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ABSTRACT

The main objectives of this study were, to investigate the influence of
different vacuum levels (VL), pulsation ratio (PR), claw size (CS) and connection of
Duovac unit on characteristics of milking machine, in order to provide preliminary
information for future trials on milk flow rate and milking time of Friesian cows. The
present study was carried out at Sakha Animal Production Research Station, Kafr El-
Sheikh Governorate. Results revealed that machine milking yield (MMY) increased
(P<0.05) from 8.7 kg at VL of 48 kpa to 9.0 and 9.05 kg at VL of 50 and 52 kpa,
respectively. Total milk yield (TMY) increased (P<0.05) as the VL increased from 48
(8.9 kg) up to 52 Kpa (9.8 kg). Stimulation time (ST) was shorter (P<0.05) at 50 Kpa
than at 52 Kpa (10.4 vs. 10.9 sec). Machine milking time (MMT) decreased (P<0.05)
from 4.4 to 3.9 min by increasing VL from 48 to 50 kpa and to 3.5 min at 52 kpa.
Stripping milk yield (SMT) only increased (P<0.05) from 0.6 min at 50 kpa to 0.9 min at
52 kpa. Total milking time (TMT) decreased (P< 0.05) from 4.9 min at 48 kpa to 4.6
and 4.4 min at 50 and 52 kpa, respectively. Milk flow rate (MFR) increased (P<0.05)
from 2.0 to 2.3 kg/min at 50 kpa and to 2.8 kg/min at 52 kpa. Stripping milk yield (SMY)
relative to TMY was higher (2.7%, P<0.05) for 48 Kpathan 50 and 52 Kpa (2.3 and
2.4%). Values of MMY decreased (P<0.05) only by changing PR from 65:35 up to
70:30 (8.7 vs. 9.2 kg). SMY decreased (P<0.05) by 33% only with changing PR from
60:40 to 65:35. TMY decreased (P<0.05) from 9.7 to 9.4 kg by changing PR from
60:40 to 65:35. However, changing PR from 65:35 to 70:30 reduced (P<0.05) TMY
from 9.4 to 8.9 kg. ST decreased (P<0.05) from 11.3 to 10.5 sec only by changing
pulsation ratio from 60:40 to 65:35. TMT was longer (1.9 vs. 4.6 min, P<0.05) by
changing PR from 60:40 to 65:35 and from 65:35 to 70:30 (4.6 vs. 4.5 min, P<0.05).
SMT decrease (P<0.05) from 0.70 to 0.68 sec only by changing PR from 60:40 up to
70:30. MMT decreased (P<0.05) by changing PR from 60:40 to 65:35 or to 70:30,
being 4.2, 3.9 and 3.8 min, respectively. MFR increased (P<0.05) from 2.3 to 2.4
kg/min only by changing PR from 60:40 to 65:35. Percentage of SMY relative to TMY
decreased (P<0.05) from 2.7% at 60:40 to 2.4% to 2.4% at 65:35 and changing PR to
70:30 decreased (P<0.05) percentage of SMY to TMY to 2.3%. SMY, ST, TMT, SMT,
MMT and SMY relative to TMY were higher (P<0.05) with claw size of 150 than 350
cm?. However, TMY and MMY were higher (P<0.05) with claw size of 350 than 150
cm?®. Increasing claw size from 150 to 350 increased (P<0.05) MFR from 2.2 to 23.5
kg/min, increased (P<0.05) MMY from 8.9 to 9.3 kg and decreased TMT, whereas
SMY was the same in both cases of claw size. Using Duovac unit resulted in increase
(P<0.05) in MMY from 9.0 to 9.2 kg and in TMY from 9.3 to 9.4 kg and decrease
(P<0.05) in ST and MMT leading to reduction (P<0.05) in TMT from 4.9 to 4.5 min and
increase (P<0.05) in MFR from 2.3 to 2.5 kg/min as compared to without using.
Values of SMY decreased (P<0.05) from 0.3 to 0.2 kg and TMY increased (P<0.05)
and SMY relative to TMY decreased (P<0.05) from 2.8 to 2.1%.
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INTRODUCTION

The goal of the milking program is to harvest the maximum amount of
high quality milk with minimum udder irritation. Milking is the most important
single job on a dairy farm. All milking machines have the same basic
elements such as vacuum system, pulsation equipment, milking units
(cluster) and milk receptacle. The purpose of the vacuum pump is to exhaust
air continuously from the milking machine system. Pulsation operation is the
opening and closing of the liners in the teat cups. The pulsator alternately
connects the pulsation chambers to the vacuum system of machine and to
the atmosphere (Akam, 1979). The main purpose of pulsation is to maintain
blood circulation through the teat (Neave, 1959). A complete breakdown in
pulsation could result in serious mastitis problems and more infections were
happened with wide variation in ratio and rate (Kingwill et al., 1979).

