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Relationships between fatty acid status of sow plasma and that of umbilical
cord, plasma and tissues of newborn piglets when sows were fed on diets
containing tuna oil or soyabean oil in late pregnancy
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To investigate the relationships between maternal, umbilical cord and piglet fatty acid status,
multiparous sows (six per diet) were fed on diets containing supplements (30 g/kg) of either
soyabean oil or tuna oil for the last 21 d of pregnancy. The proportions of most fatty acids differed
between diets: in particular, the tuna-oil-containing diet supplied moren22#hd less 18126

fatty acids than the soyabean-oil-containing diet. Maternal plasma fatty acid concentrations (mg/l)
were greater than those in umbilical plasma and 2@.4nd 22:6-3 fatty acids were present in
higher proportions (g/100g fatty acids) in umbilical than maternal plasma. Feeding tuna oil
increased the proportionate amounts (g/100 g fatty acids) of te8afatty acids (particularly
22:a-3) in umbilical cord, plasma and piglet tissues compared with feeding soyabean oil: in
contrast, the proportion of 246 was decreased by feeding tuna oil. Changes in piglet fatty acid
proportions as a result of oil feeding were not influenced by piglet weight. While proportions of
the long-chaim-3 andn-6 polyunsaturated fatty acids in piglet liver, spleen and reproductive
tract (ovaries plus uterus of the female, testes of the male) correlated well with those of umbilical
plasma, those in brain and retina were poorly correlated. Therefore umbilical plasma cannot be
used to predict the fatty acid status of piglet brain.

Pregnancy: Dietary fatty acids: Tissue fatty acids: Pig

Brain and retina contain large proportions of long-chain to have a simple, non-invasive means of monitoring the fatty
polyunsaturated fatty acids of the-3 and n-6 series, acid status of the piglet. In man, the fatty acid composition
particularly 20:4-6 and 22:@-3 (Innis, 1992). In both of umbilical plasma and cord tissue has been used to
man and the pig, the period of rapid brain development monitor fetal fatty acid status (Crawfordt al. 1990),
occurs during the last third of pregnancy and early in post- although the use of such data to predict fatty acid status of
natal life (Passingham, 1985). An inadequate supply of the tissues such as brain has been questioned (Innis, 1992). It
appropriate fatty acids, particularly 22:@8, has been  was, therefore, the objective of the present study to change
implicated in impaired visual and cognitive development the n-3 fatty acid status of the preghant sow in order to
in man and experimental animals (Uawgt al. 1992; guantify relationships between sow fatty acid status and the
Wainwright, 1992) which may have consequences long composition of umbilical cord, plasma and newborn piglet
into post-natal life (Burdge, 1998). Therefore it is important tissue fatty acids. In addition to the tissues sampled pre-
that an optimal supply of the appropriate fatty acids is viously (liver, brain and retina; Rooket al. 1998) the fatty
available during gestation. acid compositions of entire reproductive tracts and spleens
In a previous study (Rooket al. 1998) the effect on piglet  of newborn piglets were also measured. Reproductive tracts
tissue composition and viability of feeding pregnant sows were analysed because large amounts of i23:are found
on a diet containing 22r63 in late pregnancy was studied. in the semen of the sexually mature boar, boar spermatozoa
Concentrations of long-chaim-3 polyunsaturated fatty = phospholipids containing 23-43g/100g fatty acids as
acids in piglet tissues were increased as a result of feeding22:61-3 (Johnsonet al. 1972; Evans & Setchell, 1979;
the sow 22:6-3 as tuna oil but improvements in piglet Paulenzet al. 1995). It was of interest, therefore, to
viability could not be detected with the number of animals determine whether the sexually immature tissues of the
used. To use sufficient animals to determine effects of newborn piglet differed in their fatty acid composition
feeding fatty acids on piglet viability, it will be necessary and in their response to maternal supplementation. Spleen
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was analysed because supplementation of the sow withprostaglandin analogue (cloprostenol, 92 mg/ml; Planate,
fish oil during pregnancy and lactation has been shown to Coopers Animal Health, Crewe, Ches., UK) at about
alter piglet spleen fatty acid composition and eicosanoid 11.00 hours to induce farrowing.
production (Fritschest al. 1993). Farrowing and piglets All farrowings were attended.
One sow receiving the soyabean oil-supplemented diet
, produced only four progeny, significantly fewer than for all
Materials and methods other litters. Data were not collected for this sow.
Animals As each piglet was born, samples of umbilical cord (50—

