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The objective of this study was to supplement dairy cow diets with a mixture of rapeseed oil and fish
oil at a low dose to modulate rumen and milk fatty acids without affecting other rumen fermentation
and productive parameters. Our study was carried out on 14 lactating Polish Holstein-Friesian cows
during their productive lives. One cow within each group was fitted with rumen cannulas. Animals were
subjected to one of the treatments: 1) CON; total mixed ration (TMR) without oil supplementation,
2) FRM; consisting of TMR + 360 g/day/animal of rapeseed oil and fish oil in a 1:1 mixture. Milk
production recorded throughout the experiment was not affected by oil mix supplementation;
additionally, the whole tract digestibility did not differ when compared with the control group. No
negative effects were also observed on the total rumen protozoan population, volatile fatty acids and
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methanogens; however, total bacterial counts were slightly affected (P>0.05) after 3h of feeding as an
immediate effect of oil mix addition, which later disappeared at 6 h post-feeding. Feeding dairy cows
with rich sources of long chain polyunsaturated fatty acids at a low dose (360 g/day/animal) resulted
in favourable changes in milk fatty acid content without affecting milk fat concentration. Milk from
dairy cows fed a diet with oil supplement had more (P>0.05) C18:2 ¢9t11 and C18:2 t10c12, by 30%
and 38%, respectively, when compared to the control group. In addition, the level of supplement used
in our study increased the n-3 fatty acids proportion significantly when compared to the control diet.
Hence, we can conclude that using 360 g/day/animal (about 1.8% of dry matter intake) positively
influenced the milk fatty acid content without any adverse effect on cows’ productivity.

KEY WORDS: conjugated linoleic acid / fish oil / milk / rapeseed oil / unsaturated fatty acid

Evidently, a rising considerable public attention toward enhancing unsaturated
fatty acid contents of animal products has become noticeable in the last few years.
Previous studies have shown that supplementing ruminant diets with vegetable and
fish oil mixtures increased polyunsaturated fatty acid contents in their products (milk
or meat) [Potkanski et al. 2009, Strzatkowska et al. 2009, Jozwik et al. 2010]. This
growing interest is mainly connected with the potential benefits of n-3 long-chain
fatty acids and conjugated linoleic acid (CLA) in particular to human health. Many
studies highlighted that n-3 polyunsaturated fatty acids (PUFA) play a great role in
decreasing the risk of coronary heart diseases [Polawska et al. 2011] as well as e.g.
increasing cognitive development and mental performance in young children [Lopez-
Huertas 2010]. Recent researches have also shown that C18:2 t10c12 isomer inhibits
tumour growth in colon and gastric cancer cell lines, whereas the C18:2 ¢9t11 isomer
may be efficacious in reducing the risk of breast cancer in premenopausal women
[Koba and Yanagita 2013]. Additionally, studies published on the antidiabetic effect
of conjugated linoleic acid isomers also indicated that either C18:2 ¢9t11 or C18:2
t10c12 increase insulin resistances in obese men with the metabolic syndrome. It has
also been shown that C18:2 t10c12 are responsible for the body mass reduction and
weight change [McCrorie ef al. 2011]. The above-mentioned isomers can be provided
to the human diet by products derived from ruminants (meat or milk). The CLA
isomers present in milk fat arise from the rumen biohydrogenation process or from
de novo synthesis in the mammary gland. However, increasing the dietary supply of
polyunsaturated n-3 fatty acids (i.e. eicosapentaenoic EPA; docosahexaenoic DHA
and linolenic LNA) has a limited effect due to the extensive transformation of these
fatty acids in the rumen and low uptake by the mammary gland [Zymon ef al. 2014],
scientists are investigating the ways of positively modulated polyunsaturated fatty
acid content in ruminants’ products (milk and meat). However, this modulation may
be accompanied by decreased rumen fermentation parameters, milk production and
composition [Potkanski ef al. 2009, Strzatkowska et al. 2010].

Most of the essential polyunsaturated fatty acids (PUFA) present in milk are not
synthesized in ruminants’ tissue, which facilitates modulation of PUFA concentrations
using different dietary PUFA supplementation [Chilliard et al. 2007]. Several studies
indicated that using fish oil alone or mixed with vegetable oils in ruminant diets leads to
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an increase of n-3 contents in milk [Toral ez al. 2010a]. However, fish oil may adversely
affect milk yield by decreased dry matter intake. Potkanski et al. [2009] showed a
significant increase of total rumen PUFA and a significant increase of milk DHA and
conjugated linoleic acid supplementing the diet based on fresh alfalfa with a fish and
rapeseed oil mixture. This increase could be a result of a combination of two effects;
the inhibitory effect of fish oil that decrease C18 FA (fatty acid) biohydrogenation in
the rumen and the accumulation of C18 FA in the rumen when dietary vegetable oils
are provided [Toral ef al. 2010a, 2010b, Shingfield ez al. 2012].

