


Effect of Super chilling and Freezing on shelf life and quality attributes of improved native chicken varieties and commercial broilers	Comment by Acer: Check if varieties can be used for chicken?

Abstract	Comment by Acer: Abstract is too long.
Make it short, only describe what you have done with justification in one line, and very specific conclusion.
            The present study was conducted to compare the meat quality of chicken varieties viz., Vanaraja, Indbro, and Commercial broilers at different storage conditions viz., super chilling (0 to -20C), and freezing (-20±10C). Though majority of the chicken production is contributed by commercial broilers, there is great demand for country chicken meat due to its unique strong flavour, firm and hard texture and lower fat content and fetches almost thrice the price of broiler meat. During the last few years, new varieties of slow-growing broilers are being introduced to meet the demand and the market share is steadily increasing. Therefore, it is necessary to understand the meat quality of new varieties of slow-growing broiler. 
In this study, total of 180 birds, comprising 60 birds each from Vanaraja (8 weeks old), Indbro (7 weeks old), and Commercial broilers (38 days old) were selected for evaluation. Meat samples stored at super chilled (30 days), and frozen (60 days) condition were evaluated for various meat quality traits during storage period. The results of meat quality parameters revealed significantly (P<0.05) higher pH and water holding capacity (%) values in Commercial broilers compared to other groups. The pH and water holding capacity (%) values showed a decreasing trend for all the groups of birds as the storage period advanced. Sensory evaluation scores revealed higher appearance, flavour, juiciness, texture, and overall acceptability scores for cooked breast meat samples of Vanaraja and Indbro than Commercial broilers. Sensory evaluation scores showed a decreasing trend as the storage period advanced for all the three groups of birds. TBARS and shear force values were significantly (P<0.05) higher for Vanaraja followed by Indbro and then Commercial broilers. A trend of increase in TBARS and decrease in shear force values (SFV) was observed for all the three groups of birds as the storage period advanced. Microbial analysis indicated lower total plate count (TPC), yeast and mould and Psychrotrophic counts for Commercial broilers. Microbial counts were higher in super chilled meat samples stored for 12 days. Results of microbial analysis forstorage period showed an increasing trend with respective storage condition for all three groups of birds. Drip loss results for frozen meat sample showed no significant (P<0.05) difference among the groups on day 30 and on day 60 of freezing, and gradual increase in drip loss values for all groups as storage period advanced. The results of study indicated that the slow growing chicken varieties have better meat quality attributes and have potential to form a significant source of chicken with better sensory attributes. Also, the study indicated super chilling could be a good way to preserve freshness of chicken meat with improved quality characteristics.
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Introduction 
Meat is an excellent source of good quality protein which provides all the essential amino acids and various micro nutrients in proper proportion to the human beings. It remains to be an economically important, nutritionally valuable and organoleptically delicious palate to the consumer. The growth in the broiler segment is expected to remain strong due to consumer preference for chicken, increasing income levels and changing food habits. 
Though majority of the poultry production is carried out on commercial scale, still about 40 per cent of the birds in the country are under the backyard system. Aseel, Kadaknath, Chittagong, Busra are some of the important country chicken. There is great demand for country chicken meat due to its unique strong flavour, firm and hard texture and lower fat content and fetches almost thrice the price of broiler meat (Rajkumar et al., 2016; Zhao et al., 2007; Chen et al., 2008). The cost of production of country chicken is higher when compared to broilers because they take time to grow and they will gain body weight of about 0.5 to 0.75 kg in six week time, as against 1.75 to 2 kg by the broilers. With increasing awareness among consumers about the importance of safe and hygienic meat production, the perceptible change in the retailing landscape from wet markets to professionally managed centrally processing plants and entry of e-commerce online retailers, led to the retailing of chicken in chilled and frozen condition. Though several works have been carried out on the chilled, super chilled and frozen broiler chicken quality, the information on impact of super chilling and freezing on the quality attributes of slow growing broilers are scanty. Moreover, the incidence of bone darkening in slow grown broilers needs to be evaluated. This demands a thorough investigation on the impact of preservation methods viz., super chilling and frozen on the quality attributes and shelf life of slow grown broilers. 	Comment by Acer: gap
