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Abstract

:

The kiwifruit is cultivated globally due to its diversity of phytochemicals, especially phenolic compounds, which have antioxidant, anti-inflammatory and anti-cancer medical effects. However, only the pulp of the kiwifruit is consumed, while the peels and cores—which are also rich in phytochemicals—are usually wasted. Meanwhile, detailed information on the comparison among the three parts is still limited. In this study, the antioxidant potentials in the core, pulp, and peel of the three most commercialized kiwifruit cultivars (Australian-grown Hayward kiwifruit, New Zealand-grown Zesy002 kiwifruit, and New Zealand-grown organic Hayward kiwifruit) were selected. Their antioxidant capacities were tested, and their phenolic profiles were identified and characterized by liquid chromatography-electrospray ionization quadrupole time-of-flight mass spectrometry (LC-ESI-QTOF-MS/MS). The antioxidant results showed that the peel of New Zealand-grown organic Hayward kiwifruit contained the highest total phenolic content (9.65 mg gallic acid equivalent (GAE) mg/g) and total antioxidant capacity (4.43 mg ascorbic acid equivalent (AAE) mg/g), respectively. In addition, the antioxidant capacity of the peel is generally higher than that of the pulp and cores in all species, especially ABTS (2,2-Azino-bis-3ethylbenzothiazoline-6-sulfonic acid (ABTS) radical scavenging ability), ranging from 13.25 mg AAE/g to 18.31 mg AAE/g. The LC-ESI-QTOF-MS/MS tentatively identified the phenolic compounds present in the three kiwifruit species, including 118 unique compounds in kiwifruit peel, 12 unique compounds in the kiwifruit cores, and three unique compounds in kiwifruit pulp. The comprehensive characterization of the phenolics in the kiwifruits’ parts indicates the importance of their waste part as a promising source of phenolics with antioxidant properties. Therefore, this study can guide the industry with meaningful information on kiwifruit waste, and can provide it with the utilization of food and pharmacological aspects.
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1. Introduction


Kiwifruit is now taking its place in the global fruit bowl as a superfood due to its unique flavour, nutrient density and potential health benefits [1]. Considering the fruits’ appearance, taste, storage characteristics and plant disease resistance, “Hayward” and “Zesy002” are two dominant cultivars currently in commercial kiwifruit production [2]. Compared with other commonly consumed fruits, both the green (65–90 mg/100 g) and gold kiwifruit (105–120 mg/100 g) are distinctively high in vitamin C, almost twice as high as orange (53 mg/100 g) and strawberries (57 mg/100 g), ten times higher than banana (9 mg/100 g) and watermelon (10 mg/100 g), and twenty times higher than apple (6 mg/100 g) [3]. Except for vitamin C, kiwifruits are also abundant in other vitamins, such as vitamin K (6.07 mg/100 g), vitamin B (folate form, 30.64 mg/100 g; regular form, 5.5 mg/100 g) and vitamin A (7.18 mg/100 g) [4]. In addition, dietary fibre, minerals and carotenoids also show a high level in both kiwifruit species [3].



Indeed, kiwifruit also contains various types of biologically active compounds, including antioxidants, phytochemicals, and enzymes, which act synergistically to provide functional and metabolic benefits [5]. Despite these high nutritional values, most kiwifruits are consumed without their peels and cores. Different parts of the fruits can provide different levels of bioactive compounds. In particular, kiwifruit peels have higher biological activity compared to the pulp, which may be due to the higher content of some molecules (flavonoids, organic acids and pigments) [6]. Additionally, although the nutritional information of kiwifruit cores was incomplete, they have been described as good sources of proteins, lipids and γ-tocopherol, γ-tocotrienol and ƍ-tocotrienol [7]. Therefore, it is a hopeful challenge to explore the bioactivities of each part of the kiwifruit, which can guide the no-waste food industry for this kind of fruit.



Overall, as a fruit high in phenolic content, kiwifruit provides protection against oxidative stress and supports the cardiovascular system [8], safeguarding people against heart diseases, cancer, diabetes, vascular diseases and central nervous system diseases [5]. Meanwhile, based on some traditional Chinese pharmacopoeias from the Tang Dynasty (AD 618–907), a whole variety of medicinal uses for “macaque fruit”—the Chinese name generally used for Actinidia species—have been predicted, involving digestion aid and irritability reduction [7]. In fact, a range of adult clinical studies also consistently indicated that kiwifruit could act as a dietary intervention to effectively promote laxation and prevent constipation. This was attributed to their high levels of fibre and a protease (actinidin), which help to digest proteins and improve gastric emptying [9]. The regular consumption of gold kiwifruit was also associated with mood improvement [10], and two kiwifruits before bed for four weeks resulted in improved sleep onset, sleep duration and sleep quality in adults with self-reported sleep disturbances [11]. Consuming kiwifruit may also be of benefit in enhancing immunity, in reducing the risk of cold or flu-like illness [12], and in iron deficiency treatment [13]. Therefore, with the increasing interest of consumers in health-promoting foods, kiwifruit has become a dietary supplement, which aids the kiwifruit industry [14].



The kiwifruit (Actinidia spp.) is a respiratory climacteric fruit. Once it enters the mature stage, it will rapidly soften until it rots [15]. This maturation mechanism of kiwifruit results in a very short shelf life for its fresh fruit on the market, and slow sales may trigger a heavy backlog of degraded kiwifruit [16]. Thus, the kiwifruit industry has been committed to the deep processing the fresh fruit into products, such as kiwifruit wine, juice, jam, preserved fruit, fruit powder, and even cosmetics or nutraceuticals to prolong the kiwifruit’s life-span and increase its added value [17,18]. The principle of “zero waste” in agricultural and food industries encourages processing plants to recycle waste and by-products as new raw materials for innovative products and applications to alleviate economic and environmental problems [19]. In kiwifruit industrial deep processing, there are masses of peels which are discarded after the collection of the pulp and juice from the fruits. Kiwifruit seeds are also disposed of as solid waste from food industries, which represent 33–46 g/kg of the edible part of the fruits [20]. However, these rejected kiwifruit, peel and seed residues remain good sources of many bioactive compounds such as carotenoids, terpenoids and polyphenols [21,22], which are associated with antioxidant [23], antimicrobial [24], anti-inflammatory [25] and anti-diabetic [26] activities. The kiwifruit peel and seeds may have a higher nutritional content than the edible parts of the fruits [27]. Kiwifruit seed oil and proteins have been successfully extracted and applied in food, health, and cosmetic industries as nutrient alternatives [28,29]. Although kiwifruit peel has been noted to contain a high phenolic content—i.e., 1273 mg/100 g—when compared with other fruits’ peel, for example, apple peel (329 mg/100 g) and orange peel (473 mg/100 g) [30], its exact phenolic profiles and antioxidant potential are still under exploration. The biological activities of polyphenols extracted from kiwifruit seeds remain unknown. The comparison of the bioactive compounds and antioxidant activities among different parts of the kiwifruit has not been well investigated yet. The kiwifruit’s appearance quality (fruit shape, size, skin type, etc.), organoleptic properties (aroma, flavor, texture, etc.), and nutritional composition (vitamins, amino acids, phenolics, etc.) may significantly vary depending on the kiwifruit cultivars, species, or genotypes, or even differ strikingly within the same species when growing under diverse conditions and at different maturation stages [31,32,33]. Organic foods are usually attributed with a higher antioxidant capacity because more secondary compounds such as polyphenols are thought to be synthesized under the strict ecosystem management in organic farming [34]. As such, investigations into possible differences between organically and conventionally grown fruits are meaningful to the study of kiwifruit polyphenols.



