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Eight Finncattle cows were used in two replicated 4x4 Latin squares with 21 -day periods to study the
effects of replacing rapeseed cake with linseed cake in proportions of 0, 1/3, 2/3 and 1 (on air dry
basis), the total amount of supplement being 1.5 kg/day (on air dry basis). The basal diet consisted of
silage fed ad libitum and a 4.5 kg/day (on air dry basis) barley:oats (1:1) mixture.

The experimental diets had no effect on feed intake. Effective protein degrability (EPD) deter-
mined by the nylon bag method was higher for linseed cake than for rapeseed cake. Milk production
decreased linearly (P<0.01), from 18.5 to 17.1 kg/day, when the proportion of linseed cake was in-
creased. Milk fat content increased (P<0.05) by 3.4 g/kg but milk protein content tended to decrease
(P<(). 10) with an increase in linseed cake feeding. Despite clear differences in the fatty acid compo-
sition of linseed and rapeseed oils, experimental treatments had only minor effects on milk fatty acid
composition.

Several factors, including the slightly higher ether extract content, higher EPD and/or lower amino
acid content of linseed cake than rapeseed cake, the different fatty acid composition of the two sup-
plements and the presence of antinutritional compounds in linseed cake, may be responsible for the
impaired milk production with linseed cake feeding.

Key words: flaxseed, Linum usitatissimum L., milk production, milk fatty acid composition,
oilseed cake

Introduction
Linseed or flaxseed (Linum usitatissimum L.j is
one of the world’s oldest and most versatile crops
but its cultivation in Finland had almost ceased

by the 19605. A new interest in cultivating lin-
seed, especially the oil linseed varieties, has
emerged in the 19905. Linseed oil and meal are
recognised to be highly nutritious to humans
whereas linseed oil can be used in paints and
varnishes, and the fibre of oil linseed in techni-
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cally innovative developments in, for example,
hard board production (van Kempen and Jans-
man 1994). Once the oil has been removed, lin-
seed meal or cake can be used as animal feed.
Rapeseed products are the most important pro-
tein supplements used in dairy cow feeding in
Finland, and their effects on milk production
have been extensively studied (e.g. Tesfa 1992,
Tuori 1992). Knowledge of the value of linseed
products is, however, more scarce. In a histori-
cal perspective, linseed-based feeds have been
highly appreciated, but in more recent times a
range of negative factors such as antinutritional
compounds and the poor amino acid composi-
tion oflinseed products have been reported (Ols-
son et al. 1988, van Kempen and Jansman 1994).

Apart from the interest in utilizing by-prod-
ucts of linseed oil production for feeding dairy
cows, consumers are becoming increasingly
aware of the health aspects of food and foods
promoting health, i.e. functional foods. If milk
fatty acid composition could be manipulated by
feeding cows linseed oil, it might be possible to
create special milk products with health-promot-
ing effects. Rumen microbes are known to bio-
hydrogenate dietary unsaturated fatty acids. Milk
fatty acid composition can, however, be changed
by feeding linseed oil to dairy cows (McDonald
and Scott 1977, Kennelly 1996). Studies of typ-
ical Finnish dairy cow diets based on grass si-
lage supplemented with locally produced linseed
cake are, however, lacking.

The objective of this study, then, was to com-
pare the production potential of linseed cake with
that of rapeseed cake in milk production. Spe-
cial attention was paid to the feasibility of alter-
ing milk fatty acid composition by feeding cows
linseed cake.

Material and methods
Animals and basal care

Eight autumn-calving Finncattle cows, of which
five were in their first lactation and three in their

second lactation, were used. The cows had calved
70 (s.e. 8) days before the start of the experi-
ment and their average live weight during the
experiment was 468 kg (s.e. 17). They were fed
and housed in individual stalls in the dairy barn
at Koivikko Agricultural College. Grass silage
was given twice daily ad libitum and concentrate
feeds were offered as two equal meals at 06.30
and 14.30. The cows had free access to water,
and a commercial mineral mixture was included
according to their requirements.

Experimental design
The experiment was conducted as two replicated
4x4 Latin squares withperiods of 21 days. The
Latin squares were balanced for carry-over ef-
fects, within a square each treatment being once
first and once preceeded by all other treatments.
Experimental diets were formed by gradually
replacing rapeseed cake (RC) with linseed cake
(LC) as the protein supplement. The proportion
of LC was 0, 1/3, 2/3 and 1 in the four treat-
ments. The total amount of protein supplemen-
tation was 1.5 kg of air dry feeds per animal/
day.

