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ABSTRACT

Background: Sheep milk production is becoming an important alternative in the agricultural sector. It is used principally
to produce fine cheeses, yogurts, and ice creams, and these produced from sheep’s milk are beneficial to human health.
Previous study with palm oil shows increase in fat levels in sheep’s milk. Our hypothesis for increased fat in milk is that
palm oil increases lipid metabolism as well as tissue reserves. Sheep consuming this palm oil will have a change in the
fatty acid profile of milk, increasing levels of unsaturated fatty acids. Therefore, the aim of this study was to determine the
levels of cholesterol and triglycerides, as well as fatty acid profile of milk these ewes fed of palm oil.

Materials, Methods & Results: Thirty-six lactating sheep were divided in four groups (n = 9), with each group receiving
various concentrations of palm oil in diet (0%, 2%, 4%, and 6% which corresponds to T 0, 2, 4 and 6, respectively). The
diets in each treatment were isoproteic and isoenergetic. The experiment lasted 120 days, and blood and milk samples
were collected on days 60 and 12 of the experiment. Blood was collected for seric analysis of lipid metabolism. Was col-
lected milk samples and analyzed the content of saturated fatty acids (SFAs), monounsaturated fatty acids (MUFA), and
polyunsaturated fatty acids (PUFA). An increase (P < 0.05) in triglyceride and coleterol levels in the serum of the animals
that received the highest concentrations of palm oil in the diet (T4 and T6). The centesimal composition of fat, lactose,
and protein in milk was not different at days 60 and 120 (P > 0.05) between groups, but numerically the animals in T4
and T6 had higher percentage of fat in milk. A decrease in milk SFA levels was observed on day 120 at T6. There was a
significant reduction in caproic acid, caprylic acid, hendecanoic acid, lauric acid, and pentadecyl acid. The levels of pal-
mitic acid (C16:0) increased when compared with the control group. Also at 150 days, it was observed a reduction in the
percentage of area capric acid and myristic acid in animals that had higher doses of calcium salts in the diet, different from
stearic acid, which increased. A variability in MUFA levels was observed during the evaluated periods, i.e. heptadecenoic
acid decreased on days 60 and 120 for animals of T6; an increased content of elaidic acid was observed on day 60, and
levels of vaccenic acid decreased on day 120 at 6% palm oil. A decrease in PUFA levels was observed on day 60 at T6,
specifically a significant reduction in alpha-linolenic and arachidonic acid, as well as levels of conjugated linoleic acid 1
decreased on day 120 for animals supplemented with 6% of palm oil.

Discussion: The addition of plama oil in the diet of dairy sheep increased seric levels of triglycerides and cholesterol, as
well as positively altered the composition of fatty acids in milk, making a product healthier to the consumer. This study
showed that the addition of 2% and 4% palm oil in the feed of dairy sheep promoted a decrease in several SFAs associ-
ated with coronoary heart disease after 60 days of treatment. On the other hand, the addition of 6% palm oil promoted
an increase of total SFA levels after 60 days of treatment, while decreaseing total PUFA levels. This can be considered
harmful to consumers, since several SFA are associated with coronary heart diseases, and several PUFA are linked with
reductions in inflammation, stroke, oxidative stress and hepatic disorders. In summary, the consumption of sheep milk
who received the diets with 2% and 4% of palm oil can exert beneficial effects for consumers, and may be an option for
farmers to increase the milk yield of sheep, and to reduce the profile of saturated fatty acids in milk.
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INTRODUCTION

Sheep milk production for human consumption
is a relatively new phenomenon in Brazil. Compared
with bovine milk, Brazilians drink relatively little sheep
milk, although it possesses considerable nutritional
and commercial value [30]. During lactation, sheep
have high energy requirements, and their feeding is
critical to meet this energetic demand [4]. Lactating
ewes require supplemental fat sources to satisfy their
high energy requirements in the context of limited
food intake capacity during lactation, and to maintain
minimum dietary fiber intake for ruminal fermentation
[9]. Investigators have used vegetable fats, including
essential oils and seed oils, to help satisfy the energetic
requirements in lactating animals. This method is inef-
fective in some cases, since high levels of fat provided
in the diet reduce the digestion of dry matter in the
rumen, leading to reduced energy availability [15].

