Influence of Parity, Lactation stage, Udder and Teat Morphology on Milk yield and Composition of Kankrej Cows under Organized Farm Condition

ABSTRACT
	Aims: A study was conducted to evaluate the effects of various factors on test day milk yield (TDMY) and milk composition of Kankrej cows. The study also aimed to evaluate the correlations between TDMY and key milk constituents. Sample: Data representing 305 Kankrej cows maintained at Livestock Research Station, Sardarkrushinagar were analyzed to determine the effect of parity, stage of lactation, udder and teat morphology on TDMY and milk composition.
Study design: Simple random sampling
Place and Duration of Study: The present study was conducted at Livestock Research Station, Kamdhenu University, Sardarkrushinagar, Gujarat during Apr-2024 to Mar-2025.
Methodology: Least squares analysis used to evaluate factors affecting test day milk yield and milk constituents, while Pearson’s correlation coefficients measured relationships among milk components and their association with TDMY.
Results: The least squares mean values for TDMY, fat, solid not fat (SNF), protein, lactose and total solids was found as 8.44 ± 0.30 kg, 3.96 ± 0.14%, 8.77 ± 0.07%, 3.23 ± 0.03%, 4.81 ± 0.05% and 12.73 ± 0.15%, respectively. Parity, stage of lactation and udder shape significantly (p<0.01) affected TDMY, which increased up to the fourth parity and declined thereafter whereas decreased with lactation stages. Cows with round udders produced higher milk yield than other udder shapes. Fat and total solids increased with lactation progression. TDMY showed a significant negative correlation with fat and total solids but positive correlations with SNF, protein and lactose. Strong positive correlations were observed among fat, SNF, protein, lactose and total solids.

 Conclusion: Multiple physiological and morphological factors significantly influence milk yield and its compositional traits in Kankrej cows.
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1. INTRODUCTION 
The livestock sector in India plays a vital and multi dimensional role in the socio-economic development of rural households, particularly benefiting landless laborers, small and marginal farmers. The livestock sector contributed approximately 30.23% to the Gross Value Added (GVA) of the Agricultural and Allied Sector and 5.50% to the country’s total GVA. The GVA derived from milk production constitutes 82% of the overall GVA in India's livestock sector (DAHD, 2024).India's total livestock population stands at 536.76 million, including a bovine population of 303.76 million, with 193.46 million being cattle during 2019. India remains the largest milk producer globally, achieving 239.30 million tons of milk in the year 2023–2024, which constitutes 24.64% of total global milk production. Indigenous cattle contribute approximately 11.36% of the nation’s milk production with average daily milk yield from indigenous cattle is 4.01 kg per animal, while Gujarat recording a higher average of 5.13 kg per day (BAHS, 2024). To meet the growing demand for milk and milk based products and to enhance the sector’s economic contribution, genetic improvement of indigenous breeds has been recommended (Shribhu et al., 2019). Indigenous cattle are valued for their disease resistance, adaptability to local environments, suitability for draft work and compatibility with low input farming systems.

 India has 53 recognized breeds of cattle, along with a significant number of non-descript populations. Nevertheless, a significant challenge is the low milk yield of these animals, which could be enhanced through genetic improvement. Among indigenous breeds, Kankrej stands out to be a recognized dual purpose indigenous breed originating from Kankrej Taluka in North Gujarat, known for its  typical phenotype, gait, adaptability to harsh climate and resistance to insect borne disease makes the breed unique. The breeding area of Kankrej spans the southern region of the Rann of Kachchh, from the southwestern part of Banaskantha District, Kankrej Taluka and Tharparker district (now in Pakistan) to Ahmedabad, extending from Deesa to Radhanpur (Srivastava et al., 2019).

Milk, a physiological product of cows, exhibits variability in both quantity and composition. The overall quality and processing potential of dairy products are largely determined by milk constituents including fat, protein and lactose (Senbeta et al., 2021). Milk yield and fat content are critical traits for both breeders and dairy farmers.  Moreover, the interrelationships among milk constituents play a significant role in shaping other economically important traits in livestock. Despite their importance, research on these aspects remains limited in cows, particularly among indigenous breeds. Hence, this study evaluates the influence of parity, stage of lactation, udder and teat morphometry on milk production in Kankrej cows, aiming to identify management strategies for improved productivity.
2. MATERIALS AND METHODS
2.1 Location and duration of study
The present Study was conducted at Livestock Research Station, Kamdhenu University, Sardarkrushinagar, Gujarat during Apr-2024 to Mar-2025. 