We hypothesized that the effects of the fish and vegetable oil mixture on milk
polyunsaturated fatty acid concentrations may be dependent on their unsaturated
fatty acid contents and hence it is possible to modulate milk fatty acid composition
without negatively affecting rumen fermentation parameters, milk production and
composition. Therefore, the present study was conducted to determine the effects of
a low dose of a mixture of fish oil (a source of essential long chain fatty acids) and
rapeseed oil (a source of C18 fatty acids) as a dietary supplementation on basic rumen
fermentation parameters and the milk fatty acid composition in lactating dairy cows.

Material and methods
Animals, experimental diets and management

Twelve non-cannulated (600+£30 kg body weight) and two lactating Polish
Holstein-Friesian cows fitted with rumen cannulas (600+25 kg body weight) at their
4% month of lactation were used. The experiment lasted 26 days; the first 23 days
were for adapting the animals and its rumen microflora to the experimental diets, the
following three days were for collecting samples. Diets were prepared daily according
to the INRA standards to contain 1595 g protein truly digestible in the small intestine
and 16.0 unit for milk production [INRA 1993]. The control diet (CON) consisted of a
total mixed ration (TMR) based on alfalfa silage (10.4 kg of DM per day), meadow hay
(1.6 kg of DM per day) and a concentrate (8.06 kg of DM per day; forage: concentrate
ratio 60:40; DM basis), whereas the experimental diet (FRM) was based on the same
components as in the control group, but additionally it was supplemented with 360 g
of'a 1:1 rapeseed oil and fish oil mixture. Diets were divided into two equal parts and
fed daily at 8:00 a.m. and 4:00 p.m. During the whole experiment clean water was
available ad libitum. Cows were milked daily at 4:30 a.m. and 4:30 p.m.

Sampling procedures and measurements

During the sampling period milk, rumen content and feces samples were collected.
Cows were milked twice a day, milk yield at each milking was recorded and daily
composite samples were prepared based upon a proportion of morning and evening
yields. Milk samples for basic constituents were analyzed directly after milking
(Milko-Scan 255 A/S N (Foss Electric, Hillerod, Denmark), whereas for fatty acid
detection they were stored at -20°C prior to analyses. Rumen contents (500 ml) were
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withdrawn through the cannula directly before and then 3 and 6 hours after morning
feeding [Grummer 1991]. Immediately after withdrawal, rumen contents were strained
through four layers of cheesecloth to obtain rumen fluid. The pH of rumen fluid was
measured immediately after collection using a glass electrode (CP-104, Elmetron®,
Zabrze, Poland). Ammonia concentration was determined using the Nessler method
as described by Szumacher-Strabel et al. [2002]. For VFA, 3.6 ml of rumen fluid was
stabilized with 0.4 ml of 46 mM mercury chloride (HgCl,) solution and frozen at -20°C
until analysis. The volatile fatty acid profile was determined using a gas chromatograph
(GC Varian CP 3380, Sugarland, TX, USA). An Innowax 19091N-13 column (30 m,
0.25mm, 0.25 pm film thickness, Agilent HP) and a flame ionization detector were used.
Helium was used as a carrier gas at a constant flow of 30 ml/min. The oven temperature
was programmed as follows: initially 80°C for 1 min, then increasing at 15°C /min to
130°C, holding for 5 min and then increasing at 15°C /min to 240°C. A 2ul sample
volume was injected into the column. The qualitative and quantitative identification of
VFA peaks was made using the method based on external standards prepared by mixing
individual VFAs purchased from Fluka (Sigma Aldrich, St. Louis, MO, USA) using
the MS Work Station 5.0. The rumen fluid samples for fatty acid detection were stored
at -20°C immediately after collection prior to analysis. Fatty acid composition in all
samples was analyzed based on Cieslak et al. [2009] using a gas chromatograph (Varian
Star CP 3800) fitted with a flame ionization detector and a 100-m fused silica capillary
column (i.d. 0.25) coated with 0.2 pm of CP-Sil 88 (CHROMPACK, Varian).

