

9
±

0.
03

a,
b

17
.3

9
±

0.
09

17
.4

8
±

0.
04

b
17

.4
4

±
0.

06
17

.9
8

±
0.

12
17

.7
4

±
0.

25
18

.2
0

±
0.

07
18

.1
8

±
0.

13
a A

n
as

te
ri

sk
(*

)i
nd

ic
at

es
a

si
gn

ifi
ca

nt
di

ffe
re

nc
e

be
tw

ee
n

th
e

fe
d

an
d

fa
st

ed
an

im
al

s
(t-

te
st

,M
an

n–
W

hi
tn

ey
U

te
st

,P
<

0.
05

);
di

ss
im

ila
r

su
pe

rs
cr

ip
ts

in
di

ca
te

th
at

th
e

va
lu

es
of

su
bc

ut
an

eo
us

(s
c)

,i
nt

ra
-a

bd
om

in
al

(ia
b)

,a
nd

ex
tr

em
ity

fa
ts

of
th

e
fe

d
gr

ou
p

di
ffe

r
at

P
<

0.
05

(o
ne

-w
ay

A
N

O
V

A
).

∆9
-D

I=
∆9

-d
es

at
ur

at
io

n
in

de
x,

V
LC

FA
=

ve
ry

lo
ng

ch
ai

n
FA

(c
ha

in
le

ng
th

≥
24

C
),

U
FA

=
un

sa
tu

ra
te

d
FA

,S
FA

=
sa

tu
ra

te
d

FA
,D

B
I=

do
ub

le
bo

nd
in

de
x,

TA
C

L
=

to
ta

la
ve

ra
ge

ch
ai

n
le

ng
th

.



FATTY ACID PROFILE OF THE AMERICAN MARTEN 235

Lipids, Vol. 41, no. 3 (2006)

TA
B

LE
2

Ef
fe

ct
s

of
Fa

st
in

g
on

th
e

C
om

po
si

ti
on

of
Sa

tu
ra

te
d

an
d

M
on

ou
ns

at
ur

at
ed

FA
(m

ol
%

)
in

A
di

po
se

Ti
ss

ue
s

of
th

e
A

m
er

ic
an

M
ar

te
na

(m
ea

n
±

SE
)

Sc
ap

ul
ar

sc
fa

t
R

um
p

sc
fa

t
V

en
tr

al
sc

fa
t

M
es

en
te

ri
c

fa
t

O
m

en
ta

lf
at

R
et

ro
pe

ri
to

ne
al

fa
t

D
ia

ph
ra

gm
at

ic
fa

t

FA
Fe

d
Fa

st
ed

Fe
d

Fa
st

ed
Fe

d
Fa

st
ed

Fe
d

Fa
st

ed
Fe

d
Fa

st
ed

Fe
d

Fa
st

ed
Fe

d
Fa

st
ed

12
:0

1.
50

±
0.

15
1.

22
±

0.
15

1.
26

±
0.

22
1.

28
±

0.
13

1.
39

±
0.

17
1.

31
±

0.
18

1.
38

±
0.

18
1.

17
±

0.
15

1.
35

±
0.

17
1.

29
±

0.
12

1.
19

±
0.

16
1.

05
±

0.
13

1.
15

±
0.

29
1.

21
±

0.
16

14
:0

8.
18

±
0.

67
6.

56
±

1.
06

7.
28

±
0.

96
6.

90
±

0.
90

7.
95

±
0.

77
6.

84
±

1.
05

7.
50

±
0.

84
5.

95
±

0.
83

7.
01

±
0.

67
6.

42
±

0.
79

7.
22

±
0.

74
5.

69
±

0.
95

6.
80

±
1.

22
6.

39
±

0.
93

15
:0

0.
31

±
0.

01
0.

27
±

0.
02

0.
30

±
0.

02
0.

27
±

0.
02

0.
30

±
0.

01
0.

34
±

0.
09

0.
31

±
0.

01
0.

28
±

0.
02

0.
31

±
0.

01
*

0.
26

±
0.

02
*

0.
29

±
0.

01
*

0.
23

±
0.

02
*

0.
29

±
0.

02
*

0.
24

±
0.

01
*

16
:0

20
.4

8
±

0.
47

*
15

.1
2

±
1.

15
*

19
.5

0
±

0.
56

*
14

.6
6

±
1.

00
*

20
.0

2
±

0.
53

*
15

.3
1

±
0.

95
*

20
.8

7
±

0.
32

*
17

.2
0

±
0.

84
*

20
.5

9
±

0.
30

*
17

.1
6

±
1.

12
*

20
.1

7
±

0.
31

*
14

.0
4

±
0.

87
*

20
.1

9
±

0.
28

*
14

.7
4

±
0.

99
*

17
:0

0.
39

±
0.

02
0.

44
±

0.
06

0.
38

±
0.

02
0.

42
±

0.
07

0.
39

±
0.

02
0.

43
±

0.
07

0.
42

±
0.

02
0.

46
±

0.
03

0.
43

±
0.

02
0.

42
±

0.
03

0.
40

±
0.

01
0.

44
±

0.
05

0.
40

±
0.

02
0.

41
±

0.
04

18
:0

5.
53

±
0.

27
*

7.
61

±
0.

61
*

5.
72

±
0.

30
7.

55
±

0.
97

5.
92

±
0.

26
*

7.
57

±
0.

61
*

6.
63

±
0.

48
*

9.
96

±
1.

09
*

6.
38

±
0.

10
8.

28
±

1.
15

6.
84

±
0.

22
8.

81
±

1.
52

6.
69

±
0.

13
9.

53
±

1.
35

19
:0

0.
09

±
0.

01
*

0.
28

±
0.

09
*

0.
10

±
0.

01
0.

20
±

0.
05

0.
10

±
0.

