1. Introduction

The meat industry still holds considerable importance in the livestock sub-sector of Sri Lanka. Poultry meat stands out as the fastest growing component of meat demand in the country. Chicken is the most dominant poultry species that contributes to the largest portion of daily meat demand in most Sri Lankan diets. Within the livestock sector of Sri Lanka, other poultry species such as quail and turkey are categorized under micro-livestock species. These species are richer in nutrients and remain underutilized due to their low availability and comparatively higher prices.
In Sri Lanka, the processed meat industry offers a diverse range of meat products to cater to this evolving demand. This trend creates a good opportunity for the promotion of nonconventional poultry meat consumption through the development of new convenience marketable food items, once such possibility is the development of meatball. Nowadays, Meatball is a popular meat product in the market and meatballs based on poultry product except chicken is still not commonly found. This gap in the market created an opportunity for innovation. So, the development of meatball based on quail and turkey meat will add variety to the meatballs available in the market, and indirectly it can help develop the quail and turkey meat industry.
The indigenous foods of Sri Lanka have a rich history that dates back thousands of years. This unique tradition is deeply rooted with in the nutritional and health-oriented aspects of its ingredients and preparation methods (Mihiranie et al., 2023, 2020). The Veddas are recognized as the indigenous community of Sri Lanka and game meat held a significant place in Veddas dietary preferences and to process game meat, they practiced  various  methods,  one  of  which  was  the  preparation  of  “Mas  guli” or “Kurakkal” that has the potential to develop in to a meat ball. This method involved the use of boneless game meat, roasted rice flour, green chili, Cumin, Coriander and leaves of Asamodagam (Trachyspermum roxburghianum)(Mihiranie et al., 2020). The present study attempted to develop nutrient rich meatball to increase the acceptance and utilization of Quail and Turkey meat as alternative protein sources to chicken in Sri Lanka.



2. Materials and Methods
[bookmark: _Toc164527685]2.1 Meatball formulation 
The formula for the meatballs was developed after conducting a series of preliminary trials using Chicken meat. 
	Ingredients (%)
	Treatments

	
	Chicken
	Turkey
	Quail

	Meat
	65.5
	65.5
	65.5

	Rice flour
	10
	10
	10

	Vegetable oil 
	5
	5
	5

	Cumin
	0.5
	0.5
	0.5

	Coriander
	0.75
	0.75
	0.75

	Black pepper
	0.75
	0.75
	0.75

	Garlic
	1.5
	1.5
	1.5

	Ginger
	1.5
	1.5
	1.5

	Asamodagam leaves
	1.25
	1.25
	1.25

	Green chili 
	1.25
	1.25
	1.25

	Salt
	2
	2
	2

	Ice flakes 
	10
	10
	10

	Total 
	100%
	100%
	100%


Table – Formulation for poultry meatballs with inclusion of rice flour (%)




[bookmark: _Toc164527687]2.2 Forming, cooking and packaging of meatball


2.3 Proximate Analysis 
Determination of proximate composition (Moisture, fat, ash and protein) of formulated meatballs was done according to the AOAC (2000) methods. 

[bookmark: _Toc164527690]2.4. pH Measurement 
The pH of the emulsion and product were determined by following the AOAC method (pH meter). 

[bookmark: _Toc164527692]2.5 Cooking Loss and Product Yield
The weight of meatballs before and after cooking was recorded. Product yield and cooking loss was calculated by methods of followed by Lara et al. (2011) using the following formulas,
  
Product Yield % =  

Cooking loss % =        

[bookmark: _Toc164527693]2.6 Texture analysis
The texture profile analyses (TPA) of meatballs were determined by using a texture analyzer (Model TX-700). Each sample was compressed twice to 75% of the original height using a compression probe (CYL 10) at test speed of 2 mm/min. 

[bookmark: _Toc164527694]2.7 Color measurement 
Color analysis of cooked meatballs including lightness (L*), redness (a*) and yellowness (b*) were carried out using a Minolta colorimeter according to the CIE Lab scale. 

[bookmark: _Toc164527695]2.8 Sensory Evaluation  
The sensory analysis was conducted to evaluate the preference of the meatballs with chicken, turkey and quail meat by untrained panel of 30 members. The evaluation scale ranged from 1 to 9 pints, where 1- Dislike extremely; 9- Like extremely

[bookmark: _Toc164527696]2.9 Statistical analysis	
All experiments and analytical measurements were done in triplicate. All data were evaluated by using the analysis of variance (ANOVA) and Turkey’s test was conducted to compare means. The differences were considered to be significant at P< 0.05. SPSS Software was used for Analysis. 
The statistical analysis of sensory data performed by XLSTAT Software, which was specifically design for sensory analyzing.






