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ABSTRACT

Thirty-eight Italian Friesian first-lactation cows
were allocated to 2 groups to evaluate the effect of 1)
an automatic milking system (AMS) vs. milking in a
milking parlor (MP) on milk fat characteristics; and 2)
milking interval (<480, 481 to 600, 601 to 720, and >720
min) on the same variables. Milk fat was analyzed for
content (% vol/vol), natural creaming (% of fat), and
free fatty acids (FFA, mEq/100 g of fat). Distribution
of milk fat globule size was evaluated to calculate aver-
age fat globule diameter (d;), volume-surface average
diameter (ds»), specific globule surface area, and mean
interglobular distance. Milk yield was recorded to calcu-
late hourly milk and milk fat yield. Milking system had
no effect on milk yield, milk fat content, and hourly milk
fat yield. Milk from AMS had less natural creaming and
more FFA content than milk from MP. Fat globule size,
globular surface area, and interglobular distance were
not affected by milking system per se. Afternoon MP
milkings had more fat content and hourly milk fat yield
than AMS milkings when milking interval was >480
min. Milk fat FFA content was greater in AMS milkings
when milking interval was <480 min than in milkings
from MP and from AMS when milking interval was
>600 min. Milking interval did not affect fat globule
size, expressed as ds.. Results from this experiment
indicate a limited effect of AMS per se on milk fat qual-
ity; a more important factor seems to be the increase
in milking frequency, generally associated with AMS.
(Key words: automatic milking, dairy cow, fat glob-
ule, lipolysis)

Abbreviation key: AMS = automatic milking system,
d, = average fat globule diameter, dgs = volume-surface
average fat globule diameter, MP = milking parlor.
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INTRODUCTION

Automatic milking systems (AMS) offer a method for
relieving the dairy producer from the labor-intensive
routine of a traditional milking parlor (MP). Some ma-
jor advantages are generally emphasized: reduced labor
demand and a better social life for dairy producers;
improved animal health and welfare; and increased
milk yields (Lind et al., 2000). On the other hand, at
least 2 disadvantages exist. Automatic milking systems
require a large initial investment (Wauters and Math-
ijs, 2004) and could negatively affect some milk quality
features, including total bacterial plate count, free fatty
acids, freezing point, and perhaps, protein content
(Klungel et al., 2000).

Each milk quality feature plays a different role when
final milk destination is taken into account. When milk
fat quality is examined, lipolytic damage may be of
major concern to the fluid milk market. Milk fat lipoly-
sis is the hydrolysis of fatty acids from fat globule tri-
glycerides. Spontaneous lipolysis in fresh, high quality
bovine milk is caused mainly by the activity of the na-
tive milk lipase, which is characterized as a lipoprotein
lipase (EC 3.1.1.34; Santos et al., 2003). An increase in
lipolysis in cold, stored milk is due to the action of
milk lipoprotein lipase, which can be stimulated (in-
duced lipolysis) by agitation, foaming, or temperature
changes. The AMS leads to more milk FFA content than
does MP (de Koning et al., 2004). Recently, Slaghuis et
al. (2004) reported that milking frequencies seemed to
be of more importance than technical traits of the AMS
in determining milk FFA content, because FFA content
was comparable for farms milking thrice daily in an
MP and for those using an AMS. Increased milking
frequency increased the activity of acetyl-coenzyme A
carboxylase and fatty acid synthetase in goat mammary
tissue (Travers and Barber, 1993), leading to an in-
crease in de novo synthesis of short-chain fatty acids.
Considering the general preference of milk lipase for
triglycerides containing short-chain fatty acids over tri-
glycerides containing long-chain fatty acids, Klei et al.
(1997) suggested that the greater lipolysis in milk from
thrice-daily milking compared with that of milk from
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twice-daily milking could be due to an increase in short-
chain fatty acids in fat from the higher milking fre-
quency. From this hypothesis, it is possible to suppose
that milk fat globules could be richer in short-chain
fatty acids in cows milked more frequently by an AMS.

