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MILK AND A PROCESS FORITS PREPARATION

An object of this invention is milk in which the concentrations of palmitoleic acid
acid and preferably also palmitic acid are higher than in traditional milk. At the same
time the amounts of trans fatty acids and C6-C12 saturated fatty acids are lower than
in traditional milk. The invention also relates to food products which contain the milk
according to the invention or part of it. The milk according to the invention has been
produced by a process wherein to a lactating animal is given feed which contains in-
side and on the surface of feed raw material particles a fatty acid mixture wherein the

content of saturated fatty acids is over 90%.

Background

Consumption of liquid milk products decreased slowly in Finland during 1990’s but
during the last decade the decrease in consumption was broken. Moreover, the earlier
trend towards low-fat and non-fat products has recently turned back to products con-
taining more fat, the consumption of which grows rapidly. Thus for example the con-
sumption of butter has during the last 2 years almost doubled. As a whole, butter was
eaten 10 million kilos more in 2011 than two years earlier. A similar trend prevails
also elsewhere in Europe. At the same time milk production in our country has de-
creased and there is thus room for increase in milk production as well as in milk fat
content. Furthermore, consumers prefer products wherein basic food products have
been combined with health promoting components, such as plant sterols and their es-
ters, n-3 fatty acids, nutritional fibers, vitamins, probiotics and minerals, such as cal-

clum.

Thanks to rumen, fiber that is unsuitable for monogastric animals can be utilized in
cow feeding. However, due to rumen function a problem 1s that approximately 10% of
feed energy is lost as methane and thus the energy efficiency is declined. In addition,
the environment is burdened. The rumen function is also linked to a problem concern-
ing the nutritional value of milk fat. Milk fat 1s rich in saturated fatty acids and it con-
tains a rather high amount of trans fatty acids. Dietary trans fatty acids have been con-

nected especially to an increase of the harmful LDL cholesterol and to a decrease of
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the beneficial HDL cholesterol in human blood. Dietary saturated fats are not as harm-
ful since they increase also the proportion of the good cholesterol, that is HDL com-

pared to the harmful LDL cholesterol.

Milk composition and fat quality can to a some extent be influenced by feeding of the
cows. It 1s known that when oils are given to cows, milk fat becomes softer. However,
oil feeding has negative impacts on both rumen function and milk quality. Protein
content is lowered, the proportion of trans fatty acids increases and the processability
properties of milk fat are weakened. A high level of polyunsaturated fatty acids in

milk also causes taste defects and preservation problems.

A typical fatty acid composition of milk fat contains over 70% of saturated fatty acids.
The total amount of trans fatty acids varies in the range of 3—10%. When vegetable oil

1s added 1nto the feed, the proportion of trans fatty acids may rise even over 10%.

When a cow eats unprotected fat along with its feed, the fat is exposed to the action of
rumen microbes. The lipase enzymes produced by the microbes hydrolyse the ester
bonds of triglycerides, forming glycerol and free fatty acids. Hydrolysis is rapid, since
already an hour after feeding most triglycerides have been hydrolysed and thus the
content of free fatty acids in rumen is increased. Fatty acids have to be in free form
before the microbes can utilize them. After the polyunsaturated fatty acids have been
released, they start to be hydrogenated in the rumen. Biohydrogenation proceeds step
by step so that the end result consists mainly of stearic acid, but the biohydrogenation
process 1s not complete and several different fatty acids, including trans fatty acids,
are formed 1n the rumen as intermediate products of hydrogenation. For this reason,
adding vegetable oil to feed results in accumulation of trans fatty acids in milk. The
high amount of polyunsaturated fatty acids in feed causes taste defects and preserva-

tion problems in milk.

Biohydrogenation protects rumen microbes because polyunsaturated fatty acids are
toxic especially to cellulolytic bacteria. Digestion of fiber may therefore decrease.
The detrimental effect of fats can be diminished by preventing fat hydrolysis. Fat hy-

drolysis can be decreased for example by protecting fats with casein which has been
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treated with formaldehyde. Another alternative is to make insoluble fatty acid calcium
salts whereby hydrogenation in rumen can be avoided. However, the disadvantages of
fatty acid salts limit their usability in feeds. The pungent taste of the salts result in

decreased feed intake. The salts may also disturb pelletizing process of the feed.

