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ABSTRACT - Little information on the cholesterol content and the fatty acid composition of avian species other than 
chicken is available. This study was conducted to compare the yolk cholesterol content and the fatty acid profiles of some 
wild birds maintained in captivity on commercial grain-based chicken diets. The concentration of cholesterol/g of yolk as 
well as the total yolk cholesterol per egg varied among species. Yolk cholesterol concentration, expressed as mg/g of yolk, 
was highest in chukar, followed by pheasant, guinea fowl and quail, while total yolk cholesterol in an egg was highest in 
guinea fowl, followed by pheasant, chuckar and quail. An inverse relationship between yolk cholesterol concentration and 
egg weight was observed among species with an exception of quail. Although major fatty acids of egg yolk were oleic 
acid, palmitic acid, linoleic acid and stearic acid in all birds, the composition varied among species. Chukar and quail 
showed higher oleic acid content than pheasant and guinea fowl, while showing lower linoleic acid. Fatty acids of chukar 
and guinea fowl eggs were more saturated than those of pheasant and quail. Chukar and especially quail had higher 
monounsaturated fatty acids (MUFA) than pheasant and guinea fowl; in quail egg 51.6% of total fatty acids were MUFA. 
Polyunsaturated fatty acids (PUFA), essential fatty acids (EFA) and the ratio of PUFA to saturated fatty acid (P/S ratio) 
were higher in pheasant and guinea fowl than in chukar and quail. Differences in fatty a어d profile of triglyceride (TG) 
among birds were largely similar to those of total lipid. In comparison to TG, phosphatidyl choline (PC) was low in MUFA 
while high in saturated fatty acids (SFA), PUFA, P/S ratio and EFA. PC was most saturated in guinea fowl egg yolk, 
followed by chukar, quail and pheasant. PUFA, P/S ratio and EFA in PC were highest in pheasant followed by chukar, 
guinea fowl and quail. PE was distinguished from PC by its high contents of stearic acid, eicosapentenoic acid (EPA) and 
docosahexenoic acid (DHA) while low in palmitic, oleic and linoleic acids. In egg yolk of all birds MUFA was 
significantly lower in PE than in PC except in quail. Compared to other species, quail had a considerably higher content of 
MUFA in PE at the expense of SFA and PUFA. (Asian-Aust. J. Anim. Sci, 2001. VoL 14, No, 6 : 831-836)
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INTRODUCTION

The positive association of elevated plasma total 
cholesterol and low-density lipoprotein cholesterol 
levels with atherosclerosis has been well established 
(Carlson et al., 1979). The cholesterol contents and 
fatty acid composition of eggs have received increased 
attention due to the relationship between dietary lipid 
and the incidence of atherosclerosis (Mutia and 
Uchida, 1999).

Consumers are increasingly interested in foods low 
in cholesterol and saturated fat and high in 
polyunsaturated fatty acid. In spite of claims that eggs 
are wrongly considered to be atherogenic, because egg 
yolk contains a factor or factors responsible for 
accelerated cholesterol metabolism and excretion (Sim, 
1987), egg consumption has decreased due to its high 
content of cholesterol (Paik and Blair, 1996).

Considerable efforts has been made to reduce 
cholesterol content in chicken egg (Naber, 1983, 
Michella and Slaugh, 2000) with little success, and to 

manipulate fatty acid composition, with some success, 
to have high n-3 polyunsaturated fatty acid (Caston 
and Leeson, 1990; Leskanich and Noble, 1997). It has 
been suggested these changes would have beneficial 
effects on important aspects of human health and 
disease such as atherosclerosis, high blood pressure, or 
diabetes (Temple, 1996; Raheja et al., 1993). Recently, 
n-3-enriched eggs are finding a market niche for 
individuals with those problems.

Although substantial information is available 
regarding the cholesterol content and the fatty acid 
composition of lipids of yolk of the chicken, there is 
little knowledge on this topic for eggs of other avian 
species (Song et al., 2000).

The aim of the present study was to compare the 
yolk cholesterol content and the fatty acid profiles of 
eggs of some wild birds maintained in captivity on 
commercial grain-based chicken diets.

MATERIALS AND METHODS

Materials
The eggs of pheasant (Phasianus colchicus), chukar 

(Alectoris), quail (Coturnix coturnix) and guinea fowl 
(Numidae meleagris) used in the study were obtained 
from farms near Taejon, Korea. The eggs were laid 
on the day of collection, and the birds had been 
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raised on the farm with general feeding as chicken 
(Song et al., 2000). Yolk separated from albumen was 
homogenized briefly and stored at -20 °C until 
analyzed. The numbers of eggs used in this study 
were 15, 11, 25 and 12, respectively.