In the traditional Italian dairy industry, milk is pro-
cessed for typical products such as long-ripening
cheeses (e.g., Grana Padano and Parmigiano Reggiano).
The cheese-making processes involve different tradi-
tional stages that give specific features to the final prod-
uct quality. Natural creaming is the traditional way to
achieve the 2 main results that affect the quality of milk
that reaches the kier; namely, a significant reduction in
spore-forming bacteria, which could determine cheese
loss during the ripening stage through the late blowing
defect, and a standardization of milk fat-to-casein ratio,
which is relevant for flavor development during the
ripening stage (Bottazzi et al., 1995). Natural creaming
is directly related to fat globule size, according to
Stokes’ law (Walstra, 1994).

Recent studies are available on milk fat globule size
(Michalski et al., 2002, 2003), suggesting growing inter-
est, from a technological point of view, about this topic.
Therefore, the effect of a basic management factor such
as milking system should be considered. Small fat glob-
ules having diameter <1 pm represent 80% of the total
number of globules, but only a small part of the total
weight (Jensen et al., 1991). Fat globules of approxi-
mately 4 pm represent 90% of the fat, but only 10 to
30% of globular numbers (Jensen et al., 1991). Larger
globules having diameters between 8 and 12 pm repre-
sent less than 1% of globular numbers, but contain 2
to 3% of the fat (Jensen et al., 1991). Skim milk, in
which milk fat is composed of small globules, contains
proportionally less C4y to Cig.o than cream, whereas
milk fat is composed of larger globules (Jensen et al.,
1991). Most biochemical evidence favors the interpreta-
tion that the major mechanism for secretion of milk
lipid globules involves envelopment of droplets directly
in plasma membrane (Jensen et al., 1991). Average
diameter of fat globules (d,) is not always representa-
tive of the size distribution. Therefore, it has become
common to use the volume-surface average diameter
(dsg), as suggested by Walstra (1994).

Few data are available on the effect of milking fre-
quency or milking interval on milk fat variables. Klei
et al. (1997) reported more milk fat yield, but also more
FFA content in milk when cows were milked thrice
rather than twice daily. Increase in FFA content, due
to the reduced milking interval, was confirmed by
Klungel et al. (2000), who also provided evidence that
when milking occurred with an AMS, the increase was
greater than that in milk from a third daily milking in
an MP. Recently, Hamann et al. (2004) observed an
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increase in fat and FFA content as milking interval was
reduced. This agrees with findings from Svennersten-
Sjaunja et al. (2004), who reported larger globules and
more FFA content in milk after more frequent milkings
(6 vs. 2 times daily). No results are available about the
effect of milking interval on natural creaming.

The objectives of this study were to 1) determine the
effects of the milking system on milk fat globule size,
natural creaming, and lipolysis; 2) highlight interac-
tions between milking system and sampling period of
the year (seasonal pattern); and 3) discern whether
some changes might be related to the different milking
interval per se rather than to the milking system tech-
nology.

MATERIALS AND METHODS
General

This experiment was designed to compare the quality
of milk obtained from 2 different milking systems. The
traditional MP was a double-8 herringbone (DeLaval,
Tumba, Sweden) and the AMS was a single box system
(DeLaval VMS, DeLaval). The experiment was con-
ducted from February to November 2003, with 6 sam-
pling times: February 26-27, April 14-15, May 28-29,
July 21-22, September 17-18, and November 3-4. A
total of 38 Italian Friesian first-lactation cows that
calved during all seasons represented by the sampling
periods were allocated to the 2 milking systems based
on calving date, average breeding value, age at first
calving, and body condition. At the beginning of lacta-
tion, the cows were introduced into 2 similar herds,
each composed of 50 cows. The 2 herds were also compa-
rable in average milk yield and parity.

Both groups were housed in the same free-stall barn.
At one end of the barn was located the traditional MP,
and at the other end, the herd was milked with an AMS.
Cows in the MP group were milked twice daily, whereas
for cows in AMS group, the system was set to allow
milking to occur at least 5 h after a previous milking,
without regard to stage of lactation or yield. Cows in
AMS that tried to reach the milking unit before the
planned period were redirected to a feeding lane by a
preselection gate.