The protozoa counts were determined according to Michalowski et al. [1986], using
adrop of rumen fluid with a defined volume (100 pl) under a light microscope (Zeiss, type
Primo Star no. 5, Jena, Germany). The bacteria were counted under a microscope (400x)
in a Thoma chamber (0.02 mm depth, Blau Brand, Wertheim, Germany), according to
Ericsson et al. [2000]. Rumen fluid for molecular analysis (FISH) was collected 3 h
after morning feeding. The Archaea population, total methanogens, (S-D-Arch-0915-
a-A-20) and two order-specific probes, S-O-Mmic-1200-a-A-21 (Methanomicrobiales)
and S-F-Mbac-0310-a-A-22 (Methanobacteriales) were determined by the fluorescence
in situ hybridization (FISH) technique, according to Stahl et al. [1995] with some
modifications as described by Pers-Kamczyc et al. [2011].

Representative samples of the TMR and oil mix supplement were collected three
times during the sample collection period. The samples were then stored at -20°C until
analysis. Samples of the TMR were analyzed according to the AOAC [2007] for dry
matter (method no. 934.01) and ash (method no. 942.05). Crude protein was determined
using a Kjel-Foss Automatic 16210 analyzer (method no. 976.05) and crude fat using
the Soxtec System HT analyzer (method no. 973.18). Neutral detergent fibre and acid
detergent fibre were determined using the method of Van Soest et al. [1991]. Organic
matter was calculated as the difference between dry matter and ash contents. Chemical
composition of TMR is presented in Table 1, while the fatty acid composition of the
total mixed ration and rapeseed fish oil mix are presented in Table 2.

Total feces were weighed and 100 g of feces of individual cows were collected for
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analysis of DM, ash, ether extract, aNDF and OM using the same method as for feed.
Calculation

Methane production was calculated based on the theoretical fermentation balance
for the measured molar proportion of VFA and OM fermented in the rumen according
to the equation cited by Wolin [1960] as: 57.5 mol glucose = 65 mol acetate + 20 mol
propionate + 15 mol butyrate + 60 mol CO, + 35 mol CH, + 25 mol H,O.

Milk energy values were calculated using the equation cited by Tyrrell and Reid
[1965], while desaturase indices were estimated according to Brogna ez al. [2011]. The
atherogenicity index was calculated according to Chilliard ez al. [2003], whereas the
thrombogenic index was calculated as described by Ulbricht and Southgate [1991].

Statistical analysis

The statistical analysis of basic rumen parameters was conducted based on the
averages of the rumen parameters obtained from 3 sampling points for each cow, per
day (before feeding, 3, and 6 h after feeding). Statistical analyses of total rumen fluid,
Archaea and digestibility were performed on the pooled mean values of rumen fluid.
The following unitrait linear model was applied:

Y=t O+ P+ (OP), + ey,
where:
Y, — the ijk-th observation, 4 is the overall mean;

O, — the fixed effect of i-th oil, Pjis the fixed effect of j-th period;
(OP), — the fixed effect of an interaction of oil supplementation by period;
e, — the residual connected with jjk-observation.

All pairwise multiple comparison procedures were applied using Tukey’s test. All
values are shown as means with the standard deviation and the pooled standard errors
of the means.

The statistical analysis of milk fatty acid composition was conducted on the
mean values of pooled samples from morning and evening milkings, whereas for
milk production, yield and composition parameters it was performed on mean values
of milk parameters obtained from 2 sampling points per day (morning and evening
milking). The differences between the means were compared using Student’s t-test.
The results were considered significant when P<0.05. All values are shown as means
with the standard deviation and the pooled standard errors of the means.

These computations were performed using the SAS software package (version 9.3,
2014).

Results and discussion

Several studies in the last decades were conducted mainly to illustrate the role of
oil supplementation on rumen biohydrogenation and other parameters, i.e. methane
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mitigation. Most of the results positively highlighted the role of supplemented oils
on different rumen parameters; unfortunately, some negative impacts were noted as
a result of a high dose of these additions as decreasing fibre digestion and milk fat
depression [Beauchemin et al. 2007, Hellwing et al. 2012, Storlien et al. 2012, Patra
and Yu 2013]. We hypothesized that using a lower dose of rapeseed oil and fish oil in
a 1:1 mixture added to the total mixed ration (TMR) will positively improve milk fatty
acid content without affecting rumen fermentation parameters, milk production and
milk composition. This improvement could be due to the abundance of polyunsaturated
fatty acid (PUFA) in both oils. When evaluating the oil mixture in the present study
the recommendation that the dietary fat content in dairy cattle diets should not exceed
6-7% of the dietary dry matter intake [NRC 2001] was taken into account.

