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Effect of feeding tuna oil or soyabean oil as supplements to sows in late
pregnancy on piglet tissue composition and viability

J. A. Rooke, I. M. Bland and S. A. Edwards
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To investigate whether long-chain-3 polyunsaturated fatty acids could cross the porcine
placenta in late pregnancy and alter neonatal piglet tissue composition, multiparous sows
(seven per diet) were fed on diets containing a supplement (30 g/kg) of either soyabean oil or
tuna oil for the last 21 d of pregnancy and the first 7 d of lactation. The proportions of all fatty
acids, except 18rt7, differed between diets: in particular, the tuna-oil-containing diet supplied
more 22:61-3 and less 18126 fatty acids than the soyabean-oil-containing diet. The proportions
of n-3 fatty acids, particularly 22r63 (g/100 g total fatty acids) in sow plasma, colostrum and
milk were increased and the proportion of 118@was decreased by feeding tuna oil. Piglet tissue
n-3 fatty acid proportions (particularly 22163), obtained shortly after birth, were increased in
piglets born to tuna-oil-fed sows compared with progeny of soyabean-oil-fed sows. The increase
in the proportion oh-3 fatty acids (g/100 g total fatty acids) in piglet tissues as a result of tuna-oil
feeding, compared with soyabean-oil-feeding, was in the order plasma > liver > erythrocytes >
spleen > brain >retina. Piglets born to tuna-oil-fed sows had a lower viability score at birth
than the progeny of soyabean-oil-fed sows. The proportions of long-chdirdatty acid in
tissues of new-born piglets were increased by feeding tuna oil to the sow in late pregnancy;
however no improvements in piglet viability were observed.

Pregnancy: Tuna oil: Tissue fatty acids: Pig

Nutrient requirements for pigs (Agricultural Research physiologically less mature at birth. Since commercial pig
Council, 1981) give specific recommendations for thé diets are based on cereals which are deficient in long-chain
essential fatty acid requirements of growing pigs but give no n-3 fatty acids, a contributory factor to low piglet viability at
specific requirements for pregnant and lactating sows. No birth may be an imbalance or deficiency of dietary long-
recommendations are given for3 fatty acids for pigs in chain n-3 fatty acid supply to the pregnant sow. Several
general. In human nutrition, a supply of long-chair3 recent studies have indicated that transfer of fatty acids
polyunsaturated fatty acids is of particular importance in late across the porcine placenta may be limited (Thainal.
pregnancy as it is in this period that tissue deposition in the 1989; Ramsawgt al. 1991; Ruweet al. 1991) as indicated by
brain and retina is most rapid; these organs contain highthe substantially lower concentrations of non-esterified fatty
concentrations of the-3 fatty acids (Makridegt al. 1994). acids (NEFA) in fetal plasma compared with maternal
Indeed, an inadequate supply f3 fatty acids has been plasma, and the lack of response in fetal NEFA to changes
implicated in impaired visual function and cognitive develop- in maternal NEFA. Therefore it was the objective of the
ment in man and experimental animals (Uatyal. 1992; present study to establish, by feeding tuna oil in late
Wainwright, 1992; Faldellaet al. 1996). As the piglet also  pregnancy and thereby increasing long-chai3 fatty
undergoes rapid deposition of brain tissue in late pregnancyacid supply to the sow, whether the fatty acid composition
(Passingham, 1985), there may be a need to supply long-chairof the piglets and their viability at birth could be changed.
n-3 fatty acids to the developing piglet in this period.

Perinatal mortality of piglets (Varley, 1995) is an import-
ant loss to the pig industry. Despite improvements in Materials and methods
husbandry in recent years, mortality remains at about
10% and may be increasing. The increase may result
from selection for lean carcass composition as Hegdin  Fourteen pregnant multiparous sows (Large Whiteand-
al. (1993) have shown that piglets from lean genotypes are race, Newsham Hybrid Pigs Ltd, Malton, North Yorkshire,

Animals

Abbreviations: NEFA, non-esterified fatty acids.
*Corresponding author: Dr John Rooke, fax-44 (0)1224 711292, email j.rooke@ab.sac.ac.uk
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UK) were used in the experiment. At the start of the potassium EDTA (18 mg), once, when allocated to the diets
experiment the sows weighed 255 kg, had a mean backfatand again, 1 d before farrowing. Plasma was prepared from
thickness of 26 mm at the P2 position and mean parity was blood samples by centrifugation at 20§Gor 20 min and
3-5. Before allocation to diets the sows had been mated with stored at-20° until analysed.

