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  ABSTRACT 

  The objective of the study was to determine the ef-
fects of adding flaxseed or fish oil to the diet on the milk 
fatty acid profile of cows. The experiment was conduct-
ed in the summer of 2006 and involved 24 Friesian cows 
that were divided into 3 groups of 8 animals according 
to different type of fat supplementation: a traditional 
diet with no fat supplementation, a diet supplemented 
with whole flaxseed, and a diet supplemented with fish 
oil. Results suggested that whole flaxseed supplementa-
tion positively affects the milk fatty acid profile during 
summer. In particular, milk from cows receiving flax-
seed supplementation showed a decrease in saturated 
fatty acid, an increase in monounsaturated fatty acid, 
and, together with the milk from fish oil-supplemented 
cows, an increase in polyunsaturated fatty acid content 
compared with milk from control cows. As expected, 
both fish oil and flaxseed supplementation increased 
the content of n-3 polyunsaturated fatty acids in milk 
fat. The increased dietary intake of C18:3 in flaxseed-
supplemented cows resulted in increased levels of milk 
C18:1 trans-11 and increased conjugated linoleic acid 
C18:2 cis-9,trans-11 by Δ9-desaturase activity. Milk 
from flaxseed-supplemented cows together with the 
high conjugated linoleic acid content was characterized 
by low atherogenic and thrombogenic indices, suggest-
ing that its use has less detrimental effects concerning 
the atherosclerosis and coronary thrombosis risk associ-
ated with the consumption of milk and dairy products. 
In conclusion, flaxseed supplementation improves com-
position and nutritional properties of milk from cows 
milked during times of high ambient temperature. 
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  INTRODUCTION 

  Southern Italy is characterized by a typical Medi-
terranean climate that undergoes extended periods of 
high environmental temperatures, relative humidity, 
and solar radiation during summer. Cows show as much 

as a 40% decrease in feed intake at 40°C, combined 
with reduced milk production and a change in milk 
composition during summer (Kadzere et al., 2002). 
In addition, high ambient temperature has a direct 
effect on reducing the secretory ability of udder cells 
(Silanikove, 1992). In the past, the maintenance of milk 
production has been obtained by reducing the fiber and 
increasing the concentrate in the diet, improving the ef-
ficiency of metabolized energy utilization of cows (West 
et al., 1999). Recently, supplemental rumen-protected 
fats of different sources had been administrated to 
heat-stressed dairy cows to improve their physiological 
responses and production (Chan et al., 1997; Moore et 
al., 2005; Liu et al., 2008). 

  Oilseeds are rich in polyunsaturated fatty acids 
(PUFA), which can be fed to dairy animals to modify 
the milk fatty acid (FA) profile and produce a more 
nutritionally beneficial milk for human consumption 
(Kennelly, 1996). Feeding flaxseed to dairy cows de-
creases the concentrations of short- and medium-chain 
FA and increases the long-chain FA content in milk 
fat (Mustafa et al., 2003; Petit, 2003). On the other 
hand, fish oil addition to dairy cows diet has been sug-
gested to specifically increase the long-chain n-3 FA 
and C20:5 eicosapentaenoic acid (EPA) and C22:6 do-
cosahexaenoic acid (DHA) contents in milk (Chilliard 
et al., 2001). 

  Conjugated linoleic acid (CLA) isomers are a group 
of linoleic acid isomers, mainly contained in dairy prod-
ucts, that are considered to have anticarcinogenic, anti-
atherogenic, and antiobesity effects and immunomodu-
latory properties (McGuire and McGuire, 2000). In 
particular, ruminant milk is rich in C18:2 cis-9,trans-11 
CLA isomer, which is synthesized both in the rumen 
through the biohydrogenation of linoleic acid and in the 
mammary gland through the desaturation of transvac-
cenic acid C18:1 trans-11 by Δ9-desaturase. The CLA 
content in cow milk can be manipulated by the diet. 
Vegetable oils rich in linolenic acid have been supple-
mented to dairy cows to enhance the milk content of 
C18:2 cis-9,trans-11 CLA (Zheng et al., 2005; Bu et al., 
2007). 