3. Results

3.1 [bookmark: _Toc164527699]Proximate Analysis of Meatballs

	Chemical composition
	Samples

	
	CM
	TM
	QM

	Moisture%
	70.28 ± 1.759 a
	69.63 ± 0.726a
	70.25 ± 0.839a

	Protein%
	15.71 ± 0.119 a
	16.29 ± 0.036b
	9.24± 0.064c

	Fat%
	11.76 ± 0.124 a
	12.34 ± 0.075b
	9.24± 0.064c

	Ash%
	1.09 ± 0.021 a
	2.03 ± 0.035b
	2.48± 0.086b


a, b, c Mean values in the same row with different letters differ significantly (P<0.05)
Table 01- Proximate composition of meatballs (%). 
[bookmark: _Toc164527701]3.2. Emulsion pH Product pH of meatballs

	Samples
	Emulsion pH
	Product pH

	CM
	6.01 ± 0.029 a
	6.22 ± 0.006 b

	TM
	5.92 ± 0.006a
	6.16 ± 0.006b

	QM
	5.94± 0.000a
	6.13± 0.015b






a, b, Mean values in the same column with different letters differ significantly (P<0.05)
         Table 02 – Emulsion pH   and Product pH  


             Figure 01 – Emulsion pH and Product pH
Same letters show on the bar there is no significantly difference (p>0.05) between samples. 

3.3 [bookmark: _Toc164527703]Cooking loss and Product yield
b
a

               Figure 02 – Cooking loss and Product yield
Same letters show on the bar there is no significantly difference (p>0.05) between samples.

[bookmark: _Toc164527704]3.4 Texture profile analysis  
Table 07 and Figure 11, Figure 12, Figure 13 and Figure 14 show the texture profile analysis of meatballs.
	Parameter 
	Samples

	
	CM
	TM
	QM

	Hardness(N)
	9.78 ± 2.475a
	7.61±1.162b
	7.34± 1.272b

	Chewiness (N)
	6.81 ± 0.361a
	2.88±0.759b
	5.03± 0.811c

	Cohesiveness
	0.59 ± 0.059 a
	0.30±0.086b
	0.45± 0.168c

	Gumminess (N)
	5.97 ± 0.571 a
	2.39±1.015b
	4.67± 0.704c


a, b, c Mean values in the same row with different letters differ significantly (P<0.05)
Table 03 -Texture profile analysis of meatballs
[bookmark: _Toc164527705]3.5 Color analysis 
Table 08 and Figure 15 show the color values of meatball
	Samples
	L*
	a*
	b*

	CM
	60.70 ± 2.364 a
	1.63 ± 0.231 a
	13.63 ± 0.252 a

	TM
	57.57±1.405b
	3.13±0.321b
	12.70±1.323b

	QM
	57.87± 1.270b
	3.97± 0.058b
	11.50± 0.173b






a, b, c Mean values in the same column with different letters differ significantly (P<0.05)
                              Table 04- Color values of meatball



[bookmark: _Toc164527706]3.6 Sensory evaluation analysis 
          Figure 03– The sensory analysis on the average scores of three different poultry meatballs





4. Discussion

[bookmark: _Toc164527709]4.1 Proximate composition of poultry meatballs   
Statistical analysis showed that there are no significant differences in moisture content between three different meatballs (p>0.05) and moisture contents of meatball were in the range of 69.63 – 70.28 %.The high level of protein (18.02%) and ash content (2.48%) were determined in quail meatballs, while the low level of protein (15.71%) and ash content (1.09%) determined in chicken meatballs (P < 0.05). Turkey meatball had the highest content of fat (12.34 %) whereas quail meatball had the lowest (9.24 %) (P < 0.05). 
Generally, Protein content of commercial chicken meatball was between 9.93 to 15.06 %; (Halini et al., n.d.). The protein content of quail and turkey meatballs in this study was higher than commercial chicken meatballs. The fat content of these meatballs (4.26 -14.00 %) are in the range of commercial meatballs. (Halini et al., n.d.). 


[bookmark: _Toc164527711]4.2 Emulsion pH and Product pH

The results shows that emulsion pH and product pH of chicken, turkey and quail meatballs are not significantly different (P>0.05). However, the product pH of all three different meatballs was observed to be higher than the emulsion pH. Such variations might be due to the preservative action of added ingredients with in the cooked product.
The reference standard product pH for commercial meatballs may vary depending on factors such as product type, target market, and regulatory requirements. Generally, a pH range between 5.5 and 6.5(Fsis, n.d.) is considered optimal for most meatball formulations, ensuring both safety and palatability. 

[bookmark: _Toc164527713]4.3 Cooking loss and Product yield
Cooking loss and product yield are vital parameters in meatball production as it directly impacts production efficiency, cost-effectiveness, and consumer satisfaction. The percentage of product yield reflects the amount of usable meat obtained from raw materials after cooking, accounting for losses due to moisture evaporation and other factors. High cooking loss can lead to reduced product yield and compromised texture, juiciness, and overall quality of meatballs (Mena et al., 2020)
The data demonstrate significant differences (P < 0.05) in cooking loss and product yield among turkey, chicken, and quail meatballs. Turkey meatballs exhibited the highest cooking loss, while quail and chicken meatballs displayed higher product yield.

