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Dietary a-Linolenic Acid Alters the Fatty Acid Composition of Lipid 
Classes in Swine Tissues 

Geetha Cherian and Jeong S. Sim* 

Department of Agricultural Food and Nutritional Science, University of Alberta, 
Edmonton, Alberta T6G 2P5, Canada 

The effects of dietary 18:3n-3 on the fatty acid composition of total lipids and lipid classes of pig 
tissues were investigated. Pigs (n = 25) were fed diets containing 18:3n-3 at 0% (control), 1.5% 
(LNAl), 2.5% (LNM), and 3.6% (LNA3). The total lipid content of the tissues was not affected by 
dietary treatment. Feeding LNAl, LNA2, and LNA3 diets increased (P < 0.05) the 18:3n-3 and 
20:5n-3 content in the total lipids, triglyceride, phosphatidylethanolamine, and phosphatidylcholine 
of all tissues except brain. The enrichment of 18:3n-3 was mainly in the triglycerides. Long- 
chain n-6 and n-3 fatty acids were incorporated in the phosphatidylethanolamine. Arachidonic 
acid and monounsaturated fatty acids were reduced in the phosphatidylethanolamine and phos- 
phatidylcholine of all tissues except for brain by dietary 18:3n-3. The 22:6n-3 content of brain 
was not altered by dietary 18:3n-3, indicating a resistance of brain tissue to dietary manipulation. 
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INTRODUCTION 

Long-chain n-3 polyunsaturated fatty acids (n-3 
PUFA) from marine sources have been a source of much 
discussion, due to their protective effects on cardiovas- 
cular diseases, their function as modulators of arachi- 
donic acid metabolism to eicosanoids, and their role in 
the development and function of brain and retina 
(Simopoulos, 1991; Fernades and Venkatraman, 1993). 
a-Linolenic acid (18:3n-3) from plant oils represents 
the parent fatty acid of longer chain n-3 PUFA such 
as eicosapentaenoic acid (20:5n-3), docosapentaenoic 
acid (22:5n-3), and docosahexaenoic acid (22:6n-3), via 
de nouo synthesis through desaturation and elongation 
(Sprecher, 1981). These long-chain n-3 PUFA are an 
important component of the membrane phospholipid, 
where it is reported to be essential for maintaining 
membrane physicochemical properties (Stubbs and 
Smith, 1984). 

In most Western countries the level of n-3 PUFA in 
the diet is low relative to  the n-6 PUFA (Lands, 19921, 
and this is reflected in the balance of these fatty acids 
in the plasma and other tissues (Hodge et al., 1993). 
Because of the competition between n-6 and n-3 
PUFAs for enzymes involved in fatty acid elongation 
and desaturation, eicosanoid production, and incorpora- 
tion into tissue lipids, it has been suggested that the 
ratio of n-6 to n-3 PUFA is important and the current 
high n-6:n-3 ratio should be decreased (Health and 
Welfare Canada, 1990). In an attempt to redress the 
balance of n-6 and n-3 fatty acids in our current diet, 
feeding strategies have been adopted by the agrifood 
industry to alter the n-3 fatty acid content of animal 
products through dietary manipulation (Sim and Che- 
rian, 1994; Van Elswyk, 1993). Manipulation of the n-3 
PUFA content of pig muscle and fat tissue by addition 
of fish oil as a dietary source of n-3 PUFA has been 
documented (Morgan et al., 1992; Otten et al., 1993; Irie 
and Sakimoto, 1992). In contrast to the studies con- 
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ducted with feeding marine oils, limited studies have 
been conducted to examine the effects of n-3 fatty acids 
from plant origin on the pattern of incorporation of n-3 
fatty acids in tissue lipid classes. It has been reported 
that in laying hens (Cherian and Sim, 1992) or in 
humans (Holub, 1990) fed diets high in 18:3n-3, n-3 
PUFAs were not distributed evenly among lipid classes 
but were concentrated in the phosphatidylethanolamine 
(PE) fraction. In this context, the present research was 
undertaken to provide information on the manner in 
which increase in dietary 18:3n-3 affects the fatty acid 
composition of total lipids, lipid classes [triglyceride 
(TG)], phosphatidylcholine (PC), and PE in tissues most 
commonly consumed as food (muscle, backfat, heart, 
liver) or in brain due to the important role of n-3 fatty 
acids in neural development (Wainwright, 1992). As 
pigs are used as a model for lipid metabolism study in 
humans, these results may provide insight into where 
n-3 fatty acids will be incorporated in human organs 
following diet supplementation and may have implica- 
tions in vegetarians or in patients fed diets devoid of 
long-chain n-3 PUFA for extended periods as in enteral 
or parenteral nutrition. 