Large White boars, housed in straw-bedded accommodation The sows were transferred to farrowing crates several
and fed with 25 kg of a standard commercial pregnancy diet days before parturition. On day 113 of pregnancy the sows
daily. At the start of the experiment the sows were between were injected intramuscularly with 2ml of a synthetic
90 and 94 d of gestation, calculated from the date of first prostaglandin analogue (cloprostenol, 92 mg/ml: Planate,
service. Coopers Animal Health, Crewe, Ches., UK) at about
11.00 hours to induce farrowing (see next paragraph).
During farrowing a sample of colostrum was obtained by
hand from each sow from several teats. At 7 d after farrow-
The sows were allocated to experimental diets, as theying, a milk sample was obtained after injection of oxytocin
became available, over a period of 17 d and entered the(10 IU/ml, 1 ml intramuscularly; Intervet UK, Cambridge,
experiment in groups of two to four animals. The objectives Cambs., UK).

of allocation were to achieve two groups of sows balanced Farrowing and piglets It was intended to attend
first for backfat thickness, second for weight, and third for farrowing of all sows. However, one sow (soyabean oil)
parity. One group of seven sows was allocated to a diet completed farrowing less than 12 h after injection of
containing soyabean oil and the other seven sows to a dietprostaglandin and three sows (two soyabean oil and one tuna
containing tuna oil. Mean live weights (264 and 24#12:3) oil) began farrowing before complete observations could be
kg), backfat thickness (2% and 2% (SE 2-52) mm) and obtained. Therefore complete data on piglet viability at
parities (34 and 36, Se 0-20) did not differ significantly at ~ farrowing was restricted to ten litters and on piglet tissue
allocation between the soyabean and tuna oil groups. composition to thirteen litters.

Soyabean or tuna oils were added (30 g/kg diet) to abasal As each piglet was born it was scored for heart rate at
diet containing (g/kg): milled barley 600, wheatfeed 188, birth, onset of respiration and standing time according to
soyabean meal 135, fishmeal 52 and mineral and vitamin Zaleski & Hacker (1993; see Table 1), and the time the
mix (Sowvite 110, Norvite Ltd, Insch, Grampian, UK) 25. piglet took to reach the udder and suck successfully was

Experimental design and diets

The mineral and vitamin mix was fortified with-toco- recorded. After completion of farrowing (30min after
pherol acetate as an antioxidant. The expected nutrientexpulsion of the placenta) the weight and sex of each
analysis of the diet was (/kg fresh weight): -43MJ piglet was recorded. From each litter, four piglets, consist-

digestible energy, 180 g crude protein94 g lysine, 59 g ing of two pairs of low and high body weight and with
oil and 200 mg vitamin E. Soyabean oil was obtained from contrasting viability scores within pairs were selected.
Harbro Farm Sales, Turriff, Grampian, UK and the tuna oil, Piglets were anaesthetized by intraperitoneal injection of
which contained a high concentration of 22:8, was Tuna sodium pentobarbitone (200 mg/ml, Euthatal, Rhone Merieux,
Orbital Oil (Scotia Pharmaceuticals Ltd, Carlisle, Cumbria, Harlow, Essex, UK) and a blood sample obtained by cardiac
UK). Batches of feed were prepared twice weekly by mixing puncture. The blood was collected into a tube containing
the oil with the basal diet in a 50kg capacity horizontal potassium EDTA. The piglet was then immediately killed by
mixer. The feed was stored at room temperature in sealedan overdose of sodium pentobarbitone. The brain, liver, spleen
plastic bags with air excluded. Sows were givenkyy feed and eyes were removed and the weights of liver and brain
daily until parturition. The same diets were fed for the first recorded. The eyes were freed from connective tissue and the
week of lactation in accordance with a commercial scale anterior half of the eyeball and contents of the eye removed.
such that intakes were equivalent to the maintenance levelThe posterior half of the eyeball and the liver, brain and spleen
of feeding for the first 3 d post-partum (2kg) and then were stored at20° until analysis. Plasma was prepared from
increased by ® kg daily. the blood samples as described earlier and in addition blood
cells were re-suspended three times and re-centrifuged in
saline (9 g NaCl/l, pH & containing 3rmu-EDTA) and
erythrocytes recovered and stored-ao°.

