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COMPARATIVE PERFORMANCE OF SIX HOLSTEIN-FRIESIAN X

GUZERA CROSSBREO GROUPS IN BRAZIL. 4. RATE OF MILK
FLOW, EASE OF MILKING ANO TEMPERAMENT
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ABSTRACf

Total daily milking time (MT), daily milk yield (DMY) and average rate of milk flow
(MF = DMY/MT) were recorded in 142 cows at 27 farms, in the southeast region of Brazil. Milkers
scored 88 cows for ease of hand milking (EOM, scale 1 = very easy milker to 5 = very hard milker)
and 123 cows for temperament (T, scale 1 = very docile to 5 = very temperamental). Cows were of
six red and white Holstein-Friesian (HF) x Guzera (Gu) crossbred groups, with the following
expected HF gene fractions: 1/4, 1/2,5/8, 3/4, 7/8 and )?;31/32 or HF. HF and 7/8 showed the highest
MF but had intermediate DMY. Halfbreds and 3/4 had the highest DMY and intermediate MF. It is
shown that they would give higher economic return in spite of their increased milking cost. The
1/4 and 5/8 had the lowest MF and DMY. MT was lower and MF higher for cows milked by hand
than for machine milked cows. The interaction of crossbred group x milking procedure was not
significant (P > 0.05). Estimates were obtained of the direct breed additive difference (g, HF-Gu)
and heterosis effects (h). Significant (P <0.05) estimates of g were obtained for DMY (6.51 ± 1.58
kg), MF (0.74 ± 0.23 kg/rnin), EOM (-1.69 ± 0.48 score units) and T (-2.96 ± 0.42 score units).
Significant estimates for heterosis were obtained for MT (2.85 ± 1.16 min), DMY (5.56 ± 1.10 kg)
and T (-1.07 ± 0.32 score units). Heterosis for MT became non-significant (P >0.05) when adjusted
for DMY. Variation due to genetic effects other than g or h was not significant (P > 0.05).

INTRODUCTION

Labour is a major component of milk production cost in systems with low
inputs of concentrate feeds and mechanízation, A study in Minas Gerais State indicated
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that labour inputs accounted for 24 to 32% of the operational cost in various milk Table I -Numbers of cows,farms and siresfor traits studied.
production systems (Gomes et ai., 1980). In a demonstration farrn , where hand
milk.ing and artificial rearing were practised, labour accounted for 32% of the Holstein-Friesiangene fraction
operational cost (Souza and Lobato Neto, 1985) and 19% of total man/hours were Trait Total
spent on milking. Due to its economic importance, traits related to milking time were 1/4 1/2 5/8 3/4 7/8 HF
measured in a sample of animais pertaining to a more comprehensive crossbreeding
trial described by Madalena (1981). Temperarnent was included in this study because Milkingtime, daily milk Manual Cows 7 14 8 8 10 6 53
of its relation to labour inputs. yield and averagerate milking Farms 7 13 7 8 9 6 17

The relative frequency of hand and machine milking varies between regions ofmilk flow
of southeast Brazil. For example, in the relatively industrialized municipality of São Machine Cows 10 18 11 17 21 12 89
Carlos, SP, 27% of the dairy farms have milking machines (J. Ladeira, personal milking Farms 3 9 8 7 7 5 10
communication), while in some regions of Minas Gerais only 3% of the dairy farms
practise machine milking (Costa et aI., 1982). Calves are generally utilized to stimulate Cows 17 32 19 25 31 18 142
milk let down by suckling brief1y before milking, even in machine milking farms. Total Farms 10 22 15 15 16 11 27
Stripping is rare because calves usually suckle after milking. Costa et al. (1982) Sires 9 14 6 12 12 11 (19)*
reported that 7% of farms practised artificial calf rearing.

