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Growth, carcass, offal, meat yield and quality of broiler chickens offered roselle (Hibiscus sabdariffa L.) calyx extracts
Abstract 
Four concentrations of roselle calyx extract-RCE excluding water only-T1 were prepared by hot-water extraction at 100°C for 10minutes using 5 (T2), 10 (T3), 15 (T4) and 20 (T5) grams roselle calyx-RC per Liter of water (g RC/L). These with T1 were offered as drinking water to 28-day-old Arbor Acres chickens (n=210, r=6) for 21 days. Weight gain-WG, feed intake-FI, feed conversion ratio-FCR and final weight-FW were assessed. At 49 days old, 2-birds/replicate were sacrificed. Percent-% in carcass yield-(breast weight-BRW, thigh weight-TWG, drumstick weight-DWG), external offal-(head, neck, shank), internal offal-(gizzard, liver, heart, abdominal fat) and meat yield-(breast meat-BM, thigh meat-TM and drumstick meat-DM) were assessed. Selected BM were boiled and assessed for colour-(redness-a*, yellowness-b*, lightness-L*) and sensory qualities-(flavour and juiciness). Data were analyzed using ANOVA at α0.05. FW-(1571.90±32.64g) and WG-(40.86±40.45g) in T5 were significantly-(p<0.05) higher than treatments-(T1, T2 and T3), while FI across treatments were not significantly different. BRW of 23.05±0.2%-(T5) was significantly higher than 18.43±0.3%-(T2) and 17.87±0.2%-(T1) while TWG-(12.47±0.2%) and DWG-(13.13±0.4%) in T5 were significantly higher than treatments-(T1-T4). Head-(3.18±0.2%), shank-(5.38±0.2%), gizzard-(2.99±0.2%) and liver-(2.39±0.2%) in T5 were higher (p<0.05) than treatments-(T1-T4). BM of 18.12±2.4%-(T5) was higher (p>0.05) than 12.75±0.13%-(T1), 13.29±0.44%-(T2), 15.71±0.39%-(T3) and 16.10±0.39%-(T4). The TM of 8.91%-(T5) and DM of 10.33%-(T5) were significantly-(p<0.05) higher than treatments-(T1-T4). Redness-a* of 11.67±0.06 and lightness-L* of 46.89±0.25 in T5 were significantly-better than treatments-(T1-T4). Flavour-(6.08±0.15) and juiciness-(6.31±0.05) in T5, were higher (p<0.05) than other treatments-(T1-T4). Meat from chickens offered 5 to 20g roselle calyx/L extract had better carcass yield, meat yield, desirable colour and sensory qualities. 
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Introduction 

Extracts from plants have been utilized in livestock nutrition as growth promoters, antimicrobial and antioxidant. It is of no surprise then that livestock farmers are interested in Hibiscus sabdariffa with the common name “Roselle” because of its numerous benefits including health. Islam et al. (2016) reported that improvement in nutrient absorption in the gut flora can be aided by roselle calyx because of its high content of ascorbic acid (vitamin C). The calyx is the most used part of roselle plant and it is use to make a sorrel drink, jellies, jams and beverage. The sorrel drink made from calyces of roselle is very high in vitamin C, protocatechuic acid, anthocyanin and flavonoids (Obouayeba et al., 2015; Usman et al., 2016; Jamini et al., 2019).

Roselle extracts are noted for a very low degree of toxicity which is far below the minimum acceptable threshold limit (Mohammed et al., 2007; Okereke et al., 2015; Awodola-Peters and Longe, 2023). The conventional feedstuff for poultry such as fishmeal, soya beans and groundnut cake are costly because they are used by humans and animal as food as well as for other industrial uses. Besides, there are quite a number of factors such as heat stress, nutrient deficiencies, diseases just to mention a few that could increase the number of days required to slaughter, and cause undesirable effects on carcass quality, reducing the proportion of meat yield and meat quality. Hence, additive as supplement in poultry diet could be an alternative to enhance growth, health and feed efficiency as well as securing poultry meat quality (Attia et al., 2011; Mostafa et al., 2016; Olusola et al., 2018).

Natural antioxidants are organic chemical compound found in plant and animal sources. Roselle is a plant-based antioxidant and it is possible to use edible parts of roselle (Hisbiscus sabdariffa) like the calyx in chicken meat production. Notably, utilization of dietary sources of natural antioxidants like roselle seed meal in tissues of poultry has been documented (Owosibo et al., 2018). However, since poultry water consumption is twice of the amount of feed it consumes; it may be more effective to introduce the rich contents of the roselle calyx by means of aqueous extraction offered to the birds in their drinking water (Pesti et al., 1985; Balogun et al., 2013; Raut et al., 2025). Thus, this study assesses the growth, carcass, offal and meat quality of broiler chickens offered roselle (H. sabdariffa) calyx extract in drinking water for broiler chickens.

