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ABSTRACT
Background: The present study was aimed to investigate the lactation curve and factors influencing persistency in Ongole cattle,
utilizing the daily milk production records and history sheets available in the Livestock Research Station, Mahanandi.
Methods: Key parameters such as peak yield (PY), day of peak yield (DPY), average weekly yield (AWY), lactation length (LL),
standard lactation milk yield (SLMY), total lactation milk yield (TLMY) and persistency indices given in three prominent reports
(denoted as P1, P2 and P3 in the ascending order of reporting years) were computed using the milk production records. Other
parameters such as parity, age at first calving (AFC), season of calving (Rainy, Autumn, Winter, or Summer), sex and birth weight of
calf were extracted from the history sheets.
Result: The findings revealed that the lactation curve typically displayed a concave downward shape, with the peak of milk
production occurring around the eighth week of lactation. The mean values of P1, P2 and P3 were 75.799±0.979, 88.038±0.929 and
57.897±0.775 per cent, respectively. All the three persistency indices (P1, P2 and P3) showed a significant positive correlation with
SLMY and TLMY. The P1 and P2 had a significant positive correlation with DPY, LL and AFC. Further, P1 exhibited a significant
negative correlation with parity, while P2 was significantly influenced by the season of calving. The coefficients of determination for
the regression models of P1, P2 and P3 were 0.622, 0.282 and 0.223, respectively. In conclusion, the study suggests that the
lactation curve in Ongole cattle follows a typical concave downward shape with the peak milk yield occurring in the eighth week of
milking. Furthermore, lactations characterized by higher LMY tend to have greater persistency.
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INTRODUCTION
The shape of the lactation curve and persistency are crucial
traits in dairy cattle. The lactation curve is a graphical
representation of milk yield and time after calving (ŞEahin
et al., 2015). It generally shows an ascending phase from
calving to peak yield and a descending phase from the
peak to drying off. Lactation persistency is an important trait
of lactation curve and it usually refers to the ability of a cow
to sustain milk production at a high level after peak yield
(Pedrosa et al., 2021). There are various definitions of
lactation persistency in the literature, as are the measures of it.

Traditionally, the selection of dairy cattle has been
primarily done based on the lactation milk yield which
indicates gross income from milk per lactation. The persistency
which denotes efficiency of milk production and net return
from a cow has often been ignored in selection
programmes due to the challenges in its measurement
(Ferris et al., 1985). A higher persistency may lead to reduction
in costs associated with feeding and health care due to lower
peak yield and consequent freedom from negative energy
balance and stress associated metabolic and reproductive
disorders during peak production (Koloi et al., 2018;
Torshizi and Mashhadi, 2018). For lactations of 305 days,
selection based on persistency effects only the feed and
health care costs, but for other lactation lengths, it had a
greater impact on milk returns per lactation than on the
costs involved in milk production. Therefore, inclusion of

the persistency as a tool of selection in cattle breeding
programmes is the need of hour.

Most of the studies reported on this topic (Shija et al.,
2022; Hermiz and Hadad, 2020; Güler and Yanar, 2009)
were conducted on high yielding cattle and there is a dearth
of information regarding lactation persistency of medium
and low yielding breeds. Thus, the objective of the present
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study was to know about the lactation curve and factors
affecting persistency in the medium yielding cattle breed
i.e. Ongole which may provide valuable information about
selection of animals and herd management.

MATERIALS AND METHODS
The present study was carried out with daily milk production
records and history sheets of the Ongole cattle available in
the Livestock Research Station, Mahanandi of Sri
Venkateswara Veterinary University, Andhra Pradesh. A total
of 92,100 morning and evening milk yields of 137 lactations
recorded between 2018-2023 were considered for the
present study.

The cows were allowed to stay in calving shed along
with their calves for a week after calving. After that, the cows
were transferred to milch animal shed for extracting milk
for sale and the calves were transferred to calf shed.
Calves were allowed to suckle before and after milking as
weaning is not in practice in the farm.

