Dietary Influence of Roselle (Hibiscus sabdariffa L.) Calyx Extract on Oxidative Stability and Microbiological Quality of Cooked Chicken
ABSTRACT This study investigated the dietary impact of roselle calyx extract (RCE) offered to broiler chickens on oxidative and microbial condition in their cooked meat during cold storage. Four concentrations of RCE excluding plain (T1) were prepared by hot water extraction at 100°C for 10 minutes using 5 (T2), 10 (T3), 15 (T4) and 20g roselle calyx/L (T5) which were assayed for total phenol and Ascorbic Acid-AA (mg/100mL) and were offered as drinking water to 28-day-old broiler chickens (n=210, r=6) until day 49; on which two birds per replicate were sacrificed and breast meat excised. The cooked breast meat samples were assayed for Lipid oxidation-LO (mg MDA/kg) and microbial load [Total Bacterial count-TBC and Mould count-MC (log10 Cfu/g)] on days 0, 15, 30, 45 and 60 of storage (-4oC). Total phenol of 11.8±0.16 (T5) and 11.00±0.12 (T4) were similar and significantly (p<0.05) higher than 9.65±0.17 (T3) and 8.8±0.10 (T2). The AA ranged from 56.99±0.02 (T2) to 65.51±0.01 (T5). At day 60, LO of 0.45±0.05 (T5) was significantly lower than 0.65±0.02 (T4), 0.68±0.03 (T3), 0.86±0.04 (T2) and 1.31±0.31 (T1); with percentage reduction of 65.65% in T5 for lipid oxidation relative to the control T1. The TBC of 0.23±0.07 (T5) on day 60 was significantly lower than 0.48±0.06 (T1), 0.37±0.09 (T2), 0.36±0.00 (T3) and 0.31±0.03 (T4); with percentage reduction of 52.08% in T5 for TBC relative to the control T1. The MC of 0.14±0.02 (T5) on day 60 was significantly lower than 0.30±0.01 (T1), 0.23±0.02 (T2), 0.20±0.02 (T3) and 0.19±0.02 (T4); with percentage reduction of 56.67% in T5 for MC relative to the control T1. The LO, TBC and MC on day 60, in the cooked meat obtained from broiler chickens offered RCE (treatments: T2-T5) were significantly (p<0.05) lower than the control T1; indicating improved oxidative stability and antimicrobial potential of RCE. It was evident that offering aqueous roselle calyx extract to broiler chickens conferred oxidative stability and antimicrobial potential to the chicken meat in reducing lipid oxidation and microbial load during storage. Thus, cooked meat from broiler chickens offered with 5 to 20g roselle calyx/L extract had better oxidative stability and reduced microbial load during storage. 
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Introduction

Chicken meat is an invaluable source of essential nutrients like protein, vitamins and minerals in human nutrition. However, it is prone to quality reduction during storage. A major cause of quality reduction is lipid oxidation which give rise to pale and unattractive meat colour (Santos et al., 2022), off-flavour development (Zhang et al., 2016), negative changes in meat textures and loss of nutrients (Vieira et al., 2009) as well as the accumulation of malondialdehyde, a harmful product of lipid oxidation (Kumar et al., 2015).

Extracts from botanicals have been explored in livestock nutrition as a growth promoter, antimicrobial and antioxidant. Therefore, the attention of livestock farmers has been drawn to Hibiscus sabdariffa with a common name as Roselle because of its health attributes. It has been established that roselle calyx contains ascorbic acid (vitamin C) which plays an essential role on the gut flora by improving nutrient absorption (Islam et al. 2016; Awodola-Peters et al., 2023). The most used of roselle plant part is its calyces which is commonly used to make a sorrel drink (locally called zobo), jellies, jams and beverage. The sorrel drink made from calyces of roselle is very high in vitamin C, anthocyanin and flavonoids (Islam et al., 2016). 
Microorganisms in broiler chicken are often from the skin and digestive tract due to rupture as well as unsanitary processing conditions like unhygeinic preservation and use of contaminated water (Javadi and Safarmashei, 2011). It has been reported that a high number of microorganisms are found in the intestinal tract of poultry and as such, poultry evisceration poses microbiological hazards if uncontrolled (Ruban and Fairoze, 2011). Frozen storage though serves as a good method of meat preservation, it does not completely inhibit oxidative changes (Leygonie et al., 2012; Banerjee et al., 2016) and this also adversely affects countries like Nigeria due to their erratic electric power supply.
There have been various interventions to replace the use of synthetic antioxidants, antibiotics and growth promoters with natural extracts from botanical sources which have the attributes as growth promoters, antioxidants and antimicrobial.  Awodola-Peters et al. (2015 and 2023) and Usman et al. (2016) showed an improvement in nutrient digestibility of broiler diet using roselle (Hibiscus sabdariffa L.) calyces in the drinking water of broiler chicken resulting into improved live weight and carcass yield.