By infusing partly hydrogenated vegetabe o1l past the rumen, milk fat content has de-
creased in experiments. Partly hydrogenated vegetable oil contains trans fatty acids
which have been found to prevent fat synthesis in the mammary gland. A typical in-
dustrially partly hydrogenated vegetable o1l (soya oil) contains 30-35% trans fatty

acids.

In a study by Mosley S.A. et al. (Journal of Dairy Science 90:987-993) a ruminant
TMR diet was supplemented with three levels of palm oil fatty acids. Milk protein
content (protein percentage) did not increase, but it tended to decrease linearly

(P<0.08) with palm oil supplement, even though the energy intake of the cows was

increased 1n the test groups receiving the palm oil supplement.

Lindmark Mansson H. (Food & Nutrition Research 2008) reported a fatty acid com-
position expressed as percent by weight of total fatty acids in Swedish dairy milk in
2001, given as weighted means with standard deviations and as the minimum and

maximum weighted means.

W02006/063444 describes a method for preparing an animal feed component by mix-
ing at least one ground pulse product with whole or intact oilseeds. Also described is
the use of the feed component in the production of animal products having increased

levels of omega-3 and omega-6 fatty acids.

WO0O2011/066526 relates to enhancement of desirable characteristics in ruminant ani-

mals and ruminant products through the incorporation of beneficial fatty acids.

EP 0479555 describes extruded animal feed nuggets comprising at least 20 wt% starch
and at least 15 wt% added fat. The nuggets increased the milk yield of cows, but at the

same time decreased both the fat content (%) and protein content (%) of the milk.
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WO 2010/151620 describes extruded feed particles that have been vacuum coated
with a high amount of two different fats: first a low melting point fat and then a high

melting point fat that encloses the low melting point fat.

WO 2010/108483 describes a method for producing animal food by means of fat ex-
trusion, wherein heated fat 1s sparayed and cooled so that particles are formed with at
least one additive or component, such as selenium. The fat content of the product is
high, 30-99.5 % and the additive or component 1s embedded in the fat. The goal is to

protect sensitive additives or components in rumen.

Rumen protected fat supplements have been developed and are marketed e.g. by trade

names Lipitec Bovi HF and Energizer RP10.

Santschi D.E. et al. (Canadian Journal of Animal Science 89:383-392) studied colos-
trum and milk fatty acids of dairy cows influenced by extruded linseed supplementa-

tion during the transition period.

In a study by Petit H.V. et al. (Animal Feed Science and Technology 169:46-52) pro-
duction performance and milk composition of dairy cows fed with different concentra-

tions of flax hulls was examined.

Moate P.J. et al. (Journal of Dairy Science 90:4730-4739) studied influence of diet

type on concentrations of individual fatty acids in bovine milk.

WO 2012/053893 describes a milk composition having an increased unsaturated fatty

acids and a decreased trans fatty acids content.

Until now, a disadvantage with all ways of feeding dairy cows in order to increase

milk fat content has been that they lower milk production and/or lower protein content
and/or cause undesired effects, such as increased trans fatty acid levels, on the fatty

acid profile of the milk fat.
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Description of the invention

According to the invention, milk has been developed, with increased fat content (per-

centage) compared to a traditional milk. The fatty acid composition of the milk ac-

- cording to the invention comprises at least 1.8% palmitoleic acid and/or at least 33 %

palmitic acid, and at most 2.9 % total trans fatty acids. The fatty acid composition of
the milk according to the invention preferably comprises at most 2.5% of trans fatty
acids, more preferably at most 2.2%, 2.1%, 2.0%, 1.9%, 1.8%, 1.7%, 1.6%, 1.5%,
1.4%, 1.3%, 1.2%, 1.1%, 1.0%, 0.90%, 0.80%, 0.70%, 0.60%, 0.50%, 0.40%, 0.30%,
0.20% or 0.10%, and most preferably the milk fatty acid composition does not com-

prise trans fatty acids.

The fatty acid composition of the milk according to the invention contains at least 5%,
preferably at least 10% more palmitoleic acid than the fatty acid composition of tradi-
tional milk.. Further, the milk fatty acid composition contains at least 5%, preferably
at least 10 % more palmitic acid than the fatty acid composition of traditional milk.
Moreover, the milk fatty acid composition comprises less C6-C12 saturated fatty acids
than the fatty acid composition of traditional milk, preferably at least 5% less, more
preferably at least 10% less.

By traditional milk 1s here meant milk that is produced without adding fat/oil to the
diet of a cow. Such a diet contains usually about 2-3 % by weight of triglycerides in

the conventional feed ingredients.

