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SUMMARY

Total of 2158 lactation records, representing six parities were collected on 364
Egyptian buffaloes over 18 years from two farms. The records were classified into five
groups according to the length of lactation starting from 12 weeks and ending with
periods greater than 44 weeks with 8 week intervals. The study aimed at using the
gamma-type function in estimating lactation curve parameters and describing the
shape of the curve according to the length of lactation. The results showed that initial
milk vyield increased gradually with increasing lactation period. The rate of increase to
peak yield was faster in animals of short lactation periods than those of long ones.
The rate of decline decreased with increasing lactation period. Peak milk yield
increased with increasing lactation period, the values started from 47.9 kg for animals
lactating for 12-20 weeks and reached 65.5 kg for animals milking for greater than 44
weeks, Peak week was 4.7 weeks for animals milked 12-20 weeks, then it gradually
increased by increasing the lactation period till reached 7.0 weeks in animals of 37-44
weeks. The persistency of lactation for animals milked 12-20 weeks was 29.2%, then
it increased gradually by increasing the length of lactation till it reached 79.5% for
animals of 37-44 weeks lactation period with an overall average of 65.7%. The overall
averages of total milk yield and lactation period for all groups were 1505 kg and 261
day, respectively.
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INTRODUCTION

Milk production increases from calving to peak then followed by a gradual decline
until the animal goes dry. The graphical representation of milk production throughout
the lactation period is the lactation curve. The shape of lactation curve is determined
by peak yield, which is attained at about 60 days after parturition, and persistency of
lactation. The description of the lactation curve assists the breeder to predict total milk
yield from part lactations and to take early decisions for culling or selection. Many
mathematical functions have been proposed to describe a part or the whole lactation
curve in dairy cattle. Yadev et al. (1977), Kumar and Bhat (1979) suggested the use of
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gamma-type function for describing the lactation curve in dairy cattle and Indian
buffaloes. Ali (1972), Ragab et al. (1973) and Soliman (1978) studied the genetic and
non-genetic factors affecting lactation curve of Egyptian buffaloes. Samak ef al.
(1988), Mansour ef al. (1993) and Ibrahom (1995) using gamma function, described
the lactation curve for Egyptian buffaloes. The objective of this study was to estimate
the parameters of the lactation curve and describe the shape of the curve in Egyptian
buffaloes using gamma function according to the length of lactation period.

DATA AND ANALYSIS

The data used in this study were derived from 2158 lactation records collected on
364 Egyptian buffaloes from two buffalo farms located at Kafr EIl-Sheikh governorate
and belonging to the Animal Production Research Institute, Ministry of Agriculture,
Egypt. Data represented six parity classes and 16 years of calving (1975 - 1890). In
this study, all records of lactation periods of at least 12 weeks were used. The records
were classified into five groups according to the length of lactation starting from 12
weeks and ending with periods greater than 44 weeks with 8 week intervals as
follows:

The first groups ~ (G1) : Animals milking for 12-20 weeks.

The second groups (G2) : Animals milking for 21-28 weeks.

The third groups  (G3) : Animals milking for 29-36 weeks.

The fourth groups (G4) : Animals milking for 37-44 weeks.

The fifth groups  (G5) : Animals milking for >44 weeks.

The gamma-type function (Wood, 1967) was used for estimating the lactation curve
parameters as follows:

Y, =an’e®™
where:

Y, is the milk production (Kg) in the nth week (wk), a is the initial milk yield (Kg), b
describes the rate of milk production increase to peak during the ascending phase
(Kghwk), ¢ describes the rate of milk yield decrease during the descending phase and
e is base of natural logarithms.

Initial milk yield {parameter a) was calculated as :

a=YIh . ne®
where: Y is total lactation yield, L is length of lactation.
The rate of increase to peak (parameter b) was estimated as:
b=Pc
where P is week of peak yield.

The rate of decrease after peak (parameter c) was calculated as:

c=Mqg/(P-M)
where: q is average rate of decline at week M, M = P+(L-P)/2 (Wooed, 1979).

