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Effects of n-3 fatty acid supplementation on lipid composition in muscle, subcutaneous fat 1 o
and kidney of swine
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N-3 fatty acids are important precursors of prostanoids and leucotrienes. Once incorpP® i
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into biomembranes these fatty acids with increased numbers of double bonds are thought tO°
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membrane fluidity and influence cellular structures and functions. Higher content of n-3
acids in membranes are also considered to help prevent cardiovascular diseases in humaﬂ?
investigated the fatty acid patterns in various tissues of 6 pigs fed a diet supplemented wit?
fish o0il (i.e., rich in n-3 fatty acids). The tissues studied were two skeletal muscles, ad?%&
tissue, heart, liver and kidney. These patterns were compared to those of 6 pigs fed an eqticalm
diet which was supplemented with 5% coconut fat. All animals were slaughtered at 100 kg By'ﬂ %E
subsequently the tissues were removed, lipids extracted by chloroform-methanol, and d’-f\\
transesterification, fatty acid methyl esters (FAMES) were analysed by capillary gas chromatogr%
(GC). We observed that n-3 fatty acid supplementation enhanced significantly the relative amo®

thf g
n
of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) in all examined tissues- I {

ea
heart, liver and kidney tissues the increases in n-3 fatty acids were compensated by decf ﬁ?

primarily in arachidonic acid, but in some cases also Ih lawrac acid (€l 12850)
14:0).
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The highest n-3 fatty acid contents following supplementation were found in liver and

v
tissue (EPA: 12.9 and 13.6%, DHA: 13.0 and 6.27 respectively), whereas the lowest levels ¥&~

a
adipose tissue (EPA: 1.8%, DHA: 3.1%). On the average, in the control group, the n-3 fatty
content in the different tissues was 20-60% lower.

Our results indicate that supplementation of n-3 fatty acids in swine significantly alteé”

ClLY

fatty acid pattern of skeletal muscle, adipose tissue, heart, liver and kidney. However, the
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of incorporation was significantly different between these samples which may be indica‘ §
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tissue specific metabolic pathways. %e
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There is presently an increased awareness of the possible association between cardlova,:c’u%
- ed?
disease and nutrition. Several studies have implicated a direct correlation between the b wé m%
)

n-3 fatty acids in diet with a reduced incidence of atherosclerosis, hypertention, and/o% Uy
cardiovascular diseases (Knapp, 1990; Wolfram, 1989).
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From a nutritionalist point of view, these studies have primarily focussed on “nCreaS*Osy‘ QM
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human consumption of foods naturally rich in these fatty acids, namely fish (Beare-Rogers: " 5¢
; : " ’ g g . arv
Few have taken the approach to increase the incorporation of suck fatty acids in blood, h€ o’
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liver of swine (Ruiter, 1988; Hartog et al. 1987). Also little is reported on the 1nCorp
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of n-3 fatty acids in pig muscle and adlpose tissues as commonly consumed food. Hence€ ~O'tQ
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present study, one of our aims was to determine to which extend swine fed a supplemer“ral di CtW tm
. o gin 2 |a.
in n-3 fatty acids would incorporate n-3 fatty acids in organs and tissues. In addition, ©° ped’ %f
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Swine as an animal model these studies could also provide new insights as to where and P

n-3 fatty acids might be incorporated into human tissues.
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A
WR1aLs AND METHODS

Twelve German Landrace swine were studied. Six of these animals were fed a diet supplemented
:% 5% fish oil rich in n-3 fatty acids (including eicosapentaenoic acid, C 20:5n-3, EPA; and
Jhsahexaenoic acid, C 22:6n-3, DHA). The other six animals were fed a diet counterbalanced with
'EOCOnut 0il. The supplementations were given over a 13 week period which was initiated when the
”mgw had an average weight of 29 kg (at approximately 12 weeks of age). When the average body

ﬂm was 100 kg the anlmals were slaughtered. Tissues samples were immediately removed and lipid
e*iiCtlon began thereafter according to Blight and Dyer (1959). Samples from the longissimus dorsi

€, the supraspinatus muscle, subcutaneous back fat, the heart, the liver and kidney were
fe Qstl@ratedl
The fatty acids in these samples were transesterificated to fatty acid methyl esters and

lyzed by gas chromatographic analysis (Shehata, 1970).

2
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%rln general, the total lipid content was similar between the two feeding groups; only in the
fsﬁd there was a slightly lower total lipid content in the swine fed fish oil. However, n-3 fatty
¢l = Supplementation significantly enhanced the amounts of EPA and DHA found within all examined
f;ﬁuQS (Tab. 1, 2 and 3). The increased amounts of these highly unsaturated fatty acids might be
1 ﬂsd to the reduced levels of arachidonic acid (C 20:4) found in the heart, liver, and kidney
;11?@3 of these animals (Tab 2 and 3). It was also interesting that the relative amounts of lauric
ly e 2. 0) and myristic acid (Cl14:0) were generally reduced in the animals fed the fish oil
Dubllshed data).

