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Plasma Fatty Acid Profile of Gestating Ewes Supplemented with Fishmeal
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Abstract: Problem statement: The very long chain n-3 polyunsaturated fatty a¢eLl8C) cannot be
adequately synthesized by ruminant tissues to theetrequirements; therefore, their concentraiion
body depends on the supply through feed. It magdssible to improve the essential fatty acid status
of ruminant animals, during gestation by manipualgtthe maternal diet with fishmeal (FM). The
objectives of this research were to (1) determivgedffect of fishmeal supplementation on the plasma
fatty acid profile of ewes during late gestationdafR) determine the status of the plasma
docosahexaenoic acid (22:6n3) of lambs born tcetk@sesApproach: Eight gestating ewes [Rideau-
Arcott, 97+5 kg initial body weight, 100 days ofsg@tion] were used in a completely randomized
design. Ewes were individually-housed and fed eitheontrol diet (supplemented with soybean meal)
or a fishmeal supplemented diet. Blood samples welkected via jugular venipuncture for plasma
fatty acids analysis on 100, 114, 128 and 142 déggestation after morning feeding. Blood samples
from the lambs were also collected via jugular penicture immediately after birth and before
receiving their mothers’ colostrum. Plasma fattidaovere analyzed by gas-liquid chromatography.
Results: The ewes from both groups, i.e., control and fishinsepplemented, had a similar fatty acid
profile prior to supplementation (at 100 days, @8). Thereafter, there was an increase in
eicosapentaenoic acid (20:5n3), docosahexaenad; ttal n3-PUFA and total very long chain n3-
PUFA (>C18) contents in plasma for the fishmeal pdeimented ewes compared to the control
(p<0.03). There were no differences (p>0.05) ialteaturated fatty acids, total monounsaturateg fat
acids, total conjugated linoleic acid, totedns-18:1, totalcis-18:1, or total n6-PUFA contents in ewe
plasma between control and fishmeal supplementedpgt Lambs born to ewes fed the fishmeal
supplemented diet had greater (p<0.05) plasma otratwns of eicosapentaenoic acid (0.7 Vs 0.4,
0/100 g FA), docosahexaenoic acid (1.6 Vs 0.9, @ GA) and total very long chain n3-PUFA (3.3
vs. 2.0, g/100 g FA) than lambs born to ewes fedctintrol dietConclusion: The ewes supplemented
with fishmeal supplementation showed a positivgpoese with the enrichment of docosahexaenoic
acid, eicosapentaenoic acid and total very longncha-PUFA in plasma during gestation and these
fatty acids were transferred to the fetus as well.

Kew words. Docosahexaenoic acid, Eicosapentaenoic acid, [Eiahidery long chain n3-PUFA, Ewe
plasma, Gestation

INTRODUCTION stages of fetal development and infant brain growth
(Brenna and Lapillonne, 2009; Hsieh and Brenna,
The very long chain n-3 polyunsaturated fatty2009). Research suggests that DHA intake in
acids  (>18C,  VL_n3-PUFA), such  as, pregnancy provides advantages to both the
docosahexaenoic acid (DHA, 22:6n3), are essentiadeveloping fetus and mother (Saldarétal., 2009).
for normal growth and development in mammalsA major factor contributing to high lamb mortality
(Williams, 2000). A specific functional role of DHA rates in the sheep industry is hypothermia, due to
had been shown in the fetus and early infant neurajelayed suckling and exhaustion of brown fat
development, which might influence neonatalreserves (Singer, 1998). Studies in sheep havershow
viability (Cattaneoet al., 2006; Cappeet al., 2007).  that supplementation of diets with fish oil, a soar
Docosahexaenoic acid is highly concentrated inrbrai of VL_n3-PUFA, during late pregnancy reduced the
tissues and selectively accumulated during latefatency of suckling in lambs (Cappetral., 2006).
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It is well documented that the essential fattydaci Guelph, Ontario, Canada) for crude protein, cruate f
(FA) status of ruminant animals at birth is lesarth lignin, acid detergent fiber and neutral deterdéer.
satisfactory (Nobleet al., 1978). On the other hand,
the VL_n3-PUFA cannot be adequately synthesizeg|ood sampling: Blood samples from the ewes were
by ruminant tissues to meet their requirementsgollected via jugular venipuncture on 100, 114, 428
therefore, their concentration in body dependshent 142 day of gestation after morning feeding using
supply through feed. It may be possible to improvenheparin vacutainers (Becton, Dickinson and Company,
the essential fatty acid status of ruminant animalsgranklin Lks, NJ). Blood samples from the lambs ever
during gestation by manipulating the maternal dietalso collected via jugular venipuncture immediately
with Fishmeal (FM). The purposes of this study wereafter birth and before receiving their mothers’
to 1) determine the effect of FM-supplementation oncolostrum. Blood samples were centrifuged at §00x
the plasma FA profile of ewes during late gestationfor 15 min to separate the plasma. The plasma ssmpl

and 2) determine the status of plasma FA of lambsyere kept at -20°C for subsequent fatty acids aigly
born to these ewes.