Therefore, considering the nutritional significance of phenolic compounds for their suggested attribution to the kiwifruit’s antioxidant capacity [35,36], as well as the large amount of kiwifruit waste generated by the development of kiwifruit planting and processing on a global scale, we evaluated the antioxidant potential in the core, pulp, and peel of the three most commercialized kiwifruit cultivars, and we characterized their phenolic profiles to provide data as a reference for the fine processing of diverse kiwifruit cultivars, as well as to promote future applications of kiwifruit waste in the food industry. In this study, an optimum extraction method was developed to allow the accurate identification and quantification of the phenolic compounds within extracts. After extraction, the antioxidant activity or capacity was determined using selected assays, such as phenolic estimation methods and potential antioxidant assays. Then, a complete phenolic profile was further characterized through liquid chromatography with electrospray ionization-quadrupole time-of-flight mass spectrometry (LC-ESI-QTOF-MS/MS).




2. Materials and Methods


2.1. Sample Preparation


Class 1 “Hayward” kiwifruit (Actinidia deliciosa var. deliciosa) grown and packed by the Jade Quality growing orchard in Northeast Victoria, Australia (390 Whorouly Bowmans Road Australia, Bowmans Forest, VIC 3735, Australia); Class 1 “Zesy002” marketed as “Zespri® SunGold” kiwifruit (Actinidia chinensis var. chinensis) grown in New Zealand and supplied by Zespri International Limited (400 Maunganui Road, Mount Maunganui 3116, New Zealand); and the organic “Hayward” kiwifruit from Woolworths macro wholefoods market (1 Woolworths Way Bella Vista NSW 2153, Australia), certified by the leading organic certification company BioGro (Digital Nomad (Old Bank Arcade), Customhouse Quay, Wellington 6011, New Zealand) and grown in New Zealand were used. The selection was made in order to study the diversity in phenolics between different kiwifruit species and their different parts when they are grown in these two largest agricultural countries in the Pacific. The samples were all purchased randomly in late August 2019 from a retail market in Melbourne, Australia. The fruits were cleaned, and the peel, pulp and core of the kiwifruits were separated into Australian-grown Hayward kiwifruit peel (AHL), Australian-grown Hayward kiwifruit pulp (AHP), Australian-grown Hayward kiwifruit cores (AHC), New Zealand-grown Zesy002 kiwifruit peel (NZL), New Zealand-grown Zesy002 kiwifruit pulp (NZP), New Zealand-grown Zesy002 kiwifruit cores (NZC), New Zealand-grown organic Hayward kiwifruit peel (OHL), New Zealand-grown organic Hayward kiwifruit pulp (OHP), and New Zealand-grown organic Hayward kiwifruit cores (OHC).



Each sample’s pulp and core were blended into slurries using a 1.5-L blender (Russell Hobbs Classic, model DZ-1613, Melbourne, VIC, Australia). The peels were trimmed into slices and freeze-dried at −20 °C for 48 h, and then lyophilized at −45 °C/50 MPa using a Dynavac engineering FD3 Freeze Drier (W.A., Australia) equipped with an Edwards RV12 oil-sealed rotary vane pump (Bolton, England). The freeze-dried peels were ground into powders. The peel powders, pulps and core slurries were stored at −20 °C.




2.2. Extraction of Phenolic Compounds


The phenolic compounds were extracted from 5.0 ± 0.1 g of each kiwifruit peel, pulp, and core sample with 20 mL 80% ethanol. The mixture was homogenized using an IKA Ultra-Turrax® T25 Homogenizer (Staufen, Germany), sequentially into a ZWYR- 240 shaking incubator (Labwit, Ashwood, Vic, Australia) at 120 rpm, at 4 °C overnight. After incubation, the extracts were centrifuged using a benchtop centrifuge (Hettich Rotina 380R, Tuttlingen, Baden-Württemberg, Germany) at 5000 rpm for 15 min at 4 °C. When the centrifugation was finished, the supernatant was immediately collected and filtered through a 0.45 μm syringe filter (Thermo Fisher Scientific Inc., Waltham, MA, USA). For further analysis, the filtrate was subsequently transferred and stored at −20 °C.




2.3. Estimation of the Phenolic Contents and Antioxidant Assays


According to the methods modified from Gu et al. [37], Suleria et al. [38] and Zhu et al. [39], TPC, TFC and TTC were assessed for the overall phenolic estimation of the extracts, and DPPH, FRAP, ABTS, RPA, •OH-RSA, FICA and TAC assays were evaluated for the extracts’ total antioxidant capacity determination. Distilled water was used for color correction, and only the sample was added, without any color reagents. This was intended to avoid the influence of the sample’s inherent colour, such as pigments and other substances. All of the assays were performed in triplicates, and absorption data were attained using a Multiskan® Go microplate photometer (Thermo Fisher Scientific Inc., Waltham, MA, USA). The standard curves were created with R2 > 0.995.



2.3.1. Determination of the Total Phenolic Content (TPC)


Based on the Folin–Ciocalteu reagent method from Wang et al. [40], some modifications were made to determine the TPC in the kiwifruit peel, pulp and core extracts. A 25-μL aliquot of extract was added in triplicate into a 96-well plate (Corning Inc., Midland, NC, USA), followed by 25 μL diluted F-C reagent (Sigma-Aldrich, St. Louis, MO, USA, 1:3 diluted with water) and 200 μL Milli-Q water before incubation at room temperature for 5 min. Next, 25 μL 10% (w:w) sodium carbonate (Thermo Fisher, Scoresby, Melbourne, VIC, Australia) was added to basify the mixture, and the other 60-min incubation in dark condition was needed. The absorbance of the solutions was determined at a 765-nm wavelength using a spectrophotometer (Thermo Fisher Scientific Inc., Waltham, MA, USA). A standard curve of absorbance versus the weight of gallic acid (Sigma-Aldrich, concentrations ranging from 0 to 200 μg/mL) was also plotted. Ultimately, the TPC was calculated with the standard curve and expressed in the form of gallic acid equivalents (GAE) per gram (mg GAE/g) of the freeze-dried sample weight.