Feeds
The linseed cake was produced by Elixi Oil Ltd.
and had been cold-pressed from oil linseed, va-
riety Noriin. The rapeseed cake was a commer-
cial heat-moisture -treated (Öpex®) product. The
cows were also given a mixture of 4.5 kg (on air
dry basis) of rolled barley and oats (1:1). Grass
silage was produced from timothy-meadow fes-
cue (4:1). It was ensiled in clamp silos with a
formic acid-based additive (AIV 2) at a rate of4
litres of formic acid per tonne of fresh grass.

Measurements and sampling
Data from the last week ofeach period were used
to calculate concentrate intake. Silage intake was
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measured over the last 3 days only, a relatively
short period due to practical reasons. Represent-
ative feed samples were collected over each pe-
riod of intake measurements. Fresh silage sam-
ples were stored at -20°C before analysis. Sam-
ples of concentrate feeds were bulked over all
periods, but silage samples were analysed sepa-
rately for each period. Milk production was re-
corded during the last week ofeach period. Milk
samples, in proportion to yield, were taken on
the last four consecutive milkings of each peri-
od, and analysed for fat, protein and lactose us-
ing an infra-red milk analyser and for urea with
an enzymatic UV test (Valio Ltd.). For milk fat-
ty acid (FA) analyses, samples of two replicate
animals were bulked.

Chemical analyses
The dry matter (DM) content of feed samples
was determined by oven drying at 103°C. Silage
DM was corrected for loss of volatile substances
[lactate, volatile fatty acids (VFA), ethanol and
ammonia] according to Huida et al. (1986). The
ash content of samples was obtainedby ignition
in a muffle furnace at 550°C for 6 h. Concen-
trate feeds were analysed for nitrogen (N) by the
method of Sweeney (1989) on a Leco FP 428
nitrogen analyser, and fresh silage samples by
the Kjeldahl method (EEC 1993). The crude pro-
tein (CP) content was obtained by multiplying
the N content by 6.25. Silages were analysed for
water soluble carbohydrates (Somogyi 1945),
lactate (Barker and Summerson 1941), VFA (Hu-
ida 1973), ethanol (Huida 1982) and ammonia
N (McCullough 1967). Crude fibre (EEC 1992)
and ether extract (EEC 1984; method A) analy-
ses were conducted according to the official pro-
cedure for feed analysis. For concentrate feeds,
the samples were treated with HCI before ether
extraction (EEC 1984; method B with ethyl-
ether). Neutral detergent fibre (NDF) was deter-
mined according to Van Soest et al. (1991). Si-
lage D-value was estimated in vitro with cellu-
lase-based digestion (Friedel 1990).

To quantify individualmilk FAs, milk fat was
separated using the International Dairy Federa-
tion standard method and methylated as given
in Antila and Kankare (1983). The methylated
FAs were separated on an HP-Innowax (cross-
linked PEG) column (30 m x 0.32 mm, film
thickness 0.5 (im) in a gas chromatograph
Hewlett Packard 5890 fitted with a flame-ioni-
zation detector and an automatic injector
(Hewlett Packard 7673). The carrier gas used was
helium and the split ratio was 50:1. The injector
and detector temperatures were 250 and 275°C,
respectively. The column temperature, which was
90°C at the start, was first raised to 105°C at a
rate of 5°C/min, then to 225°C at a rate of40°C/
min, and finally to 250°C at a rate of 2°C/min.
Individual FAs and their mass fractions were
identified using the milk fat standard CRM 164
(Pocklington et al. 1993).

Feed values
The metabolizable energy (ME) content of con-
centrate feeds was calculated from the chemical
composition and the reported digestibility val-
ues (Tuori et al. 1996). Effective protein degrad-
ability (EPD) in the rumen was calculated for
both protein supplements from nylon bag incu-
bations of 0,2, 4,8, 16, 24, 48 and 72 h in the
rumen of three fistulated cows. Rapeseed cake
was incubated as fed and LC was ground through
a 6 mm sieve before incubation. After incuba-
tion the bags were washed in a household wash-
ing machine, dried at 60°C and analysed for N.
The values of amino acids absorbed from the
small intestine (AAT) and the protein balance in
the rumen (PBV) for the feeds were calculated
according to Tuori et al. (1996) but the meas-
ured EPD values were used for RC and LC.