The milk yields of morning and evening sessions of
milking were aggregated to obtain the daily yields. Various
milk production traits such as peak yield (PY), day of peak
yield (DPY), lactation length (LL), standard lactation milk
yield (SLMY) and total lactation milk yield (TLMY) were
computed using the daily milk yields. PY is the highest
daily milk yield and DPY is the day of the highest yield in a
lactation. LL is the total days in milking in a lactation. SLMY

was obtained by adding daily milk yields up to 305 days of
lactation. TLMY is the total milk yield from an animal in a lactation.

Weekly milk yields were obtained by dividing the
lactation length into weeks and summing the daily yields.
The average weekly yield (AWY) for a week of lactation was
calculated as the average of total milk yields during that
week across all lactations. The formulae given by Turner
(1926), Ludwick and Petersen (1943) and Prasad et al.
(1999) were used for calculation of the lactation persistency
index as presented in Table 1.

Parity, age at first calving (AFC), season of calving
(Rainy, Autumn, Winter or Summer), sex and birth weight of
calf were obtained from the history sheets available in the
farm.

To visualize the lactation curve, Average Weekly Yields
(AWYs) were plotted against different weeks of lactation
using MS Excel 2016. One-way ANOVA, independent
samples t-test and correlation were used to know the effect
of PY, DPY, LL, SLMY, TLMY, parity, AFC, season of calving,
sex and birth weight of calf on the persistency and multiple
linear regression was used to evolve the prediction
equations for the persistency indices through SPSS Software.

RESULTS AND DISCUSSION
Lactation curve
The lactation curve provides information about the pattern
of milk production over the period of lactation. Complete

Table 1: Formulae of lactation persistency index used in the present study.

Formula given by Code Formula Description

Turner P1
(1926) ---

Ludwick and P2 M1 is total milk yield
Petersen of animal from 48th

 (1943) day to 128th day of
lactation,
M2 is total milk yield
of animal from 128th

day to 208th day of
lactation,
M3 is total milk yield
of animal from 208th
day to 288th day of
lactation,
M4 is total milk yield
of animal from 288th

 day to 368th day of
 lactation.

Prasad et al. (1999) P3 ---

P1% =
300 day milk yield

Peak monthly milk yield 10
100

P2% (if LL is 368 days) = 100

4 M2   3M3   2 M4

 M1         M2       M3

9

P2% (if 288 daysLL  368 days) =

3M2  2M3

 M1       M2

5
100

P2% (if 208 daysLL  288 days) = 100
M2

M1

Average daily milk yield
during post peak period

PePeak yieldk yield
P3% = 100
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knowledge about the lactation curve helps in conducting
feeding trials with lactating cattle, estimating total lactational
yield from incomplete records and forecasting performance
of a herd. The lactation curve obtained using the AWYs
starting from 2nd week of lactations was depicted in Fig 1.
The AWYs starting from 2nd week of lactations were given in
Table 2, which elucidated the weekly milk production
trends, providing specific data points for each week of
lactation.

The lactation curve obtained in the present study was
of typical concave downward shape and it has an ascending
part till peak yield followed by a descending part (Fig 1).
Shija et al. (2022), Khalifa et al. (2018), ŞEahin et al. (2015)

andersen et al. (2011) and Ali et al. (1996) reported similar
shaped lactation curves in Ayrshire cows, Holstein cows,
Anatolian buffaloes, Norwegian Red and Holstein Friesian
cows, respectively. The peak of average weekly milk yield
(21.570±0.568 kg) occurred in eighth week of lactation in
the present study (Table 2) which was almost similar to
the values reported by Khan (1997); Raja et al. (2018) and
Bhutkar et al. (2014) in Sahiwal, Frieswal and Deoni cows,
respectively. The consistent findings across different
studies and cattle breeds underscore the universal nature
of the lactation curve. The identification of the time of peak
yield and understanding the dynamics of milk production
throughout the lactation period are crucial for optimizing

Table 2: AWYs.