  The aim of the study was to evaluate the effects of 
2 different lipid supplementations (flaxseed vs. fish oil) 
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on milk composition and milk FA profile from cows 
during summer.

MATERIALS AND METHODS

Animals, Experimental Design,  
and Dietary Treatments

The experiment was conducted on a commercial 
farm located approximately 20 km north-east of Fog-
gia, Apulia, Southern Italy (latitude 41°27′6″, longitude 
15°33′5″). A 12-wk trial was performed from June to 
September of 2006 with 24 Italian Friesian cows that 
were divided into 3 groups of 8 animals and blocked 
according to DIM (100.11 ± 3.79), parity (2.46 ± 0.26), 
milk yield (24.37 ± 0.36 kg/d), and milk fat (3.77 ± 
0.13) and protein (3.03 ± 0.08) content. Treatments 
involved feeding diets with different type of fat supple-
mentation. Experimental diets (Table 1) were 1) a con-
trol diet containing corn, oat hay, concentrate, and no 
supplemental fat (CT); 2) a diet containing 1.2 kg/d 
of whole flaxseed in substitution of an equal amount of 

concentrate (FS); and 3) a diet containing 200 g/d of 
microencapsulated fish oil in addition to CT diet (FO). 
Formulation and chemical composition of the diets are 
shown in Table 1. Cows were housed in tie stalls and 
water was available ad libitum. The diets were fed twice 
daily and each group of cows was fed separately. Cows 
in all groups completely consumed the daily ration 
given. The DMI was 16.57 kg/d for CT cows, 16.75 
kg/d for FO cows, and 16.61 kg/d for FS cows (SE ± 
0.2 kg/d). The NEL of the diet was calculated by using 
NRC (2001) (Table1). Milking was carried out twice 
daily (0600 and 1700 h) and milk yield was recorded 
every 14 d. Environment temperature and humidity 
on the farm were monitored using TIG2-TH thermo-
hygrographs (LSI, Settala Premenugo–Milan, Italy). 
The temperature-humidity index (THI) was calculated 
as proposed by Kelly and Bond (1971).

Feed Sampling and Analysis

The chemical composition of the diets was deter-
mined by standard procedures (AOAC, 1990; Table1). 
A representative sample of feed supplementation was 
collected for FA analysis of feed according to Sukhija 
and Palmquist (1988). The FA methyl esters (FAME) 
were analyzed on an Agilent 6890N gas chromatograph 
(Agilent Technologies, Santa Clara, CA). Separation 
of FAME was performed using a DB 23 fused-silica 
capillary column (60 m × 0.25 mm i.d, 0.25μm film 
thickness; Agilent Technologies). Operating conditions 
were as follows: helium flow-rate of 1.2 mL/min, flame 
ionization detector (FID) at 250°C, a split-splitless in-
jector at 240°C, and an injection volume of 1 μL with 
a split ratio 1:50. The initial column temperature was 
set at 60°C, increased to 180°C at 25°C/min, and finally 
increased to 230°C at 6°C/min and held for 15 min. 
Individual FAME peaks were identified using standards 
from Matreya (Matreya LLC, Pleasant Gap, PA). Each 
FA was reported as a percentage of FAME (Table 1).

Milk Sampling and Analysis

Milk samples from each cow were collected at morn-
ing and afternoon milkings every 14 d for the duration 
of the 12-wk treatment period. One aliquot was stored 
at −20°C for FA analysis. Fresh samples were used for 
chemical analysis consisting of the following measure-
ments: evaluation of pH (GLP 21 Crison, Spain), total 
protein, CN, fat, and lactose content using an infrared 
spectrophotometer (MilkoScan 133B, Foss Electric, 
Hillerød, Denmark) according to the IDF (1990) stan-
dard; evaluation of SCC using a Foss Electric Fosso-
matic 90 cell counter (IDF, 1995); and evaluation of 
the renneting characteristics (clotting time, rate of clot 
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Table 1. Ingredients, chemical composition, and NEL of the 
experimental diets (DM basis)1 