Preferably the milk fatty acid composition comprises at least 2.0% palmitoleic acid,
more preferably at least 2.3%, even more preferably at least 2.5% and most preferably
at least 2.7%. Further, the milk fatty acid composition contains palmitic acid prefera-
bly at least 33 %, more preferably at least 35 %, and most preferably 37 %.
Furthermore, the fatty acid composition of the milk according to the invention prefer-
ably comprises C6-C12 saturated fatty acids at most 10%, preferably at most 9.8%,
more preferably at most 9.5%, even more preterably at most 9.3%, still even more

preferably at most 9.0% and most preferably at most 8.5%.
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Furthermore, the food product according to the invention may contain at least one
health promoting component selected from the group consisting of plant sterols and
their esters, n-3 fatty acids, yitamins, such as A, D, E and K vitamins, dietary ﬁbers,
probiotics and minerals, such as calcium. Preferably the food product according to the
invention contains plant sterols and their fatty acid esters. Plant sterols include and
preferably are 4-desmethyl sterols and 4-monomethyl sterols, 4-desmethyl stanols and
4-monomethyl stanols. Typical 4-desmethyl sterols are sitosterol, campesterol, stig-
masterol, brassicasterol, 22-dehydro-brassicasterol and d5-avenasterol. Typical stanols
are sitostanol, campestanol and their 24-epimers. The preferred amount of plant ster-
ols or their esters i1s from 0.1 to 10% by weight, more preferably from 0.2 to 5 % by
weight and most preferably from 0.5 to 3 % by weight.

The milk according to the invention has been produced by a process wherein to a lac-
tating animal is given feed, which contains conventional feed ingredients and conven-
tional additives and other auxiliary agents and, in addition, inside and on the surface
of feed raw material particles a fatty acid mixture wherein the content of saturated

fatty acids is over 90%.

By “conventional feed ingredients and conventional additives and other auxiliary
agents’™ 1s meant a mixture of at least two commonly used feed raw materials, i.e. raw
materials that can be used as starting materials in preparation of the feed mixture ac-
cording to the present invention. Such feed raw matenals include for example grain
(for example such as wheat, oat, barley) and oilseed meals (for example such as rape-
seed meal or soybean meal). In addition “conventional feed ingredients and conven-
tional additives and other auxiliary agents” may contain for example molasses, vita-
mins and minerals. Chemically “conventional feed ingredients and conventional addi-
tives and other auxiliary agents” in-clude at least protein and starch. The protein con-
tent 1s preterably 15-55 %, more prefera-bly 16-45 %, most preferably 17-40 % of the
“conventional feed ingredients and conven-tional additives and other auxiliary
agents”. The starch content is preferably 5-50 %, more preferably 15-45 %, more
preferably 15-35 % and most preferably 15-25 % of the “conventional feed ingredi-

ents and conventional additives and other auxiliary agents”.
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The inventions relates also to a food product which has been prepared from the milk
according to the invention or from a composition isolated or prepared therefrom. Such
food products include conventional food products prepared from milk, such as for
example various basic milks, special milks, creams, fermented milk products, such as
sour milks, curdled milks, curdled cream, yoghurt, quark, sour cream, cottage cheese,
French sour cream, as well as puddings, ice creams, milk powders, infant formulas,

cheese, butter, butter-vegetable oil mixtures, etc.

The invention is also related to a process for preparing milk, wherein to a lactating

animal 1s given feed which contains conventional feed ingredients and conventional
additives and other auxiliary agents and, in addition, the feed contains inside and on
the surface of feed raw material particles a fatty acid mixture wherein the content of

saturated fatty acids is over 90%, and then the milk is recovered.

The milk according to the invention has many beneficial health effects. A high amount
of trans fatty acids has been connected to an increase of the detrimental LDL choles-
terol and to a decrease of the good HDL cholesterol, and therefore lowering of their
amount 1in milk 1s highly desirable. For palmitoleic acid (C16:1), several health-
promoting effects have been proposed. Milk saturated fatty acids have been connected
to a higher increase of the good HDL cholesterol than the harmful LDL cholesterol.
Plants sterols lower the harmful LDL cholesterol. The present invention provides
products wherein the beneficial effects on the proportion of the good HDL cholesterol
and the harmful LDL cholesterol are enhanced compared to a traditional milk.

