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Two trials were conducted. In trial I three lactating Polish Holstein-Friesian (PF) cows fitted with
rumen cannulae were used in a 3 x 3 Latin square design. In each feeding cycle animals were offered
one of three following diets: (1) without supplementation (C diet — control), (2) C diet supplemented
with fish and rapeseed oils blend 1:1 (FR diet), and (3) C diet supplemented with commercial
protected fat (CPF diet). In trial 11, ten lactating PF cows were offered C diet, and another ten — FR
diet. In both trials fat supplements constituted up to 4% of the diet dry matter. FR diet strongly
affected the fatty acid composition of rumen fluid and milk of cows. Content of oleic acid and other
MUFASs increased, while that of total SFAs dropped in the rumen and, in both trials, in milk. The FR
diet led to increase in the ¢9 711 CLA (conjugated linoleic acid) isomer content of milk in both trials.
In trial II the 710 c12 CLA concentration of milk increased in cows fed the FR diet. It is evident
that during the summer feeding based on fresh green forage, good results regarding milk fatty acid
content can still be improved by feeding rapeseed oil and fish oil.
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For several years scientists have been focusing their attention on possibilities of
making fatty acid profile of milk more favourable from the point of view of consumers’

health. It is highly recommended to increase the concentration of unsaturated and
decrease the concentration of saturated fatty acids in milk and milk products. Some
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unsaturated fatty acids are believed to possess pro-salubrious properties and isomers
of the conjugated linoleic acid (CLA) belong to this group. Foods with high level of
biologically active compounds (e.g. CLA) are frequently referred to as functional
foods. The definition ‘functional food’ describes products containing components
that except traditional functions (e.g. energetic role of fat) play other, important roles
[Duggan et al. 2002]. The role and function that individual CLA isomers can play
is still investigated with novel analytical methods. Supplementation of diet of dairy
cows with plant oils and/or fish oil can change mutual proportions between fatty acids
of milk, reducing the content of saturated and increasing that of unsaturated fatty
acids, including conjugated isomers of linoleic acid [AbuGhazaleh et al. 2002, 2003,
Newbold et al. 2004]. These changes are now universally recommended by dieticians.
In practice of dairy cow feeding, fat-rich additives cannot exceed certain critical level
because of their possible negative effect on the activity of rumen microorganisms.
During summer feeding of dairy cows, fresh green forage allows to reach relatively
high level of unsaturated fatty acids of milk including CLA isomers [Lock and
Garnsworthy 2003]. However, because of limited forage resources at the disposal
for ruminant feeding, attempts are being made to find another methods of altering
the fatty acid profile in dairy products. The effect in question can be achieved by the
introduction of oils, e.g. rapeseed or fish oils into the diet of cows-in-milk [Mosley et
al. 2002, AbuGhazaleh et al. 2003]. The objective of the present investigation was to
determine the impact of addition of fish oil and rapeseed oil blend to summer ration
for milking cows on the fatty acid composition of milk fat. The novelty of experiments
conducted was to evaluate the combined effect of long-chain fatty acids present in fish
oil and oleic acid that is present in rapeseed oil, and to confirm the possibilities of
using commercially available crude oils in dairy cow summer feeding in Poland.