01
*

0.
21

±
0.

06
*

0.
10

±
0.

01
*

0.
21

±
0.

04
*

0.
09

±
0.

01
*

0.
15

±
0.

03
*

0.
11

±
0.

01
*

0.
21

±
0.

03
*

0.
09

±
0.

01
*

0.
19

±
0.

03
*

20
:0

0.
15

±
0.

01
*

0.
43

±
0.

10
*

0.
19

±
0.

02
*

0.
39

±
0.

06
*

0.
20

±
0.

01
*

0.
42

±
0.

06
*

0.
19

±
0.

02
*

0.
38

±
0.

05
*

0.
17

±
0.

01
*

0.
29

±
0.

06
*

0.
23

±
0.

01
*

0.
46

±
0.

05
*

0.
20

±
0.

02
*

0.
38

±
0.

05
*

22
:0

0.
04

±
0.

01
0.

23
±

0.
10

0.
04

±
0.

01
*

0.
17

±
0.

05
*

0.
04

±
<

0.
01

*
0.

25
±

0.
11

*
0.

07
±

0.
03

*
0.

22
±

0.
06

*
0.

04
±

<
0.

01
0.

15
±

0.
08

0.
05

±
<

0.
01

*
0.

28
±

0.
11

*
0.

04
±

<
0.

01
*

0.
22

±
0.

09
*

24
:0

0.
03

±
0.

01
0.

37
±

0.
22

0.
03

±
<

0.
01

0.
22

±
0.

11
0.

02
±

<
0.

01
*

0.
53

±
0.

28
*

0.
04

±
0.

02
*

0.
24

±
0.

09
*

0.
02

±
<

0.
01

0.
12

±
0.

08
0.

02
±

<
0.

01
*

0.
23

±
0.

12
*

0.
02

±
<

0.
01

*
0.

17
±

0.
09

*
Σ:

0
37

.3
4

±
1.

35
*

33
.7

8
±

0.
93

*
35

.3
9

±
2.

05
33

.1
1

±
0.

80
36

.9
5

±
1.

70
34

.2
3

±
0.

91
38

.0
9

±
1.

24
37

.0
5

±
0.

85
36

.9
5

±
1.

08
35

.3
1

±
0.

72
37

.0
9

±
1.

29
*

32
.2

2
±

1.
55

*
36

.4
7

±
1.

90
34

.3
3

±
0.

76
14

:1
n-

5
0.

22
5

±
0.

03
2

0.
32

0
±

0.
07

9
0.

21
3

±
0.

03
1

0.
37

3
±

0.
06

1
0.

19
5

±
0.

02
0

0.
33

9
±

0.
07

1
0.

15
5

±
0.

01
7*

0.
26

4
±

0.
04

1*
0.

12
4

±
0.

00
6

0.
20

6
±

0.
04

0
0.

13
9

±
0.

01
3

0.
23

0
±

0.
04

6
0.

13
9

±
0.

01
6

0.
21

8
±

0.
04

2
16

:1
n-

9
0.

54
8

±
0.

01
9

0.
61

5
±

0.
03

3
0.

52
0

±
0.

01
7

0.
57

2
±

0.
02

4
0.

49
1

±
0.

01
7*

0.
58

1
±

0.
02

3*
0.

49
4

±
0.

02
1

0.
53

0
±

0.
03

0
0.

52
8

±
0.

01
9

0.
55

0
±

0.
02

5
0.

51
1

±
0.

01
1

0.
59

0
±

0.
04

3
0.

51
1

±
0.

02
9

0.
56

2
±

0.
04

9
16

:1
n-

7
4.

53
9

±
0.

41
0*

2.
27

7
±

0.
32

0*
4.

62
0

±
0.

49
8*

2.
78

2
±

0.
42

8*
4.

28
7

±
0.

39
3*

2.
37

0
±

0.
27

8*
3.

74
4

±
0.

29
3*

2.
09

3
±

0.
30

0*
3.

65
1

±
0.

13
8*

2.
51

0
±

0.
31

6*
3.

43
2

±
0.

19
0*

1.
55

5
±

0.
22

0*
3.

55
4

±
0.

26
9*

1.
79

6
±

0.
30

0*
17

:1
n-

8
0.

20
1

±
0.

01
5

0.
19

2
±

0.
05

0
0.

19
1

±
0.

02
1

0.
20

5
±

0.
04

0
0.

18
4

±
0.

01
7

0.
21

6
±

0.
07

3
0.

17
0

±
0.

01
3

0.
16

1
±

0.
01

6
0.

17
2

±
0.

00
8

0.
15

6
±

0.
01

1
0.

15
4

±
0.

01
2

0.
14

4
±

0.
02

4
0.

16
3

±
0.

01
5

0.
13

5
±

0.
02

3
18

:1
n-

9
28

.6
8

±
1.

27
25

.9
6

±
2.

98
29

.6
4

±
2.

20
26

.8
1

±
2.

18
28

.4
7

±
1.

61
26

.8
7

±
2.

21
27

.6
0

±
1.

53
23

.9
6

±
1.

85
29

.3
1

±
1.

30
27

.7
0

±
1.

88
28

.4
8

±
1.

40
26

.0
8

±
2.

16
29

.3
7

±
2.

32
26

.3
7

±
2.

10
18

:1
n-

7
2.

54
8

±
0.

11
2

2.
43

2
±

0.
04

3
2.

52
3

±
0.

15
0

2.
33

3
±

0.
07

0
2.

51
3

±
0.

13
4

2.
43

1
±

0.
04

9
2.

51
7

±
0.

12
0

2.
53

4
±

0.
05

7
2.

58
7

±
0.

12
2

2.
46

5
±

0.
10

0
2.

50
6

±
0.

09
6

2.
41

9
±

0.
08

3
2.