Materials and Methods 
Roselle calyces sourcing and processing
Roselle calyces (RC) were freshly harvested from the Roselle plant cultivated at the Institute of Agricultural Research and Training, Moor Plantation, Ibadan, Nigeria. Air drying of the calyces were done for five (5) days at room temperature until a constant moisture content was attained. Subsequently, the dried RC were graded into levels (5 g, 10 g, 15 g and 20 g) which were respectively added to 1 litre of water at the boiling (100oC) temperature for the duration of 10 minutes and were allowed for 20 minutes to cool (Bolade et al., 2009), before pouring into the containers having the labels of the graded levels. Thus, four concentrations viz: 5 g/L, 10 g/L, 10 g/L, 15 g/L and 20 g/L roselle calyx extract (RCE) were derived.
Experimental animals, treatment, and managements
Arbor acres day-old broiler chicks in number 306 were raised from day old for 27 days being fed starter diet. On day 28 a total of 210 broilers were randomly allotted into 5 experimental-treatments with each treatment having six (6) replicates. There were seven (7) birds in a replicate being fed the finisher diet. The starter and finisher diets formulated met need of broiler chicken’s nutrient requirement as seen in Table 1; where the dietary composition and chemical analysis of the formulated diets are presented. The experimental treatment duration was from day 28 to day 49. 

The 5 treatments were viz: T1: 0 g/L RCE (water/H2O only), T2: 5 g/L RCE, T3: 10 g/L of RCE, T4: 15 g/L RCE and T5: 20 g/L RCE. The allotted weights of dried roselle calyces (5, 10, 15, 20g) were boiled (at 100oC) in 1 liter of water for 10 minutes respectively and cooled for 20 minutes after which they were poured into clean containers and sealed to be used the following day.

The chicks brooded for seven days on a deep-litter system using coal pots and 200 watts electricity bulbs. On arrival ant-stress were administered to the chicks and after each weighing. The chicks were offered feed ad libitum and the experimental birds in each of the treatments were offered 5 liters of the aqueous roselle calyx extracts daily from day 28 to day 49.

Experimental design and processing of the meat
The broiler chickens were randomly allotted into 5-treatments with each having 6 replicates containing 7-birds/replicate. The experimental design/layout was a Completely Randomized Design (CRD).

On day 49 a randomly selection of 2 birds from each replicate making a total of 12 birds/treatments and 60 birds for the five treatments were fasted for duration of 12 hours overnight while the aqueous roselle calyx extract for each treatment was offered, and thereafter weighed to get the live weight. The birds were slaughtered by cutting through their jugular veins with a sharp knife, scalded for 60 seconds in hot water, de-feathered and thereafter eviscerated. Defeathered weight, eviscerated weight, weights of cut-up parts (breast, thigh, drumstick, back and wing) external offal (head, neck and shank) and internal offals (liver, heart, and empty gizzard) were weighted and their proportion expressed as of the percent of live weight.
Physical quality traits carried out on the breast meat were viz: objective/instrumental meat colour (Lightness-L*, redness-a*, yellowness-b*), cooking loss and cooking yield while for the organoleptic/sensory meat quality traits were viz: subjective meat colour, taste, flavor, texture, juiciness and overall acceptability.

Growth Performance

Body weight gain: This was observed weekly. It was conducted by deducting the weight at day 28 (4 weeks old) from the final weight of the birds at day 49 (7 weeks old). The individual bird weight gain in a replicate was divided by the number of birds in that replicate which gave rise to the mean weight gain of each bird in a replicate (Awodola-Peters et al., 2015).
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Feed Intake: This was derived by subtracting unconsumed/leftover feed from the feed offered. This was carried out daily. The quantity of feed consumed by the birds during the experimental trial was assessed by dividing the number of birds in the replicate to get the mean feed intake/bird during the experimental trial (Owosibo et al., 2018).
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Feed Conversion Ratio: This was obtained by dividing the feed intake with the birds’ weight gain following the method of Usman et al., (2016).
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Physical traits of meat quality
Cooking loss: This was carried out by using freshly cut breast meat sliced to approximately 3 cm thick, 30g and 6 cm long. Three (3) streaks from breast muscle were obtained from the 5-treatments which were placed in sealed polytene bags immersed in boiling water for 20 minutes to achieve 72ºC doneness and cooled to room temperature (25oC) to obtained the cooking loss (Sobczak et al. 2005).
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Cooking Yield: This was derived by calculation using the procedures reported by El-Nashi et al., (2015) as stated in the formula below:
Cooking yield = (100% - Cooking Loss %)

Instrumental/Objective colour measurement
This was assessed on the freshly cooked breast meat samples from the 5-treatments using Minolta Chroma Meter with readings in 3 dimensions (L*-Lightness, a*-redness and b*-yellowness) while being placed on skin facing side and bone facing side of the breast muscle. The readings were carried out in triplicate each for the 5-treatments in line with the report of Okere et al., (2008).

Organoleptic/Sensory meat quality traits

Sensory/organoleptic meat quality traits were conducted on freshly cooked breast meat samples from the 5-treatments and were served to 30 semi-trained taste panelists for rating with the help of a 9-point hedonic scale as shown in Table 2. The meat samples from each of the five treatments were sealed in polythene bags cooked without salt in boiling water for twenty (20) minutes to about 72ºC doneness and cooled to room temperature of 25ºC. The rating was assessed on the colour, flavor, texture, taste, juiciness and overall acceptability of the meat samples following the procedure of Larmond, 1977.