The teed mixture which 1s given to a lactating animal in a process according to the
invention, contains a fatty acid mixture having a high melting point. When this fatty
acid mixture is added to a feed which is heated to at least above the melting point of
the fatty acid mixture, the fat gradually melts into the raw material particles of the
feed. The heat treatment is carried out before feed pelletizing or drying, or in connec-
tion with the pelletizing. When the feed cools down, part of the proteins and starch of
the feed mixture is protected from microbial degradation. Also the fat is (preferably
free fatty acids are) protected from microbial action and on the other hand microbes

are protected from fat and thus digestion of roughage (¢.g. coarse feed) remains good.



CA 02861191 2014-07-14

WO 2013/113981 PCT/F12013/000004

10

15

20

25

30

8

The amount of saturated fatty acids in the fatty acid mixture used in the feed is high,
and in addition the mixture is essentially free of trans fatty acids.. ”Essentially free” or
“does not essentially contain” mean within this context that the fatty acid mixture con-
tains at most 5%, preferably at most 4%, more preferably at most 3%, even more pret-
erably at most 2%, still even more preferably at most 1%, again even more preferably

at most 0.5% and most preferably no trans fatty acids at all.

In the milk preparation process according to the invention the fatty acid mixture is
used in an amount of approximately 1-10 % by weight, based on the total weight of
the feed. In case of a complete feed, the fatty acid mixture i1s used in an amount of
approximately 1-6 % by weight, preferably 2-5 % by weight. In a concentrate feed,
the amount of fatty acid mixture 1s 2-10 % by weight, preferably 3-8 % by weight,
based on the total weight of the feed. Both milk production and milk fat content can
be increased. Moreover, milk protein content is not lowered but rather is increased.
Also the proportion of milk trans fatty acids diminishes. The proportion of saturated
fatty acids remains approximately the same but the proportion of oleic acid and/or

palmitoleic acid is increased.

However, the feed mixture used in the milk preparation process according to the in-
vention does not disturb rumen function. Digestion of fiber remains at the same level,
milk protein content is slightly increased and fat content is remarkably increased. Also
milk production rises. Since part of the easily digestable nutrients can pass directly by
the rumen undigested, methane formation can be decreased which improves utilization

of nutrients.

The fatty acid mixture used in the feed contains usually at least 90%, preterably more
than 95%, more preferably more than 98%, of saturated fatty acids, based on the total
amount of the fatty acid mixture. The fatty acid mixture may also wholly consist of
saturated fatty acids. One preferred feed for the purposes of the invention contains a
fatty acid mixture comprising at least 60%, more preferably at least 90%, of palmitic
acid (C16:0) and at most 30%, more preferably at most 10%, of stearic acid (C18:0),

based on the total amount of the fatty acid mixture. Even more preferably the fatty



CA 02861191 2014-07-14

WO 2013/113981 PCT/F12013/000004

10

135

20

25

30

9

acid mixture contains at least 95% palmitic acid and not more than 5% stearic acid,

and 0—1% of other fatty acids.

The above mentioned saturated fatty acids are already as such protected from mi-
crobes as their melting point 1s high. When the feed is prepared as describe above,
also other components of the feed are protected, and thus both fatty acids and starch
and amino acids are more evenly absorbed from the small intestine. Thus a high
amount of fat does not get alone as such into the small intestine, in which case the

absorbtion capacity could limit its good effects on milk production.

The A9-desaturase enzyme 1n cow’s mammary gland converts part of stearic acid into
oleic acid (C18:1), which softens milk fat. Because stearic acid in large amounts may
weaken milk production capacity in the mammary gland, in the process according to

the invention a feed is used wherein the fatty acid mixture used in its preparation con-

tains no more than 30% of stearic acid.

The fatty acid mixture may also contain small amounts of unsaturated fatty acids. The
proportion of unsaturated fatty acids of the total amount of the fatty acid mixture is 0—
10%, more preferably 0-5%, even more preferably 0—2%. The most preferred unsatu-
rated fatty acid for the purposes of the invention is oleic acid (C18:1). Another useful
fatty acid is palmitoleic acid (C16:1).

According to one preferred embodiment the fatty acid mixture to be added in the feed

may contain the following fatty acids (percentages of the fatty acid mixture):

C16:0 60-100, preferably 80-100
C18:0 0-30, preferably 020
Cl18:1 0-10, preterably 0-3
others 0-10, preferably 0-3
trans fatty acids 0-2, preferably 0-1

A preterred fatty acid mixture therefore contains 80-100% palmitic acid, 0-20% stea-

ric acid, 0-3% oleic acid, 0-1% trans fatty acids and 0-3% other fatty acids. Further
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more pre-ferred 1s a fatty acid mixture containing 80-100% palmitic acid, 0-20% stea-

ric acid, 0-3% oleic acid, no trans fatty acids and 0-3% other fatty acids.