2.3.2. Determination of the Total Flavonoid Content (TFC)


The TFC in kiwifruit peel, pulp and core extracts was determined by the indium chloride method developed from Stavrou et al. [41]. An 80-μL aliquot of extract was transferred in triplicate into a 96-well plate, and was then mixed with 80 μL aluminium chloride (Sigma-Aldrich, vani2% diluted with ethanol) together with 120 μL sodium acetate solution (Thermo Fisher, 50 g/L). Incubation was subsequently carried out in a dark place at 25 °C for 150 min. Finally, the absorbance of the solution was measured at a 440-nm wavelength using a spectrophotometer, and the standard curve of absorbance versus the weight of quercetin (Sigma-Aldrich, 0–50 μg/mL) was plotted. The TFC value was calculated based on the standard curve, and was expressed as the mg quercetin equivalent per gram (mg QE/g) of freeze-dried sample weight.




2.3.3. Determination of the Total Tannin Content (TTC)


The modified vanillin–sulfuric acid method of Haile and Kang [42] was used to determine the TTC in kiwifruit peel, pulp and core extracts. First, a 25 μL samples were added in triplicate into a 96-well plate together with 150 μL methanolic vanillin reagent (Sigma-Aldrich, 4%, w/v) and 25 μL methanolic sulfuric acid (32%, v/v), followed by incubation in darkness at 25 °C for 15 min. The absorbance was measured at a 500-nm wavelength using a spectrophotometer, and the standard curve of absorbance versus the weight of catechin (0–1000 μg/mL) was plotted. The TTC value was expressed as the mg of catechin equivalent per gram (mg CE/g) of freeze-dried sample weight.




2.3.4. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) Antioxidant Assay


The DPPH assay from Sogi et al. [43] was improved in this study in order to examine the free radical scavenging ability of kiwifruit peel, pulp and core extracts. A 40-μL aliquot of extract was mixed in triplicate with 260 μL DPPH methanolic solution (Sigma-Aldrich, 0.1 mM) in a 96-well plate. After a vigorous shake and an incubation at 25 °C for 30 min, the absorbance was measured at the 517-nm wavelength using a spectrophotometer, and the standard curve of absorbance versus the weight of ascorbic acid (Sigma-Aldrich, 0–50 μg/mL) was plotted. The radical scavenging capacity of DPPH was calculated based on the standard curve, and was expressed as mg of ascorbic acid equivalents per gram (mg AAE/g) of freeze-dried sample weight.




2.3.5. Ferric Reducing Antioxidant Power (FRAP) Assay


The FRAP assay can indicate kiwifruit peel, pulp, and core extracts’ ability to reduce Fe3+ in the Fe3+-TPTZ complex (ferric-2,4,6-tripyridyl-s-Triazine) into Fe2+-TPTZ. A previous method from Chen et al. [44] was used as a reference for the FRAP assay of this study. The fresh FRAP dye was made using a mix of 300 mM sodium acetate solution, 10 mM TPTZ (2,4,6-tripyridyl-s-triazine, Sigma-Aldrich) solution, and 20 mM ferric chloride solution (Thermo Fisher) in a 10:1:1 (v/v/v) ratio. Then, a 20-μL aliquot of extract was added in triplicate into a 96-well plate together with 280 μL of previously prepared FRAP dye solution. After a 10 min incubation at 37 °C, the absorbance was measured at the 593-nm wavelength by spectrophotometer, and the standard curve of absorbance versus the weight of ascorbic acid (0–50 μg/mL) was plotted. The FRAP results were calculated based on the standard curve, and were expressed as mg of ascorbic acid equivalents per gram (mg AAE/g) of freeze-dried sample weight.




2.3.6. 2,2-Azino-bis-3ethylbenzothiazoline-6-sulfonic Acid (ABTS) Radical Scavenging Assay


The ABTS radical scavenging activity of kiwifruit peel, pulp, and core extracts referrs to the ABTS+ radical cation decolorization assay of Severo et al. [45]. In total, 5 mL ABTS solution (Sigma-Aldrich, 7 mmol/L) and 88 μL potassium persulfate solution (Sigma-Aldrich, 140 mM) were mixed and incubated in a dark place for 16 h in order to prepare the ABTS+ dye stock solution. Then, the prepared ABTS+ solution was diluted with the analytical grade ethanol to acquire an initial absorbance of 0.70 ± 0.02 at 734 nm. After that, a 10-μL aliquot of extract was added in triplicate into a 96-well plate together with 290 μL diluted ABTS solution, followed by a 6-min dark incubation at room temperature. The absorbance was measured at the 734 nm wavelength, and the standard curve of absorbance versus the weight of ascorbic acid (0–150 μg/mL) was plotted. The ABTS results were calculated based on the standard curve, and were expressed as mg of ascorbic acid equivalents per gram (mg AAE/g) of freeze-dried sample weight.




2.3.7. Reducing Power Assay (RPA)


The reducing power activity was determined by modifying the method of Ferreira et al. [46]. First, 10 μL extract, 25 μL 0.2 M sodium phosphate buffer (Thermo Fishers, pH 6.6) and 25 μL K3[Fe(CN)6] (Thermo Fisher) were added in triplicate sequentially, followed by incubation at 25 °C for 20 min. Then, 25 μL 10% TCA solution (Thermo Fisher) was added to stop the reaction, and an additional 85 μL water together with 8.5 μL FeCl3 was mingled in the reagent. After that, the solution required further incubation for 15 min at 25 °C. Then, the absorbance was measured at 750 nm. Ascorbic acid from 0 to 500 μg/mL was used to obtain a standard curve, and the data were presented as the mg AAE/g of freeze-dried sample weight.




2.3.8. Hydroxyl Radical Scavenging Activity (•OH-RSA)


The Fenton-type reaction method of Smirnoff and Cumbes [47] was used to determine the •OH-RSA, with some modifications. In total, 50 μL extract was mixed in triplicate with 6 mM FeSO4·7H2O and 6 mM H2O2 (Thermo Fisher, 30%) in the ratio of 1:1:1 (v/v/v), followed by incubation at 25 °C for 10 min. After incubation, 50 μL 6 mM 3-hydroxybenzoic acid (Thermo Fisher) was added, and absorbance was measured at a wavelength of 510 nm. Ascorbic acid from 0 to 300 μg/mL was used to obtain a standard curve, and the data were presented as mg AAE/g of the freeze-dried sample weight.