53
0

±
0.

11
8

2.
36

3
±

0.
09

9
20

:1
n-

11
1.

06
4

±
0.

06
9*

1.
80

7
±

0.
26

8*
1.

17
0

±
0.

12
1*

2.
26

1
±

0.
23

3*
1.

15
5

±
0.

07
4*

2.
00

0
±

0.
21

2*
1.

17
8

±
0.

10
8*

1.
72

1
±

0.
14

4*
1.

20
3

±
0.

09
8*

1.
83

1
±

0.
20

3*
1.

26
7

±
0.

05
6*

2.
97

0
±

0.
30

4*
1.

36
9

±
0.

13
4*

2.
36

9
±

0.
23

6*
20

:1
n-

9
2.

25
3

±
0.

16
1*

3.
22

6
±

0.
44

4*
2.

59
5

±
0.

17
2*

4.
03

9
±

0.
24

9*
2.

66
0

±
0.

13
7*

3.
58

8
±

0.
37

0*
2.

43
5

±
0.

23
6

2.
97

3
±

0.
25

8
2.

64
7

±
0.

26
2

3.
21

8
±

0.
25

3
2.

93
0

±
0.

23
2*

4.
36

4
±

0.
34

4*
3.

09
5

±
0.

41
3

3.
76

7
±

0.
28

5
22

:1
n-

11
0.

87
2

±
0.

05
5*

1.
37

5
±

0.
09

4*
1.

23
1

±
0.

12
3*

2.
11

4
±

0.
21

9*
1.

28
2

±
0.

08
8*

1.
80

9
±

0.
17

6*
1.

18
7

±
0.

10
0

1.
51

8
±

0.
14

3
1.

26
8

±
0.

18
3

1.
57

6
±

0.
27

4
1.

45
2

±
0.

11
2*

2.
19

0
±

0.
22

8*
1.

53
7

±
0.

13
5

2.
00

1
±

0.
18

5
22

:1
n-

9
0.

14
3

±
0.

00
8*

0.
35

8
±

0.
07

3*
0.

18
0

±
0.

02
1*

0.
45

9
±

0.
12

1*
0.

18
2

±
0.

01
2*

0.
35

0
±

0.
03

0*
0.

16
1

±
0.

01
2*

0.
27

8
±

0.
02

6*
0.

16
7

±
0.

01
6

0.
27

1
±

0.
06

5
0.

20
2

±
0.

01
4*

0.
37

5
±

0.
05

1*
0.

19
1

±
0.

01
2*

0.
36

0
±

0.
04

0*
22

:1
n-

7
0.

03
0

±
0.

00
3*

0.
15

5
±

0.
07

4*
0.

03
1

±
0.

00
6

0.
08

6
±

0.
02

4
0.

02
9

±
0.

00
3

0.
11

9
±

0.
05

1
0.

03
0

±
0.

00
4*

0.
06

2
±

0.
01

2*
0.

02
3

±
0.

00
2

0.
05

4
±

0.
02

3
0.

02
9

±
0.

00
4*

0.
07

9
±

0.
02

8*
0.

02
8

±
0.

00
3*

0.
06

3
±

0.
01

4*
Σ:

1
42

.0
6

±
1.

83
41

.6
2

±
2.

51
43

.8
8

±
2.

90
44

.2
8

±
1.

56
42

.4
1

±
2.

24
43

.1
4

±
2.

00
40

.6
6

±
2.

12
38

.1
8

±
2.

08
42

.5
8

±
1.

82
42

.0
9

±
1.

41
42

.0
7

±
1.

93
43

.1
3

±
2.

12
43

.4
1

±
3.

07
41

.9
0

±
2.

13
∆9

-D
I

1.
09

±
0.

10
1.

07
±

0.
09

1.
10

±
0.

14
1.

13
±

0.
08

1.
10

±
0.

14
1.

10
±

0.
07

1.
00

±
0.

09
0.

89
±

0.
07

1.
08

±
0.

08
1.

05
±

0.
07

1.
04

±
0.

09
1.

10
±

0.
08

1.
09

±
0.

14
1.

02
±

0.
08

a A
n

as
te

ri
sk

(*
)i

nd
ic

at
es

a
si

gn
ifi

ca
nt

di
ffe

re
nc

e
be

tw
ee

n
th

e
fe

d
an

d
th

e
fa

st
ed

an
im

al
s

(t-
te

st
,M

an
n–

W
hi

tn
ey

U
te

st
,P

<
0.

05
).

Th
e

su
m

s
in

cl
ud

e
al

so
m

in
or

FA
no

tp
re

se
nt

ed
in

th
e

ta
bl

e.
Fo

r
ab

br
ev

ia
tio

ns
se

e
Ta

bl
e

1.

TA
B

LE
3

Ef
fe

ct
s

of
Fa

st
in

g
on

th
e

C
om

po
si

ti
on

of
PU

FA
(m

ol
%

)
in

A
di

po
se

Ti
ss

ue
s

of
th

e
A

m
er

ic
an

M
ar

te
na

(m
ea

n
±

SE
)