Determination of yolk cholesterol
Aliquots of total lipid extracted from egg yolk by 

the method of Folch et al, (1957) were saponified at 
50*0 for 30 min in 0.5 ml of ethanol:acetone (1:1, 
v/v) containing 0.3 N of KOH. After cooling to room 
temperature, 0.2 ml of 0.5% digitonin in ethanol was 
added and mixed thoroughly, and then allowed to 
stand in the dark overnight at room temperature. 
Tubes were centrifuged at 1000 X g for 15 min, and 
the supernatant fluid was removed with a Pasteur 
pipette. The precipitate was washed once with ethyl 
ether, followed by a centrifuge at 1000 Xg for 5 min. 
The supernatant ethyl ether was siphoned off and the 
precipitate was heated at 110°C for 30 min to 
evaporate ethyl ether completely. The residue was 
dissolved in 0.5 ml of glacial acetic acid, and then 
was added 1.0 ml of acetic acid:sulfuric acid (1:1, 
v/v). After 30 min at room temperature, absorbance at 
620 nm was measured on a spectrophotometer 
(HP-8452, Hewlett-Packard Co., Palo Alto, CA, USA).

Analysis of fatty acid composition
Total lipids were extracted from yolk by the 

method of Folch et al. (1957), and separated into lipid 
classes by thin layer chromatography (TLC) on 0.25 
mm thick silica gel 60-G plates. TLC plate was 
developed in a solvent system (petroleum ether: diethyl 
ether: acetic acid, 82:18:1, v/v) to a distance of 18 
cm to separate neutral lipids, air-dried briefly, then 
developed in a second developing system (chloroform: 
methanol: water, 65:25:4, v/v) to a distance of 10 cm 
to separate phospholipids. Individual lipids were 
visualized by spraying 0.1% 2,7-dichlorofluorescein in 
ethanol, and identified with the aid of authentic 
standards co-chromatographed with the samples.

For the fatty acid analysis, the areas on the TLC 
plate corresponding to triglyceride (TG), 
phosphatidylcholine (PC), phosphadidylethanolamine 
(PE) were scraped off and fatty acid methyl esters 
were prepared with 14% (w/v) boron trifluoride in 
methanol as described by Morrison and Smith (1964). 
Fatty acid methyl esters were analyzed on a 
Hewlett-Packard 5890 Series II gas chromatograph 
(Hewlett-Packard Co., Palo Alto, CA, USA) equipped 
with a fused silica capillary column (SP-2330, 30 m, 
0.25 mm i.d., 0.25 “m film thickness) and a flame 
ionization detector. Column temperature was 
programmed from 160 °C to 220 °C at increased at the 
rate of 2 °C/min. Identification of methyl esters of fatty 
acids was accomplished by comparing retention times 

of the peaks of the samples with authentic fatty acid 
methyl ester standards obtained from Sigma (St. Louis, 
MO, USA).

RESULTS AND DISCUSSION

Ch이ester이 content of egg yolk
Cholesterol is one of the structural components of 

all cellular and intracellular membranes in the animal 
and human body. Cholesterol is required by all animal 
cells for growth and maintenance, its general function 
being to serve as a stabilizing constituent of the 
bilaminar membranes of cells. It is also a constituent 
of the myelin. sheath of nerves, a modified plasma 
membrane, and is present in all plasma lipoproteins. 
Cholesterol is required by the liver and intestine as an 
essential component of lipoproteins. It is also a 
precursor of the bile acids formed in the liver and of 
steroid hormones formed in the cells of the gonads, 
placenta, and adrenal cortex.

Despite the essentiality of cholesterol in the body, 
information on link between cholesterol and coronary 
heart disease has decreased egg consumption (Paik and 
Blair, 1996), and considerable efforts has been made 
to reduce cholesterol content in chicken egg (Naber, 
1983; Michella and Slaugh, 2000)