In this article, differences between crossbred groups are presented for traits Ease of hand milking Cows 16 21 12 12 15 12 88
affecting milking time, along with estimates of breed additive differences and heterosis Total Farms 15 19 11 11 14 11 21
effects. These parameters are relevant to the design of breeding systems aimed at the Sires 10 11 5 9 10 9 (16)*
utilization of breed resources (Dickerson, 1973).

Temperament Cows 23 28 16 22 17 17 123
MATERIAL AND METHODS Total Farms 19 24 15 16 17 15 26

Sires 12 13 6 12 12 13 (19)*
Animais and management

*Total number of HF siresof groups 1/2, 3/4, 7/8 and HF.
Heifers of six red and white Holstein-Friesian (HF) x Guzera (Gu) crossbred

groups were distributed, for evaluation of dairy performance, to cooperator farms in
the main milk producing areas of the southeast region of Brazil. Husbandry in this
region is described by Madalena (1981).

The six crossbred groups are designated by their expected HF gene fraction:
1/4, 1/2, 5/8, 3/4, 7/8 and ;;;.31/32 or HF. The halfbreds were FI out of Gu dams by
HF sires. The 1/4 and 3/4 were first backcrosses of FI dams to, respectively, Gu and
HF sires. The 7/8 were second backcrosses to HF sires and the 5/8 were obtained by
inter se matings of 5/8 sires and dams. Numbers of sires for each group are in Table L
Further information on the genetic background of the cattle used is given by Lemos
etal. (1984).

With a few exceptions, each cooperator farm received a batch of six contem-
porary heifers, one of each crossbred group. In addition, there were two experimental
farms (where heifers were raised) keeping unequal numbers of each group. Farmers
managed experimental animais in the same way they managed their own.

The following traits were measured in cows: total milking time (MT), daily
milk yield (DMY), ease of hand milk.ing (EOM) and temperament (T). MT was defined
as the time elapsed between initiation and termination of milk rernoval. For machine
milking, MT was the time interval between application of the first teatcup to removal
of the last one, including stripping in the few cases when it was practised. Milk removal
was initiated immediately after the initial calf suckling stimulus. Ali cows incJuded in
this study wére milked twice a day and had ali four quarters functional and free of
clinical mastitis symptoms. MT and DMY were obtained adding up a .m. and p.m.
records for each cow. Average rate of milk flow (MF) was obtained a til' rat io
DMY/MT. On recording days, cows were completely milked our.r.e., no milk WU. lell
for the calves.

Milk.ers at each farm were asked to score cow ror ;OM O" li sculc (lI I VI'I

easy milker to 5 = very hard milker. They also corcd 'ows 111 u \111111:11 l.d(· 101 I.
from 1 = very docile to 5 = v ry t mpcram "tal
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Ali four traits, MT, DMY, EOM and T, were recorded upon a single visit to
each farrn. Cows in milk at the time of the visit were recorded for MT and DMY, and
females that had calved at least once (parity ranged from 1 to 3), were scored for EOM
and T. However, due to operational reasons, it was not possible to record ali traits in
ali farms. MT and DMY were recorded in 27 farms, EOM in 21 and T in 26.
Distribution of observations and farms for each trait are shown in Table I.

Statistical analysis

Three data subsets were formed to utilize ali information available for MF
(and MT and DMY), EOM and T. Data were analyzed by least squares using the
compute r programme of Harvey (1977) with ali effects considered fixed.