Material and methods

In trial I three lactating Polish Holstein-Friesian cows fitted with rumen cannulae
and selected upon their daily milk yield (2843 kg) and body live weight (603+5 kg)
were used. The trial was conducted according to the 3 x 3 Latin square design. Each
of three experimental cycles lasted 24 days, including 21-days preliminary period
and three days of sampling. The control diet was composed of fresh alfalfa, maize
silage and commercially available B-type concentrate supplemented with wheat bran,
barley germs and maize meal. The diet was balanced and formulated according to
INRA standards to contain 1735 PDIN, 1639 PDIE and 16.47 UFL [IZ-INRA 1993].
Programme INWAR version 1.0 and INRAtion version 2.63 of 1998 were used for
calculation. In each feeding cycle individual cows were fed alternatively according
to one of the following three variants: (1) without fat supplementation (control — C
diet), (2) with the addition of fish oil (POLTRAN s.c. Kuslin Poland) with rapeseed
0il (ADM SZAMOTULY sp. z. 0.0. Wielkopolskie Zaktady Thuszczowe Poland. Ltd.)
blend 1 : 1 (FR diet) and (3) supplemented with commercial protected Bergafat fat T-
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300, (Berg + Schmidt, Poland — CPF diet). Rapeseed oil was fed as a source of oleic
acid (65.15% FAME), fish oil elevated the level of polyunsaturated long-chain fatty
acids (45.70% FAME) whereas protected fat was rich in palmitic acid (70-80% of the
sum of FA). A principle was adopted that the dietary fat content should not exceed
4% of the dietary dry matter, hence then the addition of fat was determined after fat
content in C diet analysis. Because fat content was 1.8% of the dietary dry matter, 2%
of additional fat was supplemented. The animals received 560 g fat supplement to dry
matter (280 g twice a day to concentreate feed). Refusals were recorded daily and feed
samples were collected weekly. No concentrate refusals were stated. Feed samples were
analysed according to AOAC [2005]. Animals were fed twice a day at 8.00 a.m. and
4 p.m. During the sampling period, rumen contents (200 ml) were withdrawn through
the cannulae directly before and then 3 and 6 hours after morning feeding [Grummer
et al. 1993]. Immediately after withdrawal, rumen contents were strained through four
layers of cheesecloth to obtain rumen fluid in which the following determinations were
made: pH — using a CP-1-4 type pH meter, ammonia nitrogen by the Nessler method
[Szumacher-Strabel et al. 2002], and volatile fatty acids according to Tangerman
and Nagengast [1996] using a gas chromatograph (VARIAN STAR CP 3800) with
a Nukol™ — Bonded Free Fatty Acid Phase column (30 m x 0.25 mm, df 0.25 pum,
SUPELCO). Cows were milked twice a day, milk yield in each milking was recorded
and daily composite samples were prepared based upon a proportion of morning (AM)
and evening (PM) yields. Composite samples were prepared in two parts for analyses.
One part was refrigerated at 4°C and analysed for milk basic constituents (Milkoscan
apparatus). Separate aliquots were stored at -20°C, freeze-dried, and analysed for fatty
acids [Cieslak et al. 2009] using a gas chromatograph (Varian Star CP 3800) fitted
with flame ionization detector and a 100-m fused silica capillary column (i.d. 0,25)
coated with 0.2 um of CP-Sil 88 (CHROMPACK, Varian).

In trial II, twenty Polish Holstein-Friesian cows in the first lactation (week 6 post
calving) were chosen based on daily milk yield (2843 kg) and body live weight (603+5
kg). The trial lasted four weeks. Animals were divided into two groups. Control cows
(n=10) were fed the control (C) diet identical as in trial I while the diet for experimental
cows (n=10) was enriched with fish oil and rapeseed oil blend (1:1) added up to 4%
of the diet dry matter (FR diet) During the last week of trial II individual milk yields
were recorded at each milking. Daily composite samples of milk were prepared based
on the proportion of morning (AM) to evening (PM) milking yields. Composite
samples were prepared in two parts. One part was refrigerated at 4°C and analysed for
milk basic constituents (Milkoscan apparatus). Separate aliquots were stored at -20°C,
freeze-dried, and analysed for fatty acids as in trial I [Cieslak et al. 2009].

The data obtained were subjected to the analysis of variance using general linear
model (GLM) procedure of SAS [1996]. Significance of differences between means
was assessed at P<0.05. Differences among means were identified with Duncan test.
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Results and discussion

Fat content of milk was found significantly lower in FR than in C and CPF cows
in trial I (Tab. 1) and than in C cows in trial II (Tab. 5). Excess fat fed to cows can
reduce fat [Baumgard e al 2000, Mackle et al. 2003] and protein [Peterson et al 2002]
content of milk. Isomers of linoleic acid ¢9 ¢11 and 710 ¢12 as well as other fatty
acids from the C18 family of trans configuration reduce the amount of fat in milk by
limiting the synthesis of fatty acids with short and medium chain length [Grinarii ef al.
1998]. Such effect was observed in both trials of this experiment, although a distinct
increase in the amount of unsaturated fatty acids occurred.