MATERIALS AND METHODS 

The current experiment was reviewed by the University of 
Alberta Animal Care Committee to ensure adherence to 
Canadian Council on Animal Care Guidelines. 

Animals and Diets. Twenty-five pigs (Landrace x York- 
shire) of an average initial body weight of 24.5 kg were fed 
isocaloric and isonitrogenous diets containing wheat, barley, 
and soy bean meal based diet with added ground flax seeds at 
0% (control), 10% (LNAl), 17% (LNA2), and 25% (LNA3). 
Ground flax seeds were used as a dietary source of 18:3n-3. 
The diets provided 18:3n-3 at 0, 1.5, 2.5, or 3.6%. All of the 
diets were formulated to contain sufficient vitamins and 
minerals to meet the pig's requirement for growth (NRC, 1988). 
The composition of the experimental diet is presented in Table 
1. Room temperature was maintained at 20-22 "C during the 
first 4 weeks and at 17-20 "C thereafter. Feed and water were 
provided ad libitum. 

Sample Collection. When pigs reached an average of 99- 
105 kg, they were delivered to a commercial slaughterhouse 
where they were stunned by electrical shock, bled, scalded, 
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Table 1. Composition (Percent) of Experimental Rations 
for Pigs 

dietaly treatment 

Table 2. Fatty Acid Composition (Percent) of the 
Experimental Diets 

ingredient control" LNA1" LNA2" LNA3" fatty acid 
wheat 
barley 
soy meal 
flax seed 
animal tallow 
limestone 
calcium phosphate 
salt 
vitamin mixb 
lysine 
calcd analysis 

DE (kcakg) 
Cpc 
C Fd 
calcium 
lysine 

56.5 
20.8 
15.3 
0.0 
3.3 
1.2 
1.2 
0.5 
1.0 
0.16 

3382.0 
17.0 
4.4 
0.75 
0.85 

52.5 
20.0 
11.3 
10.0 
2.0 
1.1 
1.4 
0.5 
1.0 
0.18 

3381.0 
17.0 
4.5 
0.76 
0.85 

45.5 
23.0 
8.6 

17.5 
1.2 
1.1 
1.4 
0.5 
1.0 
0.19 

3381.0 
17.0 
4.5 
0.76 
0.85 

38.7 
25.5 
6.2 

25.0 
0.4 
1.1 
1.4 
0.5 
1.0 
0.18 

3382.0 
17.0 
4.5 
0.77 
0.85 

Control, LNAl, LNA2, and LNA3 represent diets with added 
flax seeds as source of a-linolenic acid at 0, 10, 17, or 25%, 
respectively. Vitamin mineral premix supplied the following per 
kilogram of diet: 5000 IU of vitamin D, 40 mg of vitamin E, 30 pg 
of vitamin BIZ, 12 mg of riboflavin, 45 mg of niacin, 25 mg of 
pantothenic acid, 300 mg of choline, 5 mg of ethoxyquine, 150 mg 
of Fe, 20 mg of Mn, 120 mg of Zn, 20 mg of I, 20 mg of Cu, 0.3 mg 
of Se. CP, crude protein. CF, crude fat. 

and dressed following normal commercial procedures. Tissue 
samples such as muscle (longissimus dorsi), backfat, liver 
(anterior lobe), heart, and brain were collected and placed on 
ice. All samples were kept frozen at  -30 "C to  await deter- 
mination of fatty acid analyses. 

Lipid Analyses. Total lipid was extracted from feed, liver, 
muscle, backfat, heart, and brain tissue according to the 
method of Folch et al. (1957). Two grams of sample was 
weighed into a test tube with 20 mL of (chlorofordmethanol 
= 2:1, v/v) and homogenized with a polytron for 5-10 s at  high 
speed. BHA dissolved in 98% ethanol was added prior to 
homogenization. The homogenate was filtered through a 
Whatman No. 1 filter paper into a 100 mL graduated cylinder, 
5 mL of 0.88% sodium chloride solution was added, the cylinder 
was stoppered, and the contents were mixed. After phase 
separation, the volume of the lipid layer was recorded, and 
the top layer was completely siphoned off. Lipid contents were 
determined gravimetrically for muscle, heart, liver, brain, and 
adipose tissue. Five milliliters of the lipid extracts was dried 
in a block heater under nitrogen atmosphere and used for fatty 
acid analyses. The dried lipids were redissolved with an 
appropriate amount of chloroform to obtain a sample with 50 
mg of 1ipid"L. Fifty microliters of the lipid solution and 1 
mL of boron trifluoride/methanol methylation solution were 
added into screw-capped tubes and incubated in a boiling 
water bath for 1 h (Metcalfe et al., 1961). After cooling to room 
temperature, the fatty acid methyl esters were separated as 
described earlier (Cherian and Sim, 1992a). 