Egg yolk cholesterol concentrations of chukar, 
pheasant, guinea fowl and quail are shown in figure 1. 
Considerable variation was observed among the various 
species in the concentration of cholesterol, expressed 
as mg/g of yolk, as well as in the total yolk 
cholesterol per egg. Yolk cholesterol concentration, as 
expressed as mg/g of y이k, was highest in chukar 
(21.79), followed by pheasant (19.79), guinea fowl 
(15.85) and quail (12.96), while total y이k 사！이esterol 
in an egg was highest in guinea fowl (225.97 mg), 
followed by pheasant (184.2 mg), chuckar (142.08 mg) 
and quail (42.15 mg). For chukar, pheasant and guinea 
fowl, as the total amount of cholesterol in a yolk 
increased, the yolk cholesterol concentration decreased. 
For quail, however, cholesterol content of each egg 
was very low and was associated with a low
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Figure 1. Egg yolk cholesterol contents of 
pheasant, guinea fowl and quail
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concentration of yolk cholesterol. Yolk cholesterol for 
the 3 species other than quail in this study were 
higher than that of chicken egg. According to a report 
by Bair and Marion (1978), among 7 inbred lines and 
15 breeds of chicken, cholesterol averaged 14.0 mg/g 
of yolk.

In addition, an inverse relationship between yolk 
cholesterol concentration and egg weight was observed 
among birds with an exception of quail (figure 2). 
Chukar which had relatively small egg size was richer 
in yolk cholesterol than guinea fowl which had large 
egg size. The inverse relationship has also been 
observed by Bair and Marion (1978) in other avian 
species, in which the unusually high level of yolk 
cholesterol in dove's egg was explained with the small 
egg weight and low egg production. On the other 
hand, cholesterol content of quail yolk in the present 
study was very low despite the small egg size.

The yolk cholesterol content of quail egg in the 
present study is significantly lower than the values 
observed by Mutia and Uchida (1999) which varied 
from 19.73 to 23.61 mg/g yolk with diet manipulation, 
and higher than 8.4 mg observed by Turk and Barmett 
(1971). The discrepancy in cholesterol content of yolk 
could be due to environmental factors (Bair and
Marion, 1978), genetic variation (Washbum and Nix, 
1974, Hall and McKay, 1992), dietary difference 
(Weiss et al., 1964, Bartov et al., 1971, Sim et al., 
1984, Hargis, 1988, Beyer and Jensen, 1989, Jiang et 
al., 1990) or difference in analytical method (Paik and 
Blair, 1996). However, dietary difference would be 
expected to be small, because diet manipulation other 
than of dietary cholesterol usually affects yolk 
cholesterol content to o미y a small extent, e.g. 10 to 
15% decrease at most (Austic, 1994).

Y이k cholesterol for the 4 species in this study 
showed significant variation among species. The results 
show the possibility of genetic selection for decreased 
yolk cholesterol concentration if economic and other 
conditions warrant.

Figure 2. Relationship between yolk cholesterol 
content and egg weight

Fatty acid composition of egg yolk
Fatty acid compositions in egg yolks from chukar, 

pheasant, guinea fowl and quail are shown in table 1. 
As in chicken egg (Noble et al., 1990), major fatty 
acids were oleic acid (28.6-44.5%), palmitic acid 
(25.9-29.3%), linoleic acid (9.1-21.5%) and stearic acid 
(8.3-13.5%) in all birds. However, the degrees of 
unsaturation varied among species with some 
differences from ordinary chicken egg. According to 
Noble et al. (1990), ordinary hen egg yolk was 
composed of 34.2% of saturated fatty acids, 45.7% of 
MUFA, 20.1% of PUFA and 0.59 of P/S ratio.

Chukar and quail showed a higher oleic acid 
content than pheasant and guinea fowl, while showing 
lower linoleic acid. Fatty acids of chukar and guinea 
fowl eggs were more saturated than those of pheasant 
and quail. Chukar and especially quail had higher 
monounsaturated fatty acids (MUFA) than pheasant 
and guinea fowl; in quail egg 51.6% of total fatty 
acids were MUFA. The extremely high content of 
monoene in quail egg yolk was due to the abundance 
of oleic acid (44.5%). Similar fatty acid composition 
of quail egg yolk was observed by others (Bitman and 
Wood, 1980).

