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In t r o d u c t i o n

Kankrej is one of the well-known dual-purpose cattle 
breeds of India, valued for both draught power and milk 

production. The breed derives its name from the Kankrej 
taluka of North Gujarat, with its breeding tract extending 
from the southern Rann of Kutch through Banaskantha to 
Ahmedabad and parts of Rajasthan, including Jodhpur and 
Barmer. The population of the Kankrej breed is 3.028 million, 
of which 1.945 million cattle are pure and 1.083 million are 
graded (Rathod et al., 2020). Kankrej cattle are notable for 
their adaptability to semi-arid climates, disease resistance, 
draught ability and milk production. At the Livestock 
Research Station, Kamdhenu University, Sardarkrushinagar, 
the breed is maintained under a semi-intensive management 
system. The average milk yield of Kankrej cattle is about 
1,738 kg with a calving interval of 450 days and fat content 
ranging from 2.9 to 4.2% (NBAGR, 2018). Under organized 
farm conditions, a standard 305-day lactation yield of 2,501 
litres and a calving interval of 435 days has been achieved 
(Anonymous, 2023). 

The productive and reproductive performance of cattle 
is influenced by both genetic and non-genetic factors. While 
genotype defines the inherent potential, environmental 
factors such as season, parity and period of calving cause 
significant variation in performance (Dhaware et al., 2008; 
Ivanov et al., 2017; Basak and Das, 2018). Feed efficiency is 
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Ab s t r ac t
A study was carried out to assess the effect of season and parity on milk yield, milk composition, feed efficiency and return over feed cost 
in lactating Kankrej cows. Forty-nine cows of first to fourth parity were randomly selected at three weeks postpartum with an average 
body weight of 441.10 kg. Milk yield was recorded daily during the monsoon, winter and summer seasons, while feed intake and milk 
composition were measured at weekly intervals. Season had no significant effect on milk yield; however, dry matter intake was higher 
in winter than in monsoon and summer. Feed efficiency was superior in the summer, followed by winter and monsoon. Milk fat, solids-
not-fat, protein and lactose percentages were higher in summer. The higher return over feed cost observed during summer may be 
attributed to the well-known adaptability of Kankrej cattle to semi-arid, hot and dry environments, which helps maintain productivity 
and economic efficiency under elevated temperatures. Milk yield increased with parity, being highest in the third and fourth parities 
and lowest in the first. Parity did not affect dry matter intake, but feed efficiency increased linearly from first to fourth parity. Milk fat 
percentage was lowest in the first and highest in the fourth parity. Return over feed cost increased with advancing parity, with higher 
values in third and fourth parities, reflecting improved productive and economic efficiency in later lactations. It was concluded that 
season significantly affected feed intake, feed efficiency, milk composition and return over feed cost, whereas parity also significantly 
affected milk yield, milk fat, feed efficiency and return over feed cost in Kankrej cows.
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also markedly affected by these non-genetic factors, with 
season influencing milk composition and parity affecting milk 
components. Hence, it becomes essential to assess the impact 
of such factors for the precise evaluation of the genetic merit 
and management of indigenous breeds. The present study 
was undertaken to determine the effects of season and parity 
on milk yield, milk composition, feed efficiency and return 
over feed cost in lactating Kankrej cows.
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Mat e r ia  l s An d Me t h o d s

The study was carried out at the Livestock Research Station, 
Kamdhenu University, Sardarkrushinagar, Gujarat. A total 
of 49 lactating Kankrej cows from first to fourth parity were 
randomly selected three weeks postpartum, with an average 
body weight of 441.10 kg. Animals were fed individually with 
measured quantities of concentrate pellets, green fodder and 
dry fodder to meet nutrient requirements as per ICAR (2013) 
feeding standards. The leftover feed from each experimental 
animal was collected once on a weekly basis and subtracted 
from the quantity offered to calculate the total feed intake 
(kg/day). Dry matter intake (DMI), which represents the actual 
nutrient intake excluding moisture content, was calculated 
by multiplying the feed intake of each feed and fodder by 
its respective dry matter content (%) and summing across all 
dietary components offered to the animal. Since DMI is a key 
determinant of nutrient availability, it was used as a basis for 
evaluating feed efficiency and for interpreting its relationship 
with milk yield and milk composition in lactating cows.