Analysis of samples for fatty acids: Total lipid in
plasma was extracted according to the method by
Bligh and Dyer (1959) with minor modifications. A

approval of theUniversity of Guelph Animal Care 0.20 mL of plgsma was taken in a 15-m|._ screw-top
Committee in accordance withe guidelines of the culture tube with Teflon cap and mixed with water t

Canadian Council on Animal Care (CCAC, 1993). a total vol of 1 mL; then 2.5 mL o_f methanol and
1.25 mL of chloroform were added in the same tube

Animals and experimental treatments. Eight and vortexed. The contents of the culture tube were

gestating ewes [Rideau-Arcott, 975 kg initial body kept at room temperature for 60 min with every 10
weight, 100 days (d) of gestation] of similar Min vortexing. After 1 h, 1.25 mL of chloroform,
nutritional and environmental background, werel-15 mL of water and 0.1 mL of 3 M HCI were
obtained from Ponsonby Sheep Research Statiofdded, vortexed and centrifuged at 1,20@ 3 min
(University of Guelph, Ontario, Canada) and at room temperature. The acid (i.e., 3 M HCI) was
individually-housed in 4 by 6 foot indoor pens andadded to ensure the pH of the extract was acidie. T
randomly assigned to either a control dietchloroform layer (bottom phase) containing lipidsva
(supplemented with soybean meal) or a FM-removed using 2 Pasteur pipettes, one inserted into
supplemented diet (2.64 kg/day as fed, comprisingﬁhef- The methanol-water phase was extracted with
0.312 kg protein-supplement, 0.441 kg mixed grain@n additional 1.25 mL of chloroform and the
0.630 kg chopped hay, 1.261 kg alfalfa pellets).chloroform phases were combined, dried over
Ingredient composition of the diets is presented iranhydrous Nz50O,, filtered and then transferred into
Table 1. The nutrient requirements were based om bo & 4-mL vial. Chloroform was removed from the vial
the body weight and gestational stage of the ewegnder a stream of Nand 3 drops of benzene were
determined by the Cornell Net Carbohydrate ancadded and vortexed. The lipid content in the viabw
Protein System for Sheep (Cornell University, ltnac methylated by adding 200 puL of NaOgHO0.5 M
NY). Feed was offered twice a day at 8:00 a.m. andolution in methanol, Sigma-Aldrich, St. Louis, MO)
4:00 p.m., with orts being collected before the(Cruz-Hernande=zt al., 2004; Mulleret al., 2005).
morning feeding. Animals were given ad libitum The vials were kept at room temperature for 25 min.
access to water throughout the duration of theystud Then, 1 mL of 1 N methanolic sulfuric acid (2.8 mL
The pooled samples of the experimental diets wer@f 96% sulfuric acid in 100 mL methanol) was
analyzed for dry matter content by drying in anmve added. After vortexing, the vials were heated &C50
at 60°C for 48 h (AOAC, 1996). A subsample wasfor 15 min. After cooling at -20°C for 3 min, 1.0Lm
ground using a Wiley Mill with a 1-mm screen of water and 1.0 mL of hexane were added, vortexed
(Thomas-Wiley, Philadelphia, PA) and stored at-20°Cand centrifuged. The upper portion (i.e., hexane
until analyzed. Samples were analyzed at dayer) containing Fatty Acid Methyl Esters (FAME)
commercial laboratory (Agri-Food Laboratory, was transferred into another vial for GLC analysis.
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Table 1:Ingredients and chemical analysis of experimeritabd

Dry matter (%)