MATERIALS AND METHODS:
A. PROCUREMENT AND SLAUGHTER, DRESSING OF BIRDS
		  Different varieties of chicken i.e., Vanaraja (8weeks old), Indbro (7weeks old) and Commercial broilers (38days old) were procured from Directorate of Poultry Research, Indbro Research and Breeding Farms Pvt Ltd., and local markets of Hyderabad, respectively. In total, 180 birds were utilized for the research work comprising 60 birds in each variety group. All the birds were transported from the procured places to ICAR- National Research Centre on Meat and the birds were slaughtered and dressed at the primary poultry processing plant of the meat, dressed carcasses were weighed. 	Comment by Acer: check ? type or meat from different birds may be used.
Check from references?
STORAGE OF MEAT SAMPLE 
		Meat samples (breasts and thighs) from individual bird were collected and packed in trays and sealed. The packed samples were preserved at different storage conditions viz., chilled (4±10C), super chilled (0 to -20C) and frozen (-200C) as shown in figure 1 and 2 for analysis of different parameters at regular intervals.  Analysis of super chilled samples was carried out on 6th, 12th, 18th, 24th and 30th day and frozen sample on 30th and 60th   day of storage.
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Fig .1 Superchilling (0 to -20C)	                    Fig .2. Freezing (-200C)	Comment by Acer: gap
PHYSICO-CHEMICAL PARAMETERS 
pH	Comment by Acer: correct it in all places
The pH for the meat sample estimated by following the method given by Trout et al. (1992). The pH recorded by digital pH meter by immersing the glass electrode into the homogenate of sample. The pH of the sample was measured with the pH meter, pH 4, 7 and 14 as per user manual instructions.
Thiobarbituric Acid Reactive Substances (TBARS)
Lipid oxidation in terms of thiobarbituric acid reactive substances (TBARS) value of chicken meat sample was estimated as per the procedure outlined by Strange et al. (1977) with slight modification. Four gram of meat sample was blended for 3 min with 20 ml of 20% trichloroacetic acid. The blended sample was kept for centrifugation at 5000 rpm for 15 minutes. The supernatant content was filtered through Whatman No.1 filter paper (18.5 cm diameter) and the filtrate was collected. The filtrate termed TCA extract was used in the estimation of thiobarbituric acid number (TBA).The test solution was prepared by mixing 3 ml of 0.1% thiobarbituric acid to the 3 ml of TCA filtrate. After mixing the contents, tubes were kept in a boiling water bath (1000C) for 30 min along with blank. Blank was prepared by mixing 5 ml of 20% trichloroacetic acid with an equal amount of 0.1% thiobarbituric acid reagent and was run simultaneously to check the experimental error. After cooling the tubes, optical density (O.D) was measured in a UV- VIS spectrophotometer (SHIMADZU, UV-1700, Japan) at 532 nm. TBARS was calculated as mg malonaldehyde per kg of sample.
Water Holding Capacity (WHC)
 	The WHC of meat estimated by the process given by Wardlaw et al. (1973). Thoroughly minced meat sample weighing about 10g was stirred with 0.6M sodium chloride (NaCl) about 15ml in a so called centrifuge tube. The tubes were then kept for 15 minutes at a temperature of 4±10C, the meat sample stirred again and centrifuged for 25 minutes at a speed of 5000 rpm. The supernatant obtained after centrifugation was measured and the difference between volumes i.e. initial (15ml NaCl) and the supernatant left over, used for calculation of WHC and is expressed in percentage of meat sample (i.e.10g) weight to calculate WHC.	Comment by Acer: very old method.
Give recent reference
Shear force value (SFV)
           For estimating the warner Bratzler shear force value the meat sample packed in low density polyethylene bags and sealed properly to avoid entry of water then the packed sample cooked in water bath for 10 to 20 minutes at 800C. After cooking, the cooked meat samples were made into cores and the cores from each sample were sheared across the length of the meat sample. These sample cores so prepared were placed under the V- notched shear blade of the Texture analyser. Cores were sheared perpendicular to the fiber orientation to measure the shear force. The peak shear force was recorded in newton’s (N) and the average value from the three cores was recorded.	Comment by Acer: For degree Celsius use symbol ℃. Throughout the whole text
Microbial Analysis
The microbial quality of products was evaluated by estimating the Total plate count (TPC), Psychrotrophic Bacterial Count (PBC), and Yeast and Mould counts (YMC) following the spread plating technique as per the procedure of ICMSF (1980). 
Preparation of Serial Dilutions: For microbiological analysis, 5g of representative meat sample was homogenized with 45ml of 0.1 % sterile peptone water in a laboratory blender, and tenfold serial dilutions were made from each sample by using 0.1% peptone water as diluent. 
