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1. INTRODUCTION
Artificial food colourants used in foods, particularly in those that target children, are of concern to the general public due to their possible toxicity. Tartrazine (E102), sunset yellow (E110) and azorubine (E122) are widely used as artificial food colourants in jelly-based products for imparting yellowish colour. However, these colours are associated with detrimental health effects such as hyperactivity in children, carcinogenicity, allergenicity and intolerance reactions (Amchova et al., 2015). Consumer preference for naturally derived colourants is attributed to health consciousness and lifestyles of modern consumers.
Industrial fruit waste is one of the major underutilized products that contain substantial amounts of carotenoids possessing yellowish colour. Utilization of fruit waste in processing industries has become a major challenge in the world due to generation of large quantities of by-products such as peels, fleshy parts and seeds (Ashok Kumar et al., 2011). As peels of mango, papaya and banana are generated in substantial quantities, accounting for 40% of total waste (Wathsala et al., 2017), it is worthwhile to extract crude carotenoids from such fruit peels and investigate the possibility of replacing artificial colourants with them.
As carotenoids scavenge oxygen radicals and reduce oxidative stress by acting as antioxidants and possess provitamin A activity, benefits of using such pigments in foods go beyond imparting colour. However, as carotenoids are highly unsaturated compounds, they are degraded by temperature, light and/or pH (Boon et al., 2010). Therefore, it is important to take measures for preventing such degradative reactions. Microencapsulation is one such measure that can possibly preserve the color of carotenoids. Maltodextrin, which is a non-nutritive polysaccharide obtained by partial acid hydrolysis of several starches, can be used as a wall material for microencapsulation due to its high-water solubility and low viscosity (Ozkan and Bilek 2014). Therefore, the present study focused on exploring the possibility of microencapsulating crude carotenoid pigments extracted from mango, papaya and banana peels and replacing the artificial food colourant in jelly products with the microencapsulates for imparting yellowish colour.
2. METHODOLOGY
2.1 Preparation of microencapsulated crude carotenoid pigments
Crude carotenoid extracts from mango, papaya and banana peel powders were prepared by using optimum conditions of 50% ethanol at 25 O C for 90 min, 50% ethanol at 42.4 O C for 30 min and 57.7% ethanol at 60 O C for 5h, which resulted in mango, papaya and banana pee powders respectively based on Box-Behnken design of response surface methodology, according to the procedure described by Madhavi et al., (2019). Microencapsulation was performed according to a procedure described by Fernandez-lopez et al., (2018) as follows. The crude carotenoid extracts were filtered (Whatman no: 1), and the filtrates were stabilized with polysorbate 80 according to a procedure described by Nogueira et al., (2017). The stabilized filtrates (15 brix) were mixed in a 1:1 (v/v) with a maltodextrin solution (15% w/v) prepared by vigorous vortexing, and then homogenized in a homogenizer (d-500 Dragon lab). The homogenized dispersions (500 ml) were thermostated at 20 °C and spray dried in a spray dryer (B 290, Japan), which comprised a nozzle with 0.7 mm internal diameter. An inlet air temperature of 160 °C, an outlet temperature of 75 °C, a liquid fed rate of 5 ml/min, an atomization air flow rate of 0.45 m3/hr and a drying airflow rate of 36 m3/hr were the spray drying conditions. Morphology of mango, papaya and banana MCCPs was observed under a scanning electron microscope (SEM), model (Evo/lsis) and (Zeiss) brand utilizing the smart SEM software at Geological Department of University of Peradeniya.
2.2 Incorporation of MCCPs in jelly products
Jelly products were prepared according to the method described in SLS (1982). Gelatin (8%) was dissolved in water at 60 °C by stirring in a laboratory-scale magnetic stirrer (PC-220). A sugar solution (80%) was prepared in boiling water, cooled it down to 80°C and mixed with the gelatin solution. Mango, papaya and banana MCCPs were added to the sugar-gelatin mixture at 2%, mixed well and refrigerated. Jelly products were also prepared using jelly mixtures marketed by a reputed food manufacturing company. Colour of the jelly products was determined in triplicate by measuring ‘a’ (redness), ‘b’ (yellowness) and ‘L’ (lightness) values using a colorimeter (RM 200, China). These values were compared with tartrazine and azorubine (Control 1) and tartrazine and sunset yellow (Control 2).
3. RESULTS AND DISCUSSION
3.1 Preparation of microencapsulated crude carotenoid pigments
Small and well-defined separate particles of quite different shapes of microencapsulates were evident when observed under a SEM (Figure 1). Smaller size of papaya microencapsulates than that of mango and banana revealed their potential for producing jelly products with even colour distribution. This may probably be due to presence of lutein as the major pigment in banana MCCPs and β-cryptoxanthin and β-carotene in mango and papaya MCCPs respectively. Similarly, microcapsules of lutein were reported to be comparatively larger than that of β-cryptoxanthin and β-carotene (Yan et al., 2016).

Figure 1. Scanning electron microscopic images of microencapsulated crude carotenoid pigments (MCCPs) from mango, papaya and banana peels (Magnification-2.00K*)
3.2 Incorporation of MCCPs in jelly products
A preliminary study was conducted to determine the suitability of the MCCPs for imparting colour in jelly, as it is a water-based product. The results revealed that the a* values of mango, papaya and banana MCCPs incorporated jelly products were comparable with both the controls and the b* values of papaya and banana MCCPs incorporated jelly products were comparable with Control 2 (Table 1). As no limit is identified for incorporating natural pigments into food products, different concentrations of MCCPs can be incorporated into jelly products for imparting varying intensities of yellowish colour. The ability of the MCCPs to impart different shade of yellow colour in jelly, which was revealed in this study, is probably due to the presence of β-cryptoxanthin and lutein pigments possessing hydroxyl groups (Boon et al., 2010) in the crude carotenoid extracts from mango, papaya and banana.
Table 1. Colour of jelly containing MCCPs and artificial colourants
	Colourant
	L* value
	a* value
	b* value

	Mango MCCPs 2%
	40.6 + 0.91
	2.70 + 0.20
	17.9 + 5.37

	Papaya MCCPs 2%
	38.5 + 4.03
	2.63 + 2.08
	21.5 + 8.17

	Banana MCCPs 2%
	41.6 + 7.12
	3.90 + 2.50
	20.2 + 11.5

	Control 1: Tartrazine (E102) and
Azorubine (E 122) 
	50.0 + 0.23
	4.00 + 2.75
	43.3 + 29.1

	Control 2: Tartrazine (E102) and
Sunset yellow (E 110)
	48.6 + 11.6
	3.50 + 1.64
	22.7 + 9.34


Critical difference (CD) = 2.94. Values are means ± standard deviation of triplicate.

Differences higher than CD between the colour of controls and MCCP incorporated jelly products were significant at p = 0.05. The results revealed that the a* values of jelly containing microencapsulates of mango, papaya and banana CCs were comparable with both the controls and the b* values of those containing microencapsulates of papaya and banana CCs were comparable with Control 2.
CONCLUSIONS/RECOMMENDATIONS
The microencapsulates of crude carotenoids, which were extracted from mango, papaya and banana peel powders based on Box-Bhenken design of response surface methodology, imparted colours in jelly that were comparable with those containing artificial colourants. Further studies on sensory aspects and stability of colour during the shelf life need to be carried out.
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