1. [bookmark: _Toc121512376]Introduction
Food is being used to not only satisfy the primitive drive to eat, but also to improve the health of consumers. In this context, the food industry has concentrated on avoiding the potential risks of synthetic food additives and producing unique food items with health-promoting elements. Bioactives are a type of functional chemical that has been linked to positive health outcomes. As a result, bioactive natural products are seen as feasible and safer alternatives to meet the growing demand for new products. Plants develop bioactive chemicals as secondary metabolites to improve their overall ability to thrive and overcome the challenges by allowing them to interact with their environment (Bernhoft, 2010; Dadi et al., 2019). The importance of certain of these bioactive chemicals' antioxidant activities and their potential application as a natural antioxidant in processed foods has been growing (Shi, 2006). Polyphenols are a group of phytochemicals recognized as the most abundant in human diet (Palermo et al., 2014; Manach et al., 2004). 
Despite their recognized health effects, bioactives compounds show organoleptic constraints and instability to food processes, storage and ingestion, calling research for their protection and controlled release. Plant origin bioactive compounds like polyphenols were reported to be significantly reduced during food processing, especially during conventional thermal processing (Shi, 2006; Dadi, 2019). Among the technologies to extend their potential health benefits, microencapsulation of  bioactives and validation of the developed bioactive microcapsule through their incorporation in to food matrix has been emerged as a viable route to use natural bioactives in foods for functionality (Dias et al., 2015). Microencapsulation is a method of encapsulating solids, liquids, or gaseous components in tiny, sealed capsules and releasing them at controlled rates under controlled conditions. It protects the core from the environment, extends the shelf life of a product, and allows for controlled release (Shahidi and Han, 1993). Spray drying is one of the most extensively utilized encapsulation processes in the food industry. It entails spraying feed (solution) into a hot drying medium to turn it into dried particulate form, resulting in fine particles with minimal processing time.
2. Materials and Methods 
2.1. Chemicals. Folin–Ciocalteu phenol reagent; aluminium chloride (AlCl3·6H2O); sodium carbonate (Na2CO3); 2,2-diphenyl-1-picrylhydrazyl radical (DPPH); 2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS); sodium nitrite (NaNO2); sodium hydroxide (NaOH); ethanol; and phenolic compounds (gallic acid, quercetin) were chemicals used for analysis. All chemicals and solvents were of analytical grade.
[bookmark: _Toc121512377]2.2. Experimental materials
Seven different cultivars of C. abyssinica was selected based on their leaf biomass, drought tolerance/early maturation and leaf color. Determination of the phytochemicals (total phenol and flavonoid content) of these cultivars was evaluated and one with highest total phenol content and total flavonoid content was selected for further extraction, microencapsulation and food incorporation process. Accordingly based on observed significantly (P<0.05) premium extraction and TPC yield (Table 2), cultivar #20 is selected for further novel extraction and food processing application.
[bookmark: _Toc121512378]2.3. Sample collection, preparation and storage 
The C. abyssinica leaves samples were collected from Debrezeit Agricultural Research Center, Bishoftu which is located at 47 km South East of Addis Ababa, Ethiopia at proper maturity time during November 2022 to January 2023. DZARC is geographically located at 08˚44’N latitude and longitude of 38˚58’ E. It has an elevation of about 1860 m.a.s.l., mean annual rainfall of 851mm and mean temperature of 19˚C. The major soil types in the area are heavy black (koticha), light soil (gomborie) as well as vertisols and alfisols/mollisols. Samples were then washed using tap water and rinsed using distilled water to remove foreign matters. It was then air dried under shade, ground and allowed to pass through a sieve (20 meshes). The samples were then packed in paper bags, sealed in an airtight polyethylene bag, and labeled before storing in the dark room at -20˚C until extraction.
Moisture content determination 
The moisture content of the fresh leaves sample and the dried samples were determined according to the method described by AOAC (2000). About ten grams of the fresh sample were taken randomly from the stock and dried at 105 °C for 6 h in the oven (Memmert Karl Kolb, D-6072, Dreieich, West Germany). The average values were taken from triplicate experiment and percent of the moisture content was determined using the following equation
 *100   …………………………………………….…………..…………. Eq (2)
Where, MC is the moisture content (%), Wf is the weight of fresh sample (g), Wd is the weight of dried sample (g)
Qualitative Test of Phytochemicals
For the detection of phenols, ferric chloride test was followed according to (Ugochukwu et al., 2013). Briefly, 2 ml of the Coccinia abyssinica leaves extract was treated with 5 % aqueous ferric chloride and observed for formation of deep blue or black color to confirm the sample constitutes phenols. For the detection of flavonoids, a method by (Alagesaboopathi and Sivakumar, 2011; Ayoola et al., 2008) was followed. Briefly, to a filtrate of 2 ml Coccinia abyssinica leaves extract, diluted ammonia (5 ml) and concentrated H2SO4 (1 ml) was added slowly and the development of a yellow color that disappears on standing was considered as an indicator for the presence of flavonoids
Table 1. Qualitative preliminary tests for phytochemicals
	Phytochemicals
	C. abyssinica Cultivars
	Specific indicator observed