The highest concentrations of EPA and DHA (i.e. total n-3 levels) were found in the samples

Quhe liver of the animals fed fish oil (Tab. 1, 2, and 3). This level was 407 greater than that
5Kd in the coconut oil fed group (Tab. 2). Although the liver had the highest concentration of

o 7 . . . . M
N-2 fattv acids it was not the tissue witk the largest incorporation due to the

%iiementatlons The values for the other are as follows: kidney, 60%; heart, 62%; longissimus
Yy, 92%; supraspinatus, 151%, and adipose tissue, 165%. However, it should be noted that even
t, Ygh the adipose tissue had the highest difference in n-3 fatty acids between the groups, it was
msabample with very low absolute concentrations. This is most likely due to the facts that the
N, Olic turnover of fatty acids is low in fat, and that adipose tissues do not have adequate

o ;. e
qnal densities.
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{§ We conclude, that n-3 supplementation of monogastric animals produced for human consumption
Q:SDOtentially useful way to increase the level of these fatty acids in our daily diet, while at
%Q,ame time perhaps lowering the levels of saturated fats. In addition, these data indicate that
QQEZHCOTporation of n-3 fatty acids into the various tissues is not uniform, which relates to
Yent mechanisms or degrees of metabolic turnover of fatty acids.
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acid (AA) and further pooled
Supraspinatus) of swine after
5% coconut oil (eo)n

Tab.l: Relative amounts of eicosapentaenoic acid (EPA),

docosahexaenoic acid (DHA) ,
fatty acids in two skeletal muscles (musc. long.
dietary supplementation with either 5% n=8 rich fish oil WE

. don
arachldosr.

c \'\
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dorsi, '\f
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!‘! treatments J |
1 {
|
;‘ FO Cco Jdifference_s
! f T T T ¥
f‘ tissue n=6 n=¢6 +/= sign I
‘m.long.dorsi I ‘
ERR, C 2055 n=3 [ 3 4 (1-1) WL 6D, 4y + 3.8 * % ‘
DHA,*C 22:6=n~-3¢]"2 .5 (0.8) ! 134800 .93) t+ 1.2 * % ‘
AA, C 20:4 } 9 (056) 22 (055 J— Ok &0 A o, 8h J
total n-3 FA | 629002 51) S6N(0.6) [ GRS * % i
monoenic FA L 487 - (3.7) 46.7 (4.0) | = 3.0 n.s
polyenic FA 19.4 (3.3) 15.8 (3.0) )+ SE Glai| In s 1
saturated FA 36.9 (1.3) ST o SC2 570 =036 ST |
=75 0.53 (0.09) 0.42 (0.08) | 011 TEHE % ‘
m.suprasp. \ “
EPA, C 20:5 n-3 400 (1.4) 1.4 (0.4) + 24600 | Rk \
DHA, C 20:6 n-3 3.3 (0.8) 1521 (022 Tl J * kK
AA, C 20:4 1.6 (0.4) 2, 4 (Oy8) - 0.5 n.s
total n-3 FA 8.8 (293 BB OL 7 ’+ 555 ‘ * k& |
monoenic FA 39.0 (4.8) 43.9 (2.8) j— 4.9 [ A |
polyenic FA 23.9 (5.8) o (3G + 6.4 * |
saturated FA 37.1 (1.4) 38.8%.(1,5) =-ul.5 ’ 9 = |
P/S 0.65 (0.18) 0.46 (0.09) o I e B {
FA = fatty acids; P/S = polyenic FA / saturated FA <0.09”
SRR oI f a1 if e S =005 *% = signif. diff. p<0.01 **¥ = gionif. difESP
n.s. = no significant difference between the feeding groups N
'doﬂlc, g
Tab.2: Relative amounts of eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA) , afac??etafi
acid (AA) and further pooled fatty acids in heart and liver of swine after gt i
supplementation with either 5% n-3 rich fish oil (FO) or 5% coconut oil (CO) Y
‘ treatments J T 8,
' = FO Co ' differences ! .
! | I L
R iesua i n=6 | n=6 0 | sign. ’ k
 heart
| EPA, 'C20:5 n~% |18.8 (2.0} 8.4 (0.7) 52 e by
fDHA, C 22:6 n-3 6 ol 26 | 3RER0: 59 P+ 2.4 * % ; !
| AA, C 20:4 556 el { 9.3 (15) = BT * k% \ ;
| total n-3 FA {2207 (357 ) 4‘12.8 i) e e ek ok i
| monoenic FA | 17.8 (1.3) |17.6 (1.9) |+ 0.2 R UL :
polyenic FA 183.6 (2.7 52 403 6] |+ 10> Ttk TR et ap,
saturated FA '28.5 { Leab) SO0 2 20 '- dL 5 I nes. i
P/85 . 89 (0.20) 1.76 (0.24) [+ 0.13 | n.s. i b
i
liver II | | %
C 20:5 n=3 112.9 (1:7) 8.4 (2.7) |+ 4.5 | * % \
C 22:6 n-3 KoL oL s i 10.4 (1.5) | + 2.6 ! * \ M.
C 20:4 6.7 (1.3) 11.4 (1.5) = &, T R J g
total n-3 FA l27.1 (2.8) 19.4 (3.6) '+ iy Wi ! % : s
monoenic FA | 14.2 (2.2) L35 8L (2.4) r O n.s. i \j%
polyenic FA 144.8 (1.9) 43.6 (2.3) g } n.s ‘
saturated FA A SR Sl 43.2 (0.9 ’- W n. s | ‘
P/S 1.09 (0.09) [1.01 (0.06) |+ 0.08 | n.s Y
<
0}
FA = fatty acids; P/S = polyenic FA / saturated FA e e fig
* = signif. "diff. p=0.05 RS = edomiE. diff. =0 0] *&% = gignif.fdifke
Nn.s. = no significant difference between the feeding groups
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2! Relative amounts of eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), arachidonic
Qt(AA) and further pooled fatty acids in adipose tissue (lard) and kidney of swine after
Ay supplementation with either 5% n-3 rich fish oil (FO) or 5) coconut oil (CO)