Examples of synthetic (non-natural) antioxidants use in meat/and meat product preservation for prolonged shelf-life are butylated hydroxyl anisole (BHA), butylated hydroxyl toluene (BHT) and tertia butyl hydroxyl quinine (TBHQ), but they are scarce, expensive and pose potential health risk to consumers (Thorat et al., 2013, Pereira and Virginia, 2018; Amaral et al., 2018). Although, synthetic antioxidants are effective in preserving and prolonging shelf life of meat but there are worries about their health risks such as promoters of tumor, impairment of blood-clotting and lung damage (Adeyemi et al., 2013). Therefore, researchers’ efforts have been geared towards the utilisation of natural sources of antioxidant like plant extracts with potential of acting as antioxidant and antibacterial (Onibi and Osho, 2007; Omojola and Adediran, 2015; Olusola et al., 2018).

Roselle calyx extract has been reckoned with a very low degree of toxicity that which is far below the minimum acceptable threshold level (Okereke et al., 2015). Since natural antioxidants are organic chemical compound found in botanicals (plants) and animal sources, it is possible to use edible parts of roselle (Hisbiscus sabdariffa) like the calyx to replace synthetic (non-natural) antioxidants in chicken meat production and preservation. Notably, the utilization of dietary natural antioxidants sources like roselle seed meal, roselle calyx extract (as drinking water) in tissues of poultry leading to better growth performance, meat yield and quality has been documented (Usman et al., 2016; Owosibo et al., 2018; Awodola-Peters 2015, 2023). However, the assessment of meat obtained from broiler chickens offered with extract of roselle calyx as drinking water to mitigate oxidation and microbial load during cold storage have not be documented yet. Thus, this study aims at investigating the dietary impact on oxidative and microbial condition of cooked broiler chicken meat offered with roselle (Hibiscus sabdariffa L.) calyx extract.

Materials and Methods

Sourcing, processing of roselle calyx extract and meat preparation
Roselle calyces (RC) were harvested fresh from the farm owned by the Institute of Agricultural Research and Training, located at Ibadan in Nigeria. As the calyces were harvested, they were air dried for 5 days at room temperature (25±1oC) to a constant moisture content of 15.60%. The dried calyces’ samples were packed into air tight polythene bag to avoid moisture until used. 

The graded levels of 5 g, 10 g, 15 g and 20 g of dried RC were added to 1 litre of water respectively at the boiling point (100oC) for 10 minutes and left to cool for 20 minutes (Bolade et al., 2009). Thus, four different concentrations were obtained viz; 5 g/L, 10 g/L, 15 g/L and 20 g/L roselle calyx extract (RCE) which were offered as drinking water to 28-day-old broiler chickens (n=210, r=6) for 21 days during the finisher phase.
On day 49, twelve (12) broiler chickens each from the five treatments [O g/L RCE (T1), 5 g/L RCE (T2), 10 g/L RCE (T3), 15 g/L RCE (T4) and 20 g/L RCE (T5)] were slaughtered. Manually scalding of the broiler chickens were carried out by dipping into hot-water (60oC) for 1-minute, de-feathered, eviscerated and de-skinned. The breast, drumstick and thigh of the broiler chickens were manually deboned using a sharp knife. The breast meat samples obtained from each treatment was cooked to doneness with an internal temperature of 72oC and used for assessing oxidative stability at day 0, 15, 30, 45 and 60 of cold storage (4◦C) and microbial load viz: Total Bacterial Count (TBC) and Mould Count (MC) at days 0, 15, 30 45 and 60 of cold storage (4◦C).

Phytochemical properties of roselle calyx extract

The phytochemical properties of the four concentrations of RCE (5 g/L, 10 g/L, 15 g/L and 20 g/L) were obtained for anthocyanin, flavonoids, phenol, and carotenoids content using the methodology as outlined by Jamini et al. (2019) with some modifications. The modifications for anthocyanin, flavonoids, phenol and carotenoids contents were expressed as their contents in millilitres per 100 mL of the four different concentrations of roselle calyx extracts.

Anthocyanin content was derived by extracting solution of 7ml 6M HCl added into a volumetric flask of 70 ml methanol and 23 ml of distilled water. Ten (10) mL fresh sample was taken into an ice-cold vial and 5 mL extraction solution was added here. At 4°C for 24 hours 2 mL of the solution was centrifuged with 2 mL distilled water and 2 mL chloroform. The aliquot was taken into a cuvette and absorbance was measured at 530 nm. The anthocyanin content was expressed as milliliter of cynadin-3-glucoside equivalent per 100 mL for each of the graded level of RCE. Total flavonoid content was expressed as milliliter of quarcetin equivalent per 100 mL for each of the graded level of RCE in three replications from the quarcetin standard curve.
Total phenolic was determined spectrophotometrically according to the Folin-Ciocalteu procedure as outlined by Jamini et al. (2019). The absorbance was measured at 765 nm against a blank sample. The measurements were compared to a standard curve of gallic acid solutions and expressed as milliliter of gallic acid equivalents per 100 mL for each of the graded level of RCE. The total carotenoid content was expressed as milliliter of lutein equivalent per 100 mL for each of the graded level of RCE in three replications from the lutein standard curve.

Ascorbic acid was obtained using 5 mL of RCE added to 4% Trichloro Acetic Acid (TCA) and the volume was made up to 10 mL with the same. After centrifugation (2000 rpm, 10 min) the supernatant of the roselle extract (for each of the graded levels) was treated with a pinch of activated charcoal and kept for 5 min after shaking. Charcoal particles were removed by centrifugation and aliquots were used for ascorbic acid estimation. 1 mL of extract was added with 4% TCA, Di-nitrophenyl-hydrazine (DNPH) reagent and thiourea by following the method of Kapur et al. (2012). The samples were incubated at 37oC for 3 hours, and 85% sulphuric acid was added to the cooled sample. At 540 nm the absorbance was read against the blank.