Both groups were fed the same TMR once daily (at
0800 h). Cows in AMS were offered 1 kg/d of concentrate
per 10 kg of daily milk yield in the milking stall. The
concentrate had an average composition similar to that
of the TMR. Cows in MP received an additional 0.5 to
1.5 kg of a concentrate to achieve a balance in average
energy and protein intake between groups.
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Sampling

Milk samples were obtained during 6 periods, to rep-
resent various stages of lactation of each cow. At the
end of the trial, however, samples from the first period
(February 26 and 27) were not considered because of
problems in milk fat analyses. Milk from MP was ob-
tained from 2 consecutive milkings (1630 and 0530 h)
and each sample was analyzed. Milk from AMS was
obtained at each voluntary milking during 48 h, using
an automatic sampler, which collected 50 mL of milk
representative of the whole milking. Immediately after
each collection, samples were cooled to 4°C and shipped
to the laboratory to be analyzed within 6 h.

Laboratory Analyses

Milk samples were analyzed for fat content using the
Gerber method (International Dairy Federation, 1981)
and data were expressed as volume/volume percentage.
Milk yield per hour was calculated for each milking
from the ratio between actual milk yield at that milking
and the milking interval from the previous milking.
Milk fat yield per hour was calculated from milk yield
per hour and fat content of the sample. Natural cream-
ing was determined according to Speroni and Bertoni
(1984). Briefly, milk (14 mL) was placed into plastic
tubes for 3 h in flowing water (15°C). Fat at the surface
was removed by aspiration, and then 2 mL of milk was
aspirated from the bottom of the tube using a syringe
and analyzed for milk fat content. Natural creaming
was calculated as follows:

% natural creaming = (MF1 - MF2) / MF1 x 100

where MF1 = milk fat content before natural creaming
and MF2 = milk fat content after natural creaming.
Lipolysis was determined according to Shipe et al.
(1980), and data were expressed as milliequivalents of
free fatty acids per 100 grams of fat.

Distribution of milk fat globule size was evaluated
using a computerized inspection system for particle size
analysis and dynamic shape characterization, em-
ploying laser and video technologies, respectively (CIS-
100, Ankersmid B.V., Oosterhout, The Netherlands),
as previously described (Degano et al., 2004). According
to Walstra (1994), the volume-surface average diameter
ds, was chosen to numerically summarize fat globule
distribution better than average fat globule diameter
d;.

From data on fat content and globular size, 2 vari-
ables were calculated. The specific globule surface area
in 100 mL of milk was calculated as follows (Walstra,
1994):
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Globule surface area = 6 ¢ / dss

where ¢ = volume fraction of fat (% vol/vol). The mean
interglobular distance was calculated as follows (Wals-
tra, 1969):

x = 0.225 dgy [(T4/¢) — 1]

where x was expressed in pm.

Statistical Analyses

Due to the variable milking intervals in AMS, milk
yields were treated as production rate per hour, as a
quotient of the actual milk yield and the corresponding
milking interval (Weiss et al., 2004). Stage of lactation
for each cow was assessed at <90, 91 to 180, 181 to
270, and >270 DIM. To evaluate the effect of milking
interval, 6 classes were created: 4 classes for the AMS,
in which each milking was classified according to the
time elapsed since the previous one (<480, 481 to 600,
601 to 720, and >720 min) and 2 classes for the MP
(afternoon milking interval = 11 h and morning milking
interval = 13 h).

Normal distribution of milk fat variables was tested
with the Shapiro-Wilk test before further analysis, us-
ing the PROC UNIVARIATE of the SAS statistical
package (SAS Inst., Inc., Cary, NC). Time-sequence
data were submitted to the ANOVA and analyzed as a
split-plot in a completely randomized design with
MIXED models using the SAS statistical package. The
model considered for the evaluation of milking system
effects included milking system (MP vs. AMS), stage of
lactation (<90, 91 to 180, 181 to 270, and >270 DIM),
sampling period (April 14-15, May 28-29, July 21-22,
September 17-18, and November 3-4) to account for
season, the interaction between milking system and
stage of lactation, the interaction between milking sys-
tem and sampling period, and the random effect of the
individual cow.