	
	20
	130
	122
	310
	167
	360
	424
	

	Phenolic cpds
	+
	+
	+
	+
	+
	+
	+
	Dark green color

	Flavonoids
	+
	+
	+
	+
	+
	+
	+
	Yellow color

	Tannin
	+
	+
	+
	+
	+
	+
	+
	Yellow Precipitate

	Terpenoids
	+
	+
	+
	+
	+
	+
	+
	Reddish brown coloration




2.4. Experimental Design. A face-centered central composite design was used to optimize three independent microwave parameters: ethanol concentration (%, X1), microwave power (W, X2), and extraction time (min, X3) of four dependent variables: total phenolic content (TPC), total flavonoid content (TFC), DPPH scavenging activity (DPPH), and ABTS scavenging activity (ABTS). These independent microwave parameters were selected due to their significant influence on the efficiency of microwave assisted extraction (MAE) (Krishnaswamy et al., 2013; Weremfo et al., 2020). Generally, ethanol and methanol are better solvents for extraction of phenolic compounds. Considering the potential use of this product in food industry, ethanol was selected as the solvent in this study. The independent variables were coded at three levels, and their actual values selected based on literature data and preliminary experimental results. The independent variables and their related codes and levels are displayed in Table 2. A total of 17 experimental runs were performed randomly, which included three replicates at the centre point (Table 3), and all the experiments were replicated thrice to improve the analysis. Regression analysis for the experiment data was performed and was fitted into a second-order polynomial model:
 …………………..……….……. Eq (1)
Where β0, βi, βii, and βij are the regression coefficients; xi and xj are the coded levels of independent variables affecting the dependent response Y; and k is the number of parameters.
Extraction process
Conventional solvent extraction (Maceration) 
The conventional extraction by maceration was performed according to the method explained by Vongsak et al. (2013) with some modifications. The leaf powder (1 g) was put in 40 mL of aquous, 50% and 70 % ethanol with a sample-to-solvent ratio of 1:40 (g/mL). Subsequently, it was placed in the reciprocating water bath shaker (Model ZWY-110X30) at 100 rpm and 30 °C for 24 h. The extract was filtered through Whatman no. 1 filter paper and dried using Freez dryer model Alpha1-2 LDplus- 101521 (Germany) and a rotary evaporator (model ROVA-100) under vacuum at 40 °C and 40 r.p.m. The dried extract was kept in a refrigerator at 4 °C until it was required for the analysis.
Microwave assisted extraction 
MAE was performed using a domestic microwave oven (LG Model MH653GIB, China) operating at 1000W maximum power and a frequency of 2450 MHz apparatus was equipped with a digital control system for irradiation time and microwave power. The oven was modified in order to condense the vapor generated during extraction into the sample. 1 g of C. abyssinica leaf powder was stirred in 40mL aqueous ethanol, and the mixture was irradiated using the microwave system. MAE extraction parameters were microwave power (200–1000 W), extraction time (1–10 min), and ethanol concentration (40–90%) and solvent to solid ratio (20-40 ml/g). Thereafter, the sample was filtered using a vacuum pump.
Table 2. Three levels of the three variables of the extraction process
	Independent variables
	Symbols
	Coded levels

	
	
	-1
	0
	1

	Ethanol concentration (%)
	X1
	40
	75
	90

	Microwave power (W)
	X2
	200
	600
	1000

	Extraction time (min)
	X3
	1
	5.5
	10

	Solvent to solid ratio (ml/g)
	X4
	20
	30
	40



Table 3 Central composite design (FCCCD) with observed response of the dependent variables from MAE of C. abyssinica leaf.
	Independent variables
	Phenolic compounds
	Antioxidant activity