Sc
ap

ul
ar

sc
fa

t
R

um
p

sc
fa

t
V

en
tr

al
sc

fa
t

M
es

en
te

ri
c

fa
t

O
m

en
ta

lf
at

R
et

ro
pe

ri
to

ne
al

fa
t

D
ia

ph
ra

gm
at

ic
fa

t

FA
Fe

d
Fa

st
ed

Fe
d

Fa
st

ed
Fe

d
Fa

st
ed

Fe
d

Fa
st

ed
Fe

d
Fa

st
ed

Fe
d

Fa
st

ed
Fe

d
Fa

st
ed

18
:2

n-
6

13
.2

8
±

0.
35

13
.2

5
±

0.
63

13
.6

9
±

0.
31

13
.5

2
±

0.
39

13
.6

5
±

0.
21

12
.9

3
±

0.
59

13
.3

6
±

0.
31

12
.4

7
±

0.
41

13
.3

6
±

0.
25

13
.6

5
±

0.
31

14
.2

9
±

0.
37

14
.8

1
±

0.
35

13
.6

6
±

0.
42

14
.4

0
±

0.
28

Σ:
2

13
.8

8
±

0.
34

14
.2

7
±

0.
38

14
.3

0
±

0.
29

14
.2

8
±

0.
31

14
.2

3
±

0.
20

13
.7

8
±

0.
42

13
.9

2
±

0.
31

13
.2

1
±

0.
35

13
.9

3
±

0.
25

14
.2

6
±

0.
28

14
.8

2
±

0.
38

15
.3

8
±

0.
37

14
.1

9
±

0.
43

15
.0

5
±

0.
29

18
:3

n-
6

0.
13

8
±

0.
00

7
0.

18
9

±
0.

05
8

0.
13

8
±

0.
01

3
0.

11
7

±
0.

01
9

0.
13

5
±

0.
00

8
0.

15
9

±
0.

05
8

0.
12

4
±

0.
00

5
0.

12
0

±
0.

01
4

0.
12

3
±

0.
00

7*
0.

09
8

±
0.

00
6*

0.
12

9
±

0.
00

7*
0.

09
0

±
0.

01
1*

0.
12

5
±

0.
01

5
0.

10
0

±
0.

00
5

18
:3

n-
3

0.
90

7
±

0.
04

1*
0.

62
2

±
0.

05
4*

0.
92

3
±

0.
05

8*
0.

57
2

±
0.

03
9*

0.
90

6
±

0.
04

2*
0.

56
7

±
0.

04
6*

0.
91

2
±

0.
04

9*
0.

55
3

±
0.

06
5*

0.
90

4
±

0.
05

2*
0.

67
0

±
0.

06
9*

0.
89

0
±

0.
05

4*
0.

41
9

±
0.

04
0*

0.
85

3
±

0.
09

5*
0.

53
3

±
0.

04
8*

20
:3

n-
6

0.
17

0
±

0.
01

0*
0.

35
1

±
0.

08
5*

0.
18

3
±

0.
01

3
0.

33
2

±
0.

08
0

0.
17

6
±

0.
00

8
0.

30
2

±
0.

06
7

0.
20

0
±

0.
03

5*
0.

44
4

±
0.

08
4*

0.
16

4
±

0.
00

8
0.

27
2

±
0.

06
1

0.
18

6
±

0.
01

1*
0.

38
9

±
0.

08
8*

0.
17

9
±

0.
00

6*
0.

31
9

±
0.

06
6*

20
:3

n-
3

0.
04

5
±

0.
00

4
0.

17
9

±
0.

09
3

0.
03

8
±

0.
00

3
0.

07
2

±
0.

02
4

0.
03

8
±

0.
00

2
0.

14
9

±
0.

09
1

0.
04

0
±

0.
00

4
0.

07
3

±
0.

01
4

0.
04

0
±

0.
00

3
0.

06
1

±
0.

01
7

0.
03

6
±

0.
00

3
0.

06
9

±
0.

01
8

0.
03

7
±

0.
00

6
0.

05
5

±
0.

01
4

Σ:
3

1.
25

9
±

0.
04

7
1.

34
1

±
0.

27
1

1.
28

2
±

0.
08

0
1.

09
3

±
0.

10
7

1.
25

3
±

0.
05

3
1.

17
7

±
0.

22
0

1.
27

6
±

0.
07

9
1.

19
1

±
0.

07
9

1.
23

1
±

0.
06

3
1.

10
1

±
0.

05
8

1.
23

9
±

0.
06

5
0.

96
7

±
0.

10
4

1.
19

3
±

0.
12

1
1.

00
6

±
0.

08
3

18
:4

n-
3

0.
29

4
±

0.
02

3
0.

26
7

±
0.

07
1

0.
28

0
±

0.
03

8
0.

22
0

±
0.

03
0

0.
28

5
±

0.
02

4
0.

25
2

±
0.

07
8

0.
28

8
±

0.
02

5*
0.

19
5

±
0.

02
5*

0.
30

7
±

0.
03

1
0.

23
7

±
0.

02
9

0.
25

2
±

0.
01

8*
0.

13
1

±
0.

02
0*

0.
25

6
±

0.
04

9
0.

18
5

±
0.

03
5

20
:4

n-
6

0.
47

3
±

0.
04

0
1.

53
2

±
0.

71
3

0.
42

9
±

0.
05

0
1.

37
3

±
0.

59
3

0.
42

7
±

0.
03

3
1.

34
0

±
0.

58
0

0.
79

3
±

0.
35

3*
3.

07
0

±
0.

88
9*

0.
41

4
±

0.
03

8
1.

47
5

±
0.

73
7

0.
41

1
±

0.
03

6
2.

48
6

±
1.

02
4

0.
39

1
±

0.
06

2
1.

80
5

±
0.

89
8

Σ:
4

1.
17

6
±

0.
08

2
2.

96
3

±
1.

22
6

1.
10

4
±

0.
12

4
2.

38
1

±
0.

80
7

1.
09

7
±

0.
08

3
2.

54
9

±
0.

97
5

1.
52

3
±

0.
41

9*
4.

26
5

±
1.

06
2*

1.
09

9
±

0.
09

8
2.

35
2

±
0.

91
2

1.
05

0
±

0.
07

8
3.

38
7

±
1.

18
0

1.
01

1
±

0.
15

7
2.

70
5

±
1.

03
4

20
:5

n-
3

0.
71

4
±

0.
08

1
0.

93
5

±
0.

47
8

0.
63

3
±

0.
10

7
0.