Table 1. Fatty acid composition of total lipid in egg 
yolk of some captive avians (%)
Fatty
acids Chukar Pheasant Guinea 

fowl Quail

14:0* 0.5±0.1 0.5±0.1 0.6±0.1 0.6±0.1
14:1 0.1 ±0.0 0.1 ±0.0 0.1 ±0.0 0.1 ±0.0
15:0 tr3 tr tr tr
16:0 29.3 土 3.2" 25.9±2.7a 27.9 ±1.9" 27.4 ±2.9"
16:1 5.0±0.7 3.1 ±0.5 2.4 ±0.4 6.6+1.3
17:0 0.3 ±0.1 0.2±0.0 0.3±0.1 0.1 ±0.0
18:0 11.0±0.9bc 9.8 ±1.2* 13.5±1.8C 8.3±1.5a
18:1 38.2 ±4.1* 34.9 ±3.9* 28.6±3.2a 44.5±5.1c
18:2 12.1±1.4b 21.2±3.1c 21.5±2.8C 9.1±l.la
18:3 0.2±0.0 1.1+0.2 1.2±0.2 0.2 ±0.1
20:1 0.3 ±0.0 0.3 ±0.0 0.2 ±0.0 0.3 ±0.0
20:2 0.1 ±0.0 0.2 ±0.0 0.1 ±0.0 0.1 ±0.0
20:3 0.1 ±0.0 0.2 ±0.0 0.3 ±0.1 0.1 ±0.0
20:4 2.0±0.3 1.5±0.3 2.0 ±0.4 1.7±0.3
22:5 0.3 ±0.1 0.1 ±0.0 0.1 ±0.0 0.4±0.1
22:6 0.5±0.1 0.8 ±0.2 l.l±0.2 0.4 + 0.1
SFA2 40.7±3.6ab 36.5±2.9a 42.3±3.5b 36.4 ±3.9"
MUFA2 43.6±4.8b 38.3±4.1ab 31.3±4.3a 51.6±5.7C
PUFA2 15.7±2.1a 25.2±3.6b 26.4±3.2b 12.0±2.1a
P/S2 O.38±O.la 0.69±0.2b 0.62±0.2b 0.32±0.1a
EFA2 14.3±1.7b 23.8±2.8C 24.7±3.5C 10.9±2.1a

Carbon chain length:number of double bonds.
2 SFA: saturated fatty acids, UFA: unsaturated fatty acids, 

MUFA: monounsaturated fatty acids, PUFA: polyun
saturated fatty acids, P/S: the ratio of PUFA to SFA, 
EFA: essential fatty acids.

3 tr: trace (below 0.1%).
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Polyunsaturated fatty acids (PUFA) and essential 
fatty acids (EFA) were higher in pheasant and guinea 
fowl than in chukar and quail. The ratio of PUFA to 
saturated fatty acid (P/S ratio) was highest in pheasant 
(0.69), followed by guinea fowl (0.62), chukar (0.38) 
and quail (0.32).

Claims of beneficial health effects of n-3 fatty 
acids (Holman et al., 1982, Simpoulos, 2000) have led 
to extensive research on manipulating the fatty acid 
composition of hen egg (Caston and Leeson, 1990; 
Leskanich and Noble, 1997). Accordingly, many name 
brands of n-3 fatty acid-enriched hen eggs are now 
available in the market (Lewis et al., 2000; Wang et 
al., 2000). However, n-3 PUFA contents of eggs from 
all the birds in the present study were as low as 
those of ordinary chicken eggs.

Fatty acid composition of the TG fraction isolated 
from total lipid of egg yolk by TLC is shown in 
table 2. As in total lipid, TG of yolk consisted mainly 
of oleic acid (32.3 ~48.0%), palmitic add (26.5 ~ 
32.0%), linoleic acid (7.2 ~ 21.1 %) and stearic acid 
(6.1 ~ 12.8%). The TG fraction, however, had rather 
more oleic acid and palmitic acid than was present in 
total lipid. In addition, TG fraction had lower 

concentrations of highly unsaturated 20 carbon fatty 
acids, 20:3, 20:4, 20:5 and 22:6, than total lipid.

Yolk TG fatty acids of chukar and guinea fowl 
were more saturated than those of pheasant and quail. 
Monoene content was highest in quail showing 55.6%, 
followed by chukar (49.3%), pheasant (38.3%) and 
guinea fowl (34.9%). The extremely high content of 
monoene in quail egg yolk TG was due to the 
abundance of oleic acid (48.0%). PUFA and EFA 
contents in pheasant and guinea fowl were more than 
twice as much as in chukar and quail. The ratio of 
PUFA to saturated fatty acid was highest in pheasant, 
followed by guinea fowl, chukar and quail.

Fatty acid composition of the PC fraction isolated 
from total lipid of egg yolk by TLC is shown in 
table 3. As in TG, major fatty acids of PC were 
palmitic, oleic,1 linoleic and stearic acids. However, PC 
had a significantly lower content of oleic acid while 
showing higher contents of linoleic and stearic acids 
compared with TG. Arachidonic acid was also higher 
in PC than in TG. In comparison to TG, PC was 
substantially low in MUFA while high in SFA, PUFA, 
P/S ratio and EFA.