A total mixed ration (TMR) was used as a basal diet (Tab. 1). The total fat content
in the basal diet reached 718 g/day/cow, which represents about 3.5% of the average dry
matter intake. The crude oils used in our study consisted of a 1:1 mixture of both rapeseed
oil and fish oil rich in unsaturated fatty acids (Tab. 2), which were supplemented based
on the recommended level by the National Research Council, USA.

Table 1. Chemical composition of the TMR used in the study

Dry matter ~ Dry matter Organic Crud‘e Crude fat aNDF
ftem intake (kg)  (2/kg) matter protein .o DMy (g/kg DM)
(gkgDM) (g/kg DM)

Alfalfa, silage 10.4 225 950 151 38 428
Meadow hay 1.60 904 923 101 14 67
Corn grain, ground 0.78 864 985 115 41 165
Dry brewer’s grain 0.55 913 954 207 13 375
Protein concentrate 1.37 915 907 350 31 182
Wheat bran 0.53 879 946 166 40 450
Commercial concentrate 4.83 879 940 198 41 261

Table 2. Fatty acid profile in total mixed ration and rapeseed
fish oils mix (g/100 g FA)

Item TMR! FRM®
C12:0 0.27+0.07 0.04+0.002
C14:0 0.59+0.10 2.29+0.07
C16:0 20.3+0.69 10.4+0.19
C18:0 2.79+0.57 2.13+0.02
C18:1c9 17.7£0.21 40.9+0.54
C18:2¢9¢12 42.3+1.41 13.1+0.26
C18:3c9¢c12¢15 9.11+0.67 6.29+0.06
C20:1 0.050.04 2.59+0.03
C20:5 0.03+0.02 3.97+0.14
C20:4n-6 0.07+0.01 0.64+0.01
C22:5n-3 0.53+0.09 0.71+0.02
C22:6n-3 0.25+0.03 5.57+0.20

'TMR - total mixed ration used as the main substrate.
’FRM - treatment group with oils mixture (rapeseed oil and
fish oil) supplementation.
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Results of milk yields and milk compositions are shown in Table 3. As we
hypothesized, the supplemented level of mixed rapeseed oil and fish oil (1:1) used
in our investigation did not affect milk production comparing to the control diet;
the same expected observations were noticed in the case of milk fat percentage and
yield, which showed no differences (P>0.05) when adding the oil mix when compared
to the control. The same tendency was found regarding results of the whole tract
digestibility (dry matter, organic matter, fat and aNDF digestibility), which also
showed no differences between supplementation and the control group (Tab. 4). These
results were in line with those reported by AbuGhazaleh et al. [2002b], who cited no
changes in milk production or composition when using 2% (on dry matter basis) of
the addition consisting of fish oil and/or extruded soybean as a supplement to the dairy
cattle diet. The results of whole tract digestibility suggest that the used level of addition
(360 g/day/cow) did not affect dry matter, organic matter, fat or aNDF digestibility.
That is consistent with some previous studies, suggesting that limited doses of dietary
unprotected fat can be added without a drastic effect on digestibility, clarifying that
the fermentation in the hindgut might have been compensated for reduced ruminal
digestibility, which could result in no changes in total tract digestibility [Bateman and
Jenkins 1998, Wachira et al. 2000].

Table 3. Effect of treatments on milk yield and compositions

Control FRM'
Item eantSD  meantSD SEM P-value
Milk yield (kg) 24.840.99  25.0+0.71 0.146 0.549
fat (%) 4.13+0.22  3.93+0.35 0.053 0.070
protein (%) 3.43+0.47  3.5440.32 0.069 0.607
lactose (%) 4.75+0.20  4.82+0.24 0.038 0.728
total Solids (%) 12.140.48  12.240.53 0.086 0.645
SNF? 8.18+0.48  8.36+0.42 0.078 0.520
energy (Mcal/Kg) 0.73+0.03  0.71+0.04 0.006 0.204
energy yield (Mcal) 18.0+1.09  17.8+1.00 0.178 0.516
energy (Mj/kg) 3.04+0.14  2.98+0.15 0.025 0.204
energy yield (Mj) 75.4+4.56  74.4+4.18 0.744 0.516
Milk yields (g/day)
fat 1022+64.4 973+84.9 13.73 0.077
crude protein 851+126 885+76.5 17.91 0.520
lactose 11774654  1205+78.3 12.42 0.525

'FRM - treatment group with oil mixture (rapeseed oil and fish oil) supplementation.
SNF — Solids non fat.

