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Abstract

Lipolytic changes in milk fat affect sensory attri
butes and technological properties of milk and milk
They are affected by physiological, thermal
factors as well as by the mechanics of
in milk are intensified by

products
and biochemical
fluids. Lipolytic processes
modern processing methods
In this review. special attention has
ruminant-related feeding of dairy cows, foaming of milk.
thermal influences. and the growth of
bacteria
in energy affect

been paid to

mechanical and
psychrotrophic
Feeds deficient

the chemical com

position of the milk fat. Tests have shown that on an
average, approximately 55% of free fatty acids in the
raw milk pass into the cream and the rest passes into
the skim milk. In the froth churning process, approxi
mately 0.15 mmol free fatty acids per 100 g of fat pass
into buttermilk
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Introduction

dairy products is determined by
their sensory, chemico-physical and mic robiological
characteristics. It is the objective of the mi 1k treat-
ment and processing to preserve these characteristics

Milk is a complex polydisperse biological system.
When it is extracted from a healthy udder, all its
constituents are in their native state. Any action of
energy affects the equilibrium in the milk and may
ultimately affect the properties of the milk products
(60, 76).

Milk is particularly sensitive to factors inf luenc
Both properties are affected by
in the feed, by
from the barn

The quality of

ing its odour and taste.
the absorption of substances present
absorption of alien odours and flavours
air, by formation of metabolites of the mi 1k components
etc. Of all these factors, which influence the odour and
taste of milk, lipolytic changes in the milk fat play
In addition to the

roles

one of the most important
properties mentioned above, they affect tec hnological
properties of the milk, such as the separation of the

fat
Lipolytic changes which develop in the milk fat
include the aggregation of milk fat globules, the forma-
tion of free fat, and the hydrolysis of glycerides that
produces fatty acids (Fig. 1) but do not include
oxidative changes

Fat present in the milk in the form of globules is
protected by membranes from 1 ipolytic and oxidative

milk

free

effects. Thus, lipoly: occurs only after the disrup
tion of the membranes and the subsequent formation of
free fat (96). Due to incomplete es erification in the

udder, a small amount of free fatty acids is present in
fresh milk (37, 62). Additional, post-secretory forma-
tion of free fatty acids is influenced by physiological,
and biochemical factors (Fig. 2) (45-48, 51,
53, 59). It is estimated that because of an increased
effect of these factors in the past 10 to 15 years, the
free fatty acid content in the raw milk has doubled
world-wide (67), primarily due to physical handling.
Hydrolysis induced by physiological factors is usually
is and hydrolysis induced by
nduced" lipolysis

physical,

cal led "spontaneous” lipol
physical factors is called

Mechanism of the Formation of Free Fat
and Free Fatty Acids in Milk
The stability of milk fat globules is based on an

energy barrier formed by equidirectional electric sur-
The stability of disperse systems

face charges (93) an




MILK FAT GLOBULES

mechanical and
thermal effects
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Fig. 1.

lipolytic action

FREE FATTY ACIDS J—

catalytic or
enzymatic oxidative
effects

RANCIDITY

Mechanism of changes in the milk fat.

be explained by the so-called DLOV theory. [The name
DLOV is derived from the first letters of the names of
the authors of the theory, i.e., Derjaguin, Landau,
Overbeek and Verwey (91)]. Mechanical energy, eg., as
provided by foaming, can suppress the energy barrier
Under the effect of low energy, hydrate envelopes of
milk fat globules are ruptured. At a higher energy, the
protein and phospholipid layers of the milk fat globule
membrane disintegrate and the fat globules form a uni
form mass, i.e., free fat. Nordlund and Heikonen (71)
discussed a theory on the formation of free fat during
cooling of the milk. The theory postulates that due to
radial solidification of the milk fat, low-melting,
mostly non-solidified triglycerides are present in the
core of the milk fat globules during cooling. The non
solidified fat occupies a larger volume than the same
amount of solidified fat. Thus, the liquid glyceride
part in the centre of the milk fat globules is subjected
to a pressure caused by the inner stress of the mole
cules. Compressibility of liquid fat is low, and shifts
in the crystal structures thus occur in the milk fat
globules as well as in the solidified fat layers. This
may lead to the destruction of the fat globule mem-
branes, i.e., to the formation of free fat. Therefore,
milk fat having a higher content of short-chain or
unsaturated fatty acids is more sensitive to lipolytic
changes .
Milk fat globule membranes rupture during the foam
ing of milk under the effect of an increased surface
tension as the milk fat globules enter the boundary
layer between air and milk. Thus, free fat is also
formed by this process. The formation of free fat is a

EFFECTS MILK FAT

PHYSIOLOGICAL
FACTORS

PHYSICAL FACTORS

BIOCHEMICAL
FACTORS

EFFECTS OF
THE MECHANICS
OF FLUIDS

lactation flow through microbial
pipes lipases
stirring heating oxidation
pumping

foaming

cooling

milk volume

feeding

health of
udder

Fig. 2. Factors influencing the structure of the milk fat

prerequisite for the hydrolysis of glycerides. Influenc
ed by inherent or microbial lipases, lipolysis leads to
the formation of free fatty acids in the milk (82-85)

Influence of Physiological Factors on Milk Fat

Physiological factors affecting the milk fat com-
prise, in particular, feeding, stage of lactation, milk
output, health of the udder, and exogenous factors
These factors contribute the most to the lipolysis of
milk.

In the case of a reduced milk output, which may be
due to the stage of lactation (87) as well as to feed
ing, the level of free fatty acids in the milk is in
creased (13, 41, 63). A particularly marked increase in
the free fatty acids content occurs when the milk pro
duction is reduced to less than 3 kg of milk per milking
(41). Feeding plays an important role in the stability
of the milk fat. Nonruminant-related feeding causes
changes in the protein fractions. This may be reflected
by the composition of the milk fat globule membranes
which may be formed only partly or incompletely (20).

An excessive supply of feed energy (34, 66, 90)
leads to a soft milk fat, which is subsequently subject
ed to lipolytic alterations during cooling and under
mechanical effects. The lack of feed energy causes the
formation of a weak milk fat globule membrane whereas an
excessive supply of raw protein in the feed results in
an increased incorporation of long-chain, unsaturated
fatty acids in the milk fat. These latter fatty acids
are formed due to the decomposition of the body fat o
the cows (20, 23, 33, 43). In the case of an energy
deficient diet, the long-chain unsaturated fatty acids
of the fatty tissues are digested more slowly than the
short-chain saturated fatty acids that are used for the
energy supply of the cow. A greater amount of long-chain
fatty acids thus enters the udder. Formation of oleic
acid is catalyzed in the udder by an enzyme called
desaturase. Hence, an increased oleic acid content in
the milk fat indicates a lack of energy in the feed
ration (20). Associated with this effect of feeding is a
changed composition of fatty acids and a softer consi
tency of the milk fat. According to the theory of Nord
lund and Heikonen (71), the change in the fatty acid
composition results in a stronger lipolytic sensitivity
of the milk (3, 49, 54, 59). Generally, it has been
observed that barn feeding has a more pronounced effect
on the free fatty acid formation than pasteurization of
the milk (12, 13). In this respect, the energy and
protein contents of the rations are more important than
the type of feed or the feeding practice (66).
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of the milk. Lipoprotein
in the transfer of fat from
lipolytic reac

greater

Some enzymes are part
lipase, which participates
the blood into the milk and catalyzes
tions (12), is one of them. It is likely that
quantities of this enzyme are s creted along with somat
ic cells into the milk in a diseased than in a healthy
udder. However, Olivecrona et al. (73) assume that an
inactive proenzyme existing in the milk is activated by
the somatic cells. Jellema (40)
reported a

substances existing in
correlation

and Jellema and Schipper (41)
between the number of somatic cells and lipolysis in
milk