Proximate composition of feeds and fodders was 
determined according to AOAC (2007) procedures to 
characterize the nutritional profile of the diet offered to the 
experimental animals. The analysis revealed that concentrate 
pelleted feeds had low moisture content and relatively high 
levels of crude protein and nitrogen-free extract (NFE), 
indicating greater nutrient density. In contrast, green fodders 
exhibited high moisture content with moderate crude protein 
and elevated crude fibre levels, while dry roughages such as 
wheat straw and jowar hay were low in crude protein and 
high in fibre, reflecting comparatively lower nutritive value. 
Among the green fodders, lucerne showed a notably higher 
crude protein content. Considering that dietary nutrient 
composition, particularly crude protein, fibre fractions and 
energy components, plays a crucial role in influencing milk 
yield, milk composition and feed efficiency, the data presented 
in Table 1 provide a relevant nutritional basis for interpreting 
the production performance observed in the present study.

All animals were maintained under uniform management 
practices with ad libitum access to fresh and clean drinking 
water. Cows were machine milked twice daily at 04:00 h 
and 16:00 h. Individual milk yield was recorded daily using a 
milking machine recording unit across the monsoon, winter 
and summer seasons. Milk samples were collected at weekly 
intervals for compositional analysis. Milk fat, solids-not-fat 
(SNF), protein and lactose contents were determined using 

a milk analyzer. Energy-corrected milk (ECM) yield was 
calculated as:

ECM=0.327 x Milk yield (kg)  +12.95 x Fat yield (kg)+7.65 
x Protein yield (kg) 

Feed efficiency was calculated as: (Energy corrected milk 
yield (kg))⁄(Dry matter intake (kg))

In addition to production parameters, economic 
efficiency was evaluated by calculating return over feed cost. 
Gross return was estimated based on daily milk yield and the 
prevailing selling price of milk at the cooperative dairy, while 
feed cost was computed from the daily intake of individual 
feed ingredients and their respective purchase prices at 
the Livestock Research Station. Return over feed cost was 
obtained by subtracting feed cost from gross return. Since 
non-genetic factors such as parity and season are known 
to influence feed intake, milk yield, production efficiency 
and return over feed cost serve as an important economic 
indicator to assess how these factors affect not only biological 
performance but also the profitability of dairy production 
systems. Thus, inclusion of return over feed cost provides 
a comprehensive understanding of the combined effect 
of non-genetic factors on both production and economic 
returns in lactating cows. The overall feed cost was estimated 
by combining the costs of concentrate, dry fodder and green 
fodder at 25, 10 and 3.5 (Rs/kg), respectively. The cow's milk 
selling price was based on the selling price, which was Rs. 
40/kg over the experimental period. Feeding costs were 
calculated based on unit milk output as well as return on 
feed cost for lactating cows.

Statistical Analysis
Data were analyzed using the appropriate statistical packages. 
Descriptive statistics and one-way ANOVA procedure were 
used to analyze the dry matter intake, average milk yield, milk 
composition, ECM and feed efficiency (FE). 

The statistical model used was: yij = µ + αi + βj+ eij, where, 
µ is the overall mean, αi = i-th variable, βj= j-th random effects 
and eij = random error. The differences between means 
were separated according to Duncan’s multiple range tests. 
Probability values of p<0.05 and p<0.01 were used to define 
statistically significant results.

Re s u lts a n d Di s c u s s i o n

Impact of Season on Milk Yield, Milk Composition, 
Feed Efficiency and ROFC
The effect of season on milk yield, milk composition, feed 
efficiency and return over feed cost (ROFC) in Kankrej cows is 

Table 1: Proximate analysis of feeds and fodder (on % DM basis) fed to Kankrej cows

Name of sample Moisture Crude protein Crude fibre Crude fat NFE Total ash 
Pellet feed 4.45 18.59 6.58 2.43 64.15 8.25
Green maize fodder 84.40 5.37 32.53 1.42 51.11 9.57
Green bajra fodder 78.30 7.80 28.50 5.70 48.20 9.80
Lucerne fodder 80.10 18.70 22.60 2.90 44.90 10.90
Jowar hay 10.20 4.20 32.30 1.40 53.30 8.80
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presented in Table 2. No significant (p>0.05) differences in milk 
yield were observed among seasons. This might be attributed 
to the availability of sufficient green fodder across seasons 
and the adaptability of the breed to the local environment. 
Earlier studies, however, reported significant seasonal effects 
on milk yield in Ongole (Kumar et al., 2003), Khillar (Dhaware 
et al., 2008), and Deoni cows (Basak and Das, 2018). Similarly, 
Nantapo and Muchenje (2013) observed higher milk yield 
during the hot-dry spring compared to winter in Holstein-
Friesian and Jersey cows, while Dodzi and Muchenje (2012) 
associated increased lying activity in summer with enhanced 
rumination activity, which could have improved rumen 
fermentation and thereby influenced milk composition.