Although the tatty acid mixture may theoretically be 100% pure palmitic acid, it is

here still called a fatty acid mixture.

The melting point of a fatty acid mixture rich in saturated fatty acids is high, typically
more than 60°C, for example 60-80°C, preferably 63—65°C. Preferably the 1odine
value of a fatty acid mixture usable 1n the invention 1s 0-5, more preferably 0-3, and

most preferably 0—1.

Fatty acids in the fatty acid mixture which the feed to be given to a lactating animal
contains are preferably almost hundred-percent free fatty acids (at least 98% and more
preferably at least 99%). It 1s also possible that part of the fatty acids are in triglycer-
ide, diglyceride or monoglyceride forms, but when given as free fatty acids, their uti-
lization in the small intestine is improved as lipase enzymes do not need first to de-
grade triglycerides into glycerol and free tatty acids. The fatty acid mixture thus pref-
erably comprises 50-100% of free fatty acids, more preferably 75-100% of free fatty
acids and most preferably 95-100% of free fatty acids.

In the milk according to the invention it was surprisingly succeeded to lower milk
trans fatty acid content so that the produced milk contained less than 2.5%, more pref-
erably less than 2.0% trans fatty acids, of the milk fatty acids. In Finland, the fatty
acid composition of a typical winter milk contains about 3% trans fatty acids. If the

diet contains oil, the amount is increased.

[n the milk preparation process according to the invention a feed is used, the prepara-
tion of which comprises adding with simultaneous mixing to conventional feed ingre-
dients and conventional feed additives and auxiliary agents a fatty acid mixture in
which the proportion of saturated fatty acids 1s more than 90%, heating the feed mix-
ture so that the fatty acid mixture melts and spreads on the surface and inside of the
feed raw matenial particles, and then the feed mixture is optionally pelletized and

cooled. Preferably the whole feed mixture is processed. Thereby part of the proteins
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and starch of the teed mixture 1s protected from microbial degradation. With the pro-

cess according to the invention one can preferably protect the whole feed mixture

from microbial degradation.

Preferably the feed used for feeding the lactating animal contains conventional feed
ingredients and conventional additives and other auxiliary agents and in addition said
feed contains a fatty acid mixture in an amount of about 1-10% by weight, the fatty
acid mixture comprising 80-100% palmitic acid, 0-20% stearic acid, 0-3% oleic acid,
0-1% trans fatty acids and 0-3% other fatty acids. More preferably the 1odine value of
the fatty acid mixture 1s 0-3, still more preferably 0-3 and most preferably 0-1.

By preparing feed as described above, more digestable nutrients are transported to the
cow’s small intestine. This enables positive changes in milk production as well as in
milk composition and in degree of utilization of the feed. Preferably the degree of
utilization of feed 1s increased by 5 %, more preferably by 10 % and most prefera-bly
by 15 % when calculated as the the efficiency of utilization of metabolizable energy

intake for milk production (kl).

Preparing the feed as described above can preferably be performed in a conditioner or
expander, more preferably in a long term conditioner or expander, and most pref-

erably 1n a longterm conditioner.

Melting of the fatty acid mixture inside and on the surface of feed raw material parti-
cles can be done by heating the feed mixture in a long term conditioner, for example
at a temperature of at least 75 °C for at least 20 minutes. When higher temperature 1s
used, heating time may correspondingly be shorter. However, the temperature may
preferably not exceed 85 °C. On the other hand, also lower temperature, for example
70 °C for at least 25 minutes, may be used. After the heat treatment the feed mixture is

pelletized and cooled.

Alternatively, a feed mixture wherein the fatty acid mixture has been blended can be
treated with an expander whereby the pressure and heat in the expander melt and ab-

sorb the fatty acid mixture inside and on the surface of feed raw material particles.



CA 02861191 2014-07-14

WO 2013/113981 PCT/F12013/000004

10

15

20

235

30

12

The pressure in an expander treatment is typically 1040 bar and temperature over
100°C, whereby retention time may be 3—6 seconds. After the expander treatment the

feed mixture is pelletized and cooled.