Week of Average weekly milk Week of Average weekly milk Week of Average weekly milk
lactations yield (Kg) lactations yield (Kg) lactations yield (Kg)

2 16.524±0.453 (137) 17 20.402±0.571 (137) 32 16.579±0.540 (127)
3 19.539±0.508 (137) 18 20.320±0.608 (137) 33 16.401±0.523 (123)
4 20.708±0.531 (137) 19 20.255±0.595 (137) 34 16.288±0.513 (121)
5 21.352±0.559 (137) 20 19.988±0.586 (137) 35 16.100±0.529 (120)
6 21.295±0.561 (137) 21 19.881±0.584 (137) 36 15.994±0.508 (117)
7 21.334±0.572 (137) 22 19.658±0.581 (137) 37 15.518±0.501 (116)
8 21.570±0.568 (137) 23 19.508±0.560 (137) 38 15.293±0.518 (111)
9 21.188±0.586 (137) 24 19.003±0.569 (137) 39 15.276±0.569 (106)
10 21.124±0.568 (137) 25 18.631±0.553 (137) 40 15.224±0.556 (102)
11 21.175±0.596 (137) 26 18.411±0.548 (136) 41 14.858±0.574 (99)
12 20.939±0.575 (137) 27 17.791±0.529 (136) 42 14.772±0.629 (97)
13 20.992±0.589 (137) 28 17.495±0.529 (136) 43 14.728±0.582 (91)
14 20.807±0.592 (137) 29 17.033±0.510 (135) 44 14.328±0.637 (87)
15 20.499±0.589 (137) 30 16.864±0.518 (133) 45 14.213±0.665 (82)
16 20.472±0.588 (137) 31 16.562±0.527 (130) 46 14.121±0.677 (79)

Figure in the parenthesis indicates sample size.

Fig 1: The lactation curve obtained from the AWYs.
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Table 3: Results of analysis of various factors affecting lactation persistency.

Factor Turner (1926)P1% Ludwick and Petersen (1943)P2% Prasad et al. (1999)P3%

Overall 75.799±0.979 (137) 88.038±0.929 (131) 57.897±0.775 (137)
Peak yield (kg) NS NS NS
Below 4.00 76.512±1.563 (61) 88.031±1.579 (58) 57.873±1.181 (61)
4.00 and above 75.227±1.248 (76) 88.044±1.110 (73) 57.917±1.033 (76)
Day of peak yield ** ** NS
Below 50 73.856a±1.730 (51) 86.734a±1.618 (49) 57.686±1.372 (51)
50-100 73.264a±1.828 (33) 83.107a±1.938 (31) 59.756±1.478 (33)
100-150 76.323ab±1.895 (30) 88.640a±1.542 (29) 58.560±1.468 (30)
150 and above 83.063b±1.967 (23) 97.095b±1.013 (22) 54.834±1.919 (23)
Lactation length (days) ** ** NS
Below 300 65.340a±1.491(49) 83.672a±1.955 (43) 58.163±1.546 (49)
300-400 81.335b±0.962(53) 88.959b±1.298 (53) 57.537±1.221 (53)
400 and above 82.061b±1.207(35) 92.007b±1.210 (35) 58.070±1.103 (35)
Standard LMY (kg) ** ** *
Below 500 64.702a±2.259 (20) 81.924a±2.475 (17) 53.422a±1.833 (20)
500-700 74.992b±2.337 (36) 85.274ab±2.453 (35) 56.007ab±1.567 (36)
700-900 78.083b±1.312 (41) 89.953b±1.144 (40) 58.925ab±1.510 (41)
900 and above 79.733b±1.365 (40) 91.220b±1.272 (39) 60.783b±1.180 (40)
Total LMY (kg) ** ** *
Below 500 64.033a±2.274 (19) 81.428a±2.582 (16) 53.128a±1.908 (19)
500-700 72.840b±2.827 (27) 84.254ab±2.791 (26) 55.831ab±1.947 (27)
700-900 76.764bc±1.601 (33) 87.836abc±1.748 (32) 58.219ab±1.873 (33)
900-1100 78.436bc±1.442 (32) 91.042bc±1.431 (31) 60.129b±1.325 (32)
1100 and above 83.000c±1.387 (26) 92.556c±1.375 (26) 60.374b±1.221 (26)
Parity NS NS NS
1 78.920±1.771 (35) 88.356±1.935 (34) 56.589±1.299 (35)
2 78.070±2.452 (23) 86.372±2.443 (23) 57.192±1.896 (23)
3 74.208±3.115 (17) 90.920±2.492 (16) 57.723±2.070 (17)
4 76.151±2.789 (17) 89.029±2.225 (16) 57.469±2.491 (17)
5 72.704±2.776 (16) 85.556±2.599 (16) 59.406±1.973 (16)
6 67.272±3.524 (10) 84.831±4.250 (9) 56.770±3.020 (10)
7 and above 75.506±2.408 (19) 90.044±2.277 (17) 61.023±2.675 (19)
AFC (years) * NS NS
Below 4 71.727a±2.778 (16) 87.543±2.972 (16) 59.334±2.628 (16)
4-5 74.376a±1.558 (64) 87.495±1.337 (59) 57.926±1.267 (64)
5-6 76.697ab±1.545 (43) 86.862±1.732 (42) 57.719±1.191 (43)
6 and above 84.203b±1.663 (14) 94.421±1.899 (14) 56.673±1.565 (14)
Season of calving NS ** NS
Rainy 76.558±1.766 (47) 88.866b±1.950 (47) 58.143±1.366 (47)
Autumn 78.444±2.548 (18) 92.926b±1.624 (18) 59.821±2.960 (18)
Winter 76.506±1.390 (48) 88.213ab±1.031 (45) 57.796±1.136 (48)
Summer 70.917±2.704 (24) 81.619a±2.311 (21) 56.176±1.607 (24)
Sex of calf NS NS NS
Female 75.818±1.468 (68) 88.279±1.409 (65) 58.716±1.103 (68)
Male 75.780±1.310 (69) 87.800±1.226 (66) 57.090±1.089 (69)
Birth weight of calf (kg) NS NS NS
20-25 74.369±2.814 (14) 86.740±2.053 (14) 56.749±1.271 (14)
25-30 76.601±1.191 (87) 87.670±1.223 (84) 57.851±0.949 (87)
30-35 74.417±2.121 (36) 89.525±1.797 (33) 58.455±1.809 (36)