The rest of the organic layer from the Folch preparation was 
dried under nitrogen at  40 "C to obtain a solution with 
approximately 150 mg of lipid/mL. Two hundred microliters 
was and as applied on precoated silica gel G plates (20 x 20 
cm) that had been previously activated by heating at  100 "C 
for 30 min. Lipid standards such as TG, PC, and PE were 
mixed and applied aside the lipid extract. The plates were 
developed as reported earlier (Cherian and Sim, 1992b). The 
spots corresponding to  TG, PC, and PE were identified under 
ultraviolet light, were scraped off into screw-capped tubes, and 
were converted to  fatty acid methyl esters as described above. 
The fatty acid methyl esters of triglyceride, PC, and PE 
fractions were separated by an automated gas chromatography 
(Model 3600, Varian Associates, Inc., Sunnyvale, CA) equipped 
with an on-column injector using a DB-23 fused silica capillary 
column (Supelco Canada Ltd., Oakville, ON; 30 m x 0.25 mm 
i.d.1. The conditions of the gas chromatograph were described 
earlier (Cherian and Sim, 1992a). Fatty acid methyl esters 

16:O 
18:O 
20.0 
16:l 
18:l 
20:l 
18:2n-6 
18:3n-3 
XSFAb 
ZMUFA' 
n-6n-3 

dietary treatment 
controla LNA1" LNA2a LNA3" 

13.4 10.4 8.6 7.4 
6.5 4.3 3.7 3.4 
0.5 0.6 0.2 0.2 
0.8 0.4 0.2 0.1 

45.5 30.6 26.3 20.3 
0.5 0.6 0.2 0.2 

28.2 27.2 23.4 21.9 
4.1 26.2 36. 45.7 

20.4 15.3 12.3 11.1 
46.4 31. 26.5 20.5 

6.9 1.0 0.6 0.5 

Control, LNA1, LNA2, and LNA3 represent diets with added 
flax seeds as source of a-linolenic acid at 0, 10, 17, or 25%, 
respectively. SFA, saturated fatty acid. MUFA, monounsat- 
urated fatty acid. 

were identified by comparison with retention times of authen- 
tic standards (Nu-Check-Prep). A Shimadzu EZChrom (Shi- 
madzu Scientific Instruments, Inc., Columbia, MD) chroma- 
tography data system was used to integrate peak areas. Fatty 
acid values are expressed as weight percentages. 

Lipid class separation and percent compositional determi- 
nation were done by an Iatroscan TH-10 Mark I1 analyzer 
(TMA Scientific Supply, Mississagua, ON) in combination with 
precoated silica gel Chromarods SII. Each sample (1-2 pL) 
was spotted on the rods using a 10 pL Hamilton syringe and 
developed for 70 min in chlorofordenzene/formic acid (20: 
60:0.5 v/v/v). Rods were scanned as described earlier (Cherian 
and Sim, 1992b). Peak areas were calculated with Shimadzu 
EZChrom laboratory automation system. Response factors for 
each lipid class were determined and applied accordingly. Lipid 
standards (Sigma) were used for identification. 

Statistical Analyses. All data are presented as the mean 
& standard error. The effect of dietary 18:3n-3 supplementa- 
tion was analyzed by ANOVA using the GLM procedure (SAS, 
1985). Means of each treatment were compared for statistical 
significance (P < 0.05) using a Student-Newman-Keul test 
(Steel and Torrie, 1980). 

RESULTS 

The diet composition and fatty acid composition of the 
diet are shown in Tables 1 and 2. Generally the fatty 
acid composition of the diet reflected the dietary source. 
Control diet had the highest level of total saturates and 
18:l as expected from the composition of animal tallow. 
a-Linolenic (18:3n-3) acid was the only source of n-3 
fatty acid in the diet. The addition of extra a-linolenic 
acid in the LNAl, LNA2, and LNA3 diets increased the 
18:3n-3 content of the diet with a concomitant decrease 
in the n-6:n-3 ratio. 