PC was most saturated in guinea fowl egg yolk, 

Table 2. Fatty acid composition of egg yolk 
triglyceride of some captive avians (%)
Fatty
acids

i f z GuineaChukar Pheasant ，、,fowl Quail

14:0* 0.6±0.1 0.5 ±0.1
14:1 0.1 ±0.0 0.1 ±0.0
15:0 tr3 0.1 ±0.0
16:0 32.0±3.7b 26.5±2.8a
16:1 5.4 ±0.9 3.0±0.7
17:0 0.3±0.0 0.3 ±0.0
18:0 7.4±1.9ab 9.7±2.2b
18:1 43.5±5.2b 34.9±5.1a
18:2 9.7±1.6b 21,1±3.5C
18:3 0.2 ±0.0 1.2±0.2
20:1 0.3±0.1 0.1 ±0.0
20:2 0.2±0.0 0.1 ±0.0
20:3 nd 0.1 ±0.0
20:4 0.3±0.1 1.3±0.2
22:5 nd nd
22:6 nd 0.7 ±0.3

0.6±0.2
nd3

0.1 ±0.0
29.4 ±3.濟

2.0±0.5
0.5 ±0.1

12.8±2.1bc
32.3 ±4.8 거
20.8±3.9c

±o
nd
nd
nd
nd
nd
nd

0.8 + 0.2 
0.1 ±0.0

nd 
29.2±3.5ab 

7.6 ±1.2 
0.2 ±0.0 
6.1±1.2a

48.0±6.7b 
7.2±0.9a 
0.2 ±0.1

nd
nd 

0.3±0.1 
0.2 ±0.1 
0.2 ±0.1

SFA2 40.3±6.2ab 37.1±4.1a 
MUFA2 49.3 ± 6. lb 38.3±5.9a 
PUFA2 10.4±1.7a 24.6±3.1b 
P/S2 0.25±0.1a 0.66±0.1b 
EFA2 10.2±1.6b 23.6±3.6C

43.4±4.7b 36.3 ±3.8"
34.9 ±56 55.6±7.2b
21.7±2.9b 8.1±1.8a
0.50±0.1b 0.22±0.0a
21.7±3.2C 7.6±l.la

Table 3・ Fatty acid composition of egg yolk phos
phatidylcholine fraction of some captive avians (%)
Fatty 
acids Chukar Pheasant Guinea 

fowl Quail

14:0* 0.2 ±0.0 0.2 ±0.0 0.6±0.1 ndJ
14:1 0.2±0,l nd nd nd
15:0 0.1 ±0.0 0.1 ±0.0 0.2 ±0.1 nd
16:0 25.8 ±3.2" 25.7±3.5a 32.7 ±3.% 26.4 ±36“
16:1 2.4±0.5 1.1 ±0.2 1.5±0.3 2.0 ±0.4
17:0 0.3±0.1 0.3±0.1 0.3±0.1 nd
18:0 19.4±2.6b 15.7±3.1ab 14.5±1.9a 17.4±2.2ab
18:1 23.2 ±2.9- 19.2±2.1a 23.8±3.9a 34.7±4.6b
18:2 20.9±2.8b 28.6±3.4C 18.7±3.1ab 14.7±2.1a
18:3 0.1 ±0.0 0.3 ±0.1 0.2 ±0.1 nd
20:1 0.2 ±0.1 0.1±0.1 nd nd
20:2 0.4±0.1 0.3±0.1 0.2±0.1 nd
20:3 0.4 ±0.1 0.5±0.2 0.7 ±0.2 0.4 ±0.1
20:4 4.9±0.8 5.8±1.2 4.3 ±0.7 4.0 ±0.9
22:5 0.6 ±0.2 0.4 ±0.1 0.5 ±0.2 nd
22:6 0.8±0.2 1.6±0.4 2.0 ±0.4 0.4 ±0.3
SFA2 45.8±6.1a 42.0±5.2a 48.3±6.2a 43.8±6.3a
MUFA2 26.0±3.1b 20.4±2.8a 25.3±3.6ab 36.7±6.6C
PUFA2 28.2±3.4b 37.6±5.2C 26.4 ±4.5个 19.5±3.2a
P/S2 0.61±0.2ab 0.89±0.2b 0.54±0.2a 0.44±0.1a
EFA2 25.9±3.2b 34.7±4.6C 23.2±3.3ab 18.7±3.1a

Carbon chain length:number of double bonds.
2 SFA: saturated fatty acids, UFA: unsaturated fatty acids, 

MUFA: monounsaturated fatty acids, PUFA: polyun
saturated fatty acids, P/S: the ratio of PUFA to SFA, 
EFA: essential fatty acids.