Thirdly, the feed described above can be produced by heat treatment during pre-
conditioning in the pelletizer, if the conditions (temperature, pressure, moisture and
time) are suitable to cause the fatty acid mixture to melt and to be absorbed inside and

on the surface of the feed raw matenial.

Preferably the process according to the invention does not include extrusion. Such

pro-cessing conditions are probably too severe for producing a ruminant feed .

An emulsifier which promotes the absorption of fatty acid mixture into feed raw mate-
rial particles can preferably be added to the rest of the feed mixture before heating. An
emulsifier is added in an amount of 0.01-1.0 %, preferably 0.02—0.2, most preferably
0.02-0.05% by weight, based on the total weight of the feed mixture. The emulsifier
can be chosen among conventional substances used as emulsifiers. Preferably the
emulsifier is a non-ionic emulsifier. More preferably it has a HLB value of at least 5,
more preferably at least 7, and most preferably at most 14. Examples of emulsifiers
usable in the process according to the invention are castor oil based emulsifiers which
are sold for example under the trade name Bredol®. The amount of the emulsifier is

0.2-2.0%, more preferably 0.5-1.5% and most preferably 0.8-1.2% of the fatty acid

mixture.

The milk according to the invention is produced by a process wherein to a lactating
animal 1s given a milk composition changing amount of the feed disclosed above. A
milk composition changing amount means an amount of complete feed or concentrate
feed which conforms to the normal feeding recommendations of the lactating animal.
The changes 1n milk composition are detected as an increase in the amount of pal-
mitoleic acid and/or oleic acid. Preferably the changes are detected also as a decrease
in the amount of trans fats and C6-C12 saturated fatty acids. The changes are partly
shown already a week after the change in feeding but the change in the microbial

function takes 3—4 weeks and thus the whole change is detectable only after 3 weeks.
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The milk characterized 1n that it has been produced by a process wherein to a lactating
animal is given a feed which contains conventional feed ingredients and conventional
additives and other auxiliary agents and in addition said feed contains a fatty acid mix-
ture in an amount of 1-10% by weight, the fatty acid mixture comprising 80-100%
palmitic acid, 0-20% stearic acid, 0-3% oleic acid, 0-1% trans fatty acids and 0-3%
other fatty acids, and further the 1odine value of the fatty acid mixture is 0-5%.

The feed described above can provide the animal a daily amount of the fatty acid mix-
ture 0.2-1.0 kg/day, preferably between 0.3-0.8 kg/day, and most preferably between
0.4-0.7 kg/day. Typically the daily amount of the fatty acid mixture is at least 0.2
kg/day, preferably at least 0.3 kg/day, more preterably at least 0.4 kg/day, and most
preferably at least 0.5 kg/day. The dosing can also be expressed as amount of fatty
acid mixture ingested via the feed according to the invention per amount of produced
milk. Suitable dosages are e.g. 10-300 g fatty acid mixture/10 kg milk, more prefera-
bly 60-160 g fatty acid mixture/10 kg milk, and most preferably about 100 g fatty acid
mixture/10 kg milk. These daily amounts or amounts per 10 kg milk pro-duction can

suttably be applied in any method or use disclosed here below.

A special feature of the feed to be given to the lactating animal 1is that the fatty acid
mixture added into it has during the preparation process of the feed mixture protected
digestible nutrients of the feed. By means of the process according to the invention the
fatty acid mixture 1s evenly applied inside and on the surface of the feed raw matenal
particles whereby utilization of nutrients becomes more effective and also methane
production 1s decreased. In particular, the feed raw material particles are protected
also inside the feed pellets or granules. Also the fat itself 1s protected from miérobial
degradation and on the other hand the fat does not disturb microbial function and thus
digestion of coarse feed. A fatty acid having a melting point more than 60 °C i1s as
such already protected against microbial action. The feed thus prepared rises the con-

tent of palmitoleic acid and/or oleic acid in milk.

The remarkable decrease in the amount of milk trans fats was particularly surprising.

[t was not expected, since the trans fatty acid amount of normal milk fatty acids i1s at
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least 3% even without fat addition, when feeding comprises silage and conventional
compound feed based on grains and rapeseed This confirms that the raw material par-
ticles of the feed prepared according to the process described above have been pro-
tected from rumen degradation. Thus for example the triglyceride hydrolysis of the
feed raw materials and the hydrogenation of the unsaturated fatty acids released there-
from has evidently at least partly been hindered. This has decreased formation of

trans fatty acids.