Several investigations had been carried out on the engineering factors
affecting machine milking. They have been established that changes in the
curve of the milk flow in the course of a pulsation depend on the reaction of
the teat sphincter to the influence of the teat liner vacuum (Theil et al., 1977).
Thiel and Mein (1979) reported that there are two potential uses of milk flow
rate in the automatic management of dairy animals. First, as an aid to milking
machine control and second as an aid to detection of health changes. The
rate of milk flow changes as the characteristics of pulsation and vacuum level
are changed.

Vacuum level of 51.11-57.89 kpa is an appropriate level for Egyptian
buffaloes (Hassan, 1970). The effect of different vacuum levels on total
milking time, machine milk yield and milk flow rate were investigated by
several authors (Aliev, 1970 and Hassan, 1970). Akam (1980) found that
higher levels of vacuum would give faster milking but milking would be less
complete, capital costs higher and it is popularly believed that mastitis would
increased. Also, the interaction between vacuum level and pulsation ratio was
studied by Mahle et al. (1982) on milk flow rate and udder health. The faster
pulsation ratios would give faster milking but with higher operating costs
(Akam, 1980; Hamed, 1982; Rosen et al., 1983; Hamed and Nigm, 1986 and
Thomas et al., 1991).

On the other hand, increasing the claw volume had many effects than
would be expected from placement of vacuum reservoir near the teats.
Vacuum was stabilized by this reservoir but air flow through the long milk
tube in response to changes in milk line vacuum was greater than it would be
with smaller claw volume. The claws are different in diameter and the larger
claw had an advantage on yield and flow milk rate (Thompson and Pearson,
1983). Duovac is a system represents the intermediate stage between
manual and automatic cluster removal in milking machine. It make gentle
massaging to the teats in a low vacuum level during stimulation and post-
milking phases and reduces the risk of over milking during milking phase
(Reinemann and Mein, 1994). This study aimed to determine the optimal
vacuum level, pulsation ratio and claw size for maximum milk yield with the
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shortest machine milking time (maximum milk flow rate) of Friesian cows.
Also, the effect of using Duovac unit in milking machine was investigated.

MATERIALS AND METHODS

The present study was carried out at Sakha Animal Production
Research Station, Kafr EI-Sheikh Governorate, belonging to Animal
Production Research Institute, Agricultural Research Center, Ministry of
Agricultural in cooperation with Department of Agricultural Engineering,
Faculty of Agriculture, Mansoura University. The experimental work lasted
288 days during an experimental period from May 2002 to April 2003. The
data for this study contained 6912 morning (a.m.) milkings for 24 Friesian
cows.

Animals:

Animals used in this work were chosen from the Friesian herd raised at
the station. A total number of 24 lactating Friesian cows averaged 495.6+10.0
kg LBW, and ranged between 3- 8 years of age and between the 1st and 4th
parity was used in this study. The experimental animals were used after 3-4
days of colostrum suckling up to 144 days as early lactation period, thereafter
the experiment was repeated for 144 days as lat lactation period to avoid the
variation in lactation period between animals.

During the experimental period, animals were fed concentrate feed
mixture (CFM) plus hay during summer and CFM plus berseem during winter
according to NRC (1984). All cows were housed in similar dry lot housing and
cows were fed identical rations and milked twice a day at 6 a.m. and 4 p.m. in
nearly identical double 8 herringbone milking parlors, each parlor utilized two
milkers and cows were delivered to each parlor by one stockman. Only data
of morning milking was recorded.

Characteristics of milking machine:

The Gascoigne pipeline milking machine was used throughout the
study. Technical information of milking machine equipment [vacuum pump
model Vac 4A (cillubricated), Serial Number 482833812] are presented in
table (1). It was driven by electric motor Mez. Mohelice serial Number
2386478IP44B3.