The following models were used:

N
Yij'kl = J.l. + g(q. -<O + h (z, -z) + P, + f.k + ~ b (t"kl _T)n + e"kl1 1 J J n n IJ IJ Modella

where:

Yijkl = represents MT, DMY or MF of the l-th cow at the k-th farm using the j-th
milking procedure and of the i-th crossbred group;

J.l. represents the general mean;

qi = is the expected proportion of HF genes of an individual of the i-th crossbred
group (i = 1 to 6). q = 1 was used to the HF group. Mean was q = 0.676;

z,
1 is the expected proportion of loci occupied with one gene of each breed in

an individual of the i-th crossbred group. The zi values for groups 1/4, 1/2,
5/8,3/4,7/8 and HF were respectively, 1/2,1,30/64,1/2,1/4 and O (Mada-
lena, 1981). Mean was z = 0.491.

p.
J represents the effect of the j-th milking procedure G

machine milking, respectively);
1, 2, for hand and

represents the effect of the k-th farm within the j-th milking procedure;

represents the stage oflactation (days), with mean T = 168;

N was the exponent of the highest significant term for regressions on t, N = 2,
3 and ] for MT, DMY and MF, respectively;

= i a random error assumed normal and independently distributed.
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The g parameter corresponds to Dickerson's (1969) average direct individual
gene effects for the HF breed, measured from the Gu breed. A linear restriction has to
be imposed to estimate breed additive effects since the HF and Gu gene proportions
add up to 1. The h parameter measures individual heterosis effects (Dickerson, 1969).
The genetic model 1 is based on the model presented by Gardner and Eberhart (1966)
and applied to crossbred cattle by Vencovsky et ai. (1970). Robison et ai. (1981) used
multiple regression to estimate the interpopulation genetic parameters, including
maternal and paternal effects. Genetic interpretation of these parameters was discussed
by Eisen et aI. (1983). In the present data, expected additive maternal gene propor-
tions equalled l-zi for ali crossbred groups except for the 5/8, and because of this
partial confounding, heterosis estimates are valid on the assumption of nil maternal
effects.

A second mo dei was fitted (Modei 2a) where Gi, the effect of the i-th
crossbred group considered as a classification variable, substituted for the g and h
terms in mo dei 1a. Variation due to genetic effects other than g and h (such as epistasis,
maternal or paternal heterosis, Kinghorn, 1980; Hill, 1982; Koch et al., 1985) was
estimated by the mean squares due to fitting model 2a over and above model Ia which
was tested against model 2a resid ual mean squares. (Robison et al., 1981).

To study effects independently of yield, MT and MF were also analysed
substituting DMY for t in models Ia and 2a.

In preliminary analyses the crossbred group x milking procedure interaction
was included in model 2a, but was not significant for either MT, DMY or M-F
(P < 0.05) and received no further consideration.

A similar analysis was performed for EOM and T, utilizing the following
mode!:

Model l b

where Yi'k represents EOM or T for the k-th cow of the j-th farm and of the í-th
crossbrei group. Model 2b, with Gi substituting for the g and h terms was also fitted
with the sarne purpose of model 2a. Contrasts were tested by the method of Scheffé
(1959).

RESULTS

Cows in this study had a mean DMY of 7.34 ± 0.33 kg and werc on av rag
milked in 9.l4 ± 0.34 min, mean MF being 0.87 ± 0.05 kg/min.

Analyses of variance are shown in Tables 11and 111,re pcctivcly for MT, DM
and MF under model 2a, and for EOM and T under model 2b .. ros: brcd roup II .ts
were significant for ali five traits (P < 0.05). Deviati n from modcls l a (lI I h duc \0
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Table 11- Analyses of variance for milking time, daily milk yield and average rate of milk flow.

Milking time Daily milk yield Average rate of milk flow
Source

d.f. m.s. d.f. m.s. d.f. m.s.

Crossbred group 5 26.11 * 5 41.04*** 5 0.45*
Milking procedure 1 189.42*** 1 11.09 1 0.37
Farms/hand milking 16 15.10* 16 16.80** 16 0.16
Farms/machine milking 9 58.24*** 9 34.67*** 9 1.06***
Stage of lactation

Linear 237.57*** 1 448.20*** 2.00***
Quadratic 54.36* 1 171.18***
Cubic 1 52.41**

Residual 108 8.32 107 7.40 109 0.15

Crossbred groups after
fitting g and h regressions 3 2.60 3 5.00 3 0.15

*P<0.05; **P<O.OI; ***P<0.005.

genetic effects other than g and h were not significant for all traits. Milking procedure
significantly affected MT only.