Fishmeal
Ingredients Control supplemented
Mixed grain (barley, 16.34 16.34
oats and corn)
Alfalfa hay 24.72 24.72
Alfalfa pellets 47.26 47.26
Protein supplement
Soybean meal 6.62 --
Fishmeal - 4.73
Feather meal 2.36 1.47
Wheat grain 0.71 2.36
Wheat shorts - 1.68
Calcium mono 0.66 0.25
phosphate
Calcium carbonate 0.57 0.42
Salt 0.42 0.38
Magnesium oxide 0.19 0.23
Minerals and vitaminés 0.16 0.16
Chemical composition
Dry matter (%) 90.70 90.70
Crude protein (N x 6.25) 21.60 21.60
A Neutral detergent fiber 22.70 22.50
Neutral detergent fiber 35.30 36.30
Lignin 4.70 4.80
Crude fat 2.60 2.80
NFC? 37.60 37.10
MEZ, Mcal/kg 2.10 2.10

Floradale Feed Mill Limited, Floradale, ON, Canadhionfiber
carbohydrates = 100 — [(neutral detergent fibereutral detergent
insoluble protein) + crude protein + crude fat h]d@€alculated using
the Cornell Net Carbohydrate and Protein Systenstieep (CNCPS-
Sheep v. 1.0.21, Cornell University, Ithaca, NY)ings forage

chemical analysis.

Table 2:The fatty acid composition of experimental dietsryD

matter basis)

Control supplemented
10:0
12:0
14:0
14:1
16:0
9c-16:1
18:0
9c-18:1
11c-18:1
18:2n6
20:0
20:1
18:3n3
22:0
20:4n6
20:5n3
24:0
22:5n3
22:6n3

(g / kg total Dry matter)

Fishmeal

0.04
0.09
0.23
0.01
5.39
0.17
0.93
2.44
0.24
7.02
0.29
0.05
8.51
0.28
0.01
nd

0.31
nd

nd

Fatty acids

0.04
0.10
0.32
0.01
5.75
0.25
0.89
2.39
0.30
6.98
0.30
0.09
9.35
0.30
0.02
0.20
0.33
0.02
0.36

nd: not detected
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The hexane containing FAME was analyzed by
GLC and subsequently identified as described byCru
Hernandezt al. (2004) and Odonget al. (2007) with
a different temperature program. Briefly, FAME
analysiswas performed using an Agilent 6890N GLC
(Agilent Technologies?alo Alto, CA) equipped with a
split-splitless injector at 250°Ca flame-ionization
detector at 250°C and a CP Sil 88 colui®0 mx0.25
mm, 0.2 pum of film thickness; Varian Inc.,
MississaugaON, Canada). Hydrogen was used as the
carrier gas at a constafbw rate of 1 mL/min. The
temperature of the GLC ovevas set to 45°C for 4 min,
increased at 13°C/min &/3°C and held for 28 min and
increased at the rate 4f°C/min to a final temperature
of 215°C and held fod3 min. AgilentTechnologies
Chemstation software (Rev. B.01.01) was usedidta
analysis. A 1-uL sample was injected at splitiessle.
Peaks were routinely identified by comparison of
retentiontimes with fatty acid methyl ester standards
(GLC #463, #UC-59-M, C21:0C23:0 and C26:0;
NuCheck Prep Inc., Elysian, MN). In addition, some
peaks of 18:1 and CLA and branched-chain FA, for
which standard FAME were not available, were
identified by comparison to published data as desdr
by Krameret al. (2002), Cruz-Hernandeat al. (2004)
and Odonget al. (2007).

The samples from the experimental diets were also
analyzed for FA as shown in Table 2. The FM-
supplemented diet provided 20:5n3, 22:5n3 and &:6n
of 0.20 g/kg total DM, 0.02 g/kg total DM and 0.36
g/kg total DM, respectively.

Statistical analysis. The data were analyzed as a
completely randomized design using the PROC
MIXED procedure of SAS (v. 9.1; SAS Inst., Inc.,
Cary, NC) using the modelyY = p +o; + Bj + (0xB); +
gjk, where Y = the dependent variable, p = overall
mean,o; = effect of diet(= 1, 2),p; = effect of day;(=
1, 2, 3, 4), ¢<p); = effect of diet by day interactiop €
1,2, 3, 4,5, 6, 7, 8) angy = random residual error.
The effects of diet and day were considered agfixe
effects. Day of experiment was used as a repeated
measurement with ewe within dietary treatment &s th
subject. For each analyzed variable, animal was
subjected to five covariance structures: compound
symmetry, heterogeneous compound symmetry,
autoregressive order 1, heterogeneous autoregeessiv
order 1 and unconstructured. The covariance streictu
that gave the smallest Bayesian information coteri
was used (Littelket al., 1996). Orthogonal polynomial
contrast was used to describe the linear and qtiadra
terms of the day effect and diet by day interaction