The effect with one of two types of milking claw were investigated, the
first was common type with a large claw volume (350 cm3), and used
alternate pulsation. The second was more traditional type with 150 Cm3.

Douvac system (Alfa-Laval Duovac 300) was attached during the
interval studying the effect of Duovac with different levels of vacuum.
Pulsation ratio and claw size.

Milk meter (Alfa-Laval Agric., Mark 5, maximum capacity 30 kg) was
used to measure the total milk yield and the milk flow rate. Milk meter used in
pipeline system was fixed in special stand with Duovac to measure the milk
yield (kg) from each cows.

Experimental procedures:

A total of 36 trails (3 vacuum levels x 3 pulsation ratio x 2 claw size with or
without Duovac), each trail lasted for 8 days (4 days during the early lactation
stage and 4 days during the late lactation stage) was conducted.
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Table (1): Technical information of Gascoigne melotte vacuum pump.
Tow- Pumb | Pumo | Pum Electric Electric
exhoust | Pump capacity p P P lLubrication| motor Pump| motor

speed |power |power

port [sizes| ™ @ %0KP) rpm) | “kw [ Thp. | OO Ficw gl VPE | SPeed
50 60 1300 900 3 2.23 10 4 |3|VacdA 1440

Milking intervals for each animal were maintained at 12 hours
throughout the first 144 days and at 10 hours throughout the last 144 days of
the experiment. Milking machine was adjusted for different vacuum levels
(48, 50 and 52 Kpa, pulsation ratio (60:40, 65:35 and 70:30) claw sizes (150
and 350 cm?) with or without using Douvac. While, pulsation rate was set at
60 cycles per min.

When all teat cups were attached to the udder a stop watch was
started, milk yield was recorded at interval of 30 seconds throughout milking
and when the milk flow fell “ceased” below 0.100 kg between two consecutive
readings the machine stripping was started and continued until the cessation
of milk flow then the cluster was removed. The following measurements were
taken for each milking: stimulation time, machine milking time, stripping time
machine milking yield, total milking yield
1- Stimulation time (ST):Time elapsed from last teat cup was attached until

the start milk let down .

2- Machine milking time (MMT): The duration between the attachment of the

milking until to the cessation of milk flow.

3- Stripping time(SRT): The time was measured when milk flow rate less than
0.100 kg/min, the udder was massaged and tension
below until milk flow rate stop.

4- Total milking time (TMT)= STT + MMT + SRT

5- Machine milk yield (MMY)

6- Stripping milk yield (SMY)

7- Total milk yield (TMY) = MMY + SMY

8- Milking flow rate (MFR): was measured during machine milking and was

calculated as machine milk yield (kg)/ minute milking time.

Experimental design:

The experiment was designed such that each cow would receive
every vacuum level for 48 consecutive days during which the pulsation ratio
(60:40, 65:35 and 70:30) was adjusted every 16 days, claw size (150 and 350
cm3) was changed every 8 days and Douvac was used (+) or not (-) every
days). This period represented for the three vacuum levels the first 144
consecutive days as 15t phase of lactation, thereafter it was repeated for other
144 consecutive days to avoid individual variations between cows.
Throughout the experimental period of 288 days a total of 6912 morning
milkings were observed (3 vacuum levels x 3 pulsation ratios x 2 claw size x
Douvac x 24 cows x 4 days x 2 phases) as shown in table (2). During all
milkings, the pulsation rate was kept constant at 60 ppm according to
(Spencer et al., 1993).

There was a preliminary period of two days before applying a different
vacuum level for the cows to adjust to the new adjustment level.
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Table (2): Experimental design for different vacuum pressures (kpa),
pulsation rations and claw sizes (cm?® with and without
duovac for each lactation phase.

