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Table 1- Ingredients and chemical composition of the experimental diets

Codute T sl 0 un
Experimental diets”

(Sid oule /) STy 95 ol 9o (OLs dala ( 9us) wald ols als sk
Feed ingredients (% of dry matter) Control (without Containing
flaxseed) flaxseed
43 o /Alfalfa hay 19.85 19.85
=53 3% /Corn silage 25.00 25.00
s~ /Barley grain 15.99 15.99
=,3/Corn grain 15.17 15.17
aa€ Lu sees /Wheat bran 2.23 0.82
L sew dlla< /SOy bean meal 9.10 6.89
15K «llax< /Canola meal 2.76 2.76
44y a3 dlax< /Cotton seed meal 3.31 331
oS wls /Flaxseed - 5.52
sale ;a5 [Fish meal 2.76 2.76
<al/CaCos 0.28 0.28
e — uelis y oo /Vit- Min premix 0.44 0.44
Saub S 3 /Toxin Binder 0.08 0.08
Cpoad Gisa INaHCO3 0.69 0.69
<. /NaCl 0.41 0.41
sl o sa o s /Calcium-salt fat powder 1.93 -
sinle)l slas yua o (sdie ol se S 53 /Chemical composition of the experimental diets
(Sza sabe a8 5LS o ISKS) Laums alla o553 /Net energy for 1.59 1.60
lactation (Mcal kg DM)
(S suls wus59) s ua ald 455 45 5 /Crude protein (% DM) 18 18
(550 99 po=S) 4xaSt s 4 a3 Jls (55, /RUMen degradable 3140 3179
protein (g day?)
(590 09 arS) 4aSa 59 4323 B e 055 5 /RUMeN undegradable 1258 1230
protein (g day )
(Kza suls wm y4) 553 s Lac /Ether extract (% DM) 6.2 5.8
(Sza sals wimyu) A sub g u Jslasl LI /Neutral detergent 30.2 32.3
fiber (% DM)
(Sza sulis amyu) (sanal sui s o Jslasl LI /Acid detergent 18.8 20.2

fiber (% DM)

(oo awul Voo L3 2 5S) o slaanal [Fatty acids (g 100 g fatty

acid)

asl Siially /Palmetic acid 17.8 14
wel S, /Stearic acid 3.8 3.2



Veq 03y (s8> (chse dlge (g yalls waan culild g 1ud Ly (cladunl (o 0 Slos IS Al (69l ,8 caliie (cla gy il ]

wwl Kl gl /Oleaic acid
wel Sl gud /Linoleic acid
wwl Sl gud /Linolenic acid

20.2 17
40.5 355
10.2 18.2

...\.1.::.1b..ﬁu:\.a.u‘@i:sl.n:).iLSLAQHJJGMJJM‘JQLZ&&JQAS‘ALEGJJT} QL}S 4_}‘..3;;-
“Unheated, rolled roasted and extruded flaxseed used in the experimental diets.
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Table 2- Effects of experimental diets on performance and milk composition of lactating cows

b3l slas pa
Experimental diets

LRYEN daly 9 ods dala sl o slkaa
aalas 6431}5 ou Shis 39 yiwus| ey aylailicdl
Control sudiis Rolled ouh Sl aSilas
roasted N
Raw Extruded  P-value SEM
9 55 3LS) 8 pes A oule 23.0 23.6 245 236 0.07 0.18
(59, /Dry matter intake (kg d™)
s 3 P51 3 ok sl yuct 32.9 335 33.1 33.4 0.3 0.4
[Fat corrected milk (4%)*
S 5500 pulea! 53 ouch ol jud 36.9 37.3 36.5 37.7 0.66 0.47
/Energy corrected milk (kg)®
£ yudi aal 93 00 3L /Efficiency of 1.6 15 1.5 1.6 0.07 0.19
milk production®
(80 ya) (533 9 43 /Protein (%) 3.3 3.2 3.2 3.0 0.11 0.05
(s9) a2 [Fat (%) 3.22 3.22 3.1° 2.1 0.001 0.11
(a0 5) 5935 /Lactose (%) 4.3 4.2 4.2 4.3 0.71 0.03
(39 99 p S SLS) (133 9 4 1.2 1.1 1.0 11 0.06 0.02
[Protein (kg d™)
(594 49 pSsbss) o ,a [Fat (kg 1.222 1.252 1.242 1.08° 0.001 0.03
d?)
p S slis) 5gisY /Lactose (kg d™) 15 15 15 1.9 0.41 0.02

(390 00

(P<0.05) wiiiua Hlo e CYEA) ol Syiidie jue Ggoa b ciiny o sla:Siles
Means within same row with different letters differ significantly (P<0.05).