Dry matter intake (kg/d) was significantly (p<0.01) higher 
in winter compared with monsoon and summer. This may be 
attributed to the availability of better quality green fodder 
during winter. In addition, the favourable climatic conditions 
and lower environmental stress during winter likely improved 
animal comfort and appetite, resulting in greater feed 
intake. Feed efficiency was significantly (p<0.05) affected by 
season, being better during summer, followed by winter and 
monsoon. Improved feed efficiency during summer may be 
attributed to better quality and digestibility of roughages, 
as also reported by Britt et al. (2003).

Season also had a significant (p<0.05) effect on milk 
composition (Table 2). Percentages of fat, solids-not-fat, protein 
and lactose were higher in summer compared to winter and 
monsoon. Similar findings were reported by Marcondes et 
al. (2014) and Ivanov et al. (2017). Fluctuations in milk solids 
are primarily due to variations in fat and protein (Chen et al., 
2014).  In this study, milk fat percentage differed significantly 
(p<0.05) among seasons, with a higher value observed during 
summer compared to monsoon and winter. This increase may 
be attributed to the higher feeding of dry jowar hay during 
summer, which promotes greater ruminal fermentation of 

structural carbohydrates and production of acetate volatile fatty 
acids. Acetate produced during ruminal fermentation serves as 
a major precursor for de novo milk fat synthesis in dairy animals 
(Bauman and Griinari, 2003). Increased acetate production may 
have contributed to the higher milk fat percentage observed 
during summer. Bansal et al. (2009) also reported higher fat 
and protein contents in summer, whereas Cziszter et al. (2012) 
observed lower fat percentage in summer than in winter. 

Feed represents the most significant expense in 
livestock production, constituting 60% - 70% of the overall 
cost. Reducing feeding costs relies on enhancing the 
conversion of feed into milk nutrients (Linn, 2006). Return 
over feed cost (ROFC) varied across seasons, reflecting the 
combined influence of milk yield, feed intake and feeding 
cost on economic efficiency. Higher ROFC observed during 
summer and winter may be attributed to improved feed 
efficiency and relatively higher milk yield, which enhanced 
gross returns despite variations in dry matter intake. In 
contrast, lower ROFC during monsoon could be associated 
with comparatively reduced milk yield and moderate feed 
utilization efficiency. Although winter exhibited the highest 
milk yield, the increased feeding cost partially offset the 
economic advantage. These results indicate that seasonal 
variation affects not only productive performance but 
also profitability, and ROFC serves as a reliable economic 
indicator to evaluate the impact of non-genetic factors such 
as season on dairy production systems. Similar observations 
have been reported by Britt et al. (2003), who highlighted the 
influence of seasonal feed quality on efficiency and economic 
returns, whereas Marcondes et al. (2014) reported seasonal 
variation in milk production and composition affecting 
overall profitability. Furthermore, Nantapo and Muchenje 
(2013) and, Dodzi and Muchenje (2012) also documented 
that seasonal changes in feeding conditions and animal 

Table 2: Least-Square Means (±SE) for the impact of season on average milk yield, milk composition, feed efficiency and return over feed cost in 
lactating Kankrej cows 

Details Monsoon Winter Summer Overall mean Signi-
ficanceNo. of observations 17 16 16 49

Milk yield (l/d) 11.65 ± 0.53 13.03 ± 0.69 12.73 ± 0.55 12.45 ± 0.35 NS

DM intake (kg/d) 9.53a ± 0.09 10.22b ± 0.14 9.39a ± 0.11 9.71 ± 0.08 **

Feed efficiency 1.31a ± 0.05 1.38ab ± 0.08 1.54b ± 0.09 1.48 ±0.05 *

Milk fat (%) 3.93a± 0.06 3.91a ± 0.09 4.21b ± 0.22 4.01 ± 0.09 *

SNF (%) 8.15a ± 0.08 7.93a ± 0.13 8.65b ± 0.13 8.24 ± 0.08 **

Milk lactose (%) 4.32a ± 0.04 4.26a ± 0.08 4.60b ± 0.07 4.39 ± 0.04 **

Milk protein (%) 3.28a ± 0.02 3.25a ± 0.04 3.49b ± 0.05 3.34 ± 0.03 **

ECM yield (kg/d) 12.56a±0.57 14.10ab±0.75 14.52b±0.64 13.72±0.39 **

Total feeding cost (Rs.)/ animal/day 203.09a 218.69b 200.93a 207.78 **

Market value of cow milk/ animal/
day (@ Rs.40/kg) 502.40a±22.80 564.00ab±30.00 580.90b±25.60 552.80±15.60 **