The MIXED model considered for the evaluation of
milking interval effect included milking interval (<480,
481 to 600, 601 to 720, and >720 min), stage of lactation
(<90, 91 to 180, 181 to 270, and >270 DIM), sampling
period (April 14-15, May 28-29, July 21-22, September
17-18, and November 3—4), the interaction between
milking interval and stage of lactation, the interaction
between milking interval and sampling period, and the
random effect of the individual cow.

Main effects and their interactions were reported
when a significant F-test was detected (P <0.05), unless
otherwise stated; interactions were evaluated using the
PDIFF option of the SAS software. Differences among
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Table 1. Results from ANOVA of the milk fat variables according to milking system and significance of the factors for each selected model.

Milking system

Parlor Automatic P-value
Item Mean SE Mean SE Ms! SOL? MS x SOL Period MS x Period
Milk yield, kg/h 1.12 0.07 1.03 0.08 NS NS 0.011 <0.0001 NS
Fat content, % vol/vol 3.7 0.16 3.70 0.17 NS NS NS <0.0001 <0.0001
Fat yield, g/h 37.8 2.33 34.0 2.30 NS NS NS <0.0001 NS
Natural creaming, % of fat 445 2.62 37.9 2.56 0.080 0.003 NS <0.0001 0.001
FFA, mEqg/100 g of fat 0.51 0.07 0.72 0.06 0.024 NS NS <0.0001 0.001
dsg,® wm 4.19 0.10 4.29 0.10 NS <0.0001 0.032 0.008 0.001
Globular surface area, m%dL milk 5.23 0.20 5.10 0.20 NS NS NS <0.0001 0.003
Interglobular distance, pm 21.1 1.10 22.3 1.06 NS NS NS <0.0001 0.070

'MS = Milking system.
2SOL = Stage of lactation.
3d3, = Volume-surface average diameter.

means are reported when P < 0.05, unless otherwise
stated.

A correlation analysis, which estimated the linear
relationship within milk fat variables and between milk
fat variables and cow and milking data, was performed
for each sampling period using the CORR procedure of
SAS, and Pearson’s correlation coefficients were cal-
culated.

RESULTS

Effect of Milking System and its Interaction
with Stage of Lactation and Sampling Period

Results from the ANOVA including the effect of milk-
ing system, stage of lactation, sampling period, and
their interactions are reported in Table 1.

Milking system had no effect on milk yield per hour
(Table 1). A significant interaction was detected be-
tween milking system and stage of lactation at 91 to
180 DIM; cows milked in the MP had more (P < 0.05)
milk yield per hour than those milked in the AMS (1.19
vs. 0.86 kg, respectively). Season affected milk yield
per hour, but no interaction was evident between sea-
son and milking system.

Fat content was not affected by milking system, stage
oflactation, or by their interaction (Table 1). An interac-
tion (P < 0.0001) emerged between milking system and
sampling period (Table 1), with a trend for more (P =
0.06) fat content in milk from AMS cows than from
MP cows milk on September 17-18 (4.19 vs. 3.60% vol/
vol, respectively).

Sampling period affected (P < 0.0001) milk fat yield
per hour (Table 1), whereas milking system, stage of
lactation, and their interaction did not affect this vari-
able. Milk fat yield per hour was less (P < 0.05) at mid-
summer samplings (30.6 g/h on July 21-22) than at
other periods (39.7, 37.5, 35.3, and 36.2 g/h on April
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14-15, May 28-29, September 17-18, and November
3—4, respectively).

A trend (P = 0.08) was detected for more natural
creaming in MP than in AMS milk (Table 1; Figure 1a
and 1b). Stage of lactation influenced natural creaming,
but no interaction was detected between milking sys-
tem and stage of lactation. Sampling period also af-
fected natural creaming, in addition to an interaction
of sampling period with milking system (P = 0.001).
As shown in Figure 1b, natural creaming values were
greater (P < 0.05) in MP than in AMS milk on May 28—
29 and November 3—4.