The FA contents of lamb plasma were analyzed as
a completely randomized design using the PROC
MIXED procedure of using the mode} ¥ [ +f; + gy;
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where p = overall meas, = effect of diet(= 1, 2) and  group. However, this FA was increased (p = 0.001)
gx = random residual error. Effects were consideredyyer time across both diets. The FM-supplementation
significant at a probability of p<0.05. did not change (p>0.05) the percentages of 20:2n6,
20:3n6, 20:4n6 and 22:5n6 in ewe plasma compared
with control, but were affected (p<0.001) by day.
. . The percentages qgflinolenic acid (18:3n6), 22:2n6
The mean percentages of the different FA in BWE, 1 25-4n6 were not changed (p = 0.08) by diet or
plasma.are givgn in Table 3-5. In the present Stl.ﬂ.jyday. The FM-supplementation did not change the
the. major F'A.‘ n plfalsma Of sheep vx./ere palm'.t'ccontent of total omega-6 PUFA compared to control,
(16:0), stean.c (18.'0)’ oleic (9c—18.1), linoleic but the content was changed (p = 0.001) over time.
(18:2n6) and linolenic (18:3n3) acids. The ewesrfro The percentages of-linolenic acid (18:3n3),

both groups . had ‘a similar FA profile prior to 20:3n3 and 22:5n3 were changed (p<0.05) over time,
supplementation (100 d, p>0.05, Ta_lble 3-5). but were not altered by diet and diet by day
Among Satura.ted Fatty _AC'dS_ (SF'A_‘)’ th.e interaction (Table 3). The FM-supplementation ia th
pe.rcentag.;es Ofl 12:0, 13'9’ 14:0, 15:0, _17iQ’ 21'Odiet of ewes increased (p<0.001) the percentages of
22:0, 23:0, 24:0 and 26:0 were not SIgnIfICantlyeicosapentaenoic acid (20:5n3) and docosahexaenoic

dlfferentT(%TO.S(?S)A betwetehn th?:AtV\:ﬁ expenmen(‘;glacid (22:6n3) compared to control. The contents of
groups (Table 3). Among these FA, there was no die ese FA were also increased (p<0.002) over time

by day (100, 114, 128 and 142 d of gestation) d
) . ter f FM- I ted
interaction effect (p>0.05); but some of them, suchan were greater for supplemented - group

) ) ) T (p<0.002, diet by day interaction). Type of dietdan
as 12:0, .14'0’ 23.0.and 26:0, increased (p<0.04) ov day had significant influence (p<0.03) on the
time during gestation. The percentage of palmitic

: ) : . percentages of total n3-PUFA and totdl_n3-
acid (16:0) was not mflugr_\ced (_p>0.05_) by diet andPUFA (20:5n3 plus 22:5n3 plus 22:6n3). There was
day, but there was a significant interaction (p.82)

ignificant int ti <0.03, diet b
diet by day). On the other hand, 18:0 was decrease%llsO a significant interaction (p let by Ylay

. - total n3-PUFA and totalL_n3-PUFA.
(p = 0.02) over tw_ne, regardless of diet; but tié-F The percentages of cO1t-CLA, 9t1lc-CLA,
supplemented diet did not make any greate

r .
i ; . 10t12c-CLA, 9t1lt + 1a12t-CLA and total CLA
reduction in 18:0 (p = 0.57, diet by day). The ¢ and tota In

. lasma of ewes fed FM-supplemented diet were not
perce.ntage of totgl SFA was decreased (p. - 0'()()15h¢';1nged compared to control Table 5. The contents
over time but not influenced by the type of diet.