Vegetable fat supplementation promotes in-
creased fat content, and modifies milk fat composition.
Palm oil is composed of SFAs (50%: 44% is palmitic
acid and 5% is stearic acid) and unsaturated fatty acids
(UFAs), include 40% oleic acid 10% polyunsaturated
linoleic acid and alpha-linolenic acid [12,34]. Accord-
ing to the study, the addition of palm oil in the form
of calcium salts in the diet increased milk production
(4% and 6% palm oil), as well as increasing fat levels
in the milk [6]. This can affect the lipidic metabolism
and fatty acid profile in milk. Therefore, the aim of this
study was to determine the levels of cholesterol and
triglycerides, as well as fatty acid profile of milk these
ewes fed with isoproteic and isoenergetic diet content
different levels of palm oil.

MATERIALS AND METHODS

Animals and experimental design

Thirty-six lactating Lacaune sheep were ran-
domly selected; animals with approximately the same
body weight (56 + 4 kg), age between 2-4 years, simi-
lar number of offspring (second lactation), and milk
production were used current study [4]. The diets and
concentration of palm oil in the diet was showed in
Table 1. Protected fat from palm oil (Ca-salts or Ca-
soap) was as follows: 0% (T0), 2% (T2), 4% (T4) and
6% (T6), therefore, four treatments were used in the
experimental design.

Each treatment included nine animals housed
in pens of 24 m2, in a covered shed. Animals were fed
twice per day (07:00 and 18:00), individually, with a
concentrate containing protected fat Ca-salts, followed
by corn silage, with ad libitum access to water. The
amount of concentrate given was adjusted according
to the volume of milk produced by each animal and its
body weight (up to 1.4 kg for day), which decreased
towards to a minimum of 0.6 kg day™' at the end of the
experiment, when body weight was also reduced. Each
animal also received 2.5 kg of corn silage every meal,
which was substantial, since always found leftovers
that were collected and weighed, as described [4]. The
chemical composition [8] of the diets are described in
Table 1.

Cholesterol and triglycerides levels

Blood samples (5 mL per ewe) were individu-
ally collected on days 60 and 120 of the experimental
period. Blood allocated to tubes without anticoagulant
was centrifuged at 3500 g for 10 min to obtain serum.
The serum levels of cholesterol and triglycerides were
evaluated in a semi-automatic analyzer (TP Analyzer
Plus)' using commercial kits? [4].

Milk fatty acid analysis

To evaluate the fatty acid composition, milk
samples (50 mL per ewe) were individually collected
on days 60 and 120 of the experimental period, during
morning milking. Samples were collected in Falcon
tubes without preservatives, and were stored at -20°C
until analysis. These collection dates were defined
because it was observed a centesimal increase in milk
fat levels in the initial lactation phase, as previously
published [6].

Milk samples were thawed under refrigeration
(7 £ 1°C), homogenized, and processed for extraction
and esterification of lipids. The lipids were extracted
according the technique previously described [7].
Briefly, 4 g of milk was homogenized in 8 mL chloro-
form, 16 mL ethanol, and 3 mL distilled water. Samples
were centrifuged for 5 min, and the precipitates were
stored in Falcon tubes containing 1 g of sodium sulfate,
in order to remove traces of water. The homogenates
were clarified by filtration through funnel and filter
paper impregnated with 1 g sodium sulfate. Finally,
1.5 mL of the filtrates was transferred to sealed test
tubes for drying in a vacuum evaporator.
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The extracted fat was esterified according the
method described by Hartman and Lago [18]. The fat
was added to 0.5 mL potassium hydroxide (0.4 M) in
methanol, vortexed briefly, and heated to 100°C for
10 min. After cooling to room temperature, 1.5 mL of
sulfuric acid (1 M) was added to the methanol, and the
mixture was heated to 100°C for 10 min, after which it
was cooled again to room temperature. Next, the fat was
mixed with 2 mL n-hexane (chromatographic grade) for
20 min to achieve phase separation. The hexane solution
containing the fatty acid methyl esters (FAME) was col-
lected and stored at -20°C until chromatography.

The esters were analyzed by gas chromatogra-
phy (Agilent Technologies 6890N)?, equipped a flame
ionization detector. One uL of sample was injected in
split mode (50:1) in the injection port at 250°C. Ni-
trogen was used as a carrier gas at 0.9 mL min'. The
fused silica capillary column SP-2560™ (100 m length,
0.25 mm internal diameter, 0.25 pum film thickness?)
was used for FAME. The column program started at
35°C for 2 min, after the temperature increased 10°C
min™ to 150°C, remaining in this temperature for 2 min.
Then, the temperature increased 2°C min™' up to 200°C
remaining for 2 min. Finally, the temperature increased
2°C min up to 220°C, remaining isothermal for 21
min, totaling 73.5 min. The detector temperature was
maintained constant at 280°C. Fatty acids were iden-
tified by comparison retention times of experimental
peaks with those from reference standards: Supelco

37 Component FAME Mix, conjugated linoleic acid
(CLA) mixture of 9-cis, 11-trans and 10-trans, and
12-cis isomers and octadecadienoic acid methyl esters
(C18: 2), all from Supelco®*. Retention times and areas
were computed automatically by GC Solution soft-
ware. The results were expressed in percentage of area.