No significant differences in body weight or feed 
consumption were found among pigs fed control, LNA1, 
LNM, or LNA3 diet. Feeding diets of increasing 18: 
3n-3 altered the n-3 fatty acid composition of muscle, 
backfat, liver, and heart tissue (Figure 1). The content 
of 18:3n-3 in the backfat, heart, and liver tissue 
progressively increased in a dose-response fashion (P 
< 0.05) (Figure 1). The incorporation of 18:3n-3 in the 
muscle tissue reached a plateau with LNM diet. 
Consequently, the ratio of n-6 to n-3 PUFA in the 
muscle, backfat, liver, and heart tissue was reduced (P 
< 0.05) by feeding LNA-enriched diets to  pigs (Table 
3). Dietary 18:3n-3 also resulted in a reduction (P < 
0.05) in monounsaturated fatty acids and an increase 
(P < 0.05) in PUFA to saturated fatty acid (P:S) ratio 
in the muscle and adipose tissue (Table 3). A significant 
(P  < 0.05) increase in 20:5n-3 was observed in the 
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Figure 1. n-3 fatty acid composition of muscle, backfat, heart, and liver tissue of pigs fed diets containing different levels of 
18:3n-3. Data are presented as mean. n = 5. a-d: means with no common superscripts within the same group of bars differ 
significantly (P < 0.05). Control, LNA1, LNAS, and LNA3 represent diets containing 0, 10,17.5, or 25%, respectively, ground flax 
seed along with wheat, soybean meal based control diet. 

backfat, heart and liver tissue total lipids of pigs from 
LNA1, LNA2, and LNA3 diets compared with that in 
pigs fed the control diet. However, additional M3n-3 
from LNA1, LNA2, and LNA3 diets did not result in 
any increase in 22:5n-3 in the heart and muscle tissue 
(Figure 1). No difference was observed in the 22:6n-3 
content of muscle, backfat, and heart tissue. However, 
levels of 22:6n-3 were (P < 0.05) higher in the liver 
total lipids of pigs receiving LNAl, LNA2, and LNAS 
diets compared with those receiving the control diets. 

There was no significant dietary effect on the total 
lipid or lipid composition of any of the tissue examined. 
The total lipid content of muscle tissue varied, being 
3.3. 2.9, 3.1, and 3.8% for control, LNA1, LNA2, and 
LNAS diets, respectively. In the muscle total lipids, TG 
constituted 62.4,60.7,63.7 and 61.7% and phospholipids 
constituted 37.1, 40.0, 37.9, and 38.5% for control, 
LNA1, LNA2, and LNA3 diets, respectively. The heart 

tissue total lipids were 2.3,2.5,2.4, and 2.3% for control, 
LNA1, LNA2, and LNA3 diets, respectively. Phospho- 
lipids constituted 83.2, 84.4, 86.3, and 86.2% of total 
lipids. The liver tissue total lipids were 3.9, 3.8, 3.8, 
and 3.8% for control, LNAl, LNA2, and LNAS diets, 
respectively. Phospholipids constituted 88-90% com- 
pared with TG a t  5-7% of the liver tissue total lipids. 

The magnitudes of changes in the fatty acid composi- 
tion of the tissue lipid classes were different (Tables 
4-6). The incorporation of 18:3n-3 was predominantly 
in the TG when compared with PC and PE of muscle, 
heart, and liver. In contrast, the longer chain n-3 fatty 
acids such as 20:5n-3 and 225n-3 were exclusively in 
the PE of muscle and liver. Dietary 18:3n-3 resulted 
in a significant (P < 0.05) incorporation of 20:5n-3 in 
the heart TG (Table 5). No difference was observed in 
the 22:6n-3 content of muscle and heart tissue TG and 
PC. The, contents 22:6n-3 were increased (P < 0.05) 
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Table 3. Tissue Fatty Acid Composition (Percent) of Pigs 
Fed Diets Containing Different Levels of M3n-3 