Milk fat lipolysis was affected by milking system,
with more (P < 0.05) FFA in fat from AMS at each stage
of lactation (Table 1; Figure 2a). Milk fat lipolysis was
affected by the sampling period, and a significant inter-
action was observed between milking system and sam-
pling period (Table 1; Figure 2b). In fact, milk samples
from April and November had more (P < 0.05) FFA
in AMS than in MP fat, whereas differences between
milking system were not significant from May to Sep-
tember (Figure 2b). For MP milk, the greatest (P < 0.05)
amount of FFA was recorded in July and for AMS milk,
FFA content was less (P < 0.05) in September than
during the other 4 sampling periods. Fat globule size,
expressed as d3p, was not affected by milking system
(Table 1), but was affected by stage of lactation and
a significant interaction between milking system and
stage of lactation (Table 1; Figure 3a). For MP milk,
ds, was greater (P < 0.05) during early lactation than
during subsequent stages (Figure 3a), whereas for AMS
milk, ds, was greater (P < 0.05) during earlier lactation
than during subsequent stages. A difference (P < 0.05)
was detected between the second, third, and fourth
stages of lactation. During the second stage of lactation
(91 to 180 DIM), fat globule size was greater (P < 0.05)
in AMS than in MP milk. Sampling period affected fat
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Figure 1. Natural creaming values (least square means + SEM; as a percentage of total fat) in milk obtained from first-lactation cows
in a traditional milking parlor system (MP; open bars) or in an automatic milking system (AMS; hatched bars) according to a) stage of
lactation, and b) sampling period. Bars within stage of lactation or season with an asterisk above differ for the reported P-value. Bars

within milking system without a common letter differ (P < 0.05).

globule size (Table 1) and an interaction (P < 0.05) was
detected between milking system and sampling period,
with a greater dss in AMS than in MP milk during the
July sampling period. We observed a Pearson’s correla-
tion coefficient of 0.516 (P < 0.0001) between milk fat
content and d;, indicating that an increase in milk fat
content generally occurred through an increase in fat
globule size. Globular surface area was not affected by
milking system, stage of lactation, or their interaction
(Table 1). Globular size was affected (P < 0.0001) by
sampling period and an interaction (P = 0.003) between
milking system and sampling period (Table 1). Inter-
globular distance was not affected by milking system,
stage of lactation, or their interaction, but sampling

period (P <0.0001), and a trend (P = 0.07) for an interac-
tion between milking system and sampling period was
observed (Table 1).

Effect of Milking Interval

Milking interval did not affect milk yield per hour,
but an interaction (P < 0.05) was detected between milk-
ing interval and stage of lactation (Table 2). When milk-
ing intervals were >720 min between 181 and 270 DIM
and when milking intervals were >600 min after 270
DIM, less (P < 0.05) milk yield per hour was observed
in AMS cows than in both milkings (afternoon and
morning) for MP cows.
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Figure 2. Free fatty acid content in milk fat (least square means + SEM; mEq/100 g of fat) obtained from first-lactation cows in a
traditional milking parlor system (MP; open bars) or in an automatic milking system (AMS; hatched bars) according to a) stage of lactation,
and b) sampling period. Bars within stage of lactation or season with am asterisk above differ for the reported P-value. Bars within milking

system without a common letter differ (P < 0.05).

No significant interactions were detected for the
other variables considered, between milking interval
and stage of lactation. Therefore, only milking interval
effect is presented. Milking interval affected (P = 0.05)
milk fat content (Table 3). The MP afternoon milk,
which was characterized by an average milking interval
of 11 h, had more milk fat content than that obtained
in the MP morning milk. Milk fat content also was
greater (P < 0.05) in AMS milk when the milking inter-
val was >480 min.

Milking interval affected (P < 0.05) hourly milk fat
yield (Table 3). Afternoon milk obtained from MP cows
had a greater (P < 0.05) hourly milk fat yield than that
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obtained from AMS cows with milking interval >480
min. Milking interval did not affect natural creaming
(Table 3).