Total Plate Count: About 15 – 20 ml of sterilized plate count agar (Himedia, Mumbai) at 44-46°C was poured into petri plates gently and then rotated well for even distribution of the agar without air bubbles and plates were allowed for some time to solidification of agar. The plates were then incubated in inverted positions at 37°C for 24 hrs for checking the sterility of the poured plates. Before inoculation of the sample, the agar plates are again incubated in inverted positions at 37°C for 24 hrs for sterility check. These sterile petri plates were inoculated aseptically with 0.1ml sample from appropriate dilution in duplicates by the spread plate method using the sterilized L spreader. The plates were then incubated in inverted positions at 37°C for 24 hrs. Plates having 40 - 300 colonies were selected and the colonies were counted. The results were expressed as log units per gram of the sample.
Yeast and mould count: The yeast and mould count were determined by spread plate method using Potato dextrose agar (Himedia, Mumbai). Sterile agar plates were inoculated with diluted sample (0.1ml) using sterilized L spreader was incubated at 23-250C for 5 days. Colonies were counted and expressed as log units per gram of the sample.
Psychrotrophic Count: Psychrotrophic counts were obtained by incubating the plates through spread plate method using plate count agar. Plates inoculated with the diluted sample (0.1ml), using sterilized L spreader were incubated for 7-10 days at 7±1ºC. The colonies were counted and results were expressed as log units per gram of the sample.
Sensory Evaluation 
The sensory evaluation includes such as appearance, overall acceptability flavor, texture and juiciness of the meat samples evaluated using a descriptive scale (8 point) (Keeton, 1983). In the 8 point scale, highest quality of components characteristic given as 8 whereas scores were considered acceptable from 5 to 8 and scores from 1 to 5 were considered unacceptable. Minimum of 6 trained and experienced members of the institute were there in the panel, who were well familiar with all the characteristics of the meat. The meat samples were cooked in water bath for 20 minutes at 800C by adding salt (0.5% by weight of sample). After cooking, the cooked samples were cut into small equal sized pieces (square shape). At room temperature these coded samples are served in plates in separate sensory evaluation cabins, in between to avoid mixing of sensory attributes of different meat samples water served for cleansing the mouth. 
Drip Loss
        Drip loss of meat samples were determined as per the AOAC (1995) method from the known weights of before thawing and after thawing and expressed as percentage.
 			         Initial weight of sample – final weight 
       % Drip loss = 	x 100
                                                    Initial weight 
STATISTICAL ANALYSIS
The data obtained in this study for carcass characteristics and different meat quality traits were compiled and analyzed by SPSS. The entire data was subjected to analysis of variance, (one-way ANOVA) for both varieties. The least significant difference (LSD) and Duncan’s multiple range tests are so applied to compare the means to find difference between both the groups. The smallest difference of about (5%) for two means was reported as different significantly.
RESULTS AND DISCUSSION
pH
		There was no significant (P>0.05) difference in mean ± SE values for pH between meat of Vanaraja and Indbro birds on 6, and 18 days of super chilling and 30, and 60 days of freezing storage conditions. However, the pH values for meat of Vanaraja (5.84± 0.01) and Indbro (5.80± 0.01) birds differed significantly (P>0.05) on 12 days of super chilling. Further, the pH values of Commercial broilers meat were significantly (P<0.05) different from other groups during entire storage period. Irrespective of storage conditions, the pH values of meat of different group of birds decreased gradually with storage time. In the present study, the pH values decreased with the increased duration of frozen storage. This is in agreement with the findings of Leygonie et al. (2012), who reported that if the storage conditions were proper for freezing, the pH of broiler chicken breast meat decreased with increasing storage duration, which is attributable to the loss of water with its associated soluble substances, the progressing process of glycogenolysis, and the accumulation of acidic products. The results of present study are in line with the Khan et al. (2019); Xiong et al. (1993); Fernandez et al. (2002), who found significant differences in the ultimate pH among different genotypes of chicken. Similarly, Debut et al. (2003) reported that the rate of pH decline of slow growing chicken is faster than in fast growing chicken. 
*The meat samples (breast and thighs) of all the group of birds preserved under the super chilling condition spoiled on 24 days of storage.
Table 1. PH,TBARS, WHC & Shear force values of Vanaraja, Indbro, and Commercial broiler chicken preserved at super chilled, and frozen storage conditions (Mean ± SE).
	Parameter
	Storage conditions
	 Bird Variety