Statistical analyses
Data were analysed with the GLM procedure of

163

AGRICULTURAL AND FOOD SCIENCE IN FINLAND



i

Table 1. Chemical composition and feed values of the feeds.

Barley and Linseed Rapeseed Grass
oats mixture cake cake silage

Dry matter (DM), g/kg 854 913 908 278

In DM, g/kg
Ash 25 59 64 77
Crude protein 137 359 342 164
Ether extract 51" 160" 117" 43 21

Neutral detergent fibre 250 213 279 520

Feed values, g/kg DM
Metabolisable energy, MJ/kg DM 13.0 14.1 12.8 10.9
AAT31 100 95 149 84
PBV> -25 207 115 20

" With HCI hydrolysis
2) Without HCI hydrolysis
31 Amino acids absorbed from the small intestine
4) Protein balance in the rumen

the Statistical Analyses System (SAS Institute
Inc. 1989) using the following model:

y ijk , =H+ S, + 8(C), +p
k +T, + (SxP) jk

+ (SxT)tl
+ ejjkl’

where S is a square, S(C) is a cow within a
square, P is the period, T is the dietary treatment
and SxP and SxT the subsequent interactions.

Degradability of protein

The sums of squares for treatment effects were
further separated, using orthogonal contrasts,
into single degree of freedom comparisons of
linear, quadratic and cubic effects of dietary LC
increases. Quadratic and cubic effects were non-
significant in virtually all cases. Consequently
only linear effects are included in the tables.

Results
The composition of the feeds used in the present
experiment is given in Table 1. The higher ether
extract content of LC explains why its ME con-
tent was higher than that of RC. LC contained
slightly more CP and clearly less NDF than RC.
There was a marked difference in the protein
values of the two supplements despite the small
differences in CP content. This was due to the
clearly higher EPD of LC than of RC (0.88 vs
0.61). Protein degradation curves for both sup-
plements are presented in Figure I. The silage
clamp was changed in the middle of the experi-
ment. The values describing the fermentation

Fig. 1.Degradability oflinseed cake andrapeseed cake pro-
tein incubated in nylon bags in the ramen of three replicate
cows as a function of time.
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Table 2. Effects of gradual replacement of rapeseed cake with linseed cake on feed and nutrient intake.

Proportion of linseed cake Statistical
0 1/3 2/3 1 SEM significance

Feed intake, kg DM/d
Silage 9.06 9.33 8.71 9.17 0.288 ns
Barley and oats mixture 3.83 3.83 3.76 3.62
Rapeseedcake 1.37 0.91 0.45 0.00
Linseed cake 0.00 0.46 0.89 1.29
Total 14.26 14.53 13.81 14.08 0.343 ns

Nutrient intake, g/d
Organic matter, kg/d 13.38 13.63 12.97 13.21 0.318 ns
Crude protein 2461 2530 2418 2445 55.2 ns
Ether extract

Total 743 769 759 786 17.7 ns
From rapeseed cake 160 107 52 0
From linseed cake 0 73 143 207

AAT" 1349 1343 1260 1258 30.2 *

PBV2 » 223 292 316 335 8.9 ***

Metabolisable energy (ME),
MJ/d 166.4 168.9 162.0 165.9 4.02 ns

SEM = Standard error of the mean; Statistical significance: *** (P<0.001), * (P<0.05)
"Amino acids absorbed from the small intestine
: ' Protein balance in the rumen

quality of silage in the first and second halves
of the experiment were: DM 229 and 328 g/kg,
pH 4.78 and 4.14, water soluble carbohydrates
9 and 93 g/kg DM, lactate 44 and 29 g/kg DM,
acetic acid 33 and 11 g/kg DM, butyric acid 2
and 0 g/kg DM, ammonium N 79 and 29 g/kg N
and soluble N 525 and 645 g/kg N. Values indi-
cate that the first batch of silage was extensively
fermented, with a rather high pH, whereas the sec-
ond batch was fermented to a restricted extent.