Statistical analysis

SFA, MUFA and PUFA were analyzed using
descriptive statistics for contingency variables, and to
obtain median and amplitude. It was calculated the
median, and minimum and maximum values from scat-
tered data as central tendency measure. All variables
were evaluated by a normality test (Shapiro-Wilk).
In the absence of data normality, it was performed a
non-parametric test. For evaluation of the influence of
time on the measured parameters (repeated measure),
it was used a non-parametric Friedman test for all
combinations of fatty acids and X SFA, ¥ MUFA and
% PUFA, considering the influence of groups, as well
as the blocks, as needed. The Bonferroni test was used
for multiple comparisons between the days of collec-
tion and groups. Alterations over time were compared
among the four groups. The Kruskal-Wallis test was
used to verify the difference between days of collection
(60 to 120 days). Statistical significance was set at P <
0.05. All analyses were performed using R v.2.15.2 (R
Development Core Team, 2012) software.

Table 1. Ingredients and chemical composition of the experimental concentrates (DM%) to sheep during lactation.

Ingredient TO T2 T4 T6

Corn ground 51.0 41.0 30.0 19.0
Soybean meal 43.0 43.0 41.0 40.0
Wheat bran 2.0 10.0 21.0 31.0
Calcium soap (Palm oil) 0.0 2.0 4.0 6.0
Vitamin and mineral 2.5 2.5 2.5 2.5
Calcitic limestone 1.0 1.0 1.0 1.0
Sodium bicarbonate 0.5 0.5 0.5 0.5

Diet chemical composition - concentrate (%)

Crude protein 23.35 23.41 23.63 23.80
Ethereal extract 2.25 2.70 2.89 3.92

Unity 13.65 15.49 13.67 13.01

Ashes 6.52 6.66 9.22 8.55

Crude fiber 86.25 84.76 86.22 86.87

Total digestible nutrients (TDN) 73.4 73.9 73.7 73.8

Note: Corn silage chemical composition: Crude Protein = 7.36%; Ethereal extract = 3.56%; Unity: 68.66%; Ashes: 1.15%; Crude fiber: 31.47%;

and TDN = 66.76%
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RESULTS

Results of the triglyceride and coleterol levels
were showed in Figure 1. In the two evaluated mo-
ments there was an increase (P < 0.05) in triglyceride
and coleterol levels in the serum of the animals that
received the highest concentrations of palm oil in the
diet (T4 and T6).
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Figure 1. Levels of cholesterol and triglycerides.in dairy sheep receiving
different diets based on palm oil. Different letters (a, b, ¢) show differences
between treatments at each moment (day 60 or 120).

The centesimal composition of fat (F), lactose
(L), and protein (P) in milk was not different at days 60
and 120 (P > 0.05) between groups, but numerically
the animals in groups T4 and T6 had higher percentage
of fat in milk. On days 60 and 120, the values varied
as follows: 6.25 - 6.79% (F), 4.25 - 4.86% (L), and
4.08 - 5.24% (P).

A decrease in milk SFA levels was observed
on day 120 at T6 (concentration of 6% of palm
oil). There was a significant reduction in caproic
acid (C6:0), caprylic acid (C8:0), hendecanoic acid
(C11:0), lauric acid (C12:0), and pentadecyl acid
(C15:0). The levels of palmitic acid (C16:0) increased
when compared with the control group (Table 2). Also

at 150 days, it was observed a reduction in the per-
centage of area capric acid (C10:0) and myristic acid
(C14:0) in animals that had higher doses of calcium
salts in the diet, different from stearic acid (C18:0),
which increased.

A variability in MUFA levels was observed
during the evaluated periods (Table 3). Heptadecenoic
acid (C17:1 n-7) decreased on days 60 and 120 for
animals of T6. An increased content of elaidic acid
(C18: 1 n-9t) was observed on day 60, compared with
control. However, levels of vaccenic acid (C18: 1 n-7t)
decreased on day 120 at 6% palm oil, compared with
the control group (Table 3).