2.3.9. Ferrous Ion Chelating Activity (FICA)


The Fe2+ chelating activity of the sample was measured according to the method of Dinis et al. [48], with modifications. In total, 15 μL extract was mixed in triplicate with 85 μL water, 50 μL 2 mM ferrous chloride (Thermo Fisher, with an additional 1:15 dilution in water) and 50 μL 5 mM ferrozine (Thermo Fisher, with an additional 1:6 dilution in water), followed by incubation at 25 °C for 10 min. Then, the absorbance was measured at a wavelength of 562 nm. Ethylenediaminetetraacetic acid (EDTA, Thermo Fisher) in concentrations from 0 to 30 μg/mL was used to obtain a standard curve, and the data were presented as mg EDTA/g of the freeze-dried sample weight.




2.3.10. Total Antioxidant Capacity (TAC) Assay


The phosphomolybdate method with slight modifications from Subbiah et al. [49] was applied to assess the TAC of kiwifruit peel, pulp, and core extracts in this study. The phosphomolybdate dye was made by mixing 0.6 M H2SO4, 28 mM Na3PO4 and 4 mM ammonium molybdate in the ratio of 1:1:1. Then, a 40-μL aliquot of extract was added in triplicate into a 96-well plate together with 260 μL prepared phosphomolybdate reagent, followed by a 90-min incubation at 95 °C and a 10-min cooling at room temperature. The absorbance was measured at the 695-nm wavelength, and the standard curve of absorbance versus the weight of ascorbic acid (0–200 μg/mL) was plotted. The TAC results were calculated based on the standard curve, and were expressed as mg of ascorbic acid equivalents per gram (mg AAE/g) of the freeze-dried sample weight.





2.4. LC-ESI-QTOF-MS/MS Analysis


The phenolic profile characterization was conducted using an Agilent 6520 Accurate-Mass Q-TOF LC-MS/MS (Agilent Technologies, CA, USA), and the method was adapted from Zhong et al. [50]. A Synergi™ Hydro-RP 80 Å, LC reversus-phase column with a diameter of 250 × 4.6 mm inside and a particle diameter of 4 μm (Phenomenex, Torrance, CA, USA) was utilized for the compound separation. Mobile phase A was prepared with a mix of acetic acid/water (in the ratio of 0.5:99.5, v/v), and mobile phase B was made using a mix of acetonitrile/water/acetic acid (in the ratio of 50:49.5:0.5, v/v/v). Both mobile phases A and B were degassed at 25 °C for 15 min. Before they were transferred into the vials, all of the extracts were filtered using a syringe (Kinesis, Redland, QLD, Australia) coupled with a 0.45-μm syringe filter (Thermo Fisher Scientific Inc., Waltham, MA, USA). The injection volume of each sample was set to 6 μL, and the flow rate was set at 0.8 mL/min. The gradient elution was achieved by changing the ratio of mobile phases A and B as follows: 0 to 20 min with 10% phase B, 20 to 30 min with 25% phase B, 30 to 40 min with 35% phase B, 40 to 70 min with 40% phase B, 70 to 75 min with 55% phase B, 75 to 77 min with 80% phase B, 77 to 79 min with 100% phase B, 79 to 82 min with 100% phase B, and 82 to 85 min with isocratic 10% phase B. The mass spectrometry conditions were set as 45 psi atomizing gas pressure, 300 °C nitrogen gas with a flow rate of 5 L/min, and 250 °C sheath gas with the flow rate of 11 L/min. The capillary voltage was 3.5 kV, and the nozzle voltage was 500 V. The extrapolation of the peak area values obtained for the components of each juice analysed from the calibration curve of the standard for each phenolic group led to the measurement of the polyphenols. For the MS/MS peak identification and analyses, electrospray ionization (ESI) was utilized in the operation of both the negative and positive ion modes, and the mass spectra were obtained over the m/z range of 50–1300 amu in automatic mode with multiple collision energies (10, 15 and 30 eV) for fragmentation. The data collection and subsequent analysis used Agilent Mass Hunter Qualitative Software-B.03.01 (Agilent Technologies, Santa Clara, CA, USA). By comparing the retention times, ionization mode, and mass spectra of unknown peaks with those of real standards or with data from the literature, the primary phenolic components of the samples were identified.




2.5. Statistical Analysis


All of the results were reported as the mean ± standard deviation (SD). The mean differences between different samples were analyzed by one-way analysis of variance (ANOVA) and Tukey’s honestly significant differences (HSD) multiple rank test at p ≤ 0.05. ANOVA was carried out by Minitab for Windows 64 bit version 20.2 (Minitab, LLC, State College, PA, USA). Correlations between the polyphenol content and antioxidant activities were analyzed using Pearson’s correlation coefficient.





3. Results and Discussion


3.1. Phenolic Estimation (TPC, TFC and TTC)


Table 1 indicates the phenolic estimation measured as the TPC, TFC and TTC from kiwifruit cultivars and fruit parts.



The value of TPC was clearly higher in all of the kiwifruit cultivars’ peel than their pulp and core, and the content of tannins was too marginal to be detected in the kiwifruit pulp and cores. The peel of New Zealand organic “Hayward” had the largest TPC value, 9.65 ± 0.44 mg GAE/g dry weight (d.w.), followed by Australian ordinary “Hayward” (7.99 ± 0.10 mg GAE/g) and New Zealand “Zosy002” (6.61 ± 0.24 mg GAE/g). There were detectable differences between each type, which suggested that the plant growth conditions are contributors to fruit phenolic compounds. However, comparing our results with previous studies, the values fluctuated greatly. Korean Golden kiwifruits presented a 50.10 ± 2.90 mg GAE/g value in their peel parts, which was almost five-fold higher than our results [51]. This proved that the sample origin played a vital role in phenolic compound distribution. In addition, they used metaphosphoric acid as an extraction solvent, which required future single-factor experiments to evaluate whether it has a greater extraction efficiency than 80% ethanol. Meanwhile, a three-times-higher value (28.79 mg GAE/g) also proved the rules of environmental conditions, as shown in the peel of “Nongdamixiang (ND)”, a representative Actinidia genus of kiwifruit in Yangling, Shaanxi, China [27]. In general, the TPC value of “Zesy002” peel was more than 10 times larger than those of its pulp and core. Complete data were lacking regarding the remaining two species, due to the undetectable values in their pulps and cores. However, compared with the existing data, similar trends could be hypothesized. For Australian “Hayward”, the TPC of the peel was almost 18 times higher than its flesh; in organic “Hayward” the difference was even more significant, by more than 21 times.



Furthermore, the value in the core was slightly larger than that in the pulp. This was assumed to be a contribution from the edible black seeds, which was especially obvious in “Zesy002” cultivar and organic “Hayward”. In terms of the TPC variation driven by the organic environment from different kiwifruit cultivars’ pulp and cores, organic “Hayward” did not exhibit many advantages. It was speculated that the influence of the organic environment on plant crops is permeable, with greater effects on the outside than the inside. However, huge differences were found among several pieces of published research. An inconstant result was reported regarding Actinidia chinensis Planch. species: the TPC values of the peels were 53.73 mg GAE/g [52]. The discovery of higher values suggests the feasibility of optimizing the extraction method of kiwifruit phenolics. Meanwhile, this overturned the point that the genotype has little role in the phenolic compound content. To sum up, organic “Hayward” had a better performance in the peel TPC, while “Zesy002” flesh contained more TPC overall.