Milk fat FFA was affected (P = 0.005) by milking
interval (Table 3). The shorter milking intervals (<600
min) for AMS cows resulted in greater (P < 0.05) FFA
content than both milking intervals for MP cows. In
addition, AMS milk in which milking intervals <480
min contained higher (P < 0.05) FFA content than did
milk from AMS milkings when milking interval >-600
min (Table 3), whereas no differences were detected for
MP milk. In our study, within AMS, we observed a
positive correlation (r = 0.158; P < 0.01) between FFA
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Figure 3. Average fat globule size (d3p, pm) of milk fat (least square means + SEM) obtained from first-lactation cows in traditional
milking parlor system (MP; open bars) or in an automatic milking system (AMS; hatched bars) according to a) stage of lactation, and b)
sampling period. Bars within stage of lactation or season with an asterisk above differ for the reported P-value. Bars within milking system
without a common letter differ (P < 0.05).

Table 2. Results from ANOVA of the milk yield per hour (kg/h) within milking system according to milking
interval class and stage of lactation.

Stage of Milking intervals for automatic milking system, min Milking parlor
lactation,

DIM <480 481 to 600 601 to 720 >720 Afternoon Morning
<90 1.08 + 0.15¢ 1.06 £ 0.16 095 + 0.33  1.36 + 0.32 0.96 + 0.18 0.97 + 0.18
91to 180 0.86 + 0.11* 0.99 + 0.11*> 1.05 + 0.15® 1.03 + 0.14**> 1.15 + 0.10° 1.23 + 0.10°
181to 270 1.13 + 0.07*? 1.10 + 0.082> 1.02 + 0.10*> 0.88 + 0.10> 1.13 + 0.06> 1.19 + 0.06"
>270 1.25 + 0.09" 1.11 + 0.10° 0.89 + 0.13* 0.86 + 0.13* 1.17 + 0.08* 1.19 + 0.08"

ab east square means + SE having different superscript letters in the same row differ (P < 0.05).
¢d] east square means + SE having different superscript letters in the same column differ (P < 0.05).
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Table 3. Results from ANOVA (least square means + SE) of the milk fat features within milking system' according to milking interval

class.

Milking interval for AMS, min MP
Item <480 481 to 600 601 to 720 >720 Afternoon Morning
Fat content, % vol/vol 3.71 £ 0.18®  3.36 + 0.19° 3.18 £ 0.28* 3.20 £ 0.26* 3.98 + 0.18" 3.46 = 0.17*
Fat yield, g/h 36.84 = 2.67°" 32.45 + 2.76% 27.83 + 4.08% 28.39 + 3.93% 39.86 + 2.60° 35.78 + 2.59%
Natural creaming, % of fat 39.39 = 2.70 39.29 + 2,74 37.60 + 3.51 37.84 + 3.45 39.00 + 2.38 44.84 + 2.36
FFA, mEqg/100 g of fat 0.863 + 0.072¢ 0.700 + 0.073> 0.501 + 0.122%" 0.521 + 0.123*®> 0.528 + 0.080%® 0.480 + 0.081%
dsg, pm 4353 £ 0.105 4.145 £ 0.108  4.194 + 0.158 4.075 + 0.151 4.244 + 0.102 4.214 + 0.101
Globular surface area, 5.074 + 0.234 4.807 + 0.240  4.530 + 0.362 4.747 + 0.352 5.584 + 0.239 4.867 + 0.236
m?%dL of milk
Interglobular distance, pm 22.10 £ 1.29 23.58 + 1.31 25.45 + 2.06 23.21 + 2.03 19.59 + 1.37 22.53 + 1.35

abcMeans having different superscript letters in the same row differ (P < 0.05).

'MP = Milking parlor; AMS = automatic milking system.
2d3, = Volume-surface average diameter.

level and milk yield per hour, and negative correlations
between FFA and fat content (r =-0.239; P<0.001) and
between FFA and milk fat yield per hour (r = -0.208; P
< 0.001).

Fat globule size (ds»), globular surface area, and inter-
globular distance were not affected by milking interval
(Table 3).