Dietary treatments had no effect on daily feed
intake, but there were slightly more concentrate
refusals when cows were fed high proportions
ofLC (Table 2). Organic matter. ME and CP in-
takes remained the same for all diets. Ether ex-
tract intake showed a slight numerical increase
when more LC was fed, owing to an increase of
3.6 g/kg (P<0.001) in the ether extract content
of the total diet. As a result of the difference in
protein degradability characteristics between
supplements, AAT intake was smaller (P<0.05)

and PBV intake greater (P<0.001) on high LC
diets.

Milk production (P<0.01) and energy correct-
ed milk (ECM) production (P<0.05) declined
with an increasing proportion of LC in the diet
(Table 3). The decrease was smaller for ECM
than for milk (5.6% v.v 8.2%) because LC in-
creased the milk fat content (P<0.05). The milk
protein content tended to decrease (P<0.10) and
the milk urea content increased (P<0.01) in high
LC diets. The daily output of milk protein
(P<0.001) and lactose (P<0.01) was clearly de-
creased by the gradual inclusion of LC but milk
fat output was not significantly affected. The
efficiency of dietary CP utilisation for milk pro-
tein was impaired (P<0.01) by a gradual increase
ofLC in the dietbut feed conversion in terms of
AAT, DM or ME into ECM was not affected by
diet.

Gradual replacement of RC by LC had little
effect on the milk short and medium chain (C4:O
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Table 3. Effects of gradual replacement of rapeseed cake with linseed cake on milk production and milk
composition and feed conversion.

Proportion of linseed cake Statistical
Ö 1/3 2/3 1 SEM significance

Milk produktion, kg/d
Milk 18.5 18.2 17.2 17.1 0.38 **

ECM" 20.7 20.6 19.7 19.6 0.43 *

Milk composition, g/kg
Protein 33.5 33.8 33.1 32.5 0.43 o
Fat 43.6 44.8 46.4 47.0 0.85 *

Lactose 49.1 48.5 49.0 49.0 0.20 ns
Milk urea, mmol/1 6.08 6.32 6.83 6.70 0.153 **

Output in milk, g/d
Protein 617 617 558 549 15.9 ***

Fat 808 824 787 798 25.3 ns
Lactose 906 888 827 829 25.7 *

Efficiency of feed conversion
Protein output/CP intake 0.252 0.245 0.232 0.226 0.0063 **

g AAT2)/kg ECM 49.2 50.0 48.0 47.6 1.62 ns
ECM/DM intake 1.46 1.42 1.44 1.41 0.034 ns
ME, MJ/kgECM 5.55 5.81 5.73 5.89 0.212 ns

SEM = Standard error of the mean; Statistical significance: *** (P<0.001), ** (P<0.01), * (P<0.05),
o(P<0.10)
" Energy corrected milk calculated with the formula of Sjaunja et al. (1990)
21 Amino acids absorbed from the small intestine

to C 16:0) FA composition other than a tendency
(P<0.10) for the C14:l proportion to decrease
(Table 4). In contrast, C 16:1 and C20:0 decreased
(P<o.ool and P<o.ol, respectively) while CI8:0
and Cl 8:3 increased (P<o.ol and P<0.05, respec-
tively). At high LC levels, the proportion of
C 18:1 tended to decrease (P<0.10). Furthermore
LC increased the degree of milk FA saturation
(P<0.05).

Discussion

Milk production
Gradual replacement of RC withLC led to a sig-
nificant decrease in the milk production of the
cows. When cereal-based (usually a mixture of

rolled barley and oats) concentrates have been
replaced, by weight, with rapeseed feeds in Finn-
ish feeding experiments, the production respons-
es have, on average, been 1.07 kg milk or 39.9 g
milk protein per kg DM replaced (Ahvenjärvi et
al. 1995), Here, the response to replacement of
LC with RC resulted in 1.03 kg milk, 0.81 kg
ECM and 50 g milk protein output per day per
kg DM replaced. These figures reveal that the
production potential ofLC is basically the same
as that of cereal-based concentrates.

In a Swedish experiment using similar feeds,
milk production was impaired to a similar ex-
tent. Replacement of RC with LC resulted in
0.57 kg less milk and 26 g less milk protein per
kg DM replaced (Bertilsson et al. 1994). Ken-
nedy (1996) reported two Canadian experiments
investigating full fat linseed. In the first experi-
ment, in which the whole linseed content of the
diet was gradually increased (0, 50, 100and 150
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Table 4. Effects of gradual replacement of rapeseed cake with linseed cake on milk fatty acid composition
(g/kg).