2.2 Management of animals
The experimental animals were maintained under a semi loose housing system at Livestock Research Station. They were provided green and dry fodder, as per Indian Council of Agricultural Research (ICAR, 2013) recommendations .Clean and wholesome drinking water was made available throughout the day. The concentrate was fed at the rate of 2 kg per day per animal as the maintenance allowance besides that additional concentrate at the rate of 40% of daily milk production was given to meet their energy requirements. Additionally, 30 grams of mineral mixture was provided daily. The concentrate and mineral mixture were offered in two equally divided portions at the milking parlor, prior to each milking. Cows were milked twice a day in early morning at 3:00 hrs and in afternoon at 15:00 hrs. Cows were milked by using both hand and machine milking methods.

2.3 Data collection
Data were collected from 305 lactating Kankrej cows across first to twelfth parity, representing different lactation stages, udder and teat morphologies. The information about the parity of cow and date of calving was obtained from the records available in the farm. Udder and teat shape was determined grossly through visual appraisal technique established by (Cerkascenko, 1958 and Ovesen, 1972), respectively. Test day milk yield was recorded after milking and milk samples were collected for analysis of milk composition. Automatic milk analyser machine was used for determination of fat, SNF, protein, lactose and total solid of milk.

2.4 Grouping of variables
The data available for the study was classified based on parity, lactation stage, udder shape and teat shape as follows:

2.4.1. Clustering of parity

Parity was categorized into the following five groups: First, Second, Third, Fourth, Fifth and above parity (Table .1).
Table 1 Classification of parity 

	Parity
	In number

	I
	First lactation

	II
	Second lactation

	III
	Third lactation

	IV
	Fourth lactation

	V and above
	Fifth and above lactation


2.4.2 Stages of lactation 

The lactation period (Table .2) was divided into three stages: Early, Mid and Late as per (Fahim et al., 2017).
Table .2 Classification of stage of lactation

	Stage of lactation
	Days in milk

	Early stage
	From 1 to 100 days in milk

	Mid stage
	From 101 to 200 days in milk

	Late stage
	More than 201 days in milk


2.4.3 Udder shapes 
Udders were classified (Table .3) into the following types: bowl, round, goaty and pendulous as per (Cerkascenko, 1958).

Table-3 Classification of udder shapes

	Udder shapes
	Description

	Bowl 
	Rear udder high, wide strong and smooth in attachment with moderate depth and large capacity, giving the shape of a bowl.

	Round 
	Slight deviation from the bowl type with the increased depth.

	Goaty  
	The shape of the udder resembles closely the udder of goat where it is pushed forwards than backwards. 

	Pendulous 
	An udder with a broken fore attachment, i.e., broken suspensory ligaments assuming a hanging loosely position. 


2.4.4 Teat shapes 

Teat shapes in the present study were categorized as: cylindrical, funnel, bottle and pear shape as per (Ovesen, 1972).
Table-.4 Classification of teat shapes

	Teat shapes
	Description

	Cylindrical  
	The width of the teat from the base at point of attachment to the tip almost remains the same throughout its length

	Funnel 
	Wider at the base and tapering towards to tip as if to end in a point giving the shape of a funnel

	Pear 
	An abrupt constriction just below the base and again bulging towards the entire length giving the shape of a pear

	Bottle 
	Thick and enlarged throughout the length, resembling a bottle  wide at both the base and tip


2.5 Statistical analysis 
Statistical analysis of the data was performed using R software. The least squares method was employed  to accurately evaluate the effects of various factors on test day milk yield and milk constituents in Kankrej cows. The correlation coefficients among various milk constituents and their association with test day milk yield was calculated using the Pearson product moment correlation coefficient method. The least squares analysis of variance for unequal subclass numbers (Harvey,1990) considering five parities, three lactation stages, four udder shapes and four teat shapes, were used to analyze the data on various performance and udder morphometric traits. Differences among means were considered statistically significant at p < 0.05 and highly significant at p < 0.01. 

𝐘𝐢𝐣𝐤𝐥𝐦= 𝛍+𝐀𝐢+ 𝐁𝐣+ 𝐂𝐤+ 𝐃𝐥+ 𝐞𝐢𝐣𝐤𝐥𝐦 

	Where, 

Yijklm 
	= Performance and udder morphometric traits 

	μ 
	= Population mean 

	Ai 
	= Fixed effect of ith parity 

	Bj 
	= Fixed effect of jth  stage of lactation 

	Ck 
	= Fixed effect of kth shape of the udder 

	Dl 
	= Fixed effect of lth shape of the teat 

	eijklm 
	=Random error assumed to be normally and independently distributed with zero mean and constant variance (NID, 0, σ2). 