Lipolytic problems are more frequent in dairy cat
tle herds producing medium cell counts in the milk
(300,000 to 500,000 cells/mL) than in those producing
low cell counts (<300,000 cells/mL). The hig counts
were found in milk obtained by improper machine milking.
salin et al. (86) reported an additional increase in the
exceeding

er

free fatty acid values in milk with counts
500,000 cells/mL. Data obtained in their experiments in
vivo are listed in Table 1. Effects of subclinical

aptoms of mastitis on lipolysis were reported by
Velitok (95), Ingr (36) and others

Several authors also described the effects of exo
genous factors such as activators and inhibitors on the
activity of lipoprotein lipase. It was found that an
addition of bovine blood serum (4, 41, 89), blood frac
tions containing o 1ipoproteins, or blood constituents
such as high-density lipoproteins, induced spontaneous
lipolysis in milk. Activation of lipolytic processes in
the milk by somatic cells may also be a consequence of
the effect of activators (15)

Downey and Murphy (19) found an
macropeptides on the formation of free fatty acids
Driessen and Stadhouders (21) detected the ence  of
another lipase in addition to lipoprotein
reported that it is similar which can
activated by biliary salts and which was found by Engel
rud and Olivecrona (22) in milk. Thus it may be
deduced that the biliary salts also function as activa
tors for some lipolytic reactions (26). Apart from the
investigations indicating the presence of activators
assume that lipolysis may also occur
inactivation or absence of some specific inhibi
Deeth Fitz-Gerald (17) have established the
existence of lipolysis in skim milk. These
thermostable and dialyzable factors are present in the
milk at varying concentrations and may affect the lipo

effect of glyco

pres
lipase and

to lipase, be

human

is reasonable to
due to
and

inhibitors of

tors.

lytic sensitivity of various milk samples to some
Table 1
Effect of elevated somatic cell count
on the free fatty acid content in milk
___according to Salin and Anderson (86)
. *
Source Number of somatic Free fatty acid content
of milk cells per mL (mmol/100 g fat)
A 127,000 0.878
B 1,567,000 1.380
A 200,000 1.374
B 1,582,000 1.904
A 433,000 1.926
B 61,000 1.794
A 365,000 0.824
B 1,768,000 1.448
* N 3 W
A = Milk from two healthy udder quarters;

= milk from two udder quarters of the same cows with
induced increase in the cell counts.

CHANGES

IN MILK FAT

extent. Experimental findings by various authors on the
effects of possible activators and inhibitors are re
viewed in detail by Olivecrona (72).

Kuzdzal-Savoie et al. (62) suggested that grass
inhibitory effect on lipolysis due
substances present in

feeding may have an
to the presence of some specific
the

grass

al Factors on Milk Fat

Inf luenc

During and after milking, milk is subjected to the
effects of flow processes. Such ses probably af
fect the milk fat to some extent

Laminar flow takes place in smooth pipes at low
flow rates. Turbulent flow develops with the increase of
the flow rate, due to rapid changes in direction of the
flowing liguid, and in pipes having rough surfaces and
edges (1, 44).

The nature of the flow is characterized by the
Reynold's number. It is low for laminar flow until the
so-called critical Reynold's number (R 2300) is reach
ed. Beyond it, the flow changes from laminar form into
the turbulent form with a considerable increase in re
sistance (78). Back (8) and Back and Reuter (9) found
that with a laminar flow (up to a maximum flow velocity
of 2.03 m/s), fat globules in milk do not agglomerate.
In experiments using a model an increase in
the free fatty acid concentrations and related defects
in sensory attributes developed at flow velocities of 6
m/s in raw milk passed through the pipes for 15 min.
Reuter (80) found similar changes in relat ionship to the
friction above 4 kp/m Reuter (79)
estimated that flow proce in dairy farming are most
ly turbulent. This is caused, e.g., by pipe bends, by
flow through constricted (at and taps),
ete. (10). According to the equation of (68):

proces

apparatus,

shear stress T

ses

valves
continuity

pipes

.\1x\.’] AoxVo

A, = sectional areas of the pipe,

A, = sectional areas of the constricted pipe,
V. - flow velocity in the pipe, and

Vo = flow velocity in the constricted pipe,

where

the flow velocity and thus Reynold's number are in
creased in locations with reduced sectional areas of the
tube (68). This may initiate lipolytic processes in the
milk. Stirring can also cause changes in the structure
of the milk fat and attention should be paid to its
effect. When the agitator is off for longer periods of
time, the milk is subjected to creaming, although the
rising of fat may not exactly follow the Stokes equation
(45). To avoid creaming, a continuous or oc ional
agitation of the milk is necessary. The agitation of
milk depends on the extent of mixing and on the mixing
turbulence. The extent of changes in the original milk
fat globules depends on the energy flow per unit area
existing in the turbulently flowing liquid, i.e., on the
energy introduced into the liquid by stirring per unit
volume and (77)

In studies of the effects of pumping 1k fat,
various effects of individual pumps were reported (4
This means that attention should be paid to the selec
tion of the proper pumps their appropriate use;
displacement pumps should preferably be used.

when milk is transported through long smooth pipe-
lines at flow velocities below 1.5 m/s, the free fat
content is affected only to a very small extent. An
increase in free fat by only 0.42% was reported (46).
High flow velocities through constricted pipes (eg., at
samplers), however, led to an increase by almost 10%.

To maintain acceptable microbiological quality of

time
on mi

and
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the milk, efficient cooling is required which would
restrict microbial growth in the milk as effectively as
possible. In the past decades, considerable changes have
been introduced into the way in which milk used to be
cooled. Oldfashioned cooling by tap water was replaced
by storage cooling (cooling tanks) in the
modernization of the industrial milk production proc
ses has advanced, high-performance heat exchangers have
been used to cool the milk on the farm. However, a rapid
cooling also leads to lipolytic changes in the milk fat.
Compared to the conditions prevail ing several years ago,
the microflora in the raw milk has also been changed.
Earlier, lactic acid bacteria formed the base of the raw
milk flora but now psychrotrophic bacteria predominate
These microorganisms are more lipolytic than lactic acid
bacteria (75, 98). Lipases formed by the psychrotrophs
can intensify lipolytic processes in milk (30, ) in
accordance with the mechanisms described by Kirst (47)
and Nordlund and Heikonen (71).