Statistical analysis

Analysis of variance (ANOVA) was used following the General Linear Model procedure available in SAS (version 8), 2012. Means differences were conducted using the Duncan’s Multiple Range Test.

Results and discussion
Growth performance characteristics of broiler chicken offered roselle calyx extract are shown in Table 3. The result for final body weight (g), weight gain (g) and feed conversion ratio (FCR) were significantly (p<0.05) different across the five treatments. The final body weight (FBW) and weight gain (WG) of the broiler chickens had a similar trend which can be presented as T1≤T2≤T3<T4≤T5 or T5≥T4>T3≥T2≥T1. This implies that there was a direct relationship between final body weight and weight gain. The final body weight of 1571.90±32.64 and weight gain of 40.86±40.49 in broiler chickens offered 20gRC/L (T5) were significantly (p<0.05) higher than those offered water only (T1), 5gRC/L (T2) and 10gRC/L (T3) with the exemption of those offered 15gRC/L (T4). Considering the Feed Conversion Ratio (FCR) which is a known and acceptable conventional measure of livestock production efficiency as a parameter of growth performance; it is a standard that lower FCR values indicate higher efficiency. An observable trend across the treatments for FCR can be presented as T1≥T2≥T3>T4≥T5 or T5≤T4<T3≤T2≤T1.

Comparing the trends in the final body weight, weight gain and FCR it can be deduced that there is an inverse relationship between FCR and final body weight as well as between FCR and weight gain.  FCRs are typically 6.0-10.0 for beef, 2.7-5.0 for pigs, 1.7 -2.0 for chicken and 1.0 -2.4 for farmed fish and shrimp. The FCR in this study were found to be above the range of the typical upper limit of 2.0 for chicken; which in this study was found to be in the range of 2.75 – 2.97 for broiler chicken in their finisher phase (from 4 weeks old). The FCR of 2.75 and 2.79 in broiler chicken offered 20g RC/L (T5) and 15g RC/L (T4) respectively were significantly lower (p<0.05) than those offered water only (T1), 5g RC/L (T2) and 10g RC/L (T3). The lower FCR values in T5 and T4 than those of T1, T2 and T3 indicated higher feed efficiency in T5 and T4 than those of the T1, T2 and T3. Also, the lower FCR values in T4 and T5 had a higher weight gained in T4 and T5 which were significantly (p<0.05) higher in final body weight and weight gain than those of T1, T2 and T3. This phenomenon illustrates the inverse relationship between FCR and weight gain; implying that the lower the FCR, the higher the weight gain and final body weight. The viability was above 98% which is an indication that the mortality in percentage was less than 2% among the broiler chickens offered RCE. This implies that 5, 10, 15 and 20g RCE/L offered to the broiler chicken were not toxic. This observation agrees with the report of Awodola-Peters et al. (2015) and (2023) where roselle calyx extract offered to broiler chicken in drinking water had no detrimental effect.