The following examples illustrate the invention. The fatty acid percentages presented
in this application are percentages which disclose relative chromatogram peak areas,
as 1s evident to a person skilled 1n the art.

Example 1. Complete feed usable in the invention

The following raw materials were selected for the preparation of complete feed (in

percentages by weight).

1. 2. 3.
Rapeseed or soya meal 0-60 10 — 50 20 - 30
Feed grain (wheat, barley, oats) 0-70 10 — 65 20 - 40
Sugar beet pulp 0-20 2—18 5-135
Wheat bran 0-30 5—25 10-15
Molasses 4-8 3-7 4 -5
Wheat middlings 0-20 3-15 3-5
Minerals . 0-3 0-35 0-35
Premixes (vitamins and micronutrients) 0-2 0-2 0-2
Fatty acid mixture usable in the invention 2- 5 2-5 3-4

Emulsifier 0.02-0.05 0.02-0.2 0.02 - 0.05

Example 2. Concentrate feed usable in the invention
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The following raw materials were selected for the preparation of concentrate feed

(percentages by weight):

1. 2. 3.
Vegetable oilseed meal (soya, rapeseed) 70-97 40 - 90 50 - 80
Pea, broad bean 0-20 2—18 5-15
Distiller’s grains 0-20 1-15 3-10
Fatty acid mixture usable in the invention3-10 3-10 3-8
Sugar beet pulp, bran 020 218 5-135
Grain 0-10 1 -10 2-8
Molasses 0-5 1 -4 1 -3
Premixes (vitamins and micronutrients) 0-3 0-3 0-3
Minerals 0-5 0-35 0-35
Emulsifier 0.02-0.05 0.02-0.2 0.02 —0.05

Example 3. Fatty acid composition of a fatty acid mixture usable in the invention

Fatty acid %
C16:0 >90
C18:0 <10
others <3
trans fatty acids 0

free fatty acids ca. 100
melting point >60 °C
10dine value <]

Example 4. Preparation of a test feed usable in the invention

The raw materials of example 1 were selected as starting materials as follows (per-

centages by weight):

Rapeseed meal 30
Barley | 30
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Wheat 20
Sugar beet pulp 10.3
Mixed molasses . 4.0
Mineral mixture 2.3
Micronutrient mixture 0.2
Vitamin mixture - 0.2
Emulsifier 0.03
Fatty acid mixture usable in the invention 3.0

The fatty acid mixture according to example 3 (3.0 % by weight) and emulsifier (0.03
% by weight) were mixed into the starting materials to obtain 100% by weight of feed
mix-ture. The feed mixture was mixed in a horizontal mixer for 3 minutes, emulsifier
and the fatty acid mixture were melted with it into the feed mass in a longterm condi-
tioner for 20 minutes at a temperature of 77 °C, in order to slowly melt and spread the
fatty acid mix-ture evenly 1nside and on the surface of the feed raw material particles

with the help of the emulsifier. Then the feed mass was pelletized and cooled.

Example S. Preparation of milk according to the invention

In this feeding experiment cows were given 6—16 kg a day of a reference feed or the
test feed according to example 4. As a reference feed was used a complete feed mix-
ture which had been prepared by mixing the starting materials (without fatty acid mix-
ture and emulsifier) of example 4 with rapeseed o1l (1.5 % by weight) and calcium salt
of palm oil fraction (1.5 % by weight). Both test periods lasted for 4 weeks and the

following results were obtained:

Reference feed Test feed
Milk (kg/d) 30.0 33.5
Milk fat content (% by weight) 4.16 4.53

Milk protein content (% by weight) 3.16 - 3.27
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The effect of test feeding on milk fatty acids:

Reference Test feeding
trans fatty acids 4.3 % 1.9 %
palmitoleic acid 2.7 %
palmitic acid 39.1 %
C6-C12 unsaturated 9.0 %

Example 6. Another preparation of milk according to the invention

In this feeding experiment cows were given 8—12 kg a day of a reference feed or the
test feed according to example 4. A commercially obtained complete feed mixture was
used as a reference feed. Both test periods lasted for 4 weeks and the following results

were obtained:

Reference feed Test feed
Milk (kg/d) 28.5 30.5
Milk fat content (% by weight) 4.45 4.90
Milk protein content (% by weight) 3.55 3.67

The effect of test feeding on milk fatty acids:

Reterence  Test feeding

trans fatty acids | 4.9 % 1.8 %
palmitoleic acid 2.8 %
palmitic acid 36.4 %
C6-C12 unsaturated 9.4%