	
	
	Vanaraja
	Indbro
	Commercial Broilers

	PH
	Super chilling
	6
	5.93±0.02  aD
	5.93±0.03 aD
	6.05±0.02 bD

	
	
	12
	5.84±0.01bC
	5.80±0.00 aBC
	5.89±0.01 cC

	
	
	18
	5.82±0.00 aBC
	5.83±0.01 aC
	5.87±0.01 bBC

	
	Freezing
	30
	5.77±0.00 aAB
	5.76±0.01 aB
	5.83±0.00 bB

	
	
	60
	5.73±0.01aA
	5.71±0.00 aA
	5.78±0.01 bA

	TBARS
	Super chilling
	6
	0.07±0.002 bA
	0.06±0.001 aA
	0.06±0.001 aA

	
	
	12
	0.09±0.001 bB
	0.08±0.001 aB
	0.08±0.001 aB

	
	
	18
	0.12±0.005 bC
	0.10±0.004 aC
	0.09±0.001 aC

	
	Freezing
	30
	0.15±0.001 bD
	0.15±0.001 aD
	0.14±0.000 aD

	
	
	60
	0.18±0.001 bE
	0.17±0.001 abE
	0.17±0.001 aE

	WHC
	Super chilling
	6
	25.66±0.24 aE
	30.41±0.20 bE
	35.91±0.45 cE

	
	
	12
	23.41±0.20 aD
	26.91±0.27 bD
	32.91±0.30 cD

	
	
	18
	20.50±0.18 aC
	25.75±0.21 bC
	30.50±0.18 cC

	
	Freezing
	30
	19.00±0.28 aB
	24.66±0.24 bB
	27.83±0.24 cB

	
	
	60
	15.66±0.16 aA
	22.50±0.48 bA
	24.33±0.33 cA

	Shear force
	Super chilling
	6
	10.77±0.21 cD
	9.77±0.13 bCD
	6.58±0.06 aE

	
	
	12
	10.13±0.04 cC
	9.34±0.16 bC
	6.05±0.04 aD

	
	
	18
	9.90±0.040 cC
	8.87±0.11 bB
	5.78±0.07 aC

	
	Freezing
	30
	9.31±0.04 cB
	8.47±0.07 bAB
	5.28±0.07 aB

	
	
