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ABSTRACT
	Solanum betaceum Cav. fruit is renowned for having antioxidant activity because it contains phenolic compounds. This study aims to determine the effect of solvent composition, maceration time, liquid-solid ratio, and the particle size of Solanum betaceum Cav fruit to the total phenolic content and antioxidant activity. The fruit was collected from Kopeng, Central Java, Indonesia. The research used single factor experiments and simplex lattice design (SLD) as optimization method.  Total phenolic content was determined using Folin Ciocalteau reagent, while antioxidant activity was determined using 2,2-diphenyl-1-picrilhidrazil  (DPPH)  radical scavenger activity.
	 The solvent combination which gave the highest responses was ethanol:water (60:40 v/v) with phenolic content of 7.48% w/w EAG. Maceration for 8 hours will produce extract with highest total phenolic content (8.76% w/w EAG). Optimal solvent ratio was at 10:1 v/w with total phenolic content of 7.26 ± 0.20% w/w EAG. The optimum particle size was 600-850 μm with total phenolic content of 6.07 ± 0.18% w/w EAG.
Solvent composition, maceration time, liquid-solid ratio, and particle size o  have an effect on total phenolic content and antioxidant activity of  Solanum betaceum Cav.fruit extract
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Introduction
Antioxidant compounds is considerably essential for the body to help terminate the reaction of free radicals that is attributed to cell or tissue damage, autoimmune diseases, degenerative diseases, to cancer (Brewer, 2011). One of the fruits that is known to posses antioxidant activity is Solanum betaceum Cav (Orqueda et al, 2017).
Solanum betaceum Cav. contains some chemical compounds including alkaloids, tannins, saponins, glycosides, flavonoids and phenolics (Acosta et al, 2015; Kadir, 2015). The content of phenolic compounds from plants is known to have antioxidant and anti-inflammatory activity. Phenolic compounds derived from plants are able to selectively interfere with the production or function of cytokines. Phenolic compounds have the capacity to modulate the immune response and have potential anti-inflammatory activity (Magrone et al., 2016; Santangelo et al., 2007).
In the development of the extract as raw material of food supplement product or traditional medicine, it is necessary to research about the most suitable extraction conditions to extract the active compound. Factors of extraction conditions influenced the yield, i.e material size, extraction time, extraction temperature, type and amount of solvent (Maslukhah et al., 2016). The particle size of the powder and the optimum ratio of the optimum solvents can increase the amount of active compounds present (Safaralie et al., 2009; Sari, 2011).
The right solvent composition will generate an extract with maximum active compound content by means of solvent optimization. The ratio of the solid-solvents directly affects the effectiveness of the extraction. The particle size of the raw material  will affect the border layer thickness, which will affect the effectiveness of the solvent ability to  reach the active chemical content in the cell material (Pramono, 2012). This research uses a single factor experiment as an optimization method to define the optimum particle size and maceration time.  This is a preliminary study to observe the optimal result of one variable at one time of extraction while the other factor is made constant (Chen et al., 2007). Meanwhile, Simplex Lattice Design (SLD) is used as an optimization method for determining the optimum solvent composition.

Materials and Method
The research materials consist of Solanum betaceum Cav. fruit taken from   Kopeng, Central Java, Indonesia in June 2016; Distilled water (Brataco), Ethanol pa, methanol pa, n-hexane pa, chloroform pa (Merck), Folin-Ciocalteu reagents,  Sodium carbonate (Merck), Silica gel 60 F254 (Merck), DPPH (Sigma Aldrich), Quercetin (Sigma Aldrich, 95% purity) and gallic acid (Wako Pure Chemicals Industry 98% purity).
[image: ]
                         
Figure 1. Solanum betaceum Cav Fruit  

The tools used in the research include Vortex (Maxi Mix 2 Plus), Micropipet (Transferpette), Syringes (MicroliterTM), analytical balance (Mettler Toledo, 0.1 mg accuracy), UV lamp 254 and 366 nm, powder size reducer (Retsch Gmbh West-Germany) analytical (Metler Toledo, Sensitivity 0.0001 g), UV-Vis spectrophotometer (Genesys-10S UV-Vis)), Syringes (MicroliterTM), micropipet 100-1000 μL (TransferpetteR), blue tip, SPSS Software version 16.
[bookmark: _Toc3580]
Preparation of materials
The ripening Solanum betaceum Cav Fruit were washed, cut and dried in an oven with a temperature of 50ᴼC to dry, then powdered.