In addition to flow-conditioned effects which lead
to turbulence and to changes in the structure of the
milk fat, an excessive absorption of air in the milk,
i.e., foaming (39) also stimulates lipolysis Foaming
in milk can be caused by air absorption into the teat
cups, leaking pipeline joints, different pipeline dia
meters, or large pipeline diameters through which only a
small volume of milk is transported, and by idling of
centrifugal pumps (continuous operation of the milk pump
even in case of insufficient milk volume) (96, 97).
Using model systems, Worstorff et al (97) studied the
effects of various gases used in the stirring of milk
Considerably higher concentrations of free fatty acids
were produced in the milk in the presence of oxygen than
in the presence of air or nitrogen. Aule and Worstorff
(7) found that the free fat concentration in milk was
increased 2.6-fold when air was present in the milk pro
cessing equipment; the free fatty acid concentrat ion
under the same conditions was increased 4.3-fold These
results were confirmed by Bakke et al. (10), who found a
two-fold inc se in the concentration of free fatty
acids after air had entered the col lector of a milking
plant. Lipolysis can also take place due to foaming
developed during transportation of the milk through
elevated pipelines in the milk processing plant (29)
In studies of leakage in milk producing plants, the free
fat concentration in milk decreased to 2.89% (which
approximately 20% of the share of total free fat with
respect to the total fat content) after the leaks had
been eliminated (51).

xties.

As

is

Influence of Biochemic

1 Factors on Milk Fat

In general, microbial lipases are assumed to have
effect on milk fat only if the total count of bacteria
exceeds 10° cells/mL. However, Mabbitt (69) showed that
severe sensory problems may develop in raw milk at total
counts lower than 10%/mL if psychrotrophic bacteria
predominate. The most important producers of |ipases
Pseudomonas fluorescens, P. fragi, and P.

are, e.g.,
putrefaciens, Alcaligenes sp., some yeasts and molds
(14, 25, 28, ):

Microbial lipolysis in milk may occur at the stage
of primary treatment as well as afterwards. Lipolysis
after the primary treatment is caused by contamination
of already pasteurized milk during subsequent processing
and storage, or by thermo-resistant lipases. Lipolysis
in pasteurized milk usually causes more intense
off-flavours, especially in products having high fat
contents, than lipolysis which takes place during the

KIRST

primary treatment, although in each case, the milk may
have the same content of free fatty acids (14). This
depends on the specificity of the lipases and on the
type of free fatty acids (e.g., short-chain fatty acids)
which are thus produced. Furthermore, lipolysis in the
finished milk product may also be influenced by envi
ronmental conditions, e.g., pH value, salt content, etc
Effective cleaning and disinfection in the processing
plant as well as cooling of the milk to the required
temperature to avoid the development of high bacterial
counts of the raw milk reduce the risk of microbial
lipolysis during the primary treatment of raw milk.

The effect of high microbial counts on the free
fatty acids content in raw milk stored at 3°C is pre-
sented in Table 2.

Table 2.

Changes in the free fatty acid content

during the storage of raw milk at 5°C
as a function of total cell counts

*
Storage | Free fatty acid content (mmol/100 g fat)

period at total counts at total counts
(h): of 12,000/mL of 3,500,000/mL
1.2 1.5
1.4 27

*In this study, the fat was obtained by churning the
cream separated by skimming from the raw milk tested
The free fatty acid values were reduced by the passage
of the free fatty acids into the skim milk as well as
into the buttermilk. Consequently, the ascertained
fatty acid content was lower than the value obtained by
using the method of Deeth et al. (18).

Oxidative changes in the milk fat are indirectly
connected with the lipolytic changes because catalytic-
xidative processes can principally occur with free fat
well as free fatty acids (Fig. 1).

Influence of Lipolytic Changes
on_the Quality of Milk and Milk Products

Lipolytic changes can affect sensory as well as
ing properties of milk and milk products. The
quality of the milk and milk products is affected, in
particular, by the fol lowing factor
loss of fat due to "free”, destabilized fat adhering
to the walls of the containers, pipelines, etc. (76),
decrease of skimming efficiency (increase in the resi
dual fat content of the skimmed fresh milk) (29, 37,
55),
- losses due to increased fat content in buttermilk (6),
and
flavour of the milk and milk products (35, 38, 58,
61),
Poor quality of milk results in:
low volume of whipped cream (29, 30, 42, 52),
reduction of shelf life during storage of the milk
products (62), and
reduction in solubility, wettability, and flow charac
teristics of the dry milk powder (24, 50)

Apart from the common quality characteristics,
however, some technological procedures require a defined
minimum amount of free fat to be present in the milk in
order to make possible basic proces such as the phase
reve: 1 (64). Riedel and Hansen (81) showed that high
free fatty acid content in the milk powder used to
produce chocolate is very important. As the free fat

proc
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becomes part of the fat phase of chocolate, the viscosi
ty of the chocolate mass is reduced; this makes it
possible to limit the amount of the coconut oil used. In
contrast, other industrial applications require an easi
ly wettable milk powder which has a long shelf life and
contains the fat in a "concealed” form.

Separability of the milk fat is influenced to a
great extent by the size of the fat globules and by the
content of free fatty acids. Mechanical effects are
partly responsible for the destruction of the fat

Table 3.
Threshold values at which single free fatty acids
cause rancid flavour in pasteurized milk. According to

Connolly et al. (16).

Fatty acid: Number of C |Concentration in milk
atoms in the mg/ kg mmol/kg
molecule:

butanoic 4 46.1 0.52

hexanoic 6 30.4 0.26

octanoic 8 22.5 0.16

decanoic 10 281 0.16

dodecanoic 12 29.7 0.15

tetradecanoic 14 80.5 0.35

hexadecanoic 16 244.5 0.96

octadecanoic 18 142.1 0.50

cis-9-octadecenoic| 18" 221.1 0.78

*One C=C double bond.

globules and for the subsequent difficulties encountered
when separating them from the milk (37). For example, an
increase in the fr fatty acids content in raw milk by
0.91 mmol/L during separation leads to an increase in
the fat content in the skimmed milk by 0.045% (55)
Sensory attributes of milk and milk products are
affected negatively by the presence of free fatty acids

(11). However, low concentrations of free fatty acids
contribute to the characteristic flavours of raw milk,
cream, butter, and yoghurt (27, 94). Also in some cheese

which are formed during
flavours (32). On the

varieties, free fatty acids,
ripening, produce characteristic

CHANGES IN
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pungent, bitter, and rancid. In general, such sensory
defects may be noticed at a free fatty acid content
exceeding 4 mmol/100 g fat, which corresponds to ap
proximately 1.5 mmol/L of milk. Individual free fatty
acids have different effects on the flavour; a low
concentration of a particular fatty acid may affect the
flavour more severely than a high concentration of an-
other fatty acid. The off-flavours mentioned above are
usual ly caused by short-chain fatty acids, i.e., butyric
to lauric acids (62). According to Paulet et al. (74),
soapy flavour is caused mainly by decanoic acid (capric
acid) and dodecanoic acid (lauric acid). Connolly et al.
(16) determined the threshold flavour values of indivi
dual fatty acids present in pasteurized milk (Table 3).

Atramentov et al. (5) found that during the separa-
tion of fat, about 90% of the free fatty acids passed
into the cream and only about 10% passed into the skim
milk. Consequently, the quality of butter was inf luenced
by th raw milk to a great extent (38). According to
Cerna (13), a free fatty acid content of 1.4 to 1.8
mmo1/100 g of fat in raw milk can lead to the production
of second-grade butter. A similar finding was made by
Jamotte (38). To inhibit lipolysis, the latte author
recommended to heat the cream before its storage.