Return over feed cost (₹/d)   299.31a±23.00 345.31ab±30.50 379.97b±26.00 345.02±16.00 **

Means with different superscripts (a,b) within the treatment groups differ significantly (*p<0.05; **p<0.01; NS: Not-significant)
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responses significantly influence milk yield and economic 
outcomes in dairy cattle

Impact of Parity on Milk Yield, Milk Composition, 
Feed Efficiency and ROFC
The effect of parity on milk yield, milk composition, feed 
efficiency and return over feed cost (ROFC) is presented in 
Table 3. The overall mean milk yield was 12.45±0.35 kg/d, and 
was significantly (p<0.01) influenced by parity. Yields were 
highest in the third and fourth parities, followed by second, 
and lowest in the first parity. Similar observations were made 
in Ongole (Kumar et al., 2003) and Deoni cows (Basak and 
Das, 2018). Other studies also reported increasing milk yield 
with parity, peaking at fourth lactation (Mellado et al., 2011), 
which may be attributed to increased udder size (Davis and 
Hughson, 1988), higher number of secretory cells (Sorensen et 
al., 2006), improved nutrient partitioning (Wathes et al., 2007), 
and higher feed intake in multiparous cows (Dado and Allen, 
1994). Parity had no significant effect on dry matter intake, 
but feed efficiency increased linearly (p<0.05) from first 
to fourth lactation, reflecting higher milk production with 
similar dry matter intake. Hurley et al. (2018) also reported 
variation in feed efficiency with parity in dairy cows.

Milk fat percentage was significantly (p<0.05) lowest in 
first lactation and highest in fourth lactation. Yang et al. (2013) 
observed similar trends in Chinese Holstein cows. Heifers 
require more nutrients for growth (Oltner et al., 1985), which 
may partly explain lower milk fat in early parities. Other milk 
constituents such as protein, lactose and solids-not-fat were 
not significantly (p>0.05) influenced by parity. In contrast, 
Yang et al. (2013) reported parity effects on milk protein and 
total solids in Holstein cows.

Return over feed cost (ROFC) varied significantly across 
parities, reflecting the combined influence of milk yield, feed 
intake and feeding cost on economic efficiency. ROFC was 

significantly higher in fourth and third parities, followed by 
second and first, which may be attributed to higher milk 
yield and improved feed efficiency in later parities, leading 
to increased gross returns without a proportionate rise 
in feeding cost. In contrast, lower ROFC in the first parity 
could be associated with reduced milk production and 
diversion of nutrients towards growth rather than milk 
synthesis. Although feed intake did not differ significantly 
among parities, the increased productive performance in 
later parities resulted in better economic returns. These 
findings indicate that parity influences not only productive 
performance but also profitability and ROFC serves as a 
reliable economic indicator to evaluate the impact of non-
genetic factors such as parity on dairy production systems. 
Similar observations have been reported by Kumar et al. 
(2003), Mellado et al. (2011) and Hurley et al. (2018), who also 
noted improved production efficiency and economic returns 
with advancing parity in dairy cattle.

Co n c lu s i o n

The present investigation demonstrated that season exerted 
a significant effect on feed intake, feed efficiency, milk 
composition and return over feed cost, whereas milk yield 
remained unaffected in Kankrej cows. Parity significantly 
influenced milk yield, milk fat percentage, feed efficiency and 
return over feed cost, while dry matter intake and other milk 
composition did not vary significantly across parities. Return 
over feed cost (ROFC) was significantly affected by both 
season and parity, reflecting their combined influence on 
economic efficiency. Notably, ROFC was highest during the 
summer season, particularly in advanced parities (third and 
fourth), which may be attributed to improved feed efficiency 
and relatively higher milk yield, resulting in enhanced gross 
returns without a proportional increase in feeding cost.  