	Run order
	X1 (%)
	X2 (W)
	X3 (min)
	X4 (ml/g)
	TPC (mg·GAE/g)
	TFC (mg·QE/g)
	DPPH 
(% inhibition)
	ABTS 
(% inhibition)

	1
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	
	

	11
	
	
	
	
	
	
	
	

	12
	
	
	
	
	
	
	
	

	13
	
	
	
	
	
	
	
	

	14
	
	
	
	
	
	
	
	

	15
	
	
	
	
	
	
	
	

	16
	
	
	
	
	
	
	
	

	17
	
	
	
	
	
	
	
	


X1 = ethanol concentration; X2= microwave power; X3= extraction time; X4= Solvent:solid ratio; TPC= total phenolic content; TFC= total flavonoid content; DPPH= 2,2-diphenyl-1-picrylhydrazyl radical scavenging ability; ABTS= 2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) scavenging ability

Phytochemicals Analysis
Determination of Total Phenolic Content (TPC)
The total phenolic content (TPC) of the extracts was determined spectrophotometrically using the Folin-Ciocalteu total phenol procedure described by Singleton and Rossi (1965) and Dadi et al. (2019b) with modification. The extracts (1 mL) will be mixed with 2.5 mL of the 10 % aqueous (V/V) Folin-Ciocalteu reagent. After 8 min, 2.0 mL of 7.5 % (m/V) sodium carbonate was added, mixed and kept in the dark at room temperature for 2 h. The same procedure was used for the blank and gallic acid standard prepared at different concentrations (0, 10, 20, 30, 40, 50 and 60 mg/L) to get a standard curve. The absorbance will be measured at 765 nm using a UV-Vis spectrophotometer. TPC was expressed as mg gallic acid equivalent per g leaves powder (mg GAE/g dm).
Determination of Total Flavonoid Content (TPC)
The total flavonoid content of the extract was determined according to the procedure outlined by Dadi et al. (2019b) with modification. The extract of 1 mL was mixed with 0.15 mL of 5 % (m/V) sodium nitrite and 2.5 mL of distilled water and kept for 6 min. A volume of 0.3 mL aluminium chloride (10 % m/V) was then be added and mixed. This was followed by the addition of 1 mL of 1.0 M sodium hydroxide and then 0.55 mL of distilled water. The mixture was vortexed and kept for 15 min. The concentration was then be measured at 510 nm using UV-Vis spectrophotometer. The same procedure, only without the extract, was applied for the blank and Catechin standard at different concentrations (0, 50, 100, 150, 200, 250 and 300 μg/ mL) to get the standard curve. The TFC was expressed in mg Catechin equivalents (CE) per gram of dry sample.
DPPH radical scavenging activity assay
The free radical scavenging activity of the leaf extract was measured using the 2,2-diphenyl-1-picrylhydrazyl (DPPH)  according to the method described by Brand-Williams et al. (1995) and Dadi et al. (2019b). The DPPH solution (2.4 mg) in 100 mL of 80 % ethanol was prepared and the absorbance was checked for the reading of less than one at 515 nm to ensure the optimum reagent concentration for determination of the scavenging activity. A volume of 0.1 mL of the sample or standard of different concentrations was mixed with 3.9 mL of DPPH solution. The mixture was then be mixed and kept in the dark at room temperature for 30 min. The absorbance was measured at 515 nm using UV-Vis spectrophotometer and the percent of scavenging activity calculated.
Statistical Analysis
Statistical analysis and response surface plots were performed using the Design-Expert software (version 13.0, Stat-Ease, Inc., MN, USA). Data were analyzed using analysis of variance (ANOVA) at 95% confidence level.
3. Results and discussion
Table 2 showed the percentage yield of extracts of leaves of seven C. abyssinica Cultivars namely: #122, #130, #167, #20, #310, #360 and #424 in water, 50% ethanol and 70% ethanol as solvents. In Cultivar #122, 50% Ethanolic extract gave the highest percentage yield (28.62 ± 0.11) while the aqueous extract gave the least yield (11.09 ± 0.29). In Cultivar #130, 50% Ethanolic extract gave the highest yield (33.64 ± 0.47) while the aqueous extract gave the least yield (12.2 ± 0.37).In Cultivar #167, 50% Ethanolic extract gave the highest yield (31.93 ± 1.95) while the aqueous extract gave the least yield (12.01 ± 0.31). In Cultivar #20, 50% Ethanolic extract gave the highest yield (30.68 ± 0.9) while the aqueous extract gave the least yield (12.76 ± 0.94). In Cultivar #310, 50% Ethanolic extract gave the highest yield (31.83 ± 0.68) while the aqueous extract gave the least yield (20.8 ± 0.6). In Cultivar #360, 50% Ethanolic extract gave the highest yield (29.78 ± 0.07) while aqueous extract gave the least yield (16.66 ± 0.68). Cultivar #424, 50% Ethanolic extract gave the highest yield (32.42 ± 19.5) while aqueous extract gave the least yield (11.58 ± 0.69). Table 2 also showed the total phenolic content of C. abyssinica leaves in three different solvents. The total phenolic content of the three samples were determined as gallic acid equivalent (GAE) in gram per gram dry weight. In Cultivar #122, 50% Ethanolic extract gave the highest yield (26.78 ± 0.32) followed by 70% Ethanolic extract and aqueous extract while the aqueous extract gave the least yield (3.61%) followed by 70% Ethanolic extract 20.89 ± 0.47 g GAE/100g).