Cherian and Sim 

dietary treatment 
fatty acid controla LNAla LNA2a LNA3a SEMb 

XSFAC 
ZMUFAd 
Xn-6 
Xn-3 
n-6:n-3 
PUFASFAe 

XSFA 
XMUFA 
Xn-6 
&-3 
n-6:n-3 
PUFA:SFA 

XSFA 
XMUFA 
Xn-6 
Xn-3 
n -6:n-3 
PUFASFA 

XSFA 
XMUFA 
Xn-6 
Zn-3 
n-6:n-3 
PUFA:SFA 

XSFA 
XMUFA 
Xn-6 
Xn-3 
n-6:n-3 
PUFA:SFA 

35.9 
47.4a 
14.0 
1.6c 
8Ba 
0.4b 

41.1a 
4~5.6~ 
9.9b 
2.0d 
4.98 
0.3b 

35.9a 
17.1 
39.0a 
4.0d 
9 . P  
1.2 

42A8 
16.2 
34.8" 
4.0d 
7.4" 
0.96 

42.9ab 
30.4 
12.7 
12.3 
1.0 
0.6b 

Muscle 
37.3 35.9 
44.6b 38.6' 
14.4 15.2 
5.9b 10.3" 
2.4b 1.5b 
O.!ib 0.7a 

35.8b 34.gb 
Adipose tissue 

43.1" 38.3b 
12.1a 13.2b 
8.9c 13.4b 
1.4b l.!jb 
0.6a 0.8a 

Heart 
36.6ab 37.3a 
17.3 16.1 
33.8b 31.gb 
10.9' 14.6b 
3.1b 2.2c 
1.2 1.2 
Liver 

39.6a 30.9b 
16.5 17.3 
28.1b 35.1a 
10.9' 14.6b 
3.Eib 3.2b 
O.gb 1.5a 
Brain 

45.7a 41.gab 
28.6 29.5 
12.2 11.9 
13.5 12.9 
0.9 0.9 
0.6b 0.6b 

35.5 
41.2bC 
11.6 
11.8a 

1 . 0 b  
0.7" 

33.0b 
35Ab 
17.7a 
17.7" 

1 .0b  
0.8a 

36.4ab 
17.6 
31.3b 
16.3a 
1.9c 
1.3 

30.7b 
17.3 
35Ba 
16.3a 
3.0b 
1.5" 

40.1b 
29.8 
11.8 
14.8 
0.8 
0.7a 

0.84 
1.4 
1.14 
0.52 
0.34 
0.34 

1.11 
1.19 
0.38 
0.38 
0.34 
0.03 

0.30 
1.06 
0.89 
0.51 
0.42 
0.05 

1.94 
1.29 
0.68 
0.39 
0.63 
0.19 

0.71 
0.31 
0.36 
0.42 
0.21 
0.01 

a Control, LNAl, LNA2, and LNA3 represent diets with added 
ground flax seeds as source of 18:3n-3 a t  0, 10, 17.5, or 25%, 
respectively. Data are presented as mean, n = 5. Means with no 
common superscripts within the same rows differ significantly ( P  
< 0.05). SEM, standard error ofthe mean. SFA, saturated fatty 
acid. MUFA, monounsaturated fatty acids. e PUFA, polyunsatu- 
rated fatty acid. 

in the heart and liver PE of pigs receiving LNA2 and 
LNA3 diets compared to the pigs receiving control diet. 
However, doubling the dietary B 3 n - 3  (LNA1 vs 
LNA3) did not result in any significant change in liver 
PE 22:6n-3 content (Table 6). Arachidonic acid was 
significantly lowered (P 0.05) in the muscle, heart, 
and liver TG, PC, and PE of pigs receiving LNA1, LNA2, 
and LNA3 diets compared with the control pigs (Tables 
4-6). This reduction reached a plateau with LNA2 diet 
in the lipid classes of muscle and heart tissue. 

Dietary 18:3n-3 did not result in any change in the 
total lipid or phospholipid content of brain tissue. The 
total lipid contents of brain tissue were 9.9, 10.3, 10.9, 
and 9.9% total lipids. In the brain total lipids, phos- 
pholipids constituted 78.6, 79.0, 78.9, and 80% for 
control, LNAl, LNA2, and LNA3 diets, respectively. 
Compared with other tissues examined, dietary treat- 
ment did not change the n-6 or n-3 fatty acid composi- 
tion of brain tissue. Arachidonic acid and DHA consti- 
tuted the major long-chain n-6 and n-3 PUFAs of 
brain tissue. As observed in the other tissue, the longer 
chain n-6 and n-3  PUFA were concentrated in the 
brain PE fraction. In the phospholipid fraction, arachi- 
donic acid constituted over 9% compared with 4% in the 
PC fraction, and DHA constituted over 10% in the PE 