Even in milk products having a low fat content,
high concentrations of free fatty acids can have detri
mental effects on the sensory attributes. Supported by
the result of factor analysis, Sonntag (92) showed that
the concentration of free fatty acids in raw milk has
the most important influence on the quality of pasteur-
ized milk

fects of Energy-Restricted Feeding on Milk Fat

Feed rations, which allow farmers to reduce the use
of feed concentrates, have been used extensively at
present in various countries. In addition, the crude
protein content in grass and in grass silage has been
increased world-wide. This means that dairy cows are fed
partly energy-deficient yet high-protein rations. To
examine the consequences of the changes in the feeding
practice, the effects of energy deficient, high-protein
rations on milk fat were studied by the author of this
review.

The experiments were conducted using one group of
in each the first and second thirds of lactation

COWS

other hand, Jamotte (38) noted that off-flavours, which (Groups 1 and 2) and a group of 6 cows in the last third
usually develop as the result of lipolytic reactions, of lactation (57, 70) (Group 3). While the cows in Group
can be described as impure, old, trickling, oily, 1 were in the dry phase, they were fed in accordance
Table 4.
Effect of energy-deficient feeding of cows in the last third of lactation (Group 3)
on the fat and fatty acid contents in milk
e ———— e
Feeding Crude protein content Fat content Free fatty acids
period: of the ration of the ration in the milk content in milk fat
(% of standard): % of standard (%) %) (mmo1/100 g)
1 (day 201 2.’}0] 140 135 10.6 2.5
2 (day 231-249) 171 131 20.9 2.8
16.1 2.6
21.6 a7
3 (day 250-267) 40 64 14.1 2.6
12.8 2.4
4 (day 268-281) 62 103 13.7 2.2
16.5 2.9
5 (day 282-295) 152 126 J 13.7 2.4
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with the feeding standards suggested by the Department Table 6.

of Agriculture of the German Democratic Republic (88) Passage of free fatty acids from raw milk into cream‘
Cows in Group 2 were fed energy-deficient rations at the — =
end of the dry phase. Milk obtained from the 6 cows in | No.: Free fatty acids in mmol in: Passage
the last third of lactation was tested weekly, whereas 1L of 1L of cream from into

milk from the other two groups of cows was tested once a raw milk | cream 1 L of raw cream (%):
month. The free fat content was determined according to milk
the method of Lagoni and Peters (65) and the free fatty
acid content was determined by the procedure of Deeth et
al. (18). The suitability of these analytical methods
for the given purpose was confirmed by our own tests
(56). In the examination of cows in the last third of
lactation (Table 4), the increase in the fat content in
the milk is clearly evident immediately following the
administration of energy-deficient rations and may be
explained by the degradation of body fat (fat mobiliza
tion syndrome). Later, the fat content in the milk is
decreased. Its concentration rapidly recovers during re-
alimentation (5th feeding period). The onset of energy
deficient feeding in each period induces a temporary
increase in the free fat content in the milk but is
followed by a decrease and stabilization of the free fat
concentration at the lower level. Return to a standard
diet (re-alimentation) results in the recovery of the
free fat concentration. The free fatty acid content in
the milk remains approximately constant with cows in the
late stages of lactation.

A marked effect of feeding on the free fatty acid
content, however, can be determined at the beginning of
lactation. At that time, the fat content of the milk is
severely reduced (Table 5). In both groups of cows, the 7 content approximately 50%.
effect of the previous energy-deficient diet on the fat

|
|
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Table 5.
Effect of energy-deficient feeding of cows in the first and second thirds of lactation on the fat and fatty acid
contents in the milk

Feeding period: Energy content Crude protein Fat content Contents of
(duration in of the ration content of the in milk (%): free fat free fatty acids
weeks : ration (%): (% of total fat) (mmo1/100 g fat):

Group 1

1 (4 w of energy- reduced 30-50% reduced 30-50%
deficient feeding)

2 (8 w of realimen- raised 30% raised 30-50%
tation)

3 (5w reduced 30% standard
4 (3 w) raised 30% raised 30%
5 (5w standard raised 30%
6 (4w reduced 30% standard

R e

Group 2
1(2w) reduced >50% reduced >50%
v 19.
2 (8 w energy- raised 30% standard 2. 17

deficient € 12

feeding) 5 17.
3 (5 w realimen- standard raised 30% . 12.

tation)
4 (3w raised 30% raised 30% ~ 12.
5 (4 w) reduced 30% standard - 14.
6 (5w standard raised 30% . 11,

*
From 2 weeks before the beginning of lactation until the 4th week of lactation.
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content and the content of free fatty acids is xtended
even fol lowing realimentation (2nd feeding period). This
is shown also when the feeding patterns are varied (3rd
to 6th periods). Under the condition of the energy
deficient diet beginning as early as in the dry period
and by severe underfeeding during the first lactation
period, a marked effect of feeding on milk fat is found
with the second group of cows. Pooled milk from these
cows contained a maximum of 7.0 mmol free fatty acids
per 100 g of fat and the maximum content of free fatty
acids in the pooled milk obtained from the first group
of cows was 6.2 mmol/100 g of fat. The fat contents were
reduced to 2.0% and 1.9%, respectively. The effect of
feeding appears to be even stronger on the milk from
individual cows. In both groups, the increase in the fat
content and the reduction of the share of free fat as
well as of the content of free fatty acids is particu
larly obvious in the last two feeding periods, during
which the cows were fed in accordance with the feeding

standards

and Butter

Passage of Free Fatty Acids into C

It was found that in skim milk, the free fatty acid
content was higher than expected (5). For this reason,
the passage of free fatty acids from raw whole milk into
skim milk and cream and from cream into butter was
examined. Free fatty acids in milk and cream were deter
mined according to Deeth et al. (18). In butter, the
free fatty acid content was titrated after the butter
had been dissolved in a mixture of ethanol and diethyl
ether (1:1). Approximately 55% of the free fatty acids
passed into cream obtained from milk in two milk
collecting districts (Table 6). To check these results,
a comparative examination was carried out using raw milk
before it entered the separator and then using the
separation

corresponding skim milk and cream after
(Table 7). The results show a good agreement between the
amount of the free fatty acids in the raw milk and the
totals of the free fatty acids in skim milk and in
cream.
The passage of free fatty acids from cream into
butter is shown in Table 8. In these examinations. a
technology based on the phase reversal without separa
tion of buttermilk (samples 1-10) and a foam-churning
process (samples 11-22) have been compared with each
The results show that when the butter serum I1s
separated, approximately 0.1 mmol free fatty acids,
related to 100 g butterfat, into this serum. A
comparison of the mean difference between the free fatty
acid content of the cream and that of the butter in the

other

passes

Table 7.
Comparison of the passage of free fatty acids into skim
milk and cream

[No Concentration of free fatty acids FSum of free
(mmo1/L) fatty acids
| in raw in cream in skim in cream and
milk milk skim milk