3. RESULTS AND DISCUSSION
The Least square means (± S.E.) of various milk constitutes viz.; fat, solid not fat (SNF), protein, lactose and total solids (TS) percentage are represented in Table 5. The overall mean fat, SNF, protein, lactose and TS percentage recorded in Kankrej cows was 3.96 ± 0.14 , 8.77 ± 0.07 , 3.23 ± 0.03, 4.81 ± 0.05 and 12.73 ± 0.15 , respectively.

3.1 Effects of parity on milk yield and milk composition of Kankrej cows 

The effects of parity on milk yield and composition of Kankrej cows shown in Table 5. Statistical analysis revealed that parity had a significant effect on TDMY (p< 0.01), while the difference in the parity among SNF, protein, lactose and total solids was non-significant.

3.1.1TDMY
Parity had a highly significant (p<0.01) influence on test day milk yield. An increasing trend in TDMY was noted with progression of parity, rising from 6.79 ± 0.51 kg in the first parity to a reach peak production 9.68 ± 0.42 kg in the third and fourth parities, there after decline in milk production is observed in the fifth and above parities. These results are in support with the agreements of Ahmad et al. (2011) in indigenous and crossbred cows and Utrera et al. (2013) in HF × BS cows. Furthermore, Habibi et al. (2021) and Potdar et al. (2024) reported a significant effect of parity on daily milk yield in Holstein Frisien cows and test day milk yield in Ongole cattle, respectively. Conversely, Singhai et al. (2013), Patel et al. (2016) and Kumar et al. (2021) reported non-significant differences in milk yield across parities in Gir cows, Crossbred and Sahiwal, respectively.
Kankrej cows in their first parity produce less milk compared to mature cows in their fifth and above parities. This aligns with observations in other breeds, where younger cows tend to produce less milk due to their physiological systems not being fully developed for optimal production (Singh and Singh, 2018). In agreement with this study, it reported that parity significantly affected milk production where more milk in cows with greater parities than those with lesser parities (Afzal et al, 2007). Milk yield declines after the 4th or 5th parity in Kankrej cows observed may be due to age related decline of mammary gland functions and reduced metabolic efficiency. Pal et al. (2019) reported that the low milk production in primiparous cows may result from ongoing somatic growth; in contrast to mature cows had fully developed mammary parenchyma under optimal endocrine influence. 

 
We may conclude that increase in the test day milk yield was recorded up to the 4th parity after that it tends to decline. 

3.1.2 Milk composition

3.1.2.1 Effects of parity on milk composition  

A decreasing trend in fat percentage was observed from the 1st to the 4th parity, with a slight increase in cows of 5th and above parities. However, the variation was non-significant .These findings are consistent with those reported by Krovvidi et al. (2013), Verma et al. (2016) and Ambika et al. (2022) in Ongole, Sahiwal and Deoni cattle, respectively .The SNF, protein, lactose and total solids contents of milk remained relatively stable across different parities, with no significant differences observed. These results are consistent with Ambika et al. (2022) and Kayastha et al. (2008).

Table 5 Least square mean ± SE of milk composition of Kankrej cows according to parity, lactation      

                 stage, udder shapes and teat shapes

	
	N
	TDMY(kg)
	FAT (%)


	SNF (%)
	PROTEIN (%)
	LACTOSE (%)
	TS (%)

	Overall µ
	305
	8.44 ± 0.30
	3.96±0.14
	8.77±0.07
	3.23±0.03
	4.81±0.05
	12.73±0.15

	Parity

	1
	52
	6.79a ± 0.51
	4.12 ± 0.24
	8.72 ±0.12
	3.24± 0.06
	4.80±.079
	12.83 ± 0.26

	2
	75
	8.21a± 0.40
	4.04 ± 0.19
	8.71± 0.10
	3.18 ±0.05
	4.76±.062
	12.76± 0.20

	3
	44
	9.68b ± 0.46
	3.92 ± 0.22
	8.86± 0.11
	3.24 ±0.05
	4.81±.071
	12.78 ± 0.23

	4
	61
	9.68b ± 0.42
	3.83 ± 0.19
	8.79± 0.10
	3.24 ±0.05
	4.82±.064
	12.62 ± 0.21