Sows Two blood samples were obtained from each sow  Analytical procedures Feed samples were analysed for
by jugular venepuncture into an evacuated tube containing DM (80° for 18 h), ash (550for 18 h), crude protein by the

Experimental procedures

Table 1. Calculation of piglet viability score* (Adapted from Zaleski & Hacker, 1993)

Score
Component 0 1 2
Heart rate Absent < 120 beats/min >120 beats/min
Onset of breathing Absent >15s <15s
First attempt to stand >5 min 1-5 min <1 min

*Heart rate and onset of breathing were measured immediately after each piglet was born.
Total score was the sum of the three components.
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Kjeldahl method and acid ether extract and neutral- basal diet changed the profile of the fatty acids fed to the
detergent fibre according to Ministry of Agriculture, sows (Table 2). The most marked differences were
Fisheries and Food (1992). The estimated digestible increases in the proportions of 16:0 and 22%and a
energy concentrations of the diets were also calculateddecrease in the proportion of 18:5 fatty acids (allP <
according to Ministry of Agriculture, Fisheries and Food 0-001) when tuna oil was included in the diet. As a result the
(1993). tuna-oil diet contained more saturated fatty aciés <
Portions of feed or tissue samples were homogenized in a0-001) and a lowen-6:n-3 long-chain fatty acid ratioR <
suitable excess of chloroform—methanol (2:1, v/v) contain- 0-01) than the soyabean-oil-containing diet.
ing pentadecaenoic acid (15:0) as internal standard and
extracts of total lipid in chloroform were prepared. Samples
of the posterior half of the eyeball were vigorously mixed

with saline (09 g NaCl/l) to remove the retinal cells from . Glucose (F—47 (SED0-25) mmol/l,n 7) and NEFA (08—

connective tissue before the retinal cells were extracte 0-25 (sED0-065) mmolll.n 7) concentrations in sow plasma
Fatty acid methyl esters were prepared by transmethylation. ’ P

by refluxing the lipid in methanol-toluene—sulfuric acid |ncreasedl_?<0-05) between the Start of the_experim_ent (92
(20:10:1, by vol.) for 30 min. The fatty acid methyl esters d of gestation) and the day on which farrowing was induced

were extracted into hexane before chromatography. Fatty 98y 113); thte tr1e_rz]itments |mrl)ose<:] had no etfliect on tht_ese
acid methyl esters were separated by GLC using a Capi”arymeasuremen S. There were also changes in thé proportions

Sow measurements
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) ' : . of fatty acids in sow plasma relating both to sampling time
column (HP225, 30 mx 0-25mm, film thickness @5um; and diet (Table 2). Fatty acid profiles did not differ between

Hewlett-Packard Ltd, Stockport, Ches., UK) in a Phillips groups at the start of the experiment. Independent of the

PU4500 chromatograph. Peak identities were verified by
comparison with the retention times of standard fatty acid
methyl esters (Sigma Chemical Co. Ltd, Poole, Dorset, UK).
Peak areas were determined with the aid of a Kontron
DS450 Data System, Kontron Instruments, Watford,
Herts., UK) and quantified using reference to the internal

standard and a known standard (Supelco 37 Componen

mix, Supelco, Poole, Dorset, UK).

Plasma glucose and NEFA concentrations were deter'odecreasedF(< 0:001) when tuna oil was fed.

mined by autoanalyser techniques. Glucose was determine
enzymically using glucose oxidas&@ 1.1.3.4; Trinder,
1969) and NEFA by the enzymic production 0§®} from
acyl-CoA (Wako Chemicals, Neuss, Germany, method no.
994-754009).

Statistics

Data were analysed by ANOVA techniques using Genstat

(Lawes Agricultural Trust, 1987). Where sampling was
repeated (sow blood samples) or measurements wer
made on several animals (four piglets per litter), a split
plot ANOVA was used with sow as the main plot and
sampling time or piglet as the split plot. For data where the

number of observations varied because of differences in

litter size (viability data), a split plot ANOVA was carried
out using the REML procedure of Genstat and diet effects
assessed from Wald statistics axfdtests.