	60
	8.82±0.04 cA
	8.30±0.05 bA
	4.85±0.04 aA


*Means bearing different superscript within rows (lowercase alphabets - a, b, c) and within columns (Uppercase alphabets - A, B, C, D, E) are significantly (P≤0.05) different.
TBARS
There was a significant (P<0.05) increase in mean ± SE values of TBARS for meat of all group of birds with storage time, except for Vanaraja, Indbro on 6th day of super chilling did not differ significantly (P>0.05). This finding is correlated with results of Yang Lan et al. (2016) who reported that the TBARS values of rabbit hind legs steadily increased from 0.05 mg/kg (initial) to 0.6mg/kg, 1.037mg/kg, and 0.773mg/kg when stored at 40C and super chilled storage at -2.50C, -40C respectively over the entire storage period. Among the birds group, Vanaraja had significantly (P<0.05) higher TBARS values during entire storage period of super chilling, and freezing. Further, there was no significant (P>0.05) difference for values between Indbro and Commercial broiler on same days. In the current study, the TBARS values of meat of all the groups of birds increased significantly (P<0.05) during 30 and 60 days of frozen storage. This is in congruence with the studies of Leygonie et al. (2012a), who argued that frozen storage is not sufficient to prevent oxidation. Hansen et al. (2004) and Xia et al.  (2009) stated that freezing and thawing of muscle tissues accelerate lipid oxidation. Vieira et al. (2009) also found that the TBARS values of rustic crossbred beef increased from 30 days of frozen storage, and more pronounced from 90 days. Benjakul and Bauer (2001) reported that ice crystals injure cells and cause the subsequent release of pro-oxidants for lipid oxidation, particularly non-heme iron. Daming Ding et al. (2020) reported that substantial increase in TBARS values of pork stored under three different degrees of super chilling (-10C, -20C, -30C) which is similar with the current study.
WHC
There was a significant (P<0.05) decrease in mean ± SE values of WHC for meat of all group of birds with storage time. Further, there was a significant (P<0.05) difference in the WHC values among Vanaraja, Indbro, and Commercial broilers meat during entire storage period. Among the birds group, Commercial broilers had significantly (P<0.05) higher WHC values during entire storage period of super chilling and freezing. Studies of Fanatico et al. (2007) revealed that slow growing birds had higher drip loss (low WHC) when compared to fast growing birds, which is similar with the findings of present study where Commercial broilers showed higher WHC compared with other groups. The low WHC in slow growing birds might be due to their thinner and smaller fillet dimension, as a result, more surface area in relation to muscle mass exposed to air, which resulted in more water loss indicating low WHC. Santos et al. (2005b) also found that breast meat of slow growing genotype had low WHC compared to fast growing genotypes. Castellini et al. (2002b) stated that the poor WHC in slow growing birds attributed to their tissue being less tender metabolically at time of slaughtering than fast growing birds. However, Berri et al. (2005) found that when the slow and fast growing birds were slaughtered under conditions which minimized struggle, the slow growing birds had better WHC than fast growing birds. Farouk et al. (2004) reported that the WHC tended to decrease gradually with the storage time up to 9 months in the form of thaw and cooking losses, indicating an increase in protein denaturation and loss of ability to hold the water.
Shear force Value 
The mean ± SE values of SFV for all group of birds decreased gradually with storage time. There was a significant (P<0.05) difference in mean ± SE values for shear force among Vanaraja, Indbro, and Commercial broilers meat during entire storage period. Among the birds group, Vanaraja had significantly (P<0.05) higher shear force values during entire storage period of super chilling and freezing. Daming Ding et al. (2020) studied the SFV of pork samples stored at different degrees of super chilling and observed that samples stored at -10C where no ice crystal formation showed higher SFV values when compared to those samples where there is a formation of ice crystals. The formation of ice crystals disrupts the physical structure of pork tissue, breaking myofibrils apart thereby resulting in tenderization (Vieira et al., 2009). The loss in membrane strength due to ice crystal formation reduces the force needed to shear the meat (Liu et al., 2010). Similar to present study, Rajkumar et al. (2016) observed higher SFV in larger Aseel followed by smaller Aseel than Commercial broilers. High SFV consistent with the high collagen content which, is associated with the age of birds. 
There are no line spacing	Comment by Acer: Provide space

[bookmark: _GoBack]Microbial Analysis
Total plate count (TPC)
The mean ± SE values of TPC for all group of birds increased gradually with respective storage condition. The values for Commercial broilers on 6, and 12 day of super chilling were significantly (p<0.05) lower when compared with other groups. Whereas meat of Vanaraja showed higher TPC values during entire storage period when compared with other groups. There was no significant (p<0.05) difference in values between Vanaraja and Indbro birds on day 30, and 60 days of freezing storage. In super chilled and frozen fillet, the growth of bacteria is prevented by reducing the availability of water by the ice crystals formation. However, the release of drip, which has provided excellent medium for microbial growth (Nirmal and Benjakul, 2010) might be the reason for increase in TPC counts in super chilled breast fillet. Increase in TPC counts with increased storage time might be due to the reactivation of microbial activity upon thawing along with cellular damage resulting from frozen storage (Farouk et al., 2004; Leygonie et al., 2012).