Lipid oxidation in the cooked broiler chicken breast meat

Oxidative stability (Lipid oxidation) was monitored on the cooked breast meat samples from each of the five treatments at day 0, 15, 30, 45 and 60 of the cold storage (4oC). The 2-thiobarbituric acid (TBA) assay was used in evaluating the lipid oxidation in the meat samples. Values of thiobarbituric acid reactive substance (TBARS) were measured twice using 10 g samples on each sampling day in accord with Adeyemi et al. (2013) but with some modifications. Sample (10 g) from each of the five treatments was mixed with 25% Tricholoroacetic acid (TCA) and 20 ml of deionized water. The mixture for 2 minutes was homogenized and filtered using filter paper. The filtrate was mixed with an equal volume of 0.02M Thiobarbituric acid (TBA) and incubated at 100oC for 35 minutes. The incubated filtrate was held in place for 10 minutes under running tap. A spectrophotometer at 532mm was used to measure the solution absorbance. TBARS was calculated from reading the spectrophotometer at 532mm x 7.8 in mg MDA/kg.

Microbiological assessment of the processed meat

Total Bacterial Count: The nutrient agar was used for total bacterial count of the cooked breast chicken meat. The microbial growth in the meat samples were evaluated at 0 day on the freshly cooked breast meat samples each from the 5 treatments. The evaluation was carried out on day 15, 30, 45 and 60 stored at 4oC. The 10 g of sample from each of the 5 treatments were homogenized with 90ml of 0.1% (W/V) peptone for 1 minute at room temperature using a blender. Appropriate serial dilution was prepared in 0.1% (W/V) peptone water solution. A pour plate technique was employed as 1ml of the mixture was spread on a petri dish and incubated for 24 hours at 37oC in accord with Heinz and Hautzinger, 2007. All colonies that were seen after incubation were counted and expressed as colonies forming unit per gram (CFU/g). 

Mould count: The selective culture medium was Potatoes dextrose Agar for the isolation of mould on the samples. 10 g sample in each of the 5 treatments were homogenized with 90ml of 0.1% (W/V) peptone for 1 minute at room temperature using a blender. Appropriate serial dilution was prepared in 0.1% (W/V) peptone water solution. A technique of pour plate was deployed as 1ml of homogenate was spread on petri plates and incubated for 24 hours at 37oC in accordance with Heinz and Hautzinger, 2007. All colonies that appeared after incubation were counted and expressed as colonies forming unit per gram (CFU/g). 

Data Collection

Data collected were on lipid oxidation in meat (milligram of malondialadehyde per kilogram) at days 0, 15, 30, 45 and 60 of cold storage (4oC) for oxidative stability while data on the microbial condition was on Plate Count [Total Bacterial Count and Selective Plate count (Mould Count)] in colony forming unit per gram (Cfu/g) at days (0, 15, 30, 45 and 60) of cold storage (4oC). 

Statistical Analysis

Analysis of variance (ANOVA) was carried out on the data using SAS (version 8.0), 2012. Means separations and differences was done by Duncan multiple range test.

RESULTS AND DISCUSSION

Phytochemical properties of the RCE graded levels are presented in Table 1. The flavonoids were not detected at 5 and 10g/L RCE respectively. However, at 15 and 20g/L RCE flavonoids were present in the amount of 3.05 and 4.20mg/100ml respectively. The presence of anthocyanin, carotenoid and phenol increased as the levels of RCE increased. Appreciable amount increment was recorded for anthocyanin content [from 11.75 (5g/L RCE) to 13.95mg/100ml (20g/L RCE)], phenol [from 8.80mg/100ml (5g/L RCE) to 11.80mg/100ml (20g/L RCE)] while carotenoid increased from 3.35mg/100ml (5g/L RCE) to 7.30mg/100ml (20g/L RCE).
Ascorbic acid content of 7.7mg/100g was obtained in this study which was lower than that of 11.00mg/100g ascorbic acid content in red dried Roselle calyx as reported by Mohamed et al., (2017). The Moisture Content (MC) ranged in value from 98.50 to 99.70% among the graded level of Roselle calyx extract (RCE) used which were higher than 1.16 to 7.6% of Adanlawo and Ajibade (2006) for moisture content of roselle calyces in g/100g dry matter. A contrary trend was obtained in this study; Crude Protein (CP: 0.1 – 0.26%), Ether Extract (EE: 0.00%), 0.00% of Crude fibre (CF) and 0.10 – 0.68% of Nitrogen Free Extract (NFE). These were much lower than values reported by Adanlawo and Ajibade (2006) on the Crude Protein (CP: 4.71 – 6.64%), Ether Extract (EE: 0.85 – 2.01%), Crude fibre (4.69 – 9.06%) and the Nitrogen Free Extract (NFE: 68.75 – 79.68%) of the roselle calyces in g/100g dry matter. The Ascorbic Acid content ranged in value from 56.99 to 65.51% among the graded levels of roselle calyx extract which were higher in comparison to 10.42 to 16.67% of Adanlawo and Ajibade (2006). 
The ascorbic acid content ranged from 56.99 to 65.51% among the graded levels of RCE obtained were comparatively higher than 14.80 to 30.70% reported by Bolade et al., (2009). The differences in these two reports for ascorbic acid content could be due to higher ratio of weight of roselle calyces to the volume of water used in the extraction process in this study than those used by Bolade et al. (2009).

