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Production Performance and Egg Quality Characteristics of Kadaknath, Rhode Island Red and Indigenous Chickens under Backyard Production System in Balrampur District of Uttar Pradesh

Abstract
The present study was conducted to evaluate and compare the production performance and egg quality characteristics of Kadaknath, Rhode Island Red (RIR) and Indigenous chickens reared under backyard production systems in Balrampur district of Uttar Pradesh. Production traits including body weight, age at sexual maturity, egg production, mortality and egg quality characteristics were assessed. The results revealed significant (P<0.05) differences among the three genetic groups. RIR birds exhibited significantly higher body weights at 4, 10, 20 and 40 weeks of age (241.99ᵃ ± 2.48 g, 828.17ᵃ ± 2.68 g, 1707.74ᵃ ± 5.51 g and 2010.19ᵃ ± 6.05 g, respectively), followed by Kadaknath and Indigenous birds. Age at sexual maturity was significantly lower in RIR birds (155.87ᵉ ± 0.57 days) compared to Kadaknath (196.48ᶜ ± 0.87 days) and Indigenous birds (212.82ᵇ ± 2.17 days). Egg production up to 40 weeks was highest in RIR (79.47ᵃ ± 1.33 eggs), followed by Kadaknath (41.02ᶜ ± 0.73 eggs) and Indigenous birds (33.47ᵈ ± 0.64 eggs). Egg quality evaluation showed that RIR eggs possessed significantly higher egg weight (55.22ᵃ ± 0.25 g), egg shell weight (5.12ᵃ ± 0.05 g), egg shell thickness (0.35ᵃᵇ ± 0.01 mm), yolk weight (16.51ᵃ ± 0.11 g), yolk percentage (31.37ᵃ ± 0.22 %) and yolk colour score (9.94ᵃ ± 0.09). However, Kadaknath eggs recorded superior Haugh unit values (77.42ᵃ ± 0.38), indicating better albumen quality. The study concludes that RIR birds are more productive under backyard conditions, whereas Kadaknath birds produce eggs of superior internal quality. These findings suggest that RIR can be recommended for higher productivity while Kadaknath may be promoted for premium-quality poultry products in Balrampur district.
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1. Introduction
Poultry farming is one of the fastest-growing sectors of animal husbandry and plays a significant role in improving food security, nutritional status, employment generation and rural livelihoods. According to the 20th Livestock Census (2019), the total poultry population of India was 851.81 million, of which backyard poultry accounted for 317.07 million birds. India ranks second globally in egg production, producing 149.11 billion eggs during 2024–25, with backyard poultry contributing approximately 15.51 per cent of the total egg production (BAHS Statistics 2025, DAHD-Govt. of India). Backyard poultry farming is an important component of rural farming systems, particularly for small and marginal farmers, landless labourers and women (Bist et al., 2024; Boyle & Stevenson, 2025). The system requires low initial investment and utilizes locally available feed resources, kitchen waste, agricultural by-products and scavenging materials (Geetha et al., 2024; Bughio et al., 2025). Indigenous and dual-purpose birds are preferred under rural conditions due to their adaptability, scavenging ability, broodiness, disease resistance and consumer preference for their eggs and meat (Michui et al., 2020; Geetha et al., 2024). Among the poultry genetic resources available in India, Kadaknath, Rhode Island Red (RIR) and Indigenous chickens occupy an important position in backyard production systems. Kadaknath is a well-known indigenous breed native to Madhya Pradesh and is recognized for its unique black pigmentation, superior meat quality, disease resistance and premium market value (Haunshi and Prince, 2021; Shinde et al., 2023). Rhode Island Red is a dual-purpose exotic breed widely used in rural poultry improvement activities because of its better growth rate, early maturity and high egg production potential (Blackburn and Krehbiel, 2023; Dinesh et al., 2023). Indigenous chickens, although lower in productivity, possess excellent adaptability to local climatic conditions, scavenging ability, broodiness and survivability under low-input production systems (Geetha et al., 2024; Rahman et al., 2024). Production performance traits such as body weight, age at sexual maturity, egg production and survivability are important economic indicators of poultry farming. Previous studies have reported superior growth and egg production performance in RIR birds compared with Kadaknath and Indigenous chickens (Jilani et al., 2007; Bhagora et al., 2022), while Kadaknath chickens are valued for their adaptability and satisfactory growth under rural conditions (Singh et al., 2020). Similarly, annual egg production has been reported to be higher in RIR birds than in Kadaknath chickens (Rajkumar et al., 2020; Kumar et al., 2022). Significant breed differences in egg quality parameters have been reported by Jena et al. (2018) and Karunakaran et al. (2020) while Kadaknath eggs have been reported to possess superior internal quality characteristics, particularly Haugh unit values (Parmar et al., 2006; Jaishankar et al., 2020). Limited information is available on the performance of Kadaknath, Rhode Island Red and Indigenous chickens under backyard conditions in Balrampur district of Uttar Pradesh. Hence, the present study was conducted to evaluate their production performance and egg quality characteristics.