The effect of the dietary rapeseed oil and fish oil mix on rumen basic parameters
is presented in Table 4. Using the rapeseed oil and fish oil mixture as a supplement
in our study resulted in a non-significant effect on rumen pH values, ammonia or
methane production. No significant effect was also observed on the rumen bacterial
and protozoan total counts; however, a significant decrease in the total bacterial count
was observed in samples collected at 3 h when compared to the control group. The
same trend was also observed in the case of the volatile fatty acid proportion (acetate,
propionate, isobutyrate, butyrate, isovalerate and valerate) as well as total VFA, which
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seems to be not affected by the level of the oil mix added throughout our experiment.
These results suggested that using a lower dose of the 1:1 rapeseed oil and fish oil
mixture in dairy cattle diets produced no differences when compared to the control
diet. Vafa et al. [2010] clarified that the diet supplemented with fish oil and canola oil
had no significant effect on either rumen pH or ammonia. Other authors showed that
the decrease in ammonia nitrogen, if present, is mostly related with the decrease in the
total protozoan population [Oldick and Firkins 2000, Vafa et al. 2010], which in our

Table 4. Effects of oil mix supplementation on ruminal parameters and whole tract digestibility of cows

P-value
Item Mean+SD 0h? 3h? 6h? Total SEM . group
group  time .
X time
CON 7.10£0.08  6.48+£0.18  647+£0.09  6.68+0.32
pH FRM' 6.94:020 6545032 632049  6.60£043 0003 0349 <0.0010510
. CON 13.652.28 2624429  16.6£1.84  18.145.93
Ammonia (mmol/l) FRM! 1266242 2275453 2015576 184607 0086 081 <001 0294
Methane® (mol/mol glucose CON 0.44+0.04  0.60+£0.10  0.60+0.04  0.55+0.10
equivalent fermented) FRM' 0.44+£0.06  0.59+0.03  0.60£0.07  0.55+0.09 0.016 0832 <0.001 0.979
CON 78.649.14 1124135 107+12.1  99.8+19.1
Total VFA (mmol/l FRM' 82.0£19.1 9804907 110:227  lolxz23 412 0812 <0.0010856
CON 6554322 63.6£632 6594477  63.845.76
5
Acetate (%) FRM' 6874152 6215743 613+8.83  62.4i7ey 122 0347 0811 0810
. CON 16.743.60  18.6£2.38  17.542.02  17.242.22
0
Propionate (%) FRM' 1034344 1794279 1745249 177281 O3 0397 0.649 0699
CON 5284153 619+ 195 4841027  5.6542.58
5
Isobutyrate (%) FRM! 6.1742.10 5251200  5.59i2.56  547:2.08 000 08300902 0.784
CON 9.64+2.19  9.084235 9.43+2.62  9.16£1.97
0,
Butyrate (%) FRM!' 084+139 0974264 1134345 1024274 0402 0208 0625 0.546
CON 3274072 3255046 2.57+1.07  2.88+0.84
0,
Isovalerate (%) FRM! 2924039 3208092 3184096 209s:0s7 140 0733 0808 0.166
CON 0.63£026  1.88%050 132£0.61  1.28+0.65
0,
Valerate (%) FRM! 0.9950.60  156£037 1474060 1204063 103 0859 0003 0518
) CON 4108099 3.48:0.67 3.81%0.57  3.80+0.76
Acetate/Propionate FRM' 3234107 3594092  3.644097  3.6740.97 0.144 0.673 0.564 0.829
N CON 4584145 3634821 26.1£1.10 46.3%21.7
Protozoa (x 10°/ml) FRM' 4345051 2742721 3568971  363x114 2007 0071 0017 0748
. . CON 3114402 34224534 31.6£2.94  30.6%6.19
Bacteria (x 10°/ml) FRM' 4014138 233b:688 36.147.12  3s52:11p 41 0137 03520337
Archea (x 10°/ml)
CON - - - 2234432
total Methanogens FRM' } ; ; 19,344 59 1.305 0.276 - -
o CON - - - 747+1.63
methanomicrobiales FRM' } ; ; 56011 14 0.503 0.053 - -
! CON - - - 11.242.30
methanobacteriales FRM' } ; } 1124495 1.065 0.993 - -
Whole tract digestibility
o CON - - - 64.446.23
DM digestibility FRM! ; ; ; 50.7:0.85 4.895 0.093 - -
. CON - - - 66.544.98
OM digestibility FRM! ) ) ) 62.141.79 4.238 0.069 - -
o CON - - - 76.5:8.79
fat digestibility FRM! ) ) ) 72.546.62 7.713 0.391 - -
. CON - - - 47.0£7.96
aNDF FRM! ) ) ] sosisgy 1246 0120 - -

'FRM - treatment group with oil mixture (rapeseed oil and fish oil) supplementation.