Table 1. Basic composition of milk (%). Trial I

Control diet supplemented with

Control fish oil + . Standard error
Compound diet rapeseed oil commermfa] of mean
(blend 1:1) protected fat
Fat 4.39* 3.84° 4.13* 0.01
Protein 3.58 3.50 3.67 0.02
Lactose 4.40° 4.85" 4.76" 0.02
Dry matter 12.37 12.19 12.56 0.09
Solids-non-fat 7.98" 8.35° 8.43° 0.01

**Within rows means bearing different superscripts differ significantly at P<0.05.

Table 2. Rumen metabolism indicators: pH, ammonia and volatile fatty acids (VFA)
contents of rumen fluid. Trial I

Control diet supplemented with

Ttem Control fish oil + commercial Standard error
diet rapeseed oil d £ of mean
(blend 1:1) protected fat
pH 7.19 7.13 7.11 0.11
N-NH3 (mmol/L) 18.11 22.20 19.73 1.52
Total VFA (mmol/L) 94.15 89.12 95.16 2.30
Per cent
acetic (A) 60.88 61.93 63.66 0.12
propionic (P) 24.20 26.09 24.64 0.09
butyric 15.70 15.48 16.34 0.01
isobutyric 0.90 1.05 0.98 0.18
valeric 1.50 1.70 1.97 0.01
isovaleric 2.19 1.92 3.58 0.35
A/P 2.51 2.37 2.58 0.03

Introduction of the oils mixture into diets (FR groups) required determination
whether the additives affected negatively the processes taking place in the rumen. In
trial I no negative changes were observed in rumen parametres (Tab. 2).
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Fats applied in both trials strongly affected the fatty acid composition of rumen
fluid (Tab. 3) and milk (Tab. 4 and 6) confirming the favourable fatty acid profile in
cows fed fresh forage crop and oils blend supplement. Content of saturated fatty acids
(SFAs) was found decreased, while that of unsaturated fatty acids (UFAs), in particular
CLA isomers, increased, both in the rumen and in milk. Couvreur ef al. [2006] found
that CLA concentration increased linearly together with the increase of the grass forage
proportion in the diet. Changes in the milk fat composition described in the present
report appear particularly favourable due to the increase in the linoleic acid isomers
¢9 t11 and ¢10 ¢12. Both of the above isomers are believed to have a number of unique
properties, among others — anti-carcinogenic [Aro et al. 2000, Ip et al. 2003] and anti-
diabetic [Houseknecht et al. 1998]. Moreover, they may be valuable in curing obesity
[Lee et al. 2007] and are believed to prevent diseases of the cardio-vascular system
[Belury 2002, Parodi 2004]. Milk rich in these compounds will never be a medicine,
but it can certainly be treated as a food recommended in the prophylaxis of the above-
mentioned diseases and valuable constituent of various types of diets recommended
by dieticians. Dhiman et al. [1999] and French et al. [2000] reported that feeding

Table 3. Fatty acid composition of rumen fluid (% of total fatty acids). Trial I

Control diet suplemented with
Control fish oil + Standard error

. . ial
diet commercia of mean
rapeseed oil protected fat

Acid (% FAME)

(blend 1:1)
C18:0 28.03* 21.19% 25.45" 1.65
C18:1 22518 23.16" 21.43" 2.36
C18:1 cis 8.858 9.84" 8.228 2.56
C18:1 trans 13.66 13.32 13.21 1.023
9 ¢12 C18:2 5.65 5.37 5.76 2.45
912 ¢15C18:3 3.12° 5.094 3.70° 1.24
C20:5 (EPA) 0.40 0.34 0.48 0.20
C22:6 (DHA) 0.45" 0.64* 0.18° 0.01
SFA 61.70° 53.44° 64.95° 2.26
MUFA 25.134 29.00* 22.588 2.45
PUFA 11.178 17.56" 12.47° 0.74
MUFA + PUFA 36.30 46.56 35.05 4.23
111 (VA) 10.818 17.01* 9.388 231
9 111 (CLA) 0.49* 0.64° 0.44"8 0.03
£10 ¢12 C18:2 0.23%® 0.28" 0.21° 0.04

FAME - fatty acids methyl esters; EPA — eicosapentaenoic acid; DHA -
docosahexaenoic acid; SFA — saturated fatty acids; MUFA — monounsaturated fatty
acids; PUFA - polyunsaturated fatty acids; VA — frans vaccenic acid;, CLA —
conjugated linoleic acid (rumenic acid).