2. Materials and Methods
2.1 Study Area
The study was conducted in Balrampur district of Uttar Pradesh, located in the North Eastern Plain Zone. The study area falls under the jurisdiction of Krishi Vigyan Kendra (KVK) Balrampur which is under the administrative control of Acharya Narendra Deva University of Agriculture and Technology, Ayodhya (ANDUAT). In this area, KVK Balrampur procured Kadaknath and Rhode Island Red (RIR) chicks from the university/college hatchery and distributed them among farmers, thereby promoting backyard poultry farming. The district Balrampur experiences a sub-tropical climate characterized by hot summers, a humid monsoon season and cool winters. The average annual rainfall ranges from 1,100 to 1,400 mm, most of which is received during the southwest monsoon season (June to September). During summer (March to June), the maximum temperature ranges from 35 to 42°C, while the minimum temperature ranges from 22 to 28°C. During winter (November to February), the maximum temperature ranges from 20 to 28°C, whereas the minimum temperature ranges from 5 to 12°C. Relative humidity generally varies between 50 and 90 per cent throughout the year.
2.2 Ethical approval
The present study was conducted after obtaining ethical approval from the Institutional Animal Ethics Committee, College of Veterinary Science and Animal Husbandry. The ethical approval number for the study is IACE/CVSc/P-02/2025.
2.3 Production Performance Traits
Production performance of the birds was evaluated based on body weight at 4, 10, 20 and 40 weeks of age, age at sexual maturity, egg production up to 40 weeks of age and mortality percentage.
2.4 Egg Quality Traits
The external egg quality parameters evaluated were egg weight, egg length, egg width, shape index, shell weight and shell thickness. Egg weight was measured using a digital balance with an accuracy of ± 0.1 g. Egg length and width were measured in millimeters using a Vernier caliper with an accuracy of ± 0.2 mm. Shape index was calculated as the ratio of egg width to egg length multiplied by 100. After breaking the eggs and removing their contents, the shells were washed, dried in a hot air oven at 70°C for 24 hours and weighed using an analytical balance to determine shell weight. Shell thickness was measured with a micrometer screw gauge at three locations (broad end, narrow end and equatorial region) and the average of these measurements was considered as the shell thickness.
Internal egg quality parameters included albumin weight, albumin percentage, Haugh unit, yolk weight, yolk percentage and yolk colour score. Yolk weight was measured after separating the yolk from the albumen using a digital balance. Albumin weight was calculated by subtracting the shell weight and yolk weight from the total egg weight. Albumin and yolk percentages were calculated as proportions of the total egg weight. Haugh unit and yolk colour score were determined using an automatic egg analyzer. For this purpose, each egg was weighed, broken onto the analyzer tray and analyzed according to the manufacturer's instructions. The analyzer automatically recorded Haugh unit, yolk colour score and related egg quality parameters.
2.5 Statistical Analysis
Data were analyzed using one-way ANOVA and means were compared using post-hoc tests. Differences were considered significant at P<0.05.
3. Results and Discussion
3.1 Body Weight
The body weights of Kadaknath, Rhode Island Red (RIR) and Indigenous chickens at different ages are presented in Table 1. Body weight differed significantly (P<0.05) among Kadaknath, Rhode Island Red (RIR) and Indigenous chickens at all ages. RIR birds recorded the highest body weight throughout the experimental period, followed by Kadaknath and Indigenous birds. At 4 weeks of age, the body weights were 241.99 g, 151.19 g and123.11 g in RIR, Kadaknath and Indigenous birds, respectively. Similar trends were observed at 10 weeks (828.17 g, 402.06 g and341.68 g), 20 weeks (1707.74 g, 1300.33 g and998.94 g) and40 weeks (2010.19 g, 1531.88 g and1455.65 g, respectively). The superior growth performance of RIR birds observed in the present study may be attributed to their genetic potential for rapid growth and better feed conversion efficiency. Similar findings were reported by Jilani et al. (2007), who observed a body weight of 1673.24 g in Rhode Island Red birds at 40 weeks of age. Likewise, Bhagora et al. (2022) reported significantly higher body weights in RIR birds compared to Kadaknath birds throughout the growing period. The present findings are also in agreement with Dinesh et al. (2023), who observed higher body weights in improved poultry strains compared to native birds under backyard conditions. The body weight of Kadaknath birds at 20 and 40 weeks was comparable with the findings of Singh et al. (2020), who reported body weights ranging between 1.2 and 1.5 kg at 20 weeks of age. The comparatively lower body weight observed in Indigenous birds may be due to their poor genetic potential for growth and their adaptation towards survival rather than production. Thus, the present results clearly indicate that RIR birds possess superior growth potential under the backyard production system of Balrampur district.
Table1. Body weights of Kadaknath, RIR and Indigenous birds at 4, 10, 20 and 40 weeks of age  
	Body weight (g)
	Kadaknath
	RIR
	Indigenous