Table 3: Least-Square Means (±SE) for the impact of parity on average milk yield, milk composition, feed efficiency and return over feed cost in 
lactating Kankrej cows 

Details First parity Second parity Third parity Fourth parity Overall mean Signi-
ficanceNo. of observations 14 14 14 7 49

Milk yield (l/d) 10.33a±0.34 12.31b±0.55 14.07c±0.64 13.74c±0.67 12.45±0.35 **

DM intake (kg/d) 9.51±0.18 9.71±0.15 9.95±0.15 9.62±0.14 9.71±0.08 NS

Feed efficiency 1.15a±0.05 1.39b±0.05 1.59bc±0.09 1.67c±0.13 1.42±0.05 **

Milk fat (%) 3.76a±0.14 4.00a±0.11 4.22ab±0.14 4.56b±0.35 4.08±0.09 **

SNF (%) 8.24±0.18 8.28±0.14 8.21±0.10 8.24±0.24 8.24±0.08 NS

Milk lactose (%) 4.37±0.10 4.39±0.08 4.40±0.05 4.41±0.13 4.39±0.04 NS

Milk protein (%) 3.33±0.05 3.34±0.05 3.33±0.04 3.35±0.09 3.34±0.03 NS

ECM Yield (kg/d) 11.03±0.36a 13.54±0.59b 15.87±0.68c 16.12±0.72c 13.82±0.37 **

Total feeding cost (Rs.)/ animal/day 205.79 207.78 212.91 205.85 207.78 NS

Market value of cow milk/  
animal/day (@ Rs.40/kg)

441.20a ±14.40 541.60b ±23.60 634.80c ±27.20 644.80c ±28.80 552.80 ±14.80 **

Return over feed cost (₹/d)   235.41a ±15.00 333.82b ±24.00 421.89c ±28.00 438.95c ±29.00 345.02 ±16.00 **

Means with different superscripts (a,b,c) within the treatment groups differ significantly (**P<0.01; NS: Not-significant)
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The superior economic performance of Kankrej cattle during 
summer further highlights their inherent thermo-tolerance 
and adaptability to high ambient temperatures, particularly 
under semi-arid conditions. This breed’s ability to sustain 
productive efficiency under heat stress underscores its 
physiological resilience and efficient nutrient utilization. 
In the context of rising global temperatures and increasing 
climatic variability, such traits assume critical importance for 
ensuring sustainability and profitability in dairy production 
systems. Therefore, the findings of the present study 
emphasize that both season and parity should be carefully 
considered while formulating feeding and management 
strategies and they also establish Kankrej cattle as a climate-
resilient and economically viable genetic resource for dairy 
farming in heat-prone regions.

Ac k n ow l e d g e m e n ts

The authors are grateful to the Director of Research, 
Kamdhenu University, Gujarat for providing the necessary 
facilities to carry out this research work.

Re f e r e n c e s
Anonymous (2023). Annual progress report (Jan 1 to Dec 31, 

2018). 15th Meeting of Research Sub-Committee on Animal 
Production, Sardarkrushinagar Dantiwada Agricultural 
University, Sardarkrushinagar, Gujarat, India.

AOAC (2007). Official Methods of Analysis. 18th edn., AOAC 
International, Gaithersburg, USA.

Bansal, B., Habib, B., Rebmann, H., & Chen, X.D. (2009). Effect of 
seasonal variation in milk composition on dairy fouling. 
Proceedings of International Conference on Heat Exchanger 
Fouling and Cleaning. VIII, Schladming, Austria.

Basak, S., & Das, D.N. (2018). Effect of parity, period and season of 
calving on production and reproduction traits in Deoni cattle. 
Journal of Animal Health & Production, 6(1), 1-4.

Bauman, D.E., & Griinari, J.M. (2003). Nutritional regulation of milk 
fat synthesis. Annual Review of Nutrition, 23, 203-227.  

Britt, J.S., Thomas, R.C., Speer, N.C., & Hall, M.B. (2003). Efficiency 
of converting nutrient dry matter to milk in Holstein herds. 
Journal of Dairy Science, 86(11), 3796-3801.

Chen, B., Lewis, M.J., & Grandison, A.S. (2014). Effect of seasonal 
variation on the composition and properties of raw milk 
destined for processing in the UK. Food Chemistry, 158, 216-223.

Cziszter, L.T., Acatincăi, S., Neciu, F.C., Neamţ, R.I., Ilie, D.E., Costin, 
L.I., Gavojdian, D., & Tripon, I. (2012). Influence of season on 
cow milk quantity, quality and hygiene. Scientific Papers: Animal 
Science and Biotechnologies, 45(2), 305-312.

Dado, R.G., & Allen, M.S. (1994).Variation in and relationships among 
feeding, chewing and drinking variables for lactating dairy 
cows. Journal of Dairy Science, 77, 132-144.