Item CT FO FS

Concentrate2 61.40 60.70 54.80
Corn 5.70 5.70 5.70
Oat hays 32.90 32.50 33.00
Whole flaxseed 0 0 6.50
Fish oil 0 1.10 0
DM, % 92.04 92.00 92.26
Ether extract, % of DM 3.23 3.46 5.31
CP, % of DM 15.43 15.36 15.21
ADF, % of DM 22.72 22.49 22.75
NDF, % of DM 40.99 41.45 40.84
ADL,3 % of DM 3.98 3.95 4.09
NEL, Mcal/kg 1.68 1.69 1.65
Fatty acids, % of total of fatty acids   
 C14:0 4.76 4.77 4.59
 C16:0 21.18 21.13 20.40
 C16:1 0.78 0.85 0.76
 C18:0 6.71 6.68 6.65
 C18:1 cis-9 28.46 28.33 27.59
 C18:2 cis-9,cis-12 25.52 25.30 24.24
 C18: n-3 3.90 3.87 7.01
 C20:5n-3 0 0.07 0
 C22:6n-3 0 0.07 0

1CT = control group with no fat supplementation; FO = fat supple-
mentation based on fish oil (Orovital Cod, Ascor Chimici srl, Capocolle 
di Bertinoro, Italy); FS = fat supplementation based on flaxseed (Lin 
Tech, Tecnozoo srl, Torreselle di Piombino Dese, Italy).
2Contained: corn meal, roasted soybean meal, wheat germ meal, wheat 
meal, roasted soybean seeds, barley meal, wheat fine bran, sugarcane 
molasses, partially debarked sunflower meal, calcium carbonate, cal-
cium hydrogen phospate, sodium bicarbonate, sodium chloride, mag-
nesium oxide, 40 IU/g of vitamin A, 4 IU/g of vitamin D3, 0.004% 
vitamin E, 0.0005% vitamin B1, 0.0002% vitamin B2, 0.02% niacin, 
0.05% Cl, 0.003% Fe, 0.00025% Co, 0.0006% I, 0.009% Mn, 0.001% 
Cu, 0.025% Zn, and 0.00003% Se.
3ADL = acid detergent lignin.



formation, and clot firmness after 30 min) using a Foss 
Electric formagraph. The milk coagulating index was 
calculated as the clot firmness to clotting time + rate 
of clot formation ratio. Milk energy output was calcu-
lated according to the formula of Crovetto and van der 
Honing (1984).

For the analysis of milk FA, milk fat was extracted 
according to the procedure of Luna et al. (2005) and 
transesterification of FA according to ISO-IDF (2002) 
procedures. Fatty acid methyl esters were separated and 
measured using a gas chromatograph (Agilent 6890N) 
equipped with CP-Sil 88 fused-silica capillary column 
(100 m × 0.25 mm i.d.; 0.25 μm film thickness). Oper-
ating conditions were as follows: a helium flow-rate of 1 
mL/min, a flame ionization detector at 260°C, a split-
splitless injector at 260°C, and an injection volume of 
1 μL with a split ratio 1:50. The temperature program 
of the column was set at 100°C and subsequently in-
creased to 240°C at 3.5°C/min and held for 15 min. 
Each peak was identified using standard from Matreya 
(Matreya LLC). Fatty acids were reported as g/100 g 
of FAME total and saturated FA, monounsaturated 
FA, and PUFA were calculated. The desaturase indices 
were calculated as described by Kelsey et al. (2003). 
Atherogenic and thrombogenic indices were calculated 
according to Ulbricht and Southgate (1991).

Statistical Analysis

All variables were tested for normality using the 
Shapiro-Wilk test (Shapiro and Wilk, 1965) and 
transformed into logarithm form to normalize their 
frequency distribution, when necessary. Then, data 
were processed by ANOVA using the GLM procedure 
of SAS (SAS Institute, 1999) for repeated measures. 
The variation attributable to the fat supplementation 
was tested. The variation attributable to fat supple-
mentation, time of sampling, and their interactions was 
tested for milk, protein, and fat yield and milk energy 
output. Individual animal variation within treatment 
was used as the error term. When significant effects 
were found (at P < 0.05), Student’s t-test was used to 
locate significant differences between means.