Proportion of linseed cake Statistical
Ö 1/3 2/3 i SEM significance

C4:O 33.3 34.6 33.9 34.5 0.62 ns
C6:O 23.4 23.3 23.3 24.0 0.39 ns
C8:0 13.6 13.2 13.2 13.6 0.37 ns
C 10:0 29.0 28.0 28.2 28.3 0.92 ns
C 10:1 2.2 4.2 1.3 1.7 0.95 ns
C 12:0 32.0 30.7 30.8 30.7 1.08 ns
C 12:1 0.3 0.6 0.4 0.4 0.15 ns
C13:0 1.5 1.5 1.3 1.4 0.11 ns
C14:0 109.8 107.6 109.0 108.0 1.65 ns
C14:l 10.2 9.9 9.4 9.3 0.29 o
C15:0 14.6 14.2 14.1 14.3 0.36 ns
C 16:0 299.3 298.6 301.9 304.0 3.86 ns
C16:l 17.3 16.7 15.8 15.9 0.16 ***

CI7:0 10.3 10.7 10.6 10.5 0.19 ns
C 17:1 2.6 2.5 2.5 2.4 0.07 o
C18:0 115.6 120.8 128.0 128.0 1.93 **

C 18:1 239.6 243.1 236.5 232.4 2.77 o
C18:2 27.0 27.3 27.3 27.4 1.05 ns
C 18:3 4.8 5.7 5.7 6.0 0.23 *

Saturated total 685.6 686.4 697.2 700.4 4.16 *

C16:0/C18total 0.769 0.753 0.755 0.770 0.0174 ns

SEM =Standard error of the mean; Statistical significance: *** (P<0.001), ** (P<0.01), * (P<0.05), o(P<0.10)

g/kg DM), milk production and milk fat content
were unaffected but the milk protein content
decreased linearly. Thus littlebenefit was derived
from feeding linseed with high protein and high
energy contents in preference to other protein
supplements which generally elicit rather high
production responses. In the second experiment,
a diet with no supplemental fat was compared
with one including 100 g/kg of whole linseeds,
rolled linseeds or a mixture of rolled linseeds
and rapeseeds. There were virtually no differ-
ences in the production results of the last two
diets, which are comparable to those fed in the
current experiment. Milk yield was similar in
both these diets and the control diet, but feeding
whole linseeds significantly lowered milk pro-
duction. In another Canadian experiment (Kho-
rasani et al. 1994), linseed meal feeding main-
tained the same milk production as rapeseed
meal, but the experimental feeds and basal diet

were not comparable to those in our experiment,
as the oilseed products were solvent extracted
and fed in a whole crop oat silage-based total
mixed ration.

In the present experiment, there are several
potential causes for the reduced production po-
tential of LC compared with RC: the slightly
higher ether extract content of LC, which may
have resulted in decreased diet digestibility; dif-
ferences in FA composition; more extensive ru-
minal degradability of LC; differences in the
amino acid profile; and, possibly, antinutrition-
al factors contained in linseeds.

The linseed cake used here had a higher ether
extract content than had RC. This particular rape-
seed product was chosen as the reference feed,
because it had the highest ether extract content
of the domestic rapeseed products commercial-
ly available. The detrimental effects of high fat
diets on rumen fermentation are well document-
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ed. Decreased cellulolytic activity in the rumen
would be highly detrimental in diets based ex-
tensively on silage, such as in the present exper-
iment, in which 0.64 of diet DM derived from
silage, which is high in potentially digestible fi-
bre. A high dietary fibre content may, converse-
ly, diminish the detrimental effects of FA feed-
ing (Jenkins 1993).

Assuming that decreased digestibility on the
LC diet was the reason for reduced milk output
and that the efficiency of energy utilisation for
milk production remained the same, OM digest-
ibility should have declined by 25 g/kgDM. The
level of ether extract supplementation was rath-
er low in our experiment and the increase with
an increasing proportion ofLC was negligible,
47 g/day or from 52.3 g/kg diet DM on an all-
RC diet to 55.9 g/kg DM on an all-LC diet. Stud-
ies reporting negative effects of fat have gener-
ally used higher levels of fat feeding (Palmquist
1984, Tesfa 1992, Wu and Huber 1994), while
Palmquist (1976) suggested a 50 g/kg safety limit
in dairy cow rations.