Table 4 Maceration Extraction and TPC yield of leaves of C. abyssinica
	C. abyssinica Cultivars
	Extraction Yield (%)
	TPC Yield (mg GAE/g)

	
	Aqueous 
	50% Ethanol
	70% Ethanol
	Aqueous 
	50% Ethanol
	70% Ethanol

	#122
	11.09 ± 0.29dC
	28.62 ± 0.11cA
	25.75 ± 0.76bB
	5.09 ± 04.34deC
	26.78 ± 0.32bcA
	25.07 ± 0.23bB

	#130
	12.20 ± 0.37cdC
	33.64 ± 0.47aA
	29.65 ± 1.35aB
	5.99 ± 0.37dC
	25.08 ± 0.69cA
	22.57 ± 0.24dB

	#167
	12.01 ± 0.31cdC
	31.93 ± 1.95abcA
	23.90 ± 0.2bB
	3.61 ± 0.00fC
	22.69 ± 0.31dA
	20.89 ± 0.47eB

	#20
	12.76 ± 0.94cC
	30.68 ± 0.9abcA
	24.27 ± 1.93bB
	7.31 ± 0.09cC
	36.44 ± 4.07aA
	24.11 ± 0.64bcB

	#310
	20.8 ± 0.6a
	31.83 ± 0.68abcA
	31.24 ± 0.24a
	11.57 ± 0.63bC
	27.92 ± 0.03bA
	23.32 ± 0.89cdB

	#360
	15.66 ± 0.68bC
	29.78 ± 0.07bcA
	29.44 ± 3.33aB
	4.38 ± 0.03efC
	25.93 ± 0.68cB
	26.90 ± 0.35aA

	#424
	11.58 ± 0.69cdC
	32.42 ± 19.5abA
	23.66 ± 1.08bB
	13.82 ± 0.40aC
	25.77 ± 0.46cA
	16.35 ± 0.02fB

	LSD (P<0.05)
	0.19
	0.10
	0.21
	0.71
	0.15
	0.76


Each value is represented as mean ± SD (𝑛 = 3); the data marked with the different small letter, for the C. abyssinica cultivars, and capital letter, for the extraction solvents, in the table of each Aqueous, 50%  or 70% Ethanol extraction and TPC yield value share significant differences at P<0.05 (Tukey test)





3.1. Model Fitting


3.2. Influence of the Extraction Parameters on Total Phenolic Content


3.3. Influence of the Extraction Parameters on Total Flavonoid Content



3.4. Influence of the Extraction Parameters on Antioxidant Activity



3.5. Optimization of Extraction Conditions and Verification of Predictive Model


3.6. Comparison of MAE with CSE


4. Conclusion
In this study, three parameters of MAE were successfully optimized for the maximum extraction of polyphenolic compounds and antioxidant activity of C. abyssinica leaves using RSM. The results indicate that both microwave power and extraction time significantly influenced the extraction of phenolic compounds (TPC and TFC) and antioxidant activity (DPPH and ABTS). The optimal conditions for simultaneous extraction of maximum phenolic compounds (TPC and TFC) and antioxidant activity (DPPH and ABTS) from C. abyssinica leaves were ethanol concentration of 58.3%, microwave power of 400 W, and extraction time of 4.8 min. Under these conditions, the experimental results agreed with the predicted values. MAE revealed clear advantages over CSE in terms of high extraction efficiency and antioxidant activity of extract within the shortest extraction time. Thus, this optimized MAE method could be beneficial for the extraction and analysis of polyphenolic antioxidants from C. abyssinica leaves for industrial purposes.
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