A decrease in PUFA levels was observed on
day 60 at T6, specifically a significant reduction
in alpha-linolenic (C18:3 n-3) and arachidonic
acid (C20:4 n-6), compared with control. Simi-
larly, levels of conjugated linoleic acid 1 (CLA1)
[C18:2 c9, t11] decreased on day 120 for animals
supplemented with 6% of palm oil compared with
control (Table 4).

X SFA and X PUFA differed between groups
on day 60, and the difference occurred between
group A and D (Tables 2 and 4). £ MUFA did not
differ between groups (P > 0.05). Over time, X
MUPFA differed of day 60 to 150, i.e., for groups A
and B, MUFA levels were significantly reduced of
day 150 (data not shown). Over time, for the four
groups, no difference (P > 0.05) from day 60 to
150 was observed for any of the SFA, MUFA and
PUFA identified in sheep’s milk (data not shown).
It was observed a negative correlation between X
SFA and ¥ MUFA levels (r = -0.89; P < 0.001).
There was also a negative correlation between X
SFA versus £ FUPA (r =-0.32; P =0.001) [Figure
2]. No correlation was observed between ¥ MUFA
and X PUFA (P > 0.05).

Even with 100 m capillary columns, single
runs for each milk sample did not allow a complete
separation of octadecenoic and octadecadienoic (both
conjugated and non-conjugated) isomers. Is quite dif-
ficult to separate trans-vaccenic acid (which usually
coelutes with other C18:1 isomers) and rumenic acid
(which usually coelutes with other CLA isomers).
It was suppose that vaccenic acid and rumenic acid
coeluted with other FAs, and therefore coelutions may
have occurred.
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Table 2. Median and range (minimum and maximum) of saturated fatty acids (SFA) profile in milk of sheep fed with different concentration of palm

oil. Results in percentage of area (%).

Variable  Days Median + range (min-max)*
TO (n=9) T2 (n=9) T3 (n=9) T4 (n=9) P-value
40 60 0.87 (0.6-1.1) 0.93 (0.0-1.1) 0.88 (0.6-1.0) 0.94 (0.7-1.1) 0.83
120 0.94 (0.1-1.0) 0.94 (0.4-1.0) 0.95 (0.2-1.0) 0.17 (0.0-1.1) 0.08
60 1.07 (0.8-1.3) 1.02 (0.3-1.1) 1.08 (0.5-1.3) 1.07 (0.9-1.1) 0.44
60 120 1.24 (0.6-1.3)® 1.21 (0.2-1.3)* 1.15 (0.3-1.3)® 0.40 (0.1-1.2)° 0.008*
8.0 60 1.38 (1.0-1.8) 1.19 (0.4-1.4) 1.36 (0.2-1.6) 1.33 (1.0-1.4) 0.20
120 1.67 (1.4-1.9)* 1.54 (0.8-1.6)® 1.45 (1.1-1.6)® 0.99 (0.7-1.5)° 0.001%*
C10:0 60 5.97 (3.7-8.3) 4.63 (3.8-5.8) 5.31 (1.8-6.6) 5.27 (3.5-6.0) 0.24
120 7.20 (5.2-7.6) 5.96 (5.0-6.6)° 5.70 (5.1-6.9)" 5.20 (4.2-6.2) 0.001*
C11:0 60 0.16 (0.07-1.6)* 0.08 (0.0-0.5)° 0.12 (0.0-0.1)* 0.11 (0.0-3.6)* 0.04
120 0.25 (0.1-0.4)® 0.15 (0.1-0.2)* 0.16 (0.0-0.2)* 0.10 (0.0-0.2)° 0.001%*
C12:0 60 4.30 (2.4-6.5) 3.58(2.7-3.9) 3.92 (1.7-4.4) 3.56 (0.0-4.4) 0.21
120 5.20 (3.4-5.9)" 3.95(3.3-4.3) 3.71 (3.7-5.0)* 3.61 (3.3-4.0) 0.001%*
C14:0 60 12.19 (8.6-15.7)  11.4(10.2-13.6) 11.2 (6.3-13.3) 11.7 (9.7-13.4) 0.42
120 11.08 (8.2-13.8)*  9.96 (9.1-12.1)° 9.47 (8.3-13.6)® 9.98 (9.6-11.0)® 0.01%*
C15:0 60 1.15 (0.0-1.8) 0.95 (0.0-1.2) 1.04 (0.0-1.1) 1.05 (0.0-1.3) 0.72
120 1.66 (1.1-20.6)* 1.17 (1.0-1.2)° 1.17 (0.8-1.2)° 1.02 (0.9-1.3)° 0.001*
C16:0 60 31.0 (25.1-32.9)*  32.8 (30.2-35.8)*  32.4 (28.8-35.4) 35.5(31.4-37.2)° 0.01%*
120 29.8(27.38-33.1)* 33.1(32.5-35.2)*  33.5(31.9-35.1)° 37.0 (34.0-38.4) 0.01%*
C170 60 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.00 (0.0-0.0) 0.0 (0.0 -0.0) -
120 0.34 (0.0-1.0) 0.68 (0.0-0.7) 0.00 (0.0-0.6) 0.62 (0.0-0.7) 0.07
C18:0 60 8.85(0.0-14.5) 9.38 (8.4-12.5) 9.58 (7.4-13.0) 10.2 (8.0-10.5) 0.68
120 9.39 (7.3-11.5)*  11.25(8.2-11.9)*  10.33 (8.3-13.5)* 11.28 (9.1-12.5)° 0.02*
€200 60 0.22 (0.0-0.3) 0.21 (0.0-0.2) 0.22 (0.1-0.2) 0.10 (0.0-0.2) 0.28
120 0.20 (0.0-0.2) 0.23 (0.1-0.2) 0.21 (0.1-0.2) 0.19 (0.0-0.2) 0.06
220 60 0.07 (0.0-1.2) 0.06 (0.0-0.1) 0.06 (0.0-0.1) 0.02 (0.0-0.0) 0.41
120 0.08 (0.0-0.6) 0.08 (0.0-0.6) 0.08 (0.0-0.7) 0.06 (0.0-0.0) 0.38
©23:0 60 0.00 (0.0-0.5) 0.00 (0.0-0.5) 0.00 (0.0-0.3) - 0.34
120 0.36 (0.0-0.6) 0.31 (0.0-0.5) 0.45 (0.0-0.5) 0.16 (0.0-0.4) 0.25
240 60 0.00 (0.0-0.0) 0.00 (0.0-0.0) 0.00 (0.0-0.3) 0.00 (0.0-0.1) 0.96
120 0.24 (0.0-0.7) 0.08 (0.0-0.5) 0.44 (0.3-0.5) 0.15 (0.0-0.5). 0.26
S SFA 60 67.23° 66.23® 67.17® 70.90* 0.03
120 69.65 70.68 68.85 70.97 0.49