Table 2. Total Plate count (TPC), Psychrotropic counts, & Yeast & Mould counts (YMC) values of Vanaraja, Indbro, and Commercial broiler chicken preserved at super chilled and frozen storage conditions (Mean ± SE).
	Parameter
	Storage conditions
	 Bird Variety

	
	
	Vanaraja
	Indbro
	Commercial Broilers

	Microbial analysis
	TPC
	Super chilling
	6
	3.16±0.007 bA
	3.14±0.003 bA
	3.13±0.004 aA

	
	
	
	12
	3.18±0.005bB
	3.17±0.002 bB
	3.16±0.002 aB

	
	
	
	18
	3.22±0.005 bC
	3.21±0.004 aC
	3.20±0.005 aC

	
	
	Freezing
	30
	3.23±0.003 bC
	3.22±0.002 bC
	3.21±0.002 aC

	
	
	
	60
	3.26±0.001bD
	3.26±0.002 bD
	3.25±0.004 aD

	
	Psychrotropic counts
	Super chilling
	6
	2.92±0.012bA
	2.90±0.007 abA
	2.87±0.008 aA

	
	
	
	12
	2.95±0.015aB
	2.94±0.011 aB
	2.93±0.011aB

	
	
	
	18
	3.02±0.009 bC
	3.01±0.005 abC
	2.99±0.006 aC

	
	
	Freezing
	30
	3.02±0.004 cC
	3.01±0.003 bC
	2.99±0.002 aC

	
	
	
	60
	3.04±0.007 bC
	3.03±0.006 bD
	3.01±0.008 aC

	
	YMC
	Super chilling
	6
	2.88±0.010 bA
	2.87±0.006 bA
	2.84±0.006 aA

	
	
	
	12
	2.93±0.007bBC
	2.92±0.005 abB
	2.90±0.008 aA

	
	
	
	18
	2.95±0.013aCD
	2.95±0.008 aCD
	2.92±0.006 aB

	
	
	Freezing
	30
	2.95±0.007bCD
	2.93±0.006 bBC
	2.91±0.008 aB

	
	