	≥5
	73
	7.85a ± 0.40
	3.91 ± 0.19
	8.77± 0.10
	3.24 ±0.05
	4.86±.062
	12.65 ± 0.20

	Significance
	
	**
	NS
	NS
	NS
	NS
	NS

	Stage of lactation

	1
	129
	9.35b ± 0.34
	3.52a ± 0.16
	8.72 ± 0.08
	3.18±0.39
	4.77±0.05
	12.21a ± 0.17

	2
	79
	9.24b ± 0.39
	4.05b ± 0.18
	8.77 ± 0.09
	3.23 ±0.05
	4.80±0.06
	12.82 b± 0.20

	3
	97
	6.74 a ±0.37
	4.33b ± 0.17
	8.82 ± 0.90
	3.27 ±0.04
	4.86±0.05
	13.15b ± 0.18

	Significance
	
	**
	**
	NS
	NS
	NS
	**

	Udder shapes

	Bowl
	176
	7.52 a± 0.29
	4.00 ± 0.13
	8.83±0.68
	3.25± 0.03
	4.84 ±0.04
	12.81 ± 0.14

	Goaty
	18
	7.32a ±0.69
	3.86 ± 0.32
	8.59±0.16
	3.12± 0.08
	4.67 ± 0.10
	12.44 ± 0.35

	Pendulous
	30
	9.32b ± 0.54
	4.32 ± 0.25
	8.76 ±0.13
	3.23± 0.06
	4.85 ±0.08
	13.09 ± 0.27

	Round
	81
	9.61b ± 0.37
	3.68 ± 0.17
	8.90±0.09
	3.31± 0.04
	4.89 ±0.05
	12.58 ± 0.19

	Significance
	
	**
	NS
	NS
	NS
	NS
	NS

	Teat shapes

	Bottle
	10
	7.07 ±0.85
	4.14±0.40
	8.80 ±0.20
	3.26 ± 0.10
	4.82±0.13
	12.95± 0.43

	Cylindrical
	171
	8.67±0.27
	3.97±0.13
	8.83 ±0.07
	3.22± 0.03
	4.81±0.04
	12.81±  0.14

	Funnel
	76
	8.80±0.35
	4.04±0.16
	8.86 ±0.08
	3.27± 0.04
	4.88±0.05
	12.91 ± 0.17

	Pear
	48
	9.23± 0.45
	3.71±0.21
	8.59 ±0.11
	3.17± 0.05
	4.74±0.06
	12.25± 0.22

	Significance
	
	NS
	NS
	NS
	NS
	NS
	NS


** P < 0.01, NS=Non-significant

3.1.2.2 Effects of stage of lactation on milk yield and milk composition  

A decline trend in TDMY was noted as lactation progressed from the early to mid and late stages, with the differences between lactation stages was highly significant (p<0.01). These findings are consistent with those reported by Gurmessa et al. (2012) in Holstein Friesian, Veena et al. (2021) in Crossbred cows and Sabek et al. (2021) in Tropical cows. There was slight increase in SNF, protein and lactose levels across various lactation stages, though these changes were not significant. Similar findings were observed by Gurmessa et al. (2012) and Gajbhiye et al. (2019) in Holstein Friesian and Gir cattle, respectively. Conversly, fat, SNF and total solids showed a significant increase with advancement of lactation stages, corroborating the results of Sabek et al. (2021) in Tropical cows. Differences in the results may be attributed due to variation in breed, geographical location and environment. Perusal of the results revealed that in Kankrej cows, peak milk production occurs during the early stage of lactation, as they have recently calved and are in a physiologically optimal condition for milk secretion.

3.1.2.3 Effect of various udder shapes on milk yield and composition
Udder shape had highly significant (p<0.01) effect on TDMY. Among the different udder conformations, cows with round udders showed the highest milk production, yielding 31.27 % more milk than goaty udders, 27.43 % more than those with bowl shape udders and 3.11 % more than cows with pendulous udders. Similarly, Patel et al. (2025) and Poudel et al. (2022) found higher milk yield in the round shape udder in Kankrej cows and  Murrah buffaloes, respectively. No any significant effect of udder shapes was observed on various milk elements viz., fat, SNF, lactose, protein and TS. Consistent finding was reported by Rao (2006) that fat percentage was not significantly associated with udder shape. Whereas, Ranjitha et al. (2021) reported the fat show significant variation with udder shape.