1 1.37 0.605 0.668 1.273

2 1.40 0.528 0.834 1.362

3 1.83 0.590 0.737 1.327

4 1.37 0.568 0.815 1.383

5 1.33 0.516 0.824 1.340

6 1.40 0.566 0.740 L 1.306

CHANGES

IN MILK FAT
Table 8
Passage of free fatty acids from cream into butter
No.: Free fatty acids (mmol/100 g fat)
in cream in butter difference
| 1.8 1.6 0.2
2 1.9 1.6 0.1
3 1.6 1.6 0.0
4 1.5 1.4 0.1
5 P § 1.5 0.2
6 1.4 1.2 0.2
7 1.3 1.4 0.1
8 1.7 1.6 0.1
9 1.2 3.1 0.1
10 1.3 1.3 0.0
11 2.6 2.2 0.4
12 2.1 1.9 0.2
13 2.5 2.3 0.2
14 2.3 2.6 -0.3
15 1.6 1.7 0.1
16 21 1.8 0.3
17 2.1 1.6 0.5
18 1.9 1.5 0.4
19 2.3 1.8 0.5
20 2.0 1.6 0.4
21 2.0 1.9 0.1
22 2.3 1.9 0.4
T = .

foam-churning process with the mean difference obtained
by the churning process without separating the butter
milk indicates that 0.15 mmol of free fatty acids,
related to 100 g of butterfat, passed into the butter
milk. The buttermilk could not be examined for compari

son because the method according to Deeth et al (18)
cannot be applied to the determination of free fatty
acids in sour products. Lactic acid (and probably also

citric acid) is extracted in this method. Therefore, it
is necessary to carry out additional tests in order to
find the proportions of free fatty acids originating
from raw milk and those passing into the skimmed milk.

Conclusions

Although an inquiry by the International Dairy
Federation has indicated that lipolysis is not a major
problem in most countries (2), the effects of lipolytic
changes on the quality of milk products must not be
underrated. Special attention should be paid to lipoly-
tic changes in the fat of raw milk caused by physiologi-
cal factors, in particular by feeding. To reduce lipoly-
tic processes in milk, special attention should be paid
to:

ruminant-related feeding pra

restriction of other physiological factors,

minimization of mechanical and thermal effects,

prevention of foaming in the milk, and

minimization of the growth of psychrotropic bacteria

in milk

ices for cows,

Acknowledgments

The author thanks Prof. DrSc. R. Hansen (Humboldt
University of Berlin), DrSc. W. Krause (Technical Uni-
versity of Dresden), and Mr. A. Tépel (Engineering
School of the Dairy Industry in Halberstadt) for useful
suggestions and for reviewing the manuscript.




References

Alferjew MJ. (1958). Hydromechanik. [Hydromechanics
in German]. B.G. Teubner-Verlagsgesellschaft,
Leipzig, German Democratic Republic. 226 pp

2. Anonymous. (1983). Lipolysis in milk and milk pro

ducts. B-Doc. 105, Annual Session of the Int.
Dairy Fed., IDF, Bruxelles, Belgium, 1-5.

. Astrup HN. (1981). The feed and lipolysis in milk.
In: Fats in Feeds and Feeding, R. Marcuse, Gite
borg, Sweden, 81-83.

. Astrup HN, Bengtsson G. (1982). Activator proteins
for lipoprotein lipase from bovine plasma: Prepa
ration by adsorption to intralipid. Comp. Biochem.
Physiol. 72 B, 487-491.

. Atramentov AG, Atramentova VG, Chumakov NJA. (1976).
Svobodnye kisloty v moloke. [Free acids in milk -
in Russian]. Moloch. Prom. 43(3). 26-27

. Atramentova VG. (1971). Metody opredeleniya prigod
nosti moloka dlya maslodeliya. [Methods used to
determine the suitability of milk in butter pro
duction - in Russian]. Moloch. Prom. 38(10), 9-10.

. Aule 0, Worstorff H. (1975). Influence of mechanical
treatment of milk on quantities of free fatty
acids and free fat in the milk, as well as on the
separability of the milk. Int. Dairy Fed. Doc. No.
86, 116-120.

. Back WD. (1973). Auswirkungen turbulenter Strtmungen
auf das System Milch. [Effects of turbulence on
the system milk - in German]. Milchwissenschaft
28, 628-636.

. Back WD, Reuter H. (1973). Auswirkungen von Strtm
ungsvorgdnge auf die Xanthinoxydase-Aktivitdt
in Rohmilch. I. Theorie und Versuchsanordnung.
[Effects of flow mechanisms on xanthine oxidase
activity in raw milk. I. Theory and experimental
design in German]. Milchwissenschaft 28, 137
141

Bakke H, Ask A, Fjeld K. (1983). Verknad av ulikt
luftinnslepp i spenekoppsentralen pa feittspalting
i mjolk. [Effect of increasing air admission at
the claw on lipolysis in milk in Norwegian]
Meieriposten 72, 350-352.

. Biallas E. (1982). Qualitit und Ausbeute bei fett
haltigen Milchprodukten. [Quality and yield of
fat-containing milk products in German]. Dtsch
Milchwirtschaft 33, 198, 205-207.

. Castberg HB. (1978). Quelques mésures pratiques a
prendre pour reduire la tendance du lait a la
lipolyse. [Some practical measures to reduce the
susceptibility of milk to lipolysis in French].

, Tech. Lait. 925(10), 19-23.
. Cerna E. (1972). Zjistovani hydrolytického S$tepeni
tuku v mléce. [Determination of fat hydrolysis in
, milk - in Czech]. Prim. Potravin 23, 139-141
Cernd E. (1983). Senzorické zmeny v mléce vlivem
lipolyzy. [Sensory changes in milk caused by 1ipo
lysis). Prim. Potravin 34, 198-201

5. Clegg RA. (1980). Activation of milk lipase by serum

proteins: Possible role at behaviour of lipolysis
in raw cow milk. J. Dairy Res. 47, 62-70

. Connolly JF, Murphy JJ, 0'Conner CB, Headon DR
(1980). Relationship between free fatty acid
levels of milk and butter and lipolysed flavour.
Int. Dairy Fed. Doc. No. 118, 667-676.

. Deeth HC, Fitz-Gerald CH. (19753). Factors governing
the susceptibility of milk to spontaneous 1ipo-
lysis. Int. Dairy Fed. Doc. No. 86, 24-34.

. Deeth HC, Fitz-Gerald CH, Wood AF. (1975). Comfort
able method for the estimation of extent of

lipolysis. Austral. J. Dairy Technol. 30, 109-111

Downey WK, Murphy RF. (1975). Classification of
lipolytical enzymes. Int. Dairy Fed. Doc. No. 86,
19-23.

Drews M, Grasshoff A, Hagemeister H, Heeschen W,
pfeiffer M, Reuter H, Suhren G, Thomasow J, Tolle
A, Wietbrauk H. (1982 Aktuel le Fragen zur pas
teursierten Konsummilch. [Present problems con
cerning pasteurized retail milk in German]
Kieler Milchwirtschaftl. Forschungsber
238

. Driessen FM, Stadhouders J. (1975). Lipolytical

enzymes and co-factors suitable for the sponta-
neous rancidity in cow milk. Int. Dairy Fed. Doc.
No. 86, 73-79

. Engelrud T, Olivecrona T. (1973). Purified bovine

milk (lipoprotein) lipase: Activity against lipid
substrates in the absence of exogenous serum
factors. Biochim. Biophys. Acta 306, 115-127.

Farries E. (1983). Die Milchzusammensetzung als
Hinweis auf Stoffwechselbelastungen und Fort
pf lanzungsstrungen. Molkerei Ztg. Welt Milch 37,
1207-1213

. Finke H. (1965). Handbuch der Kakaoerzeugnisse

[Handbook on cocoa products in German]. Sprin
ger-Verlag Berlin, Heidelberg, New York, 579 pp.