Results
Diet

The diets fed did not differ in proximate composition. Mean
values ( 3) for the soyabean- and tuna-oil diets were
respectively: DM (g/kg) 879 and 878KD 1-1); ash (g/kg
DM) 63 and 61 $ED1-1); crude protein (g/kg DM), 213 and
206 (SED13:4); acid ether extract (g/kg DM), 88 and 9%€=0
1-1); neutral-detergent fibre, 178 and 178 2-9) and
calculated digestible energy (MJ/kg DM), -06and 160
(SeD 0-06).

As intended, adding either soyabean or tuna oil to the

(S)

type of oil fed, the proportions of saturated fatty acids

increased P < 001) and monounsaturated fatty acids
decreasedR < 0-01) between 92 and 113 d of gestation.
Feeding tuna oil resulted in increases in the proportions of
20:51-3 (P < 0-001) and 22:6-3 (P < 0-:01) and a decrease in

tthe proportion of 18:8-6 (P < 0-01) in sow plasma com-

pared with soyabean oil. As a result, the proportion of total
n-3 fatty acids increased®(< 0-001) and then-6:n-3 ratio

Feeding tuna and soyabean oils also changed the fatty
acid profile of sow colostrum and milk (7 d post-partum).
For both colostrum and milk, feeding tuna rather than
soyabean oil (Table 3) decreased 1B& and increased
20:5n-3 and 22:@-3 proportions P < 0-001). As a result
tuna-oil feeding reduced total6 fatty acids , increaseat3
fatty acids and reduced time6:n-3 fatty acid ratio in porcine
milk and colostrum (allP < 0-001). There were also
differences, independent of diet, between milk and colos-
trum. Milk contained proportionately fewer saturatdtl<
0-001) (both 16:0 and 18:0) and 18:B fatty acids P <
0-01) and more monounsaturated fatty aciés<{ 0-001;
mainly 18:1n-9) than colostrum.

Piglet measurements

There were no differences in litter size or piglet weight as a
result of feeding sows with different oils during late gesta-
tion. Therefore, mean total litter weights did not differ
(soyabean, 14 kg; tuna 153kg, SED 0-87, n 7) between
diets. The litters from which viability scores were calculated
also did not differ in physical characteristics. The progeny
of sows fed on soyabean oil had a significanfyy<{ 0-05)
higher viability score (4} v. 4-1, SseD0-16, n 5), calculated
as described in Table 1, than the progeny of tuna-oil-fed
sows. There were no significant differencd® ¥ 0-05)
between piglets chosen for slaughter in plasma metabolites
or organ weights (results not shown) although progeny of
tuna-oil-fed sows had heavier brains (g/kg live weight524
v. 27:0,SED1:63,n 7).

The fatty acid profiles of piglet tissues sampled at
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Table 2. Fatty acid composition (g/100 g total fatty acids) of soyabean- and tuna-oil-containing diets fed to pregnant and lactating sows and of sow
plasma before and after 21 d feeding diets containing soyabean or tuna oil in late gestation.

(Mean values with their standard errors)

Sow plasma
Diett 21d Significance

Fatty acid Soyabean  Tuna Ssef Before Soyabean Tuna  SES sEell Diet Time Diet x Time
14:0 06 30 0-10 09 0-8 09 012 0-05 NS NS *
16:0 149 207 0-31 175 169 189 012 0-20 NS NS *
16:1n-7 05 33 0-12 2:3 1-2 30 1-51 0-09 NS NS NS
18:.0 36 4-2 0-09 100 12-8 115 0-51 0-42 * * NS
18:1n-9 177 141 0-06 205 184 158 115 0-89 NS * NS
18:1n-7 1-3 1-8 0-09 27 23 23 012 0-10 NS * NS
18:2n-6 511 22:0 0-42 31-3 338 21-3 3:62 0-85 NS * *x
18:3n-3 72 30 0-05 2:0 1-7 1-0 0-35 0-11 NS *x *
20:4n-6 ND 09 - 54 4-9 56 037 0-20 NS NS NS
20:5n-3 02 39 0-16 16 15 62 078 0-14 ok ok ek
22:5n-3 ND 1-3 - 1-0 1-2 0-8 0-19 0-03 NS NS *x
22:6n-3 04 176 0-39 21 27 82 059 0-40 ok ** *
Total:

saturated 194 285 0-45 28'1 311 30-9 0-78 0-46 * *x NS

monounsaturated 217 21-3 0-68 26-3 226 205 1-34 0-96 NS *x NS

n-6 51-1 24-2 042 381 395 278 359 1-16 NS NS NS

n-3 7-8 25-8 0-48 6-6 7-2 16-3 1-64 0-46 * roxk il

n-6:n-3 6-6 0-9 0-18 5-6 56 19 0-31 0-29 rxk * *

ND, none detected.