100 mm) and of blood massaged from the cord into a tube
containing potassium EDTA (18 mg) were obtained.
Samples were not obtained from all piglets because of
rupture of the cord during farrowing or, in the case of
blood samples, closure of the umbilical blood vessels.
After sampling each piglet was removed from the sow to
a heated box. After completion of farrowing (30 min after
expulsion of the placenta), the weight and sex of each piglet
were recorded. From each litter, piglets were selected on the
following basis: three piglets were selected from litters of
Gless than or equal to twelve in size and four from litters of
more than twelve. The piglets selected were chosen to
represent the average weight of the litter but also to include
the lightest piglet in each litter. Piglets were anaesthetized
Experimental design and diets by intraperitoneal injection of sodium pentobarbitone
(200 mg/ml; Euthatal, Rhone Merieux, Harlow, Essex,
UK) and then immediately killed by an overdose of
sodium pentobarbitone. The brain, liver, spleen, eyes and
reproductive tract were removed and weights of liver, brain
and spleen recorded. Reproductive tracts were defined as
ovaries plus uterus in the female and testes in the male.
The eyes were freed from connective tissue and the anterior
half of the eyeball and contents of the eye removed. The
posterior half of the eyeball and liver, brain, spleen and
reproductive tract were stored-&20° until analysis. Plasma
was prepared from the blood samples as described earlier.

Analytical procedures Feed samples were analysed for
DM (80° for 18 h), ash (550for 18 h), crude protein by the
Kjeldahl method and acid ether extract and neutral-
detergent fibre according to methods of the Ministry of
Agriculture, Fisheries and Food (1992). The estimated
digestible energy concentrations of the diets were also
calculated according to methods of the Ministry of
Agriculture, Fisheries and Food (1993).

Portions of feed or tissue samples were homogenized in a

Twelve pregnant multiparous sows (Large Whiteand-
race, Newsham Hybrid Pigs Ltd, Malton, North Yorkshire,
UK) were used in the experiment. At the start of the
experiment the sows weighed 265 kg, had a mean backfat
thickness of 27 mm at the P2 position and mean parity was
30. Before allocation to diets the sows had been mated with
Large White boars, housed in straw-bedded accommodation
and fed with 23 kg of a standard commercial pregnancy diet
daily. At the start of the experiment, the sows were between
90 and 94 d of gestation, calculated from the date of first
service. The experiment was conducted in September an
October 1996.

The sows were allocated to experimental diets, as they
became available, over a period of 14d and entered the
experiment in two groups of six animals. Within each group,
three sows were allocated to a diet containing soyabean oil
and the other three sows to a diet containing tuna oil.
Soyabean or tuna oil (30 g/kg diet) was added to a basal
diet containing (g/kg): milled barley 600, wheatfeed 188,
soyabean meal 135, fishmeal 52 and mineral and vitamin
mix 25 (Sowvite 110; Norvite Ltd, Insch, Aberdeenshire,
UK). The mineral and vitamin mix was fortified with
a-tocopherol acetate as an antioxidant. The expected nutri-
ent analysis of the diet was (/kg fresh weight):[E8IJ
digestible energy, 180 g crude proteif@dg lysine, 59 g oil
and 200 mg a-tocopherol acetate. Soyabean oil was
obtained from Harbro Farm Sales, Turriff, Aberdeenshire,
UK and the tuna oil, which contained a high concentration
of 22:1-3, was Tuna Orbital Oil (Scotia Pharmaceuticals
Ltd, Carlisle, Cumbria, UK). Batches of feed were prepared
twice weekly by mixing the oil with the basal diet in a 50 kg

capacity horizontal mixer. The feed was stored at ambient suitable excess of chloroform—methanol (2: 1, v/v) contain-

temperature in sealed plastic bags with air excluded. Feeding pentadecaenoic acid (15:0) as internal standard, and

samples were obtained when each batch of feed was pre- S
pared, and stored a0 to await analysis. Sows were given extracts of total lipid in chloroform were prepared. Samples

; . . of the posterior half of the eyeball were vigorously mixed
208 kg feed daily until parturition and then were transferred . : ;
to a standard commercial diet. with saline (9g NaCl/l) to remove the retinal cells from

connective tissue before the retinal cells were extracted.
Fatty acid methyl esters were prepared by transmethylation
by refluxing the lipid in methanol-toluene—sulfuric acid
(20:10:1, by vol.) for 30 min. The fatty acid methyl esters
Sows Two blood samples were obtained from each sow were extracted into hexane before chromatography. They
by jugular venepuncture into evacuated tubes containing were separated by GLC using a capillary column (HP225,
potassium EDTA (18 mg), once when allocated to the diets, 30 mx 025 mm, film thickness @5um; Hewlett Packard
and again 1d before farrowing. Plasma was prepared fromLtd, Stockport, Ches., UK) in a Phillips PU4500 chromato-
blood samples by centrifugation at 20§@or 20 min and graph. Peak areas were determined with the aid of a Kontron
stored at-20° until analysed. DS450 Data System (Kontron Instruments, Watford, Herts.,
The sows were transferred to farrowing crates several UK) and identified and quantified with reference to the
days before parturition. On day 113 of pregnancy, the sowsinternal standard and a known standard (Supelco 37
were injected intramuscularly with 2ml of a synthetic Component mix; Supelco, Poole, Dorset, UK). The ratio

Experimental procedures
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20:4n-6/22:-3 was calculated for all samples as an index increases in the proportions of 28:8 and 22:6-3 and a
of long-chain polyunsaturated fatty acid status. For piglet decrease in 18126 (all P<<0001) when tuna oil was

tissues, two additional ratios were calculated; B26b included in the diet. The tuna-oil diet contained more
22:4n-6 (Neuringer et al. 1986) and 22:6-3/22:51-6 saturated fatty acid$(< 0[001) and a lowen-6 : n-3 fatty
(Reddyet al. 1994). acid ratio P < 0[01) than the soyabean-oil diet.