NS: Non-significant, *: P<0.05, **: P<0.01. Means without a common superscript differ significantly in each factor. Fig in the parenthesis indicates
sample size. The lower sample size in the case of P2 was due to the fact that it couldn’t be calculated for lactations of less than 208 days.
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milk production in dairy cattle through effective
management.

Lactation Persistency
The lactation persistency is an important economic trait of
dairy cattle because of its impact on fertility, health and
feed costs (Dekkers et al., 1998). It is generally defined as
the ability of cow to maintain the same level of production
during lactation. Some studies (Cole and Null, 2009)
reported that the cows with high persistency produced less
milk than expected at the beginning and more than expected
at the end of lactation. The mean values of P1, P2 and P3
in the present study were 75.799±0.979, 88.038±0.929 and
57.897±0.775 per cent respectively (Table 3). The result
regarding P1 was in agreement with those of George et al.
(2021) in Tharparkar cows. However, Kaushal et al. (2016),
Yilmaz and Koc (2013) and Kumar and Singh (2006)
reported higher values in Sahiwal, Red Holstein and Karan
Fries cows, respectively than the present study which might
be due to breed variations. Chaudhari et al. (2022), Zurwan
et al. (2017) and Pareek and Narang (2015) reported
similar values of P2 in Jaffarabadi buffaloes, Sahiwal cattle
and Murrah buffaloes, respectively. The value of P3 was
similar to that of George et al. (2021) in Tharparkar cattle.
These findings suggest that the persistency indices
observed in Ongole cattle are consistent with those
reported in other cattle and buffalo breeds, indicating the
uniformity of the persistency trait across different genetic
backgrounds.

Factors affecting lactation persistency
The analysis of various factors influencing lactation
persistency was conducted and the results were presented
in Table 3. Additionally, the correlation coefficients between
factors and persistency indices were provided in Table 4.