The traits related to the shape of lactation curve (the week of peak yield, (pw=
bic); the peak milk yield (Kg), (pmy= a(b:’c)" e™®), persistency of lactation (S=-
(b+1)log, c), total milk vyield (TMY) and lactation period (LP) were aiso estimated for
each lactation period group according to Wood (1967).

The effect of sire, parity, season and year of calving, farm and the interactions
between parity and each of farm and season of calving and between farm and season
of calving on lactation curve parameters and related traits were tested. The following
model, using LSMLMW and MIXMDEL program (Harvey, 1990) was used.
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Yigmo= M+ S+ + fy + sy + ¥ + ply + psny + fsny + Ejmn

where:
Yijeimn = The observation on the n™ animal of the i sire calved in the j" parity
in the K" farm in the Ith season of calving in the m" year of calving,
u = Qverall mean,
S = The random effect of sire, assumed to be normally and independently
distributed with 0 mean and variance 2, i=1, ..., 83,
P = The fixed effect due to the | parity, (=1, 2,....., 8) where; animals of
parities higher than 5 were grouped in the 6th class,
fie = The fixed effect due to the farm, (k=1,2); 1= Mehallet Mousa; 2= ELNattaf El-
Gedid,
sn, = The fixed effect due to the season of calving, (I=1,2) where; 1 = winter
(Nov.- April) and 2 = Summer (May - Oct.),
Y = The fixed effect due to the year of calving, (m=1,...,16; 1875-1990),
pfy = The interaction between parity and farm.
psny = The interaction between parity and season of calving.
fsny = The interaction between farm and season of calving.
Eijkimn = The error term.

RESULTS AND DISCUSSION

A. Lactation Curve Parameters:
1. Initial Milk Yield (Parameter "a" )

The overall average of initial milk yield (parameter a) measured on 2158 records
for all groups together was 45.9 kg, a value almost close 1o that obtained by Ibrahim
(1995, 46.8 kg) on Egyptian buffaloes. It could be observed that initial milk yield was
40.9 kg for G1, then it gradually increased by increasing lactation period tili reached
53.2 kg for G5 (Table 1 and Figure 1). Initial milk yield was found to increase with
advancing parity from the first till the fifth lactation in all groups except G5 (Table 1
and Figures from 2-7). The same trend was also reported by Soliman (1976), Samak
et al. (1988), Mansour et al. (1993) and Ibrahim (1895) on Egyptian buffaloes; Bhat
and Kumar (1978) on Indian buffaloes and Cheema and Basu {1983) on Murrah
buffaloes.

The test of significance of initial milk yield (Table 1) revealed that parity had a
highly significant effect on initial milk yield in all lactation period groups studied
except the first (G1). The probability levels of significance ranged between P=<0.00001
and P<0.02. Buffaloes in the two farms produced almost the same initial milk yield in
G2, G4 and G5. Significant effect (P<0.03) of farm on initial milk yield was only
observed in the case of G3, where animals of farm 2 produced higher initial milk yield
(45.9 kg) than those of farm 1 (42.1 kg) (see Table 1 and Figures from 8 to 13).
Winter and summer calvers had also almost the same initial milk yield in all lactation
period groups studied except for G1 (Table 1 and Figures from 14 to 19). Differences
in initial milk yield due to the effect of season of calving did not reach the level of
significance (Table 1). No significant differences among years of calving were
detected in this trait except for G3.
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Fig 1. Lactation curve for animals of different lactation period groups.
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Fig 2. Lactation curve for animais of different parities dried-off normally at 12-20 week (G1).
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Fig 3. Lactation curve for animals of different parities dried-off normally at 21- 28 week (G2).
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Fig 4. Lactation curve for animais of different parities dried-off normaily at 29-36 week
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Fig 5. Lactation curve for animals of different parities dried-off normally at 37-44 week (G4).
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Fig 6. Lactation curve for animals of different parities dried-off normally at > 44 week (G5).
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Fig 7. Lactation curve for animals of different parities (all groups).
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Fig 8. Lactation curve for animals of the two frms dried-off normally at 12-20 week (G1).
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Fig 9. Lactation curve for animals of the two farms dried-off normally at 21-28 week (G2).
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Fig 10. Lactation curve for animals of the two farms dried-off normally at 29-36 week (G3).
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Fig 11. Lactation curve for animals of the two farms dried-off normally at 36-44 week (G4).
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Fig 12. Lactation curve for animals of the two farms dried-off normally at >44 week (G5).
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Fig 13. Lactation curve for animals of the two farms (all groups).
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The interaction between parity and farm was not significant in all groups except for
G4, The interactions between season of calving and each of parity and farm had also
no significant influence on this trait in all lactation period groups studied. Sire had a
highly significant effect on initial milk yield in all groups studied except the first (G1)
and the fitth (G5) groups. The probability levels of significance ranged between
P<0.003 and P<0.03,