	4 weeks
	151.19ᶜ ± 1.37
	241.99ᵃ ± 2.48
	123.11ᵉ ± 2.21

	10 weeks
	402.06ᶜ ± 3.13
	828.17ᵃ ± 2.68
	341.68ᵉ ± 3.19

	20 weeks
	1300.33ᶜ ± 5.34
	1707.74ᵃ ± 5.51
	998.94ᵉ ± 3.25

	40 weeks
	1531.88ᶜ ± 3.70
	2010.19ᵃ ± 6.05
	1455.65ᵈ ± 4.14


3.2 Age at Sexual Maturity
The age at sexual maturity of Kadaknath, Rhode Island Red (RIR) and Indigenous chickens are presented in Table 2. Age at sexual maturity differed significantly among the breeds. RIR birds attained sexual maturity at the earliest age (155.87 days), followed by Kadaknath (196.48 days), while Indigenous birds required the longest period to reach maturity (212.82 days). Earlier sexual maturity in RIR birds is advantageous because it shortens the non-productive phase and increases lifetime egg production. The present findings closely agree with Jilani et al. (2007), who reported sexual maturity in Rhode Island Red birds at 146.16 days. Similar observations were made by Podchalwar et al. (2013), who reported age at first egg ranging from 153.56 to 157.68 days in RIR crossbreds. Dhara et al. (2022) also observed that RIR birds attained sexual maturity at approximately 19 weeks under rural production systems. The delayed maturity observed in Kadaknath birds corroborates the findings of Meena et al. (2021), who reported sexual maturity at approximately 26 weeks in Kadaknath hens. Indigenous birds required even more time to attain maturity, which agrees with the observations of Pathak and Nath (2013) and Islam et al. (2014), who reported later sexual maturity in local chickens compared to improved strains. The results suggest that genetic factors play a major role in determining the onset of sexual maturity under backyard conditions.
3.3 Egg Production up to 40 Weeks
The egg production of Kadaknath, Rhode Island Red (RIR) and Indigenous chickens are presented in Table 2. Significant differences were observed among the breeds for egg production up to 40 weeks of age. RIR birds produced the highest number of eggs (79.47 eggs), followed by Kadaknath (41.02 eggs) and Indigenous birds (33.47 eggs). The superior laying performance of RIR birds observed in the present investigation is in accordance with the findings of Jilani et al. (2007), who reported 107.16 eggs up to 40 weeks of age in Rhode Island Red birds. Das et al. (2013) also reported that RIR birds produced approximately 150 eggs annually under backyard conditions. Kumar et al. (2022) reported an average annual production of 220 eggs in RIR hens, highlighting their superior laying potential. The lower egg production observed in Kadaknath birds is consistent with the reports of Rajkumar et al. (2020), who recorded approximately 90 eggs annually in Kadaknath hens. Indigenous birds produced the fewest eggs, which agree with the findings of Islam et al. (2014), who observed lower egg production in local chickens compared with improved backyard poultry strains. The present findings indicate that RIR birds are more suitable for farmers primarily interested in egg production under backyard farming systems.
Table 2. Age at sexual maturity, egg production up to 40 weeks of age and mortality percentage in Kadaknath, RIR and Indigenous birds
	Parameters
	Kadaknath
	RIR
	Indigenous