) Claw Number of Exp. No. of
Vacuum [Pulsation
size | Duovac animals Interval observ-
level (kpa) [ratio ]

(cm3) (n) (day) ation

With 24 4 96

60-40 150 Without 24 4 96

350 Wlth 24 4 96

Without 24 4 96

With 24 4 96

48 65:35 150 Without 24 4 96

350 Wlth 24 4 96

Without 24 4 96

With 24 4 96

70:30 150 Without 24 4 96

350 Wlth 24 4 96

Without 24 4 96
Total for vacuum level of 48 Kpa 24 48 1152
Total for vacuum level of 50 Kpa 24 48 1152
Total for vacuum level of 52 Kpa 24 48 1152
Total for three vacuum levels 24 144 6912

Statistical analysis:

Data were statistically analyzed using a model that included effect of
vacuum level, pulsation ratio, claw size and using Duovac and their
interaction according to Snedecor and Cochran (1982). The significant
differences among treatment groups were tested using Duncan’s Multiple
Range Test Duncan (1955).

RESULTS AND DISCUSSION

Effect of vacuum level on machine milking characteristics:

In milking machines, the vacuum is applied to the teat wall create
pressure difference between the intra-mammary and the external
atmospheric pressure, so that milk pressure can overcome the resistance of
the teat sphincter muscle and flow out of the udder.

Data presented in table (3) revealed that machine milk yield,
stripping milk yield and subsequently total milk yield significantly increased by
increasing vacuum level from 48 to 52 kpa. The marked increase in total milk
yield was mainly attributed to increasing not only machine milk yield but also
in stripping milk yield. In contrast to the present results concerning milk yield,
Ivanov and Grozev (1990) reported that increasing vacuum level had no clear
effect on milk yield of mechanically milked cows.

Stimulation time was insignificantly decreased (10.4 sec) at 50 Kpa
and increased (P<0.05) at Kpa 52 than that at 48 Kpa (10.6 vs, 10.9 sec).
However, the difference was significant (P<0.05) by increasing vacuum level
from 50 to 52 Kpa (Table 3).
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Table (3): Effect of vacuum level (VL) on milking characteristics of
Friesian cows during morning milking.

ltem Vacuum level (Kpa)
48 | 50 | 52
Milk yield (kg):
Machine milk yield 8.7+0.08°¢ 9.0+0.09° 9.5+0.072
Stripping milk yield 0.2+0.008° 0.2+0.006" 0.3+0.0082
Total milk yield 8.9+0.08°¢ 9.2+0.09° 9.8+0.072
Stimulation time (sec) 10.6+0.192° 10.4+0.19° 10.9+0.272
Milking time (min):
Machine milking time 4.4+0.052 3.9+0.04° 3.5+0.04¢
Stripping milk time 0.5+0.01¢ 0.6+0.02° 0.9+0.022
Total milking time 4.9+0.052 4.6+0.05° 4.4+0.04¢
Machine milking characteristics:
Milk flow rate (kg/min) 2.0+0.30°¢ 2.3+0.30P 2.8+0.402
Stripping /total milk yield (%) 2.7+0.082 2.3+0.07° 2.4+0.08°

a band e Means denoted within the same column with different superscripts are
significantly different at P<0.05.

Machine milking time gradually decreased (P<0.05) from 4.4 to 3.9
min by increasing vacuum level from 48 to 50 kpa and to 3.5 min at 52 kpa.
The observed decrease in machine milk time was in an opposite trend of
increased stimulation time by increasing vacuum level. This may indicate
reversible relationship between stimulation time and machine milking time as
affected by vacuum level. In parallel pattern with machine milking time, total
milking time gradually decreased (P<0.05) from 4.9 to 4.6 min by increasing
vacuum level from 48 to 50 kpa and to 4.4 min at 52 kpa (Table 3). Such trend
indicated that total milking time was affected mainly by machine milking time
rather than stripping milk yield and did not related to stimulation time. Also, it
was found that increasing machine milking time led to marked reduction in
stripping milk time. The obtained results regard to milking time agreed those
found by Aliev (1970), who studied the effect of two vacuum levels (46.5 and
56.5 kpa) on total milking time of in buffaloes, founding that increasing the
vacuum level caused decrease in the total milking time. In addition, Hassan
(1970) investigated the effect of increasing the vacuum level from 50 to 55.2
and to 63.1 kpa on total milking time of buffaloes. He observed a decrease in
total milking time in morning and evening milkings. In this respect, Akam
(1980) Mentioned that the relatively small reduction in milking time that can
be achieved by increasing vacuum level is not essential in achieving large
improvement in the labour economy of milking.