. f these CLA isomers were also not changed over
The effects of diet and day on Monounsaturated.
) ) ime. On the other hand, the percentage afl3ti
Fatty Acids (MUFA) are shown in Table 3 and 4. . N .
. . CLA was increased (p = 0.01) over time, regardless
The FM-supplemented diet did not affect (p>0.05) f diet but th ianificant int i
the average percentages of all MUFA (e.g-18:1, 0 0'85’ d'u b Zre was no significant interaction
9c-20:1, alltrans isomers of 18:1 and atlis isomers (p>0.05, diet by day).

of 18:1) compared to control exceptcil0:1. There Table 6 shows some selected FA in the plasma
was an increase (p<0.04) over time in1%:1, 11- of lambs at birth from ewes fed either a control or

18:1, 12-18:1, 13-14-18:1, 12-18:1, 13-18:1 and FM-supplemented diet. The percentages of the main
16t-18:1, regardless of diet. However, there was no>FA: such as 16:0, 18:0, were not different (p>9.05
significant interaction (diet by day) on these FADetween the two treatments. Among MUFA (e.g.,
except 11-18:1 (p = 0.01). Type of diet and day did 10t-18:1, 11-18:1 and 8-18:1), there was an
not change (p>0.05) the average percentages df totficrease (p<0.05) in plasma t118:1 in lambs from
trans-18:1 and totalcis-18:1, although there was a the maternal FM-supplemented group compared with
significant interaction (p = 0.01, diet by day) tmal  the control group. The percentages of PUFA, such as
trans-18:1. There was no diet, day and/or diet by dayl8:2n6, 18:3n3, 20:5n3 and 22:6n3, were greater
interaction effect on oleic acid ¢98:1), 1k-18:1  (p<0.05) in FM-supplemented group. Thel%t-CLA
and 1@-18:1 and total MUFA. isomer was greater (p<0.05) in lambs from the
The average percentage of linoleic acid (18:2n6)naternal FM-supplemented group compared with the
in ewe plasma of the FM-supplemented group wasontrol group, whereas no difference intl2-CLA
not changed (p = 0.16) compared with the controlcontent between two treatment groups was observed.
70
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Table 3: Least square means for fatty acids (gg@6tal FA) in the plasma of ewes fed a basal sigiplemented with either a control or