. Fox FF, Stepaniak L. (1983). Isolation and some

properties of extracellular heat-stable lipases
from Pseudomonas fluorescens strain AFT 36. Dairy
Res. 50, 77-89.

. Fredrikson B, Hernell O, Blickberg L, Olivecrona T.

(1978). Bile salt stimulated lipase in human
milk: In-vivo activity and importance for the
digestion of milk retinolic esters. Pediatric Res
12, 1048-1052

. Gbrner F. (1980). Aroma von Sauermilchprodukten

[Flavour of cultured milk products - in German]
Nahrung 24, 63-69

Griffiths MW, Phillips JD, Muir DD. (1981). Thermo
stability of proteases and lipases of various
sorts of psychrotropic bacteria from milk. J.
Appl. Bacteriol. 50, 289-303.

. Grosserhode J. (1974). Physikalisch-chemische Ver

4nderungen der Milchinhaltsstoffe durch Tief
kihlung der Milch. ([Physico-chemical changes in
the milk constituents caused by low-temperature
cooling of milk in German]. Dtsch. Milchwirt-
schaft 25, 686-693.

Grosserhode J. (1975). Chemisch-physikalische und
technologische Verinderungen der Rohmilch durch
Tiefkthlung. [Physico-chemical changes in raw milk
caused by low-temperature cooling - in German].
Dtsch. Milchwirtschaft 26, 198-200.

. Gudding R, Lorentzen P. (1983). The influence of

low-line and high-line milking plants on udder
health and lipolysis. Nordisk Vet. Med. 34(4/5),
153-157.

. Hanspach J. (1981). Untersuchungen (ber freie Fett

sduren als Aromasubstanzen verchiedener Kédse
sorten. [Studies of free fatty acids as flavour
substances in various cheeses in German]. PhD
Thesis, Justus-Liebig-University, Giessen, Federal
Republic of Germany, 147 pp.

Henkel H. (1971). Beitrdge zur Kenntnis des Fett-
stoffwechsels hochleistender Milchktihe, insbe-
sondere der Milchfettbildung. [Contribution to the
understanding of the lipid metabolism, particular-
1y the fat production, in highly productive cows -
in German]. Paul-Parey-Verlag Berlin and Hamburg,
Federal Republic of Germany. 346 pp.




34.

36.

™~

46.

48.

. Kiermeier F,

. Kirst E.

. Kirst E

LIPOLYTIC(

Hostetter H, Fltckiger E. (1954). Verdnderungen

des Milchfettes durch die Fiitterung der Kihe
s in the milk fat as related to the feeding
in German]. Schweiz. Milch Ztg. 80. 639

Hunter AC. (1970). Free fatty acid values of normal

and rancid milk in butter manufacture. XVITI Int
Dairy Congre Sydney, Australia, XVIII Int
Dairy Congress Committee, Sydney, N.S.W., Austra
lia, 1 E, 508.

Ingr (1973).  Zusammensetzung und Eigensc haften

des Kuhmilchfettes bei subklinischen Mastitiden
[Composition and properties of cow's milk fat in
subclinical mastitis - in German]. Nahrung 17,
215-232.

Inikhov G. (1958). Rol sostavnykh chastei moloka pri
proizvodstve. [The role of milk constituents dur
ing processing in Russian]. Moloch. Prom. 25, 4,
11.

Jamotte P.

(1970). Effect of the use of lipolysed

cream on butter quality. XVIII Int. Dairy Con
Sydney, Australia, XVIII Int. Dairy Con
Committee, Sydney, N.S.W., Australia, 1 E,
201
Jamotte P. (1974). Lipolysis in cooled bulk milk
Int. Dairy Fed. Doc. No. 82, 73 pp.

Jellema A. (1974). Lipolytical sensitivity of milk
Off. Organ FNZ 66, 334-341.

Jellema A, Schipper CJ. (1975). Influence of physi
cal factors on the lipolytical sensitivity of

2.5
2-5.

milk. Int. Dairy Fed. Doc. No. 86,
Kammer lehner J, Kessler HG. (1980) Mechanische
Einfliisse auf Rahm beim Rihren und Pumpen

[Mechanical effects of stirring and pumping on

cream in German]. Dtsch. Milchwirtsc haft 31,
1746-1748

Kaufmann W. (1980). Protein degradation and synthe
sis within the reticulo-rumen in relation to milk
protein synthesis. Int. Dairy Fed. Doc. No. 125

152-158.

Milch und Milcherzeugnisse.

Paul -Parey

Republ ic of

Lechner E.
[Milk and milk products - in German |
Verlag, Berling and Hamburg, Federal
Germany, 443 pp
(1980). Lipolytische Vorginge in Milch und
Milchprodukten Literaturbericht und Untersuchun
gen zum Einfluss von Rihren und Pumpen auf das
Milchfett. [Lipolytic processes in milk and in
milk products: Literature review and studies of
the effect of stirring and pumping on milk fat
in German]. Lebenmittelindustrie Leipzig .
31; Molkerei Ztg. Welt Milch 34, 1002-1006.
Kirst E. (1980). Lipolytische Vorginge in Milch und
Milchprodukten: II. Untersuchungen zum Einfluss
Strtmung auf das Milchfett. [Lipolytic pro
cesses in milk and in milk products: II. Studies
of the effect of flow on milk fat in German]
Lebensmittel industrie Leipzig 27, 314-316
(1980). Lipolytische Vorginge in Mi Ich und
Milchprodukten: IIT. Untersuchungen zum Einfluss
der Kthlung auf die Milchfettstruktur [Lipolytic
processes in milk and in mi 1k products: III
Studies of the effect of cooling on the structure
of milk fat in German]. Lebensmittelindustrie
Leipzig 27, 464-468; Molkerei Ztg Welt Milch
1981), 349-358.
t E. (1980). Zur Lipolyse der Milch durch tech
nologische Beeinflussungen. 1. Stand der Kennt
nisse und Untersuchungen zur Beeinflussung von
Milch und Rahm durch Pumpen. [Lipolysis of milk

der

CHANGES

19

52

o
&

58.

59.

. Kirst E.

. Kirst E,

IN MILK FAT

due to technological 1. The state of
knowledge and studies on the effects of pumping on
milk and cream - in German]. Nahrung 24
Kirst E. (1981). Die lipolytische Empfindlichkeit
der Rohmilch und ihre Beeinflussung. [Susceptibil
lipolysis and the way of af-
Mi lchforscnung-Milch

processes

ity of raw milk to
fecting it in German].
praxis 23, 60-62.

Kirst E. (1981). Einfluss lipolytischer Verinderun
gen auf die Qualitit von Dauermi lcherzeugnissen.
[Effect of lipolytic changes on the quality of
long shelf-1like milk products in German]. Milch
forschung-Milchpraxis 23, 140-141.

. Kirst E. (1981). Der Einfluss lipolytischer Vorginge

auf die Qualitdtseigenschaften von Schlagsahne.
[Effect of lipolytic processes on the quality of
whipped cream - in German]. Bidcker Konditor 29,
282-284.