Statistics Sow measurements

Data were analysed by ANOVA techniques using Genstat 5 There were changes in the concentrations of fatty acids in
(1987; Lawes Agricultural Trust; Clarendon Press, Oxford, SOW plasma in relation to both sampling time and diet
UK). Where sampling was repeated (sow blood samples) or (Table 2). Fatty acid concentrations did not differ between
measurements were made on several animals (piglet tissu€roups at the start of the experiment. Total plasma fatty
samples) a split-plot ANOVA was used with sow as the acids (mg/l) decreased (< 0001) between the start of the
main plot and sampling time or piglet as the split plot. €xperiment and 1 d before farrowmg. The concentration of
For data where the number of observations varied becausel8:21-6 decreased and that of 26:8 increased when tuna
of differences in litter size (umbilical cord and plasma oil was fed (diextime, P < 0[001) but remained unchanged
samples) or because piglets were not selected on the basi¥hen soyabean oil was fed. Irrespective of the type of oil
of sex, a sp]it_p|0t ANOVA was carried out using the REML included in the diet, the concentration of 20:@ decreased
procedure of Genstat and diet effects assessed from Walcgnd that of 22:6-3 increased between the start of the
statistics andy? tests. The relationships between umbilical €xperiment and 1d before farrowing; for 2@:8 the
cord or cord plasma fatty acid composition and composition increase was much greater when tuna oil was fed (inter-
of each piglet tissue were analysed using multiple regressionaction, P<0[001). As a result the ratio 20046/22:&-3
analysis. For each tissue terms for the sex or weight of the declined with time P <0[001), the decline being more
piglets were included if significant. To avoid type 1 errors marked when tuna oil was fed (interactidh< 0[05).

arising because of the number of regression analyses per-

formed, only those relationships for which consistently Piglet measurements
significant relationships were found across tissues are ) ) o
reported. There were no differences, as a result of the oil fed, in litter

size or piglet weight® > 0[05). Mean weight of the piglets

selected for tissue analysis1b kg) was lessK < 0[05; SED
Results 0056) than that of all piglets (19kg) as a result of

Diet including the lightest piglet in each litter in the slaughter
group. There were no significanP & 0[05) between-diet

The diets fed to the sows did not differ in proximate differences for piglet organ weights, although progeny of
composition (Table 1). As intended, adding either soyabean sows receiving tuna oil (28) had heavier brains (g/kg live
oil or tuna oil to the basal diet changed the composition of weight; SED 212, n 6) than the progeny of sows fed with
the dietary fatty acids. The most marked differences were soyabean oil (283).

Table 1. Composition (g/kg DM) of diets containing soyabean oil and tuna oil fed to
SOWS

(Mean values with their pooled standard errors for three samples per diet)

Diet... Soyabean Tuna SE
DM (g/kg) 875 875 20
Ash 58 58 214
Crude protein 212 212 501
Acid ether extract 76 77 28
Neutral-detergent fibre 189 194 20
Digestible energy (MJ/kg DM) 156 150 0010
Fatty acids (g/100g total fatty acids)
Saturated 190 30 05
Monounsaturated 212 241 032
Total n-6 528 2411 048
18:2n-6 517 232 0B4
20:4n-6 ND 12 -
Total n-3 74 1901 0835
18:3n-3 609 32 07
20:5n-3 0B 309 007
22:5n-3 ND o4 002
22:6n-3 ND 116 031
n-6:n-3 71 14 0006

ND, not detected.
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Table 2. Fatty acid concentrations (mg/l plasma) in plasma obtained from sows before feeding diets containing soyabean oil or tuna oil and after
21d feeding in late gestation

(Mean values with their pooled standard errors for six samples per diet)

Sow plasma
21d Statistical significance of effect of:

Fatty acid Before Soyabean Tuna set sef Diet Time Diet x Time
Total 2432 2076 1659 26312 1223 NS ok NS
Saturated 639 503 452 6601 2401 NS ok NS
Monounsaturated 718 455 380 878 300 NS ok NS
n-6 937 954 506 8800 2214 * ik bl
18:2n-6 825 873 418 8112 202 * ok ok
20:4n-6 108 79 86 90 60 NS *x NS
n-3 135 164 321 33056 143 NS il rxk
18:3n-3 52 60 23 122 84 NS NS NS
20:5n-3 42 45 137 118 600 *x sl il
22:5n-3 10 16 16 53 28 NS NS NS
22:6n-3 29 44 146 116 6 *x ok rhk
20:4n-6/22:6n-3 36 20 0B 049 0[B6 NS il *

*P < 0[05, *P <001, **P<0[001.
T Standard error for diet comparisons.
F Standard error for time x diet comparisons.