RESULTS

Environmental Conditions

Temporal variations of maximum, minimum, and 
mean THI during the 12-wk treatment period are shown 
in Figure 1. The mean THI value registered during the 
study period was 76.1 ± 3.1, and the average of the 
maximum THI values was of 86.0 ± 3.1. The varia-
tions of THI registered were the results of high relative 

humidity values, which reached 91% as average of the 
maximum values. In particular, the highest minimum 
value of THI was 70.60 ± 2.67 and was registered dur-
ing wk 10 of the trial. Mean THI values ranged from 
71.18 ± 4.76 to 80.21 ± 2.06, and maximum THI values 
ranged from 82.22 ± 3.26 to 90.31 ± 4.52.

Milk Yield and Milk Composition

No significant differences were found for milk yield 
among groups even if milk yield was numerically higher 
in milk from FS cows than in milk from CT cows (24.00 
vs. 22.45 ± 0.87 kg/d; Table 2). Protein and CN yields 
were significantly higher in milk of FS cows than in 
milk of FO and CT cows (P < 0.01). In addition, pro-
tein yield was affected by time of sampling (P < 0.01). 
A reduction in milk protein yield was found in CT cows 
compared with FS cows at wk 10 of the experiment (P 
< 0.1; Figure 2). Flaxseed supplementation positively 
affected the milk fat percentage and milk fat yields 
(P < 0.05 and P < 0.01, respectively). In particular, 
milk fat content of FS cows was 10% higher than milk 
fat content of CT cows and 12% higher than milk fat 
content of FO cows. Milk fat yield in FS cows was 21 
and 17% higher than milk fat yield in CT and FO cows, 
respectively. An effect of time of sampling for milk fat 
yield was found (P < 0.001). At wk 10 of the trial, FS 
cows displayed higher fat yield than CT and FO cows 
(P < 0.1; Figure 3). No significant differences for pro-
tein, CN, and lactose contents, milk SCC, and rennet-
ing parameters were observed among treatments (data 
not shown). Milk energy output was affected by fat 
supplementation (P < 0.05). The FS cows had higher 
milk energy output (3.05 ± 0.06 MJ/kg) than both the 
CT and FO cows (2.85 ± 0.06 and 2.86 ± 0.06 MJ/kg, 
respectively).

Milk FA Composition

The effect of the experimental diet on FA composi-
tion and nutritional indices of milk are shown in Tables 
3 and 4. Supplementation with flaxseed and fish oil 
significantly affected milk FA profile. The content of 
C4:0 in milk from FS cows was lower (P < 0.05) than 
in milk from FO cows, whereas no differences emerged 
among treatments for the content of FA C6:0 to C12:0. 
Milk from FS cows resulted in lower C14:0 content than 
milk from CT cows (P < 0.05) and lower C15:0, C16:0, 
C17:0, and C17:1 contents than milk from CT and FO 
cows (P < 0.001). The C18:0 and C18:1 cis-9 contents 
were higher (P < 0.01) in the milk of FS cows than in 
the milk of FO and CT cows. Dietary supplementations 
increased contents of milk C18:1 trans-11 (P < 0.01) 
and C18:2 cis-9,trans-11 CLA isomer (P < 0.001) when 
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compared with the CT diet. In addition, the content of 
the C18:2 cis-9,trans-11 CLA isomer was higher in milk 
from FS cows than in milk from FO cows. On the other 
hand, milk from FO cows had a higher C18:2 trans-
10,cis-12 content than milk from FS and CT cows (P < 
0.001). As expected, dietary supplementation increased 
(P < 0.001) the content of n-3 PUFA in milk fat com-
pared with CT milk fat, even if milk from FO cows 
showed higher n-3 PUFA content than milk from FS 
cows. In particular, α-linolenic acid (C18:3n-3) content 
was higher (P < 0.05) in milk from FO cows than in 
milk from CT cows. Moreover, the C18:3n-3 content of 

milk accounted for about 81% of the total n-3 PUFA in 
FO milk and for 98% in FS milk. The remaining 19% of 
the total n-3 PUFA in FO milk consisted of C20:3n-3, 
C20:5n-3, and C22:6n-3, the contents of which were the 
highest in FO milk (P < 0.001). Content of C20:3n-6 
was higher in CT milk than in FO milk (P < 0.05). The 
total n-6 PUFA content was higher in FS milk than in 
FO and CT milk (P < 0.05). The FS cows produced 
the milk with the lowest saturated (P < 0.01) and the 
highest monounsaturated (P < 0.05) FA contents and 
the highest total CLA content (P < 0.001) compared 
with CT and FO cows. The total CLA content of FO 
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Figure 1. Daily averages of temperature-humidity index (THI) values (minimum, maximum, and mean) detected during the days of the 
experimental period, calculated using the formula of Kelly and Bond (1971).