Flavonoids are known to be another typical phenolic possessing antioxidant activity. However, in our study, most of our TFC results were too low to be detected, particularly in all of the kiwifruit pulp and the “Hayward” core. Australian “Hayward” peel had the highest TFC level, with 0.42 ± 0.04 mg QE/g d.w., but the organic “Hayward” peel obtained no TFC. Generally, the total flavonoids of the peel samples should be higher than those in the pulps and cores, which was verified by the preceding study [27]. Even though they used a different equivalent, rutin, the trend was obvious. The TFC of the peels ranged from 4 mg RE/g to 14 mg RE/g among all of the selected kiwifruits. While the pulp samples showed virtually unchanged values of around 1 mg RE/g to 2 mg RE/g, the core samples varied from 2 mg RE/g to 9 mg RE/g. The main reason may lie in our extraction method; for example, the number of polyphenols extracted by enzymatic hydrolysis may contrast totally with the methanol extraction because of deglycosylation or the disruption of specific linkages in the phenolic compounds. Moreover, our extraction of phenols may neglect the bound flavonoid content.



Besides this, tannins could only be detected in the kiwifruit peels. There was no significant difference in the same kiwifruit cultivar under different growing conditions. “Zesy002” cultivar peel had a significant higher TTC, with 10.99 ± 0.12 mg CE/g, than both the conventional and organic “Hayward” cultivar (7.67 ± 0.34 mg CE/g and 7.00 ± 0.56 mg CE/g, respectively). Presumably, “Zesy002” was a new disease-resistant upgraded cultivar from “Hort16A” after suffering from Pseudomonas syringae pv. actinidiae (PSA) bacterium, and had a sourer flavor because the tannin compounds played an important role in its higher plant protection from insects’ predation, and were the main source of the fruit’s astringency. Overall, despite the cultivar diversity or the way the agricultural products were grown, in kiwifruit peel, abundant phenolic compounds can be found.




3.2. Antioxidant Activity (DPPH, FRAP, ABTS, FICA, •OH-RSA, RPA, and TAC)


The continuous Table 1 lists the DPPH, FRAP, ABTS, FICA, •OH-RSA, RPA, and TAC assays’ results, which included the different parts and various cultivars of kiwifruit. Each of these assays is based on different aspects of antioxidant activities, including radical/reactive oxygen (ROS) scavenging (DPPH, ABTS, FICA, •OH-RSA) and non-radical redox potential abilities (FRAP, RPA and TAC). Depending on the mechanism of the chemical reactions involved, assays can be further categorized as (i) electron transfer (ET), (ii) hydrogen atom transfer (HAT) reaction-based assays, or (iii) the chelation of transition metals [53]. DPPH, ABTS, •OH-RSA and TAC assays are based on the HAT/ET mixed-mode assays, while FRAP and RPA are ET assays. There is no absolute advantage for certain assays to conclude all of the antioxidant properties of all of the phenolic compounds. The more antioxidant activity assays we performed, the more comprehensive phenolic compounds we would consider.



In general, each of the kiwifruit cultivars’ peels revealed remarkably higher antioxidant activity than their pulp and core parts in the DPPH, FRAP, ABTS, FICA, •OH-RSA and RPA assays. Separately, “Zesy002” kiwifruit peel had the highest DPPH scavenging capacity (12.33 ± 1.18 mg GAE/g), which was followed by its core (1.04 ± 0.06 mg GAE/g) and pulp (0.25 ± 0.01 mg GAE/g). A similar trend was also reported: the DPPH radical inhibition of kiwifruit accounted for 95.16%, which took the dominant status [27]. However, they found the pulp’s value was higher than the core’s, which was inconstant with our results. That was probably based on the cultivars’ maturity and collection conditions. In relation to a species comparison of peel samples, “Zesy002” still showed the highest antioxidant properties; the following were Australian “Hayward” (7.88 ± 0.11 mg GAE/g) and New Zealand “Hayward” (6.69 ± 0.09 mg GAE/g). Except for the peel, the DPPH scavenging ability was extremely low in the other two parts, ranging from 0.08 ± 0.01 mg GAE/g to 0.31 ± 0.01 mg GAE/g. Additionally, in the FRAP assay, Australian “Hayward” peel extract showed a significantly higher FRAP value compared to “Zesy002” peel, at 3.12 ± 0.11 mg GAE/g and 2.64 ± 0.03 mg GAE/g, respectively. Regarding the ABTS assay, no obvious difference was obtained among most of the groups (NZa & AHa, AHb & OHb). Organic “Hayward” peel did not emerge with significantly stronger antioxidant activity in any of the three DPPH, FRAP and ABTS assays, as expected. However, organic peel was the only peel sample for which we could obtain the TAC result, with 4.43 ± 0.11 mg AAE/g. The phosphomolybdate assay for TAC was originally used to quantify the vitamin E in seeds, and is quite sensitive to lipophilic plant extracts, which did not show good DPPH activity. As such, the peel from organic “Hayward” may contain more fat-soluble bioactive compounds, such as carotenoids and α-tocopherol. Furthermore, the core parts from different cultivars with black seeds all had a more pronounced TAC than their corresponding pulp part. Both the “Zesy002” pulp and core present good performance in TAC, which may be correlated with their high content of carotenoids.



The reaction media for the DPPH assay in our research was methanol, whilst the ABTS assay was carried out in ethanol plus methanol conditions. The molecular polarity of methanol is greater than that of ethanol, such that the polar components in the methanol extract of plants should be greater than that of the ethanol extract. The phenol extraction efficiency of ABTS under ethanol plus methanol conditions was increased considerably for “Hayward” peels and all of the kiwifruit pulp samples at least two times. However, the values of ABTS analyzed with DPPH for all of the kiwifruit cores except the organic one, the antioxidant expression was not noticeable, leading us to suspect that the deviation was mainly due to certain bioactive compounds in the kiwifruit seeds. Most of the polyphenols in the seeds may fall into bound polyphenols, which may not be soluble in reaction media and cannot express their radical scavenging activities. Further improvements in kiwifruit core phenol extraction are dry degreasing and then selecting the appropriate extraction solvents or hydrolyzing the residue properly and then releasing the bound polyphenols. Theoretically, FRAP should be the most effective method to appraise much of the antioxidant power showing in the sample extracts, but ABTS reflected more exactly the general antioxidant activity in the kiwifruit samples. A speculation on why the TAC values of “Zesy002” and “Hayward” peel were too low to be detected is that the phosphomolybdate assay was conducted in aqueous conditions, where the phenolic compounds’ extraction is not sufficient for these two peel samples. Under such circumstances, organic products appeared to have a strong advantage in oxidation resistance in general over conventional produce.