Piglet tissue fatty acid composition The fatty acid (P<001) and 22:6-3 (P<0MO01) but decreased the
composition (g/100g total fatty acids) of both umbilical proportion of 20:4-6 (P<0[001). In addition, feeding
cord and blood plasma obtained from the cord at birth tuna oil resulted in decreased proportions of 2264
(Table 3) were influenced by maternal diet. In both sample (P <0[001) in cord and increased proportions of 205
types, feeding tuna oil increased the proportions of 85 (P <0[001) in plasma. As a result the proportion of total

Table 3. Fatty acid composition of umbilical cord (g/100 g total fatty acids) and plasma (g/100 g total fatty acids and
mg/l plasma) prepared from umbilical cord blood at birth from piglets born to sows fed on diets containing either
soyabean oil or tuna oil from 21d pre-partumt

(Mean values for five (soyabean oil) or six (tuna oil) observations and standard errors of the differences between

means)
Cord Plasma
Soyabean Tuna SED Soyabean Tuna SED
g/100 g total fatty acids
Saturated 4418 4412 088 428 418 145
Monounsaturated 3212 326 o2 317 328 082
n-6 1709 1403 % 102 180 132 11220
18:2n-6 40 3B 0B7 70 509 0091
20:4n-6 1107 93+ 0B2 90 58+ 086
22:4n-6 138 1[*** 018 0B (0]1:) o7
n-3 36 64+ 0149 70 12[3*** 066
20:5n-3 18 17 036 14 3[*** 035
22:5n-3 009 1[3** 08 08 0[@** 0oas
22:6n-3 214 3[@*** 1388 52 7(8*+* 045
20:4n-6/22:6n-3 525 2[71%** 01456 1@5 0[80*** 0083
mg/l plasma

Total 510 542 579
Saturated 217 225 21®
Monounsaturated 157 178 202
n-6 81 73 148
18:2n-6 36 33 7
20:4n-6 30 31 103
22:4n-6 3 3 138
n-3 55 67 99
20:5n-3 22 20 838
22:5n-3 2 5* 14
22:6n-3 27 40** 40

Mean values were significantly different from those for the corresponding soyabean samples: *P <005, **P < 0[01, ***P < 0001.
T For details of diets and procedures, see Table 1 and pp. 214-215.
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Table 4. Fatty acid composition (9/100 g total fatty acids) of liver and spleen in piglets born to sows fed on
diets containing either soyabean oil or tuna oil from 21d pre-partumt

(Mean values for five (soyabean oil) or six (tuna oil) observations, with standard errors of the differences
between means)

Liver Spleen
Fatty acid Soyabean Tuna SED Soyabean Tuna SED
Saturated 386 396 094 420 428 0B5
Monounsaturated 318 298 135 234 24[3* 02
n-6 210 15[7*** 103 2709 22[9*** 0B8
18:2n-6 68 A[** 0[46 56 49 0149
20:4n-6 118 9[0** 069 167 14[Q%** 088
22:4n-6 (013 03* 0006 22 1[3*+* 0as
22:5n-6 (o]wf 0mB* 005 009 0L7** 006
n-3 86 14[9*** 0076 62 9[B*** 032
20:5n-3 12 3[@*** 022 0B 22+ 008
22:5n-3 (o]wf 1@2* 0019 14 20+ 00
22:6n-3 64 9[9*** 0B4 40 5[g**x 029
20:4n-6/22:6n-3 180 0[Q2*** 0067 430 2[B0*** 064
22:4n-6/22:5n-6 1@5 2002 00186 043 0B33** 0029
22:6n-3/22:5n-6 886 16[82*+* 121 4125 77 0427

Mean values were significantly different from those for the corresponding soyabean samples: *P < 005, **P <001,
*xpP < 0001.
T For details of diets and procedures, see Table 1 and pp. 214-215.

n-6 fatty acids decreasedh-3 fatty acids increased and only for 22:5:-3 (P < 005) and 22:6-3 (P < 0[01) were the
the ratio 20:4-6/22:4-3 decreased (alP < 0[001) when differences in concentration significant.