	
	60
	2.97±0.015 aD
	2.96±0.009 aD
	2.95±0.007  aC


*Means bearing different superscript within rows (lowercase alphabets - a, b, c) and within columns (Uppercase alphabets - A, B, C, D, E) are significantly (P≤0.05) different.
Psychrotropic bacterial count (PBC)
               The mean ± SE values of PBC for all group of birds increased gradually with respective storage condition, this increase in counts might be due to increased enzymatic activity of psychrotrophs at low temperature (Kandeepan and Biswas, 2007). There was no significant (P<0.05) difference in mean ± SE values for PBC among the all groups of birds. The values for Vanaraja and Commercial broilers on 6, 18 days of super chilling were significantly (P<0.05) different. However, there was no significant (P>0.05) difference in mean PBC values on 12 days of super chilling among the 3 groups of birds. Further the mean PBC values on 30 days of freezing were significantly (P<0.05) different among the groups, whereas there was no significant (P>0.05) difference in mean PBC values between Indbro and Vanaraja birds on 60 days of freezing storage. Vieira et al. (2009) observed that the psychrotrophic bacterial counts were significantly (P<0.01) higher in rustic crossbred Beef samples which are aged for a longer period before freezing. They also noticed that the psychrotrophic counts increased gradually throughout the frozen storage period from an initial log10 value of approximately 1.7 in fresh meat (0 day) to 3.1 in meat stored under frozen conditions for 90 days
Yeast and mould count (YMC):
The mean YMC values for meat of Vanaraja and Commercial broilers on 12 days of super chilling, were significantly (P<0.05) different. The values for meat of Vanaraja and Indbro on 6 days of super chilling did not differ significantly (P>0.05), whereas YMC values for Commercial broilers were significantly (P<0.05) lower when compared with other 2 groups. There was no significant (P>0.05) difference in mean YMC values on 18 days of super chilling among the all groups of birds. The mean YMC values for meat of Vanaraja and Indbro on 30 days of freezing were significantly (P<0.05) different. However, there was no significant (P>0.05) differences among all groups of birds on 60 days of freezing storage. Patsias et al. (2008) reported that the Y & M counts increased from 2.9-3.0 to 6.3 log CFU/g in chilled air packed chicken fillets stored for 15 days.
Sensory Evaluation
Appearance
The mean appearance scores not differed significantly (P>0.05) among the birds group during entire storage period of super chilling, except the Commercial broilers showed lower scores for appearance on 6th day. The scores on 30 days of freezing did not differ significantly (P<0.05) among the groups. These findings are in agreement with Ullengala et al. (2020), who also observed no significant differences for appearance scores among Aseel crosses. Results also correlated with findings of Rajkumar et al. (2016), who observed no significant differences for appearance scores between Aseel and Broilers and also no significant differences observed between different weights groups. The scores for Vanaraja and Commercial broilers on 60 days of freezing differed significantly (P<0.05). 
*Comparatively Commercial broilers showed lower scores for all the sensory evaluation parameters during entire storage period.
Flavour: The mean flavour scores for meat of Vanaraja and Indbro not differed significantly (P<0.05) during entire storage period of superchilling, whereas Commercial broilers showed significantly (P<0.05) lower scores compared with other 2 groups. Flavour is a sensation of the mouth provoked by fats and other precursors such as sugars and amino acids in meat, which impacts upon consumer taste (Khan et al., 2015).The scores for meat on 30 and 60 days of freezing did not differ significantly (P>0.05) among the all the groups except the meat of Indbro showed significantly (P<0.05) lower scores on 60th day. 
Juiciness: The mean juiciness scores for meat of Vanaraja and Indbro on 12 and 18 days of super chilling not differed significantly (P>0.05), whereas Commercial broilers showed significantly(P<0.05) lower scores compared with other 2 groups. The scores for meat of Vanaraja and Commercial broilers on 6 days of super chilling differed significantly (P<0.05), whereas the Indbro showed no significant (P>0.05) difference with 2 groups. The mean juiciness scores for meat of Vanaraja and Indbro on 30, and 60 days of freezing did not differ significantly (P>0.05), whereas Commercial broilers showed significantly (P<0.05) lower scores when compared with other 2 groups. Bueno et al. 2013) reported that the process of frozen storage, alterations in water activity (aw) and consequent losses of furaneol due to freezing will potentially reduce the juiciness (Bueno et al., 2013).
Texture:  The mean texture scores on 6, and 12 days of super chilling not differed significantly (P>0.05) among the groups. The scores for meat of Indbro and Commercial broilers on 18 days of super chilling and 30 days of freezing not differed significantly (P>0.05), whereas Vanaraja showed significantly (P<0.05) higher scores when compared with other 2 groups. These results were in agreement with the studies of Rajkumar et al. (2016), who observed that Aseel meat showed significantly (P≤ 0.05) higher scores for texture compared to Commercial broilers. The palatability of the meat is associated to the texture and according to Baracho et al. (2006), the texture can be affected by ante mortem factors like species, genetic factors, age, nutritional status and stress. The scores on 60 days of freezing did not differ significantly (P>0.05) among the groups. 

Table 3. Sensory evaluation scores of Vanaraja, Indbro and Commercial broiler chicken preserved at super chilled, and frozen storage Conditions (Mean ± SE).
	Parameter
	Storage conditions
	 Bird Variety

	
	
	Vanaraja
	Indbro
	Commercial Broilers

	Sensory Evaluation
	Appearance
	Super chilling
	6
	6.72±0.00 bAB
	6.72±0.00bABC
	6.68±0.00aABC

	
	
	
	12
	6.60±0.02 aA
	6.60±0.02 aAB
	6.60±0.03aAB

	
	
	
	18
	6.56±0.02 aA
	6.55±0.02 aA
	6.48±0.03 aA

	
	
	Freezing
	30
	6.85±0.17 aBC
	6.85±0.17 aCD
	6.58±0.20aAB

	
	
	
	60
	6.81±0.02bBC
	6.80±0.02abCD
	6.53±0.02aBC

	
	Flavour
	Super chilling
	6
	6.89±0.02bCDE
	6.88±0.00 bC
	6.81±0.02 aBC

	
	
	
	12
	6.70±0.01 bB
	6.68±0.00 bB
	6.58±0.01 aB

	
	
	
	18
	6.51±0.03 bA
	6.49±0.02 bA
	6.29±0.04 aA

	
	
	Freezing
	30
	7.01±0.03 aE
	7.00±0.02 aD
	6.66±0.21 aBC

	
	