The flavonoids among the RCE graded levels ranged from been not detected to been presence in minute amount of 3.05 to 4.20mg/100ml. This observation was in agreement with Okereke et al. (2015) and Usman et al. (2016) where flavonoids were completely absent and present in moderate amount respectively in the phytochemical analysis of water extract of Roselle calyx. 

Total phenols among the RCE graded levels were present in moderate (8.80mg/100mL) to appreciable (11.80mg/100ml) amount. This observation was similar to the reports made by Okereke et al. (2015) where phenols were present in moderate amount in the phytochemical analysis of water extract of roselle calyx and methanolic extract of roselle calyx. More so, Chumsri et al., (2008) reported the presence of phenols in hot-water dried roselle calyx extract in the amount of 17.53 to 40.39mg/g.

Total carotenoids were noticeable in the levels RCE having a range of 3.55 to 7.30mg/100ml. This is in line with Jamini et al., (2019) where carotenoids presence was in the range of 31 to 4.8μg/g for roselle calyx extract of varying genotypes. Also, 1.88mg/100g of ß-carotene was as reported by Wong et al., (2002) in roselle physical and chemical characterization study.

Anthocyanin content in RCE inclusion levels was in the amount of 11.75 to 13.95mg/100ml. The presence of anthocyanin reported by Jamini et al., (2019) was in the range of 2.1 - 87.7μg/g for varying genotypes roselle calyx extract. Furthermore, Chumsri et al., (2008) confirmed that 400.67 to 445.02mg/100g of anthocyanin contents were present in hot-water dried roselle calyx extract. An insight into what the contents of anthocyanin could be was provided in the report of Wong et al., (2002) where Delphinidin-3-sambubioside and cyanidin-3-sambubioside were reckoned as the main anthocyanin in roselle.
Table 1:  Phytochemical properties and ascorbic acid content of roselle calyx extract (RCE) levels

	Phytochemicals properties
	5g/L RCE
	10g/L RCE
	15g/L RCE
	20g/L RCE

	Total Flavonoids (mg/100ml)
	0.00±0.03c
	0.00±0.03c
	3.05±0.05b
	4.20±0.05a

	Total Phenol (mg/100ml)
	8.80±0.10b
	9.65±0.17b
	11.00±0.12a
	11.80±0.16a

	Total Carotenoids (mg/100ml)
	3.55±0.01d
	4.45±0.03c
	5.95±0.05b
	7.30±0.05a

	Anthocyanin content (mg/100ml)
	11.75±0.12d
	12.20±0.17c
	13.05±0.13b
	13.95±0.18a

	Ascorbic Acid (mg/100ml)
	56.99±0.02d
	59.14±0.03c
	63.26±0.03b
	65.51±0.01a


Mean±SE on the same row with different letters are statistically significant (p<0.05)

The proximate composition of the cooked breast meat offered graded levels of RCE presented in Table 2; indicated an increase with increasing level of RCE for Moisture Content [T1 < T2 < T3 < T4 < T5], Crude Protein [T1 < T2 < T3 < T4 < T5] and Ash content [T1 < T2 < T3 < T4 < T5]. A decreasing order with increasing level of RCE was observed for Crude Fat [T1 > T2 > T3 > T4 > T5].
Moisture content (MC) of cooked breast meat obtained from broiler chickens offered 5, 10, 15 and 20 g/L RCE in the broiler chicken drinking water had a range value from 73.99 to 74.11%. This value range was higher than 73.80% of the moisture content of cooked breast meat obtained from the broiler chickens offered 0g/L RCE (served ordinary water) as observed in this study. The MC observed in this study was almost similar to 71.22 - 72.73% as documented by Adetola et al., (2016) for meat from broiler chicken fed toasted sesame seed meal. Also, the percentage differences in moisture content of cooked breast meat obtained from broiler chickens offered 5, 10, 15 and 20g/L RCE and those offered ordinary water (0g/L RCE) had a range value from 0.19% to 1.11%. Thus, this value range could have contributed to the significant improvement in the cooking loss (lower) and cooking yield (higher) percentages in those offered 10, 15 and 20g/L RCE than the non-RCE (0g/L RCE) as observed in this study. 

The crude protein (CP) of cooked breast meat obtained from broiler chickens offered 5, 10, 15 and 20 g/L RCE in the broiler chicken drinking water had a range value from 15.93 to 16.59%. This value range was higher than 15.73% of the crude protein of cooked breast meat obtained from the broiler chickens offered 0g/L RCE (served water without roselle calyx extract) as observed in this study. The result of the crude protein of 15.93 – 16.59% reported in this study is comparably lower to CP of 19.63 – 20.33% reported by Adetola et al., (2016). Also, the percentage differences in crude protein of cooked breast meat obtained from broiler chickens offered 5, 10, 15 and 20 g/L RCE and those offered ordinary water (0 g/L RCE) had a range value from 0.20 to 0.86%. Thus, this value range could have contributed to the significant improvement in cooking yield (higher) percentages in those offered 10, 15 and 20g/L RCE than the non-RCE (0g/L RCE) as observed in this study.