Determination of  solvent composition
The fruit powder was weighed for 10.0 g and macerated with solvent: water; water: ethanol (50:50 v/v) and 96% ethanol resectively, with a ratio of between 10:1 v/w solvent. Total phenolic content of all three extracts was used to determine the solvent composition which yielded the extract with highest phenolic compound content. The data were inputted into the Design Expert 10 software.
 
Determination of maceration time 
[bookmark: _Toc2824]The maximum solvent composition resulted from the SLD method was used to determine the maceration time. 10,0 g dried fruit powder were macerated using 100 mL ethanol 50 %. This research used dissolution method by taking 5 ml of macerate liquid and adding 5 ml of new solvent into erlemeyer until maceration was completed. Sampling was conducted at 0, 1, 4, 8, 12, 24, 36, 48, 60 and 72 hours.  Total phenolic content of each sample were plotted in rate and time relationship curve to determine the maceration time.
Determination of  liquid-solid ratio
The extraction as mentioned above was performed  with variation of the ratio of the solvents (4:1 v/b), (7:1 v/w), and (10:1 v/w). Maceration was done for 24 hours.

Determination of optimum simplicia powder size
Fruit powder of Solanum betaceum Cav was sieved to obtain powder diameter size of ≥ 850 μm (≥20 mesh), 600-850 μm (20-30 mesh), 425-600 μm (30-40 mesh), 300-425 μm (40-50 mesh), and ≤ 300 μm (≤50 mesh). Each samples were acurately weighed for 10,0 g, and macerated for 24 hours with 10: 1 liquid-solid ratio using ethanol 50 % as solvent.

Test of DPPH free radical scavenger activity (Suh et al., 2014)
Quercetin was used as a comparison since quercetin has already known as anatural antioxidant substance. Each conecentration of test solution were plated for 50 μL, and were added with 1 ml of 0.4 mM DPPH solution and 3950 μL methanol. The mixture was mixed with vortex for 20 seconds and left for 30 minutes in darkness at room temperature. Absorbance of control solution was performed without adding the test solution.and was measured using UV-Vis spectrophotometer at λ maximum of DPPH. The solution was then measured using UV-Vis spectrophotometer at λ maximum of DPPH. Absorbance of control solution was performed without adding the test solution.  

Determination of Inhibition Concentration (IC) 50 value
The absorbance values of DPPH solution before and after the addition of the test sample can be counted as the percentage of free radical capture (% FRC). 
[bookmark: _Toc27281]%FRC     = 	abs. DPPH control solvent – abs. sample     x100%
		                 abs. DPPH control solvent 

A linear curve plot between %FRC versus sampel concentration were made and then linear regression equation  IC50 was determined. IC50 calculated   by plotting 50% response using regression curve equation.
Determination of total phenolic content (Ainsworth & Gillespie, 2007)
The total phenolic content of the sample was calculated based on the linear regression equation of the standard curve of the gallic acid (EAG)
					y = bx + a
The phenolic content of the test sample (μg/mL) or x was obtained by entering the sample absorbance value into y. The obtained total phenolic content is expressed in % w/w EAG.	

[bookmark: _Toc20774]RESULTS AND DISCUSSION 
Determination of solvent composition
Figure 2 depicts the chromatogram profile of extract produce from different solvent composition. Phenolic compounds in fruit extract of Solanum betaceum   shown at hRf value of hRf 69, 88 and 94, indicating as dark blue color after being sprayed with Folin-Ciocalteu (Vemerris & Nicholson, 2006). Levels of total phenolic content expressed with % w/w equivalent with gallic acid (% w/w EAG).  
[image: jihug] 
Figure 2. TLC Profile. using silica gel 60 F254,, chloroform: methanol (1:1 v/v)  as solvent with Folin-Ciocalteu spray reagent 
Description:
A= Gallic Acid  	,			1=Visible 	
B= Water Extract, 			2=UV254
C= Ethanol Water Extract, 		3=UV366,D= Ethanol Ekstract 96%,			4= Visible,  after spray 