*Fat corrected milk (4%) = 0.4 x milk + 15 x (Milk Fat / 100) x milk.

SEnergy corrected milk (kg) = (0.3246 xkg of milk) + (12.95 xkg of fat) + (7.65 xkg of protein)

£Efficiency of milk production= energy corrected milk / dry matter intake
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Table 3- Effects of experimental diets on milk fatty acid profile (g 100! g fatty acid)

iules] slas s

Experimental diets

asly 9 cudl il asly o slaa
o So9ld  oudishid 39 yiuus) sirs 3yl
sl sui Rolled oud Sl nSiles
Control Raw roasted Extruded  P-value SEM
sl S35 9 yals /Caproic acid 3.1 3.1 2.8 3.0 0.94 0.17
sl Sals als /Caprylic acid 2.6 2.4 2.0 2.1 0.10 0.09
sl Sa yls /Capric acid 4.0 4.0 3.8 3.8 0.91 0.08
sl Sy ¢f /Lauric acid 4.5 34 3.7 4.0 0.15 0.13
Sl Suieas 10 [Myristic acid 13.2 12.7 12.8 12.9 0.85 0.18
<45 galsalisy /Pentadecanoic acid 1.9 1.7 1.8 1.9 0.75 0.06
aal
sl Saisally /Palmitic acid 27.7 27.2 26.7 26.7 0.34 0.2
< galsaliaa /Heptadecanoic acid 1.2 1.0 1.0 1.2 0.12 0.08
el
aaeul S Wil /Stearic acid 94 10.3 9.4 10.3 0.32 0.23
<191 /Oleic acid (C18:1, w-9) 17.4 18.3 18.8 18.5 0.54 0.09
el
Sl Suiesl g il 3 /Trans 2.3 2.6 2.8 3.0 0.002 0.29
Vaccenic acid (Trans C18:1)
sut/Linoleic acid (C18:2 w-6) 2.9° 3.2° 3.6° 328 0.02 0.08
Sl Sl
/Linolenic acid (C18:3 »-3) 0.5¢ 1.0 1.28 0.9 0.01 0.04
Sl S gl
9954 Sl gl wseal /Conjugated 0.43° 0.69° 0.642 0.632 0.03 0.06
linoleic acid (cis-9, trans-11)
glacl L ya slauswl /Saturated 67.7 66.5 64.4 65.7 0.22 0.56
fatty acids
2o slasa 24.0° 25.8° 26.7° 26.5° 0.03 0.43
gles/Unsaturated fatty acids
g9 wia b plackl yud Gy (sLadsdl 3.3 3.9 4.3 3.9 0.22 0.04
a8 gu/Polyunsaturated fatty
acids
* yaaiy oligS G ya sWauswl /Short 14.4 13.2 12.9 13.3 0.48 0.35
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Introduction: Flaxseed is an oilseed that can be used as a rich source of high quality protein and fat
for dairy cows (Neveu et al., 2014). Flaxseed contains high levels of linolenic acid, averaging 18%
of the total seed weight and 53% of the total fatty acids. Recently, there has been a renewed interest
in using flaxseed in animal rations as it can be used to alter the fatty acid composition of milk and
meat products and; therefore, provides functional health benefits for the consumer (Petit, 2010).
However, achieving an increase in the concentration of polyunsaturated fatty acids in dairy products
is challenging because most unsaturated fatty acids are extensively biohydrogenated in the rumen.
Material and methods: In the present study, the investigated flaxseed was unheated (raw) or in two
different ways heat processed (rolled roasted and extruded). Flaxseeds were roasted in an industrial
roaster with a flame and blower at 140 to 145 °C (turning speed of 2.5 circles per minute; tunnel
diameter of 50 cm). The roasted flaxseed was then processed in a roller mill equipped with rollers.
Extrusion of flaxseed was performed at 140 to 145 °C with a resident time of 43 s using a
multipurpose twin-screw extrusion system. Twelve multiparous Holstein lactating cows at early
lactation stage from the same group in the herd with an average body weight of approximately 640
+ 10 kg were housed individually in a tie-stall barn. The cows were assigned to one of the four
experimental diets including 1) diet with no flaxseed (control), 2) unheated (5.5% DM), 3) rolled
roasted (5.5% DM), and 4) extruded flaxseed (5.5% DM). All rations were formulated based on the
NRC (2001) to contain approximately 18% CP and 1.6 Mcal net energy lactation (NE.) kg™ on a
DM basis. All diets were iso-energetic and iso-nitrogeneous. Cows were milked 3 times daily in a
milking parlor at 05:00, 13:00 and 20:00. During the last 5 d of sampling periods, milk yield was
recorded for all cows. Milk from individual cows was sampled at each milking in prelabeled 50 ml
plastic vials. Milk samples were analyzed for fat and protein by Milk-O-Scan (Funke Gerber,
LactoStar). Milk samples from individual cows were analyzed for FA composition. Milk fat was
extracted and derivatized to methyl esters using Savage et al. (1997, 1999) method. For GC — MS
analysis, an Agilent gas chromatography (2001, Palo Alto, CS, USA) with a 30 m to 0.25 mm HP-
5MS capillary column coupled with an Agilent 5973 mass spectrometer (Agilent Technologies,
Palo Alto, CA) was used. Analysis of variance was conducted using the MIXED procedure of SAS
(2001) for all the statistical analyses in this study. Least square means were estimated using
Restricted Maximum Likelihood method, and the model consisted of the fixed effect of treatment
and random effects of cow.