The crude fat of cooked breast meat obtained from broiler chickens offered 5, 10, 15 and 20g/L RCE in the broiler chickens’ drinking water had a range value from 2.77 to 2.95%. This value range was lower than 3.07% of the crude fat of cooked breast meat obtained from the broiler chickens offered 0g/L RCE (served ordinary water) as observed in this study. Also, the percentage differences in crude fat of cooked breast meat obtained from broiler chickens offered 5, 10, 15 and 20g/L RCE and those offered ordinary water (0g/L RCE) had a range value from 0.12 to 0.30%. This value range was lower compared to the range value from 0.52 to 0.54% of crude fat obtained from the thigh meat of broiler chickens fed vitamin C at 150 and 300 mg/kg of diet within 42 days as documented in the report of Konca et al. (2009). 

Ash content of the cooked breast meat obtained from broiler chickens offered 5, 10, 15 and 20g/L RCE in the broiler chickens’ drinking water had a range value from 1.91 to 2.08%. This value range was higher than 1.86% of the cooked breast meat obtained from the broiler chickens offered 0g/L RCE (served ordinary water) as observed in this study. Also, the ash content differences in percentages of the cooked breast-meat obtained from broiler chickens offered 5, 10, 15 and 20g/L RCE and those offered ordinary water (0g/L RCE) had a range value from 0.05 to 0.22%. This value range was lower than the value range from 0.01 to 0.02% of crude fat obtained from the thigh meat of broiler chickens fed vitamin C at 150 and 300 mg/kg of diet within 42 days as documented by Konca et al. (2009).
Table 2: Proximate analysis of cooked breast meat from broiler chickens offered graded levels of RCE

	Variable
	Treatments

	
	Roselle calyx extract levels (g/L)

	
	0g/L 
	5g/L 
	10g/L
	15g/L
	20g/L

	
	T1
	T2
	T3
	T4
	T5

	Moisture Content (%)
	73.80
	73.74
	73.99
	74.04
	74.11

	Crude Protein (%)
	15.73
	15.93
	15.96
	16.32
	16.59

	Crude Fat (%)
	3.07
	2.95
	2.94
	2.88
	2.77

	Ash (%)
	1.86
	1.91
	2.02
	2.03
	2.08


Lipid oxidation (mg MD/kg) of stored cooked broiler chicken breast meat offered RCE (Table 3) indicated that on days 0 and 15 there were no significant (p>0.05) differences among the treatments. Lipid oxidation on day 30 in T2 (0.41), T3 (0.38), T4 (0.25) and T5 (0.22) were similar but were significantly lower than T1 (0.59). On day 45 lipid oxidation of 0.81 (T1) was highest significantly while 0.31 (T5) was the least but similar to T4 (0.39). The least mg MDA/kg of 0.45 (T5) was significantly lower than T1 (1.31), T2 (0.86), T3 (0.68) and T4 (0.65) on day 60.

The percentage reduction in lipid oxidation was high in the RCE levels (5, 10, 15 and 20g/L) offered to the broiler chicken on day 30, 45 and 60 relative to the 0g/L RCE. The best percentage reduction in lipid oxidation on day 60 was reckoned at 20g/L RCE with 65.65% reduction in lipid oxidation compared to those of 5g/L (34.35%), 10g/L (48.09%) and 15g/L (50.38%).  

The effect of RCE in the drinking water offered to the broiler chicken during the rearing phase which had been incorporated into the live muscle that became meat at slaughter was assessed for oxidative stability over a 60-day storage periods.  The cooked breast meat with inherent levels of vitamin C manifested some degree of oxidative stability which was in this study best at 20g/L RCE (0.45 mg MDA/kg) for 60 days in cold storage at -4o C of the cooked broiler chicken breast meat lipid oxidation observed on days 0, 15, 30, 45 and 60; exhibited decreasing meat oxidation with increasing levels of RCE across the treatments. This could be owing to the increasing vitamin C content of RCE levels offered to the broiler chickens during the rearing phase and this well harmonized with Realini et al. (2004) on antioxidant ability of vitamin C in ground beef fed grains. A similar trend to the observation made in this study was reported by Onibi and Osho (2007) in a study involving the oxidative stability of meat conferred by roselle calyces-based diet.  Also, Wang et al. (2007) documented the capability of vitamin C content of Roselle calyx as an antioxidant.

Decreasing oxidation in meat with increasing levels of RCE could be due to the increasing level of phenol and especially flavonoid which increased with the increasing levels of RCE offered to the broiler chickens during the rearing phase. The flavonoid contents found in the 15g/L and 20g/L RCE were present in minute amount though it was completely absent in 0g/L, 5g/L and 10g/L of RCE but the presence of vitamin C and phenols in the graded levels of RCE could have strengthened the conferred oxidative stability on the cooked breast meat leading to decreasing meat lipid oxidation which was in this study best at 20g/L RCE (0.45 mg MDA/kg) for 60 days of cold (4o C) storage. The observation of the contributory effect of the phenol content in the levels of the RCE to stability in oxidation of cooked breast-meat collaborated the report of Okereke et al. (2015). 