Table 4. n-6 and n-3 Fatty Acid Composition (Percent) 
of Muscle Triglyceride, Phosphatidylcholine, or 
Phosphatidylethanolamine in Pigs Fed Diets Containing 
Different Levels of l8:3n-3 

fatty dietary treatment 
acid controla LNAla LNA2a LNA4" SEMb 

18:2n-6 
20:4n-6 
18:3n-3 
20:5n-3 
22:5n-3 

18:2n-6 
20:4n-6 
18:3n-3 
20:5n-3 
22:5n-3 
22:6n-3 

M2n-6 
20:4n-6 
18:3n-3 
20:5n-3 
22:5n-3 
22:6n-3 

11.2 
0.2" 
2.1c 
0.oc 
O . l b  

32.5 
4.1a 
0.8' 
0.4c 
0.6b 
0.4a 

22.5 
20.273 
0.7c 
1.P 
3.1b 
0.2 

TG 
10.8 11.7 
O.lb O . l b  

10.2b 14.1a 
O . l b  0.2a 
0.2" 0.3a 

PC 
30.2 31.0 

1 .8b  lAb 
5.0b 6.6a 
1.3b 1.8ab 
O A a  0.9" 
0.2b 0.2b 

23.2 21.9 
13Ab 9.7' 
4.6b 5 . F  
7.2b 10.2" 
5.2a 5.773 
0.1 0.1 

PE 

11.7 
0. l b  

151.0~ 
0.2" 
0.3a 

31.9 
1.9b 
7.0" 
2.3a 
0.9a 
0.2b 

21.9 
9 8  
5.9c 

12.173 
5.9a 
0.1 

0.22 
0.01 
0.49 
0.06 
0.01 

0.47 
0.11 
0.23 
0.07 
0.03 
0.01 

0.45 
0.31 
0.18 
0.25 
0.15 
0.02 

a Control, LNAl, LNA2, and LNA3 represent diets containing 
0,1.5,2.5, or 3.5% a-linolenic acid along with wheat, soybean meal 
based control diet. Data are presented as mean, n = 5 .  Means with 
no common superscripts within the same rows differ significantly 
( P  < 0.05). 

Table 5. n-6 and n-3 Fatty Acid Composition (Percent) 
of Heart Triglyceride, Phosphatidylcholine, or 
Phosphatidylethanolamine in Pigs Fed Diets Containing 
Different Levels of ltk3n-3 

SEM, standard error of the mean. 