Samples were taken at 0, 3 and 6 h after morning feeding.

*Methane (mol/mol glucose equivalent fermented) estimated based on fermentation balance [Wolin 1960].
4aNDF - neutral detergent fibre.
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case was not affected. This consequently reinforced our idea to modulate milk fatty acid
composition by a low dose of supplements without any negative effect on either rumen
or productive parameters. The study conducted by AbuGhazaleh and Ishlak [2013] on
incrementally increased amounts (0.5%, 2% and 3.5% on the dry matter basis) of fish oil
in continuous fermenters showed no significant effect on total VFA, butyrate, valerate
and isovalerate or fermenters pH similarly to our results. However, a decrease of rumen
total bacterial count at 3 h was observed, similarly like in our research, which could be
explained by the immediate toxic effect of polyunsaturated fatty acids on rumen bacteria
[Maia et al. 2010]. Overall, our data suggest that the level of the rapeseed oil and fish
oil blend was too low to affect rumen basic fermentation parameters or milk production
and/or basic composition, but high enough to modulate milk fatty acid contents.

In line with our hypothesis, the supplemented dose of the rapeseed oil and fish oil
mix affected the milk fatty acid composition favourably (Tab. 5). Milk C18:1t11 (TVA,
trans vaccenic acid) content was affected by the dietary treatment. The concentration
of TVA in milk fat was increased by 217% as a result of the rapeseed oil and fish oil
mix supplementation when compared with the control diet. One of the main goals of
our investigation was to determine the effect of supplementing a mixture of rapeseed
oil and fish oil into the dairy cattle diet on the milk fat concentration of conjugated
linoleic acid (CLA), especially C18:2 ¢9t11 and C18:2 t10c12 as the main CLA
isomers. In our study, both C18:2 ¢9t11 and C18:2 t10c12 contents were significantly
increased by 30% and 38%, respectively, when compared to the control. A significant
increase in linolenic acid (C18:3 ¢9 ¢12 ¢15) was also noted in relation to the control.
Additionally, unsaturated, monounsaturated and polyunsaturated fatty acids increased
significantly, whereas saturated fatty acids decreased by the rapeseed oil and fish oil
mix addition when compared to the control (Tab. 5). The level of docosahexaenoic acid
(DHA) increased (P<0.05) six times with the oil mixture addition when compared to
the control diet, which as a result of work on increasing (P<0.05) the proportion of milk
omega-3 fatty acids in comparison to the control. The inclusion of the rapeseed oil and
fish oil mixture in dairy cattle diets resulted in an increase in the polyunsaturated fatty
acid contents, especially omega-3 fatty acids, which consequently increased (P<0.05)
DI RA (VA+RA) and decreased (P<0.05) the value of the thrombogenic index (TI) as
well as the atherogenic index (Al) (Tab. 6). Increasing the trans vaccenic acid (TVA)
content in the rumen is one of the most challenging steps as TVA is an intermediate
formed during the rumen biohydrogenation process, which works as a main precursor
of the majority of conjugated linoleic acid produced endogenously in the mammary
gland [Griinari et al. 2000]. Hence, TVA can be considered to be the most limiting
factor in enhancing milk C18:2 c9t11 (CLA) [AbuGhazaleh and Ishlak 2013]. The TVA
concentration in the rumen was doubled by the rapeseed oil and fish oil mixture when
compared with the control diet, which probably suggests that TVA was incrementally
produced by ruminal biohydrogenation [AbuGhazaleh et al. 2002b].

In ruminants, biohydrogenation of long chain unsaturated fatty acids (LCUFA)
relates with the presence of conjugated linoleic acid isomers (CLA). CLA isomers
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Table 5. Effect of supplementing oil mixes on the milk fatty acid profile (g/100 g FA)