The reduction in lipid oxidation at (40C) storage beyond 15 days (i.e. at day 30, 45 and 60) gave evidence that the intervention of using RCE as antioxidants in cooked broiler chicken breast meat were more efficient than the non RCE (0g/L). This was so because there were high reductions in percentages of lipid-oxidation in cooked breast-meat of broiler chickens offered 5, 10, 15 and 20g/L RCE than the non RCE (0g/L). Also, observed in this study was the percentage reduction in lipid- oxidation of the cooked breast-meat among broiler chickens offered the 5, 10, 15 and 20g/L RCE with range values on day 30 (30.15% to 62.71%), day 45 (23.46% to 61.73%) and day 60 (34.35% to 65.65%) which were more efficient than the non RCE (0g/L RCE) on the respective storage days. However, the percentage reduction in lipid-oxidation of the cooked breast-meat obtained among broiler chickens offered the RCE was best at 20g/L RCE with 65.65% reduction up to day 60 in the cooked broiler chicken breast meat relative to that of the broiler chickens offered the 0g/L RCE. Noteworthy, though up to 60 days the cooked meat across did not exceed the maximum permissible limit of 2 mg MDA/kg (Possamai et al., 2018).

However, applying minimum permissible limiting value of cooked meat lipid oxidation of 0.50 - 1.0 mg MDA/kg by Tarladgis et al. (1960); it was observed that at 0g/L RCE the meat lipid oxidation (1.31 mg MDA/kg) exceeded the minimum threshold value while at 20g/L RCE the meat lipid oxidation (0.45 mg MDA/kg) was below the minimum threshold value until day 60. Also, at 5g/L, 10g/L and 15g/L RCE with the meat lipid oxidation of 0.86, 0.68, 0.65 mg MDA/kg were within the minimum threshold value. Thus, with the cooked breast meat samples stored at -4o C; the reduction in meat lipid oxidation was due to the level of RCE in the treatments which was best at 20g/L RCE (0.45 mg MDA/kg) up to 60 days been below the minimum permissible limit of 0.50 - 1.0 mg MDA/kg. 

The lipid oxidation of the cooked breast increased with increasing period of cold (4o C) storage across the graded levels of RCE. This could be attributed to the fraction of unfrozen water which serves as an important precursor of oxidation in the meat. This phenomenon was documented by Leygonie et al. (2012); where fraction of unfrozen-water serves as a precursor to perioxidation due to chemical-reactions occurring in frozen meat and on thawing oxidation in the meat becomes pronounce leading to adverse impact on colour, odour and flavour as well as nutritive value. This process was proven in a shelf life study of accelerated lipid-oxidation in frozen-thaw meat (Hansen et al., 2004). Also, Vieira et al. (2009) reported fresh meat lipid-oxidation been significantly lower than meat stored at - 20ᵒC for 90 days. Similar reports on deterorative changes in meat under cold storage were those of Okolie et al. (2009) and Ali et al. (2014). These findings implicated the inadequacy of frozen storage in preventing oxidation from occurring.
Table 3: Lipid oxidation (mg MDA/kg) of cooked breast meat from broiler chicken offered RCE stored for 60 days at 4°C

	Storage

(days)
	Treatments

	
	T1(0g/L RCE)
	T2 (5g/L RCE)
	T3 (10g/L RCE)
	T4 (15g/L RCE)
	T5 (20g/L RCE)

	0
	0.15±0.00 
	0.14±0.08 (6.67)
	0.11±0.00 (26.67)
	0.10±0.00 (33.33)
	0.10±0.00 (33.33)

	15
	0.34±0.22 
	0.32±0.08 (5.88)
	0.26±0.09 (23.53)
	0.24±0.06 (29.41)
	0.22±0.05 (35.29)

	30
	0.59±0.06a 
	0.41±0.06b (30.51)
	0.38±0.05bc (35.39)
	0.25±0.06b (57.63)
	0.22±0.06b (62.71)

	45
	0.81±0.06a 
	0.62±0.00b (23.46)
	0.52±0.06bc (55.77)
	0.39±0.06cd (51.85)
	0.31±0.00d (61.73)

	60
	1.31±0.01a 
	0.86±0.04b (34.35)
	0.68±0.03c (48.09)
	0.65±0.02c (50.38)
	0.45±0.05d (65.65)