In the FRAP assay, “Zesy002” pulp had an obviously higher antioxidant level than its core, with 0.32 ± 0.01 mg AAE/g wet weight (w.w.) for pulp and 0.04 ± 0.00 mg AAE/g for the core. In the ABTS assay, Australian “Hayward” had a similar low antioxidant level in both its core and pulp, with 0.21 ± 0.02 mg AAE/g and 0.15 ± 0.00 mg AAE/g. Meanwhile the organic “Hayward” core (0.32 ± 0.02 mg AAE/g) showed a two-times-larger value than the non-organic “Hayward” core in the ABTS assay, along with a more excellent antioxidant performance in all of the sample parts, in contrast to the ordinary “Hayward” samples. FICA was considered in this study for the measurement of the heavy and transition metal free radical elimination of the samples. However, only in the organic peel did we detect metal chelating ability, which suggested the limitation of this assay, which was a poor correlation with the FRAP, ABTS, and DPPH assays. Hydroxyl radicals are extremely reactive oxygen species that can react with every possible molecule in living organisms, especially with proteins, DNA, and lipids [54]. Hydroxyl radicals are capable of the rapid initiation of the lipid peroxidation process by extracting hydrogen atoms from unsaturated fatty acids [55]. In our study, the •OH-RSA results showed that the ethanolic extracts of organic “Hayward” pulp did not have the scavenging ability of OH-free radicals. The highest activity was noted for the “Zesy002” peel extract (0.37 ± 0.04 mg AAE/g), followed by organic “Hayward” peel (0.21 ± 0.07 mg AAE/g) and “Zesy002” cores (0.12 ± 0.09 mg AAE/g). There is no significant difference between the pulp OH- free radical scavenging ability of “Zesy002” and Australian “Hayward” cultivars, with 0.04 ± 0.01 mg AAE/g and 0.05 ± 0.03 mg AAE/g, respectively. For the RPA results, the peel of all of the kiwifruit cultivars dominated at a higher level than the core parts, followed by the pulps, which was the same tendency as the •OH-RSA results.



Overall, most of the kiwifruit peels had a much more powerful antioxidant activity than the same cultivar’s core, followed by its pulp. Generally, in the DPPH, ABTS, FICA and •OH-RSA assays, “Zesy002” kiwifruit cultivar’s peel, pulp and core had the strongest antioxidant activity compared to the other two kiwifruit samples. In the FRAP assay, Australian “Hayward” peel and cores showed the higher antioxidant capacity compared with other cultivars’ corresponding parts. However, for the kiwifruit pulp FRAP assay, the “Zesy002” pulp sample still dominated with the largest value. On the other hand, in the pulp RPA results, Australian “Hayward” had a significantly high level. Kiwifruit cores had a stronger antioxidant activity than the pulps in the DPPH, ABTS, •OH-RSA, RPA and TAC assays. Meanwhile, in the FRAP and FICA assays, the kiwifruit pulps had an overall stronger antioxidant activity than the cores.




3.3. LC-ESI-QTOF-MS/MS Characterization


In this study, a qualitative analysis of the phenolic compounds from date seed and date pulp extracts was conducted using LC-ESIQTOF-MS/MS in the negative and positive ionization modes. A total of 107 different phenolic compounds were identified in all of the kiwifruit samples, which included 30 phenolic acids, 57 flavonoids, and 20 other polyphenols, as shown in Table 2.



3.3.1. Phenolic Acids


Most of the phenolic acid compound ionization in this study was presented in a negative mode because the ESI− mode is more sensitive for phenolic acid characterization [56]. Suleria, Barrow and Dunshea [38] described in their research that the hydrogen atom donation ability provides phenolic acid radical scavenging activity, which means these compounds can be natural antioxidants. In this study, a total of 30 phenolic acids were identified, including eight hydroxybenzoic acids, 18 hydroxycinnamic acids, two hydroxyphenylacetic acids, and two hydroxyphenylpentanoic acids.



	
Hydroxybenzoic acids






Compound 1 was tentatively identified as gallic acid in this test in sample OHL and AHL at m/z 169.0148. As Peng et al. [57] mentioned in their studies, this compound was also found in mango peel byproducts. Furthermore, Yang et al. [58] reported the existence of this compound in ginger extracts. Furthermore, 2,3-dihydroxybenzoic acid (Compound 2), was tentatively identified in samples AHL and OHL, showing product ions at m/z 109. In the MS/MS fragmentation, the peaks at m/z 109, representing the loss of CO2 (44 Da), were observed from precursor ions in 2,3-dihydroxybenzoic acid [59]. As Abu-Reidah et al. [60] mentioned, ingredients with high hydroxybenzoic acid content have a high potential in medical and industrial areas due to their naturally versatile antioxidant ability. Many hydroxybenzoic acid types were found in AH and OH peel samples which showed the potential to recover phenolic compounds from these fruit wastes. However, the content of these compounds has not been quantified, which could be further analyzed by quantifying methods like HPLC in the future.



	
Hydroxycinnamic acids






A total of 18 hydroxycinnamic acids were found which is the largest among all four subgroups of phenolic acids identified in the kiwifruit samples.



Ferulic acid (Compound 18) was found in samples AHL, OHC, and OHP. This compound showed m/z at 193.0505, and was further confirmed by the product ions at m/z 178, which represented the loss of SO3 (95 Da) [61]. According to the study performed by Mukherjee and Chakraborty [62], ferulic acid is a kind of phenolic acid that widely appears in daily foods like rice, oats, and coffee. Compound 22 was found in samples OHL, OHC, and NZP, and was tentatively identified as caffeic acid with observed [M−H]− m/z at 179.0349. This compound was further confirmed by the product ions at m/z 143 and m/z 133, representing the loss of 2H2O and HCOOH [49]. Previous studies have shown that caffeic and ferulic acids were detected in palm, garlic and cherry [37,63]. In this analysis, a total of nine hydroxycinnamic acids were found in both AH and OH, showing the similarities of the phenolic compound composition between Australian- and New Zealand-grown Haward kiwifruit. However, there are unique hydroxycinnamic acids like 1,5-Dicaffeoylquinic acid (Compound 9) which were only found in OH samples, including OHL, OHP, and OHC, 1-Sinapoyl-2,2′-diferuloylgentiobiose (Compound 21), and Ferulic acid 4-O-glucoside (Compound 25) only existed in AHL. This phenomenon showed that similar fruit wastes from the same cultivars might contain a lot of similar phenolic compounds, but due to the growing environment, unique compounds may also exist.