As can be seen in Table II, the highest phenolic content is present in water : ethanol (50:50 v/v) extracts (7.54% w/w EAG). Statistical data using one way ANOVA has significance value of <0.05. Thus, it is conclusive that the three extracts have significantly different total phenolic content.
Table II. Level of phenolic compound of Solanum Betaceum Cav Extract 
	Sample
	Total phenolic content 
(% w/w EAG)
	Average %  w/w  EAG ± SD

	
	I
	II
	III
	

	Water
	5.62
	5.56
	5.54
	5.57 ± 0.04

	Water:ethanol
 (50:50 v/v) 
	7.57
	7.51
	7.53
	7.54 ± 0.03

	 Ethanol 96%
	6.41
	6.60
	6.68
	6.56 ± 0.14



The result of total phenolic content from 3 different solvent were then analyzed using Simplex Lattice Design method with Design Expert software version 7,  resulted in following equation : Y = 6.84 [A] + 5.57 [B] + 4.21 [AB], where Y = Response of phenolic content, A=Fraction of ethanol component and B=Fraction of water component. Curve resulted from this equation shown in Figure 4.
Data of total phenolic content included in SLD will provide solution response with high desirability value. The result of optimization of solvent composition from Design Expert is as seen in figure 3.

[image: ]
Figure 3.  Solvent composition versus Total phenolic content in of Solanum betaceum extract 

Figure 3 shows that   solvent composition that gave the maximum response is ethanol solvent: water (65:35 v/v) with total phenolic content of 7.34% w/w EAG and desirability value of 0.894. This result is in accordance with Design Experiment software result which was ethanol:water (60:40 v/v) as the optimal solvent composition. To ensure that the equation are valid, verification is carried out.  Results can be seen in Figure 4.
Figure 4. Graphic of total phenolic content of solvent composition verification 
[bookmark: _GoBack]Figure 4 shows slightly difference result from phenolic content of maceration using ethanol: water (60:40 v/v) and ethanol:water (65:35 v/v). This result was then statistically tested using paired t-test (SPSS 16.0), which shows a significance value of 0.79> 0.05 so it was concluded that there was no significant difference between the ethanol solvent composition: water (65:35 v/v) and (60:40 v/v). Based on this result, a further solvent composition of ethanol-water (60:40 v/v)  was futher employed.  
Maceration Time Determination
The optimum solvent composition obtained from previous step was used to determine the  optimum maceration time.  The graphic plot of total phenolic content versus sampling time shown in figure 6. 
It can be seen in  figure 6, that at the 8th hour the system has already gained maximum total phenolic content (8.66% w/w EAG), and slightly decrease in phenolic content afterwards. According to Wong (2013) the diffusion rate of phenolic compounds from the surface of the solid to the solvent is equal to the diffusion rate from the solvent to the solid surface so that the concentration of the phenolic compound in the solvent is at equilibrium. Consequently, further maceration time after 8 hours should be stable. Figure 6 shows that there is a decrease in phenolic content in the extract. This is likely due to the addition of solvent volume at each sampling, which leads to the dilution of the total maximum phenolic content in the extract leading to a decrease in phenolic levels.
Figure 6. Curve of phenolic content of maceration time
[bookmark: _Toc484333146][bookmark: _Toc482609481][bookmark: _Toc484333147][bookmark: _Toc482609482]Effect of liquid-solid ratio
It is impossible to perfectly extract phenolic compounds with a small ratio of solvents, whereas excessive use of solvents will increase the cost of extraction (Wu, 2015). Determination of the optimum ratio of solvents is required for the extraction of Solanum betaceum fruit based on the size of total phenolic content. The average yield of 3 time total phenolic content sizes for each of the simplicia-solvent ratio can be seen in Fig. 4

Figure 7. Relationship between the ratio of simplicia-solvents and total phenolic content 

Figure 7 shows that the total phenolic content iincreases from a ratio of 4:1 v/w to a ratio of 10:1 v/w. Total phenolic content reached the highest point with a value of 7.26 ± 0.20% w/w EAG at a ratio of 10:1 v/w, so the ratio of 10:1 v/w is the optimum ratio of solvents to obtain the highest total phenolic content. Thus, this ratio is used for the determination of the size of the simplicia powder. The more solvents added, the greater the solvent's ability to dissolve the material which increases the amount of compound extracted by the solvent (Nakamura et al, 2017). The compound will continue to increase until the solution becomes saturated. After passing the saturation point, the amount of the extracted compound will become constant.
[bookmark: _Toc484333148][bookmark: _Toc482609483]
b. The Size of the Simplicia Powder
The reduction of powder particle size aims to expand the contact surface between the powder and the solvent. In addition, it also minimizes the thickness of the boundary layer so that the diffusion rate increases (Bustan et al., 2008). The average yield of 3 time total phenolic content size for each of the size of the simplicia powder can be seen in Fig. 8. 
 