NOTE: Median followed by same letter in the same line do not differ significantly considering P < 0.05. Obs.: butyric acid (C4:0), hexanoic acid (C6:0),
caprylic acid (C8:0), capric acid (C10:0), undecanoic acid (C11:0), lauric acid (C12:0), myristic acid (C14:0), pentadecanoin acid (C15:0), palmitic acid
(C16:0), heptadecanoic acid (C17:0), stearic acid (C18:0), arachidic acid (C20:0) behenic acid (C22:0), ticosanoic acid (C23:0) and lignoceric acid (C24:0).
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Table 3. Median and range (minimum and maximum) of monounsaturated fatty acids (MFA) in milk of sheep fed with different concentration of palm

oil. Results in percentage of area (%).

Variable  Day Median + range (min-max)*
TO (n=9) T2 (n=9) T4 (n=9) T6 (n=9) P-value
C14:1 1.5 60 0.32 (0.1-0.5) 0.29 (0.1-0.3) 0.26 (0.1-0.4) 0.28 (0.0-0.4) 0.76
120 0.14 (0.0-0.2) 0.12 (0.0-0.2) 0.13 (0.0-0.2) 0.13 (0.0-0.7) 0.58
C16:1 07 60 1.54 (0.8-1.8) 1.59 (0.9-2.1) 1.54 (1.1-2.2) 1.73 (1.1-2.6) 0.72
120 1.14 (0.0-1.5) 1.29 (0.0-1.9) 1.05 (0.7-1.5) 1.15 (0.0-0.1) 0.65
C17-1 07 60 0.32 (0.1-0.4) 0.29 (0.1-0.4)® 0.26 (0.1-0.3)® 0.22 (0.0-0.2)° 0.01*
120 0.26 (0.0-0.4)* 0.16 (0.0-0.2)® 0.16 (0.0-0.2)® 0.12 (0.0-0.2)° 0.01*
C18:1 0.0t 60 0.44 (0.0-0.5) 0.55 (0.4-0.6)® 0.52 (0.4-0.9)* 0.67 (0.3-0.8)° 0.001%*
120 0.57 (0.5-0.8) 0.57 (0.4-0.6) 0.60 (0.4-0.8) 0.60 (0.5-0.7) 0.62
C18:1 07t 60 2.92(2.1-4.2) 2.50 (2.2-2.8) 2.33(2.0-3.1) 2.36 (1.6-2.9) 0.15
120 3.50 (1.9-6.0) 2.86 (1.8-6.0)* 3.13 (1.2-6.1)* 2.34 (1.6-2.9)° 0.03*
C18:1 n-9c 60  21.25(17.5-27.3) 22.3(19.7-29.5) 22.93 (19.7-24.9)  22.39 (14.5-24.4) 0.42
120 18.71 (15.5-20.6) 19.1 (16.9-21.9) 19.18 (17.2-21.6)  19.28 (16.9-30.8) 0.57
€20:1 1.9 60 0.06 (0.0-1.4) 0.08 (0.0-0.7) 0.08 (0.0-0.1) 0.07 (0.0-0.1.0) 0.25
120 0.08 (0.0-0.7) 0.08 (0.0-0.6) 0.14 (0.0-0.6) 0.08 (0.0-0.8) 0.10
> MUEA 60 26.85 27.60 27.92 27.72 0.54
120 24.10 24.18 24.39 23.70 0.73