Mean±SE on the same row with different letters are statistically significant (p<0.05). Values in parenthesis represent percentage reduction in lipid oxidation relative to the control (T1).
Total bacterial count (log10 Cfu/g) of stored cooked broiler chicken breast meat offered RCE (Table 4) indicated that on days 0 there were no significant (p>0.05) differences among the treatments. The TBC on days 15, 30, 45 and 60 were significantly (p<0.05) different across the treatments. Remarkably, the least TBC (log10 Cfu/g) of 0.23 (T5) was significantly lower than T1 (0.48), T2 (0.37), T3 (0.36) and T4 (0.31) on day 60. The percentage reduction in TBC for T5 observed on days 15 (60%), 30 (54.55%), 45 (45.95%) and 60 (52.08%) relative to the control T1 was significantly high indicating that roselle calyx conferred antibacterial potential to meat of broiler chickens offered RCE. The best percentage reduction in TBC up to day 60 was reckoned at 20g/L RCE with 52.08% reduction in TBC compared to those of 5g/L (22.92%), 10g/L (25.00%) and 15g/L (35.42%).  
Also, the effect of RCE in the drinking water offered to the broiler chicken on the cooked breast meat Total Bacterial Count (TPC) observed on days 15, 30, 45 and 60 in cold storage (4o C) showed reduction in TBC with increasing levels of RCE across the treatments. This implied that Roselle calyces were antimicrobial. Although, the RCE when boiled in water loses some of its vitamin C content which possess both antioxidant and antimicrobial activities. Thus, its stands to reason that the higher the level of roselle calyces the higher the vitamin C content retained (after boiling in water at 100oC for 10 minutes) for antioxidant and antimicrobial activities (Chumsri et al., 2008; Bolade et al., 2009). This observation was in agreement with the report made by Onibi and Osho (2007) where decreasing bacterial load in broiler chicken meat was due to the increasing level of Roselle calyces fed to the broiler chicken. Total Bacterial Count which was in the 5 treatments desirable up to 60 days without exceeding the maximum acceptable critical level of 5 log10 Cfu/g (Heinz and Hautzinger, 2007). 

The cooked broiler chicken breast had low Total Bacterial Count in all the levels of RCE which was below the minimum acceptable critical level of 4 log10 Cfu/g (Heinz and Hautzinger, 2007). A possible explanation for the low TBC is that some microbes could have been destroyed under heat application during cooking. Also, the cooked meat surface cover was dried and tough leading to difficulty in penetration by microbes. These observations were in agreement with the report made by Onibi and Osho (2007) who attributed lower bacterial load in the cooked meat than the uncooked meat of broiler fed graded levels of roselle calyces to the nature of some bacteria (under heat application) and the nature of surface cover of the cooked meat samples.

The Total Bacterial Count increased in the graded levels of RCE of the cooked breast meat with increasing storage period. This revealed that freezing did not decrease the Total Plate Count in the meat samples. This was in harmony with Leygonie et al. (2012) where the number of viable microbes in meat is not reduced by freezing. Microbial spoilage though is effectively rendered inactive (microbes dormant) during freezing but resume actions as thawing set in (Kandeepan and Biswas, 2007). Thawing is a process involving moisture lost alongside some losses in nutrients (vitamins, minerals and proteins) and these becomes an enabling environ for microbes to proliferate (Leygonie et al., 2012) This could possibly have attributed to the increased microbial load with increasing storage period observed in this study. A similar observation was made in the report of Vieira et al. (2009) where a 90-day frozen (-20oC) stored meat was reckoned with an increase in psychrotrophic bacteria. Notably, more important for meat are good hygiene and handling practices than for it to be frozen and thawed when it is be sold fresh.
Table 4: Total Bacterial Count (log10 Cfu/g) of cooked breast meat from broiler chickens offered RCE stored for 60 days at 4°C

	Storage

(days)
	Treatments

	
	T1(0g/L RCE)
	T2 (5g/L RCE)
	T3 (10g/L RCE)
	T4 (15g/L RCE)
	T5 (20g/L RCE)

	0
	0.00±0.00
	0.00±0.00 
	0.00±0.00
	0.00±0.00
	0.00±0.00

	15
	0.30±0.09a
	0.23±0.00b (23.33)
	0.20±0.15b (33.33)
	0.15±0.15c (50.00)
	0.12±0.00c (60.00)

	30
	0.33±0.12a
	0.27±0.11a (18.18)
	0.26±0.02a (21.21)
	0.19±0.09b (42.42)
	0.15±0.00 b (54.55)

	45
	0.37±0.03a
	0.30±0.12a (18.92)
	0.29±0.03a (21.62)
	0.25±0.03b (32.43)
	0.20±0.07b (45.95)

	60
	0.48±0.06a
	0.37±0.09b (22.92)
	0.36±0.00b (25.00)
	0.31±0.03b (35.42)
	0.23±0.07c (52.08)


Mean±SE on the same row with different letters are statistically significant (p<0.05). Values in parenthesis represent percentage reduction in lipid oxidation relative to the control (T1).

Mould count (log10 Cfu/g) of stored cooked broiler chicken breast meat offered RCE (Table 5) indicated that on days 0 there were no significant (p>0.05) differences among the treatments. The MC on days 15, 30, 45 and 60 were significantly (p<0.05) different across the treatments. Remarkably, the least MC (log10 Cfu/g) of 0.14 (T5) was significantly lower than T1 (0.30), T2 (0.23), T3 (0.20) and T4 (0.19) on day 60. The percentage reduction in MC for T5 observed on days 15 (80%), 30 (73.68%), 45 (61.54%) and 60 (56.67%) relative to the control T1 was significantly high implying that roselle calyx conferred antibacterial potential to meat of broiler chickens offered RCE. The best percentage reduction in MC on day 60 was reckoned at 20g/L RCE with 56.67% reduction in MC compared to those of 5g/L (23.33%), 10g/L (33.33%) and 15g/L (36.67%).
Also, the effect of RCE in the drinking water offered to the broiler chicken on the cooked breast meat Mould observed on days 30, 45 and 60 in cold storage (-4o C) showed reduction in Mould count (MC) with increasing levels of RCE across the treatments. The decreasing MC as level of RCE increases implied that roselle calyx can suppress mould growth in cooked broiler chicken breast meat. However, roselle calyces when boiled in water loses some of its vitamin C content but with a higher level of roselle calyces the higher the vitamin C content retained for antioxidant and antimicrobial activities (Chumsri et al., 2008; Bolade et al., 2009). This phenomenon could have led to the decreasing mould Count in the cooked broiler breast meat offered RCE. Thus, with the cooked breast meat samples stored at 4o C; the increase at a decreasing rate in meat mould Count which was in the 5 treatments desirable up to 60 days without exceeding the maximum acceptable critical level of 2 log10 Cfu/g (Heinz and Hautzinger, 2007). 