*P < 0-05; * P <001, **P < 0-001.

T For composition of diets, see p. 274. All comparisons between the compositions of the diets were significant (P < 0-:001) except for 18:1n-7 (P < 0-01) and total
monounsaturated fatty acids (P > 0-05).

F Three samples per diet.

§ For diet comparisons (seven samples per diet).

IFor time and time x diet comparisons (seven samples per diet).

slaughter are given in Tables 4, 5 and 6. Consistent differ- consequence of increases m3 fatty acids there were
ences in composition were observed as a result of feedingdecreases in other fatty acids as a result of tuna-oil feeding.
the two different oils to sows. The proportions of the long- In plasma and erythrocytes (Table 4) both monounsaturated
chainn-3 fatty acids, 20:6-3 and 22:@-3, were increased in ~ (mainly 18:1n-9) andn-6 fatty acids (18:2 and 20:4) were
the progeny of tuna-oil-fed sows. These differences were reduced. In liver (Table 5), 18n19 was reduced, witn-6
significant for plasma, erythrocytes, liver and brain but fatty acids largely unchanged. However in brain (Table 6),
smaller and non-significant for spleen and retina. As a increases in the proportions af-3 fatty acids were

Table 3. Fatty acid composition (g/100 g total fatty acids) of colostrum and milk (7 d post-partum) samples obtained from sows fed on soyabean- or
tuna-oil-supplemented diets from 3 weeks pre-partum

(Mean values with their standard error)

Soyabean oil Tuna oil Significance

Fatty acid Colostrum Milk Colostrum Milk Set SEt Diet Type Diet x Type
14.0 16 2:3 25 2:9 016 0-24 whk NS NS
16:0 211 17-0 24-1 189 0-83 1-:00 * kk NS
16:1n-7 2:4 74 38 9-2 0-48 0-54 *x Fkk NS
18:0 53 26 54 2:7 0-27 0-19 NS rkk NS
18:1n-9 265 341 24-0 339 2:23 2:39 NS *x NS
18:2n-6 328 259 205 14-4 2:01 155 e *x NS
18:3n-3 36 2:9 23 16 0-27 0-20 wkk *x NS
20:4n-6 09 09 07 05 0-20 0-26 NS NS NS
20:5n-3 0-5 06 3-0 17 0-26 0-24 wkk * **
22:5n-3 07 07 13 11 0-09 0-10 Fkk NS NS
22:6n-3 11 21 8-:0 10-1 077 113 whk NS NS
Total:

saturated 28:0 219 321 24-5 111 1-30 * okk NS

monounsaturated 315 44-0 307 45-9 2:23 2:19 NS Hokk NS

n-6 34-4 281 220 16-1 1-97 1-49 whk *x NS

n-3 60 65 14-7 14-7 0-89 1-30 e NS NS

n-6:n-3 2:70 4-88 1-55 122 0-281 0-331 *kk NS NS

*P < 0-05, *P < 0-01, **P < 0-001.
T For diet comparisons (seven observations per diet).
FFor type and type x diet interaction (seven observations per mean).
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Table 4. Fatty acid composition (g/100 g total fatty acids) of plasma and erythrocytes from piglets born to
sows fed on either soyabean- or tuna-oil-containing diets from 21 d pre-partum
(Mean values are given for six (soyabean) and seven (tuna) observations, standard errors are given for
seven observations)