62
4

±
0.

20
1

0.
58

6
±

0.
06

5
0.

73
7

±
0.

32
6

0.
82

2
±

0.
20

4
1.

05
0

±
0.

25
5

0.
65

8
±

0.
07

0
0.

70
3

±
0.

24
7

0.
49

1
±

0.
04

9
0.

85
7

±
0.

34
1

0.
48

3
±

0.
09

8
0.

61
7

±
0.

25
5

22
:5

n-
3

0.
70

0
±

0.
04

1*
1.

24
4

±
0.

29
4*

0.
69

4
±

0.
06

9
1.

05
1

±
0.

13
3

0.
69

0
±

0.
05

1*
1.

10
1

±
0.

17
4*

0.
76

5
±

0.
07

9*
1.

35
3

±
0.

20
6*

0.
69

4
±

0.
05

5
1.

00
1

±
0.

14
9

0.
66

7
±

0.
04

5*
1.

05
9

±
0.

13
0*

0.
67

6
±

0.
09

4*
1.

10
2

±
0.

11
7*

Σ:
5

1.
69

1
±

0.
13

0
3.

01
6

±
1.

09
7

1.
57

6
±

0.
20

6
2.

22
9

±
0.

46
0

1.
52

8
±

0.
13

3
2.

45
5

±
0.

72
0

1.
85

2
±

0.
30

3
2.

85
8

±
0.

48
5

1.
59

9
±

0.
14

8
2.

08
0

±
0.

46
5

1.
40

8
±

0.
11

3
2.

34
1

±
0.

54
0

1.
38

8
±

0.
23

3
2.

15
8

±
0.

41
1

22
:6

n-
3

2.
59

4
±

0.
23

4
3.

01
3

±
0.

45
9

2.
47

0
±

0.
38

4
2.

62
3

±
0.

20
3

2.
53

9
±

0.
28

4
2.

68
0

±
0.

25
7

2.
67

3
±

0.
28

1
3.

24
5

±
0.

28
2

2.
60

6
±

0.
31

1
2.

80
5

±
0.

19
0

2.
31

8
±

0.
24

5
2.

57
0

±
0.

36
2

2.
33

4
±

0.
50

5
2.

85
4

±
0.

20
2

Σ
PU

FA
20

.6
0

±
0.

69
24

.6
0

±
2.

83
20

.7
3

±
0.

98
22

.6
1

±
1.

46
20

.6
4

±
0.

70
22

.6
4

±
1.

89
21

.2
5

±
1.

23
24

.7
7

±
1.

61
20

.4
6

±
0.

83
22

.6
0

±
1.

46
20

.8
4

±
0.

81
24

.6
4

±
2.

43
20

.1
2

±
1.

37
23

.7
7

±
1.

81
Σ

V
LC

FA
0.

11
7

±
0.

02
1

0.
97

6
±

0.
51

1
0.

10
8

±
0.

01
2

0.
66

9
±

0.
30

7
0.

10
7

±
0.

00
9

1.
10

3
±

0.
51

4
0.

15
8

±
0.

05
0*

0.
79

4
±

0.
25

1*
0.

08
1

±
0.

00
7

0.
46

3
±

0.
26

2
0.

10
7

±
0.

01
0

0.
79

6
±

0.
34

3
0.

09
9

±
0.

01
3

0.
63

5
±

0.
30

0
Σ

n-
6

PU
FA

14
.5

6
±

0.
40

*
16

.8
0

±
0.

87
*

14
.9

5
±

0.
42

16
.3

9
±

0.
72

14
.8

9
±

0.
28

15
.8

5
±

0.
54

15
.0

5
±

0.
70

17
.4

1
±

0.
90

14
.5

4
±

0.
33

16
.3

6
±

0.
83

15
.5

5
±

0.
45

18
.8

6
±

1.
52

14
.8

4
±

0.
55

17
.6

5
±

1.
17

Σ
n-

3
PU

FA
5.

54
±

0.
41

6.
94

±
1.

65
5.

31
±

0.
67

5.
64

±
0.

69
5.

30
±

0.
47

6.
11

±
1.

19
5.

77
±

0.
61

6.
85

±
0.

72
5.

48
±

0.
53

5.
79

±
0.

62
4.

90
±

0.
41

5.
43

±
0.

90
4.

87
±

0.
86

5.
68

±
0.

61
n-

3/
n-

6
0.

38
±

0.
03

0.
39

±
0.

07
0.

35
±

0.
04

0.
34

±
0.

03
0.

35
±

0.
03

0.
38

±
0.

06
0.

38
±

0.
03

0.
39

±
0.

03
0.

37
±

0.
03

0.
35

±
0.

02
0.

31
±

0.
02

0.
28

±
0.

02
0.

32
±

0.
05

0.
32

±
0.

02
U

FA
/S

FA
1.

70
±

0.
12

1.
98

±
0.

08
1.

87
±

0.
19

2.
03

±
0.

07
1.

75
±

0.
16

1.
94

±
0.

08
1.

64
±

0.
10

1.
71

±
0.

06
1.

72
±

0.
09

1.
84

±
0.

06
1.

72
±

0.
11

2.
16

±
0.

17
1.

77
±

0.
16

1.
92

±
0.

06
D

B
I

0.
51

±
0.

02
0.

51
±

0.
02

0.
52

±
0.

03
0.

53
±

0.
01

0.
51

±
0.

02
0.

52
±

0.
02

0.
49

±
0.

02
0.

47
±

0.
02

0.
51

±
0.

02
0.

51
±

0.
01

0.
51

±
0.

02
0.

53
±

0.
02

0.
52

±
0.

03
0.

51
±

0.
02

TA
C

L
17

.2
5

±
0.

05
*

17
.5

3
±

0.
07

*
17

.3
4

±
0.