Peak yield (PY)
It refers to the highest recorded daily milk production during
a lactation period. Most of cows attain the peak yield
by 45 to 90 days in milking and then slowly lose production
over time (Litherland, 2021). In the present study, lactations
grouped based on Peak Yield did not exhibit significant
differences in terms of persistency (Table 3). Moreover, a
non-significant negative correlation was found between
PY and the persistency index P1, while a non-significant
positive correlation was observed between PY and the
persistency indices P2 and P3 (Table 4). Previous research
has yielded varied findings regarding the relationship
between Peak Yield and lactation persistency. Some
studies reported significant negative correlations (Yamazaki
et al., 2011; Sorensen et al., 2008; Fadlelmoula et al., 2007;
Hickson et al., 2006; Kumar and Singh, 2006), while others
found significant positive correlations (Albarrán-Portillo and
Pollott, 2011) or non-significant associations (Garudkar et al.,
2018). The discrepancies were probably due to variations
in breeds, management practices and environmental
factors. Further investigation is warranted to unravel the
intricacies of this relationship in dairy cattle.

Day of peak yield (DPY)
The present study revealed that the values of P1 and P2
differ significantly with the time of peak yield and there was
a significant positive correlation (P<0.01) between the time
of peak yield and persistency, indicating that lactations with
delayed peak yields are more persistent. This finding aligns
with the results reported by Torshizi and Mashhadi (2018),
ŞEahin et al. (2015), Albarrán-Portillo and Pollott (2011)
and Yamazaki et al. (2011).

Lactation length (LL)
In the present study, it was found that lactations of different
lengths differed significantly (P<0.01) in terms of
persistency (P1 and P2), with a significant (P<0.01) positive
correlation observed between Lactation Length and
persistency (P1 and P2). This suggests that the longer the

Table 4: Correlation coefficients of factors and persistency indices.

Factor P1 P2 P3

Peak yield (kg) -0.077 0.023 0.055
Day of peak yield 0.316** 0.361** -0.118
Lactation length (days) 0.631** 0.293** -0.064
Standard LMY (kg) 0.410** 0.321** 0.312**
Total LMY (kg) 0.455** 0.358** 0.262**
Parity -0.192* 0.013 0.150
AFC (years) 0.282** 0.185* -0.070
Sex of calf (Female-1 -0.002 -0.023 -0.090
and Male-2)
Birth weight of calf -0.016 0.093 0.066

*: P<0.05, **: P<0.01.

Table 5: Regression equation, regression coefficients and coefficients of determination.

Equation Y = a b1X1 + b2X2 + b3X3 + b4X4 + b5X5 + b6X6

Y a b1 b2 b3 b4 b5 b6 Sig. R2

P1 13.661 0.036 0.148 0.064 -0.053 -0.041 1.133 0.000 0.622
P2 54.230 0.043 0.011 0.000 0.009 0.800 3.164 0.000 0.282
P3 56.409 -0.023 -0.060 -0.006 0.022 0.437 1.655 0.000 0.223

Y is predicted value of dependent variable (Persistency index); a is intercept; X1, X2, X3, X4, X5 and X6 are values of independent
variables (DPY, LL, SLMY, TLMY, parity and AFC, respectively); b1, b2, b3, b4, b5 and b6 are unstandardised regression coefficients for
first, second, third, fourth, fifth and sixth independent variable respectively; R2 is coefficient of determination.

Lactation Curve and Factors Affecting Persistency in Ongole Cattle
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LL, the higher the persistency. These findings are supported
by Garudkar et al. (2018). However, ŞEahin et al. (2015)
reported no significant association between LL and
persistency, which could be attributed to variations in the
methodology of calculating the persistency index.

Standard LMY and Total LMY
It was revealed that the lactations grouped based on LMYs
differ significantly in terms of persistency and there was a
significant (P<0.01) positive association between LMY and
persistency. It was in agreement with the findings of
Garudkar et al. (2018), Torshizi and Mashhadi (2018),
ŞEahin et al. (2015), Albarrán-Portillo and Pollott (2011)
and Tekerli et al. (2000). However, no association between
LMY and persistency was reported by Yamazaki et al.
(2011).

Parity
The ANOVA results indicated that the persistency indices
had not differed significantly with parity. However, correlation

analysis revealed a significant negative association
between parity and persistency index P1, while the
association with P2 and P3 was non-significant. This
discrepancy between ANOVA and correlation analysis
results may stem from the grouping of samples for ANOVA.
Previous studies including Hermiz and Hadad (2020),
Zurwan et al. (2017), Pareek and Narang (2015), Albarrán-
Portillo and Pollott (2011) and Fadlelmoula et al. (2007)
reported a significant effect of parity on persistency.
However, Garudkar et al. (2018), Güler and Yanar (2009)
and Das et al. (2007) found no effect of parity on
persistency, which could be attributed to variations in the
persistency measures used.