	Sexual maturity age (days)
	196.48ᶜ ± 0.87
	155.87ᵉ ± 0.57
	212.82ᵇ ± 2.17

	Egg production up to 40 weeks
	41.02ᶜ ± 0.73
	79.47ᵃ ± 1.33

	33.47ᵈ ± 0.64

	Mortality 
(%)
	6.78ᵇ ± 0.82
	11.88ᵃ ± 0.91

	5.55ᵇᶜ ± 0.46



3.4 Mortality Percentage
The mortalty percentage of Kadaknath, Rhode Island Red (RIR) and Indigenous chickens are presented in Table 2. Mortality percentage was significantly higher in RIR birds (11.88%) than in Kadaknath (6.78%) and Indigenous birds (5.55%). The higher mortality observed in RIR birds may be attributed to their comparatively lower adaptability to local scavenging conditions. The findings are consistent with Meena et al. (2022), who reported mortality rates ranging from 18 to 20 per cent in RIR birds under field conditions. On the other hand, Kadaknath birds demonstrated better survivability, which agrees with Sharma et al. (2018), who highlighted their resistance to common poultry diseases. Similar observations were reported by Singh et al. (2021), who found mortality rates of 10–12 per cent in Kadaknath birds. The lowest mortality recorded in Indigenous birds may be due to their long-term adaptation to local climatic conditions and disease challenges. Comparable findings were reported by Das et al. (2013) and Islam et al. (2014), who observed lower mortality in indigenous chickens under backyard systems. Thus, survivability under village conditions appears to be superior in Indigenous and Kadaknath birds compared with RIR birds.
3.5 External Egg Quality Traits
3.5.1 Egg Weight
Egg weight (Table 3) differed significantly among the breeds. RIR birds produced the heaviest eggs (55.22 g), followed by Kadaknath (44.60 g) and Indigenous birds (39.19 g). The higher egg weight observed in RIR birds agrees with the findings of Khawaja et al. (2012), Kumar et al. (2014), Bhagora et al. (2022) and Kumar et al. (2022), who reported significantly heavier eggs in RIR birds than in indigenous breeds. The present value for Kadaknath birds is comparable with the reports of Jena et al. (2018), Valavan et al. (2016) and Pareek et al. (2024), who reported egg weights ranging from 40 to 43 g. Similar trends were also reported by Karunakaran et al. (2020), who observed higher egg weights in improved poultry breeds than in indigenous chickens. 
3.5.2 Egg Length, Width and Shape Index
RIR eggs recorded (Table 3) significantly higher egg length (56.29 mm) and width (43.64 mm), whereas Indigenous birds exhibited the highest shape index (80.12%). Kadaknath eggs recorded a shape index of 74.87%. These findings agree with Islam and Dutta (2010), who reported significantly higher egg dimensions in RIR birds compared with indigenous chickens. The shape index observed in Kadaknath birds is comparable with the values reported by Jena et al. (2018) and Pareek et al. (2024). The higher shape index in Indigenous birds observed in the present study also supports the findings of Karunakaran et al. (2020), who reported higher shape index values in indigenous chickens compared with improved breeds. 
3.5.3 Egg Shell Weight and Shell Thickness
RIR birds exhibited (Table 3) significantly higher shell weight (5.12 g) and shell thickness (0.35 mm) than Kadaknath and Indigenous birds. sThese findings corroborate the observations of Sharma et al. (2021) and Yadav et al. (2022), who reported superior shell quality traits in RIR eggs. The shell thickness recorded in Kadaknath eggs (0.32 mm) was similar to the values reported by Pathak et al. (2018) and Khan et al. (2024). Better shell quality in RIR eggs may reduce breakage losses and improve marketability under rural production systems. 
Table 3. Egg weight, egg size, shape index and egg shell quality of Kadaknath, RIR and Indigenous birds
	Parameters
	Kadaknath
	RIR
	Indigenous