05
17

.5
5

±
0.

08
17

.3
1

±
0.

04
*

17
.5

5
±

0.
07

*
17

.3
3

±
0.

05
*

17
.5

6
±

0.
07

*
17

.3
7

±
0.

04
17

.5
3

±
0.

09
17

.3
8

±
0.

04
*

17
.7

4
±

0.
10

*
17

.4
0

±
0.

07
17

.6
5

±
0.

08
a A

n
as

te
ri

sk
(*

)i
nd

ic
at

es
a

si
gn

ifi
ca

nt
di

ffe
re

nc
e

be
tw

ee
n

th
e

fe
d

an
d

th
e

fa
st

ed
an

im
al

s
(t-

te
st

,M
an

n–
W

hi
tn

ey
U

te
st

,P
<

0.
05

).
Fo

r
ab

br
ev

ia
tio

ns
se

e
Ta

bl
e

1.
Th

e
su

m
s

in
cl

ud
e

al
so

m
in

or
FA

no
tp

re
se

nt
ed

in
th

e
ta

bl
e.



MUFA, and, in particular, 2n-PUFA increased, while the pro-
portions of 5n-PUFA decreased and the total percentage of the
VLCFA increased. In the liver, the total proportion of SFA, 3n-
, and 5n-PUFA was lower in the fasted animals. After 2 d of
fasting, most FA were highly preserved in the fat depots (Fig.
1). The most important FA that had high relative mobilization
were 16:1n-7, 16:0, 18:4n-3, and 14:0, whereas several long-
chain MUFA and PUFA, such as 24:1n-9 and 20:4n-6, had
mostly low relative mobilization, along with 14:1n-5, 17:0,
18:0, 20:0, and 24:0. Relative mobilization did not differ be-
tween the various iab and sc depots.

Relative mobilization of SFA correlated negatively with the
chain length when all trunk WAT were analyzed as a whole (rs
= −0.327, P < 0.01; Fig. 2a). The same was observed in the n-9
MUFA (rs = −0.350, P < 0.01; Fig. 2b) but not in the n-5, n-7,
or n-11 MUFA. The influence of chain length on the relative
mobilization of PUFA was tested by comparing PUFA with the
same degree of unsaturation and position of the first double
bond but with a different chain length. The difference was sta-
tistically significant in six out of eight pairs (16:2n-4 vs. 18:2n-
4; 18:2n-6 vs. 20:2n-6; 18:3n-6 vs. 20:3n-6; 18:3n-3 vs. 20:3n-
3; 18:4n-3 vs. 20:4n-3; and 20:4n-3 vs. 22:4n-3) in the way that
the PUFA with the longer chain length had a lower mobiliza-
tion rate (t-test, P < 0.05).

When SFA and corresponding MUFA with the same chain
length were compared with each other, relative mobilization

increased with ∆9-desaturation in four out of seven cases (16:0
vs. 16:1n-7; 18:0 vs. 18:1n-9; 19:0 vs. 19:1n-10, and 20:0 vs.
20:1n-11, t-test, P < 0.05; Fig. 2c). The influence of unsatura-
tion on relative mobilization of PUFA was investigated by
comparing PUFA with the same chain length and position of
the first double bond but with a different double bond number.
The difference was significant in three out of six pairs (18:3n-3
vs. 18:4n-3; 20:2n-6 vs. 20:3n-6; 20:3n-6 vs. 20:4n-6; Fig. 2d)
in the way that the PUFA with the higher number of double
bonds had the lower relative mobilization rate (t-test, P < 0.05).

The influence of positional isomerism on the relative mobi-
lization of MUFA was tested by comparing MUFA of the same
chain length but different position of the double bond. The dif-
ference was statistically significant in five out of seven pairs (t-
test, P < 0.05) in the way that the MUFA with the double bond
closer to the methyl end of the molecule had a lower (18:1n-5
vs. 18:1n-7; 20:1n-9 vs. 20:1n-11; and 22:1n-9 vs. 22:1n-11) or
a higher mobilization rate (14:1n-7 vs. 14:1n-9 and 16:1n-7 vs.
16:1n-9). When comparing PUFA with the same chain length
and unsaturation but with a different position of the first double
bond, the difference was statistically significant in four out of
six pairs (t-test, P < 0.05) in the way that the PUFA with the
first double bond closer to the methyl end of the molecule had
a lower (18:3n-3 vs. 18:3n-6; 18:2n-6 vs. 18:2n-7; and 22:5n-3
vs. 22:5n-6) or a higher mobilization rate (20:4n-3 vs. 20:4n-
6).
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FIG. 1. In vivo relative mobilization of the most abundant FA in pooled adipose tissues of the
American marten fasted for 2 d (mean + SE). Positive (+) values indicate that the proportion of
a FA is lower compared with the fed control group, and negative (–) values signify that the pro-
portion of a FA has increased compared with the fed control group. Black bars are plotted
against the left Y-axis and gray bars against the right Y-axis.



