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Abstract

To evaluate the fatty acid profile of milk from cows fed palm kernel cake (PKC), 12 Holstein × Zebu 
crossbred cows were kept in the feedlot, distributed into a triple 4 × 4 Latin square, and fed the following 
treatments: 1) control; 2) inclusion of 50 g PKC/kg in the total dry matter (TDM); 3) inclusion of 100 
g PKC/kg in the TDM; and 4) inclusion of 150 g PKC/kg in the TDM. Milk samples from the morning 
and afternoon milkings were collected in the amount of 1% of the daily production of each animal; 
subsequently, 100-mL subsamples were frozen for analysis of the fatty acid profile. Inclusion of PKC 
did not change the concentration of short-chain fatty acids or myristoleic (C14:1), pentadecenoic (C15:1), 
palmitic (C16:0), and palmitoleic (C16:1) fatty acids. Concentrations of medium-chain and lauric (C12:0) and 
myristic (C14:0) fatty acids increased linearly (P<0.05). A decreasing linear effect was observed (P<0.05) 
on the concentration of the C15:0 fatty acid. No effects were observed (P>0.05) on the long-chain fatty 
acids and those of the omega 6 and 3 series; on the ratio between poly-unsaturated and saturated fatty 
acids; or on the ratio between the fatty acids of the omega 6/omega 3 series. The concentration of 
conjugated linoleic acid was not influenced (P>0.05) by inclusion of PKC in the diet. Addition of palm 
kernel cake to the diet of lactating cows influences the concentration of medium-chain fatty acids, and 
of lauric (C12:0), myristic (C14:0), and pentadecanoic (C15:0) fatty acids in their milk.
Key words: Conjugated linoleic acid. Monounsaturated. Milk production. Polyunsaturated.

Resumo

Para avaliar o perfil de ácidos graxos do leite de vacas alimentadas com torta de dendê (TD) foram 
utilizadas 12 vacas mestiças Holandês x Zebu, mantidas em confinamento, distribuídas em um triplo 
Quadrado Latino 4 x 4 e recebendo os seguintes tratamentos: 1) controle; 2) inclusão de 50 g TD/kg na 
matéria seca total (MST); 3) inclusão de 100 g TD/kg na MST e 4) inclusão de 150 g TD/kg na MST. 
Amostras de leite da ordenha da manhã e da tarde foram coletadas na quantidade de 1% da produção 
diária de cada animal, após subamostras de 100 mL foram congeladas para posterior análise do perfil 
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em ácidos graxos. A inclusão de TD não alterou as concentrações dos ácidos graxos de cadeia curta e 
dos ácidos graxos Miristoleico C14:1, Pentadecenoico C15:1, Palmítico C16:0  e Palmitoleico C16:1. Houve 
efeito linear crescente (P<0,05) para as concentrações dos ácidos graxos de cadeia média, Láurico C12:0 e 
Mirístico C14:0. Para a concentração do ácido graxo C15:0 , houve efeito linear decrescente (P<0,05). Não 
foram observados efeitos (P>0,05) para os ácidos graxos de cadeia longa e da série Ômega 6 e 3, assim 
como, para a proporção entre os ácidos graxos poli-insaturados/saturados, e entre os ácidos graxos da 
série ômega 6/ômega 3. A concentração do ácido linoleico conjugado não foi influênciada (P>0,05) pela 
inclusão de TD na dieta. A inclusão de torta de dendê na dieta de vacas lactantes influencia a concentração 
dos ácidos graxos cadeia média, do ácido Láurico C12:0, Mirístico C14:0 e Pentadecanoico C15:0.
Palavras-chave: Ácido linoleico conjugado. Monoinsaturados. Produção de leite. Poli-insaturados.