Table 2. Least squares means ± SEM of milk yield and composition of cows fed the experimental diets1 

Item

Treatment

SEM Effect, P-valueCT FO FS

Yield, kg/d      
 Milk 22.45 23.04 24.00 0.87 NS
 Fat 0.79b 0.82b 0.96a 0.03 **
 Protein 0.68b 0.7 b 0.78a 0.02 **
 CN 0.54b 0.55b 0.62a 0.02 **
Milk composition, %     
 Fat 3.62b 3.56b 3.99a 0.13 *
 Protein 3.07 3.08 3.25 0.08 NS
 CN 2.42 2.42 2.59 0.06 NS
 Lactose 4.79 4.75 4.85 0.04 NS
pH 6.63 6.63 6.62 0.02 NS
SCC, log10 cells/mL 4.99 5.03 5.34 0.18 NS

a,bMeans in the same row with different superscripts differ (P < 0.05).
1CT = control group with no fat supplementation; FO = fat supplementation based on fish oil (Orovital Cod, 
Ascor Chimici srl, Capocolle di Bertinoro, Italy); FS = fat supplementation based on flaxseed (Lin Tech, 
Tecnozoo srl, Torreselle di Piombino Dese, Italy).
*P < 0.05; **P < 0.01.



milk was, in turn, higher than that of CT milk. Poly-
unsaturated FA significantly increased (P < 0.05) when 
cows were fed FS and FO diets. We calculated the 4 
major products of Δ9-desaturase activity in the mam-
mary gland. The Δ9-desaturase indexes for C14:1 cis-9/

C14:0, C16:1 cis-9/C16:0, and C18:1 cis-9/C18:0 were 
not different among treatments (Table 4). The FS diet 
increased the C18:2 cis-9,trans-11/C18:1 trans-11 Δ9-
desaturase index (P < 0.001) compared with FO and 
CT diets. In addition, milk from FO cows showed higher 
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Figure 2. Milk protein yield (LSM ± SEM) measured in cows fed control diet (CT), fish oil (FO), or flaxseed (FS) at the beginning of the 
trial (wk 0) and then at 2, 4, 6, 8, 10, and 12 wk of the trial. Values with different letters differ between feeding treatments within a sampling 
day (P < 0.1).

Figure 3. Milk fat yield (LSM ± SEM) measured in cows fed control diet (CT), fish oil (FO), or flaxseed (FS) at the beginning of the trial 
(wk 0) and then at 2, 4, 6, 8, 10, and 12 wk of the trial. Values with different letters differ between feeding treatments within a sampling day 
(P < 0.1).



C18:2 cis-9,trans-11/C18:1 trans-11 Δ9-desaturase in-
dex than milk from CT cows. Our results showed that 
flaxseed supplementation increased of 57% the mam-
mary gland Δ9-desaturase activity for CLA synthesis. 
The atherogenic index was the lowest in FS milk and 
thrombogenic index was lower in FS milk than in CT 
milk (P < 0.05).

DISCUSSION

In dairy cows the physiological responses to high 
ambient temperature involve the reduction of milk pro-
duction and feed intake. Armstrong (1994) suggested 
that the THI value of 72 can be considered the end of 
the comfort zone for lactating cows and found that milk 
production decreases after 72. As expected, when the 

minimum THI averaged 70 and the mean THI averaged 
79.5, a reduction in milk yield was found. Fat supple-
mentation to dairy cows has been considered a benefi-
cial strategy to minimize the negative effects of high 
ambient temperatures on energy balance and nutrient 
intake (Knapp and Grummer, 1991). Milk production 
does not always positively respond to supplemental fat 
(Chan et al., 1997; Drackley et al., 2003; Moore et al., 
2005; Rego et al., 2005). The failure to find a direct 
effect of fat supplementation on milk yield in previous 
trials could depend on several factors, including the 
source of fat and the level of supplementation. The ef-
fects of flaxseed supplementation on protein yield are 
conflicting (Ward et al., 2002; Petit, 2003; Gonthier et 
al., 2005). Results obtained in this experiment suggest 
that whole flaxseed supplementation during summer 
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Table 3. Least squares means ± SEM and sums of fatty acid composition (g/100 g of total fatty acids) of milk 
from cows fed the experimental diets1 