MT was much longer for machine milking than for hand milking, while the
difference in DMY between both procedures was smalI (Table IV). MF was therefore

Table III - Analyses of variance for ease of hand milking and temperament scores.

Source
Ease of hand milking Temperament

d.f. rn.s. d.f. m.s.

5 2.17* 5 8.57***
20 0.95 25 0.76
62 0.68 92 0.70

Crossbred group
Farms
Residual

Crossbred groups after
fitting g and h regressions 3 0.55 3 1.60
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IlIgh r for hand milking, although the difference was not significant (P = 0.12). Farm/
muchine milking effects on MF ranged from +0.58 to -0.4 7 kg/min.

As may be seen in Table IV, 1/4 and 5/8 cows had relatively high MT but low
DMY, showing the lowest MF means. Fls had the highest DMY, their MF being inter-
m diate, and similar to that of 3/4 cows. HF and 7/8 cows had relatively low MT and
I MY, but showed the highest MF. However, only extreme differences between
cro sbred group means were significant. The genetic situation is more c1ear1ydescribed
by the additive-dominance models Ia and 1b. The g and h parameters are shown in
'l able V. The breed additive difference for MT was not significant, while heterosis
was significant and positive, indicating longer MT at higher z values. These trends were
rcversed upon adjustment of MT for DMY: g became significant and of larger negative
magnitude, while h became small and non-significant. A positive breed additive
difference for MF indicates that this trait was enhanced by direct effects of HF genes.

Tablc IV - Least squares means (LSM) and standard errors (se) for Models 2a and 2b effects.

Milking Daily milk Average rate Ease of hand Temperament
time yield ofmilk flow milking

Effect
LSM se LSM se LSM se LSM se LSM se

mino kg kg/rnin. score1 score2

Manual milking 7.47 0.49a 6.93 0.46 0.95 0.07

Machine milking 10.81 0.49 7.74 0.46 0.80 0.07

Ilolstein-Friesian
gene fraction

1/4 9.41 0.82a,b 5.11 O.77a 0.64 0.11 3.10 0.22a 3.39 0.19a

1/2 10.89 0.55a 9.37 0.52b 0.91 0.07 2.37 0.19a,b 2.01 0.16b,c

5/8 9.31 0.73a,b 6.59 0.69a,b 0.71 0.10 2.54 0.26a,b 2.54 0.23 b,c

3/4 8.94 0.66a,b 8.28 0.62a,b 0.95 0.09 2.53 0.26a,b 2.10 0.20b,c

7/8 8.19 0.61 b 7.15 0.58a,b 1.03 0.08 2.25 0.23a,b 2.09 O.22b,c

HF 8.12 O.77a,b 7.53 0.73a,b 1.01 0.10 1.83 0.26b 1.37 0.22c

Mean 9.14 0.34 7.34 0.33 0.87 0.05 2.44 0.11 2.25 0.09

1. 1 = very easy milker to 5 = very hard milker.
2. 1 = very docile to 5 = very tempera mental.
a,b Means with diff rent superscripts differ significantly (P <0.05).
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The g value was reduced upon yield adjustment, but was still signiflcant (Tabl V)
Heterosis was not significant for MF. Both g and h were positive, significant and of
large magnitude for DMY.

Table V - Estimates of breed additive differences (g, Holstein-Friesian minus Guzera) and heterosis

effects (h), with standard errors (se).

Trait g se h se

Milking time, mino -0.48 1.66 2.85 1.16*

Adjusted for yield - 3.73 1.54*** 0.24 1.12

Daily milk yield , kg 6.51 1.58*** 5.56 1.10***

Average ra te of milk flow, kg/min 0.74 0.23*** 0.25 0.16
Adjusted for yield 0.41 0.18* -0.07 0.12

Ease of hand milking, score ' - 1.69 0.48*** - 0.44 0.37

Temperament, score ' - 2.96 0.42*** - 1.07 0.32***

1. 1 = very easy milker to 5 = very hard milker.

