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Characterization of polyphenolic compounds extracted from stressed apple peel and their interaction with β-lactoglobulin
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Abbreviations
∆G° free energy change
∆H° enthalpy change
∆H° enthalpy change
∆S° entropy change
∑ summation
ABTS 2,2-azinobis-(3-ethyl-benzothiazoline-6-sulfonic acid) 
AC antioxidant capacity 
Ca (+)-catechin 
CGa cyanidin-3-O-galactoside chloride 
Cha chlorogenic acid 
DS standard deviation 
ECa (-)-epicatechin 
F maximum fluorescence intensities after addition of PP
F0 maximum fluorescence intensities before addition of PP
FW fresh weight 
GA gallic acid 
Ka association binding constant
KSV is the Stern-Volmer quenching constant
ln natural logarithm
log logarithmic 
Mn average number molecular weight 
n binding sites number
ni number of moles of individual PP per L
PB1 Procyanidin B1 
PB2 procyanidin B2 
PDA photodiode array detector 
PhGlu phloretin-2'-O-glucoside 
PP polyphenolic compounds 
PPapp PP molar apparent concentration 
PP-β-LG complex
Q quercetin 
QGa quercetin-3-O-galactoside 
QGlu quercetin-3-O-glucoside 
QRh quercetin-3-O-rhamnoside 
QXy quercetin-3-O-xyloside 
R gas constant (8.314 J mol-1 K-1)
RC relative change 
RP-HPLC reverse phase high performance liquid chromatography 
SS stressed samples 
SS14 stressed samples 14 days
SS21 stressed samples 21 days
SS7 stressed samples 7 days
SSX stressed samples apple peel with the higher of total phenolic content and antioxidant capacity
SSXPPS content (in percentage) of each PP subclass for SSX samples
T experimental temperature 
T1 experimental temperature 298 K 
T2 experimental temperature 308 K
TPC total phenolic content 
Trolox 6-hydroxy-2,5,7,8-tetramxethylchroman-2-carboxylic acid 
US unstressed sample
USPPS content (in percentage) of each PP subclass for US samples
UV ultra violet
wi weight concentration in g of individual PP 
x mean 
β-LG beta-lactoglobulin 
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Materials and Methods
Chemicals
Folin-Ciocalteau reagent, gallic acid (GA), 2,2-azinobis-(3-ethyl-benzothiazoline-6-sulfonic acid) (ABTS), 6-hydroxy-2,5,7,8-tetramxethylchroman-2-carboxylic acid (Trolox) and acrylamide were purchased from Sigma-Aldrich Chemical Co. (St-Louis, MO, USA). β-LG was supplied by DAVISCO Foods International, Inc. (Le Sueur, MN). All other chemicals were of analytical grade.
PP analysis from apple peels
Apple samples
A total of 80 apples of Red Delicious variety were collected during the commercial harvest on February 15th, 2021, at the Alto Valle de Río Negro (Argentina) and then transported to the laboratory. Once the apples arrived at the laboratory (one day after harvested), they were washed, drained and dried with paper. After cleaning, the apples were immediately used for further studies.
Environmental stress
Three batches, each of one consisting of four apples, were submitted to environmental stress. Environmental stress consisted on apple exposure to natural light and atmospheric oxygen, protected from strong wind and rain. The average daily temperature was 25 °C and the average daylight was 15 h. An apple of each batch was withdrawn at 0 (unstressed sample: US), 7, 14 and 21 days (stressed samples (SS): SS7, SS14 and SS21, respectively). Immediately, a portion of the peel apple was separated and the corresponding PP extraction was performed. 
PP extraction
PP were extracted from apple peels by a method adapted from [1]. 5 g of apple peel was separated by using a scalpel blade and then mixed with 20 mL of 80:20 cold methanol/water solution for 5 min and homogenized for 3 min. The suspension was filtered through Whatman No. 1 filter paper. The solids were mixed with 15 mL of 80% methanol and homogenized again for 3 min before being filtered. All the filtrates were recovered and evaporated to dryness using a rotary evaporator at 45 °C (Buchi Labortechnik AG CH-9230, Flawil, Switzerland). The dried extracts were stored at – 18 °C protected from light and atmospheric oxygen. The extracts were reconstituted with 3.5 mL 20 mM phosphate buffer, pH 6.8 and used immediately. All extracts were done in triplicate. The extracts were used in the determination of Total Phenolic Content (TPC), Antioxidant capacity (AC) and in reverse phase high performance liquid chromatography (RP-HPLC) analysis.
TPC determination
TPC was determined by the Folin-Ciocalteau technique [2] using a standard curve of GA in a concentration range of 0 to 500 μg mL-1. The results were expressed as mg of GA 100 g-1 fresh weight (FW). All the samples were analyzed in triplicate.