Introduction

Biodiesel is produced from vegetable oil or 
animal fat (MA; HANNA, 1999) via esterification 
or transesterification - the second being the most 
largely used method. Transesterification is a 
chemical reaction that occurs between vegetable 
oils or animal fats and ethanol and methanol, 
utilizing a catalyst, that also generates glycerol, a 
product with diverse applications in the chemical 
industry (CÂNDIDO, 2009). In addition to 
glycerol, the biodiesel production chain produces 
a number of other by-products (cake, meal, etc.) 
that can make up other sources of income to 
producers. Among the by-products used in animal 
feeding, the palm kernel cake has great potential not 
only because of its nutrient composition, but also 
because of its availability throughout the year and 
low cost, especially in high-producing regions, as 
is the case of North and Northeast Brazil (COSTA 
et al., 2009). The production of palm kernel cake 
involves grinding the palm (Elaeis guineensis), 
followed by pressing, which may or may not have 
an intermediate stage of peeling and cooking. 
During the pressing stage, the crude palm kernel 
oil is diverted to clarification, and the residual palm 
kernel cake is chilled and stored (SUE, 2001).

The fatty acid profile of the milk fat can be 
influenced by an array of factors, e.g.: the intensity 
of rumen biohydrogenation, non-lipid components 
of the diet, the influence of the lipid source on 
the microbial synthesis of fatty acids and de novo 
synthesis in the mammary gland, lactation stage 
and intestinal activity, and, in the mammary gland, 

the Δ9-desaturase enzyme (KENNELLY, 1996). 
The milk fat is synthesized from the fatty acids 
obtained from several sources: from the milk fat, 
from the mobilization of triglycerides from the fat 
tissue, or through the synthesis itself, called de novo 
synthesis. The de novo synthesis is responsible for 
the production of short (C4-10) and medium-chain 
fatty acids (DEMEYER; DOREAU, 1999). In the 
case of medium-chain fatty acids, only about 50% 
are synthesized by the mammary gland. The long-
chain fatty acids and the remaining 50% medium-
chain fatty acids reach the mammary gland through 
the blood circulation. It is thus clear that the profile 
of fatty acids present in the diet can affect the milk 
fatty acid profile (LEITE; LANA, 2009).

According to Leite and Lana (2009), the milk 
fatty acid profile varies according to the relative 
production of each one of the sources of fatty acids 
of the mammary glands and the absorption of fatty 
acids from the diet. The lipids ingested by ruminants 
undergo important transformations in the rumen, 
called biohydrogenation (BUCCIONI et al., 2012), 
a process that occurs from the action of a bacterial 
enzyme together with the endogenous synthesis that 
takes place at the very tissue of animals.

Of the unsaturated fatty acids, the conjugated 
linoleic acid (CLA) is noteworthy for its proven 
anticarcinogenic effect that prevents the occurrence 
of cardiovascular diseases (BAUMAN; GRIINARI, 
2001). The term CLA refers to the mixture of 
positional and geometric isomers of linoleic acid 
(LA) (ANDRADE et al., 2012). Of the isomers, cis-
9, trans-11, known as rumenic acid, predominates 
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in milk and derivatives, constituting over 90% of 
the CLA content in the milk fat (STANTON et al., 
2014) and, together with the isomer trans-10 cis-12, 
they are the most widely studied ones (NUNES; 
TORRES, 2010).

Because of the many oil-extraction methods, 
the chemical composition of palm kernel cake, a 
by-product from oil extraction, has ether extract 
contents that can range from 0.5% to 12.23% 
(BRASIL, 2005). Recent studies seek to qualify 
such feedstuffs and determine their optimal levels 
of inclusion in ruminant diets that can enable animal 
productivity and preferably that can provide quality 
to their products (meat and milk), allow a reduction 
of costs with feeding, and increase profitability of 
production systems (OLIVEIRA et al., 2012). Thus, 
the aim of the present study was to evaluate the 
effect of inclusion of palm kernel cake in diets for 
confined cows on the fatty acid profile of their milk.