tuna oil was fed to the sows. There were significant  The fatty acid compositions of the piglet tissues sampled
differences P <0001) between the fatty acid com- at slaughter are shown in Tables 4—6. Piglet weight had no
position of cord and that of cord plasma for all fatty significant effect upon tissue fatty acid composition. How-
acids except for total saturated aneb fatty acids. The ever, consistent differences were observed as a result of
absolute concentrations of fatty acids in umbilical plasma feeding the two different oils to the sows. The proportions of
are also given in Table 3. There were no differendes ( the long-chainn-3 fatty acids, 20:6-3 and 22:6-3 were
0[05) as a result of maternal diet in total concentrations of increased in the progeny of sows given tuna oil. These
fatty acids in umbilical plasma; differences between diets differences were significant for liverP(< 0[001), spleen
were therefore similar to those described for fatty acids (P <<0[001), brain (20:56-3, P <0[05; 22:61-3, P <0[01)
when expressed as a proportion of total fatty acids, althoughand retina (20:6-3, P<0[001; 22:6-3, P> 005). The

Table 5. Fatty acid composition (g/100 g total fatty acids) of brain and retina from piglets born to sows fed
on diets containing either soyabean oil or tuna oil from 21d pre-partumt

(Mean values for five (soyabean oil) or six (tuna oil) piglets, with standard errors of the differences
between means)

Brain Retina
Fatty acid Soyabean Tuna SED Soyabean Tuna SED
Saturated 477 4600 166 448 4419 05
Monounsaturated 196 2101 138 233 230 076
n-6 188 16[9** 031 196 16[4*** 032
18:2n-6 (0]1) (o]} 006 33 2[4* 028
20:4n-6 117 1009** 021 1214 11[3*** 027
22:4n-6 44 3[*** 05 20 1[G 004
22:5n-6 14 12 03 (o]wf 0F** 006
n-3 1338 1600* 0581 123 1507+ 097
20:5n-3 ol oR* 005 (o]r:) 1[2%* 006
22:5n-3 0B 1[0*** 005 1 1B*** 08
22:6n-3 133 14[8** 048 110 128 095
20:4n-6/22:6n-3 089 0r74*** 0023 1z 089** 0071
22:4n-6/22:5n-6 0032 033 0004 037 034 0037
22:6n-3/22:5n-6 9B 1413+ 119 158 27[3** 328

Mean values were significantly different from those for the corresponding soyabean samples: *P < 005, *P <001,
**pP < 0001.
T For details of diets and procedures, see Table 1 and pp. 214-215.
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Table 6. Fatty acid composition (g/100 g total fatty acids) of ovaries plus uterus from female piglets and testes from
male piglets born to sows fed on diets containing either soyabean oil or tuna oil from 21d pre-partum¥

(Mean values for five (soyabean oil) or six (tuna oil) observations, with the standard errors of differences between

means)
Statistical significance of
Soyabean Tuna effect of:

Fatty acid Male Female Male Female SED Diet Sex Diet x Sex
Saturated 45[6 455 450 4500 100 NS NS NS
Monounsaturated 252 2607 248 2609 02 NS ok NS
n-6 2209 226 193 196 04 ok NS NS
18:2n-6 42 34 33 26 034 * ik NS
20:4n-6 130 134 1200 1212 078 * NS NS
22:4n-6 2B 34 1T 2B oo ik ik NS
22:5n-6 o 0B 0B 0B 0061 NS NS NS
n-3 63 53 11 8B 0B2 ik ok *
20:5n-3 0B o3 10 101 il *
22:5n-3 10 12 200 22 o6 *rk * NS
22:6n-3 43 3T 72 53 0o ik ik o
20:4n-6/22:6n-3 306 374 1@0 227 035 ik ik NS
22:4n-6/22:5n-6 027 018 033 021 0029 * ok NS
22:6n-3/22:5n-6 694 586 1293 1028 1216 ok ** NS

*P <0005, **P <001, ***P < 0[001.
T For details of diets and procedures, see Table 1 and pp. 214-215.

magnitude of the increase in 22:8 was more marked in  tissues; the response was again most marked in liver
liver and spleen than in brain and retina. As a result of the and spleen.

increase inn-3 fatty acid proportions there were signifi- There was a differential response to feeding tuna oil when
cant decreases in all tissues in one or more of the long-the fatty acid composition of reproductive tracts of the
chain fatty acids 2046, 22:4-6 and 22:5-6. Hence, piglets was analysed (Table 6). Ovaries plus uterus from
there were significant decreaseB <0001 except for female piglets contained higher proportioi’s<{ 0001) of
retina, P<001) in the 20:4-6/22:-3 ratio for all monounsaturated fatty acids and a lower proportion of

Table 7. Coefficients for regression equations relating piglet liver, spleen and reproductive tract fatty acids (g/100g total fatty acids) to the
corresponding fatty acid in umbilical cord or plasma obtained from the umbilical cord blood at birth

(Mean values with their standard errors)

Cord Plasma
Intercept Slope Intercept Slope
Mean sSE Mean SE Mean SE r Mean SE Mean SE Mean SE r?