Davis, S.R., & Hughson, G.A. (1988). Measurement of functional 
udder capacity in lactating Jersey cows. Australian Journal of 
Agricultural Research, 39, 1163-1168.

Dhaware, S.A., Deshpande, K.S., Thombre, B.M., & Deshmukh, D.S. 
(2008). Factors affecting productive and reproductive traits in 
Khillar breed of cattle in Maharashtra. Indian Journal of Animal 
Research, 42(1), 57-59.

Dodzi, M.S., & Muchenje, V. (2012).Seasonal variation in time budgets 
and milk yield of Jersey, Friesland and crossbred cows under 
pasture-based system. Tropical Animal Health and Production, 
44, 1395-1401.

Hurley, A.M., Lopez-Villalobos, N., McParland, S., Lewis, E., Kennedy, 
E., O’Donovan, M., Burke, J.L., & Berry, D.P. (2018). Characteristics 
of feed efficiency within and across lactation in dairy cows 
and the effect of genetic selection. Journal of Dairy Science, 
101(2), 1267-1280.

ICAR (2013). Nutrient requirements of cattle and buffalo. Indian 
Council of Agricultural Research, New Delhi, India.

Ivanov, G.Y., Bilgucu, E., Balabanova, T.B., Ivanova, I.V., & Uzatici, A. 
(2017). Effect of animal breed, season, and milk production 
scale on somatic cell count and composition of cow milk. 
Bulgarian Journal of Agricultural Science, 23(6), 1047-1052.

Kumar, K.D., Reddy, C.E., Gupta, B.R., & Satyanarayana, A. (2003). 
Effect of year, season, and lactation order on performance 
of Ongole cattle. Indian Journal of Animal Sciences, 73(11), 
1289-1290.

Linn, J. (2006). Feed efficiency: Its economic impact in lactating 
dairy cows. WCDS Advances in Dairy Technology, 18(19-28), 30. 

Marcondes, M.I., Jácome, D.C., Silva, A.L.D., Rennó, L.N., & Pires, 
A.C.D.S. (2014). Evaluation of raw milk quality in different 
production systems and periods of the year. Revista Brasileira 
de Zootecnia, 43(12), 670-676.

Mellado, M., Antonio-Chirino, E., Meza-Herrera, C., Veliz, F.G., 
Arevalo, J.R., Mellado, J., & de Santiago, A. (2011). Effect of 
lactation number, year, and season of initiation of lactation 
on milk yield of cows hormonally induced into lactation and 
treated with recombinant bovine somatotropin. Journal of 
Dairy Science, 94(9), 4524-4530.

Nantapo, C.T.W., & Muchenje, V. (2013).Winter and spring variation 
in daily milk yield and mineral composition of Jersey, 
Friesian cows and their crosses under a pasture-based dairy 
system. South African Journal of Animal Science, 43(Suppl. 
5), S17-S21. 

NBAGR (2018). Kankrej cattle breed descriptor. Indian Council of 
Agricultural Research. https://nbagr.icar.gov.in/en/registered-
breeds-of-cattle/ 

Oltner, R., Emanuelson, M., & Wiktorsson, H. (1985). Urea 
concentrations in milk in relation to milk yield, live weight, 
lactation number and amount and composition of feed in 
dairy cows. Livestock Production Science, 12, 47-57.

Rathod, B.S., Patel, M.P., Chaudhari, A.B., Gami, Y.M., & Panchasara, 
H.H. (2020). Conservation and improvement of Kankrej cattle 
(Bos indicus): Status vis-à-vis strategies.  Indian Journal of Animal 
Sciences, 90(8), 1130-1133. 

Sorensen, M.T., Norgaard, J.V., Theil, P.K., Vestergaard, M., & Sejrsen, 
K. (2006). Cell turnover and activity in mammary tissue during 
lactation and the dry period in dairy cows. Journal of Dairy 
Science, 89, 4632-4639.

Wathes, D.C., Cheng, Z., Bourne, N., Taylor, V.J., Coffey, M.P., & 
Brotherstone, S. (2007). Differences between primiparous and 
multiparous dairy cows in the inter-relationships between 
metabolic traits, milk yield and body condition score in the 
periparturient period. Domestic Animal Endocrinology, 33, 203-225.

Yang, L., Yang, Q., Yi, M., Pang, Z.H., & Xiong, B.H. (2013).Effects 
of seasonal change and parity on raw milk composition and 
related indices in Chinese Holstein cows in northern China. 
Journal of Dairy Science, 96, 6863-6869.