Material and Methods

The experiment was conducted on Paulistinha 
farm, in the city of Macarani, BA, Brazil, 
complying with the ethical principles approved by 
the Committee of Ethics of Southwest Bahia State 
University, and following the technical norms of 
biosafety and ethics. The experiment included 12 
Holstein × Zebu crossbred cows (blood ranging 
from ½ to ¾ Holstein) at the third or fourth lactation, 
with previous milk yield between 2,500 and 3,500 
kg, adjusted for 300 days, and at 64±13.32 days in 
milk on average at the beginning of the experimental 
period. The 12 cows were distributed in a triple 4 × 4 
Latin square with four 19-day experimental periods, 
of which the first 14 were used for adaptation. The 
following treatments were tested: 1) control (no 
inclusion of palm kernel cake); 2) inclusion of 50 g 
PKC/kg in the total dry matter (TDM); 3) inclusion 
of 100 g PKC/kg in the TDM; and 4) inclusion of 
150 g PKC/kg in the TDM. The roughage utilized 
was sugarcane (Saccharum officinarum) variety 

RB 72454, treated with 1% of a mixture of urea 
and ammonium sulfate (9:1) in the experimental 
phase. Following the recommendations of Santos 
et al. (2011), for a period of seven days before 
the onset of the experiment, cows received the 
roughage containing only 0.5% of the mixture of 
urea aiming to acclimate to this ingredient added 
to the roughage. The concentrate supplementation 
level was defined by the isoproteic and isoenergetic 
balance of the diets according to NRC (2001) to 
meet the requirements for maintenance, a body 
weight gain of 0.15 kg/day, and production of 15 kg 
milk/day (Table 1).

Table 1. Proportion of ingredients, on a dry matter basis.

Feedstuff (%)
Palm kernel cake level (g/kg)
0 50 100 150

Sugarcane 68.40 64.92 61.01 57.50
Cornmeal 22.74 22.16 21.94 21.33
Soybean meal 7.08 6.59 6.20 5.69
Palm kernel cake 0.00 4.30 9.16 13.85
Mineral salt1 1.01 1.02 1.01 1.02
Dicalcium 
phosphate 0.50 0.42 0.31 0.21

Limestone 0.25 0.32 0.35 0.38
1Composition: calcium - 200 g; cobalt - 200 mg; copper 
- 1,650 mg; sulfur - 12 g; iron - 560 mg; fluorine - (max) 
1,000 g; phosphorus 100 g; iodine 195 mg; magnesium - 15 
g; manganese - 1,960 mg; nickel - 40 mg; selenium - 32 mg; 
sodium - 68 g; Zinc - 6,285 mg.

The animals were housed in 16-m2 individual 
covered stalls equipped with trough and drinker. 
The feed was supplied as a complete ration, twice 
daily, at 07h00 and 15h00, after milking, ad libitum, 
so as to allow 10% as refusals. In each experimental 
period, roughage and supplement were collected 
to evaluate the chemical composition of the diets 
(Table 2). Chemical analyses of the palm kernel 
cake (Table 3) acquired from the Óleos de Palma 
SA AGRO INDUSTRIAL company, located in 
Taperoá, BA, Brazil, were performed.
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Table 2. Chemical composition of sugarcane and diets.

Component Sugarcane 
+ urea

Palm kernel cake level (g/kg)
0 50 100 150

Brix1 18.51  -  -  -  - 
Dry matter (g DM/kg) 297.1 377.2 388.6 402.9 417.4
Crude protein (g/kg DM) 107.1 123.1 123.5 123.6 127.1
Ether extract (g/kg DM) 13.8 16.2 17.9 20.0 22.5
NDFap2 (g/kg DM) 585.4 446.5 432.7 438.8 447.9
Acid detergent fiber (g/kg DM) 485.8 382.9 384.6 394.2 377.0
Non-fibrous carbohydrates (g/kg DM) 343.7 445.9 455.1 444.5 426.5
Total carbohydrates (g/kg DM) 867.5 851.2 848.9 847.0 840.5
Lignin (g/kg DM) 98.5 49.2 70.0 82.9 99.9

1Concentration of soluble sugars in sugarcane. 2Neutral detergent fiber corrected for ash and protein.

Table 3. Chemical composition of palm kernel cake.