Kirst E. (1981). Lipolytische Vorginge in Milch und
Milchprodukten. IV. Untersuchungen zum Einfluss
der Schaumbildung auf dic Struktur des Milch
fettes. [Lipolytic processes in milk and in milk
products. IV. Studies of the effect of foam forma
tion on milk fat structure]. Lebensmittelindustrie
Leipzig 28, 461-463.

. Kirst E. (1982). Zur lipolytischen Beeinflussung der

Milch durch die Primdrbearbeitung. [Lipolytic
activity of milk after primary treatment in Ger
man]. XXI Int. Dairy Congress, Moscow, USSR, Mir
Publishers, Moscow, Vol. 1, Book 1, 107-108.

(1982). Einfluss der Milchfettzusammen

setzung auf die Lipolyse. [Effect of milk fat

composition on lipolysis in German]. XXI Int
Dairy Congress, Moscow, USSR, M ir Publishers,
Moscow, Vol. 1, Book 1, 196

. Kirst E. (1982). Untersuchungen tiber den Einf luss
lipolytischer Verdnderungen der Rohmilch auf die
Separierbarkeit des Milchfettes. [Studies of the

effect of lipolytic changes in raw milk on the

separability of milk fat in German]. Milch-

forschung-Milchpraxis 24, 102-103, 109.

Hansen R. (1983). Lipolytische Vorginge

in Milch und Milchprodukten. V. Zur Eignung ver

Parameter flir die Beurteilung lipo
lytischer Ver#nderungen in der Rohmilch [Lipo
lytic processes in milk and in milk products. V.
Suitability of various parameters to induce lipo
lytic changes in raw milk in German]. Lebens
mittelindustrie Leipzig 30, 77 81

Kirst E, Lill R, Schleusener I, Krenkel K, Jacobi U.
(1983). Einfluss einer Energiemangelerndhrung lak
tierender Rinder auf Zusammensetzung und Eigen-
schaften der Rohmilch, [Effect of energy-deficient
nutrition in cattle on the composition and proper-
ties of raw milk - in German]. Milchforschung-
Milchpraxis 25, 3-6.

Kirst E, Meyer A, Cerna E, Obermaier 0. (1983)
Beeinf lussung der sensorischen Qualitit der Milch
durch lipolytische Ver#énderungen [Influencing the
sensory property of milk through lipolytic changes

Mi lchforschung-Milchpraxis 25, 100-

schiedener

in German].
102.

Kirst E, Westphal G. (1983). Zur Lipolyse der Milch
durch technologische Beeinflussungen. 2. Unter-
suchungen zum Einfluss der Milchfettzusammen—
setzung auf die lipolytischen Ver&nderungen bei
der Kthlung der Milch. [Lipol s in milk induced
by technological processes. 2. Studies on the
effect of the milk fat composition on lipolytic
changes during the cooling of milk in German].




. Leeuwen van

Nahrung 27, 1-8.

. Klostermeyer H, Reimerdes EM. (1976). Chemisch-
physikalische Vorg#nge in gekitihlter Rohmilch.
[Chemico-physical processes in cooled raw milk
in German]. Molkerei Ztg. Welt Milch 30, 135-138.

. Kodgev A, Rachev R. (1970). Influence of some fac
tors on the acidity of milk fat. XVIII Int. Dairy
Congress Sydney, Australia, XVIII Int. Dairy
Congress Committee, Sydney, N.SW., Australia, 2,
200

. Kuzdzal-Savoie S, Auclair JE, Morgues R, Langlois D.
(1975). La lipolyse dans le lait refroidi. [Lipo
lysis in cooled milk - in French]. Lait 55, 530-
543.

. Kuzdzal-Savoie S, Moswuot G. (1960). Observations on
the organoleptical quality of milk. Ann. Techn. 9,
5-52.

. Lagoni H. (1961). Zur Frage der Stabilitit des Emul
sionsystems Milch. [Stability of the emulsion
system in milk - in German]. Dtsch. Molkerei Ztg
82, 1187-1190, 1224-1226.

. Lagoni H, Peters KH. (1959). Die "verkfirzte" Rbse
Gottlieb-Methode als Hilfsmittel zur Beschreibung
molkerei-technologischer Abl#dufe. [The "abbre
viated" method by Rtse and Gottlieb as an aid to
the description of technological processes in
dairying - in German]. Kieler Milchwirt. Forsch
Ber. 11, 291-296.

JM, Jellema A. (1974). Invloed van
voederregiem op vetsplitsing in melk. [Effect of
feeding on lipolysis in milk - in Dutch]. Bedrijf-
sontwikkeling 5(4), 315-319.

. Lehmann H. (1982). Der Einf luss der mechanischen
Behandlung der Milch auf ihre Separierfihigkeit

unter dem Gesichtspunkt der Gehalte an freiem Fett

und freien Fetts#uren. [Effect of mechanical
handling of milk on its separability as related to
the free fat and free acid contents in the milk
in German]. Dtsch. Milchwirtschaft 33, 172-174.

. Lindner H. (1970). Lehrbuch der Physik. [Handbook on
physics - in German]. VEB Fachbuchverlag Leipzig,
German Democratic Republic, 584 pp.

Mabbitt LA. (1981). Metabolic activity of
in raw milk. Kieler Milchwirt. Forsch
273-280

. Meyer A, Kirst E, Lill R, Cersovsky H, Jacobi U,
Rossow N, Krenkel K, Hansen R. (1984). Fitterungs
bedingte Verdnderungen der Rohmilchqualitdt -
Untersuchungen zum Einfluss einer Energiemangeler
nthrung laktierender Rinder auf Eigenschaften und
Zusammensetzung der Rohmilch [Diet-induced
changes in raw milk quality Studies on the ef-
fect of energy-deficient nutrition of dairy cattle
on the properties and composition of raw milk - in
German]. Nahrung 28, 371-381.

. Nordlund J, Heikonen M. (1974)
formation of free fat in milk. XIX Int. Dairy
Congress, New Delhi, India, XIX Int. Dairy Con
gress Secretariat, New Delhi, India, 1 E, 176-177.

. Olivecrona A. (1980). Biochemical of lipo
lysis in bovine milk. Int. Dairy Fed. Doc. No.
118, 19-25.

bacteria
Ber. 33,

A theory about the

aspects

. Olivecrona A, Engelrud T, Hernall O, Castberg H, Sol-

lipase in
T2

Soapy
white

berg P. (1975). Is there more than one
bovine milk? Int. Dairy Fed. Doc. No. 86, 61
. Paulet G, Nestros G, Cronenberg L. (1974)
flavour in foods: Effect of lipase of
pepper. Rev. Franc. Corps Gras 21, 611-616.
. Posur H, Zickrick K. (1979). Untersuchungen zur
Verkiirzung des Nachweises psychrotropher Keime

KIRST

. Recknagel A.

5. Saito Z,

. Randhahn H,

. Reuter H.

. Saito Z,

. Saito Z,

. Sonntag H.

. Sonntag S.

in Rohmilch mit Hilfe des Kochschen Plattenver-
fahrens. [Attempts to shorten the proof of the
spores of psychrotrophic microorganisms in raw
milk using the plate method by Koch in German]
Milchforschung Milchpraxis 21, 39-41.