	Egg weight (gm)
	44.60ᶜ ± 0.09
	55.22ᵃ ± 0.25
	39.19ᵈ ± 0.30

	Egg length (mm)
	52.08ᵇ ± 0.15
	56.29ᵃ ± 0.30
	48.17ᶜ ± 0.19

	Egg width (mm)
	39.00ᵇᶜ ± 0.18
	43.64ᵃ ± 0.21
	38.57ᶜ ± 0.17

	Shape index (%)
	74.87ᶜ ± 0.33
	77.57ᵇ ± 0.51
	80.12ᵃ ± 0.52

	Egg shell weight (gm)
	4.53ᵇ ± 0.06
	5.12ᵃ ± 0.05
	4.05ᵈ ± 0.06

	Egg shell thickness (mm)
	0.32ᶜᵈ ± 0.01
	0.35ᵃᵇ ± 0.01
	0.30ᵈ ± 0.00


3.6 Internal Egg Quality Traits
3.6.1 Albumin Weight
RIR eggs (Table 4) recorded significantly higher albumin weight (33.67 g), followed by Kadaknath (25.73 g) and Indigenous eggs (24.57 g). These results are in agreement with Islam and Dutta (2010), Khawaja et al. (2012), Rajkumar et al. (2021) and Zhang et al. (2024), who reported higher albumin weights in RIR eggs compared to indigenous breeds. The albumin weight observed in Kadaknath eggs was also comparable with the reports of Jena et al. (2018) and Khan et al. (2024). 
3.6.2 Yolk Weight and Yolk Colour
RIR eggs (Table 4) had significantly higher yolk weight (16.51 g), yolk percentage (31.37%) andyolk colour score (9.94) compared to Kadaknath and Indigenous eggs. The present findings agree with Singh et al. (2020), who reported higher yolk weights in RIR eggs than Kadaknath eggs. The superior yolk pigmentation observed in RIR birds may be attributed to dietary pigments and genetic factors. Similar observations regarding yolk colour variation among chicken breeds have been reported by Balamurugan et al. (2024) and Gandhimathi et al. (2025). 
3.6.3 Haugh Unit
Kadaknath eggs (Table 4) recorded the highest Haugh unit (77.42), followed by RIR (75.47) and Indigenous eggs (69.66). The Haugh unit values observed in Kadaknath eggs are consistent with the findings of Parmar et al. (2006), Jena et al. (2018), Jaishankar et al. (2020) andKumar et al. (2022). Higher Haugh unit values indicate superior albumen quality and freshness. The results suggest that although RIR birds produce larger eggs, Kadaknath birds possess superior internal egg quality characteristics under backyard production systems.
Table 4. Albumin weight, yolk weight, haugh unit and yolk colour svore of Kadaknath, RIR and Indigenous birds
	Parameters
	Kadaknath
	RIR
	Indigenous

	Albumin weight (g)
	25.73ᶜ ± 0.16
	33.67ᵃ ± 0.12
	24.57ᵈ ± 0.11

	Albumin percentage (%)
	60.99ᵃ ± 0.18
	58.69ᶜ ± 0.13
	59.54ᵇ ± 0.11

	Haugh unit (HU)
	77.42ᵃ ± 0.38
	75.47ᵇ ± 0.12
	69.66ᶜ ± 0.13

	Yolk weight (g)
	13.61ᶜ ± 0.10
	16.51ᵃ ± 0.11
	12.02ᵉ ± 0.10

	Yolk percentage (%)
	29.52ᵇ ± 0.19
	31.37ᵃ ± 0.22
	29.42ᵇ ± 0.13

	Yolk colour score
	7.87ᶜ ± 0.06
	9.94ᵃ ± 0.09
	7.16ᵈ ± 0.11



4. Conclusion
The study identified differences in production performance and egg quality among Kadaknath, Rhode Island Red, and Indigenous chickens reared under backyard conditions in Balrampur district. Rhode Island Red chickens recorded greater body weight at each evaluated age, reached sexual maturity earlier, and produced more eggs up to 40 weeks than the other groups. These production advantages were accompanied by a higher mortality percentage, indicating that productivity should be considered together with survivability under village management conditions. Kadaknath chickens showed intermediate production performance and recorded the highest Haugh unit, suggesting an advantage in albumen quality. Indigenous chickens had the lowest body weight and egg production but showed the lowest mortality, reflecting comparatively better survivability in the study environment. On the basis of the reported findings, Rhode Island Red chickens may be more suitable where increased growth and egg output are the primary objectives, while Kadaknath and Indigenous chickens may be considered where albumen quality or survivability is given greater importance. These interpretations remain specific to the evaluated location and production period.
Limitations 
The study was confined to backyard production systems in Balrampur district and included only three chicken groups: Kadaknath, Rhode Island Red, and Indigenous chickens. Production performance was assessed only up to 40 weeks of age; therefore, longer-term laying performance, survival, and lifetime productivity were not evaluated. The investigation did not include nutritional, biochemical, or economic analyses of the birds or eggs. These limitations restrict the broader interpretation of the findings. Accordingly, the results should be applied cautiously beyond the study area and should not be generalized to other geographical regions, chicken populations, or production systems without further investigation and validation.
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