The FA composition of the two oilseeds also
differs. Rapeseed oil contains high levels of oleic
acid (Cl8:1), but linseed oil is high in linolenic
acid (Cl8:3). In Sweden, the contents of oleic
and linolenic acids in RC were 561 and 97 g/kg,
and in LC 155 and 551 g/kg, respectively (Ber-
tilsson et al. 1994). Finnish rapeseed oil con-
tained 411 g/kg oleic acid and 73 g/kg linolenic
acid (Tesfa 1992), therespective values for Finn-
ish linseed oil being 172 and 619 g/kg (Elixi Oil
Ltd., personal communication). On the basis of
Finnish reference values, the LC dietresulted in
30 g lower C 18:1 intake but 1 16 g higher C 18:3
intake per day. Rumen protozoa are especially
vulnerable to the presence of free FAs, and
Doreau and Ferlay (1995) suggested, that linseed
oil has a more negative effect than other sources
of lipid on rumen protozoal number, possibly due
to the higher Cl8:3 content of linseed oil than
ofother fat sources. The claim has, however, yet
to be substantiated.

If the protozoal population had been de-
creased by LC feeding, it would still be difficult
to reconcile the current results. The role of pro-

tozoa in digestion is not fully understood, as
pointed out by Itabashi et al. (1990). Defauna-
tion may improve the nutritional status of the
host animal on a low protein dietbut usually pro-
tozoa are considered useful to the ruminant. The
proportion of butyric acid has been observed to
decrease concomitantly with a decline in the pro-
tozoal population (Ikwuegbu and Sutton 1982,
Sutton et al. 1983, Itabashi et al. 1990, Broudis-
cou and Lassalas 1991) and butyric acid gener-
ally promotes milk fat synthesis. Here, LC feed-
ing resulted in a significant increase in milk fat
content, which does not support the speculation
of low butyrate production in the rumen as a re-
sult of potentially decreased rumen protozoal
numbers.

The non-ammonia-nitrogen flow to the duo-
denum increased in sheep fed 43 g (Ikwuegbu
and Sutton 1982), 77 g (Sutton et al. (1983) or
60 g (Broudiscou et al. 1994) of linseed oil in
diet DM. The smallerprotozoal population prob-
ably contributed, a suggestion supported by data
of Broudiscou et al. (1994), who used defaunat-
ed sheep as a reference. Broudiscou and Lassal-
as (1991) reported that use of rumen fluid from
sheep given linseed oil at a rate of 60 g/kg diet
DM reduced the degradability of amino acids in
vitro. Doreau and Ferlay (1995) argued that lip-
ids have not been shown to decrease total bacte-
rial populations nor non-cellulolytic strains in
the rumen, so the above finding does not neces-
sarily apply in vivo. The level of linseed oil sup-
plementation in the present experiment was low-
er than in the studies mentioned earlier, being only
15 g/kg dietDM at the highest inclusion level.

Differences in diet DM ether extract (both
amount and FA composition) may have partly
accounted for the impaired milk production, but
it seems unlikely that these differences could be
of major importance.

Both oilseed cakes were almost identical in
terms of CP content, but the rumen degradabili-
ty of CP differed markedly. Linseed protein has
been found to degrade rapidly in the rumen (Ber-
tilsson et al. 1994, Moss and Givens 1994), a
conclusion we also reached. The heat-moisture
treatment of RC used may have further impaired

168

Rinne, M. et al. Linseed cake in a grass silage-based dietfor cows

AGRICULTURAL AND FOOD SCIENCE IN FINLAND



Vol. 6(1997): 161-172.

the rumen degradability of its protein, but such
treatment has not been shown to improve the
production potential of the feed compared with
that of untreatedrapeseed products (Tuori 1992,
Huhtanen and Heikkilä 1996). It is, however,
possible that the higher EPD of LC refers to a
certain feature in the feed owing to which its
production potential is lower than that of RC.
Calculated AAT balance (supply/requirement)
was adequate in all diets (1.03, 1.04, 1.01 and
1.01 as proportion ofLC increased). Moreover,

all diets gave the cows sufficientN, as indicated
by an average diet DM CP content of 174 g/kg
DM and a high milk urea content averaging 6.48
mmol/1.