Liver

20:4n-6 46 221 0053 0021 0m4* 58 128 0062 0018 026*

20:5n-3 12 0&6 00140 0050 026* 14 279 0040 0007 0[a8***

22:6n-3 50 102 0084 0033 ol 22 111 0095 0016 0B 1***

Total n-3 62 11 0020 0032 032+ 32 140 0084 0012 0B9***

Total n-6 89 288 0056 0018 024** 98 246 0055 0015 0[28***

20:4n-6/22:6n-3 088 0056 00195 0039 0@5** 037 0068 072 0052 0B7***
Spleent Weight Weight

20:4n-6 83 14 0045 0014 20 0076 030** 96 105 0[053 0011 16 066 0[g7***

20:5n-3 07 046 0075 0031 NS 0@2** 0B85 0M@7 0022 0005 NS 0[a0***

22:6n-3 23 0B6 0042 0015 1 0050 09* 1 069 0036 0008 0&O 039 0[43***

Total n-3 48 086 0068 0016 NS 037+ 303 072 0046 0016 NS 0B2***

Total n-6 168 15 0050 0011 NS 02+ 1601 136 0052 0008 NS 0[54***

20:4n-6/22:6n-3 102 0[@322 0378 0080 NS 0@2** 161 0[R20 142 05 NS 0[73***
Reproductive tractt Sex Sex

20:4n-6 100 1[40 0026 0013 NS 008 104 0B1 0034 0011 NS 021**

20:5n-3 11 O0M@6 0066 0020 -0B2 009 0Bo** 112 022 0018 0003 -0B1 003 0B1***

22:6n-3 58 006 0056 0020 -1[45 045 0[39*** 4[4 0B6 0053 0011 -1H71 037 056***

Total n-3 67 140 0087 0019 -105 0B8 0B0** 53 105 O0[056 0007 -211 050 07 1***

Total n-6 136 137 0045 0010 NS 039** 1407 141 0039 0009 NS 0[37***

20:4n-6/22:6n-3 0B2 0[391 O0[R289 0067 058 0[22 O[@48** 028 023 106 0112 oOB1 003 0BO***

*P < 0[05, *P <001, **P<0001.
T For spleen, piglet weight (kg) was included in the regression equation, and for reproductive tract piglet sex (male 1, female 2) was included in the regression equation.
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Table 8. Coefficients for regression equations relating brain and retina fatty acids (g/100g total fatty acids) to the corresponding fatty acid in
umbilical cord or plasma obtained from the umbilical cord blood at birth

(Mean values with their standard errors)

Cord Plasma
Intercept Slope Intercept Slope
Mean SE Mean SE r Mean SE Mean SE r

Brain

20 : 4n-6 93 003 0016 0089 006 103 0B9 0013 0008 005

20:5n-3 0039 0076 0013 0005 0R5* oad1 0028 0003 0007 035**

22 :6n-3 128 081 0041 0024 006 1114 098 0042 0014 o@1**

Total n-3 134 000 0031 0017 007 1213 0B7 0026 0008 oze6**

Total n-6 146 136 0020 0008 oma2* 160 126 0011 0008 003

20 : 4n-6/22 : 6n-3 0B5 0037 041 0009 0[38*** 0[B6 0034 0116 0026 0[36***
Retina

20 : 4n-6 1009 00980 0mo7 0009 001 o7 509 0272 0079 0[32%**

20:5n-3 035 0227 0044 0015 030** 0B3 0095 0011 0003 0@37**

22 :6n-3 94 1045 0083 0043 008 82 186 0057 0027 omz2*

Total n-3 1042 1B4 0078 0029 oa7* 1008 167 0036 0015 om3*

Total n-6 1307 160 0025 0010 oar* 1207 123 0032 0008 0[33**

20 : 4n-6/22 : 6n-3 0B8 oma7 0091 0021 O@B7*** o1 0078 0R254 0060 034+

*P<0[05, *P <001, **P<0[001.

18:2n-6 than testes of the male piglet irrespective of the oil

experiment were similar. In both the present experiment and

fed to the sow. In common with other tissues, feeding tuna that of Rookeet al. (1998), piglet brain weights (g/kg live

oil increasedn-3 fatty acids and decreaseeb fatty acids,
but for 20:51-3 and 22:6-3 the response to feeding tuna oil

weight) increased as a result of tuna-oil feeding, but within
individual experiments these differences were not signifi-

was more marked in male testes than female ovaries pluscant. However, when the data from the present experiment

uterus (interactionP < 005, 20:51-3; P <001, 22:4-3).