Control FRM'
ftem mean+SD mean+SD SEM P-value
Saturated fatty acids
C12:0 3.33+0.72 2.98+0.89 0.145 0.140
Cl14:0 11.8+1.52 11.1£1.61 0.286 0.296
C16:0 32.3+2.22 31.243.29 0.491 0.309
C18:0 9.63+3.25 8.18+1.73 0.479 0.121
Monounsaturated fatty acids
Cl14:1¢9 0.21+0.05 0.23+0.08 0.011 0.412
C16:1 ¢9 2.86+1.17 2.66+0.44 0.158 0.530
C18:1t10 1.28+0.93 1.38+0.56 0.699 0.699
C18:1tl1 1.06+0.62 3.36+1.07 0.234 <0.001
C18:1¢9 20.14+7.54 20.8+6.31 1.22 0.760
Polyunsaturated fatty acids
C18:2 ¢9cl12 2.18+0.62 2.11£0.56 0.097 0.753
C18:2 cotl1 0.20+0.08 0.26+0.08 0.014 0.033
C18:2 t10c12 0.13+0.06 0.18+0.08 0.010 0.006
C18:3 c9cl2cl15 0.81+0.28 1.94+0.73 0.140 <0.001
C20:1¢9 0.39+0.08 0.37+0.08 0.014 0.656
C20:4 n-6 0.15+0.04 0.15+0.07 0.010 0.896
C20:5 n-3 0.03+0.03 0.04+0.05 0.007 0.993
C22:6 n-3 0.04+0.04 0.24+0.11 0.013 <0.001
Long FA 44.4£3.96 47.4+4.81 0.807 0.036
medium FA 51.9+3.48 49.3+4.25 0.710 0.073
short FA 3.68+0.86 3.23+0.74 0.146 0.118
C12:0, C14:0, C16:0 47.4+3.26 45.34+4.45 0.697 0.145
SFA? 62.7+3.45 58.5+4.75 0.807 0.009
UFA® 37.3+3.45 41.54¢4.75 0.807 0.009
MUFA* 3314312 36.244.20 0.692 0.031
PUFA’® 4.13+£0.70 5.3240.76 0.16 <0.001
n-6 4.57+4.46 4.88+4.82 0.820 0.854
n-3 1.23+0.44 2.37+0.60 0.137 <0.001
n-6/n-3 3.53+1.52 2.07+1.72 0.319 0.02

'FRM - treatment group with oils mixture (rapeseed oil and fish oil) supplementation.
’SFA — total of SFAs (C8:0, C10:0, C12:0, C14:0, C15:0, C16:0, C17:0, C18:0, C20:0,

C21:0, C22:0, C23:0, C24:0).

*UFA - total of UFAs (Cl4:1, C15:1, Cl6:1, C17:1, C18:1 t5, C18:1 t6-8, C18:1 19,
C18:1t10, C18:1 t11, C18:1 t12, C18:1 t15, C18:1 ¢9, C18:1 cl1, C18:1 ¢12, C18:1 cl3,
C18:1 cl4, C18:1 c15,C18:2 ¢9¢c12, C18:2 c9c15, C18:3 c9¢c12cl15, C20:1 n-9, C20:3 n-3,

C20:4 n-6, C22:1 n-9, C22:2, C22:5 n-3, C22:6 n-3, C24:1).

“MUFA - total of MUFA (C14:1, Cl15:1, Cl6:1, C17:1, C18:1 t5, C18:1 t6-8, C18:1 19,
C18:1 t10, C18:1 t11, C18:1 t12, C18:1 t15, C18:1 ¢9, C18:1cl1, C18:1 c12, C18:1 c13,
C18:1 c14, C18:1 cl5, C20:1 n-9, C22:1 n-9, C24:1).
SPUFA - total of PUFAs (C18:2 c9cl12, C18:2 c9cl5, C18:3 c9cl2cl5, C20:3 n-6, C20:3

n-3, C20:4 n-6, C20:5 n-3, C22:2, C22:5 n-3, C22:6 n-3).
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Table 6. Effect of supplementing oil mixes on desaturation, thrombogenic and atherogenicity
indices of produced milk

Control FRM'

Item meantSD meantSD SEM P-value
Desaturase indices (DI) 0.39+0.14  0.56+0.16 0.025 0.999
DI Cl14:1 cis 9/(C14:0+C14:1 ¢cis9) ~ 0.02+0.01  0.02+0.01 0.001 0.251
DI C16:1 cis 9/(C16:0+C16:1 cis 9) ~ 0.08+£0.03  0.08+0.01 0.004 0.861
DI C18:1 cis 9/(C18:0+C18:1cis9)  0.63+0.22  0.70+0.16 0.034 0.347
DI RA/(VA+RA) 0.87+0.04  0.93+0.03 0.007 <0.001
A’-desaturase C14:1/C14:0 0.02+0.01  0.02+0.01 0.001 0.251
A’-desaturase C16:1/C16:0 0.09+0.04  0.09+0.02 0.005 0.797
A’-desaturase C18:1/C18:0 2.25+1.10  2.24+1.16 0.198 0.483
Thrombogenic index 2.46+0.36  1.88+0.40 0.083 <0.001
Atherogenic index 2.24+0.33  1.94+0.41 0.060 0.03