Milking flow rate gradually increased (P<0.05) by increasing vacuum
level. The noticed increase in milking flow rate by increasing vacuum level
was in relation to increased milk yield and decreased time of machine milking
(Table 3). The present findings are in agreement with those reported on
buffaloes by Hassan (1970), who found that average milk flow rate increased
by increasing vacuum level from 50 to 55.2 and to 63.1 kpa, but machine milk
yield decreased slightly. Similar findings were reported by Schmidt et al.
(1963) on cows..
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Stripping milk relative to total milk yield increased (P<0.05) by
increasing vacuum level from 48 to 50 Kpa, but did not differ significantly
between 50 and 52 kpa vacuum levels (Table 3). Such trend may reflect
higher milking efficiency at 50 or 52 than at 48 Kpa vacuum levels. The
obtained results agreed many investigators who reported that most of the
milking machines are operated for milking cows at vacuum level ranging from
45 to 50 kpa (Schmidt et al., 1963). However, Hassan (1970) reported that
vacuum level of 51.11-57.89 kpa is the appropriate vacuum level for Egyptian
buffaloes.

Effect of pulsation ratio on machine milking characteristics:

The pulsation rate was kept at 60 cycles/min during the whole
experimental period, however, pulsation ratio was changed from 60:40 to
65:35 and to 70:30. Table (4) shows the obtained values of all milking
characteristics as affected by different pulsation ratios.

Machine milk yield, stripping milk yield and consequently total milk yield
showed significantly (P<0.05) a gradual reduction by changing pulsation ratio
from 60:40 to 65:35 or to 70:30. The optimum pulsation ratio for the highest
milk yields was obtain with 60:40 pulsation ratio, regardless the other factors
(e.g. vacuum level, claw size and using Duovac).

These findings are in consistent with that reported by Rosen et al,
(1983), who reported that increasing pulsation ratio caused pronounced
changes in the stripping milk yield.

The marked reduction in total milk yield with changing pulsation ratio
from 65:35 to 70:30 was mainly attributed to the significant decrease in
machine milk yield not in stripping milk yield as affected by changing
pulsation ratio (Table 4). Decreasing machine milk yield with altered pulsation
ratio from 60:40 to 70:30 may be due to that teat cups might crawl up the
udder teats, and close the orifice between the teat cisterns and the gland
cisterns causing the retention of more amounts of milk inside the udder cows.

Table (4): Effect of pulsation ratio (PR) on milking characteristics of
Friesian cows during morning milking.

Item Pulsation ratio
60:40 | 65:35 | 70:30

Milk vield (k@):
Machine milk yield 9.4+0.82 9.2+0.8° 8.7+0.9¢
Stripping milk yield 0.31+0.0082 0.24+0.007° 0.20+0.006°
Total milk yield 9.7+0.82 9.4+0.8° 8.9+0.9¢
Stimulation time (sec) 11.3+2.72 10.5+1.8° 10.2+2.0¢
Milking time (min):
Machine milking time 4.2+0.052 3.9+0.05° 3.8+0.06"
Stripping milk time 0.70+0.022 0.69+0.023° 0.68+0.03°
Total milking time 4.9+0.042 4.6+0.05° 4.5+0.05
Machine milking characteristics:
Milk flow rate (kg/min) 2.3+0.04° 2.4+0.042 2.4+0.052
Stripping /total milk yield (%) 2.7+0.092 2.4+0.08P 2.3+0.07°

a bandc Means denoted within the same column with different superscripts are
significantly different at P<0.05.
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Stimulation time significantly (P<0.05) decreased from 11.3 to 10.5
sec by changing pulsation ratio from 60:40 to 65:35. However, changing
pulsation ratio from 65:35 to 70:30 significantly decreased stimulation time
from 10.5 to 10.2 sec. It is worthy noting that changing pulsation ratio from
60:40 to 65:35 resulted in more pronounced reduction in stimulation time than
that occurred when pulsation ration changed from 65:35 to 70:30. The
shortest stimulation time was associated with pulsation ratio of 70:30 (Table
4).

As the times of machine milking and stripping milk decrease, total
milking time significantly (P<0.05) decreased from 4.9 to 4.6 min by changing
pulsation ratio from 60:40 to 65:35, while all milking times were not affected
significantly by changing pulsation ratio from 65:35 to 70:30. The observed
reduction time of total milking time when pulsation ratio was changed from
60:40 to 65:35 was in more relation to marked reduction in machine milking
time than in stripping milk time (Table 4).