**Within rows means bearing different superscripts differ significantly at: small letters —
P<0.05; capitals — P<0,01.
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Table 4. Fatty acid composition of milk (% of total fatty acids). Trial I

Control diet supplemented with

Acid (% FAME) Control diet fish il * commercial Standard error

rapeseed oil cotected fat of mean
(blend 1:1) P

C18:0 19.86 19.88 18.00 1.56

C18:1 19.44" 24.70" 15.05¢ 2.01

C18:1 cis 3.99 5.70 3.02 1.23

C18:1 trans 15.45" 19.00* 12.03¢ 1.65

¢9 12 C18:2 8.65 9.15 7.35 2.34

€9 12 ¢15 C18:3 2,68 2.99 2.40 0.50

C20:5 (EPA) 0.04 0.05 0.04 0.03

C22:6 (DHA) 0.10° 0.18° 0.12° 0.02

SFA 60.19" 56.89% 63.98" 235

MUFA 27.808 32.35% 28.00° 2.14

PUFA 7.94 10.76 8.02 0.70

MUFA + PUFA 35.748 43.114 36.02° 2,54

11 VA 9.09" 15.19% 8.128 0.56

¢9¢11 CLA 2.65° 476" 1.97° 0.02

110 ¢12 C18:2 0.20° 0.25° 0.14° 0.04

FAME - fatty acids methyl esters; EPA — eicosapentaenoic acid; DHA — docosahexaenoic
acid; SFA — saturated fatty acids, MUFA — monounsaturated fatty acids;, PUFA —
polyunsaturated fatty acids; VA — trans vaccenic acid;, CLA — conjugated linoleic acid
(rumenic acid).

*Within rows means bearing different superscripts differ significantly at: small letters —
P<0.05; capitals —P<0.01.

Table 5. Basic composition of milk (%). Trial II

Control diet
supplemented with ~ Standard error

Compound Control diet fish oil + rapeseed of mean
oil (blend 1:1)
Fat 4.12* 3.62° 0.04
Protein 3.13 3.12 0.08
Lactose 4.67 4.68 0.02
Dry matter 11.92 11.42 0.10
Solids-non-fat 7.80 7.80 0.01

**Within rows means bearing different superscripts differ significantly at
P<0.05.

cows with fresh green forage led to increase of the CLA isomers content in their milk.
This is attributed to the high content of UFAs in fresh plant material, mostly ¢9 c12
C18:2 and ¢9 c12 c15 C18:3, which are isomer precursors. The final results — milk
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Table 6. Fatty acid composition of milk (% of total fatty acids). Trial II

Control diet

AN Control supplemented with  Standard error
Acid (% FAME) diet fish oil + rapeseed of mean
oil (blend 1:1)
C18:0 17.86 19.88 234
C18:1 19.45° 25.96" 3.45
C18:1 cis 4.42 6.60 1.56
C18:1 trans 15.03" 19.36" 2.78
9 ¢12 C18:2 9.95 10.13 2.78
9 cl12¢15C18:3 2.73 2.44 1.01
C20:5 EPA? 0.04 0.05 0.02
C22:6 DHA® 0.12° 0.22° 0.01
SFA* 61.56* 56.61° 2.54
MUFA’ 29.70° 34234 1.77
PUFA® 8.74 9.16 425
MUFA + PUFA 38.44° 43394 1.38
111 VA’ 9.128 19.15% 1.02
¢9¢11 CLA® 2.87° 4.96° 0.08
110 ¢12 0.10° 0.35* 0.04

FAME - fatty acids methyl esters; EPA — eicosapentaenoic acid; DHA —
docosahexaenoic acid; SFA - saturated fatty acids;, MUFA -
monounsaturated fatty acids; PUFA — polyunsaturated fatty acids; VA —
trans vaccenic acid; CLA — conjugated linoleic acid (rumenic acid).
*Within rows means bearing different superscripts differ significantly at:
small letters — P<0.05; capitals — P<0.01.

fatty acid composition — will also be affected by the composition of green forage,
or diet which jointly decide about the course of the biohydrogenation processes in
the rumen and the activity of desaturation process in the mammary gland [Boufaied
et al. 2003ab, Ribeiro et al. 2005]. The trans vaccenic acid (TV; ¢11 C18:1) formed
in the rumen by biohydrogenation is the main substrate for endogenous synthesis
of CLA in mammary gland [Griinari et al. 2000]. Fish oil and also long-chain fatty
acids, e.g. EPA (eicosapentaenoic acid) and DHA (docosahexaenoic acid) have a big
potential to affect the biohydrogenation process. Responses to fish oil, and also to
EPA and DHA separately, are related to the changes in rumen microbial ecology,
especially to the presence and variation of Butyrivibrio fibrisolvens and Fusocillus
[Wasowska et al. 2006]. According to the latter author it may be possible to alter
this population to decrease biohydrogenation without compromising other aspects of
ruminal fermentation. In the present investigation the effect of experimental factors
on microbial population was not tested and should be evaluated in further research
using molecular methods.