Component Palm kernel 
cake

Dry matter (g DM/kg) 922.5
Crude protein (g/kg DM) 143.4
Ether extract (g/kg DM) 105.6
NDFap1 (g/kg DM) 656.3
Acid detergent fiber (g/kg DM) 464.2
Lignin (g/kg DM) 183.1
Mineral matter (g/kg DM)   31.3

1 Neutral detergent fiber corrected for ash and protein.

Milk yield was assessed form the 15th to the 
19th days of each experimental period, in two 
daily weighings. Milk samples from the 1st and 
2nd milkings (with calf at foot) of the 16th day 
were collected in the amount of 1% of the daily 
production of each animal, for determination of 
protein, as described by Silva and Queiroz (2002); 
and fat, lactose, solids nonfat, and total solids as 
described by Pregnolato and Pregnolato (1985) 
(Table 4). One hundred milliliters of milk from 
these samples were collected from daily production 
and frozen for subsequent analysis of the milk fatty 
acid profile.

Table 4. Composition of milk from lactating cows fed 
diets with levels of palm kernel cake.

Composition (%)
Palm kernel cake level (g/kg)

0 50 100 150
Protein 3.1 3.0 3.1 3.0
Fat 4.0 4.2 4.2 4.3
Lactose 4.6 4.6 4.6 4.6
Solids nonfat 8.4 8.3 8.4 8.3
Total solids 12.3 12.5 12.6 12.6

For the extraction of total lipids from the 
fresh milk, 50 mL of each thawed sample were 
centrifuged at 12,000 rpm for 30 min at 4 ºC, 
in a microcentrifuge (Himac CF-16RX II) and 
the fat was collected and stored in Eppendorf 
tubes for later analysis (REVENEAU, 2008). 
The fatty acid methyl esters were obtained by 
the procedure described by Bannon et al. (1982), 
with modifications described by Simionato et al. 
(2010). Fatty acid methyl esters were analyzed 
by gas chromatography in a Thermo Finnigan 
chromatograph (model Trace-GC-Ultra) equipped 
with a flame ionization detector (FID) and fused 
silica capillary column (BPX-70; 120 m, 0.25 
mm ID). Gas flow rates were 6.5 mL.min-1 for 
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the carrier gas (H2); 30 mL.min-1 for the auxiliary 
gas (N2); 30 mL.min-1 for H2; and 250 mL.min-1 
for the synthetic air. The sample split ratio was 
90:10. Injection volumes were 1.2 μL. The peak 
areas of fatty acid methyl esters were determined 
using Chrom Quest 4.1 software. The fatty acids 
were identified by checking the equivalent chain 
length (ECL) of the peaks and comparing the 
retention times of the fatty acid methyl ester 
standards containing the linoleic acid isomers 
c9t11 and t10c12 (189-19, O-5632 and O-5626, 
Sigma, USA). The ECL values were determined as 
proposed by Visentainer and Franco (2006).

The data were evaluated by analyses of variance 
and regression, using the System for Statistical and 
Genetic Analyses - SAEG (2007). Statistical models 
were chosen according to the significance of the 
regression coefficients, using the “F” test at 5% 
probability level and the coefficient of determination 
(R2).

Results and Discussion

Inclusion of palm kernel cake did not change the 
concentrations of the caproic (C6:0), caprylic (C8:0), 

and capric (C10:0) short-chain fatty acids (SCFA) 
(Table 5).

Table 5. Short-chain fatty acid composition of milk from cows fed diets with levels of palm kernel cake.

Fatty acid
 (mg/g)

Palm kernel cake level (g/kg)
Eq.1 CV (%)2 P3

0 50 100 150
C6:0       2.04 2.42 2.34 2.45 2.31 46.24 0.320
C8:0 2.13 1.72 1.66 2.02 1.88 29.35 1.880
C10:0 5.04 4.40 4.08 4.90 4.60 23.53 1.862

1Regression equation; 2Coefficient of variation; 3Probability of error.

The short-chain fatty acids originate in the 
de novo synthesis, in which an intense lipogenic 
activity occurs from acetate and β-hydroxybutyrate, 
which are formed in the rumen (DAVIS; COLLIER, 
1985). The main metabolic pathway of the de 
novo synthesis involves two lipogenic enzymes: 
acetyl-CoA carboxylase and fatty acid synthetase. 
The former is responsible for the formation of 
malonyl-CoA from acetate, and the latter catalyzes 
the condensation of malonyl-CoA to acetyl-CoA 
and butyryl-CoA, produced from the metabolism 
of acetate and β-hydroxybutyrate, respectively 
(CHILLIARD et al., 2000). The concentrations of 
caproic (C6:0) and caprylic (C8:0) fatty acids were 
not changed, probably because they are synthesized 
from β-hydroxybutyrate and acetate, mainly through 
two other pathways that do not involve malonyl-
CoA (FOX et al., 2015).