Plasma Erythrocyte

Fatty acid Soyabean Tuna SE Soyabean Tuna SE
14:0 15 1-8 0-54 1-3 11 0-40
16:0 231 232 1-38 17-5 174 1-49
16:1n-7 4-1 4-2 0-51 41 39 0-22
18:0 123 111 0-92 10-1 83 1-84
18:1n-9 235 20-9 0-82 370 356 1-89
18:1n-7 57 50, 0-44 6-3 57 0-34
18:2n-6 129 10-0, 1-75 87 77 0-67
20:4n-6 7-3 57 . 0-89 65 70, 1-08
20:5n-3 13 52 0-50 0-4 1-8 0-51
22:5n-3 trace 04 0-37 04 0-8 0-27
22:6n-3 36 77 0-97 38 55 1-07
Total:

saturated 37:2 367, 1-80 299 277 2:99

monounsaturated 371 334 1-30 48-9 476 2:12

n-6 20-4 160 1-42 16-2 158 1-63

n-3 53 139 1-60 4-9 86 1-79

n-6:n-3 4:25 1-24 0-051 3:50 1-90 0-327

Mean values were significantly different from those for the soyabean-oil diet: * P < 0-05, **P < 0-01, **P < 0-001.

compensated almost entirely by decreases in the long-both to the placenta and to the piglet. The concentrations of
chainn-6 fatty acids, 20:4 and 22:4. Only trace amounts glucose and NEFA in sow plasma were higher immediately
of 18:3-3 fatty acid (<G5 g/100 g total fatty acids) were before parturition (113—-114 d of gestation) than at the start
detected in piglet tissues. of the experiment (90-94 d of gestation). Increases in
plasma NEFA in late pregnancy have been observed in
other studies (see Pemt al 1997) and may represent

mobilization of maternal fatty acids to meet the demands
The main objective of the present study was to establish of rapid fetal growth in late pregnancy. The changes in sow
whether feeding long-chain-3 fatty acids from tuna oilto  plasma fatty acids between days 90 and 113 of gestation in
sows resulted in changes in piglet tissue fatty acid com- general reflected the fatty acid composition of the diets fed.
position at birth. The diets fed changed the substrate supplyThus, feeding tuna oil increased tme3 polyunsaturated

Discussion

Table 5. Fatty acid composition (9/100 g total fatty acids) of liver and spleen from piglets born to sows fed
on either soyabean- or tuna-oil-containing diets from 21 d pre-partum
(Mean values are given for six (soyabean) and seven (tuna) observations; standard errors are given for
seven observations)

Liver Spleen

Fatty acid Soyabean Tuna SE Soyabean Tuna SE
14:.0 2:0 2:1 0-50 5:0 70 0-22
16:0 15-2 16-3 1-53 16-8 14-4 2:16
16:1n-7 68 5-8 1-07 2:0 2:2, 0-25
18:0 9:0 116 3:83 94 64 1-85
18:1n-9 24-3 187 2:33 17-4 199 0-86
18:1n-7 79 54 1-01 6-1 6-0 0-45
18:2n-6 10-6 71 2:31 82 89 1-10
20:3n-3 09 11 0-46 27 30 0-92
20:4n-6 10-5 92, 1-89 19-8 19-2 1-65
20:5n-3 1-8 4-1 111 25 34, 0-85
22:4n-6 0-3 05 0-20 27 2:0 0-32
22:5n-6 06 07, 0-20 11 11 0-24
22:5n-3 06 18 0-49 2:2 2:6 0-51
22:6n-3 66 129 3:05 69 8:0 0-68
Total:

saturated 26'5 306, 8:34 271 219, 4-00

monounsaturated 40-2 30-3 372 259 287 1-47

n-6 229 19-5, 4-03 322 327 2:26

n-3 9-8 185 4-50 14-4 16-3 2:41

n-6:n-3 2-:37 1-09 0-487 2:51 2:27 0-364

Mean values were significantly different from those for the soyabean-oil diet: *P < 0-05, **P < 0-01.

ssaud Ans1anun abpruquie) Ag auljuo paystiand 62€ 100865 L L£000S/£L0L 0L/BI010p//:sd1y


https://doi.org/10.1017/S0007114598001329

278 J. A. Rookeet al.

Table 6. Fatty acid composition (g/100 g total fatty acids) of brain and retina of piglets born to sows fed on
either soyabean- or tuna-oil-containing diets from 21 d pre-partum
(Mean values are given for six (soyabean) and seven (tuna) observations; standard errors are given for
seven observations)