fishmeal supplement during gestafion

Day Diet X Day

Control FM-supplemented (P- value) P-\@lue)
FA/day of Diet
gestation 100d 114d 128d 142d 100d 114d 128i2d SEMP -value) °L Q 2 Q
12:0 0.09 0.09 0.11 012 0.09 0.10 0.10 010 0.01.7700 0.040 0.880 0.360 0.820
is0-13:0 0.04 0.04 0.03 003 0.04 0.04 0.03 0.02 0.00.440 0.002 0.160 0.890 0.780
anteiso-13:0  0.08 0.09 0.10 0.06 0.09 0.10 0.08 0.04 0.0D.760 0.001 0.001 0.070  0.740
13:0 0.03 0.04 0.04 0.03 0.04 0.04 0.04 0.03 0.01.820 0550 0.040 0.320 0.870
is0-14:0 0.16 0.17 020 0.18 0.16 0.17 020 0.15 0.09.850 0.630 0.090 0.640 0.550
14:0 0.56 0.59 061 066 052 0.55 071 0.66 0.07.99® 0.030 0.680 0.490 0.390
is0-15:0 042 044 036 032 0.39 0.41 035 0.30 0.08.760 0.010 0.030 0.760  0.890
anteiso-15:0  0.54 0.57 045 042 052 0.54 056 041 0.09.910 0.010 0.001 0.560 0.130
15:0 1.00 1.05 098 084 094 0.99 1.14 082 0.14.97M0 0.140 0.001 0510 0.190
is0-16:0 0.62 0.65 0.76 064 057 0.60 090 0.62 0.09.980 0.120 0.002 0.490 0.110
16:0 17.40 16.90 15.60 15.60 15.70 16.10 16.40 016.20.52 0.650 0.160 0.870  0.020  0.240
is0-17:0 0.83 0.87 071 061 0.77 0.81 068 0.60 0.0§.530 0.001 0.010 0.560  0.800
anteiso-17:0  0.89 0.93 095 0.84 0.89 0.93 125 071 0.1D650 0600 0.010 0.870 0.140
9c-16:1 0.35 0.37 044 045 0.35 0.37 0.41 0.38 50.00.720 0.040 0.330 0250 0.560
17:0 1.40 1.48 142 125 1.35 1.42 1.53 1.26  0.08.99 0.160 0.001 0.450 0.510
is0-18:0 0.20 0.21 0.19 020 0.22 0.24 0.18 021 0.09.720 0.430 0.870 0.510 0.660
anteiso-18:0  0.35 0.37 044 040 0.37 0.38 029 0.27 0.09.290 0.470 0.100 0.010 0.750
18:0 2430 21.80 20.20 2150 26.30 2290 20.70 (21.91.74 0.640 0.020 0.010 0570 0.800
9t,12c-18:2 0.09 0.09 0.11 0.07 0.08 0.08 0.13 0.07 0.0D.760 0.770 0.001  0.290  0.220
11t,15-18:2 0.13 0.14 0.16 0.07 0.09 0.09 0.12 0.08 0.09.330 0.360 0.060 0.310 0.470
18:2n6 18.90 19.90 25.20 24.00 19.00 20.60 21.00..82 092 0.160 0.001 0.180 0.070  0.550
20:0 023 024 020 017 0.23 0.31 050 0.26 0.04.01® 0.790 0.010 0.090 0.020
18:3n6 0.18 0.18 024 020 0.19 0.20 0.16 0.15 30.00540 0.940 0.110 0.060 0.590
9c-20:1 0.07 0.07 0.06 0.06 0.09 0.10 0.15 0.12 0.09.080 0.470 0.230 0.110  0.360
11c-20:1 0.05 0.05 0.05 0.02 0.05 0.05 0.13 0.04 0.0D.040 0.840 0.001 0.070 0.070
18:3n3 509 535 491 678 4.32 455 415 575 2040120 0.002 0001 0760 0.760
21:0 0.02 0.03 0.01 0.02 0.01 0.01 0.02 0.02 0.01.620 0.770 0910 0.150 0.440
20:2n6 0.05 0.05 0.08 0.09 0.05 0.06 0.07 0.09 0.00.950 0.001 0.030 0.520 0.610
22:0 0.15 0.16 0.11 012 0.12 0.16 024 0.16 0.03.27 0.880 0.190 0.120 0.220
20:3n6 0.22 0.23 0.38 0.39 0.22 0.23 025 022 0.08.080 0.001 0310 0.001 0.520
20:3n3 0.05 0.06 0.08 0.07 0.05 0.05 0.10 0.10 0.0.520 0.010 0.790 0.280  0.910
20:4n6 2.90 3.05 244 226 3.17 3.33 250 2.22 80.20.720 0.001 0.010 0.290  0.690
23:0 0.12 0.12 0.09 0.02 0.08 0.09 0.11 0.02 0.02.46M 0.001 0.002 0.230 0.730
22:2n6 0.03 0.03 0.02 0.03 0.02 0.02 0.03 003 0.00.770 0.370 0.170 0.220 0.330
20:5n3 1.03 1.09 093 1.08 1.07 1.79 2.07 1.83 20.10.001 0.002 0.002 0.002 0.001
24:0 0.15 0.16 0.11 010 0.3 0.13 0.14 0.10 0.03.93® 0.070 0.160 0.350 0.710
22:3n3 0.05 0.05 0.02 0.02 0.05 0.05 0.04 004 0.00.280 0.001 0.080 0.030 0.370
22:4n6 0.10 0.11 0.16 0.7 0.11 0.12 0.08 007 0.02.080 0.350 0580 0.001 0.430
22:5n6 0.24 0.25 0.15 0.06 0.14 0.15 0.12 0.04 0.08.240 0.001 0.020 0.230 0.810
22:5n3 1.82 1.91 197 227 183 1.92 1.84 191 30.20.730 0.050 0.370 0.120  0.240
26:0 0.20 0.21 009 011 0.24 0.25 0.14 0.10 0.03.37( 0.001 0.360 0.540 0.2400
22:6n3 151 158 132 134 162 2.93 341 3.44 10.20.001 0.001 0.010 0.001 0.010
“Total SFA 49.70 47.10 43.80 44.20 49.60 47.20 46.30 44.90 48 1. 0.590 0.001 0.250 0.640  0.540
STotalMUFA 17.40 18.30 17.70 16.50 18.00 16.20 17.20 16.90 99 0. 0.720 0.350 0.770 0.880  0.080
5Total N6PUFA 22.70 23.90 28.70 27.20 2291 2470 2440 247004 1. 0.200 0.001 0.090 0.060 0.630
"Total n3puFa  9.54 10.00 9.22 1156 894 1131 1162 13.07 0.42.030 0.001 0440 0.030 0.030
8Total CLA 0.47 0.50 0.45 0.46 0.40 0.43 043 0.41 .030 0.240 0.620 0.200 0.420 0.5700
Totaltrans-18:1 3.05 3.21 275 246 243 2.55 420 325 046 0.690.410 0.020 0.010 0.310
Totalcis-18:1 13.90 14.60 1440 13.48 15.09 13.14 12.26 1113. 1.08 0.600 0.190 0.530 0.380 0.030
*Total VL_ 435 4.58 422 469 452 6.65 732 7.17 400 0.010 0.001 0.010 0.001 0.001
n3-PUFA