The carcass yield of the broiler chickens offered roselle calyx extract obtained are shown in Table 4. The breast weight (BRW), thigh weight (THW), drumstick weight (DSW) and back weight (BAW) percentages had significant (p<0.05) differences among the five treatments. The breast weight (BRW), thigh weight (THW), drumstick weight (DSW) and back weight (BAW) percentages for broiler chicken offered 20g RC/L (T5) had the highest values being significantly (p<0.05) higher than those of T1, T2, T3 and T4. This implies that the better yield in carcass broiler chicken offered 20g RC/L than those offered 15g RC/L indicated that at higher concentration of roselle calyx extracts the insignificant effect seen in growth performance characteristic could become perceivable when carcass yield is assessed. Notably, broiler chicken offered water only (T1) had significantly (p<0.05) lower breast weight and back weight (%) than those offered 10g RC/L (T3), 15g RC/L (T4) and 20g RC/L (T5), while significantly lower (p<0.05) values in T1 for thigh weight and drumstick weight (%) than those offered 5g RC/L (T2), 10g RC/L (T3), 15g RC/L (T4) and 20g RC/L (T5) respectively. This indicates that the desirable results obtained when broiler chickens are offered roselle calyx extracts can be comprehensively perceivable from both the growth performance characteristics and carcass characteristics. This phenomenal harmonizes with several research findings (Awodola-Peters et al., 2015; Usman et al., 2016; Awodola-Peters et al., 2023).
The external offal and internal organs in percentages for broiler chicken offered Roselle calyx extract (Table 5). The significant (p<0.05) difference across the treatments was highest in T5-20g/L-RCE for Head weight [T5 (3.18%) was significantly (p<0.05) higher than those of T1-0g/L-RCE (2.72%), T2-5g/L-RCE (2.97%), T3-10g/L-RCE (2.54%) and T4-15g/L-RCE (2.71%)], Neck weight [T5 (5.10%) was significantly (p<0.05) higher than those of T1 (4.29%) and T2 (4.51%)], Shank weight [T5 (5.38%) was significantly (p<0.05) higher than those of T1 (4.76%), T2 (4.81%), T3 (4.38%) and T4 (4.61%)], Gizzard weight [T5 (2.99%) was significantly (p<0.05) higher than those of T1 (2.52%), T2 (2.49%), T3 (2.30%) and T4 (2.40%)] and Liver weight [T5 (2.39%) was significantly (p<0.05) higher than those of T1 (1.68%), T2 (1.88%), T3 (2.01%) and T4 (2.12%)]. The external offal showed significant increment in the head, neck and shank weight percentages among the broiler chickens offered roselle calyx extract. The head weight percentage ranged from 2.97% to 3.18% was lower than the head weight percentages in the report made by Awodola-Peters et al. (2015) of broiler chickens offered roselle calyx extract. The gizzard and liver of the broiler chicken offered roselle calyx extract had observable significant increment in weight percentages similar to those of Awodola-Peters et al. (2015), Usman et al. (2016) and Awodola-Peters et al. (2023). Conversely, in a study conducted by Usman et al. (2016) the gizzard weight percentage of 1.53% (35.74g) to 1.92% (42.16g) was lower than the 2.30 to 2.99% observed among the broiler chickens offered roselle calyx extra in this study. The highest gizzard weight percentage which could be due to the higher content of ascorbic acid in 20g/L RCE leading to enhancement in the digestion of feed. Thus, since gizzard activity is related to the chemical breakdown of nutrient which could lead to the significant increase in the gizzard weight percentage as reported by Svihus (2011) and Mushtaq et al., (2014). The liver weight percentage of 1.88% to 2.39% was lower than those of 2.28% to 3.34% in the study conducted by Awodola-Peters et al. (2015). Also, Usman et al. (2016) reported 2.23% to 2.46% in liver weight percentages which was higher than 1.88% to 2.39% obtained among the broiler chickens offered roselle calyx extract which could have accounted for the good growth performance and high viability as observed in this study (Kaninathan et al. 2023).
Meat yield from broiler chickens offered Roselle calyx extract is presented in Table 6. Percentage meat yield for breast (BMY: 18.12%), thigh (TMY: 8.91%) and drumstick (DMY: 10.33%) in T5 had the highest meat yield which were significantly (p<0.05) higher than those of T1, T2, T3 and T4 respectively. There were significant improvements observed for meat yield (breast, thigh yield and drumstick yield) in weight percentages of the broilers offered 5, 10, 15 and 20g/L RCE over those offered 0g/L RCE (severed ordinary water). Noteworthy, is that the best improvement of breast meat yield, thigh meat yield and drumstick meat yield expressed in weight percentages was at 20g/L RCE over those offered 0g/L RCE. The improvement in breast meat yield of 13.29% to 18.12% among the broiler chickens offered 5, 10, 15 and 20g/L RCE over the 12.75% of the broiler chickens offered 0g/L RCE (ordinary water). This is comparable to the result obtained by Okere et al., (2008) where breast meat yield of 18% was documented. The inherent advantage of higher yield translating to higher price is in harmony with the phenomenal proposed by Cahaner et al., (2003) and Okere, et al., (2008).

Meat quality traits from broiler chicken offered Roselle calyx is shown in Table 7. Percentage breast cooking loss (CL) decreased significantly (p>0.05) from T1 (33.32%) to T5 (23.75%). The result of the percentage breast cooking yield (CY) showed and opposite trend to CL. The CY of 76.25% in T5 was significantly (p>0.05) higher in yield than those of T1 (66.68%), T2 (69.02%), T3 (72.80%) and T4 (73.75%). There were significant differences in breast lightness-L* with T5 (46.89) the least while the highest T1 (53.91). The breast redness (a*) increased significantly from T1 (8.04) to T5 (11.67). The breast (b*) in T3 (7.63), T4 (8.20) and T5 (8.31) were similar but T5 was significantly higher than T1 (5.74) and T2 (6.90). Remarkably, the lower the cooking loss the higher the cooking yields was observed in this study and this was consistent with several research documentations (Apata et al., 2015; El-Nashi et al., 2015) The lower lightness-L* in the cooked breast meat was associated with a higher redness-a* and yellowness-b* values with increasing level of RCE offered.

The breast meat cooking loss percentage improved from 23.75% to 27.20% over 33.32% of broiler chickens offered 0 g/L RCE. The cooking loss range of 23.75 - 27.20% obtained was similar comparable to 25.55 – 28.98% documented by Owosibo et al., (2018). Also, the breast meat cooking loss percentage differences between broiler chickens offered RCE and those offered 0g/L RCE was 2.34% to 9.57%; indicating that the lower cooking-loss in the meat of broiler chickens offered RCE could confer better meat quality than those not offered RCE. This remark highlights the importance of cooking loss and its relationship to other meat quality properties such as the organoleptic/sensory quality and physicochemical (water holding capacity) of the meat (Heinz and Hautzinger, 2007). The higher cooking loss in the meat from broiler chickens offered 0 g/L and 5 g/L of RCE was implicated by the reduced ability of meat from broiler chickens in those treatments to hold on to its internal water on application of external force such as cooking (Apata and Okubanjo, 2010). Also, this could be attributed to the enzymatic reaction by ionic sublimation which leads to disintegrating the connective tissue and myofibril protein (Bruce et al., 2004). 