Brain Retina

Fatty acid Soyabean Tuna SE Soyabean Tuna SE
14:.0 11 11 0-08 07 1-0 0-42
16:0 24-7 252 0-53 16-4 176 0-78
16:1n-7 13 15 0-09 21 2:1 0-12
18:0 20-9 20-8 043 12-4 12:4 0-79
18:1n-9 127 130 0-83 18-3 19-0 1-39
18:1n-7 4-6 45 012 55 53 0-13
18:2n-6 06 03 013 36 33 0-32
20:4n-6 121 10-8 042 14-8 136 075
20:5n-3 trace 04" 0-07 09 14 0-35
22:4n-6 4-2 33, 0-22 2:3 19 0-22
22:5n-3 03 10 . 011 17 15 0-21
22:6n-3 131 14-8 0-46 187 182 1-44
Total:

saturated 47-1 47-3 0-56 297 313 1-38

monounsaturated 19-0 192 0-97 26-1 265 143

n-6 15-3 130, 067 20-4 18-3 0-88

n-3 177 195" 0-52 237 232 1-49

n-6:n-3 0-86 0-67 0:043 0-87 0-83 0-059

Mean values were significantly different from those for the soyabean oil diet: **P < 0-01, ***P < 0-001.

fatty acids, especially 20:5 and 22:6, primarily at the expense ANOVA of the effect of diet on tissue composition, these
of 18:2n-6. The proportionate amounts of3 fatty acids covariates were not significant. Third, the stomach and
presented to the placenta for potential transfer to piglets intestines of many piglets were empty at slaughter indicat-
utero were therefore increased by tuna-oil feeding and net ing little or no colostrum consumption. Finally, in those
amounts ofh-6 fatty acids decreased, although there were no piglets which had consumed colostrum, the stomach con-
changes in the concentration of 26:@ in sow plasma. tained substantial amounts of colostrum. Le Dividattal.

The fatty acid compositions of sow colostrum and milk (1997) have recently shown that gastric emptying is prob-
observed in the present experiment were similar to other ably the main factor limiting availability of colostral fat for
reports, with 16:0, 18:1 and 186 fatty acids being deposition or oxidation. Therefore it would seem probable
present in highest proportion (Hrbotickgt al. 1991; that colostral fatty acids contributed little to the diet-related
Fritscheet al. 1993; Taugbolet al. 1993; Arbuckleet al. changes in tissue fatty acid composition observed in the
1994; Le Dividich et al. 1994) although the absolute present experiment.
proportions varied, probably as a result of the diets fed to  The piglet tissues chosen for analysis in the experiment
the sows. Feeding tuna oil increased the proportions®f  were selected either because of the importanae dfatty
fatty acids in both sow colostrum and milk (7 d post- acids to their function (retina and brain) or to provide
partum). In contrast to sow plasma, the increases-fh comparisons with other studies (liver, spleen, plasma and
fatty acid proportions were mainly in 2h&, reflecting erythrocytes) in which piglet tissue composition had been
either differential uptake of fatty acids by the mammary reported. In general, tissue fatty acid compositions of brain
gland from plasma or synthesis of 28:8 in the mammary  (Purviset al. 1982; Arbuckleet al. 1994), retina (Hrboticky
gland. Fritscheet al. (1993) and Taugbokt al. (1993) have et al. 1991), liver (Farnworth & Kramer, 1989, erythro-

also described increases in colostrum and miHR fatty cyte (Footeet al. 1990) and plasma (Farnworth & Kramer,
acids when feeding marine oils to sows although the extent 198%; Fritscheet al. 1993a,b) were similar to other reports
of the changes depended on the type of oil fed. on neonatal piglets.

There are few data available on the effect of feeding
different fatty acids to sows in late pregnancy on piglet
tissue composition. Farnworth & Kramer (1389 fed
Because of studies on piglet viability carried out immedi- sows with tallow- or soyabean-oil-supplemented diets
ately after birth, there was a variable but limited consump- from day 57 of gestation. After 110 d of gestation these
tion of colostrum before tissue samples were obtained. authors found that fetal fatty acid composition was rela-
There are several reasons to suggest that colostrum contively insensitive to maternal diet. Fritscle¢ al. (1993,b)
sumption had little or no effect on the composition of piglet gave menhaden oil to sows in late gestation (from day 107)
tissue fatty acids. First, in a subsequent study (Razilka. and throughout the lactating period and observed changesin
1998) in which colostrum consumption was prevented, piglet plasma fatty acid proportions similar to those
similar changes in tissue composition were observed. observed in the current experiment. However, Fritsche
Second, when birth order within a litter and time from et al. (1993,b) could not distinguish between placental
sucking to slaughter, both of which would be indices of and colostral/milk transfer of fatty acids because of the
colostrum intake, were included as covariates in the nature of their experimental design. The present study