NOTE: Median followed by same letter in the same line do not differ significantly considering P < 0.05. Obs.: myristoleic acid (C14:1 n-5), palmitoleic acid
(C16:1 n-7), heptadecenoic acid (C17:1 n-7), elaidic acid (C18:1 n-9t), vaccenic acid (C18:1 n-7t), oleic acid (C18:1 n-9C), eicosamonoenoic acid (C20:1 n-9).

Table 4. Median and range (minimum and maximum) of poliunsaturated fatty acids (PFA) in milk of sheep fed with different concentration of palm oil.

Results in percentage of area (%).

Variable Days Median + range (min-max)*
TO (n=9) T2 (n=9) T4 (n=9) T6 (n=9) P-value
C18:2 n.6t 60 0.24 (0.0-0.2) 0.20 (0.0-0.2)  0.18 (0.0-0.3) 0.22 (0.0-0.2) 0.65
120 0.15 (0.0-0.5) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) -
C18:2 n-6e 60 2.60(1.8-37.9) 226 (0.0-6.2)  2.52(1.8-8.8) 2.16 (1.8-2.9) 0.29
120 3.60 (2.4-5.4) 3.08(1.9-42) 3.42(2.7-5.4) 3.29 (2.7-4.4) 0.18
C183 6 60 0.08 (0.0-1.4) 0.08 (0.0-0.5)  0.07 (0.0-1.0) 0.06 (0.0-0.4) 0.06
120 0.09 (0.0-0.1) 0.11 (0.0-0.7) ~ 0.10 (0.0-0.4) 0.08 (0.0-0.6) 0.45
C18:3 n.3 60 0.22 (0.1-0.3)*  0.18 (0.1-0.6)* 0.20 (0.1-0.7)®  0.14 (0.0-0.2)¢ 0.01*
120 0.30 (0.2-0.5) 0.26 (0.1-0.4)  0.31(0.2-0.5) 0.32 (0.2-0.5) 0.06
C18:2 9. t11 CLAI 60 0.88 (0.4-1.2) 0.94 (0.4-1.0)  0.89 (0.5-1.1) 0.76 (0.0-1.0) 0.37
120 0.86 (0.6-1.8)* 0.74 (0.5-1.0)*  0.77 (0.2-0.9)*  0.46 (0.0-0.6)°  0.001*
60 0.20 (0.0-1.6) 0.04 (0.0-0.4)  0.15(0.0-0.4) 0.12 (0.0-0.4) 0.67
Cl18:2¢12,t10 CLA2
120 0.00 (0.0-0.6) 0.00 (0.0-0.5)  0.32(0.0-0.5) 0.00 (0.0-0.3) 0.27
C20:4 16 60 0.23 (0.0-0.4)*  0.18 (0.0-0.2)* 0.18 (0.1-0.2)*  0.16 (0.0-0.2)° 0.02%*
120 0.23(0.1-0.3)*  0.18 (0.1-1.7)>  0.19(0.1-0.2)*  0.20 (0.1-0.2)® 0.04
C20:5 n.3 60 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) -
120 0.18 (0.0-0.4) 0.01 (0.0-0.4)  0.02 (0.0-0.3) 0.20 (0.0-0.4) 0.24
C22:6 1.3 60 0.16 (0.0-0.3) 0.02 (0.0-0.3)  0.04 (0.0-0.3) 0.21 (0.0-0.3) 0.34
120 0.02 (0.0-0.4) 0.01 (0.0-0.4) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.29
¥ PUFA 60 4.61° 3.90" 4.23® 3.83° 0.01%*
120 543 4.39 5.13 4.55 0.24