The breast meat cooking yield percentage improved from 69.02% to 76.25% over 66.68% of the broiler chickens offered 0g/L RCE. Also, the breast meat cooking yield percentage differences between RCE and those offered 0g/L RCE was 2.34% to 5.57%; indicating that the higher breast meat yield in broiler chickens offered RCE could confer better meat quality properties than those not offered RCE. This observation is buttressing the relevance of cooking yield and its relationship to water holding capacity and pH as meat quality properties (Heinz and Hautzinger, 2007). Notably, the observations regarding the inverse relationship between cooking loss and cooking yield indicates that meat with higher cooking loss would invariably have lower yield per unit cut. This phenomenon is related to fat and protein structural orientation which influence the moisture content within any given meat, while the quantity of free water held within the meat depends on the amount of space between myofilament (Rant et al; 2019). Also, 25.18% to 30.69% (in cooking loss) and 65.28% to 74.82% (in cooking yield) of broiler chicken meat fed onion skin extract was reported by Olusola et al. (2018) were almost similar to 23.75% to 33.32% (in cooking loss) and 66.68% to 76.25% (in cooking yield) of broilers as observed in this study. 
A remarkable observation is the significant improvements in the cooking loss and cooking yield percentages observed among the broiler chickens breast meat which was better in those offered 10, 15 and 20 g/L RCE [with a range for cooking loss percentage (23.75% to 27.20%) and cooking yield percentage (72.80% to 76.25%)] than those offered 0g/L and 5 g/L RCE [with a range for cooking loss percentage (30.98% to 33.32) and cooking yield percentage (66.68% to 69.02%)]. This finding is consistent with the observations documented by Owosibo et al., (2018), where the cooking loss of 27.55% in cooked meat from broiler chicken offered 25% inclusion of raw roselle seed meal. The cooking loss and cooking yield percentages observed among the breast meat from broiler chickens offered 0 g/L and 5 g/L RCE had no tangible improvement. Hence, it could be a viable option to consider 10 g/L RCE as the minimum level for improvement while the best level for improvement in the cooking-loss and cooking yield was reckoned at 20g/L RCE.
The breast meat lightness (L* = 46.89) in the meat from broiler chickens offered 20g/L RCE was reckoned as an improvement as there was a significant decrease in breast meat lightness with increasing level of roselle calyx extract from 10g/L to 20g/L RCE. This phenomenon was observed to be consistent with the report of Galobart et al. (2004) where paleness, softness and exudative-PSE meat characteristics relate to higher lightness-L* value. Applying breast meat lightness-L* values : lighter than normal (lighter, L*>53), normal (48 < L* <53), and darker than normal (dark, L* < 46) as used by Qiao et al. (2001); it implied that meat from broiler chickens offered 0g/L RCE was slightly “lighter than normal (slightly pale), those offered 5g/L (L*: 52.91), 10g/L (L*: 52.11) and 15g/L (L*: 48.57) of RCE had normal breast-meat lightness-L* while that of 20g/L (L*: 46.89) of RCE had slightly darker than normal.

Besides, applying L* = 56 as threshold value as used by Petracci et al. (2004) in the classification of paler-than-normal broiler breast meat; the tendency for the breast meat of the broiler chicken offered 0 g/L (L*: 53.91) of RCE tended towards been pale was more pronounced than those offered 5 g/L (L*: 52.89), 10 g/L (L*: 52.11) and 15 g/L (L*: 48.57) of RCE. The obtained result of higher L* value among the broiler chicken offered 0 g/L (L*: 53.91) of RCE could be due to lack of dietary amelioration factor (like the Roselle calyx extracts which contains vitamin C) to the heat stressed condition prevalent in the tropical environment where broiler chickens were reared in this study. This observation is comparable to the report of higher lightness-L* value of broiler chicken breast meat in summer than those in the autumn and winter (Petracci et al., 2004). 