The amino acid composition of linseed pro-
tein is poorer than that of rapeseed protein in
terms of the essential amino acids, lysine, me-
thionine, threonine and histidine (Bertilsson et
al. 1994, van Kempen and Jansman 1994,Tuori
et al. 1996). Susmel et al. (1994) reported a rel-
atively low amino acid content of LC protein
(693 g/kg) and also a rather low biological val-
ue ofLC protein as measured in hamsters (70).

New information on the role of individual
amino acids in the metabolism ofdairy cows fed
grass silage-based diets has recently accumulated
at our Institute. Histidine seems to be the first
limiting amino acid in diets similar to those test-
ed in the current experiment (Vanhatalo et al.
1997). If we assume that the histidine content of

RC was 2.8 g/100 gCPand that ofLC 2.1 g/100
g CP (Tuori et al. 1996)and further that the EPD
of histidine is similar to that of CP, intestinal
histidine supply would have been 3.9 g/day high-
er on the RC diet than on the LC diet. An in-
crease in histidine supply to the mammary has
led to an improvement in milk production and
lower milk fat content (Vanhatalo et al. 1997),
as was observed here, too, when the proportion
of LC in the diet decreased. Inclusion of LC
caused a decrease of 12.4% in milk protein yield,
1.3% in fat yield and 9.3% in lactose yield com-

pared with RC-based diets. These figures sug-
gest that mammary amino acid supply or bal-
ance may have been an important contributer to
the results obtained.

Linseeds are known to contain certain poi-
sonous or antinutritional factors such as the cy-
anogenic glucosides, linamarin, lotaustarin, li-
nustatin and neolinustatin(see Olsson et al. 1988,
van Kempen and Jansman 1994). Several rumen
microbes are able to break down linamarin (Ma-
jak and Cheng 1987), which leads to the pro-
duction of highly toxic hydrogen cyanide. Toxic
compounds may affect either the microbes in the
rumen or the host metabolism. In our experiment,
we did not attempt to clarify the possible toxic
effects of linseed feeding, and their contribution
to the impaired production cannot be totally ex-
cluded.

Milk fatty acid composition
Milk FA composition is influenced by the pro-
file ofFAs circulating in the blood stream. Die-
tary effects of FA supplementation on milk FA
composition depend on the extent to which die-
tary FAs escape rumen microbial hydrogenation
(Grummer 1991). Here, the content of Cl8:1
tended to decrease and that of Cl8:3 increased
with increasingLC feeding, reflecting the changes
in dietary FA intake. These changes were, how-
ever, of minor impact. If we assume similar
C18:3 intakes from the basal diet, the approxi-
mate intake of C18:3 on the all-LC diet was 116
g/day higher than on the RC diet. The difference
in milk output of Cl8:3 was 0.8 g/day, leading
to an extraction rate of only 0.07%. It is appar-
ent that Cl8:3 was almost totally hydrogenated
to Cl8:0 in the rumen. Subsequent intestinal and
mammary desaturase activity resulted in high
C18:1 outputs in milk, such as are generally ob-
served when any FAs containing 18 carbon units
(Cl 8) are fed in dairy rations (Grummer 1991).
The milk FA profile was very similar in all diets
owing to the similar intakes of ClB FA. The ra-
tio of C 16:0to C lB FA in milk has been used to
describe the potency of milk to affect human
blood cholesterol levels (Grummer 1991). We
noted no differences. Cl8:1 was not analytical-
ly separated into differentpositional isomers, but
it is possible that partial hydrogenation of C 18:3
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in the rumen led to a greater accumulation of
trans isomers of C18:l and C 18:2 (Grummer
1991) in cows on LC diets than in those on RC
diets.

Other researchers have been able to marked-
ly affect milk FA composition when comparing
diets with no additional lipid supplementation
and those containing linseed oil. McDonald and
Scott (1977) reported that feeding approximate-
ly 80 g/kg linseed oil protected from rumen mi-
crobes by formaldehyde-treated casein increased
the milk Cl8:3 content dramatically from 10 to
220 g/kg. A gradual increase in whole full fat
linseed from 0 to 150 g/kg DM raised the total
C lB FA content from 316 to 476 g/kg and Cl8:3
from 8 to 12 g/kg (Kennelly 1996). Comparison
ofrolled linseed with a mixture of rolled linseed
and rapeseed offered at a level of 100 g/kg DM
resulted in a decrease in C l 8:0 (124 v.v 143 g/kg),
but both C18:2 (31 vs 24 g/kg) and CI8:3
(10 v.v 8 g/kg) were higher on the all-linseed diet
(Kennelly 1996). Similarly, comparison of RC
and LC led to negligible but significant increas-
es in C18:3, from 7 to 9 g/kg (Bertilsson et al.
1994). In conclusion, the content of Cl8:0 and