fatty dietary treatment 
acid controla LNAla LNABa LNA3" SEMb 

~~~~ 

TG 
18:2n-6 38.5 41.1 39.0 40.2 1.78 
20:4n-6 15.ga 6.0b 4.4b 4.2b 0.51 
18:3n-3 1.7d 8.2c 10.7b 13.0a 0.39 
20:5n-3 1.9c 5.6b 7.98 8.3a 0.63 
22:6n-3 1 . 1 a  0.7b 0.6b 0.8b 0.07 

PC 
18:2n-6 16.9 17.0 17.6 16.0 0.89 
20:4n-6 4 . P  lBb 1.4b 1.3b 0.19 
18:3n-3 0.5d 2.7c 3.5ib 4.4" 0.24 
20:5n-3 0.6b 0.9b 2.7a 1.5b 0.33 
22:5n-3 0.1 0.4 0.3 0.2 0.78 
22:6n-3 0.4 0.4 0.2 0.3 0.09 

PE 
18:2n-6 14.gb 18.4a 15.3b 15.3b 0.82 
20:4n-6 9.98 7.1ab 4.2b 4.4b 1.14 
18:3n-3 0.9c 2.6b 3.1b 3Ba 0.15 
20:5n-3 1 . o c  3.8b 4.9a 5Ba 0.31 
22:5n-3 1.0b 1.7a 0.9b 1.8a 0.19 
22:6n-3 0.4b O.tib 0.7a 0.7a 0.14 

a Control, LNA1, LNA2, and LNA3represent diets containing 
0, 1.5, 2.5, 3.5% a-linolenic acid along with wheat, soybean meal 
based control diet. Data are presented as mean, n = 5 .  Means with 
no common superscripts within the same rows differ significantly 
( P  0.05). SEM, standard error of the mean. 

fraction compared to 3.5% in the PC fraction. Dietary 
treatment did not change the monounsaturated fatty 
acid content in the brain tissue. However, the total 
saturated fatty acids were significantly lower in pigs fed 
LNAl, LNA2, and LNA3 diets (Table 3). 

DISCUSSION 

Results from the present study indicate that dietary 
18:3n-3 produced a marked effect on the n-6 and n-3 
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Table 6. n-6 and n-3 Fatty Acid Composition (Percent) 
of Liver Triglyceride, Phosphatidylcholine, or 
Phosphatidylethanolamine in Pigs Fed Diets Containing 
Different Levels of l83n-3 
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may be inhibited or limited in these tissues. However, 
this was not true for the liver or brain PE. This 
difference in long-chain PUFA and anatomical location 
may arise mainly from the interactions among the 
different metabolic pathways for n-3 and n-6 fatty acid 
groups. 

An important interaction between 18:3n-3 and 20: 
4n-6 is observed in the muscle, backfat, heart, and 
liver. The decline in arachidonic acid content (predomi- 
nantly in the PC and PE) suggests a competitive 
inhibition of 20:4n-6 synthesis or acylation when 18: 
3n-3 was fed. It has been known that the enzymatic 
pathway for the synthesis of 20:4n-6 from 18:2n-6 is 
shared by n-3 fatty acids (Brenner, 1971) and 18:3n-3 
inhibits the A-6 desaturase and thereby reduces the 
conversion of 18:2n-6 to 20:4n-6 (Iritani and Narita, 
1984; Garg et al., 1988). However, the results from the 
present study suggest a dietary threshold exists in 
muscle, backfat, heart, and liver for the competition 
between 18:2n-6 and M3n-3 for desaturation and 
elongation to form 20:4n-6 and 20:5n-3. Arachidonic 
acid is an important component of cell membrane 
phospholipid. In addition to its involvement in main- 
taining membrane physiochemical properties, 20:4n -6 
is a substrate for biosynthesis of eicosanoids. Therefore, 
insurance of normal ,concentrations of 20:4n-6 and 20: 
5n-3 may be a protective mechanism by the tissue for 
proper tisssue-related functions. 

The demonstration that brain percentage of 18:3n- 
3, 20:4n-6, 20:5n-3, and 22:6n-3 did not change, 
despite the marked diet-induced changes observed in 
other tissues examined, is important. These results are 
consistent with the known resistance of brain tissue 
relative to other organs to dietary manipulation (Innis, 
1991). Recent studies have reported a significant 
increase in brain tissue DE-IA in piglets receiving 
formula rich in M3n-3 (Arbuckle et al., 1994) or sow 
milk high in M3n-3 (Cherian and Sim, 1994). The 
pigs in the present study were at 21 weeks of age when 
slaughtered, suggesting the vulnerability to dietary 
manipulation of brain fatty acids may not be as pro- 
nounced as in piglets. Whether this effect is specific to 
brain or reflects a difference in metabolic handling of 
dietary 18:3n-3 when compared to other tissues studied 
is unknown. 

It is clear from the present study that a high level of 
18:3n-3 resulted in an enrichment of M3n-3 and 20: 
5n-3 with a concomitant reduction in 20:4n-6 in the 
muscle, backfat, heart, and liver lipids. The tissue 
enhancement of n-3 fatty acids was not uniform, with 
muscle tissue incorporating the highest level of total 
n-3 fatty acids (Figure 1). As n-3 fatty acids have been 