Fatty acid

Treatment

SEM Effect, P-valueCT FO FS

C4:0 5.45ab 5.55a 5.23b 0.083 *
C6:0 2.86 2.85 2.79 0.36 NS
C8:0 1.49 1.43 1.44 0.036 NS
C10:0 2.93 2.68 2.77 0.112 NS
C12:0 3.09 2.82 2.87 0.12 NS
C14:0 10.96a 10.68ab 10.14b 0.27 *
C14:1 cis-9 0.59 0.60 0.56 0.0019 NS
C15:0 0.93a 0.93a 0.83b 0.018 ***
C16:0 25.81a 26.31a 23.74b 0.42 ***
C16:1 cis-9 1.21 1.29 1.08 0.072 NS
C17:0 0.45a 0.47a 0.38b 0.01 ***
C17:1 0.163a 0.176a 0.13b 0.0051 ***
C18:0 11.50b 11.48b 13.20a 0.36 **
C20:0 0.090b 0.16a 0.080c 0.003 ***
C20:1 0.24a 0.25a 0.113b 0.005 ***
C18:1 trans-9 0.662 0.66 0.69 0.018 NS
C18:1 trans-11 1.82b 2.00a 2.05a 0.041 **
C18:1 cis-9 25.43b 24.90b 27.05a 0.43 **
C18:2 trans-9,trans-12 0.06b 0.038c 0.126a 0.004 ***
C18:2 cis-9,cis-12 2.74 2.78 2.56 0.09 NS
C18:2 cis-9,trans-11 0.37c 0.45b 0.87a 0.013 ***
C18:2 trans-10,cis-12 0.13b 0.154a 0.123b 0.0023 ***
C18:3n-3 0.75b 0.84a 0.81ab 0.021 *
C20:3n-3 0.001b 0.0189a 0.001b 0.0017 ***
C20:5n-3 0.003c 0.0601a 0.022b 0.0023 ***
C22:6n-3 0.001b 0.1172a 0.001b 0.004 ***
C20:3n-6 0.098a 0.059b 0.08ab 0.0086 *
C20:4n-6 0.1400 0.135 0.124 0.006 NS
Σ Conjugated linoleic acid 0.50c 0.60b 1.00a 0.013 ***
Σ Saturated fatty acids 65.58a 65.37a 63.47b 0.45 **
Σ Monounsaturated fatty acids 30.13b 29.88b 31.68a 0.43 *
Σ Polyunsaturated fatty acids 4.30b 4.65a 4.72a 0.1 *
Σ n-3 0.76c 1.043a 0.83b 0.23 ***
Σ n-6 3.54b 3.61b 3.89a 0.07 *

a–cMeans in the same row with different superscripts differ (P < 0.05).
1CT = control group with no fat supplementation; FO = fat supplementation based on fish oil (Orovital Cod, 
Ascor Chimici srl, Capocolle di Bertinoro, Italy); FS = fat supplementation based on flaxseed (Lin Tech, 
Tecnozoo srl, Torreselle di Piombino Dese, Italy).
*P < 0.05; **P < 0.01; ***P < 0.001.



months may have a positive influence on milk protein 
synthesis, given that milk yield increased by 7% and 
protein and CN yield by 15% in milk from FS cows 
compared with milk from CT cows. The increase in 
milk protein yield could be the result of a decrease in 
the ruminal protein degradability of the whole flaxseed 
supplemented. The administration of whole flaxseed 
could have increased the flow of N to the duodenum 
because of its greater bypass protein content. As a con-
sequence, the AA availability for protein synthesis in 
the mammary gland increased. Ikwuegbu and Sutton 
(1982) reported that protein digestion in the rumen 
decreased and N flow to the duodenum increased when 
linseed oil was infused in sheep rumen because of a 
reduction in rumen fauna.