The detected higher milk yields with pronounced reduction in milking
times by changing pulsation ratio from 60:40 to 65:35 was reflected in
significant (P<0.05) increase in rate of milk flow from 2.3 to 2.4 kg/min.
However, changing pulsation ratio from 65:35 to 70:30 did not effect
significantly on milk flow. The nearly similarity in milk flow rate at pulsation
ratios of 65:35 and 70:30 was mainly attributed to the higher reduction in total
milk yield and the slight decrease in total milking time by chancing pulsation
ratio from 65:35 to 70:30 (Table 4).

Percentage of stripping milk yield to total milk yield significantly
(P<0.05) decreased from 2.7% at 60:40 to 2.4% at 65:35 ratio and
insignificantly decreased to 2.3% at 70:30 ratio. Such trend was mainly
attributed to a marked decrease in total milk yield and slight decrease in
stripping milk yield (Table 4).

Several investigations had been carried out on different pulsation
ratios. They have been established that changes in the curve of the milk flow
in the course of a pulsation depend on the reaction of the teat sphincter to the
influence of the teat liner vacuum (Theil et al., 1977). The main purpose of
pulsation is to maintain blood circulation through the teat (Neave, 1959).

A complete breakdown in pulsation could result in serious mastitis
problems and more infections were happened with wide variation in ratio and
rate of pulsation (Kingwill et al., 1979). A faster pulsation rates and ratios
would give faster milking but with higher operating costs. The relatively small
reduction in milking time that can be achieved in this way are not essential in
achieving large improvement in the labour economy of milking (Akam, 1980).

Most of the available studies are in accordance with the present results
indicating that changing pulsation ratio had significant effect on milk yield and
milking time. In this respect, Rosen et al. (1983) found that increasing static
ratio from 40:60 to 70:30 increased peak and average milking rates as well as
milking stripping vyield and, decreased time to reach milk yield peak and
machine milking time. Also, Thomas et al. (1991) found that average machine
milking times were 8.44, 8.00 and 7.47 min per milking for 50:50, 60:40 and
70:30 pulsation ratios, respectively. The pulsation ratio of 70:30 yielded 3.5%
milk yield per milking more than ratio of 50:50 (13.0 vs. 13.8 kg). Spencer et

1784



J. Agric. Sci. Mansoura Univ., 32 (3), March, 2007

al. (1993) determined the effects of changing pulsation ratio on new intra-
mammary infection. They found that changes of pulsation ratio at this
magnitude had no damage effects upon udder health.

Effect of claw size on machine milking characteristics:

Data in table (5) show that values of milking characteristics including,
stimulation time, total milking time, machine milking time and stripping milk
relative to total milk yield were significantly (P<0.05) higher with claw size of
150 than 350 cm3. However, total milk yield and machine milking yield were
significantly (P<0.05) higher with claw size of 350 than 150 cm3. On the other
hand, stripping milk yield was not affected significantly by claw size, being the
same with claw size of 150 and 350 cm3. Increasing total milk yield (Machine
and stripping) was associated with significantly reduction in all milking times
(machine, stripping and total).

Increasing claw size from 150 to 350 significantly (P<0.05)
increased milk flow rate from 2.2 to 2.5 kg/min as affected by the significant
(P<0.05) increase in machine milk yield from 8.9 to 9.3 kg rather than
decreasing milking time. However, stripping milk yields relative to total milk
yield significantly decreased by increasing claw size. Increasing the claw
volume had many effects than would be expected from placement of vacuum
reservoir near the teats. Vacuum was stabilized by this reservoir but air flow
through the long milk tube in response to changes in milk line vacuum was
greater than it would be with smaller claw volume.