Cl8:1 in milk can be increased to a certain ex-
tent by feeding cowss unprotected linseed prod-
ucts, i. e. by increasing their total intake of any
ClB FA, but if the content of Cl 8:3 needs to be
increased considerably, FAs need to be protect-
ed from biohydrogenation in the rumen. Note,
however, that increased unsaturation of milk FAs

increases the risk of oxidation and instability of
milk and milk products and may impair their
sensory quality.

Conclusions
The results of the present experiment suggest that
linseed cake is less suitable than rapeseed cake
for dairy cow feeding. If linseed cultivation con-
tinues to expand and/or demand for milk pro-
duced by linseed feeding to increase, it may be
necessary to evaluate the effects of linseed
processing on milk production. Linseed products
could benefit from decreased ruminal protein
degradability, and antinutritional factors could
probably be reduced in the process. To overcome
the possible negative effects of linseed FAs on
rumen microbes (Sutton et al. 1983) and to am-
plify changes in milk FA composition (McDon-
ald and Scott 1977), it might be beneficial to
protect linseed oil from rumen microbial inter-
ference.
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SELOSTUS
Rypsipuristeen asteittainen korvaaminen pellavapuristeella lypsylehmien säilörehuun

perustuvassa ruokinnassa
MarkettaRinne, Seija Jaakkola, Matti Järvi ja Pekka Huhtanen

Maatalouden tutkimuskeskus ja Koivikon maatalousoppilaitos

Lypsylehmien ruokintatutkimuksessa rypsipuristetta
korvattiin asteittain pellavapuristeella siten, että pel-
lavapuristeen osuus oli 0, 1/3, 2/3 tai 1 valkuaisre-
husta, jonka määrä oli yhteensä 1,5 kg ilmakuivaa
rehua päivässä. Koerehujen lisäksi lehmille annettiin
4,5 kg/pv ohran ja kauran seosta ja vapaasti nurmisäi-
lörehua. Kokeessa oli 8 Koivikon maatalousoppilai-
toksen suomenkarjalehmää.

Koeruokinnat eivät vaikuttaneet rehujen syöntiin.
Nailonpussiuitoin määritetty valkuaisen pötsihajoa-
vuus oli pellavapuristeessa suurempi kuin rypsipuris-
teessa, mikä johti pienempään ohutsuolesta imeyty-
vien aminohappojen saantiin mutta suurempaan pöt-
sin valkuaistaseeseen ruokinnoilla, joissa pellavapu-
risteen osuus oli suuri.

Maitotuotos pieneni suoraviivaisesti 18,5:stä 17,1
kg:aan/pv, kun pellavapuristeen osuus lisääntyi. Mai-
don rasvapitoisuus suureni 3,4 g/kg, mutta maidon
valkuaispitoisuus pieneni lievästi pellavapuristeen li-

sääntyneen syötön myötä. Pellavapuristeen lisäys ei
vaikuttanut päivittäiseen maitorasvan tuotantoon,
mutta maitovalkuaisen tuotanto väheni 68 g/pv. Mai-
don ureapitoisuus lisääntyi pellavapuristeen lisäyksen
myötä. Rypsi-ja pellavaöljyn rasvahappokoostumuk-
sen selkeästä erosta huolimatta muutokset maidon
rasvahappokoostumuksessa olivat erittäin pieniä.

Pellavapuristeen hieman suurempi rasvapitoisuus,
rasvahappokoostumus, valkuaisen suuri pötsihajoa-
vuus ja/tai heikko aminohappokoostumus sekä mah-
dolliset haitta-aineet ovat voineet vaikuttaa pellava-
puristeen rypsipuristetta heikompaan tuotantovaiku-
tukseen. Mikäli öljypellavan viljely lisääntyy entises-
tään tai pyritään tuottamaan terveysvaikutteisia mai-
totuotteita, joissa pellavaöljyn rasvahappoja halutaan
siirtää maitoon, kannattaisi selvittää pellavapuristeen
prosessoinnin vaikutuksia tuotantovaikutukseen ja
rasvahappojen suojaamiseen pötsimikrobien muok-
kaukselta.
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