DISCUSSION

Milk Yield per Hour, Milk Fat Content,
and Milk Fat Yield per Hour

The main results of our trial for these variables con-
cerned differences obtained with different milking in-
tervals, because the milking system per se did not seem
to affect them (Table 1). The reduced milk yield per hour
obtained during AMS milkings when milking interval
>720 min during late lactation (Table 2) supported the
suggestion that the secretion rate decreases with time
(Ouweltjes, 1998), which was confirmed by studies in
which cows were milked thrice daily (DePeters et al.,
1985; Gisi et al., 1986; Klei et al., 1997).

Milk fat yield per hour tended to be greater when
milking interval was shorter (Table 3). Milk fat yield
per hour paralleled results for milk yield per hour. Milk
fat and yield per hour confirm observations of DePeters
et al. (1985) and Gisi et al. (1986) for first-lactation
cows milked in an MP. They reported an increase in
milk fat yield because of an increase in milk yield when
milking frequency increased from twice to thrice daily.
We are unaware of any reports with which we can com-
pare the absolute values observed in our study. Milk
fat secretion rate, however, tended to be enhanced in
the AMS, with shorter milking intervals. One hypothe-
sis may be linked to the observation that increased
milking frequency enhanced the activity of acetyl-coen-
zyme A carboxylase and fatty acid synthetase in goat
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mammary tissue (Travers and Barber, 1993). There-
fore, increased milking frequency may have increased
fat synthesis. Greater milk fat yield per hour in cows
milked in MP compared with those milked in AMS
might be related to more evenly spaced milking inter-
vals. Effects of regular milking intervals on milk yield
and milk fat yield are well established (Ormiston et al.,
1967). Further research on this issue is warranted.

Natural Creaming and Milk Fat Globules

Greater proportion of natural creaming during early
lactation for cows milked in the MP confirms previous
results (Piccioli Cappelli et al., 1990). The study of Picci-
oli Cappelli et al. (1990) indicated that larger long-
chain fatty acid content of milk fat occurs during early
lactation stage when a greater proportion of lipid is
derived from body fat mobilization rather than from
de novo mammary synthesis. It is not known why the
natural creaming was less in milk harvested by AMS
compared with that harvested in the MP at each stage
of lactation.

In May and November, natural creaming was less in
AMS than in MP milk (Figure 1b). Trevisi et al. (1992)
reported a rapid decline in natural creaming from sum-
mer to fall in a traditional MP. In their review, Cala-
mari and Mariani (1998) reported a general agreement
on the positive enhancing effect of warmer seasons on
natural creaming, probably due to the relative increase
in long-chain fatty acids (Ronchi et al., 1995). Differ-
ences between MP and AMS natural creaming in May
and November are difficult to explain based on our re-
sults, considering the absence of differences in those
sampling periods for dss (Figure 3b).

A lack of relationships among the values of natural
creaming and the values of d3, and interglobular dis-
tance indicates that other factors play an important
role in the creaming process. Further research with
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additional analyses on milk fat globule membrane and
(-potential (Michalski et al., 2002) may clarify differ-
ences in natural creaming.

Milk Fat Lipolysis

Milk obtained from cows milked in the AMS had
greater milk fat FFA content than that obtained from
cows in the MP, as recently confirmed by de Koning et
al. (2004). The FFA content was greater in milk ob-
tained from AMS milkings when milking interval was
<480 min than from AMS milkings when milking inter-
val was >600 min. Our reduced milking interval effects
on milk FFA content confirms earlier observations (Ah-
rné and Bjorck, 1985). Those authors also reported a
difference between morning and afternoon milkings,
which was not observed in our experiment. Recently,
Slaghuis et al. (2004) reported that milking frequency
seemed to be of greater importance when determining
milk FFA content than the milking system per se, be-
cause FFA content in milk obtained from milk in which
cows were milked thrice daily in an MP was comparable
with milk obtained from cows milked in an AMS.

The interaction between milking system and season
resulted in greater FFA content in milk fat from AMS
during early spring and mid autumn. Reasons for this
phenomenon are not obvious, but warrant further re-
search.