i T \
} | treatments E
|
! | FO co differences |
A EEne ‘ n=6 n=6 | %/~ | sign. |
! adipose tis.
EPA, C 20:5 n-3 18400, 1) 05, (0 1) SRS * % %
DEA S C 22:6 n=3"F .1 (0.3) 0.9 (0.1) + 2.2 L i
BN, C 2054 083 (0aL) 2 o5 O] =42 200 b s
total n-3 FA 6.9 (0.3) 25 6 00,515 L | Fxx ;
monoenic FA 4116 (1.2) 42.6 (2.3) R GO R o0 -
polyenic FA 377 (09 1255 (0. 8) ' B2 Fkk
saturated FA 40.8 (0.7) 44.9 (2.3) - 4.1 * ok k
P/8 0.43 (0.02) 0. 28 (0.02) &, 0,15 * %k
kidney i
EPA, C 20:5 ' n=8 {16.1 (1.49 92003 . 6)) 7l i |
DHA, C 22:6 n=-3 4.5 (0.8) 3.8 (0.9) = O n.s
AA, C 20:4 5.6 (0% 8) 5.9 (2.6) - 4.3 %%
total n-3 FA 25T DT 1816, (4.2) S.& e de %
monoenic FA 20..1 (239 20.2 (5.4) - 0.1 n.s
polyenic FA 40.4 (4.3) 39.8 (8.4) + 0.6 n.s
saturated FA 3955017 40.0 (3.3) = 0.5 n.s
P/S 1.03 (0.14) £L02 (0:27) + 0,01 n.s
FA = fatty acids; P/S = polyenic FA / saturated FA
& * = signif. diff. p<0.05 *% = gignif. diff. p<0.01 *** = signif. diff. p<0.001
4 n.s. = no significant difference between the feeding groups
b
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Tab.l: Relative