In trial I, in group of cows fed the FR diet (fish oil and rapeseed oil blend),
the oleic acid content of rumen fluid as well as of other MUFAs occurred higher
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(P<0.01), while that of total SFAs — lower (P<0.05) than in remaining two groups.
Similar relations were found in both trials in milk (P<0.01). In comparison with the
control group, also the level of 711 C18:1 was markedly higher — by 57%, P<0.01 — in
the rumen fluid and by 67% and 110% in milk after oils blend supplementation, in trial
I and II, respectively. According to AbuGhazeleh and Holmes [2007] the inclusion
of fish oil or rapeseed oil into cows’ summer diet increased the UFAs content of
milk, including trans vaccenic acid (VA) and CLA. In the authors’ earlier in vitro
investigations when alfalfa was used as a substrate [Potkanski et al. 2003], application
of both mentioned oils (especially their mixtures) increased VA and CLA contents in
the rumen fluid several times. Moreover, what was also observed in this study, high
proportions of oleic acid may also be incorporated into CLA in the rumen [Mosley et
al. 2002]. In this study, the inclusion of the mixture of fish and rapeseed oils into the
diet led to increase (P<0.05) the ¢9 ¢11 CLA isomer content in the rumen fluid by 30%,
and in milk by 78% and 73%, in trial I and II, respectively. The applied oils failed to
affect the level of #10 ¢12 C18:2 in the rumen, but increased its level in milk by 25%
and 250% in trial I and II, respectively.

Highly significant increase in concentration of total PUFAs was found in rumen
fluid in cows fed FR diet, whereas no such effect was identified in milk — concentration
of total PUFAs was elevated, but the effect was not confirmed statistically.

Protected fat (CPF diet) significantly affected the composition of fatty acids either
in rumen fluid or in milk (Tab. 3 and 4). Decrease in stearic acid, DHA and total
MUFA in the rumen fluid occurred in CPF cows, whereas decrease in sum of C18:1
trans and, as a consequence, in oleic acid was observed in milk. Moreover, the milk
of CPF cows showed the lowest level of ¢9 711 and 710 ¢12 isomers compared to C
and FR-supplemented group (trial I).

The question remains whether it is worth applying oil additives during summer
feeding of cows. As an effect of our experiments it becomes evident that in summer,
during the period of feeding fresh green forage, good results regarding milk fatty acid
composition can still be improved by supplementing the diet with fish and rapeseed
oils. However, such approach will only be justified if there is a niche on the market
and a demand for special products of high functional usefulness increases. There are
signs indicating that this perspective may be realized in near future.

REFERENCES

1. ABUGHAZALEH A.A., SCHINGOETHE D.J., HIPPEN A.R., KALSHEUR K.F., 2002 — Feeding
fish meal and extruded soybeans enhances the conjugated linoleic acid (CLA) content of milk.
Journal of Dairy Science 85, 624-631.

2. ABUGHAZALEH A.A., SCHINGOETHE D.J., HIPPEN A.R., KALSHEUR K.F., 2003 — Milk
conjugated linoleic acid response to fish oil supplementation of diets differing in fatty acid profiles.
Journal of Dairy Science 86, 944-953.

3. ABUGHAZALEH A.A., HOLMES L.D., 2007 — Diet supplementation with fish oil and sunflower
oil to increase conjugated linoleic acid levels in milk fat of partially grazing dairy cows. Journal of
Dairy Science 90, 2897-2904.

90



Fish oil and rapeseed oil dietary supplement for lactating cows

19.

20.

AOAC, 1990 — Association of Official Analytical Chemists. Official Methods of Analysis. 17 th
Edition. Arlington, USA.

ARO A., MANNISTO S., SALMINEM 1., OVASKAINEN M.L., KATAJA V., UUSITUPA M., 2000
— Inverse association between dietary and serum conjugated linoleic acid and risk of breast cancer in
postmenopausal women. Nutrition and cancer 38, 151-157.

BELURY M. A., 2002 — Dietary conjugated linoleic acid in health: physiological effects and
mechanisms of action. Annual Review of Nutrition 22, 505-531.