High ambient temperature during summer months 
has been associated with depression in milk fat per-
centage (Moody et al., 1967). On the other hand, fat 
supplementation can also induce milk depression (re-
viewed by Bauman et al., 2001). In the current study, 
the increase in milk fat of FS cows was expected, given 
that they received about 2% more dietary fat than CT 
and FO cows. However, diets had a very similar NEL 
and flaxseed supplementation also improved the fat 
yield through a more increased, although not different, 
milk yield in FS cows. Indeed, flaxseed supplementa-
tion improved energy utilization for milk synthesis 
compared with FO and CT diets, as shown by milk 
energy output. In addition, flaxseed supplementation 
maintained fat yield unchanged throughout the trial; 

on the contrary, a reduction of fat yield in CT and 
FO cows was found with the increase in THI. Fish oil 
supplementation did not positively affect milk yield 
and composition of experimental cows. The effects of 
fish oil supplementation on milk yield and quality de-
pend on different doses. Previous findings stated that 
fish oil supplementation reduced both protein and CN 
yields and contents of milk when administrated in doses 
of 300 mL/d or higher (Chilliard and Doreau, 1997; 
Lacasse et al., 2002).

The main aim of this work was to evaluate the ef-
fect of different lipid sources on milk FA profile from 
cows under hot conditions. Several feeding strategies 
have been studied that aim to reduce the concentra-
tion of saturated FA and increase the concentration 
of PUFA in milk (Mustafa et al., 2003; Sarrazin et al., 
2004). Milk from cows receiving flaxseed supplemen-
tation displayed an improvement in the FA profile, 
with an increase in the PUFA and monounsaturated 
FA content and a decrease in saturated FA content. 
These results are in agreement with recent studies 
(Ward et al., 2002; Mustafa et al., 2003; Soita et al., 
2003; Gonthier et al., 2005), which reported similar 
changes in milk fat when flaxseed supplements were 
used. In particular, in the present study the decrease 
in C14:0 and C16:0 contents in milk from FS cows 
may be a positive goal from a human health perspec-
tive because high proportions of C14:0 and C16:0 has 
been associated with human cardiovascular problems 
(Noakes et al., 1996).
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Table 4. Least squares means ± SEM of desaturase and nutritional indices of milk from cows fed the 
experimental diets1 

Item

Treatment

SEM Effect, P-valueCT FO FS

Desaturase indices2      
 C14:1 cis-9 0.052 0.053 0.053 0.0018 NS
 C16:1 cis-9 0.045 0.047 0.043 0.0023 NS
 C18:1 cis-9 0.69a 0.68ab 0.67b 0.0052 NS
 Conjugated linoleic acid 0.170c 0.187b 0.294a 0.0043 ***
Nutritional indices3     
 Atherogenic index 2.119a 2.093b 1.859c 0.62 *
 Thrombogenic index 2.50a 2.41ab 2.31b 0.046 *

a–cMeans in the same row with different superscripts differ (P < 0.05).
1CT = control group with no fat supplementation; FO = fat supplementation based on fish oil (Orovital Cod, 
Ascor Chimici srl, Capocolle di Bertinoro, Italy); FS = fat supplementation based on flaxseed (Lin Tech, 
Tecnozoo srl, Torreselle di Piombino Dese, Italy).
2Desaturase indices are ratio of the Δ9-desaturase product divided by the sum of the Δ9-desaturase product 
and substrate as described by Kelsey et al. (2003). For example, the desaturase index for C14:1 cis-9 would be 
(C14:1 cis-9)/(C14:1 cis-9 + C14:0).
3Atherogenic and thrombogenic indexes were calculated using Ulbricht and Southgate’s (1991) formulas: 
atherogenic index = (C12:0 + 4 × C14:0 + C16:0)/[ Σ monounsaturated fatty acids + Σ polyunsaturated fatty 
acids (n-6) + (n-3)]; thrombogenic index = (C14:0 + C16:0 + C18:0)/[5.0 × Σ monounsaturated fatty acids + 
0.5 × Σ polyunsaturated fatty acids (n-6) + 3 × Σ polyunsaturated fatty acids (n-3) + (n-3)/(n-6)].
*P < 0.05; ***P < 0.001.