2. The Rate of Increase to Peak (Parameter "b" ):

The overall average of the rate of milk production increase during the ascending
stage (parameter b), was 0.31 kg/wk (Table 2). This estimate is almost similar to the
values obtained by Kumar and Bhat (1978, 0.30) on Indian buffaloes, Gondal and
Rowlinson (1984, 0.31) on Pakistany buffaloes and Ibrahim (1995, 0.33) on Egyptian
buffaloes. .

The rate of increase of milk yield during the ascending stage of the lactation curve
had a decreasing trend by increasing lactation period starting from 0.49 in G1 to 0.25
in G5 (Figure 1). This indicates that the rate of increase to peak yield is faster in
animals of normal short lactation periods than those of long ones. Parity had a highly
significant influence on the rate of ascending to peak in all lactation period groups
studied except in G1 and G2. A gradual decrease was also observed in the rate of
increase by advancing parity for all lactation period groups with some fluctuations
{see Table 2 and Figures from 2 to 7). This means that animals of higher order of
lactation needed longer periods to reach the peak as compared with those of younger
ages.

As found in initial milk vield, no significant differences in the rate of increase due to
farm were detected in all groups studied except the third (G3) where animals of the
two farms had almost the same rate of increase during ascending stage (see Figures
from 8 to 13). This may be attributed to the similarity in management practices of the
two farms. The influence of year of calving was also not significant on this trait in all
groups of lactation period studied except in G5.

The rate of ascending to peak for all lactation period groups studied was slower for
animals which caived in summer than winter calvers except G3 (see Table 2 and
Figures from 14 to 19), however, the differences did not reach the level of
significance. contradicting results were obtained by Mansour et al. (1993) on the same
breed where, summer calvers had higher values of the rate of increase than animals
calving in winter.

No significant differences in the rate of increase to peak were detected among the
interactions of parity and farm, parity and season of calving and farm and season of
calving in all lactation period groups studied. Sire had a highly significant (P<0.00001)
influence on this trait only in the second group (G2).

3. The Rate of Decline (Parameter "c" ):

The overall average of the rate of decline of milk yield during the descending stage
after peaking out (parameter c¢)was 0.06 kg/wk for all groups (Table 3), an estimate
equal to that obtained by Mansour et al. (1993) and |brahim (1995) on the same
breed. The highest rate of decline was that of G1 (0.11) and the lowest was that of
G4 and G5 (0.04 in each) (Table 3 and Figure 1). This indicates that the rate of
decline decreased with advancing lactation period (as found in the case of the rate of
increase).
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Fig 14. Lactation curve for animals of winter and seasons dried-off normally at 12-20 week (G1).
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Fig 15, Lactation curve for animals of winter and seasons dried-off normally at 21-28 week (G2).
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Fig 16. Lactation curve for animals of winter and seasons dried-off normally at 29-36 week (G3).
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Although a tendency of decreasing the rate of decline by increasing parity was.
observed (Table 3 and Figures from 2 to 7), no significant effect of parity on the rate of
decline was detected in all lactation period groups studied except in G3. Similar
results were also reported by Mansour et al. (1993) and by Ibrahim (1995) on
Egyptian buffaloes. No significant differences in the rate of decline due to farm,
season of calving (Table 3 and Figures from 8 to 19) or all possible interactions
studied were detected in all groups. The significant effect of year of calving on the rate
of decline was found only in G1 and G5. Sire exerted its highly significant influence
only in G2 and in G3.