2. 1 = very docile to 5 = very temperamental.

*p <0.05, **p <0.01, *** P<0.005.

HF cows were scored as the easiest to milk by hand and the 1/4 as the
hardest, the other groups receiving intermediate and similar scores (Table IV). Mean T
scores were aiso lower for HF cows, higher for the 1/4 and intermediate for the other
groups. EOM would be expected to decrease 1.32 score units for a change of 1 unit in
q, i.e., changing from Gu to HF (Table V). The breed additive difference for T was
more marked, g = -2.96 score units. Heterosis for EOM was not significant (Table V).
Heterosis for T was nega tive , i. e., it increased docility.

DlSCUSSION

Average rate of flow in this study was lower than that reported in the
literature for high yielding cows. ln five reports, mean yield per milking varied
between 7.9 and l3.2 kg; average rate of flow - although not always defined in the
same way - ranged from 2.0 to 3.0 kg/min and total machine time, between 4.4 and
7.4 min (Smith et al., 1974; Tomaszewski et al., 1975; White and Vinson, 1975;
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1111I r! al , 1(7 ; Blake et al., 1978). Wilson (1963) reported average rate of flow of
I k /111111 f I w yielding 4.9 kg per milking in New Zealand. Percz-Beato and
(,11111 II ,'/, (I c 5) reported rate of flow of 1.03 kg/min for Holstein cows yielding 8.7
~ /d I 111 .uba. Low rates of flow, similar to those found here, were reported by
luhnnsson I 1) for cows in late lactation, yielding 3.0 kg per milking.

Pre ent low MF values may be attributed to three causes: low milk yield,
111 - -din and overmilking of machine milked cows. Yield at milking is known to
lnflu n rate of flow (Blake and McDaniel, 1978), which agrees with the regression
• [uatlon MF = 0.95 + 0.069 (DMY - DMY) - 0.003 (DMY - DMY) from present data.
IIr' ding is another possible cause of discrepancy with literature results, since Gu genes
li .creased MF. It would also appear that cows in this study were overmilked at most
farms using machine milking, because, with this procedure MT was 3.4 ± 0.7 min
I nger than with hand milking, the additional time yielding on1y 0.81 ± 0.64 kg of
milk. Yield adjusted MF was 0.23 ± 0.05 min longer with machine milking than with
hand milking (P < 0.01). Only one farm practising machine milking (an experimental
one) had values of DMY, MT and MF comparable to those reported by Wilson (1963):
10.28 kg, 6.59 min and 1.39 kg/min, respectively.

Breed differences in rate of flow were found by Schmidt and Van Vleck
(1969), who reported Holsteins having higher average rate independent of yield than
Brown Swiss and Ayrshires. Batra and McAllister (1984) also reported higher rate of
flow independent of yield for Holsteins than for an Ayrshire-based red cattle synthetic
line, but Donald (1960) found no breed differences for this trait. Pearson et ai. (1977)
reported similar uncorrected machine time for Holstein and crossbred cows, but the
latter had lower yield. Nayak and Mishra (1984) reported higher hand milking time for
Red Sindhi than for crossbred cows of similar milk yield.