The breast meat redness (a* = 11.67) in the meat from broiler chicken offered 20g/L RCE had an improvement as the breast meat redness was significant with increasing level of RCE from 0g/L to 20g/L. A better meat quality was reckoned with a higher redness-a* and a lower lightness-L* values. The tendency of the breast meat from broiler chickens offered 0g/L RCE (a*: 8.04) in exhibiting lower redness-a* as lightness-L* increases while those of 15g/L RCE (a*: 10.65) and 20g/L RCE (a*: 11.67) exhibited higher redness-a* as lightness-L* decreases were consistent with several research findings (Bianchi et al., 2007; Qiao et al., 2001;Van Laack et al., 2000) and peculiar to hot climate (Petracci et al. (2001).
The impact of RCE on breast meat yellowness (b*) was significant; the least yellowness was observed in 0g/L RCE (b*: 5.74). A high yellowness (b*) value was associated with high lightness (L*) value and a low redness (a*) value (Bianchi et al., 2007) which was in this study true for the breast meat from broiler chickens offered 0g/L, 5g/L and 10g/L of RCE. However, contrary trend to the documentation made by Bianchi et al. (2007) where a high yellowness (b*) value was associated with high lightness (L*) value and a low redness (a*) value; was the observation made in this study where the breast meat from broiler chickens offered 15g/L and 20g/L of RCE showed a trend of a high yellowness (b*) value been associated with low lightness (L*) value and a high redness (a*) value. 

Sensorial/organoleptic assessment of the cooked breast meat from broiler chickens offered roselle calyx extract (Table 8). The colour, taste and texture as sensory quality traits were assessed among the treatments as non-significantly different. The flavour of the cooked breast meat from T5 was similar to those from T4 but significantly higher than those from T1, T2 and T3. The juiciness for T5 (6.31) was higher (p<0.05) than T1 (5.23), T2 (5.52), T3 (6.04) and T4 (6.13). The Overall acceptability for T5 (6.43) was similar to T4 (6.17) but (p<0.05) higher than T1 (5.61), T2 (5.61) and T3 (5.75). There were improvements in flavour preferences among the broiler chickens breast meat offered 10, 15 and 20g/L RCE. The panelist preferred the broiler chicken meat offered 15g/L and 20g/L RCE most and according to the 9-hedonic scale their preference was considered “Slightly strong” over those offered 0g/L RCE (rated as “Moderately perceptible”) and 5g/L RCE (rated as “Intermediate”). However, within the neighborhood of “Slightly strong” was broiler chicken meat offered 10g/L of RCE; which were considered almost “slightly strong”. Duckett and Kuber, (2001) reported that the higher the fat content of meat the more intense is the flavour. Thus, broiler chicken meat offered 10, 15 and 20g/L RCE [with higher abdominal fat range from 0.08% to 0.16% than those offered 0g/L and 5g/L RCE (with 0% abdominal fat)] had better flavour in their cooked breast meat which was within the acceptable preference as adjudged by the taste panelist.

There were improvements among the broiler chickens breast meat offered 10, 15 and 20g/L RCE for juiciness preferences. The panelist considered the broiler chicken meat offered 20g/L of RCE in the broiler chickens’ drinking water best for juiciness (rated as “Slightly Juicy”) been significantly preferred to those of 0, 5, 10 and 15g/L RCE. However, within the range of “Slightly Juicy” were broiler chicken meat offered 10g/L and 15g/L of RCE in the broiler chickens’ drinking water. The broiler chicken meat offered 0g/L of RCE was considered “Slightly dry” by the sensory panelist on the hedonic scale of preference. This indicates that the addition of the graded levels of the RCE enhances juiciness of the broiler meat. There is a direct proportional relationship among juiciness of meat, intramuscular lipid and moisture content as well as flavour (Omojola et al., 2003). The direct relationship between flavour and juiciness was confirmed in this study, lending support to the phenomenal that the more intense the flavour of the meat the juicier the meat becomes. Moreover, when meat is chewed fat is released which creates the impression perceived by the consumer, leading to increased acceptability and consumption of the meat. Thus, the increasing level of RCE conferred juiciness that was most preferred at 20g/L RCE as adjudged by the taste panelist. The colour, taste and texture of the cook broiler chicken breast meat offered 0, 5, 10, 15 and 20g/L RCE had similar preferences with no significant improvements as adjudged by the panelist. This observation is consistent with Owosibo et al., (2018) where the colour and taste of cooked meat from broiler chickens fed raw roselle seed meal had no significant improvements as adjudged by the panelist. The panelist preferred the broiler chicken meat offered 20g/L RCE most and according to the hedonic scale their preference was considered as “like Slightly” for overall acceptability. However, within the range of “like Slightly” were broiler chicken meat offered 0, 10, 15 and 20g/L of RCE; which were considered almost slightly strong according to the 9-hedonic scale in their preference. This observation is in accord with the Owosibo et al., (2018) where the overall acceptability of cooked meat from broiler chickens fed raw roselle seed meal were considered almost ‘Like slightly’.