The results from test feedings show that in the milk according to the invention the

amount of trans fatty acids is significantly lower.
Example 7. Cocoa drink from the test milk of Example 5
Two cocoa drinks with the tollowing recipes (% by weight) were prepared:

1 2
milk - 924 899
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sugar 5.0 5.0
cocoa 2.5 2.5
emulsifier , 0.1 0.1
plant sterol ester - 2.5
: .
Example 8. Yoghurt drink from the test milk of Example 5
A yoghurt drink was prepared with the following recipe (% by weight):
10 mlk 85.8
sugar 6.0
fruit/berry concentrate 6.0
stabilizer 0.2
plant stanol ester 1.0
15 linseed oil 1.0

fermented with lactic bacteria
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Claims

1. Milk, characterized in that its fatty acid composition comprises at least 1.8% pal-
mitoleic acid and/or at least 33% palmitic acid, and in addition totally at most 2.9%

trans fatty acids.

2. Milk according to claim 1, characterized in that its fatty acid composition comprises
at most 2.0%, preferably at most 1.5%, more preferably at most 1.0%, still more pref-
erably at most 0.50% trans fatty acids, and most preferably the milk fatty acid compo-

sition does not comprise trans fatty acids.

3. Milk according to claim 1 or 2, characterized in that its fatty acid composition com-
prises at least 5%, preferably at least 10% more palmitoleic acid than the fatty acid

composition of traditional milk.

4. Milk according to any one of claims 1-3, characterized in that its fatty acid compo-
sition comprises at least 5%, preferably at least 10% more palmitic acid than the fatty

acid composition of traditional milk.

5. Milk according to any one of claims 1-4, characterized 1n that its fatty acid compo-
sition comprises less C6-C12 saturated fatty acids than the fatty acid composition of

traditional milk, preferably at least 5% less, more preferably at least 10% less.

6. Milk according to any one of claims 1-5, characterized in that its fatty acid compo-
sition comprises palmitoleic acid at least 2.0%, preferably at least 2.3%, more prefera-

bly at least 2.5% and most preferably at least 2.7%.

7. Milk according to any one of claims 1-6, characterized in that its fatty acid compo-
sition comprises palmitic acid at least 33%, preferably at least 35%, more preferably

at least 37%.

8. Milk according to any one of claims 1-7, characterized in that its fatty acid compo-

sition comprises C6-C12 saturated fatty acids at most 10%, preferably at most 9.8%,
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more preferably at most 9.5%, even more preferably at most 9.3%, still even more

preferably at most 9.0% and most preferably at most 8.5%.

9. Milk according to any one of claims 1-8, characterized in that it has been produced
by a process wherein to a lactating animal 1s given a feed which contains conventional
feed ingredients and conventional additives and other auxiliary agents and in addition
sald feed contains inside and on the surface of feed raw material particles a fatty acid

mixture wherein the proportion of saturated fatty acids is over 90%.

10. Milk according to any one of claims 1-8, characterized in that it has been produced

by a process wherein to a lactating animal is given a feed which contains conventional

- feed ingredients and conventional additives and other auxiliary agents and in addition

said feed contains a fatty acid mixture in an amount of 1-10% by weight, the fatty acid
mixture comprising 80-100% palmitic acid, 0-20% stearic acid, 0-3% oleic acid, 0-1%
trans fatty acids and 0-3% other fatty acids, and further the 1odine value of the fatty

acid mxture 1s 0-5%.

11. A food product which has been prepared from the milk according to any one of

claims 1-9 or from a composition isolated or prepared therefrom.

12. Milk according to any one of claims 1-9 or a food product according to claim 10,
characterized in that it contains at least one health promoting component selected from
the group consisting of plant sterols and their esters, n-3 fatty acids, vitamins such as
A, D, E and K vitamins, nutritional fibers, probiotics and minerals, such as calcium.
13. A milk preparation process, characterized in that it has been produced by a process
wherein to a lactating animal is given a feed which contains conventional feed ingre-
dients and conventional additives and other auxiliary agents and in addition the feed
contains inside and on the surface of teed raw materal particles a fatty acid mixture

wherein the proportion of saturated fatty acids is over 90 %, and the milk is recovered.

14. Use of milk according to any one of claims 1-9 or a food product according to
claim 10 further containing 0.1-10 % by weight plant sterol or plant sterol ester to

increase HDL cholesterol and to decrease LDL cholesterol in human blood.
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