Anatomical factors may have been involved in the breed difference in rate of
milk flow, since the nega tive g estimate for EOM indicates that more force was needed
to milk cows with lower HF gene proportiori. Tautness of the teat orifice sphincter
muscles has an important influence on rate of milk flow (Schmidt, 1971). Also, cows
of higher HF grade had notoriously shorter and narrower teats. A negative association
between teat length and rate of milk flow has been found by several authors (Schmidt,
1971; Blake and McDaniel, 1978). The breed difference in rate of milk flow may also
have a physiólogical basis. Purebred zebus or crosses of low European grade are known
to require the calf suckLing stimulus to sustain lactation. Hayman (1973) reported
some success of prolactin treatment in maintaining lactations of AMZ cows after calf
removal. It should be mentioned in this context that two cases were recorded of FI
cows re-initiating milk let down upon approaching of their calves after milking had
ceased, so the milking machine had to be re-attached ,

Crossbred groups with higher yields were not the ones with higher rate of
flow, contrary to the high positive correlation between these two traits found within
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European breeds (Blake and McDaniel, 1978). An aggregate economic value for group
i may be predicted by Ai = DMYim -MTi1, where DMYi and MTi represent the expected
values under model Ia, m represents the gross margin for 1 kg of milk and 1 the cost
of 1 min of labour. Values of m and 1 were obtained from data from a demonstration
farm (Souza and Lobato Neto, 1985). Expressed in kg of milk, these were: m = 0.48
kg and 1 = 0.03 kg. Estimates of Hi were 4.0, 3.5, 3.3,3.0,3.0 and 1.9 kg of rnilk,
respectively, forgroups 1/2 3/4,7/8, HF, 5/8 and 1/4. Thus, the extra benefits obtain-
ed from higher yielding crosses outweighed their increased milking cost. The ranking
of crossbred groups on Ai did not change when the labour cost was quadruplicated
(m =0.48,1 =0.12).

Genetic effects on temperament are in agreement with results of Hearnshaw
et ai. (1979) and Fordyce et ai. (1982), who reported that Brahman crosses had worse
temperament than European breeds, judged by several objective and subjective
criterions. However, Nayak and Mishra (1984) reported similar temperament scores for
Red Sindhi and crossbred cows. Tractability of animais influences labour inputs, e.g.
it takes more time to handle temperamental cattle in yards, to tie them up for milking
and, particularly, to get them accustomed to milking facilities. Crosses of low HF
grade in this study were often aggressive when recently calved. Measurement of labour
inputs other than those required for milking were not attempted because the frequent
recording we felt would be necessary to validate them was not feasible.
Notwhithstanding, mean temperarnent scores for groups 1/2, 5/8, 3/4 and 7/8 were
slight1y higher than 2 (docile) indicating that milkers did not consider cows of these
crosses hard to deal with.
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RESUMO

Foram registrados o tempo de ordenha diário (MT), a produção de leite diária (DMY)
e o fluxo lácteo médio (MF = DMY/MT) de 142 vacas em 27 fazendas, na Região Sudeste do Brasil.
A facilidade de ordenha manual (EOM) de 88 vacas e o temperamento (T) de 123 vacas foram
avaliados subjetivamente pelos ordenhadores, em escalas de 5 pontos, respectivamente 1 = muito
macia a 5 = muito dura e 1 = muito mansa a 5 = muito brava. As vacas eram de seis grupos de cru-
zamentos da raça Holandesa, vermelha e branca (HF) x Guzerá (Gu), com as seguintes frações espe-
radas de genes de HF: 1/4, 1/2,5/8,3/4,7/8 e;;' 31/32 ou HF. As HF e as 7/8 apresentaram o
maior MF mas tiveram DMY intermédio. As 1/2 e as 3/4 tiveram o maior DMY e MF intermédio.
Foi demonstrado que estes grupos dariam maior retorno econômico apesar de seu maior custo de
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ordenha. As 1/4 e as 5/8 tiveram o menor MF e o menor MY. O MT foi menor e o MF maior para
as vacas ordenhadas manualmente do que para as ordenhadas mecanicamente. A interação de grupo
de cruzamento x proced irnento de ordenha não foi significativa (P >0.05). Foram obtidas estima-
tivas das diferenças diretas aditivas entre as raças (g, HF-Gu) e dos efeitos da heterose (h). As esti-
mativas de g foram significativas (P <0.05) para DMY (6.51 ± 1.58 kg), MF (0.74 ±0.23 kg/min),
'OM (-1.69 ± 0.48 pontos) e T (-2.96 ± 0.42 pontos). As estimativas de h foram significativas para