NOTE: Median followed by same letter in the same line do not differ significantly considering P < 0.05. Obs.: acid trans-linolenic (C18:2 n-6t), acid
cys-linolenic (C18:2 n-6¢), acid gamma-linolenic (C18:3 n-6), acid alpha-linolenic (C18:3 3n-3), conjugated linoleic acid 1 (CLA1) (C18:2 ¢9, t11),
conjugated linoleic acid 2 (CLA2) (C18:2 c12, t10), arachidonic acid (C20: 4 n-6), pentaenoic acid (C20:5 n-3) and docosahexaenoic acid (C22: 6 n-3).
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Figure 2. Spearman rank correlation between the sums of fatty acids (%). The blue line represents the distribution trend; grey

is 95% confidence interval.

DISCUSSION

Dairy sheep fed with palm oil showed alterations
in the composition of their milk fatty acid composition in
current study, and this can be associated with alterations
in digestability, nutrient intake and rumen fermentation
during dietary supplementation with palm oil [1,2], as
well as increased lipid metabolism, which elevated the
seric levels of triglycerides and cholesterol. A study
conducted by researchers [1] demonstrated that diets for
goats supplemented with 5% of palm oil enhanced the
consumption of ration, improve digestibility of organic
matter, protein and fat, as well as reduced the ruminal
ammonia nitrogen concentration. Moreover, other study
demonstrated that diet supplemented with 8% of palm
oil increase nutrient intake (ether extract) and appar-
ent digestibility (ether extract) of goats [2]. This same
study demonstrated that diet containing 8% of palm oil
increased the intake of C16:0, C16:1 C18-0, C18:1n-9,
C18:2n-6, C18:3n-3 and total fatty acid content, without
alterations in the intake of C12:0 and C14:0 fatty acids.
Regarding digestibility, the C16:1, C18:1n-9, C18:2n-6,
C18:3n-3 and total fatty acid were higher compared to
control diet, but was lower for C18:0 and without altera-

tions for C12:0, C14:0 and C16:0. Also, these authors
evaluated the ruminal fatty acid content, demonstrating
that addition of palm oil in the diet decreased the content
of C12:0, C14:0, C14:1, C15:0, C16:1, C18:1 trans-11,
C18:2n-6, C20:4n-6, total n-6 fatty acid, while the content
of C18:0, 18:3n-3, C22:5n-3, C22:6n-3, SFA, and total
n-3 fatty acids increased. According to these authors, the
reduction in short and medium-chain fatty acids may
be associated with extenuation of long-chain fatty acid
ruminal biohydrogenation, and consequently, inhibition
of acetyl-CoA carboxylase, the enzyme responsible for
fatty acids synthesis in the mammary glands, similarly
to observed by researchers [5] in the fatty acid profile
of yogurt from sheep supplemented with palm oil. In
our study, it was observed no difference between groups
and between times with respect to UFA/SFA. However,
with respect to length of experiment (60-120 days), it
was observed a dependence of PUFA levels with time
(Friedman = 28.45, P < 0.001). The mechanism by
which lipid supplementation reduces consumption is
not well understood, but may involve effects on ruminal
fermentation, intestinal motility, palatability, release of
intestinal hormones, and fatty oxidation [3, 11]. Palm oil
(10%) in the diet of sheep depresses ruminal clearance
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of dry matter, organic matter, and crute protein [4]. Study
found that canola oil supplementation does not alter milk
production in goats [26]. A similar result was reported in
other reseach using licuri (3%) and mamona (5%) oils
[32]. The supplementation with palm oil alters param-
eters linked with digestibility and intake of fatty acid in
goats, as well as altering the content of fatty acids in the
rumen, wich can explain the alterations on milk fatty acid
composition observed in this study.