DISCUSSION

Body fat content and rate of weight loss. The rate of BM loss in
the fasted American marten was 13.4% or 6.7% d−1. This is
slightly higher than the BM loss of 4.8% d−1 observed previously
after a 5-d fasting period (12). At the same time, the BMI of the
fasted marten of this study decreased by 18.5%. The total fat per-
centage of the marten was very low, approximately 2.7% for the
fed animals and only a little more than 2% for the fasted animals.
The data of the fed control animals fit quite well the previous re-
port of Buskirk and Harlow (11). They measured a 2.4% body fat
content in skinned American marten in Alaska, whereas in

Wyoming the whole body fat content was approximately 5.6% in
winter. The rate of BM loss in the marten was relatively high
compared with a close relative, the farmed sable, which lost about
16% or 4.0% d−1 of its BM during a 4-d wintertime fasting pe-
riod (Mustonen, A.-M., Puukka, M., Saarela, S., Paakkonen, T.,
Aho, J., and Nieminen, P., unpublished data). The sable had an
8.0% body fat content. The body fat percentage of the captive
marten of this study was even more different from the farmed
American mink, which can have a body fat content as high as
35–38% in the winter (15). Fasted mink lose weight at a rate of
approximately 3.0% after a 2-d fasting period, which is about 4.5
times less than the weight loss rate of the marten was.
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FIG. 2. Effects of FA structure on relative mobilization in the American marten after 2 d of fasting (all trunk white adi-
pose tissues analyzed as a whole; mean + SE). (a) Relative mobilization of saturated FA of different carbon chain
length. (b) Relative mobilization of n-9 monounsaturated FA of different carbon chain length. (c) The influence of ∆9-
desaturation on relative mobilization. * = Significant difference in relative mobilization between saturated and mo-
nounsaturated FA (t-test, P < 0.05). (d) Effect of double bond number on relative mobilization of selected PUFA.
* = Significant difference in relative mobilization between PUFA with different degrees of unsaturation (t-test, P < 0.05).



The smaller initial body fat percentage compared with the
sable or the mink could be an explanation of the more rapid
weight loss of the marten. Marten have been previously fasted
for 5 d with fat as the principal source of metabolic energy (12).
Yet the use of proteins is already quite significant at this point
of fasting. It is conceivable that some body proteins could have
been lost during the fasting procedure of the present study, as
the total BM of the fasted marten decreased by 113 g, of which
fat accounted for approximately 8.2 g. A major part of the BM
loss probably consisted of intestinal contents, but also body
proteins and carbohydrates could have contributed to the ob-
served BM loss. However, plasma urea and ammonia levels as
well as plasma, liver, and muscle protein concentrations re-
mained stable during fasting while the liver, muscle, and kid-
ney glycogen stores decreased (Nieminen, P., Rouvinen-Watt,
K., and Mustonen, A.-M., unpublished data). These data indi-
cate that the marten were still within phase II of fasting at the
end of the experiment.

As an additional result, the clearly positive correlation be-
tween the BMI and the total fat mass or the body fat percent-
age indicates that the BMI can be used as an accurate and eas-
ily measured tool to approximate the body condition and fat
content of American marten. To determine the condition of an
individual marten, this can be supplemented by measuring the
om fat mass (22). In fact, the correlation between the calculated
BMI and the different fat depots was the most significant be-
tween the BMI and the om fat mass (rs = 0.828, P < 0.01). The
observation that the marten in the fasted group were physically
active, many of them exhibiting stereotypical behavior and
signs of stress, may be quite relevant to their rapid rate of body
mass loss. This is most likely due to increased energy expendi-
ture caused by accelerated locomotor activity as observed pre-
viously in fasted mink (23). In a similar manner, it has been ob-
served that physical activity increases in the least weasel
(Mustela nivalis) due to food deprivation (24).

Site-specific FA composition of the American marten. Gen-
erally, the FA composition in the sc and iab depots of the Amer-
ican marten was very similar to previous findings on other
mustelids, the sable and the mink (25,26; Nieminen, P., and
Mustonen, A.-M., unpublished data; Nieminen, P., Käkelä, R.,
Pyykönen, T., and Mustonen, A.-M., unpublished data). The
most abundant FA in the fat depots of the marten were 14:0,
16:0, 18:0, 16:1n-7, 18:1n-9, and 18:2n-6. The proportions of
total MUFA and PUFA in the trunk fat depots (42–43% and
22–23%, respectively) were closer to those observed previ-
ously in the farmed sable (40–45% and 20–25%) than to those
in the farmed mink (50–55% and 10%). In this respect, the
American marten is very similar to its Siberian relative, the
sable, wheras both differ from the more distantly related mink.
However, it must be recalled that the FA composition of the
diets affecting the tissue FA percentages was probably dissimi-
lar between the species of these experiments and could have
caused some of the observed differences.

Proportions of MUFA and PUFA were much higher in the
extremities than in the trunk of the marten. This was especially
evident in the tip of the tail, with many n-3 PUFA, such as

20:3n-3, 20:5n-3, and 22:6n-3, in higher proportions than in the
trunk. Furthermore, there was a simultaneous increase in the
sum of n-3 PUFA in all the extremity tissues. The longer-chain
20- and 22-carbon PUFA were detected at higher proportions
in the paws. In addition, the indices of unsaturation, the ∆9-DI,
DBI and UFA/SFA ratio, were higher in the extremities, espe-
cially in the tail tip.

Previously, the FA composition of the extremities of
mustelids has been studied in the mink and the sable (Musto-
nen, A.-M., Käkelä, R., and Nieminen, P., unpublished data;
Mustonen, A.-M., and Nieminen, P., unpublished data). In this
respect, the American marten is quite similar to the mink, as
both species have decreased proportions of SFA and increased
desaturation in the periphery. The differences between the fat
depots of the trunk and the extremities are less pronounced in
the sable, yet sables also have increased proportions of n-3
PUFA and VLCFA in their peripheral tissues. In general, the
m.p. of mammalian fats are approximately 30–40°C, whereas
the least insulated parts of the body, such as paw pads and the
tail tip, may cool significantly more, down to 0°C in some con-
ditions. The higher proportion of UFA in the periphery is prob-
ably crucial to prevent the solidification of lipids to maintain
the fluidity of cell membranes. In fact, similar FA gradients
have been detected from other boreal and arctic mammalian
species, such as the European otter (Lutra lutra; 27), the blue
fox (Alopex lagopus; 26), and beavers (Castor fiber and C.
canadensis; 28). For instance, the adipose depots under the
footpads of the otter have significantly more MUFA than the
fat tissues of the trunk (27). Also, in the American marten, this
phenomenon must be taken as an adaptation to the cold winter
environment the species experiences in its natural habitat.

