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Effect of simulated in vitro gastrointestinal digestion in antioxidant activity and total phenolic compounds of Soursop peel (Annona Muricata L.)
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Material and methods
Reagents
Saline solution 0,5%. Methanol 80% (Anidrol, São Pualo, Brazil). Sodium carbonate solution 4% (Cromato Quimics Products, São Paulo, Brazil). Folin-Ciocalteau reagent 10%, DPPH (2,2-diphenyl-1-picryl-hydrazine-hydrate), ABTS (2,2’azino-bis (ethylbenzthiazoline-6-sulfonic acid), FRAP (ferric reducing antioxidant power), TPTZ 10 mM, pepsin from porcine, Pancreatin from porcine and Bile Ox-bile (Sigma, St. Louis, EUA). Potassium persulfate 140 mM and HCl (Synth, São Paulo, Brazil). Acetate buffer 0,3 M and Oxalic acid 0,5% (Dinâmica, São Paulo, Brazil). Ferric Chloride 20 mM (Isofar, Rio de Janeiro, Brazil). 
Sample preparation
The fruits were purchased locally (Cuiabá, Mato Grosso, Brazil). The fruits (17 Kg) were cleaned with water and then sanitized in 20 ppm sodium hypochlorite solution for 20 min. After rinsing, distilled water, pulp, seeds, and peels were manually separated, and their yields were calculated. The samples were then portioned and stored in plastic bags in a freezer (-18 °C) (CHB53EBANA00, Consul, Brazil). Equation 1 was used to calculate the yield, and the results were expressed as a percentage. 
Equation 1 = Yield (%) = (weight of the analyzed part 𝑥 100)/ total fruit weight
Characterization of sample
The moisture, ash, lipids, protein, soluble, and insoluble fiber contents of the soursop peel and pulp samples were determined following the methodology described by AOAC for proximal analyses [1]. 
The difference was calculated by calculating the total carbohydrate after measuring the moisture, protein, lipids, and ash contents. The digestible carbohydrates were performed by the difference between total carbohydrates and total dietary fiber [2].
The determination of ascorbic acid from soursop pulp and peel according to the spectrophotometric method described by Strohecker and Henning [3]. The sample was ground and diluted (0,15 g mL-1) in oxalic acid 0,5%. The results were expressed in mg of ascorbic acid 100 g- 1 of sample in a moist base. 
To prepare the extracts for the analyses of total phenolic compounds and antioxidant capacity, the soursop peel and pulp were previously ground in a mini processor, and then a mixture of methanol was added (Anidrol, Diadema, Brazil) 80% in the proportion of 1:10 sample: solvent (m/v) by Ayoub et al. [4]. The extracts were prepared on a shaking table (SP-180/S,  São Paulo,  Brazil) for 30 min, protected from lighting and ambient temperature (25±2 °C). Subsequently, the resulting extract was centrifuged (Hettich, Rotina 380R, Tuttlingen, Alemanha) for 4000 RPM to 5 min at 5 °C. 
The total phenolic compounds of the extracts were quantified by the Folin-Ciocalteau, according to the methodology proposed by Woisky and Salatino [5]. In tubes, 0,5 mL of the analytical statement and 2,5 mL of Folin-Ciocalteau reagent 10%, after 5 min, was added 2 mL of the sodium carbonate solution at 4%. After 2 hours, the absorbance was measured at 740 nm using a spectrophotometer (Biochrom, Libra S32, Cambridge, Inglaterra). The results were expressed as mg gallic acid equivalent (GAE) g-1 sample.
DPPH, ABTS, and FRAP realized the antioxidant activity. The DPPH radical scavenging activity of the samples was determined according to the methodology described by Brand-Williams et al. [6]. In tubes protected from light were transferred 100 μL of sample and 3,9 mL of solution, a 0,06 mM of DPPH. After 30 min, the absorbance was measured at 517 nm (Biochrom, Libra S32, Cambridge, Inglaterra). The results were expressed as μM Trolox equivalent (TE) g-1 sample. 
The ABTS radical scavenging activity of the samples was determined according to the methodology described by Embrapa [7]. The radical ABTS was formed with reaction ABTS 7 mM and potassium persulfate 140 mM. In tubes, 30 μL of the sample was transferred, and 3 mL of the solution of radical ABTS. After 6 min, was realizaded the absorbance at 734 nm (Biochrom, Libra S32, Cambridge, Inglaterra). The results were expressed as μM Trolox equivalent (TE) g-1 sample.