Dairy sheep fed with 6% oil palm showed altera-
tions in the composition of their milk fatty acid composi-
tion in study present. Most of SFAs decreased with diet
of 6% palm oil, in disagreement with the findings of
researchers [2] in meat (Triceps brachii muscle) of goats
supplemented with 8% of palm oil. However, is important
emphasize that this difference can be associated with
difference of concentration of palm oil provided in the
diet, as well as in the fatty acids used to calculate the total
SFAs, since these authors considered only the of C12:0,
C14:0, C15:0, C16:0 and C18:0 fatty acids [2]. The sup-
pression of C12-C15 has been attributed to preferential
incorporation of long chain fatty acid from diet and/or
adipose tissues, and depression of acetyl-CoA, which
is needed for the synthesis of short and medium chain
fatty acids [20]. Is important emphasize that palm oil at
2% and 4% (T2 and T4) caused a decrease in some fatty
acids associated with coronary heart disease, which can be
considered beneficial to consumers. The total content of
SFA increased after adding 6% palm oil (T6), which may
be considered prejudicial for the consumers, as several
SFAs are associated with coronary heart disease [31],
insulin resistance [25], as well as increases in low-density
lipoprotein (LDL) [24]. Although the total concentration
of SFAs increased, the content of lauric and myristic acids
was reduced, which may lead to benefits for consumers,
since these fatty acids are associated with reductions
coronary heart disease [35]. Consumption of foods with
lauric acid (C12:0) is associated with increases in LDL
[27], which itself is associated with coronary heart disease
[25]. It is important to emphasize that palm oil reduced
levels of lauric acid (C12:0), suggesting that sheep milk
may serve as an alternative to humans with dyslipidemias.
On the other hand, the treatment caused an increased on
palmitic and stearic acid fatty acids, which is linked with
heart disease, as observed by researchers [11] in cow’s
milk supplemented with palmitic acid. In summary, the
comsumption of sheep milk after feed with palm oil at
concentrations of 2% and 4% presents in treatments 2

and 4 can be considered beneficial to consumers, while
the concentration of 6% present in T6 can lead harmful
effects on human health.

In the present study, the supplementation with
palm oil decreased the total content of PUFA in milk,
while other study did not observe this difference in meat
of goats after supplementation with 8% palm oil [2]. Nev-
ertheless, this effect can be considered a negative effect
of palm oil addition, since there are benefits to PUFA,
including improvement in immunity [21], learning and
memory [10]. PUFA are associated reduction in systemic
inflammation [23], protection against atherosclerosis [19],
prevention of peripheral artery disease [14], and reduc-
tion of steatohepatitis [29]. Alpha linolenic acid (C18:3
-3), popularly known as omega 3, is associated with
prevention and treatment of cardiovascular diseases [16],
as well as the reduction of inflammation and oxidative
stress caused by diabetes mellitus [13]. Thus, the reduc-
tion of PUFA levels in milk may have deleterious effects
on human consumers. Content of C18:3 n-3, C18:2 c9
and C20:4 n-6 were lower in sheep milk supplemented
with palm oil in study current, in aggreement with results
reported by research in goat meat [2]. For example, C18:3
n-3 (alpha-linolenic acid) is considered a promising
nutraceutical for the prevention of stroke [28], as well as
for cardiovascular disease, type 2 diabetes, and reduc-
tion of fracture risk [33]. Thus, the addition of palm oil
did not provide benefits to consumers with respect to the
consumption of PUFA. The total content of MUFA was
not altered by palm oil supplementation compared to the
control group, but some fatty acids, as C17:1 n-7 C18:1
n-7t, decreased. The excessive comsuption of vacenic
acid (C18:1 n-7t) has been associated with coronary
artery disease [17], and its reduction can be associated
with beneficial effects of milk of sheep feed with palm oil.

CONCLUSIONS

The addition of plama oil in the diet of dairy
sheep increased seric levels of triglycerides and cho-
lesterol, as well as positively altered the composition
of fatty acids in milk, making a product healthier to the
consumer. The addition of 2% and 4% palm oil in the
feed of dairy Lacaune sheep promoted a decrease in
several SFAs after 60 days of treatment. On the other
hand, the addition of 6% palm oil promoted an increase
of total SFA levels after 60 days of treatment, while
decreaseing total PUFA levels. This can be considered
harmful to consumers, since several SFA are associ-
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ated with coronary heart diseases, and several PUFA
are linked with reductions in inflammation, stroke,
oxidative stress and hepatic disorders. In summary,
the consumption of sheep milk who received the diets
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for consumers, but the diet with 6% of palm oil can
be not recommended because of the increased total
content of SFA. Therefore, the treatment 4 (4% of palm
oil) added in the diet may be an option for farmers to
increase the milk yield of sheep [6], and to reduce the
profile of saturated fatty acids in milk.
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