	
	60
	6.81±0.07bBCD
	6.80±0.06 bC
	6.56±0.06 aB

	
	Juiciness
	Super chilling
	6
	6.76±0.02 bB
	6.73±0.01abAB
	6.69±0.02aBCD

	
	
	
	12
	6.63±0.01 bAB
	6.63±0.01 bA
	6.54±0.04 aBC

	
	
	
	18
	6.54±0.02 bA
	6.54±0.01 bA
	6.06±0.08 aA

	
	
	Freezing
	30
	7.26±0.15 bD
	7.20±0.16 bD
	6.73±0.16 aCD

	
	
	
	60
	6.84±0.08 bBC
	6.84±0.08 bBC
	6.61±0.04 aBC

	
	Texture
	Super chilling
	6
	6.68±0.01 aC
	6.55±0.11 aB
	6.52±0.10 aB

	
	
	
	12
	6.53±0.02 aB
	6.54±0.01 aB
	6.54±0.01 aB

	
	
	
	18
	6.17±0.02 bA
	5.91±0.08 aA
	5.91±0.08 aA

	
	
	Freezing
	30
	6.91±0.03 bD
	6.81±0.01aC
	6.79±0.00 aC

	
	
	
	60
	6.69±0.04 aC
	6.68±0.01 aBC
	6.66±0.02 aBC

	
	Overall acceptibility
	Super chilling
	6
	6.83±0.04 bC
	6.79±0.02 abB
	6.71±0.01 aD

	
	
	
	12
	6.63±0.01 bB
	6.61±0.02 bA
	6.50±0.03 aC

	
	
	
	18
	6.08±0.08 bA
	6.00±0.02 abB
	5.90±0.03 aA

	
	
	Freezing
	30
	6.91±0.04 bC
	6.88±0.04 bC
	6.75±0.02 aD

	
	
	
	60
	6.64±0.03 bB
	6.60±0.03 bA
	6.33±0.10 aB


*Means bearing different superscript within rows (lowercase alphabets - a, b, c) and within columns (Uppercase alphabets - A, B, C, D, E) are significantly (P≤0.05) different.
Overall acceptability: The mean overall acceptability scores for meat of Vanaraja and Indbro on 12 days of super chilling, 30 and 60 days of freezing not differed significantly (P>0.05), but differed significantly (P<0.05) on 6 and 18 days of super chilling, whereas the Commercial broilers showed no significant (P>0.05) difference with 2 groups during 6 and 18 days of super chilling. Devatkal et al. (2019) reported that Indbro breast meat scores were higher when compared to Commercial broiler breast meat. Present results are in agreement with Rajkumar et al. (2016), who also observed lower overall acceptability scores in Commercial broilers meat than Aseel meat.
Drip Loss (frozen sample)         
The mean ± SE values of drip loss for meat of Vanaraja, Indbro, and Commercial broilers on 30 days of freezing was 3.40±0.01, 3.38±0.00 and 3.36±0.01 and on 60 days of freezing was 3.41±0.01, 3.39±0.02 and 3.38±0.00, respectively, and the values not differed significantly (p>0.05) among all the groups of birds. More drip loss in frozen sample could be due to the mechanical damage to cell membranes caused by destruction of muscular tissue due to freezing resulting in low WHC (Anese et al., 2012; Srinivasan et al., 1997). Vieira et al. (2009) observed slight increase in drip loss of rustic crossbred beef meat during frozen storage for 90 days (i.e., 3.45% during 30 days of storage, 3.47% during 75 days, and 3.73% during 90 days of frozen storage). Slight lower drip loss observed in present study. Augustynska et al. (2018) also observed increase in drip loss of frozen chicken breast meat with increased storage time.
Table 4. Drip loss of Vanaraja, Indbro, and Commercial broiler chicken at frozen storage conditions (Mean ± SE)
	Parameter
	Storage period
(days)
	Birds variety
	overall mean

	
	
	Vanaraja
(V)
	Indbro
(I)
	Commercial broilers (C.B)
	

	Drip loss
	30
	3.40±0.01 a
	3.38±0.00  a
	3.36±0.01 a
	3.38±0.01

	
	60
	3.41±0.01 a
	3.39±0.02 a
	3.38±0.00 a
	3.39±0.01
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