MT (2.85 ± 1.16 min), DMY (5.56 ± 1.10 kg) e T (-1.07 ± 0.32 pontos). A heterose para MT tor-
nou-se não significativa (P > 0.05) após ajuste para DMY. A variação devida a efeitos genéticos di-
ferentes de g ou h não foi significativa (P > 0.05).

REFERENCES

Batra, T.R. and McAllister, A.I. (1984). Relationships among udder measurements, milking speed,
milk y ield and CMT scores in young dairy cows. CanoJ. Anim. Sei. 64: 807-815.

Blake , R.W. and McDaniel, B.T. (1978). Relationships among rates of milk flow, machine time,
udder conformation and managernental aspects of milking efficiency : a review. J. Dairy Sei.
61: 363-378.

Blake, R.W., McDaniel, B.T. and King, R.A. (1978). Labor and milking machine inputs to milk
harvest in dary cattle: implications for direct selection. J. Dairy Sei. 61 :474 -488.

Costa, E.M.A., Teixeira, N.M., Mello, R.P., Castro, F.G., ScarlatelJi, F.P., Tavares, M.S. and Ribei-
ro, P.J. (1982). Demonstrativo da atividade leiteira em fazendas acompanhadas na região de
Juiz de Fora-MG (nov. 1981). Documentos, 5, EMBRAPA/CNP-Gado de Leite, Coronel
Pachcco, MG.

Dickerson, G.c. (1969). Experimental approaches in utilizing breed resources. Anim. Breed. Abstr.
37: /91-202.

Dickerson, .E. (1973). Inbreedíng and heterosis in animals, Proc. Anim. Breed. Genet. Symp. in
Honor of Dr. J.L. Lush. Amer. Soco Anim. Sei. and Amer. Dairy Sei, Assoc., Champaign, IL,
pp.54-77.

Donald, H.P. (1960). Genetical aspects of maximum rate of flow during milking. J. Dairy Res. 27:
361-371.

. isen, .J., Ilorstgcn-Schwark, G., Saxton, A.M. and Bandy , T.R. (1983). Genetic interpretation
and ana1ysis of diallel crosses with animals. Theor. Appl. Genet. 65: 17-23.

Fordyce, G., oddard, M.E. and Seifert, G.W. (1982). The rneasurernent of temperament in cattle
and the effect of experience and genotype. Anim. Prod. in Australia 141: 329-332.

Gardner, C.O. and Eberhart, S.A. (1966). Analysis and interpretation of the variety cross diallel
and related population. Biometrics 22: 439-452.

Gomes, S.T., Oliveira, E.P. and Alvarenga, S.C. (1980). Análise econômica de sistemas de produ-
ção de leite na Zona da Mata de Minas Gerais. Experientiae 26: 211-232.

Harvey, W.R. (1977). User's guide for LSML 76: Mixed model and maximum likelihood computer
programo Ohio Sta. Univ., Columbus.



50 Madalena et ai. Milking Traits in 1I0lstein-Friesian x Cuzcra Crosses 51

Hayman , R.H. (1973). Bos indicus and Bos taurus crossbred cattle in Australia. 11. Effect of calf

removal and prolactin treatment on lactation in crossbred Bos indicus x Bos taurus females.

Aust. J. Agric. Res. 24: 449 -456.

Hearnshaw, H., Barlow, R. and Want, G. (1979). Oevelopment of a "ternperarnent" ar "handling

difficulty" score for cattle.Proc. Australian Assoe. Anim. Breed. Genet. Inaugural Conference ,

pp.164-167.

HilI, W.G. (1982). Dominance and epistasis as components of heterosis, Z. Tierzuchtg. Zuchtgsbiol.
99: 161-168.