[bookmark: _Toc164527714]4.4 Texture profile Analysis      
Texture is a critical determinant of consumer acceptance and purchase decisions, as it influences sensory attributes such as mouthfeel, palatability, and perceived quality. The textural properties of meatballs, including hardness, gumminess, cohesiveness, and chewiness, are key indicators of product quality and consistency.(Mena et al., 2020)
It is showed that turkey (7.61N) and quail (7.34N) meatballs exhibited significantly lower hardness (P < 0.05) compared to chicken meatballs (11.11N). This indicates that turkey and quail meatballs are softer and more tender in texture than chicken meatballs with addition of 10% rice flour.
It was observed that turkey and quail meatballs had significantly lower gumminess and chewiness (P<0.05) when compared to chicken meatballs. This suggests that turkey and quail meatballs offer a less resistant and more easily chewable texture compared to chicken meatballs.
A higher cohesiveness value indicates greater structural integrity and adhesion of the meatball components while the results of table 07 showed that there is no significant difference (P>0.05) in cohesiveness between three meatball samples.(Nishinari et al., 2013)

[bookmark: _Toc164527715]4.5 Color   
The results indicated that quail and turkey meatballs exhibited significantly high a* values (P < 0.05) compared to chicken meatballs, indicating a more pronounced red coloration. This natural redness in quail and turkey meatballs suggests the presence of higher levels of myoglobin, a pigment responsible for meat coloration. The highest a* value observed in quail meatballs followed by turkey meatballs. This observation suggests that quail and turkey meatballs possess a darker and less yellowish appearance compared to chicken meatballs, contributing to their distinct color profiles.(Mena et al., 2020)

[bookmark: _Toc164527716]4.6 Sensory evaluation analysis
A sensory evaluation was carried out to identify the acceptability of three different poultry meatballs. The effect of the sensory properties such as appearance, color, aroma, tenderness, taste and overall acceptability was evaluated among three different meatballs using 30 members of untrained panelists.
Comparison of sensory analysis of poultry meatballs in web chat is shown in Figure 21. From the figure is observed that quail meatballs had a very significant effect (P<0.05) on many attributes used in the evaluation. In comparison to other two meatballs, quail meatballs had score highest in appearance, color, taste, juiciness, and overall acceptability. Considering all these attributes quail, meatballs were most acceptable to panelist among three different poultry meatballs.


5. Conclusion and Recommendation

Based on the analysis results, the traditional “Kurakkal/Mas guli" recipe can be successfully incorporated into the meatball preparation using all three types of meat. Developed quail meatballs have shown positive impacts for both quality and sensory attributes including proximate composition, hardness, colour and overall flavour when compared to turkey and chicken meatballs. This suggests that quail meatballs have a good potential to compete with commercial chicken meatballs in the market.
For further studies, conduct microbiological analysis to ensure product safety and shelf life with storage conditions and enhance the redness of the meatballs by incorporating natural red colorants instead of artificial colorants can be suggested.
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Cut the meat in to small pieces 


Mince


Take a known percentage of meat


Mix with a known percentage of rice flour 


Mix with condiments,spices and other ingredients 


Foam in to balls manully (15g)


Cook for 20 mins at 80°C


Pack and store in freeze conditions

























Emulsion pH 	2.8867513459481187E-2	5.7735026918961348E-3	0	2.8867513459481187E-2	5.7735026918961348E-3	0	Chicken meatballs	Turkey meatballs	Quail meatballs	6.0133333333333345	5.916666666666667	5.94	Prodct pH 	5.7735026918966474E-3	5.7735026918961348E-3	1.527525231651914E-2	5.7735026918966474E-3	5.7735026918961348E-3	1.527525231651914E-2	Chicken meatballs	Turkey meatballs	Quail meatballs	6.2233333333333336	6.163333333333334	6.126666666666666	
Ph




Cooking loss%	1	1	Chicken meatballs	Turkey meatballs	Quail meatballs	2.7985712339584836	7.0120500423919951	3.8898146472007102	Product Yield %	Chicken meatballs	Turkey meatballs	Quail meatballs	97.201428766041531	92.987949957608009	96.110185352799292	





Sensory Evaluation of Poultry meatballs developed from Chicken, Turkey and Quail meat using a Traditional recipe


Chicken meatball	Overall Appearance 	Color 	Aroma	Taste	Mouth Coating	Juiciness 	Tenderness	Overall Acceptability 	7.6773999999999996	7.0650000000000004	8.1289999999999996	7.4189999999999996	7.3230000000000004	7.484	7.6769999999999996	7.6773999999999996	Turkey meatball	Overall Appearance 	Color 	Aroma	Taste	Mouth Coating	Juiciness 	Tenderness	Overall Acceptability 	7.7096	7.5810000000000004	7.9029999999999996	7.484	7.3869999999999996	7.3230000000000004	7.9349999999999996	7.7096	Quail meatball	Overall Appearance 	Color 	Aroma	Taste	Mouth Coating	Juiciness 	Tenderness	Overall Acceptability 	8.0645000000000007	8.1609999999999996	8.1289999999999996	8.1289999999999996	7.806	7.6449999999999996	8.032	8.0645000000000007	