'FRM - treatment group with oil mixture (rapeseed oil and fish oil) supplementation.

are naturally produced by rumen bacteria as intermediates in the biohydrogenation of
dietary LCUFA, mainly linoleic acid C18:2, with C18:2 c9t11 being the predominant
conjugated linoleic acid (CLA) isomer found in ruminant milk or meat [Bauman and
Lock 2006]. CLA is formed also from the endogenous conversion of C18:1 t11 (trans
vaccenic acid, TVA), another intermediate of rumen biohydrogenation of linoleic
acid or linolenic acid (C18:3) by the A-9 desaturase enzyme in the mammary gland
[Cieslak ef al. 2010, Buccioni et al. 2012]. Oil supplements that were used in the
present experiments are rich sources of polyunsaturated fatty acids such as linoleic
(C18:2 ¢9¢12) and linolenic (C18:3 c9cl2cl5) acids. Potkanski et al. [2009] cited
that the presence of fish oil in the diet of dairy cattle as a rich source of long chain
fatty acids is related to the changes in rumen microbial ecology, which interfere with
CLA formation. Additionally, AbuGhazaleh and Holmes [2009] and AbuGhazaleh
and Ishlak [2013] showed that the high content of docosahexaenoic acid (DHA) in
the fish oil could be responsible for the accumulation of TVA in the rumen that will
be consequently transformed endogenously into c9t11 CLA in the mammary gland. A
significant increase in linolenic acid was observed when compared to the control could
be explained by the high content of polyunsaturated fatty acids in the supplement,
especially linolenic acid, which could be transferred directly from the diets.
Normally, DHA is found only in trace amounts (<0.01%) in milk fat of cows
fed conventional diets, whereas EPA and DPA are present at about 0.05 and 0.08%,
respectively [Wright et al. 2007]. However, in the present study the DHA level was
six times higher when compared to the control diet, which was consequently involved
in significantly increasing both omega-3 fatty acids and the polyunsaturated fatty
acid proportion when compared to the control. Omega-3 fatty acids have many health
benefits, including the ability to decrease cardiovascular diseases, rheumatoid arthritis
and decreasing the risk of cancer [Kremer et al. 1987, Lopez-Huertas 2010, McCrorie et
al. 2011]. However, the proportion of an increase in DHA concentrations in milk fat was
still low compared with the concentration of DHA in the dietary supplements, especially
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in fish oil. This low transfer efficiency has been reported previously by Donovan et al.
[2000], AbuGhazaleh et al. [2002a] and Whitlock et al. [2002], as well as by Zymon et
al. [2014], and it has been attributed to both biohydrogenation of unsaturated fatty acids
in the rumen and the association with plasma lipoproteins, which are not good substrates
for mammary lipoprotein lipase [Mansbridge and Blake 1997]. Another possibility for
this low transfer efficiency is that these fatty acids are preferentially partitioned towards
other tissues in the body [Ashes et al. 1992]. In the present study, the high significant
content of omega-3 fatty acids and CLA interprets the obtained high significant level of
polyunsaturated fatty acids by 29% in relation to its level in the control group.

Ulbricht and Southgate [1991] clarified that C14:0, C16:0 and C18:0 fatty acids
are thrombogenic. Huang et al. [2008] also showed the beneficial effect of dietary plant
oil supplementation and stated that the addition of soybean oil (main source of C18:2
c9c12) decreased the thrombogenic index of dairy milk (P<0.05). In the case of our
study the decrease (P<0.05) in both n6/n3 ratio, thrombogenic and atherogenic indexes
could indicate the extent of health benefits we could obtain from the produced milk.

Supplementing lactating dairy cows’ diets with 360 g/day/animal under experimental
conditions resulted in favourable changes in milk fatty acid content without affecting
the concentration of milk basic constituents or milk yield. Milk produced in our study
was enriched in polyunsaturated fatty acids, especially CLA isomers C18:2 c9t11 and
C18:2 t10c12, without causing milk fat depression. In addition, the decrease in both the
n6/n3 ratio and the thrombogenic index value draws a conclusion that milk produced
using lower levels of the rapeseed oil and fish oil mixture supplementation (about 1.8%
of DM intake) could be treated as a food recommended in the prophylaxis of many
diseases and a valuable constituent of various types of diets recommended by dieticians.
However, our research and the analysis of literature data indicate that results are strictly
dietary and supplement-dependent.
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