The increased content of C18 FA in the milk fat of 
cows fed the flaxseed diet has been reported by several 
authors (Mustafa et al., 2003; Loor et al., 2005). The 
increase of C18:1 can be the result of partial biohydro-
genation of C18:2 and C18:3 FA and of the desatura-
tion of C18:0 in the mammary gland (Kennelly, 1996). 
On the other hand, the reduced content of stearic 
acid observed in milk from cows fed fish oil could be 
ascribed to a reduced biohydrogenation in the rumen 
of C18:1 to C18:0. This may account for the reduced 
C18:1 cis-9 content of milk from FO cows as well as 
the reduced milk fat synthesis compared with FS cows. 
Several studies supported the hypothesis that fish oil 
can induce milk fat depression by acting on the reduc-
tion of C18:0 availability (Chilliard et al., 2001; Loor et 
al., 2005). The increased dietary intake of C18:3 in flax-
seed-supplemented cows resulted in increased levels of 
C18:1 trans-11 and increased CLA C18:2 cis-9,trans-11 
by Δ9-desaturase activity. Fish oil supplementation also 
resulted in increased levels of milk C18:1 trans-11 even 
though a proportional increase in C18:2 cis-9,trans-11 
did not emerge. On the contrary, Shingfield et al. 
(2003) reported that feeding fish oil enhanced C18:2 
cis-9,trans-11 content as a consequence of the increased 
supply of C18:1 trans-11. The endogenous synthesis 
of CLA C18:2 cis-9,trans-11 by Δ9-desaturase of the 
mammary gland is strictly connected to C18:1 trans-11 
content of milk, and previous studies stated that milk 
with high CLA content also had high C18:1 trans-11 
content (Griinari et al., 2000). The reduced activity of 
Δ9-desaturase in the mammary gland of fish oil-sup-
plemented cows could be the result of fish oil-derived 
FA that may reduce Δ9-desaturase activity by decreas-
ing Δ9-desaturase mRNA abundance of the mammary 
gland (Ahnadi et al., 1998; Chilliard et al., 2001). In 
addition, Baumgard et al. (2000) demonstrated that in 
dairy cows the C18:2 trans-10,cis-12 CLA isomer can 
inhibit the Δ9-desaturase of the mammary gland. The 
high levels of C18:2 trans-10,cis-12 together with the 
reduced levels of Δ9-desaturase activity detected in milk 
from FO cows suggest that the C18:2 trans-10,cis-12 
CLA isomer is the main fish oil-derived FA responsible 
for the reduced desaturation of C18:1 trans-11 in C18:2 
cis-9,trans-11. As a result, the total CLA content was 
100% higher in milk from FS cows than in milk from 
CT cows and 67% higher in milk from FS cows than in 
milk from FO cows. Feeding flaxseed under hot climate 
could be considered a more efficient method to increase 
CLA concentrations in milk than feeding fish oil

As expected, the content of n-3 PUFA was 37% 
higher in milk from FO cows than in milk from CT 
cows. In particular, the higher EPA (C20:5n-3) and 
DHA (C22:6n-3) content in milk from FO cows reflects 
the FA composition of the fish oil supplement.

Milk from FS cows together with the high CLA con-
tent was characterized by low atherogenic and throm-
bogenic indices, suggesting that its utilization has less 
detrimental effects concerning the atherosclerosis and 
coronary thrombosis risk associated with the consump-
tion of milk and dairy products, being potentially 
healthier for humans.

CONCLUSIONS

Feeding flaxseed in summer can be considered a 
strategy to increase both fat content and yield together 
with the protein and CN yield of milk. In addition, 
flaxseed supplementation improved FA profile and 
the CLA content of milk. On the other hand, fish oil 
supplementation enhanced n-3 PUFA, EPA, and DHA 
contents of milk. Results demonstrate that flaxseed 
supplementation improves composition and nutritional 
properties of milk from cows produced during summer 
months. In addition, flaxseed supplementation to dairy 
cows can contribute to improve the healthy properties 
of milk, enhancing the CLA content of milk and sug-
gesting that its consumption benefits human health.
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