3.3.2. Flavonoids


In this study, a total of 57 flavonoids were identified as the largest phenolic compound group. The flavonoids identified in this study include nine flavanols, seven flavones, six flavanones, 12 flavonols, three dihydrochalcones, two dihydroflavonols, six anthocyanins, and 12 isoflavonoids.



	
Dihydrochalcones, Dihydroflavonols, and Anthocyanins






In the present work, a total of three dihydrochalcones, two dihydroflavonols, and six anthocyanins were found in the kiwifruit samples. Compound 66 was tentatively identified as 3-Hydroxyphloretin 2′-O-glucoside, which was found in samples AHL, OHL, NZC, NZL, and OHC, showing m/z at 451.1249. Previously, 3-Hydroxyphloretin 2′-O-glucoside was also found in other fruit peels, according to research performed by Suleria, Barrow and Dunshea [38]. Cyanidin 3-O-(6″-p-coumaroyl-glucoside) (Compound 70) was identified in samples NZL, AHP, OHL, AHL, and AHC with [M+H]+ at m/z 596.1523. Previously, this compound was detected in Camellia oleifera Abel [64].



	
Flavanols, Flavones, and Flavaones






A total of nine flavanols, seven flavones, and six flavaones were detected in the kiwifruit samples in this study. For flavanols, Compound 34 was tentatively identified as 4′-O-Methyl-(-)-epigallocatechin 7-O-glucuronide, with m/z at 495.1163 being further confirmed by product ions at m/z 451 and m/z 313. This compound was only detected in the AHL sample. Procyanidin dimer B1 (m/z 577.1338) and procyanidin trimer C1 (m/z 865.2002) were both detected in samples AHL, OHL, and NZL, but procyanidin trimer C1 was also found in the OHC sample, which was a core sample. A high amount of these three types of flavonoids was distributed mainly in peel samples, and AHL had the highest number of unique flavonoids, which included 4′-O-Methyl-(-)-epigallocatechin 7-O-glucuronide (Compound 36), Apigenin 6,8-di-C-glucoside (Compound 42), Cirsilineol (Compound 43), Hesperetin 3′,7-O-diglucuronide (Compound 50), and Hesperetin 3′-O-glucuronide (Compound 52), but these compounds were not reported in kiwifruits in previous studies.



	
Flavonols






Flavonol was one of the largest groups of flavonoids detected in this test. A total of 12 flavonols were detected. Compounds 59, 63 and 64, which had precursor ions at m/z 609.1477, 581.1503, and 739.2072, were tentatively characterized as kaempferol 3,7-O-diglucoside, kaempferol 3-O-xylosyl-galactoside, and kaempferol 3-O-(2″-rhamnosyl-galactoside) 7-O-rhamnoside. What these three kaempferol derivatives have in common is that they all appeared in kiwifruit peel samples, though only kaempferol 3,7-O-diglucoside was also detected in the OHC sample. NZ samples had the richest types of flavonols, followed by OH samples, and a total of three unique ones were found in NZL. Most of the flavonols were found in peel samples, and only limited numbers of them were found in kiwifruit pulp and cores, which proves the potential of developing kiwifruit waste as a source of antioxidants.



	
Isoflavonoids






Isoflavonoid was also the largest group of flavonoids, with a total of 12 compounds detected in this test. Compound 77 was tentatively identified as violanone, which was detected in samples OHL, AHC, OHC, and NZL, as confirmed by the product ions of m/z 300, m/z 285 and m/z 135, representing the loss of CH3 (15 Da), 2CH3, (30 Da), and C10H12O3 [65]. Furthermore, 3′-Hydroxygenistein (Compound 85) was only found in sample OHC at m/z 287.0548. In the MS/MS fragmentation, peaks at m/z 269 and m/z 259, representing the loss of H2O and CO, were observed from precursor ions [66]. The distribution of isoflavonoids was still mainly in the fruit peels. As flavonols, 6″-O-Malonyldaidzin (Compound 82), 6″-O-Acetylglycitin (Compound 83), and 3′-Hydroxydaidzein were the three unique isoflavonoids found in NZL. However, there was one isoflavonoid which was only found in OHC, namely 3′-Hydroxygenistein (Compound 85), and one which was only found in AHP, which was 2′-Hydroxyformononetin (Compound 86).




3.3.3. Lignans, Stilbenes and Other Polyphenols


A total of eight lignans, one stilbene, and 11 other polyphenols were detected in the kiwifruit samples. Lignans, stilbenes and other polyphenols were not the main phenolics but were widely distributed in the kiwifruit pulp, seeds and cores, and they also contribute to the antioxidant capacity. Isopimpinellin (Compound 94) was the only furanocoumarin detected in kiwifruit at m/z 247.0607 which existed in sample NZL and OHL according to the [M+H]+ m/z at 247.0611. In the MS/MS fragmentation, the product ions at m/z 232, m/z 217, m/z 205 and m/z 203 represent the loss of CH3 (15 Da), 2CH3 (30 Da), CH2 (42 Da) and CO2 (44 Da) [67]. Compound 101 with [M+H]+ at m/z 433.2221 was tentatively assigned as schisandrin in sample NZP. Compound 106 with [M+H]+ at m/z 537.2115 was tentatively assigned as schisantherin A in sample NZL.





3.4. Distribution of Phenolic Compounds—Venn Diagram


Various polyphenols that exist in kiwifruit samples have conjugated structures in their forms, and there are differences in their distribution in different cultivars and their fruit parts. Therefore, analyzing these contents’ species variability in different kiwifruit samples at the same time would be a complex task. Venn diagrams (Figure 1 and Figure 2) were applied in this study to offer a synopsis of different phenolic compounds’ distributions, which were labeled with different colors in kiwifruit AH, NZ, and OH, and in the kiwifruit pulp, core, and peel.



As the Venn diagram (Figure 1A) shows, OH contained 23 unique compounds, which account for 6.6% of the total phenolic compounds. Meanwhile, the kiwifruits AH and NZ contain 22 (6.3%) and 19 (5.5%), respectively. The maximum value of overlapping total phenolic compounds was 176 (50.7%) distributed in all of the kiwifruit cultivars. The minimum value of overlapping total phenols was 23 (6.6%), which was present in kiwifruit NZ and OH. A total of 55 (15.9%) shared phenolics were found in AH and NZ, showing the high similarity in contained phenolic types. The phenolic acid distribution is shown in Figure 1B; the highest value of unique phenolic acids was contained by OH, which was 6 (8.1%). The maximum value of overlapping total phenolic acids was 42 (56.8%), distributed in all of the kiwifruit cultivars. For flavonoids, AH contained the maximum value of unique flavonoids, which was 15 (9.2%), and the maximum value of overlapping total flavonoids was 68 (41.7%), which was distributed in all of the kiwifruit cultivars. In Figure 1D, OH contained seven (6.2%) other unique polyphenols, which was the highest value. The maximum value of other overlapping total polyphenols was 63 (55.8%), which was distributed in all of the kiwifruit cultivars.