3.1.2.4 Effect of various teat shapes on milk yield and composition
The highest test day milk yield (9.23 ± 0.45 kg) was noted in cows with pear shape teats; whereas the lowest yield (7.07 ± 0.85 kg) was found in cows with bottle shape teats. Kankrej cows with pear shape teats produced 30.55%, 6.28% and 4.89% more milk as compared to bottle, cylindrical and funnel teat, though the differences in mean test day milk yield among the various teat shapes were found non-significant. This indicates that, within the studied population, teat shape had no substantial impact on test day milk yield may be due to it primarily affects milk let down and ease of milking rather than milk synthesis and composition. Comparable result was observed by Patel et al.(2025) and Prasad et al. (2010), who found no significant differences in test day milk production related to teat shapes in Kankrej cows and Murrah buffaloes, respectively. The analysis of milk composition in Kankrej cows based on teat shapes revealed observable variations in key milk constituents (fat, solid not fat, lactose ,protein and TS), even if the differences were found  not significant. Present finding was similar to Rao (2006) who assessed that fat percent was non-significant according to various shapes of teat. However, Ranjitha et al. (2021) reported the fat content show significant variation with teat shape.

 3.2 Correlation between test day milk yield and major milk constituents 
A negative and significant (p<0.05) correlation was observed between TDMY and fat percentage, indicating that as milk yield increases, fat percentage tends to decrease (Table 6). This finding is consistent with earlier reports by Yoon et al. (2004) and Dora et al. (2020). Similarly, the relationship between TDMY and total solids (TS) was negative but not significant, in agreement with the observations of Shribhu et al. (2019). These trends suggest that genetic selection for higher milk yield may result in a dilution effect, potentially reducing fat and total solid contents in Kankrej cows.
Table 6   Correlations coefficient among test day milk yield and milk composition 

	Traits
	TDMY
	FAT
	SNF
	PROTEIN
	LACTOSE
	TS

	TDMY
	1
	-0.132*
	0.164**
	0.163**
	0.152**
	-0.053

	FAT
	
	1
	-0.084
	-0.034
	0.008
	0.885**

	SNF
	
	
	1
	0.720**
	0.800**
	0.375**

	PROTEIN
	
	
	
	1
	0.652**
	0.293**

	LACTOSE
	
	
	
	
	1
	0.369**

	TS
	
	
	
	
	
	1


      * P < 0.05, ** P < 0.01

TDMY exhibited positive and highly significant (p<0.01) correlations with SNF, protein and lactose percentages. These associations imply that increasing milk yield may augment SNF, protein and lactose content, which contradicts with the findings of Yogi et al. (2017) and Dora et al. (2020).

The correlation between fat and SNF as well as fat and protein content, was negative and non significant. This finding diverges from previous studies by Yogi et al. (2017) and Dora et al. (2020), who reported positive associations between these traits. A positive but non significant correlation was observed between fat and lactose content, whereas a highly significant (p<0.01) and positive correlation was found between fat and total solids content, aligning with the results of Dora et al. (2020) and Shribhu et al. (2019). These findings suggest that selection for increased fat content may contribute to higher total solids concentration. SNF showed strong positive and highly significant (p<0.01) correlations with protein, lactose and total solids content, corroborating the results of Yogi et al. (2017). Additionally, a highly significant (p<0.01) positive correlation was observed between protein and lactose, indicating that selection for increased protein content may simultaneously improve lactose content. Yogi et al. (2017) concluded that protein and lactose had significant (p<0.05) and positive correlation in HF crossbred cattle.  Further, highly significant (p<0.01) and positive correlation noted between protein and total solids. In support of that, Yogi et al. (2017), Dora et al. (2020) and Shribhu et al. (2019) stated positive and highly significant correlations between TS and protein content of milk. A positive and highly significant (p<0.01) correlation was recorded between lactose and total solids content, indicating a close association between these two components. Similar findings were reported by Yogi et al. (2017) and Dora et al. (2020), reinforcing the consistency of this relationship.

These findings highlight the importance of selecting animals based on both fat content and milk yield. This dual trait selection strategy could enhance overall milk quality while maintaining desirable yield levels.

4. CONCLUSION
From the findings, it can be concluded that test day milk yield (TDMY) of Kankrej cows was significantly affected by parity, lactation stage and udder shape, but not by teat shape. Lactation stage significantly affected milk fat and total solids, while milk constituents showed no significant variation across parity or udder and teat shapes. TDMY was negatively correlated with fat and total solids, whereas fat showed a positive association with protein. Strong positive correlations among SNF, protein, lactose, and total solids suggest the potential for simultaneous genetic improvement of milk composition traits, warranting further studies with larger populations and advanced genetic tools.
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