Puhan Z. (1977). Die Milch als Rohstoff zur Herstel
lung von Qualititsprodukten. [Milk as a raw mate-
rial in the production of high-quality products
in German]. Schweiz. Milch Ztg. 103, 53, 64-6
Reuter H. (1976). Rthren und Mischen
[Stirring and mixing of raw milk

Kieler Milchwirt. Forsch. Ber. 28,

von
in
269

Rohmi 1ch.
German].
333.
[Physics and
Ber-

(1960). Physik-Mechanik.
mechanics in German]. VEB Verlag Technik,
1in, German Democratic Republic, 392 pp.

Reuter H. (1977). Auswirkungen von Strimungsvorginge
in Rohmilch. I. ung und Characterisierung von
Strémungen. [E flow in raw milk. I
Measurement and char zation of flow - in
German]. Milchwissenschaft 32, 716-718.

(1978) Auswirkungen von Stromungs

vorginge in Rohmilch. II. Physikalische, chemische

und sensorische Ver#dnderungen. [Effects of flow
processes in milk. 2. Physical, chemical and
sensory changes in German]. Milchwissenschaft

33, 97-100.

. Riedel CL, Hansen R. (1979). Milch und Molkenproduk-

te als Bestandteil von Stisswaren und Kakaoer-

zeugnissen. [Milk and whey products as ingredients

in confectionery and cocoa prod in German].

Lebensmittel industrie Lepzig 26, 211-214, 269-273

Harper WJ, Gould TIA. (1966). Distribution

and partial purification of milk lipase. Bull

Fac. Agric. Hirosaki Univ. 12, 66-74.

Igarashi Y. (1971). The milk lipases. VIII.

Separation of lipases by gel filtration by treat

ment with sodium chloride. Bull. Fac. Agric. Hiro

saki Univ. 17, 126-135

aito Z. (1977). Lipases

Zootech. Sci. § 299-307

Kitaya E, Okazaki M. (1978). The milk
lipases. X. Separation of lipase activities from
casein micelles. Bull. Fac. Agric. Hirosaki Univ
29, 77-85.

Salin AMA, Anderson M. (1979). Observation of the
inf luence of high cell numbers on the lipolysis in
cow milk. J. Dairy Res. 46, 453-462.

salin AMA, Anderson M. (1979). Influence of feeding
and lactating state the lipolysis in bovine
milk. J. Dairy Res. 5, 623-631.

in bovine milk. Jap. J.

on

. Schiemann R. (1978). Anwendung des DDR-Futterbewer-

tungssystems in der Pflanzenproduktion. [Use of
the feed evaluation system of the German Democrat
ic Republic in plant production in German]. VEB
Deutscher Landwirtschaftsverlag, Berlin, German
Democratic Republic, 282 pp.
Schipper CJ. (1974). Lipolys
Int. Dairy Fed. Doc. No. 8
Siegenthaler E. (1958). Der
auf die Konsistenz des Milchfettes
feeding on the consistency of milk fat
man]. Schweiz. Milch Ztg. 84, 441-443.
(1977). Lehrbuch der Kol loidwissenschaft.
Colloid science handbook - in German]. VEB Dtsch.
Verlag der Wissenschaften, Berlin, German Demo-
cratic Republic, 325 pp
(1980). Untersuchungen und M
verbesserung und Sicherung der Rohmilchqualitét
[Studies and measures aimed to improve and ensure

in cooled bulk milk
19
Einfluss der FlUtterung
[Effect of
in Ger-

nahmen zur




LIPOLY! €
the quality of rawmilk - in German]. PhD esis,
B. Humboldt-Univ., Berlin, German Democrat c Re
public, 185 pp.

93. Tépel A. (1982). Chemie und Physik der ' ilch.
[Chemistry and physics of milk - in Germar VEB
Fachbuchverlag, Leipzig, German Democratic epub-
lic, 488 pp.

94. Urbach HG, Stark W, Forss DA. (1970). Flavou s and
flavour thresholds of acids, lactones, ph nolic
and indolic compounds. XVIII Int. Dairy Cor ‘ress,
Sydney, Australia, XVIII Int. Dairy Congres: Com
mittee, Sydney, W., Australia, 1 E, 234

95. Velitok JG. (1973). Vliyanie subklinicheskikh rasti
tidov na fiziko-khimicheskie svoistva mc loka
[Effect of subclinical mastitis on physica . and
chemical properties of milk - in Russian]. Moloch
Prom. 40(3), 19-20.

96. whittlestone WG. (1968). Influence of machine nilk
ing on the milk quality. J. Milk Food Techno .. 31,
73-77

97. Worstorff H, Heeschen W, Reichmuth J, Tolle A.

(1972). Freie Fetts#uren in der Milch in Abhdn
gigkeit von strémungstechnischen Bedingungen der
Milkanlagen. [Free fatty acids in milk as related
to the technological flow conditions in dairy
facilities - in German]. Dtsch. Milchwirtschaft
27, 477-480.

98. zZickrick K, Posur H. (1971). Psychrotrophe Keime in
tiefgeklhlter Rohmilch. [Spores of psychrotrophic
microorganisms in low-temperature cooled raw mi 1k

in German]. Milchforschung Milchpraxis 13, 155
156, 186-188.

cussion with Reviewers

D. E. Carpenter: The author refers to protection by the
milk fat globule membranes of the fat from lipolytic and
oxidative processes. Is there any evidence that hydro
lysis of the membrane protein by natural milk proteases
or psychrotrophic milk proteases gives rise to higher
levels of free fatty acids?

Author: The effect of hydrolysis of the milk fat globule
membrane proteins by microbial and milk proteases was
studied by several authors (28, 99, 100). Disruption of
the fat globule membrane by proteases exposes the fat
globules to the action of lipase, particularly at high
counts of psychrotrophic bacteria. Thus, the increase in
the free fatty acid concentration is the result of
lipolytic action on fat globules destabilized by prote
ases. To prevent this from happening, it is important to
keep the psychrotrophic bacteria counts in milk as low
as possible.

CHANGES IN

MILK FAT

S. Saito: Homogenization does not produce free fat but
is the most effective treatment to induce lipolysis.
Will the author please give his opinion on the effect of
homogenization on the microstructure of fat globules?

Author: Homogenization results in the disintegration of
the original (large) fat globules in milk and in the
production of a great number of smaller fat globules.
Consequently, also the fat globule membranes are disin
tegrated and lipase is released. As the total surface
of the fat globules is increased 5 to 6 fold (101), the
newly formed fat surface is rapidly coated with surface-
active material such as the fragments of the fat globule
membranes, casein, and undenatured whey proteins from
the milk serum. Liberated lipase participates in lipo-
lysis. Lipolysis may be induced by homogenization only
in raw milk but not in pasteurized or UHT-treated milk.

Z. Saito: The effect of energy-deficient feeding on the
fat content in milk and the proportion of fatty acids
(Table 4) seems to be small. Is it statistically signif-
icant?

Author: Statistical tests were carried out by analysis
of variance (ANOVA) [to study the interactions between
the lactation stages and feeding] and by a multiple
comparison of the mean values using a Newman-Keuls Test
(102).

The increase in the milk fat content at the begin-
ning of the energy-deficient feeding was found to be
statistically significant (P < 0.05). This effect is
lled 'the fat-mobilization syndrome' (103). In the
subsequent period, the fat content in the milk decreas-
ed: this decrease was also significant. However, the
increases in the free fat content at the beginning of
ach feeding period were statistically not significant.
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