TAverage of 4 measurementk; linear effect 7Q: quadratic effectTotal SFA: all saturated fatty acids (without amublle bond, 12:0 to 26:0).
*Total MUFA: all monounsaturated fatty acids witlsiagle double bond (16:1 to 20:fJotal n-6 polyunsaturated fatty acids (PUFA): 1&2n
18:3n6; 20:2n6; 20:3n6; 20:4n6; 22:2n6; 22:4n6; AAGN6. Total n-3 polyunsaturated fatty acids (PUFA): 18;380:3n3; 20:5n3; 22:3n3;
22:5n3; and 22:6n3Total conjugated linoleic acid (CLA)cdL1t 18:2; 9,11c 18:2; 1@,12¢ 18:2; 1113t 18:2; and 9t,1tIplus 10t1218:2.°Total

very long chain n-3 PUFA (VL_n3-PUFA, >18C): 20:522:5n3; and 22:6n3
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Table 4: Positional isomers of 18:1 monoenes (giL@iflal FA) in the plasma of ewes fed a basalslipplemented with either a control or
fishmeal supplement during gestafion

Control FM-supplemented Day Diet X Day
P-value) P-value)

FA / day Diet
of gestation 100d 114d 128d 142d 100d 114d 8dl2 142d SEM R-value) 2L %Q 2 %Q
4t-18:1 0.01 0.02 0.06 0.05 0.03 0.03 0.02 0.04 0.02.93 0.120 0.820 0.26 0.62
5t-18:1 0.05 0.05 0.07 0.03 0.05 0.06 0.10 0.03 0.02.51 0.560 0.030 0.85 0.52
6-8t-18:1 0.18 0.19 0.18 021 0.18 0.19 0.23 0.22 0.08.70 0.150 0.760 0.71 0.36
ot-18:1 0.26 0.28 0.24 021 024 0.25 0.30 0.24 0.02.74 0.230 0.010 0.10 0.41
10-18:1 0.18 0.19 0.18 0.18 0.19 0.20 0.27 0.23 0.08.36 0.290 0.190 0.31 0.31
11t-18:1 1.78 1.87 1.10 093 1.19 1.26 1.67 1.22 0.28.79 0.040 0.050 0.01 0.49
12-18:1 0.25 0.26 0.32 027 022 0.23 0.58 0.48 0.06.20 0.002 0.110 0.01 0.68
13-14-18:1  0.23 0.24 0.39 0.38 0.20 0.21 0.74 0.53 0.10.32 0.001 0.220 0.13 0.32
9c-18:1 12.92 1359 12.89 12.16 14.08 12.07 10.62 8311. 1.09 0.58 0.080 0.320 0.39 0.02
11c-18:1 0.70 0.74 0.80 084 074 0.78 0.90 0.79 0.06.66 0.070 0.260 056 0.22
12c-18:1 0.22 0.23 0.67 043 024 0.25 0.68 0.42 0.08.91 0.001 0.001 0.75 0.78
13c-18:1 0.04 0.04 0.04 0.04 0.04 0.04 0.06 0.08 0.00.16 0.001 0.150 0.00 0.31
16-18:1 0.12 0.12 0.21 0.20 0.10 0.11 0.30 0.27 0.09.48 0.001 0.440 0.09 0.77

TAverage of 4 measurementk; linear effect;’Q: quadratic effect

Table 5: Positional isomers of conjugated linole@d (g/100 g total FA) in the plasma of ewes feHasal diet supplemented with either a
control or fishmeal supplement during gestation

Day Diet X Day
Control FM-supplemented P-galue) P-value)
Diet - e
FA/ day of gestation 100d 114d 128d 142d 100t4d 128d 142d SEM P{value) °L *Q 2L *Q
9c, 11-CLA 027 028 0.26 0.26 025 0.26 024 026 0.02.600 078 080 056 0.63
9, 11c-CLA 0.02 0.02 0.01 0.03 0.01 0.01 0.01 0.02 0.00.290 0.09 0.07 096 0.22
10, 12-CLA 0.02 0.03 0.02 0.02 0.02 0.02 0.04 0.01 0.01.970 0.52 0.16 0.71 0.16
11t, 13t-CLA 0.05 006 0.05 0.04 0.05 0.05 0.04 004 0.01.310 0.01 0.06 068 041

ot, 11t+1Q¢, 12-CLA 0.11  0.12 0.11 0.12 0.08 0.09 0.10 0.09 0.01.170 058 030 0.75 0.47