BOUFAIED H., CHOUINARD P.Y., TREMBLAY G.F., PETIT H.V., MICHAUD R., BELANGER
G., 2003a — Fatty acids in forages. 1. Factors affecting concentrations. Canadian Journal of Animal
Science 83, 501-511.

BOUFAIED H., CHOUINARD P.Y., TREMBLAY G.F., PETIT H.V., MICHAUD R., BELANGER
G., 2003b — Fatty acids in forages. II. In vitro ruminal biohydrogenation of linolenic and linoleic
acids from timothy. Canadian Journal of Animal Sciences 83, 513-522.

CIESLAK A., MACHMULLER A., SZUMACHER-STRABEL M., SCHEEDER M.R.L., 2009 — A
comparison of two extraction methods used to quantify the different C18 fatty acids in feed and
digesta of ruminants. Journal of Animal and Feed Sciences 18, 2. In press.

. COUVREUR S., HURTAUD C., LOPEZ C., DELABY L., PEYRAUD J.L., 2005 — The linear

relationship between the proportion of fresh grass in the cow diet, milk fatty acid composition, and
butter properties. Journal of Dairy Science 89, 1956-1969.

. DHIMAN T.R., ANAND G.R., SATTER L.D., PARIZA M.W., 1999 — Conjugated linoleic acid

content of milk from cows fed different diets. Journal of Dairy Science 82, 2146-2156.

. DUGGAN CH., GANNON J., WALKER A., 2002 — Protective nutrients and functional foods for the

gastrointestinal tract. American Journal of Clinical Nutrition 75, 789-808.

. FRENCH P., STANTON C., LAWLESS F., O'RIORDAN E.G., MONAHAN F.J., CAFFREY P.J.,

MOLONEY A.P., 2000 — Fatty acid composition, including conjugated linoleic acid, of intramuscular
fat from steers offered grazed grass, grass silage, or concentrate-based diets. Journal of Animal
Science 78, 2849-2855.

. GRIINARI J.M., CORL B.A., LACY S.H., CHOUINARD P.Y., NUMELA K.V, BAUMAN D.E,,

2000 — Conjugated linoleic acid is synthesized endogenously in lactating dairy cows by Delta (9)-
desaturase. Journal of Nutrition 130, 2285-2291.

. GRIINARIJ.M.,DWYER D.A.,, MCGUIREM.A.,BAUMAND.E.,PALMQUISTD.L.,, NURMELA

K.V.V,, 1998 — Trans-octadecenoic acids and milk fat depression in lactating dairy cows. Journal of
Dairy Science 81, 1251-1261.

. GRUMMER R.R., MELISSA L.L., BARMORE J.A., 1993 — Rumen fermentation and lactation

performance of cows fed roasted soybeans and tallow. Journal of Dairy Science 76, 2674-2681.

. HOUSEKNECHT K.L., VANDENHEUVEL J.P., MOYA-CAMARENA 8S.Y., PORTOCARRERO

C.P, PECK L.W,, NICKEL K.P.,, BELURY M.A., 1998 — Dietary conjugated linoleic acid normalizes
glucose tolerance in the Zucker diabetic fatty fa/fa rat. Biochemical and Biophysical Research
Communications 244, 678-682.

. IZ INRA, 1993 — Research Institute of Animal Production (Instytut Zootechniki). Feeding Standards

for Cattle, Sheep and Goats. Omnitech Press, Warsaw.

IP M.M, MASSO-WELCH P.A., IP C., 2003 — Prevention of mammary cancer with conjugated
linoleic acid: Role of the stroma and the epithelium. Journal of Mammary Gland Biology and
Neoplasia 8, 103-118.

LEE K., PAEKK., LEE H.Y,, PARK J.H., LEE Y., 2007 — Antiobesity effect of trans-10, cis-12-
conjugated linoleic acid-producing Lactobacillus plantarum PL62 on diet-induced obese mice.
Journal of Applied Microbiology 103, 1140-1146.

91



A. Potkanski et al.

21.

22.

23.

24.

25.

26.
27.

28.

29.

MOSLEY E.E., POWELL G.L., RILEY M.B., JENKINS T.C., 2002 — Microbial biohydrogenation
of oleic acid to trans isomers in vitro. Journal of Lipid Research 43, 290-296.