Concentrations of lauric (C12:0) and myristic 
(C14:0) medium-chain fatty acids (MCFA) increased 
by 0.835 and 0.668 mg/g, respectively, with every 
unit of palm kernel cake added (Table 6).

The alteration in the composition of short- and 
medium-chain fatty acids is associated with a 
reduction in milk fat content (AVILA et al., 2000).

Farias (2012) evaluated the centesimal 
composition of the fatty acids present in palm 
kernel cake and observed that those at highest 
percentages were: lauric (C12:0) (47.40%), myristic 
(C14:0) (16.66%), palmitic (C16:0) (7.99%), and oleic 
(C18:1n-9c) (13.84%). According to Farias (2012), the 
increased concentration of lauric (C12:0) and myristic 
(C14:0) medium-chain fatty acids in the milk might 
have been influenced by the higher percentages 
of these fatty acids in the palm kernel cake. In the 
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present study, the results were similar, probably 
with fatty acid composition from palm kernel cake 

containing higher levels of lauric (C12:0) and myristic 
(C14:0) fatty acids.

Table 6. Medium-chain fatty acid composition of milk from cows fed diets with levels of palm kernel cake.

Fatty acid
 (mg/g)

Palm kernel cake level (g/kg)
Eq.1 CV (%)2 P3

0 50 100 150
C12:0   6.12 5.93 6.84 8.46 4 22.52 0.003
C14:0 14.56 14.55 13.35 17.17 5 16.9 0.010
C14:1   1.27 0.87 1.39 1.38 1.23 42.27 0.094
C15:0   1.44 0.98 1.06 0.98 6 25.77 0.002
C15:1 0.19 0.25 0.33 0.21 0.25 70.45 0.249
C16:0 37.77 36.3 35.35 32.72 35.53 12.57 0.095
C16:1 1.85 1.61 1.61 1.70 1.69 26.70 0.594

1Regression equation; 2Coefficient of variation; 3Probability of error. 4Ŷ = 4.743 + 0.835x, R2 = 0.21; 5Ŷ= 13.147 + 0.668x, R2 = 
0.06; 6Ŷ= 1.472 - 0.133x, R2 = 0.16.

The concentration of pentadecanoic (C15:0) fatty 
acid (Table 6) decreased linearly (P=0.002) by 1.33 
with every unit of palm kernel cake added.

The pentadecanoic (C15:0) saturated fatty acid 
present in milk is synthesized in the rumen and 
reaches the mammary gland through the blood, 
originating from the bacterial synthesis in the rumen 
(MASSART-LËEN et al., 1983). The importance 
of the nutrient-capture capacity of the bloodstream 
to the synthesis of milk components, according to 
Madsen et al. (2004), is positively correlated with 
the extraction of triglycerides by the mammary 
gland, and limited extraction results from a reduced 
synthesizing ability of this gland.

The myristoleic (C14:1), pentadecenoic (C15:1), 
palmitic (C16:0), and palmitoleic (C16:1) medium-
chain fatty acids were not influenced by inclusion 
of palm kernel cake in the diet. It is important to 
evaluate the milk from the nutraceutical food 
perspective, and among the estimated medium-chain 
fatty acid contents, special attention should be given 
to the C16:0 (palmitic) and C14:0 (myristic) saturated 
fatty acids. It should be stressed that myristic acid is 
the most hypercholesterolemic and has a four-time 

greater potential to elevate the plasma cholesterol 
concentration than palmitic acid (ROSSATO et 
al., 2009). Nevertheless, Chowdhury et al. (2014) 
gathered evidence on the association between fatty 
acids and coronary disease and asserted that the 
current evidence does not support the hypothesis 
that elevated consumption of polyunsaturated 
fatty acids and low consumption of total saturated 
fatty acids affect the occurrence of cardiovascular 
diseases.