Adding tuna oil to the diets fed did not decrease the ratio
22:5n-6/22:4-6 in any tissue. However, the ratio 28:8/
22:51-6 was significantly greater in all tissues when tuna oil
was fed instead of soyabean oil.

and that of Rooket al.(1998) were combined and analysed,
the difference in brain weights between piglets fed on the
soyabean and tuna oils became significant (soyalean
tuna; 283 v. 269 g/kg live weight;SED 066, n 42; P=
0027). Thus, not only did feeding tuna oil increase the

Regression coefficients calculated between piglet tissueproportion of 22:®-3 in total brain fatty acids, brain size

fatty acid proportions and the corresponding fatty acid in
umbilical cord or cord plasma are given in Tables 7 and 8.
Only those fatty acids for which there were consistent
relationships P < 001 or greater) across piglet tissues are
reported in Tables 7 and 8. The summary variables, &l

andn-6 fatty acids and the ratio 20h46/22:61-3 had greater

r? values than individual fatty acids for all tissues. Regres-
sion coefficients for liver, spleen and reproductive tract
composition and umbilical cord plasma were higher than

was also increased; the functional significance of this
increase in relation to piglet viability and growth is being
investigated. Compared with the ovaries plus uterus of
female piglets, testes of male piglets contained higher
proportions of 22:6-3 and the proportionate increase in
22:-3 in response to tuna-oil feeding was greater in male
than female piglets. Thus, male pigletsutero displayed
the ability to concentrate 22n63; the relevance of this
finding to the development of sexual maturity warrants

between the corresponding tissue and umbilical cord. Therefurther investigation. In agreement with Fritscle¢ al.
was little difference between regression coefficients relating (1993) who fed fish oil to sows during both gestation and

cord or cord plasma to piglet brain and retina fatty acid
composition and? values for these two tissues were smaller
than those for liver, spleen and reproductive tracts.

Discussion

lactation, the proportions of-3 fatty acids in spleen were
increased by feeding tuna oil in the present experiment.
Since Fritscheet al. (1993) demonstrated decreased eico-
sanoid production in splenocytes from piglets whose dams
were being given fish oil in their study and feeding fish oil
is associated in animal models with a decrease in the

The purpose of the present experiment was to establishseverity of inflammation (Bloket al. 1996), feeding fish

whether the effects of maternal fatty acid supply on piglet
composition at birth could be estimated from the com-
position of the umbilical cord or of blood obtained from

oil to sows may protect piglets against undesirable inflam-
matory responses.
The use of umbilical cord tissue and blood for monitoring

the umbilical cord at birth, thus avoiding the necessity of the fatty acid status of offspring has been extensively
slaughtering animals. The length of time diets were fed and studied in man. Characteristic differences between fatty
the composition of the experimental diets were intended to acid proportions and concentrations in maternal plasma
be the same as in a previous experiment (Raailed. 1998). and those in umbilical cord and blood have been observed
As a result the changes in both sow plasma and piglet tissue(e.g. Reddyet al. 1994; Al et al. 199%,b,c; Otto et al.
fatty acid composition when tuna oil was given in each 1997). In human subjects, amounts of fatty acids in
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maternal plasma phospholipids increased during pregnancydecreased when 22 supply was increased by feeding
(Al etal, 1995:; Ottoet al. 1997) with the absolute amounts  the sows tuna oil because 28:6 proportions decreased to a
of 22:6n-3 increasing by the greatest amount. In the present greater extent than the proportion of 22:@. In contrast, the
study, amounts of total plasma fatty acids decreased in theratio 22:6-3/22:51-6 increased with tuna-oil supplementa-
last 3 weeks of gestation from 2432 to 1867 mg/l. This tion as would be expected if 221% was synthesized in
difference between the pig and man may be related to theresponse to a deficiency of 22:8 and therefore the present
low-fat, cereal-based diet consumed by the pigs (76 g acidratio would appear in the present study to be a more
ether extract/kg) which supplied a smaller proportion of sensitive index of 22163 status.
dietary energy as fat than in a typical human diet, therefore Innis (1992) reviewed the use of plasma and erythrocyte
representing a different balance between maternal supplyfatty acids as indicators of fatty acid status in organs such as
and demand for fatty acids in late pregnancy. brain and retina and concluded that they were not a specific
The human studies and the present pig data, however,ndex of fatty acid status as fatty acids could be used as
showed similarities: total fatty acid concentrations were energy substrates depending on the status of the dam and
greater in maternal than fetal circulation (&1 al. 1995; offspring. In addition, any ability of brain and retina to
Otto et al. 1997) and the proportionate amounts of fatty elongate and desaturate 18:@ and 18:8-3 would influ-
acids differed between the two circulations. Changes in the ence the need for long-chain polyunsaturated fatty acids.
ratio of fatty acid concentrations in umbilical plasma to Subsequently, Riowet al. (1997) using piglets fed on
maternal plasma might give an estimate of the effect of fatty formula-milks containing a range of fatty acid profiles
acid supplementation of the sow on piglet demand for fatty quantified the relationship between plasma fatty acids and
acids. Ratios were calculated from the data ofehlal. liver and brain fatty acids. These authors found that while
(199%), Van Houwelingenet al. (1995) and Ottoet al. liver fatty acid concentrations were reasonably well corre-
(1997) for man and for the present experiment. In both lated with plasma fatty acids, brain fatty acids were poorly
species, the fetal : maternal ratio for total fatty acid concen- correlated. One explanation for the lack of correlation of
trations was approximatelyt® In human subjects, the ratio  brain fatty acid composition with plasma fatty acids was
fetal: maternal 20:4-6 was greater ([B-08) than for suggested by Berliet al. (1998) who found that the fatty
22:1-3 (04—-08) whereas in the sow fed on soyabean oil acid composition of different areas of the brain of minipigs
the ratio for 22:®-3 (calculated ratio>1) was greater and  was predicted with differing accuracy from erythrocyte fatty
for 20:4n-6 (0135) less than for human subjects. The effect acids: whilst the fatty acid compositions of the caudate
of adding fish oil to the maternal diet in both human subjects nucleus and cerebellum were significantly correlated with
(Van Houwelingeret al. 1995) and pigs in the present study erythrocyte fatty acids that of the forebrain was not. There-