acid (AA) and further pooled fatty acids in two skeletal muscles (musc. long. dorSioﬂ) or 1
supraspinatus) of swine after dietary supplementation with either 5% n=3 rich fish oZl &
by “coconut ‘oil" (Co)%
|
treatments T
5 FO | Cco J differences
T T T s
| tissue n=6 | n=¢ + /- sign.
| 1l
m.long.dorsi
BERRWC 2008 R=3 37 4. 5012 1) 1.6 (0.4) % 1 .8 * % |
DHA, C 22:6 n-3 2. B0 18) 1242(0.:3) janet L S ]
AA, C 20:4 1.9 (0.6) 22 (D5 - 0.3 n.s. |
total n-3 FA 6.9 (Z2.1) Sk (ST 0 [ HES3 * & i
monoenic FA 4827 (37 46.7 (4.0) = A0 Shemss ?
polyenic FA 194 (3.3) 35BS 0) it 2016 | BD.s. }
saturated FA 3609 (1.8) ST i o F0e 180 - 0.6 n.s. I
P/S 0.53 (0.09)51°0.42 (0.08) '{'% 0121 * ;
|
m.suprasp. ‘ ;
EPA, C 20:5 n-3 4.0 (1.4) 1.4 (0.4) + 22600 | EhE
DHA, C 20:6 n-3 L3t (Q.8) 102 (@2) Lol | J k k% w
AA, C 20:4 1.6 (0.4) 2yl (0ds) - 0.5 n.s 1
total n-3 FA 8.8 (2.3 S (0L 1) + 58 * &k 1
monoenic FA 39.0 (4.8) 43.9 (2.8) - 4.9 } * |
polyenic FA 2319050587 Sl 5 (3.0 8 R S B
saturated FA 37 .3 (1.49 38, 6%(175) e s 4 nis }
P/S 0.65" (0,18 0.46 (0.09) #0180 T * ‘
FA = fatty acids; P/S = polyenic FA / saturated FA <O,Om
* ="signif. ‘diff.. p<0.05 ** = signif. . diff ip<0.01 *%% = gignif. diff. P
n.s. = no significant difference between the feeding groups
4 Oﬁw,
Tab.2: Relative amounts of eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), afac?;itaﬁ
acid (AA) and further pooled fatty acids in heart and liver of swine after ¢
supplementation with either 5% n-3 rich fish oil (EQ)S or 5 coconut ¢il ' (€B)
’ treatments
’ FO co differences
t T
N eehne n=6 n=6 + /= 3sign.
. heart
;EPA, C-20:5 n=3" 1"18.6" (:2.0) = T o b2 * k%
| DHA, € 22:6 n=3 | 6,2 (1.86) | IS 05 P 2.4 *%
{AA, C 20:4 5.6 (1.2) 93 1nE) b= S *k % I
| total n-3 FA {20.7 (3.7) [ =121 SN o 7SS * k% i
| monoenic FA | 17.8 (1.3) ]17.6 (1.9) |+ 0.2 it T
| polyenic FA J53.6 (2:70) 1 52.4 (3.8) R e n.s. ;
saturated FA 28.5 (1.6) 30.0 (2.2) f— 1 P55 [l sl
R/S 1.89..(0.20D) 1.76 (0.24) | 0L13 1T nhuss
liver [ ;
C 20:5 n-3 1259 (1..7) 8.4 (2.7) }+ 4.5 | B i
C 22:6 n-3 13.0" (1.5) 10.4 (1.5) |+ 2.6 | * g
C 20:4 B 70 (1.8 2E. 40T 5 - 4.7 | k% i
total n-3 FA Tad (258 19.4 (3.6) P 1 e |
monoenic FA 14.2 (2.2) 1323 (2.4) + SN0 [T Res i
polyenic FA 44.8 (1.9) 436 '(2.3) 5 1 n.s. |
saturated FA 41.0 (2.3) 43.2 (0.9) ‘ - 2.2 n.s. {
P/S 4,09 (0.09) 1.01 (0.06) | 0.08 { TS
FA = fatty acids; P/S = polyenic FA / saturated FA ENEE p<o.oo
* = signif. diff. p<0.05 Wk Sl sianie, diff. p<0.04 *k* = gignif. ditt-
n.s. = no significant difference between the feeding groups
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: Relative amounts of eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA),
AA) and further pooled fatty acids in adipose tissue (lard)
Y supplementation with either 5% n-3 rich fish oil (FO) or 5% coconut oil (CO)

: treatments |

; Co \ differences

| tissue n=6 L /e | sign.

| adipose tis.

[{EPA., .C 20:5 n= 1 AE R0 1) 5.5, (01) o s *k
DHA, C 22:6 n- A (0 L N i R R L
AA, C 20:4 58 (Dal) 9B (0l ) (e 2, 20 T L s,

‘total n-3 FA 6.9 [(0.3) B 0 g 4.3 | A
monoenic FA 4q38 5 (12) 6 (228) - 1.0 | n.s.
polyenic FA 177 (059 .5 {0.8) |+ 5.2 | kA
saturated FA 40.8 (0.7) o U L R

P/S 0.43 (0.02 8 (0.02) 0.15 %k
kidney
EPA, C 20:5 n-3: [116.1 (1.4) +0" (3.6 we L R * dk
DHA, C 22:6 n-3 4.5 (0.8) .8 (0.9) + 07 n.s
AA, C 20:4 BB (0.8) 9 (2. - 4.3 * %
total n-3 FA oy g (s e ) 6L 4n2) + 8.1 e o
monoenic FA . 25 9l) s 2: (5.4) - 0.1 n.s
polyenic FA .4 (4.3) .8 (8.4) + 0.6 n.s
saturated FA S el 7oy 20 (BF3) - 0.5 n.s

P/S 3 (0.14) [iT02 (.27 o 0501 n.s
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