The FRAP (ferric reducing antioxidant power) was determined according to the methodology described by Embrapa [8]. In tubes, transferred 90 μL of samples 270 μL of distilled water, 2,7 mL reagent FRAP [25 mL of acetate buffer 0,3 M, 2,5 mL of TPTZ 10 mM, and 2,5 mL Ferric Chloride 20 mM.  After homogenized in a tube shaker (Phoenix-AP56, São Paulo, Brazil) was placed in a water bath (572- Fisatam, São Paulo, Brazil) at 37 °C. After 30 min, was realizaded the absorbance at 595 nm (Biochrom, Libra S32, Cambridge, Inglaterra). The results were expressed as μM ferrous sulfate equivalent g-1 sample.
The analysis of total phenolic compounds and antioxidant capacity were analyzed in quadruplicate.
HPLC-DAD analysis of phenolic compounds 
The analysis of phenolic compounds was carried out using an Agilent 1260 Infinity LC System (Agilent Technologies, Santa Clara, USA) equipped with a diode array detector – DAD (G1315D) and a Zorbax Poroshel 120 C18 (50 × 4.6 mm, 2.7 μm) column. An injection volume of 10 μL was used, with the oven temperature set at 33 °C and a flow rate of 0.73 mL min−1. The mobile phase gradient consisted of 1.6% MeOH, 3.3% ACN, 1.0% THF, and 94.1% formic acid 0.1% at 0.01 min, transitioning to 10.0% MeOH, 33.3% ACN, 6.0% THF, and 50.7% formic acid 0.1% at 25 min. To stabilize the column, the initial conditions of the mobile phase were maintained for 4 minutes after the run. Phenolic compounds were characterized based on their UV spectrum and retention times, which were compared with respective standards, following the method described by Silva et al. [9].
  In vitro gastrointestinal digestion
The evaluation of the accessibility of total phenolic compounds and antioxidants present in soursop peel and pulp was performed by simulating the in vitro gastrointestinal digestion as described by the methodology of Buriti et al. [10], with modifications. For each sample analyzed, the assay had 21 Falcon tubes, divided into three groups named: sample (A), undigested sample (AND), and Control (CRL). The gastric, enteric phase I, and enteric phase II were simulated using changes in pH and enzymes of the gastrointestinal tract.First, the fruit (0.5 g) (peel/pulp) in the gastric phase was added 5 mL of gastric solution with pepsin in the concentration of 3 g L-1. In the tubes for the undigested sample, 5 mL-1 of saline solution was added 0,5% (p/v). The pH was adjusted between 2,8-3,2 with 30 μL (pulp) and 40 μL (peel) of HCl. Afterward, the tubes containing the samples were incubated for 2 hours at 37 °C (Nova técnica NT 735, São Paulo, Brazil). In the enteric phase, I was added 210 μL (pulp) and 120 μL (peel) of enteric solution I with pH between 4,3-5,2, the pancreatin enzyme, and bile (1g L-1 and 5g L-1), respectively. In the tubes referring to the undigested sample, were added 210 μL (pulp) and 120 μL (peel) of alkaline solution (pH 12). After, they were incubated for 2 hours at 37 °C in the shaker. For enteric phase II, 150 μL (pulp) and 110 μL (peel) of enteric solution II were added. For the undigested sample, only 150 μL (pulp) and 110 μL (peel) of solution alkaline with pH between 6,3-7,5. After, they were shaken and then incubated for 2 hours at 37 °C. 
After digestion, the tubes corresponding to the gastric, enteric I, and enteric II phases were centrifuged (Hettich, Routine 380R, Tuttlingen, Germany) at 11.000 RPM or 21,683 G-force (radius to bottom of the tube) for 30 min at 4 °C. The supernatants were then stored in labeled Eppendorf, which were kept in a freezer at -20 °C until the analysis.
  Statistical analyses
Statistical analysis was performed using the software GraphPad Prism 9.4.1. For proximal analysis, ascorbic acid and bioactive compounds were performed by t-test (p<0,05). In vitro, digestion was realized in ANOVA and Tukey test at 5% of probability.
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Supplementary Fig. 1
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Fig. 1 – Total phenolic compound content (TPC) of pulp (A) and peel (B) of soursop submitted to the gastric, enteric phase I, and enteric phase II of in vitro simulated digestion. EG: Gastric phase, EEI: Enteric phase I, EEII: Enteric phase II. NS = not significant (p<0,05); *** = significant differences (p<0,05). Compared to the Tukey test at 5% probability.















Supplementary Fig. 2
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Fig. 2 – Content antioxidant capacity (DPPH, ABTS e FRAP) of pulp (A) and peel (B) of soursop submitted to the gastric, enteric phase I, and enteric phase II of in vitro simulated digestion. EG: Gastric phase, EEI: Enteric phase I, EEII: Enteric phase II. NS = not significant (p<0,05); *** = significant differences (p<0,05). Compared to the Tukey test at 5% probability.
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