Tissue fatty acid composition
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showed changes in the fatty acid profile of piglet liver and Herpinet al. (1996) who found that scores were positively
brain as a result of maternal diet and therefore of placental correlated with survival until 10 d of age. The scoring
transfer of fatty acids. This is in contrast to recent reports system is strongly correlated with the degree of anoxia
(Thulin et al. 1989; Ramsagt al. 1991; Ruweet al. 1991) experienced by the piglet during parturition (Zaleski &
which concluded that there was little or no transfer of fatty Hacker, 1993; Herpiret al. 1996). Piglets born to sows
acids across the porcine placenta in late pregnancy. Withfed with soyabean oil had a significantly higher viability
reference particularly to the 3 fatty acids in the tuna oilfed  score in the present experiment than did piglets born to tuna-
in the present experiment, there are two possible explana-oil-fed sows. Piglets were born at the same gestational age
tions which may account in part for this discrepancy. The as the sows were induced to farrow on days 113 and 114 of
net amounts of fatty acids transferred may indeed be small,gestation. Competition between long-chai3 fatty acids,
or selective transfer of fatty acids to the fetus may take particularly 20:5-3, and 20:4-6 for prostaglandin synthe-
place. Total carcass fatty acids were not measured in thetase enzymes and the lower biological activity of eicosa-
current experiment. However, estimating litter 223 noids synthesized from 28 (Weber, 1990) are well
deposition from the experimental data suggests that lessdocumented and may be the mechanisms underlying the
than 005 of the 22:®-3 fed to the sow was deposited in fetal relationship between increased gestation length a3
tissues. The low value for deposition of 28:8 in fetal fatty acid intake in man (Olseat al. 1991, 1992) and in
tissues suggests the present observations are not inconsistesows fed on a 221m83-rich fishmeal (Edwards & Pyke,
with the view expressed by Thulet al. (1989), Ramsagt 1997). Therefore, in the present experiment, feeding tuna oil
al. (1991) and Ruweet al. (1991) that fatty acid transfer  might have increased natural gestation length in these sows.
across the placenta is limited in late pregnancy. As a consequence, when sows were induced to farrow on
In the current experiment, feeding increased amounts of days 113 and 114, the sows fed with soyabean oil may have
n-3 fatty acids to the sow in late pregnancy had differential been closer to their natural farrowing date than tuna-oil-fed
effects on the proportions @F3 fatty acids in piglet tissue  sows. The higher viability score of the progeny of soyabean-
as measured by the ratio of3 fatty acids (g/100 g fatty  oil-fed sows may have been related to this factor.
acids) in piglet tissues derived from tuna oil-fed sows to  In summary, feeding a supplement ®f3 fatty acids in
those of soyabean-oil-fed sows. The ratios were: plasma,the form of tuna oil to sows in late pregnancy, increased the
2:6; liver, 1.9; erythrocytes B; spleen, 2; brain, 11 and concentrations of long-cham3 polyunsaturated fatty acids
retina 0. Brain and retina contained the highest concentra- in piglet tissues, demonstrating thra8 fatty acids can cross
tions of long-chaim-3 fatty acids, especially 22063, of the the porcine placenta in late pregnancy. However, the mini-
tissues examined. Piglet brain grows rapidly in the last 30 d mum amounts of dietary-3 fatty acids required for normal
of pregnancy (Passingham, 1985). Therefore, the periodfunction remain to be determined.
when the experimental diets were given corresponded to
the period when fetal demands for long-chaif fatty acids
were greatest. The small response of brain 236to
feeding tuna oil suggests that brain requirements for total We thank Maureen Slessor for the care of the pigs and Morag
or long-chainn-3 fatty acids may have been met almost Ewen and lan McKay for technical assistance. SAC receives
entirely by the soyabean-oil-containing diet. No require- financial support from the Scottish Office Agricultural, Envir-
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