Age at first calving (AFC)
The study revealed that there was a significant positive
association between persistency indices (P1 and P2) and
AFC. These findings contradict the reports of Garudkar
et al. (2018), who found no effect of AFC on persistency.
The variation between results of ANOVA and correlation

Lactation Curve and Factors Affecting Persistency in Ongole Cattle

Fig 3: Relationship between actual values of P2 and its predicted values.

Fig 2: Relationship between actual values of P1 and its predicted values.
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regarding the association of P2 with AFC was probably
due to the effect of grouping in ANOVA. The association
between P3 and AFC was non- significantly negative which
was in agreement with Atashi et al. (2021), who observed
that an increased AFC was associated with decreased
persistency.

Season of calving
The values of persistency index P1 and P3 were not
influenced by the season. However, the values of
persistency index P2 exhibited significant variation (P< 0.01)
among seasons of calving, with the highest value recorded
in Autumn (92.926±1.624%) and the lowest in Summer
(81.619±2.311%). Contrary to this, Elmaghraby (2009)
noticed higher lactation persistency in summer and spring
seasons. The results regarding P1 and P3 were similar to
those of Hermiz and Hadad (2020), Garudkar et al. (2018)
and Fadlelmoula et al. (2007) while the result pertaining to
P2 was in agreement with those of Hermiz and Hadad
(2020), Zurwan et al. (2017), Albarrán-Portillo and Pollott
(2011) and Güler and Yanar (2009).

Sex and birth weight of calf
Both the Sex and birth weight of calf had no effect on
persistency and there is no significant correlation between
them and persistency. Hermiz and Hadad (2020) reported
similar results. Contrary to the results of the present study,
Chegini et al. (2015) reported that lactations with female
calves were of higher persistency.

Prediction of persistency
Based on the significant correlations found in case of
DPY, LL, SLMY, TLMY, parity and AFC, prediction equations
were evolved for the persistency indices using multiple
linear regression. The regression equation, regression
coeff ic ients and coeffic ients of determination  were

depic ted in Tab le 5. Addit ionally,  the relationships
between actual values of dependent variables (P1, P2
and P3) and their predicted values were depicted in Fig
2, 3 and 4.

The P1 could be predicted from the regression
equation [P1% = 13.661 + 0.036 (DPY) + 0.148 (LL) + 0.064
(SLMY) -0.053 (TLMY) -0.041 (parity) + 1.133 (AFC)] with an
accuracy of 62.20 percent and the regression equations
P2% = 54.230 + 0.043 (DPY) + 0.011 (LL) + 0.000 (SLMY) +
0.009 (TLMY) + 0.800 (parity) + 3.164 (AFC) and P3% =
56.409 -0.023 (DPY) -0.060 (LL) -0.006 (SLMY) + 0.022
(TLMY) + 0.437 (parity) + 1.655 (AFC) could be used for
prediction of P2 and P3 with 28.20 and 22.30 percent of
accuracy respectively (Table 5). Though all the three
regression models of P1, P2 and P3 were statistically
significant, the P1 can be considered as better measure
for predicting persistency as its regression model had
higher precision and its calculation is easy.

CONCLUSION
In  conclusion , the study had several key f indings
regarding lactation curve and persistency in Ongole
cattle. Firstly, the study concluded that the lactation curve
is of a typical concave downward shape, with the peak
occurring around the eighth week of lactation. Secondly,
the study underscored the importance of selecting an
appropr iate measure fo r calcu lating lactat ion
persistency, as different metrics may yield varying results.
Thirdly, the study showed that lactations characterized
by higher Lactation Milk Yield demonstrate greater
persistency. Lastly,  the persistency index fo rmula
proposed by Turner (1926) emerged as a preferable
measure compared to that of Ludwick and Petersen
(1943) and Prasad et al. (1999) for assessing persistency
in Ongole cattle.
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Fig 4: Relationship between actual values of P3 and its predicted values.
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