Figure 8. Relationship between the size of the simplicia powder and the total phenolic content 

Figure 8 shows that the total phenolic content increases from the powder size of ≥850 μm, to a maximum of 600-850 μm powder size and then it decreases to a powder size of ≤300 μm, so that the powder size of 600-850 μm is the optimum powder size to obtain phenolic of the highest total content. Powders with particle sizes of 600-850 μm contain the most seed parts, while the ≤300 μm particle size contains more flesh and fruit peels. This is based on microscopic observation of fragment identification of seeds, flesh, and fruit peel. 
[image: ]
[bookmark: _Toc483253517][bookmark: _Toc482613372]Figure 9. Powder sizes of 600-850 μm 
Description : (a) The endosperm parenchyma contains aleuron, (b) Perisperm

A microscopic observation with 100x magnification in the chloralhydrate medium can be seen in Fig. 9 and 10. Microscopic observations of the 600-850 μm powder size indicate the presence of identification fragments from the seeds of the fruit, so that the powder size of 600-850 μm is likely to contain more seeds than flesh and fruit skin.
[image: ]
Figure 10. Powder sized fragments of ≤300 μm 
(a) Sclerenchymal fibers, (b) Endocarpium, (c) Stone cell

Based on Figure 10, the microscopic observation of the powder size of ≤300 μm indicates the presence of a fragment identification of the meat and skin portion of the fruit, so that the powder size of ≤300 μm is likely to contain more flesh and fruit skin than fruit seeds. Dewi et al (2014) argued that ethanol extract of fruit seed of Solanum betaceum contain more flavonoid compound than skin extract and fruit flesh of Solanum betaceum. Flavonoids belong to the polyphenol group, thereby increasing the total measured phenolic levels. The total phenolic levels also rise because the compounds that should not diffuse become easy to diffuse due to the thicker boundary layer. According to Dai et al (2012), the compound may be dissolving ballast, and then it pollutes the essence. The amount and variation of the soluble compound increases but the capacity of the solvent still leads to the solubility of the compound. Therefore, the portion of the phenolic compound in the solvent is reduced because it is occupied by another compound.

CONCLUSION
1. The solvent composition and  maceration time that obtain the highest levels of phenolic compound were ethanol:water (60:40 v/v) and 8 hour with a maximum phenolic content of 8.66% w/w EAG.
2. The liquid-solid ratio and particle size that obtain the highest phenolic compound of Solanum betaceum Cav fruit were 10:1 v/w  and  600-850 μm in diameter.
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SLD 	Maserasi etanol 60%	7.34	7.48	Total phenolic concentration (% w/w EAG)


Total phenolic content vs Maceration time
0.115798994095255	0.193126640765558	0.0929069887871183	0.485456424166013	0.251382229025557	0.293472277593944	0.371499371572114	0.382274600874877	0.257577767011687	0.219959450397363	0.115798994095255	0.193126640765558	0.0929069887871183	0.485456424166013	0.251382229025557	0.293472277593944	0.371499371572114	0.382274600874877	0.257577767011687	0.219959450397363	0.0	1.0	4.0	8.0	12.0	24.0	36.0	48.0	60.0	72.0	4.06972955360052	4.180514825676097	4.744216357119568	8.27305311176279	7.99934832192897	7.592049527533399	7.2890192245031	7.044639947865728	6.89801238188335	6.20071684587814	hours

Total phenolic content (% w/w EAG)


Rasio 4:1	
0.12	0.12	6.1	Rasio 7:1	
0.045	0.045	6.22	Rasio 10:1	
0.201	0.201	7.26	
Total phenolic content 
 (% w/w EAG)


≥850 µm	

0.319000000000001	0.319000000000001	5.27	600-850 µm	
0.184	0.184	6.07	425-600 µm	
0.099	0.099	5.63	300-425 µm	
0.09	0.09	5.189999999999999	≤300 µm	
0.19	0.19	4.96	
Total phenolic content concenration   (% w/w 
EAG)
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