NEWBOLD C.J., MCINTOSH F.M., WILLIAMS P., RICCARDO LOSA, WALLACE R.J., 2004
— Effects of a specific blend of essential oil compounds on rumen fermentation. Animal Feed Science
and Technology 114, 105-112.

PARODI P.W.,, 2004 — Milk fat in human nutrition. Australian Journal of Dairy Technology 59,
3-59.

POTKANSKI A., SZUMACHER-STRABEL M., JALC D., ZELENAK I, KOWALCZYK
J., CIESLAK A., 2003 — The enrichment of fresh alfalfa with different sources of n-3 and n-
6 polyunsaturated fatty acids and their effect on rumen fermentation and biohydrogenation in
artificial rumen. Vitamine und Zusatzstoffe in der Erndhrung von Mensch und Tier. Proceedings
of 9th Symposium on Vitamine und Zusatzstoffffe in der Erndhrung von Mensch und Tier. 24-25
September. Jena Thiiringen, 264-269.

RIBEIRO C.V.D.M., KARNATI S.K.R., EASTRIDGE M.L., 2005 — Biohydrogenation of fatty acids
and digestibility of fresh alfalfa or alfalfa hay plus sucrose in continuous culture. Journal of Dairy
Science 88, 4007-4017.

SAS®, 1996 — SAS/STAT Users Guide (Release 6,12). SAS Institute Inc., Cary, NC, USA.

SZUMACHER-STRABEL M., POTKANSKI A., KOWALCZYK J., CIESLAK A., CZAUDERNA
M., GUBALA A., JEDROSZKOWIAK P., 2002 — The influence of supplemental fat on rumen
volatile fatty acid profile, ammonia and pH levels in sheep fed a standard diet. Journal of Animal
and Feed Sciences 11, 577-587.

TANGERMAN A., NAGENGAST F.M., 1996 — A gas chromatographic analysis of fecal short fatty
acids using the direct injection method. Analytical Biochemistry 236, 1-8.

WASOWSKA 1., MAIA M.R.G., NIEDZWIEDZKA K.M., CZAUDERNA M., RAMAHLO
RIBEIRO J.M.C., DEVILLARD E., SHINGFIELD K.J., WALLACE R.J., 2006 — Influence of fish
oil on ruminal fermentation of C18 unsaturated fatty acids. British Journal of Nutrition 95, 1199-
1211.

Andrzej Potkanski, Matgorzata Szumacher-Strabel, Adam Cieslak

Wptyw dodatku mieszaniny oleju rzepakowego i rybiego
do letniej dawki pokarmowej dla krow dojnych na poziom
wybranych wskaznikow ptynu zwacza oraz koncentracje
kwasow thuszczowych w mleku

Streszczenie

Przeprowadzono dwa doswiadczenia. Pierwsze (I) w ukladzie kwadratu lacinskiego na trzech

krowach dojnych rasy polskiej holsztynsko-fryzyjskiej z kaniulami zatozonymi do Zzwacza. Kazde
zwierzg zywiono kolejno trzema dietami — bez dodatku tluszczu (dieta C, kontrolna), z dodatkiem
mieszaniny oleju rzepakowego i rybiego 1:1 (dieta FR) oraz z dodatkiem ttuszczu chronionego (dieta
CPF). W do$wiadczeniu drugim (II) nieprzetokowane krowy dojne tej samej rasy zywiono dieta C i FR
(po 10 zwierzat). W obu doswiadczeniach ttuszcz dodawano do poziomu 4% suchej masy dawki. Dodatek
mieszaniny olejow do dawki kontrolnej zmienit koncentracj¢ kwasow tluszczowych w plynie zwacza w
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doswiadczeniu I, a takze w mleku w do$wiadczeniu I 1 I1. Stwierdzono wzrost stgzenia kwasu oleinowego,
jak roéwniez innych kwaséw monoenowych, oraz obnizenie koncentracji sumy kwasow nasyconych.
Podobnie, w obu do$wiadczeniach stwierdzono wzrost koncentracji izomeru ¢9 11 CLA w mleku oraz
w doswiadczeniu I — w ptynie zwacza. W doswiadczeniu II stwierdzono wzrost koncentracji izomeru 710
c12 w mleku. Autorzy wnioskuja, ze w okresie zywienia letniego korzystne zmiany sktadu kwasowego
thuszezu mleka krow mozna spotggowaé dodajac do paszy mieszaning oleju rzepakowego i rybiego.
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