Comparing the trends in Table 3, it is evident that
anincrease in FFA content was found in milk harvested
after shorter milking intervals, which was similarly
characterized by a large ds,. Wiking et al. (2004) re-
ported that milk having the largest milk fat globules
was more unstable when subjected to movement and
pumping, and was characterized by increased FFA con-
tent. However, in our study, milk was submitted to
limited movement, because it was collected with a sam-
pler just after milking before being transported in the
milk lines. Svennersten-Sjaunja et al. (2004) also ob-
served greater FFA content and larger fat globules in
milk harvested from cows milked more than twice daily.

An unresolved question when evaluating factors af-
fecting milk fat lipolysis concerns the relationships with
DIM and stage of pregnancy. Ahrné and Bjérck (1985)
reported a close relationship between milk FFA and
DIM, but they did not seem to account for stage of
pregnancy, probably resulting in a confounding of the
2 factors. Chazal and Chilliard (1986) more correctly
suggested that pregnancy played a major role in the
increase of milk FFA content observed during late lac-
tation.

Another issue is the relationship of FFA content with
milk yield per hour. Ahrné and Bjorck (1985) reported
a positive correlation between milk yield and FFA con-
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tent, but caution must be exercised in comparing that
work with our results because the earlier study did not
consider the effective hourly rate of milk yield.

Considering the results from Santos et al. (2003) ex-
pressed on 2% standardized fat milk, we suppose that
the values of FFA (0.720 mEq/100 g of fat) in milk
obtained from the AMS are not large enough to alter
practical usage of the milk. Our values were larger than
those reported by Hamann et al. (2004), but comparable
with those from Klei et al. (1997) with thrice daily milk-
ing and from Klungel et al. (2000) with AMS. Two
hypotheses could be formulated to explain the high
spontaneous lipolysis of milk fat after short milking
intervals. The first, already suggested by Klei et al.
(1997), is based on the observation that increased milk-
ing frequency increased the activity of acetyl-coenzyme
A carboxylase and fatty acid synthetase in goat mam-
mary tissue (Travers and Barber, 1993). These in-
creased activities led to increased de novo synthesis of
short-chain fatty acids (Jensen et al., 1991). A possible
explanation of our results might be found in the com-
bined effects of stage of lactation on acyl chain length
and on milk lipoprotein lipase preferences for its cleav-
ing action. During early lactation, the proportion of
long-chain fatty acids is greater than that during late
lactation, when short- and medium-chain fatty acids
from mammary synthesis increase (Grummer, 1991).
Palmquist et al. (1993) indicated that milk lipase has
a preference to cleave fatty acids from the sn-1 and sn-
3 positions before that of the sn-2 position. In addition,
milk lipase prefers a short-chain fatty acid to a long-
chain fatty acid at the sn-1 and sn-3 positions (Palm-
quist et al., 1993). These findings were confirmed by
the study of Klei et al. (1997), in which it was shown
that milk lipase prefers triglycerides containing short-
chain fatty acids to triglycerides containing long-chain
fatty acids. Therefore, increased milking frequency
could be at the origin of milk triglycerides that are more
susceptible to spontaneous lipolysis.

A second possible explanation, in our opinion, could
be derived from the work of Cartier et al. (1990). They
observed that inhibition of spontaneous lipolysis ap-
peared when milk fractions contained component 3 of
proteose-peptone. At present, we do not know whether
this component is involved in the process; however,
considering the effect of milking interval on proteolytic
process, with reduced proteolysis reducing milking in-
terval (Klei et al., 1997), it seems reasonable to suppose
that an end product of proteolysis might be involved in
the inhibition of lipolysis.

CONCLUSIONS

Our results confirmed a very limited (and not signifi-
cant) effect of AMS, when compared with MP, on milk
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fat yield in first-lactation cows. Some milk fat features
were affected. Natural creaming tended to be reduced
by AMS. Content of FFA in milk fat increased with
AMS because of an increased milking frequency. On the
other hand, milk fat lipolysis was greater after shorter
milking intervals, when fat globule size (dsp) tended
(not significantly) to be greater.

Our findings suggest that AMS affects milk fat fea-
tures mainly because of the increased milking fre-
quency. Further applied research is warranted to show
whether quality problems such FFA content may be
reduced by different herd management. Further re-
search is warranted in multiparous cows, because milk
fat quality is greatly affected by body reserve mobiliza-
tion in early lactation.
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