3 nd: not detected.

Carbon chain length:number of double bonds.
2 SFA: saturated fatty acids, UFA: unsaturated fatty acids, 

MUFA: monounsaturated fatty acids, PUFA: polyun
saturated fatty acids, P/S: the ratio of PUFA to SFA, 
EFA: essential fatty acids.

3 tr: trace (below 0.1%), nd: not detected.
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followed by chukar, quail and pheasant. MUFA was 
highest in quail while lowest in pheasant. PUFA, P/S 
ratio and EFA were highest in pheasant followed by 
chukar, guinea fowl and quail.

Fatty acid composition of PE fractionated from 
total lipid of egg yolk by TLC is shown in table 4. 
PE was higher in stearic acid while lower in palmitic, 
oleic and linoleic acids than PC. PE was also 
distinguished from PC by its high contents of 
eicosapentenoic acid (EPA) and docosahexenoic acid 
(DHA). In egg yolk of all birds MUFA was 
significantly lower in PE than in PC except in quail. 
Compared to others, quail had a considerably higher 
content of MUFA at the expense of SFA and PUFA.

In summary, although the major fatty acids of yolk 
lipid were oleic, palmitic, linoleic and stearic acids, 
there were species differences in di아ribution of fatty 
acids in each class of lipid. Because of the high 
contents of PUFA, EFA and DHA and the high ratio 
of P/S, the eggs of pheasant and guinea fowl were 
considered to be superior food resources to those of 
chukar and quail, if only fatty acid composition is 
concerned.

(%)

Table 4. Fatty acid composition of phosphatidyle
thanolamine fraction of some captive avian egg yolk

Fatty 
acids Chukar Pheasant Guinea 

fowl Quail

14:0* 0.7 ±0.2 0.3±0.1 0.1 ±0.0 0.2 ±0.1
14:1 nd nd3 nd nd
15:0 0.5 ±0.2 nd nd 0.9 ±0.2
16:0 20.0±2.8b 15.5±1.9a 16.2±2.7ab17.1±3.2ab
16:1 1.4±0.2 0.5 ±0.2 1.4±0.3 1.9±0.4
17:0 0.7 ±0.2 0.6±0.1 0.5±0.2 0.2±0.1
18:0 26.6±4.2ab 31.2±4.8b 28.8±4.1b 20.4 ± 3. la
18:1 15.6±2.8ab 11.7±2.1a 17.2±3.2b 33.7±5.6C
18:2 19.0±3.7bc 21.1±3.2C 15.6±2.4ab 13.0±2.3a
18:3 0.3±0.1 0.5 ±0.2 0.4±0.2 nd
20:1 nd 0.1±0.1 nd nd
20:2 0.5 ±0.2 0.4 ±0.2 0.4±0.2 nd
20:3 nd 0.3 ±0.2 4.4±2.1 nd
20:4 9.0±1.4 9.6±2.1 8.5±1.8 8.2±1.9
22:5 2.6±0.7 1.5±0.4 1.1 ±0.4 1.9±0.6
22:6 3.1±0.8 6.6±1.7 5.5±1.3 2.4±0.7
SFA2 48.5 ± 6伊 47.6±6.3b 45.6±5.8ab45.6±5.8ab
MUFA2 17.0±3.1b 12.3±2.2a 18.6±3.9b 18.6±3.9b
PUFA2 34.5±7.2ab 40.1±7.5b 35.8±6.8b 35.8±6.8b
P/S2 0.71±0.1ab 0.84±0.1b 0.78 ±0.1ab 0.78 ±0.1ab
EFA2 28.3±4.2ab 31.2 ± 5.7b 24.5 ±3.6*24.5 ±3.6“
1 Carbon chain ]ength:number of double bonds.
2 SFA: saturated fatty acids, UFA: unsaturated fatty acids, 

MUFA: monounsaturated fatty acids, PUFA: polyun
saturated fatty acids, P/S: the ratio of PUFA to SFA, 
EFA: essential fatty acids.

3 nd: not detected.
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