Conclusion 
Roselle calyx extract offered to broiler chickens as drinking water up to 20g/L RCE conferred improved growth performance and carcass characteristics, meat yield, cooking yield, physical and sensory quality traits of meat which were best reckoned at 20g/L RCE in broiler chicken offered roselle calyx extract concentrations of 20g/L RCE in drinking water from day 28 to day 49. Also, at 20g/L RCE the cooked breast meat was adjudged as best in ‘flavour and juiciness’ by the sensory panelist rated as ‘slightly-strong’ in flavour and ‘slightly-juicy’ respectively with desirable meat colour. 
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Table 1. Gross Composition of Starter and Finisher Diets
	Ingredients
	Starter diet (kg)
	Finisher (kg)

	Maize
	55.00
	60.00

	Soyabean meal
	26.00
	23.00

	Groundnut cake
	10.00
	8.00

	Fish meal 
	2.00
	1.00

	Wheat offal
	2.80
	4.80

	DiCalcium Phosphate  
	2.00
	1.50

	Limestone
	1.50
	1.00

	Salt
	0.25
	0.25

	Lysine
	0.10
	0.10

	Methionine
	0.10
	0.10

	*Broiler premix
	0.25
	0.25

	Total
	100.00
	100

	Calculated analysis
	
	

	Crude protein (%)
	22.74
	20.15

	#ME  (kcal/kg)
	2856.26
	2915.90

	Crude fibre (%)
	3.84
	3.06


*Broiler premix available: kg of diet Vitamins A (12,500,000 IU), D3 (2,500,000 IU), E (40, 000 mg), B1 (3000 mg), B2 (5,500 mg), B6 (5000 mg), B12 (25 mg), Biotin (80 mg), Niacin (55,000 mg), Pantothenic acid (11,500 mg), Iron (100,000 mg), Zinc (80000 mg) and Manganese (120, 000 mg). #ME: Metabolizable energy

Table 2. The 9-point hedonic scale 
	Point
	Quality attributes

	
	Colour
	Flavour
	Taste
	Texture
	Juiciness
	Overall acceptability

	1
	Extremely dark
	Not perceptible
	Extremely non-tasty
	Extremely coarse
	Extremely dry
	Dislike extremely

	2
	Just dark
	Just perceptible
	Just non-tasty
	Very coarse
	Very dry
	Dislike very much

	3
	Moderately dark
	Moderately perceptible
	Moderately non-tasty
	Moderately coarse
	Moderately dry
	Dislike moderately

	4
	Slightly dark
	Slightly perceptible
	Slightly non-tasty
	Slightly coarse
	Slightly dry
	Dislike slightly

	5
	Intermediate
	Intermediate
	Intermediate
	Intermediate
	Intermediate
	Intermediate

	6
	Slightly light
	Slightly strong
	Just tasty
	Slightly fine
	Slightly juicy
	Like slightly

	7
	Moderately light
	Moderately intense
	Moderately tasty
	Moderately fine
	Moderately juicy
	Like moderately

	8
	Very light
	Strongly intense
	Very tasty
	Very fine
	Very juicy
	Like very much

	9
	Extremely light
	Extremely intense
	Extremely tasty
	Extremely fine
	Extremely juicy
	Like extremely


Table 3. Growth performance characteristics of broiler chickens offered roselle calyx extract
	Parameters
	Treatments

	
	
	Roselle calyx levels (g/L of H2O)

	
	T1 (H2O only)
	T2 (5g/L)
	T3 (10g/L)
	T4 (15g/L)
	T5 (20g/L)

	Initial BW (g)
	713.64±7.13a
	714.26±5.00a
	711.21±4.80a
	714.36±4.24a
	713.74±7.15a

	Final BW (g)
	1512.80±19.19a
	1517.50±22.69a
	1517.58±25.27a
	1560.64±39.31b
	1571.90±32.64b

	Weight gain (g/day)
	38.06±21.51a
	38.25±24.34a
	38.40±24.73a
	40.30±38.66b
	40.86±40.49b

	Feed Intake (g/day)
	113.01±0.02a
	112.70±0.02a
	112.99±0.01a
	112.50±0.01a
	112.40±0.01a

	*FCR
	2.97±0.24a
	2.95±0.14a
	2.94±0.20a
	2.79±0.04b
	2.75±0.06b

	Viability
	98.81±1.19a
	99.61±0.39a
	98.80±0.83a
	99.21±0.79a
	99.23±0.49a


*a,bMean±SE on the same row with different letters are significant (p<0.05). *FCR: Feed conversion ratio
Table 4. Carcass characteristics of broiler chickens offered roselle calyx extracts 
	Parameters
	
	Treatments
	
	
	

	
	
	Roselle calyx extract levels (g/L of H2O)

	
	T1 (H2O only)
	T2 (5g/L)
	T3 (10g/L)
	T4 (15g/L)
	T5 (20g/L)

	Live weight (g)
	1272.39±23.00
	1292.23±25.37
	1268.33±21.11
	1308.60±49.62
	1315.04±31.99

	Defeathered weight (%)
	92.79±4.33
	92.68±2.41
	92.82±3.32
	94.14±1.88
	93.93±2.65

	Eviscerated Weight (%)
	73.99±3.70
	77.19±2.15
	77.19±3.09
	77.27±2.16
	78.45±3.13

	Breast Weight (%)
	17.87±0.44c
	18.43±0.42c
	21.06±0.21b
	21.21±0.13b
	23.05±2.40a

	Thigh Weight (%) 
	9.98±0.08d
	10.97±0.22c
	11.62±0.05b
	11.94±0.32b
	12.47±0.04a

	Drumstick Weight (%)
	8.77±0.08d
	10.36±0.06c
	10.66±0.10b
	10.72±0.10b
	13.13±0.05a