AC determination
To estimate AC, ABTS radical cation decoloration (ABTS+) assay was used [3]. A concentration-response curve for the absorbance at 734 nm for ABTS+ as a function of standard Trolox concentration (0–2.5 mmol L-1 in 0.01 mmol L-1 PBS solution, at pH 7.4) was performed. The results were expressed as μmol Trolox equivalent antioxidant capacity per g of FW (μmol TEAC g-1 FW). All the samples were analyzed in triplicate.
RP-HPLC analysis
[bookmark: _GoBack]The levels of PP from US and SS apple peel with the higher TPC and AC determinations (SSX) were analyzed by RP-HPLC. For this purpose, an Agilent HPLC 1260 Infinity II Quaternary System (Agilent Technology, Santa Clara, CA, USA) was used. The system was equipped with a photodiode array detector (PDA) and a vialsampler. A Poroshell 120 EC-C18 column (4.6 x 100mm, 2.7 μm) and a Poroshell 120 EC- C18 guard column was employed for separation of PP compounds. RP-HPLC settings and PP analysis were in accordance with a methodology previously reported [4-6]. PP present in the different samples were identified by comparison retention times and spectrum peaks (200 – 600 nm) with authentic PP standards. Chlorogenic acid (Cha), (+)-catechin (Ca), (-)-epicatechin (ECa), quercetin-3-O-glucoside (QGlu) and quercetin (Q) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Procyanidin B1 (PB1), procyanidin B2 (PB2), cyanidin-3-O-galactoside chloride (CGa), quercetin-3-O-galactoside (QGa), quercetin-3-O-rhamnoside (QRh) and phloretin-2'-O-glucoside (PhGlu) were obtained from Extrasynthese (Genay, France). The identified PP were quantified by using calibration curves of authentic standards. For the tentative identification of quercetin-3-O-xyloside (QXy), a quercetin calibration curve was used. Three extracts of US and SS apple peel with the higher TPC and AC determinations were injected to get average content and standard deviation of PP. 
The relative change (RC) in the content of each PP subclass between US and SSX was calculated as follows:
(SSX)PPS / (US)PPS                                                                                                                           (1)
where (SSX)PPS and (US)PPS correspond to the content (in percentage) of each PP subclass for US and SSX samples, respectively.
Interaction between β-LG and US and SSX samples
The methodology employed in this work to study PP-β-LG binding was based on quenching measurements of intrinsic protein fluorescence promoted by PP [7]. For this purpose, fluorescence spectra were recorded on a Jasco FP-770 spectrofluorometer (Jasco International Co., Tokyo, Japan). Aliquots of 3 mL of 20 μM of protein (20 mM phosphate buffer, pH 6.8) were placed in the cuvette of the spectrofluorometer and titrated with stock solutions of US and SSX samples. After the addition of each aliquot fluorescent spectrum was immediately recorded (λ excitation 280 nm and λ emission 250-450 nm) and the maximum fluorescence intensity was determined. All titration curves were performed in triplicate.
Molar concentration of PP solutions was an apparent concentration ([PP]app) since the samples were heterogeneous. In that sense, [PP]app was calculated using an average number molecular weight (Mn) determined from the data obtained from RP-HPLC analysis (Table 1) [7]. Mn was calculated as follows:
Mn =∑wi  / ∑ni                                                                                                                                        (2)
where wi is the weight concentration in g of individual PP and ni is the corresponding number of moles of individual PP per L.  The molecular weight of individual PP used for the calculation of Mn was: Cha - 354, Ca - 290, ECa - 290, QGlu - 463, Q - 302, PB1 - 579, PB2 - 579, CGa - 449, QGa - 434, QRh - 448, PhGlu - 449 and QXy – 434 g mol-1. Fluorescence quenching is described by the Stern-Volmer equation:
F0/F = 1 + KSV x [PP]app                                                                                                                        (3)
where F0 and F are the maximum fluorescence intensities before and after addition of PP; KSV is the Stern-Volmer quenching constant and [PP]app is the apparent molar concentration of the quencher. The measured fluorescence intensity was corrected due to the inner filtering effect according to [8]. 
Fluorescence quenching between ligands and proteins may be a result of a static or dynamic mechanism. A static quenching implies a complex formation between fluorophore and quencher, whose stability decreases when temperature increases. To obtain static quenching parameters (binding sites number, n and association binding constant, Ka), a double-logarithmic equation was used [9]: 
log [(F0 – F) / F] = log Ka + n log [PP]app                                                                          (4)
The dominant forces for the PP-β-LG interaction can be determined by the values of enthalpy change (∆H°) and entropy change (∆S°), which can be calculated by equations (5), (6) and (7):
Ka(T2)/Ka(T1) = (ΔH0/R)  [1/T1 – 1/T2]                                                                          (5)
∆G° = -RT ln Ka (T)                                                                                                       (6)
∆G° = ∆H° - T∆S°                                                                                                           (7)
where ∆G° is the free energy change, T is the experimental temperature and R is the gas constant (8.314 J mol-1 K-1).
All the fluorescence studies were performed at 298 K (T1) and at 308 K (T2).
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