The cooked breast meat of the broiler chicken offered 0, 5, 10, 15 and 20g/L RCE had low Mould Counts not above the minimum acceptable critical limit of 3 log10 Cfu/g (Heinz and Hautzinger, 2007) up 60 days. This observation may seem contrary to the nature of Mould as a psychrophilic microorganism which thrives in at temperature of 0oC and below (Banerjee et al., 2016). However, a possible explanation to the low mould Count in all the levels of RCE up to 60 days of storage could be that Mould were destroyed under heat application during cooking, since Moulds neither grow nor survive the 72oC doneness of the internal temperature of the cooked breast meat.  Also, as a psychrophilic microorganism it is known to have a maximal temperature for growth at about 20 °C; above which there can be no Mould growth (Banerjee et al., 2016). 

It is unavoidable and quite normal to find some degree of mould in meat stored at temperature of 0oC and below. However, the guiding principle was to keep Mould Count as low as possible by means of adequate hygienic measures. Thus, applying the recommendation by Heinz and Hautzinger (2007) on microbiological criteria for meat; the cooked broiler chicken breast meat from all the 5 treatments were within the minimum threshold value of < 2 log10 Cfu/g up to 60 days of cold storage.

The degree of bacterial counts in Total Bacterial Count and that of mould in Mould Count on the cooked breast meat of broiler chicken offered 0, 5, 10, 15 and 20g/L RCE indicated that the microbiological condition of the stored meat up to 60 days were within the minimum threshold value (TBC: < 4 log10 Cfu/g and MC: < 2 log10 Cfu/g) in agreement with the recommendations of Heinz and Hautzinger (2007). Thus, microbiological shelf-life of freshly cooked breast meat and cooked breast meat frozen/thawed samples of broiler chicken offered 0, 5, 10, 15 and 20g/L RCE were similar and within the minimum acceptable level.
Table 5: Mould count (log10 Cfu/g) of cooked breast meat from broiler chicken offered RCE stored for 60 days at 4°C

	Storage

(days)
	Treatments

	
	T1 (0g/L RCE)
	T2 (5g/L RCE)
	T3 (10g/L RCE)
	T4 (15g/L RCE)
	T5 (20g/L RCE)

	0
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00

	15
	0.10±0.02a 
	0.03±0.01b (70.00)
	0.03±0.01b (70.00)
	0.02±0.00b (80.00)
	0.02±0.00b (80.00)

	30
	0.19±0.02a
	0.09±0.03b (52.63)
	0.07±0.02bc (63.16)
	0.06±0.01bc (68.42)
	0.05±0.01c (73.68)

	45
	0.26±0.01a
	0.18±0.01ab (30.77)
	0.16±0.04b (38.46)
	0.14±0.04bc (46.15)
	0.10±0.03c (61.54)

	60
	0.30±0.01a
	0.23±0.02b (23.33)
	0.20±0.02b (33.33)
	0.19±0.02b (36.67)
	0.14±0.02c (56.67)


Mean±SE on the same row with different letters are statistically significant (p<0.05). Values in parenthesis represent percentage reduction in lipid oxidation relative to the control (T1).

Conclusion
Meat from broiler chickens offered roselle calyx as drinking water had inherent potential from dietary roselle extract in mitigating lipid oxidation and microbial load in cooked chicken meat to an appreciable amount over 60 days of cold (-4oC) storage. The best percentage reduction (65.65%) of lipid oxidation in cooked breast meat stored up to 60 days were from broiler chickens offered 20g roselle calyx/L without exceeding the minimum acceptable level of 0.5 - 1mg MDA/kg till day 60. Also, the best percentage reduction in the proliferation of bacteria (52.08%) and mould (56.67%) in the cooked breast meat from broiler chickens offered 20g roselle calyx/L without exceeding the minimum acceptable level of > 4 log10 Cfu/g and >2 log10 Cfu/g respectively untill day 60 of cold (-4oC) storage. Evidently, the appreciable amount in the reduction of lipid oxidation and microbial load in broiler chicken meat during storage is of great value to poultry processors, marketers and consumers, since enhanced poultry value chain brings about efficiency, prolonged meat shelf life, food safety and profitability. Thus, it is recommended that future studies can be designed to examine longer storage days than 60 days in a cold (-4oC) storage of broiler chicken meat offered 20g roselle calyx/L with respect to assessing further its oxidative and antimicrobial potentials.
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