B. Traits Related to the Lactation Curve:
1. Peak Milk Yield (PMY):

The overall average peak milk yield was 58.0 kg/wk (Table 4). This estimate is
lower than that obtained by Sadek (1984, 62.8 kg) and Ibrahim (1985, 59.5 kg) and
higher than that found by Mansour et a/. (1993, 45.1) on Egyptian buffaloes. Peak milk
yield was found to increase with increasing lactation period, the values started from
47.9 kg for G1 and reached 65.5 kg for G5 (Table 4 and Figure 1). First calvers had
lower peak milk yield as compared with the other lactations in all five lactation period
groups (Figures from 2 to 7). The same trend was observed by Bedier (1965), Sadek
(1984), Mansour et al. (1993) and Ibrahim (1995) on Egyptian buffaloes.

The analysis of variance revealed that peak milk vield was significantly affected by
parity in all groups studied. The probability levels of significance ranged between
P<0.00001 and P<0.0002. The same results were also observed by Mansour ef a/.
(1993) and lbrahim (1995) in Egyptian buffaloes. Howeverthe effects of farm and
season of calving on peak milk yield was not significant in the five lactation period
groups studied (see Table 4 and Figures from 8 to 19). Year of calving had significant
influence on this trait in all groups except the first and the fourth. The probability levels
of significance ranged between P<0.0001 and P<0.001. Similar significant effect of
year of calving on peak milk yield was also reported by Sadek (1984) and Mansour et
al. (1993) on Egyptian buffaloes. The interaction between parity and season of calving
had significant effect on peak milk yield only in G2 (P<0.01). However, the other
interactions did not have any significant influence eon this trait. Differences in peak milk
yield due to sire were highly significant only in G2 (P<0.00001) and G5 (P<0.0004).

2. Peak Week (PW):

Peak week (the time, in weeks, required to reach peak milk yield) was 4.7 weeks
for G1, then it gradually increased by increasing the lactation period till reached 7.0
weeks in G4, thereafter declines in the fifth group (6.8 weeks) (Table 5 and Figure 1).
The overall average of peak week, using 2158 lactation records, was 6.3 weeks. This
estimate was nearly to that reported by Ibrahim (1995, 6.1 wk), on Egyptian buffaloes.
However, higher estimates were found by Bedier (1965, 8.6 week), Sadek (1984, 7.7
week), Samak et al. (1988, 10.6) and Mansour et al. (1993, 10.2) on the same breed.

The first lactation peak week occurred earlier as compared with the subsequent
lactations, indicating that the time required to reach maximum weekly milk yield
increased with parity (Figures from 2 to 7). This finding is opposite to the that reported
of Bedier (1965), Sadek (1984), Samak et al. (1988) and Mansour et af. (1993} in
Egyptian buffaloes, where peak yield of first calvers was attained later as compared
with those of the other lactations.
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Parity had significant effect on peak week only in the first group (P<0.02).
Difference in peak week between the two farms did not reach the level of significance
except in the fourth group (Figures from 8 to 13). Also, season of calving had no
significant effect on this trait except in G3 and G4, where summer calvers required
longer time to reach peak vield compared to those calving in winter (Figures from 14
to 19).

The effect of year of calving on peak week was not significant in all lactation period
groups studied except for G2 and G3. The influence of interaction between parity and
farm was not significant on peak week in all groups studied except for G3. However,
the effect of the other interactions was insignificant in all lactation period groups
studied. The effect of sire on peak week was significant only in G3 (P<0.03) and G5
(P<0.0003).