The decreased proportion of short- and 
medium-chain fatty acids may be due to the 
reduced number of de novo synthesis precursors 
acetate and β-hydroxybutyrate, resulting from 
rumen fermentation, or to the direct inhibition of 
the enzymatic complex, involved in the de novo 
synthesis by the action of the long-chain fatty acids 
of vegetable oils (PALMQUIST et al., 1993). In 
the present study, there might have been inhibition 
of the enzymatic complex involved in the de novo 
synthesis and reduction of acetate production in the 
rumen, because when the microorganisms’ ability 
to saturate fatty acids is exceeded, unsaturated 
fatty acids accumulate and interfere with the rumen 
fermentation (NRC, 2001).



2779
Semina: Ciências Agrárias, Londrina, v. 37, n. 4, suplemento 1, p. 2773-2784, 2016

Fatty acid profile of milk from cows fed palm kernel cake

No effects were observed (P>0.05) on the 
concentrations of long-chain fatty acids (LCFA) 

with inclusion of palm kernel cake in the diet 
(Table 7).

Table 7. Long-chain fatty acid composition of milk from cows fed diets with levels of palm kernel cake.

Fatty acid
(mg/g)

Palm kernel cake level (g/kg)
Eq.1 CV (%)2 P3

0 50 100 150
C17:0 0.64 0.42 0.50 0.49 0.51 50.24 0.234
C17:1 0.46 0.62 0.35 0.26 0.42 119.10 0.336
C18:0 6.91 6.37 7.45 6.86 6.90 28.52 0.618
C18:1n-9 trans 0.94 0.90 1.06 0.88 0.94 25.26 0.228
C18:1n-9 cis 15.72 13.59 15.17 14.83 14.83 15.29 0.150
C18:2n-6 tras 0.47 0.46 0.47 0.48 0.47 48.83 0.520
C18:2n-6 cis 1.04 1.13 1.11 1.12 1.10 29.13 0.223
C18:3n-6 0.24 0.19 0.20 0.21 0.21 70.19 0.817
C18:3n-3 0.10 0.11 0.13 0.11 0.11 47.92 0.521
C18:2cis-9 trans-11 0.18 0.17 0.23 0.19 0.19 52.87 0.501
C20:0 0.25 0.28 0.24 0.24 0.25 67.48 0.948
C22:0 0.51 0.38 0.84 0.54 0.57 75.62 0.083

1Regression equation; 2Coefficient of variation; 3Probability of error.

During the fermentation process, lipolytic 
bacteria transform the unsaturated fatty acids, mainly 
the long-chain fatty acids (LCFA), into saturated 
C18:0 (stearic), through the biohydrogenation 
process. Stearic acid is neither related to a serum 
cholesterol increase nor associated with the origin 
of cardiovascular problems, because once in the 
body, it undergoes modifications and becomes C18:1n-

9cis (oleic), considered a neutral fatty acid (MOTTA, 
2005). Although stearic acid is the main product 
of rumen biohydrogenation of unsaturated fatty 
acids, some conditions affect biohydrogenation, 
e.g. the lipid content of the diet and the rumen pH 
(OLIVEIRA et al., 2007).

Farias (2012) observed that inclusion of palm 
kernel cake in diets for dairy cows on pasture 
changed the levels of LCFA, C18:2n-6 (linoleic), 
C18:2t10c12 (CLA), and C20:0 (arachidic). According 
to this author, the use of concentrate in the diet 
changes the milk fatty acid profile, due to the 
influence on the microbial fermentation factors, 

with alterations in the rumen fermentation 
pattern, and through species of rumen bacteria. 
In certain types of diets, the rumen environment 
is changed, and a part of biohydrogenation occurs 
in a way that CLA trans-10, cis-12 are produced. 
Bifidobacterium, Propionibacterium, Streptococus, 
and Lactobacillus have been pointed out as 
producers of CLA trans-10 cis-12. These bacteria 
are present in a larger number in the rumen in 
high-concentrate diets (JENKINS, 2008), making 
the greater production of this isomer in these types 
of diets consistent.