Table (5): Effect of claw size (CS) and using Duovac on milking
characteristics of Friesian cows during morning milking.
Machine(Stripping| Total | Stimu- [Machine[Stripping| Total | Milk (Stripping
milk milk milk | lation |milking| milk [milking| flow milk/
Yield yield yield time time Time time rate [total milk
(kg) (kg) (kg) (sec) (min) (min) | (min) |(kg/min)yield (%)
Claw size (cm?®):
150 (432/8.9+0.9°|0.2+0.08(9.1+0.9911.1+2.494.1+0.62|0.78+0.3%4.9+0.492.2+0.4°| 2.7+0.92
350 1432]9.3+0.8%|0.2+0.06 |9.5+0.8%410.3+2.093.8+0.5°|0.61+0.2°4.4+0.552.5+0.53| 2.2+0.7°
Duovac:
\Withouti432/9.02+0.9°0.3+0.08%/9.3+0.9511.5+2.544.1+0.6%| 0.8+0.2° |4.9+0.542.3+0.5°| 2.8+0.9°
With 14329.20+0.9%0.2+0.069.4+0.99 9.8+1.5" |3.8+0.5"| 0.6+0.2° |4.5+0.492.5+0.43| 2.1+0.6°
a and b: Means denoted within the same column with different superscripts are gnificantly
different at P<0.05.

Item [No

In the same time Thompson and Pearson (1983) mentioned that the
claws are different in diameter and the larger claw had an advantage on yield
and flow milk rate.

Effect of using Duovac unit on machine milking characteristics:

Data in table (5) show that although using Duovac in milking
machine resulted in significant (P<0.05) increase in machine milk yield from
9.0 to 9.2 kg and in total milk yield from 9.3 to 9.4 kg, it significantly (P<0.05)
decreased stripping milk yield from 0.3 to 0.2 kg. On the other hand, all
stimulation, machine milking and stripping times significantly (P<0.05)
decreased by using Duovac. This led to significant (P<0.05) decrease in total
milking time from 4.9 to 4.5 min.
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Such trend led to significantly (P<0.05) increased milk flow rate
from 2.3 to 2.5 kg/min and decreased stripping milk yield relative to total milk
yield from 2.8 to 2.1% by using Duovac unit (Table 5).

Generally, using Duovac in milking machine had beneficial effects on
increasing total milk yield and decreasing total milking time of Friesian cows.
Duovac is a system represents the intermediate stage between manual and
automatic cluster removal in milking machine. Duovac is a system represents
the intermediate stage between manual and automatic cluster removal in
milking machine (Reinemann and Mein, 1994). Unfortunately, there are no
information in the literature on the effect of using Duovac unit in milking
machine on characteristics of machine milking of dairy cows.

Effect of interaction among different factors studied:

Only the effect of interaction between vacuum level and pulsation
ratio as well as between vacuum level and using Duovac was significant on
milk flow rate, however, the effect of interaction among the other factors was
not significant.

Table (6): The best levels for the highest milk flow rate (MFR%) as
affected by the interaction effect between factors studied.

Interaction effect Milk flow rate| Signifi-

Factors VL (kpa)| PR CS (cm®| Duovac (%) canc
VL x PR 52 70:30 - - 2.9 il
VL x CS 52 - 350 - 2.9 NS
VL x DU 52 - - with 2.9 el
PR x CS - 70:30 350 - 2.6 NS
PR x DU - 70:30 - with 2.5 NS
CS x DU - - 350 with 2.6 NS
VL x PR x CS 52 70:30 350 - 3.1 NS
VL x PR x DU 52 70:30 - with 3.0 NS
VL x CS x DU 52 - 350 with 3.0 NS
PR x CS x DU - 70:30 350 with 2.7 NS
VL x PR x CS x DU 52 70:30 350 with 3.1 NS
VL: Vacuum level PR: Pulsation ratio CS: Claw size DU: Duovac
*** Significant at P<0.05 NS: Not significant

The highest milk flow rates were obtained with the highest vacuum
level (52 Kpa), the highest ratio of pulsation (70:30), the largest area of claw
(350 cm3), and using Duovac unit (Table 6).

All milking machines have the same basic elements such as vacuum
system, pulsation equipment, milking units (cluster) and milk receptacle. The
purpose of the vacuum pump is to exhaust air continuously from the milking
machine system. Pulsation operation is the opening and closing of the liners
in the teat cups. The pulsator alternately connects the pulsation chambers to
the vacuum system of machine and to the atmosphere (Akam, 1979). The
rate of milk flow changes as the characteristics of pulsation and vacuum level
are changed. In this respect, Thiel and Mein (1979) reported that there are
two potential uses of milk flow rate in the automatic management of dairy
animals. First, as an aid to milking machine control and second as an aid to
detection of health changes.
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