3. Persistency of Lactation (S):

The overall mean of persistency of lactation for G1 was 29.2%, then it increased
gradually by increasing the length of lactation period till reached 79.5% G4 with an
overall average of 65.7%, (Table 6). First calvers had lower persistency values as
compared with the subsequent lactations except for G5 (see Figures from 2 to 7). The
decrease in rate of decline by increasing parity (Table 3) explains the increase of
persistency of lactation with advancing parity. Kumar et al. (1979) in Indian buffaloes
and |brahim (1995) on Egyptian buffaloes reported the same trend.

No significant differences among parities, farms, seasons of calving or years of
calving were detected in persistency of lactation in all the five lactation period groups
studied, except for the effect of year of calving in G5 (Table 6). However, when all
records were taken as one group, the effects of the above mentioned factors were
significant. Differences in persistency due to all the interactions studied were not
significant in all groups except the interaction between parity and farm in G5. The
influence of sire on persistency of lactation was highly significant in all lactation period
groups studied except the second. The probability levels of significance ranged
between P<0.0001 and P<0.05.

C. Total milk yield and lactation period:
1. Total milk yield (TMY):

The overall mean of TMY for G1 was 610 kg, then it gradually increased by
increasing the lactation period till 2135 kg for G5 (Table 7). The overall average of the
first lactation TMY for all groups together was 1000 kg. Sadek (1984) and Sadek and
Ashmawy (1993) on Egyptian buffaloes obtained estimates of 1044 and 1053 kg,
respectively, which are almost similar to that found here. The higher values reported
by different authors are mainly due to the exclusion of lactations less than 150 days.
In this study no animal was discarded because of low milk yield or normal short
lactation.

The maximum TMY of all groups together (1695 kg) was attained by the fourth
lactation. However, in each lactation period group, the maximum TMY was achieved
by the fifth lactation except the first group. The percentages of first lactation TMY to
maximum vyield were 56%, 65%, 73%, 67% and 78% in the five lactation period
groups studied, respectively.

Parity had highly significant effect on TMY for all the lactation period groups. The
probability levels of significance ranged between P<0.00001 and P<0.0001. However,
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farm had significant effect only on TMY of G1 and G4. Year of calving affected
significantly TMY in all lactation period groups studies except the first. The probability
levels of significance ranged between P<.00001 and P<.0001.

The influence of season of calving on TMY was insignificant in all lactation groups
except the third. Buffaloes of G3 calving in summer produced significantly (P<.005)
higher amount of milk (1340£29 kg} than winter calvers (1250428 kg). The same trend
was observed by Mourad (1978) where summer calvers produced 1900£18 kg
compared with 1820+17 kg for winter calvers on the same herds. This may be
probably due to the system of feeding where,. animals were fed only on Egyptian
clover during winter season and concentrates and rice straw were only available in
summer. It could be seen that summer calvers in G3 produced higher daily milk yiled
than winter calvers. This explains the higher TMY in buffales calving in summer
compared to winter calvers because they have almost the same lactation period.

The interactions between parity and farm, parity and season of calving and farm
and season of calving were insignificant in all groups studied except that between
parity and farm for G4.

The influence of sire on TMY was significant in all lactation period groups except
for G1and G2.

2. Lactation period (LP):

The lactation period overall average was 261 days (Table 8). Parity had a
significant effect on LP only for G1 and G2, where the first calvers had the shortest
lactation period (99 days in G1 and 165 days in G2) and the fourth (128 days in G1)
and fifth (183 days in G2) lactations were the longest. The effect of farm was
significant only in G3 and G5. Differences in lactation period due to season of calving
were highly significant (P<.0000) only for G5. In this group winter calvers had longer
LP (383 days) than animals calving in summer (350 days). No significant differences
due to year of calving or the interactions were detected in all lactation period groeups
studied. The effect of sire on LP reached the level of significance only in the last two
groups {G4 and GS5).

CONCLUSION

In Egyptian buffaloes, the length of lactation period should be considered in
describing the shape of lactation curve, since the lactation curve parameters and
related traits differed according to the length of lactation. In addition, the higher milk
production of buffaloes is mainly due to the intensity of milk production rather than the
long lactation period. Different sets of correction factors should be estimated
according to the length of lactation period for extension of the incomplete milk records.
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