Effects of food deprivation on the relative mobilization of
FA.  In the fat depots of the trunk, the 2-d fasting period induced
significant changes in the FA composition. In the SFA the pro-
portions of long-chain FAs, especially 18:0, 20:0, and 22:0, in-
creased with very few exceptions in most of the WAT depots,
whereas the proportion of 24:0 increased especially in the iab
fat. Simultaneously, the proportions of 16:0 decreased in all the
studied fat tissues. Furthermore, the percentages of 18:3n-3 de-
creased in both pooled sc and iab fats, and the proportion of
18:4n-3 decreased in the iab fat, whereas the percentages of
many n-6 PUFA, such as 20:2n-6, 20:3n-6, 20:4n-6, 22:4n-6,
and 22:5n-6 increased. This caused an elevation in the sum of
n-6 PUFA in both pooled sc and iab fats. At the same time, the
proportion of 22:6n-3, an important FA for biological mem-
branes (29), was unaffected by fasting. The conversion of vari-
ous n-3 PUFA into the biologically important 22:6n-3 can be
an explanation to the stable proportion of 22:6n-3 despite of
fasting.

An increase in the proportion n-6 PUFA would be consid-
ered undesirable from the point of view of the human cardio-
vascular system as it causes harmful alterations in eicosanoid
production (30). As the proportions of n-3-derived prostaglan-
dins and eicosanoids decrease, unwanted proinflammatory
changes in the immune response as well as cardiac arrhythmias
and increased platelet aggregation may ensue. However, despite
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this general effect of fasting on n-6 PUFA, the effects of posi-
tional isomerism on the relative mobilization of PUFA were in-
consistent and no definite conclusions on the effects of fasting
on n-3 and n-6 PUFA can be drawn from these data. The appar-
ent increase in the proportion of n-6 PUFA can be caused by the
analysis of FA from total lipids. There could have been a rela-
tive increase in the proportion of membrane phospholipids in
comparison with storage TAG during fasting in the marten with
a low body fat content. For instance, the increased proportion of
phospholipids can be an explanation for the observed increases
in 18:0 and 20:4n-6 in the fasted animals.

After 2 d of fasting, most of the relatively abundant FA were
preserved in the fat depots. The anatomically different adipose
tissues of the marten were very similar in this respect, as no
significant differences in the mobilization rates of individual
FA were found between the different WAT depots. Likewise,
rats (Rattus norvegicus; 31) do not experience fat depot-associ-
ated differences in relative mobilization. The FA that were pref-
erentially mobilized by the fasted marten were 16:1n-7; short-
chain SFA, especially 14:0 and 16:0; 18:1n-9; and, in some of
the fat depots, particular n-3 PUFA (18:4n-3).

The structure of FA may partly dictate the selectivity of FA
mobilization. In the case of the American marten, short-chain
FA were more readily mobilized over long-chain FA in all FA
classes (SFA, MUFA, and PUFA). Shorter FA molecules are
hypothesized to be situated peripherally in lipid droplets and
can thus be more easily accessible to lipases (32). As a result,
the proportion of longer-chain FA increases as the shorter-chain
FA are mobilized for energy production. The same could be ob-
served in the negative correlation between relative mobiliza-
tion and chain length in all the fat depots of the trunk: the
longer the carbon chain, the more obvious the preservation of a
FA in an adipose tissue depot.

For a particular chain length, relative mobilization of FA in-
creases with the number of double bonds in the rat (31). The
same could be observed in the marten, as the mobilization of
MUFA was higher than that of their corresponding SFA in 71%
of the studied cases. However, in PUFA the effect was the op-
posite, as relative mobilization decreased with the number of
double bonds in 50% of the cases. In this study, the effects of
positional isomerism on relative mobilization were quite
vague. This suggests that relative mobilization of FA during
fasting is not as straightforward in all mammalian species as
suggested by previous in vitro (32) and in vivo studies (31).

Ecophysiological implications. According to Buskirk (22),
the American marten has limited fat reserves in the winter
(2.4% of skinned carcass) and the om fat mass is considered
the best indicator of body energy content. This would indicate
that marten do not have enough stored body fat available to fast
for long periods when foraging is impossible, e.g., during se-
vere weather. To cope with this, marten may use microhabitats
to avoid extremely cold temperatures. Furthermore, Thompson
(33) suggests that marten reduce energy loss during winter by
reducing activity, by eating large prey, and by being active dur-
ing the warmest part of the day.

Despite its very low body adiposity, the American marten

has adaptations to withstand short periods of food deprivation
encountered in nature especially in the winter. According to
Buskirk (22), if a marten had a body fat content of 2.37%, ap-
proximately the same as in the fed marten of this study, it would
take 70 h for the animal to metabolize its fat reserves com-
pletely, putting the marten of this experiment still within the
phase II of fasting. In fact, the marten were able to mobilize all
their principal adipose tissue depots of the trunk during food
deprivation. The FA mobilized were almost the same in sc and
iab fats, indicating that as a terrestrial species the American
marten is not very dependent on sc fat for insulation and can
use it as an energy reserve for intermittent fasting. The princi-
pal FA mobilized were relatively short-chain SFA  (14:0 and
16:0) and MUFA (16:1n-7 and 18:1n-9), and in the case of the
iab fat, n-3 PUFA, especially 18:3n-3 and 18:4n-3. In contrast
to this, the FA composition of the extremities was very resis-
tant to fasting and contained significantly more long-chain
PUFA than the depots of the trunk. This is probably an adapta-
tion to maintain cell membrane fluidity and prevent freezing
and solidification of these parts of the body most susceptible to
cooling and frostbite.
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