TAverage of 4 measurementk; linear effect;’Q: quadratic effect

Table 6: Some selected fatty acids (9/100 g FA}hie plasma of 9¢-18:1, 18:2n6 and 18:3n3, which was consistent
Ia_mbs at birth from_ewes fed a basal diet suppleetewith with the results of Leat (1966). In the presendytu
either a control or fishmeal supplement the isomers ofrans-18:1 FA and 811t-CLA in ewe-

Eg.tgy acid gng" FM'Sugflj?e”ted 150'52'2)" plasma were not increased with the supply of the FM
96161 308 295 0.140 supplemented diet. It was reported that the progort
18:0 11.80 14.00 0.850 of plasma 18:3n3 was higher in sheep supplemented
10:-18:1 0.13 0.14 0.080 with fish oil compared to control (Sinclaét al., 2005;
11t-18:1 0.3¢ 0.49° 0.100 Capper et al.,, 2006). According to them, tissue
9c-18:1 34.30 32.60 1.480 elongation and desaturation of 18:3n3 to 20:5n3 and
igfgzg (z).gg iggb é-ggg 22:6n3 in sheep was inhibited by the VL_n3-PUFA,
9C 11t-CLA 0.25 0.36° 0.050 such as DHA and EPA, in fish oil. However, we did
10612c-CLA 001 0.01 0.003 not find any significant difference in ewe plasma
20:5n3 0.39 0.70° 0.110 18:3n3, when sheep were fed a FM-supplemented diet
22:6n3 0.93 1.59" 0.150 compared to control.

Total VL_n3-PUFA _ 2.05° 3.27° 0.270 The FM-supplementation to ewes, in the present

IC‘(erag?‘E,L?; A6 ngsu;%rréer;tﬁ'zc;taz_)l gery c:"gg G%hgai” n-3 Plﬁ'_': A research, increased plasma 22:6n3 by 3.3 times and
ns- , > . ong; ong; an . eans within . .
groTNwith different Sl)Jperscripts differ (p<0.05) M 2_0'5_n_3 by_ 18 tlm.es compared to  control. Th.e
significant increase in plasma 20:5n3 and 22:6n3 in
DISCUSSION ewes offered diets containing fishmeal were a tirec
result of the increased dietary supply of preformed
The aim of the current study was to establishVL_n3-PUFA and in agreement with Capperr al.
whether feeding a diet supplemented with FM to ewe$2007). However, our study was carried out with a
during gestation resulted in changes in the FAlimited number of experimental units. The plasma of
composition of their own plasma and subsequently irthe control group also contained 20:5n3 and 22:6u8,
their lamb’s plasma at birth. The major SFA in ewein much lower percentages compared to FM-
plasma collected from both groups, were 16:0, 18:0supplemented group. Endogenous synthesis of 20:5n3
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and 22:6n3 from 18:3n3 likely occurs to a limited lambs born to ewes fed a FM-supplemented diet,

extent (Wachiraet al., 2002; Chikunyaet al., 2004). suggesting specific FA can preferentially cross the

The present study also revealed that the propartifn placenta in late pregnancy.

total VL_n3-PUFA in ewe plasma were increased and

the proportions of total n6-PUFA were decreased by CONCLUSION

feeding the FM-supplemented diet. In an experiment

conducted by Rooket al. (1998), feeding tuna oil to The present study has clearly shown that when

sows increased the VL_n3-PUFA, especially 20:5n#wes are fed a FM-supplemented diet during late

and 22:6n3, primarily at the expense of 18:2n6. gestation, the percentages of EPA (20:5n3) and DHA
Although maternal ewe-plasma contained |arge(20:6n3) are significantly increased compared to

amounts of 18:2n6 and a considerable amount ofontrol. Lambs born to FM-supplemented ewes had

18:3n3, very small amounts of these FA (15.8% ofdreater plasma concentrations of EPA, DHA and

18:2n6 and 19.2% of 18:3n3) were present in the/L_N3-PUFA than lambs born to control ewes.

plasma of newborn lambs. The same phenomenon was

also observed by Leat (1966) in calves and lambat L ACKNOWLEDGEMENT

(1966) had also shown that newborn piglets conthaine

much more 18:2n6 in their plasma than did the newbo
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