reported to exert beneficial effects on plasma lipids, 
blood pressure (Simopoulos, 1991; Fernades and Ven- 
katraman, 19931, and platelet function (Tremoli et al., 
1995), the change in 20:5n-3 to 20:4n-6 content in 
these tissue lipid classes (Tables 4-6) would enhance 
the nutritional value of pork products. Recently (Ahn 
et al., 1995) reported no quality deterioration or off- 
flavor in sausages prepared from pigs fed 18:3n-3. As 
the lipid composition of the food products has been a 
primary area of consumer concern, the increase in n-3 
fatty acids in the muscle, backfat, heart, and liver would 
make pork or pork products a viable alternate food 
source of n-3 fatty acids. The nonuniformity in fatty 
acid incorporation may be a potential consequence of 
tissue-specific pathways for metabolic turnover of fatty 
acids. These results may also provide insight into where 

fatty dietary treatment 
acid controlQ LNAIQ LNA2a LNAQ SEMb 

18:2n-6 
20:4n-6 
18:3n-3 
20:5n-3 
22:5n-3 
22:6n-3 

18:2n-6 
20:4n-6 
18:3n-3 
20:5n-3 
22:5n-3 
22:6n-3 

18:2n-6 
20:4n-6 
18:3n-3 
20:5n-3 
22:5n-3 
22:6n-3 

12.2 
4.8b 
1.3c 
0.6d 
1.2' 
0.3b 

12.9 
11.8" 
0.9c 
1.9c 
2.7 
1.28 

8.4b 
24.3" 
0.2d 
l . l d  
1.9b 
0.4b 

TG 
14.3 14.4 
3.7b 2.5c 
5.3b 6.ab 
2.4c 4.9b 
2.5b 3.2ab 
0.4b 0.3b 

PC 
13.6 11.5 
6.2b 4.5b 
2.6b 3.6ab 
5.0b 6.3ab 
2.8 3.2 
1.1a 0.7b 

11.0b 12.1a 
12.6b 9.lC 
2.6c 8.9" 
7.9b 5.8c 
2.gb 5.0" 
1.8a 2.3a 

PE 

14.6 
2.2a 

12.5" 
11.8" 
3.8a 
1.1" 

13.1 
4.6b 
4.78 
8.1a 
3.2 
0.7b 

10.8 
3.7d 
5.6b 

14.8a 
4.0a 
2.5a 

0.60 
0.38 
0.63 
0.45 
0.26 
0.08 

0.79 
0.57 
0.42 
0.64 
0.28 
0.11 

0.32 
0.63 
0.45 
0.64 
0.52 
0.41 

a Control, LNA1, LNA2, and LNA3 represent diets containing 
0,1.5,2.5, or 3.5% a-linolenic acid along with wheat, soybean meal 
based control diet. Data are presented as mean, n = 5. Means with 
no common superscripts within the same rows differ significantly 
(P < 0.05). SEM, standard error of the mean. 

PUFA composition of pig tissue total lipids, TG, PC, and 
PE. However, there appeared to  be an anatomical and 
a lipid class preference among fatty acids for tissue 
deposition. For example, the increase in n-3 polyun- 
saturation observed in muscle, backfat, heart, and liver 
was not evident in the brain tissue. Among the lipid 
classes, the contents of long-chain PUFA (20:5n-3,22: 
6n-3, and 20:4n-6) were 2-5 times higher concentra- 
tion in the PE as opposed to PC. The biochemical 
mechanisms for this lipid class-specific incorporation of 
long-chain PUFA remain t o  be elucidated. A similar 
PE-specific increase in long-chain n-3 fatty acids was 
reported in yolk lipids (Jiang et al., 1991) when flax 
seeds were fed to laying hens. Human subjects fed diets 
containing flax seed or oil had marked enrichment of 
platelet alkenylacyl PE, a subclass of PE, with long- 
chain n-3 fatty acids (Aukema and Holub, 1989), 
indicating that this PE-specific incorporation of long- 
chain n-3 and n-6 fatty acids might not be species- 
specific for pigs. 

The progressive increase in 20:5n-3 in the heart and 
liver muscle PC and PE fractions through dietary 
supplementation of 18:3n-3 indicated that pigs ef- 
ficiently elongated and desaturated 18:3n-3 to 20:5n- 
3. One of the putative major benefits of increased levels 
of 20:5n-3 after fish oil consumption is a reduction of 
20:4n-6 and a down regulation of eicosanoid formation 
by n-3 PUFAs (Dyerberg, 1980). In this regard, the 
present observation of raised 20:5n-3 and lowered 20: 
4n-6 concentrations in the tissue PC and PE is poten- 
tially beneficial since 20:4n-6 has been reported as a 
standard agonist for inducing platelet aggregation 
(Lands et al., 1973; Kristensen et al., 1989). The 
increase in 20:5n-3 in the muscle and heart reached 
its maximum saturation with LNA2, suggesting a 
dietary threshold or saturation for the incorporation of 
20:5n-3. Beyond that threshold, uptake andlor syn- 
thesis of dietary 18:3n-3 to longer chain n-3 fatty acid 
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n-3 fatty acids will be incorporated in human tissues 
following diet supplementation or may have implica- 
tions in vegetarians whose dietary source of long-chain 
n-3 PUFA is from 18:3 n-3 and in patients fed for 
extended periods on enteral or parenteral nutrition. 
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