was to decrease the ratio fetal: maternal plasmar22:6

fore analysing whole-brain fatty acids may mask effects of

These data suggest that fetal demands may have been maetutrition on individual regions of the brain. The results of

by fish-oil supplementation. Regardless of mechanism,
measurement of the ratio fetal : maternal plasma 123:6
over a range of maternal dietary 28:8 intakes may
provide a method for estimating the optimum intake of
22:n-3.

In human studies, relatively high proportionate amounts
of Mead acid (20:8-9) have been observed in umbilical
arterial tissue and it has been suggested thatn?®:8ould

the present experiment in which maternal nutrition was used
to manipulate piglet composition tended to agree with those
of Rioux et al. (1997) and Berlinet al. (1998). The

composition of tissues e.g. liver, spleen and reproductive
tracts, which do not contain large proportions of long-chain
polyunsaturated fatty acids, correlated better with umbilical
plasma fatty acids than those tissues with a high proportion
of polyunsaturated fatty acids, e.g. brain and retina, which

be used as an index of fetal fatty acid status since thesegrow rapidly in late gestation. Therefore umbilical plasma

efferent vessels depend on a supply of fatty acids from
umbilical arterial blood (Alet al. 1990; Crawfordet al.

fatty acid proportions were a poor predictor of brain
composition in the fetal piglet. A similar pattern was

1990). The use of Mead acid has, however, been questionedbserved when umbilical cord tissue fatty acid concentra-
as the concentrations of Mead acid are independent of birthtions were used to predict piglet tissue fatty acids although

weight (Reddyet al. 1994) and not responsive to changes in
fatty acid supply (Van Houwelingeet al. 1995). In the
current experiment, concentrations of 203 were less
than 0/100g fatty acids in umbilical tissue, less than
reported values for both umbilical vein and artery (e.g. Van
Houwelingen et al. 1995) and were unaffected by the
maternal diet and weight of the piglet. This would suggest
that in the pig, as suggested by Reddl. (1994) and Van
Houwelingenet al. (1995), Mead acid concentrations in
umbilical tissue are not a useful measure of fatty acid status.
Because a deficiency in 2218 is accompanied by an
increase in the conversion of 22:6 to 22:51-6 (Neuringer
et al. 1986), the ratios 22r56/22:4-6 (Al et al. 1990) and
22:1-3/22:5-6 (Reddyet al. 1994) have been suggested as
indices of 22:®-3 status. In the present study, the ratio
22:5n-6/22:4-6 in piglet tissues increased rather than

the difference between liver, spleen and reproductive tracts
on the one hand and brain and retina on the other was much
less marked. The inferior relationships observed with umbi-
lical cord tissue can be explained if umbilical plasma fatty
acid concentrations reflect shorter-term changes in fatty acid
supply than cord tissue whose fatty acid profile may have
been influenced by nutrition before the beginning of the
experiment.

In conclusion, changes in umbilical cord tissue and
plasma fatty acid concentrations in the piglet at birth
reflected changes in the fatty acid profile of diets fed to
the pregnant sow but did not correlate well with changes
observed in the composition of brain and retina in the new-
born piglet. Thus, umbilical cord and plasma fatty acid
concentrations cannot be used to predict the effects of
maternal diet on piglet brain and retina composition. In
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addition, as no effect of piglet weight was observed on the flow and composition of boar rete testis flulhurnal of
tissue fatty acid composition, it was unlikely that differ-  Reproduction and Fertility57, 189—196.
ences in placental size and function between piglets in the Fritsche KL, Alexander DW, Cassity NA & Huang S-C (1993)

same litter influenced fatty acid uptake by the piglet. Mat_ernally-sgpplied fish oil alters piglet immune cell fatty acid
y P y P9 profile and eicosanoid productiohipids 28, 677—-682.
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