Results and discussion: The similar dry matter intake (DMI) between cows fed different
experimental diets suggested that fatty acid content and profile of flaxseed had no impact on short-
term feed intake regulation. Similarly, Gonthier et al. (2004) reported that ground or extruded
flaxseed can be fed up to 120 g/kg DM of diet without any adverse effects on DMI. In agreement
with our results, it has been shown that low to moderate levels of ground or extruded flaxseed in the
diets of dairy cows (up to 10% of the diet DM) did not affect the DMI (Gonthier et al., 2005; Petit,
2010). However, Neveu et al. (2014) reported that inclusion of flaxseed in dairy cows increased
DMIL. In the present study, inclusion of flaxseed in the diets did not affect the milk production. This
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is in agreement with Neveu et al. (2014) who reported that inclusion of flaxseed in the lactating cow
diets did not affect the milk production. Maintained milk production was consistent with unaltered
DMI. Reduced milk fat in cows fed diets containing extruded flaxseed might be due to an increase
in rate of oil release from flaxseed into rumen fluid (Lashkari et al., 2015). Extrusion may increase
the availability of polyunsaturated fatty acids in rumen (Lashkari et al., 2015) and, therefore,
increase biohydrogenation of poly unsaturated fatty acids (Lashkari et al., 2017). Reduced milk fat
in cows fed diet containing the extruded flaxseed could be due to an increase in dietary supply of
poly unsaturated fatty acids which results in formation of trans-10 isomers (C18:1) in rumen and
depresses fatty acids biosynthesis in the mammary gland (Piperova et al., 2000). Altered milk fat in
our study suggests that ruminal biohydrogenation pathways and the mammary de novo fat
biosynthesis or related genomics significantly affected in cows fed diets containing extruded
flaxseed. In agreement with our findings, feeding extruded flaxseed at 14.8% of the diet decreased
fat concentration from 4.1 to 3.5% in milk of dairy cows compared to a control diet (Martin et al.,
2008). Concentrations of linolenic acid and conjugated linoleic acid increased as a result of flaxseed
supplementation compared to control diet. However, linolenic acid concentration in cows fed
extruded flaxseed was lower than cows fed raw and rolled roasted flaxseed. These results suggest
extensive ruminal biohydrogenation of dietary linolenic acid in diets containing extruded flaxseed.
In agreement with our findings, Gonthier et al. (2005) reported low transfer efficiency (i.e., 2%) of
dietary linolenic acid to milk as a result of extruded flaxseed supplementation.

Conclusion: Results of the present study showed that rolled roasted flaxseed can be used as
practical method to improve milk fatty acid profile without any adverse effect on performance of
lactating cows.
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