Johansson, I. (1961). Genetie aspeets of dairy cattle breeding. Oliver and Boyd , Edinburgh.

Kinghorn, B. (1980). The expression of "recomb inatio n loss" in quantitative traits. Z. Tierzuch tg.
Zuehtgsbiol. 97: 138-143.

Koch, R.M., Oickerson, G.E., Cundiff, L.V. and Gregory , G.E. (1985). Heterosis retained in

advanced generations of crosses arnong Angus and Hereford cattlc. J. Anim. Sei. 60: 1117-
1132.

Lemos, A.M., Teodoro, R.L., Barbosa, R.T., Freitas, A.F. and Madalena, F.E. (1984). Comparative

performance of six Holstein-Friesian x Guzera grades in Brazil. 1. Gestation length and bi.rth

weight.Anim. Prod. 38: 157-164.

Madalena, r.E. (1981). Crossbreeding strategies for dairy cattle in Brazil. World Anim. Rev. 38:

23-30.

Miller, R.H., Pearson, R.E., Weiland, B.T. and Fulton, L.A. (1976). Genetic parameters of several

measures of milk flow rate and milking time. J. Dairy Sei. 59: 957-964.

Nayak, S. and Mishra, M. (1984). Dairy ternperarnent .of Red Sindhi, crossbred cows and Murrah

bufflaloes in relation to their milking ability and composition.Jndian J. Dairy Sei. 37: 20-23.

Pearson, R.E., Plowman, R.O., Hooven, N.W. Jr., Miller, R.H., Smith, J.W. and Weinland, B.T.

(1977). Three mating systerns compared. I. Fi.rst, second , and third-Iactation milk yields,

composition, flow and milking times. J. Dairy Sei. 60: 1773-1786.

Pérez-Beato, O. and Gutiérrez, X. (1985). Temperamento lechero y producción en vacas Holstein

Friesian de pri.rnera lactancia en Cuba. Rev. Salud Anim. 7: 107-116.

Robison, O.W., McOaniel, B.T. and Rincon, E.J. (1981). Esti.rnation of di.rect and maternal

additive and heterotic effects from crossbreeding experiments in animais. J. Dairy Sei. 52:

44-50.

Scheffé, H. (1959). The Analysis of Varianee. Wiley , N. York.

Schmidt, G.H. (1971). Biology of Laetation. W.H. Freeman & Co., San Francisco.

Schmidt, G.H. and Van Vleck , L.D. (1969). Measuring milk flow of dairy cows. J. Dairy Sei. 52:
639-645.

rnith, J.W., Miller, R.H., Hooven, N.W. lr. and Moore, C.O. (1974). Sources of variation in milk

fl w characteristics. J. Dairy Sei. 57: 1355-1363.

lI7 • I .M. nnd Lobato Neto. 1. (1985). Análise quinquenal do Sistema de Produção de Leite.

/)0('/1//1 ntos, H. EMIlRAPA. NP ,od de cite, Coronel Pacheco-MG.

Fornaszcwsk r, M.A .. l Iargrovc. C.L. and Legares, 1 .E. (1975). An asscssrncnt of field mcasurcmcn t-,
01' milking ratc. J. Dairy Sei. 58: 545-550.

White , 1.M. and Vinson , W.E. (1975). Rclationship among udder characteristics, milk yield and
non-yicld traits. J. Dairy Sei. 58: 729-738.

Wilson, c.r:. (1963). Some aspects of machine milking ratc. J. Dairy Res. 30: 191-196.

Vcncovsky , R., Dias, 0.1. and Ricardo, Y. (1970). Um modelo genético aplicado a análise de dados

dc produção de leite em gado bovino. 11. In: Relatório do Depto. de Genética, ESAL(),
Piracicaba , sr, pp. 130-136.

(Received Oetober 18, 1988)