	Wing weight (%)
	9.66±0.10ab
	9.83±0.06a
	9.30±0.34b
	9.64±0.12ab
	9.83±0.28a

	Back weight (%)
	14.63±0.07d
	14.63±0.16d
	15.21±0.09c
	17.34±0.09b
	17.67±0.06a


a,bMean±SE on the same row with different letters are significant (p<0.05)

Table 5. External and Internal Offals of broiler chicken offered roselle calyx extracts
	
	Treatments

	
	
	Roselle calyx extracts

	Parameters
	T1(H2O only)
	T2 (5g/L)
	T3 (10g/L)
	T4 (15g/L)
	T5 (20g/L)

	External Offal
	
	
	
	
	

	Head weight (%)
	2.72±0.10c
	2.97±0.04b
	2.54±0.03d
	2.76±0.04c
	3.18±0.04a

	Neck weight (%)
	4.29±0.17b
	4.51±0.21b
	4.63±0.14ab
	4.83±0.18ab
	5.10±0.10a

	Shank weight (%)
	4.76±0.16b
	4.81±0.04b
	4.38±0.11c
	4.61±0.03bc
	5.38±0.08a

	Internal Offal
	
	
	
	
	

	Gizzard (%)
	2.52±0.07b
	2.49±0.21b
	2.30±0.14b
	2.40±0.30b
	2.99±0.18a

	Liver (%)
	1.68±0.02d
	1.88±0.03c
	2.01±0.05b
	2.12±0.06b
	2.39±0.04a

	Heart (%)
	0.46±0.03a
	0.53±0.03ab
	0.56±0.04a
	0.62±0.02a
	0.62±0.02a

	Abdominal fat (%)
	0.00±0.00a
	0.00±0.00a
	0.08±0.05ab
	0.15±0.05a
	0.16±0.04a


a,bMean±SE on the same row with different letters are significant (p<0.05)

Table 6. Meat yield of broiler chickens offered roselle calyx extracts 
	
	Treatments

	
	
	Roselle calyx extracts

	Parameters (%)
	T1 (H2O only)
	T2 (5g/L)
	T3 (10g/L)
	T4 (15g/L)
	T5 (20g/L)

	Breast meat yield
	12.75±0.13c
	13.29±0.44c
	15.71±0.39bc
	16.10±0.39b
	18.12±2.40a

	Thigh meat yield
	6.37±0.08d
	7.24±0.22c
	8.25±0.05b
	8.04±0.32b
	8.91±0.04a

	Drumstick meat yield
	5.84±0.10d
	7.43±0.06c
	7.72±0.13bc
	7.90±0.13b
	10.33±0.05a


a,bMean±SE on the same row with different letters are significant (p<0.05)

Table 7. Physical traits of cooked chicken breast meat offered roselle calyx extracts 
	
	Treatments

	
	
	Roselle calyx extracts

	Parameters
	T1 (H2O only)
	T2 (5g/L)
	T3 (10g/L)
	T4 (15g/L)
	T5 (20g/L)

	Cooking loss (%)
	33.32±0.78a
	30.98±1.12a
	27.20±0.67b
	26.25±0.76b
	23.75±0.76c

	Cooking yield (%)
	66.68±0.78c
	69.02±1.12c
	72.80±0.67b
	73.75±0.76b
	76.25±0.73a

	Lightness (L*)
	53.91±0.38a
	52.89±0.24ab
	52.11±0.68b
	48.57±0.47c
	46.89±0.25d

	Redness (a*)
	8.04±0.08d
	8.30±0.05d
	9.22±0.34c
	10.65±0.09b
	11.67±0.06a

	Yellowness (b*)
	5.74±0.02c
	6.90±0.51b
	7.63±0.23ab
	8.20±0.08a
	8.31±0.06a


a,bMean±SE on the same row with different letters are significant (p<0.05)

Table 8. Sensory evaluation of broiler breast meat offered roselle calyx extracts
	
	Treatments

	
	
	Roselle calyx extracts

	Parameters
	T1 (H2O only)
	T2 (5g/L)
	T3 (10g/L)
	T4 (15g/L)
	T5 (20g/L)

	Colour
	6.57±0.04
	7.00±0.05
	7.05±0.05
	6.93±0.05
	7.19±0.05

	Flavour
	3.88±0.21d
	5.37±0.06c
	5.79±0.05b
	6.00±0.05a
	6.08±0.15a

	Taste
	6.70±0.06
	6.85±0.05
	6.55±0.05
	6.60±0.05
	6.95±0.05

	Texture
	5.95±0.05
	5.97±0.05
	5.53±0.05
	5.57±0.05
	5.51±0.02

	Juiciness
	4.23±0.14d
	5.52±0.05c
	6.04±0.05b
	6.13±0.04b
	6.31±0.05a

	Overall acceptability
	5.61±0.04c
	5.61±0.16c
	5.75±0.04bc
	6.17±0.05ab
	6.43±0.05a


a,bMean±SE on the same row with different letters are significant (p<0.05)
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