The LCFA can exert an influence on the other 
milk-incorporated components. According to 
Grummer (1991), the LCFA inhibit the incorporation 
of MCFA and SCFA in the milk fat, due to the action 
of the acetyl-CoA carboxylase enzyme. According to 
Palmquist et al. (1993), LCFA in the diet originating 
from body mobilization, resulting from a negative 
energy balance, inhibit the de novo synthesis in the 
mammary gland.
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The polyunsaturated, monounsaturated, and 
saturated fatty acids were not influenced (P>0.05) 

by the inclusion of palm kernel cake in the diet 
(Table 8).

Table 8. Fatty acid composition of milk from cows fed diets with levels of palm kernel cake.

Fatty acid
(mg/g)

Palm kernel cake level (g/kg)
Eq.1 CV%2 P3

0 50 100 150
PUFA4   1.87   2.17   2.2   1.99   2.06   25.82 0.388
MUFA5 20.4 18.71 19.85 19.34 19.58   15.06 0.547
SFA6 78.1 76.63 72.66 76.28 75.92   9.45 0.311
n-67   1.52   1.78   1.83   1.63   1.69   25.72 0.300
n-38   0.10   0.11   0.14   0.11   0.11   47.92 0.521
PUFA/SFA9   0.24   0.29   0.31   0.26   0.28 26.93 0.181
n-6/n-310 18.82 28.06 15.83   18.05 20.06 118.91 0.615
CLA11   0.25   0.28   0.24   0.24   0.25   67.48 0.948

1Regression equation; 2Coefficient of variation; 3Probability of error. 4PUFA - polyunsaturated fatty acids; 5MUFA - monounsaturated 
fatty acids; 6SFA - saturated fatty acids; 7n-6 - fatty acids of the omega 6 series; 8n-3 - fatty acids of the omega 3 series; 9PUFA/SFA 
ratio between polyunsaturated and saturated fatty acids; 10n-6/n-3 - ratio between omega 6 and omega 3 series fatty acids; 11CLA - 
conjugated linoleic acid.

No effects were observed with addition of palm 
kernel cake (P>0.05) on the fatty acids of the omega 
6 and 3 series, or on the polyunsaturated/saturated 
or omega 6/omega 3 fatty acid ratios (Table 8).

According Simopoulos (2002), although the 
quantitative requirements for the omega 3 fatty 
acids have not been established yet, it is assumed 
that the ratio can range from 5:1 to 10:1. These 
values are different from that observed in this study, 
which was higher 20.06 mg/g.

Despite the lack of differences for the omega 
6/omega 3 ratio between the levels of inclusion 
of palm kernel cake, the mean values found here 
are much higher than the recommended values to 
decrease the risk of cancer and coronary problems, 
which should be below 4 (HAUG et al., 2007; 
MARTIN et al., 2006).

Conjugated linoleic acid (CLA) was not 
influenced (P>0.05) by inclusion of palm kernel 
cake in the diet, averaging 0.25 g/100 g (Table 
8), similarly to the 0.27 g/100 g found by Farias 
(2012), who used this ingredient in diets for 

lactating cows and obtained a similar average 
value of 0.27 g/100 g.

Barbosa (2010) found that conjugated linoleic 
acid was approximately 44% higher in the treatment 
with palm kernel cake (60% palm kernel cake from 
the roughage) as compared with control treatment. 
As stated by Leite and Lana (2009), the absorption 
of fatty acids from the diet is influenced by the 
biohydrogenation process, which is performed 
by the rumen microorganisms. The manipulation 
of this process through alterations in the diet can 
influence the synthesis of fatty acids beneficial to 
the human health, such as oleic acid and conjugated 
linoleic acid. Although the palm kernel cake has a 
high ether extract content (10.56%), the increased 
EE content of the diets was not sufficient to change 
the concentration of CLA.

Inclusion of palm kernel cake in diets for 
lactating cows influences the medium-chain fatty 
acids, lauric (C12:0), myristic (C14:0), pentadecanoic 
(C15:0) and the C18:2n-6trans fatty acid contents in their 
milk. Up to the level of 15%, it does not influence 
the concentrations of long-chain, polyunsaturated, 
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monounsaturated, and saturated fatty acids, 
conjugated linoleic acid, or the omega 6 and omega 
3 series fatty acids.
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