As shown in Figure 2A, kiwifruit peel had the highest value of unique phenolic compounds, which was 118 (34%) of the total phenolic compounds found in kiwifruit samples. The minimum value of total unique phenolic compounds was 3 (0.9%), which was presented in kiwifruit pulp. The maximum value of overlapping total phenolic compounds was 120 (34.6%), which was distributed in kiwifruit pulp, core and peel, followed by 60 (17.3%) in the core and peel. A similar situation also appeared in the phenolic acid distribution among all of the fruit parts in Figure 2B. The highest value of unique total phenolic acids was found in kiwifruit peel, which was 19 (25.7%), and the maximum value of overlapping total phenolic acids was 31 (41.9%) in all of the kiwifruit parts. For flavonoids, kiwifruit peel contained 76 (46.6%) unique flavonoids, while kiwifruit pulp contained no unique flavonoids, and the kiwifruit cores contained two (1.2%) unique flavonoids. The highest value of overlapping total flavonoids was 40 (24.5%), distributed in all of the fruit parts, while the second highest overlapping total flavonoid value was 32 (19.6%), distributed in kiwifruit core and peel. The highest level of unique other polyphenols in fruit parts was found in kiwifruit peel, which was 24 (21.2%). The maximum overlapping other total polyphenol value was 49 (43.4%), distributed in the kiwifruit pulp, core and peel. This was followed by 20 (17.7%), distributed in the kiwifruit core and peel.



As a result, the overlapping phenolics of all three cultivars had a high value, showing the rich phenolic types contained in kiwifruit. The distribution of the phenolic compounds in different fruit parts also indicated that most types of the phenolic compounds were stored in the kiwifruit peel, proving that kiwifruit waste can be a good source of phenolic compounds.




3.5. Correlation between the Antioxidant Assays and Phenolic Content


A correlation between the phenolic content and antioxidant activity assays was performed with Pearson’s correlation test (Table 3), and a principal components analysis (PCA, Figure 3) was also performed simultaneously.



A total of 100% of the variability of the initial data can be explained by the first two factors (F1 and F2) in Figure 3. Regarding antioxidant assays, TAC and FRAP, RPA and ABTS were strongly related to each other, with a significance level smaller than 0.05. For the phenolic contents, TPC was mostly negatively related to the antioxidant assays that appeared in this test, including DPPH, FRAP, ABTS, FICA, •OH-RSA, and RPA (r = −0.904, −0.885, −1.000, −0.948, −0.769, and –0.998, respectively). This phenomenon was opposite to the previous report, because Talukder, Talapatra, Ghoshal and Sen Raychaudhuri [23] reported that the antioxidant capacity should be positively related to the phenolic compound content. A possible explanation might be that the antioxidant capacity of kiwifruit was not provided by phenolics.



TTC had a relatively strong correlation with most of the antioxidant assays except FRAP and TAC (r = 0.291, −0.217, respectively), which suggested that tannins are strongly related to the antioxidant activity of the kiwifruit samples. Strong correlations were also observed between TFC with FRAP (r = 0.911), which indicated that flavonoids also significantly contribute to the metal ion reduction and antioxidant activities. However, the correlation between TFC with most of the antioxidant assays was not significant, indicating that flavonoids contribute less to the antioxidant potential of kiwifruit samples. In conclusion, kiwifruit’s antioxidant activity was mainly provided by the contained tannins and flavonoids, while the total phenolic content seemed to be negatively related to most of the values of the antioxidant assays.





4. Conclusions


In conclusion, we found a richer variety of phenolic compounds in all three cultivars of kiwifruit peel, which makes the recovery of phenolic compounds from kiwifruit waste worthwhile. The results of the antioxidant assays also indicated that kiwifruit peel, compared with kiwifruit pulp and cores, has a very high in vitro antioxidant potential. The highest TPC value was found in OHL, which was 9.65 mg GAE/g, which was significantly higher than the TPC value of OHP and OHC (0.33 mg GAE/g and 0.44 mg GAE/g, respectively). The phenolic compounds were characterized through LC-ESI-QTOF-MS/MS in different kiwifruit extracts, and a total of 107 phenolic compounds was found in this test. A wide variety of phenolic compounds were characterized in kiwifruit peel. From the Venn graphs, we found that the differences in unique phenolic numbers among cultivars were not so big, but a total of 55 (15.9%) overlapping phenolics were found in AH and NZ, showing a high similarity of the phenolic types they contained. A total of 118 (34%) unique phenolic compounds, including 19 (25.7%) unique phenolic acids, 76 (46.6%) unique flavonoids and 24 (21.2%) other unique polyphenols were found in kiwifruit peel, all with higher values in core and pulp. Due to the rich types and content of phenolic compounds, kiwifruit wastes have the potential to be a food processing agent and nutritional supplement. The source of the antioxidant capacity of kiwifruit seemed to mainly be provided by tannins and flavonoids. However, in Pearson’s correlation table, most of the assays’ values were negatively related to the total phenolic compounds, which was contrary to previous reports, which is worth further study. In the following research, modified phenolic content estimations could be performed in order to evaluate the relationship between phenolic compounds and the antioxidant capacity, in vitro digestibility and bioavailability, in order to further test the values of the kiwifruit waste.
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Figure 1. Venn diagram of the total phenolic compounds presented in different kiwifruit samples. (A) A comparison of the total phenolic compounds present in different kiwifruit cultivars. (B) A comparison of the total phenolic acids present in different kiwifruit cultivars. (C) A comparison of the total flavonoids present in different kiwifruit cultivars. (D) A comparison of the total other polyphenols present in different kiwifruit cultivars. AH: Australian-grown Hayward kiwifruit. NZ: New Zealand-grown Zesy002 kiwifruit. OH: New Zealand-grown organic Hayward kiwifruit. 
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Figure 2. Venn diagram of the total phenolic compounds presented in different kiwifruit parts. (A) A comparison of the total phenolic compounds present in different kiwifruit parts. (B) A comparison of the total phenolic acids present in different kiwifruit parts. (C) A comparison of the total flavonoids present in different kiwifruit parts. (D) A comparison of the total other polyphenols present in different kiwifruit parts. AH: Australian-grown Hayward kiwifruit. NZ: New Zealand-grown Zesy002 kiwifruit. OH: New Zealand-grown organic Hayward kiwifruit. 
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Figure 3. Correlations of ten antioxidant assays. Principal component analysis (PCA) of phenolic content (TPC, TFC and TCT) and antioxidant activities (FICA, •OH−RSA, RPA, DPPH, ABTS, FRAP and TAC) of twelve date samples. 
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Table 1. Estimation of the phenolic content and antioxidant potential of different kiwifruit samples.
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	Assays
	
	Peel
	
	
	Pulp
	
	
	Core
	





	
	NZ
	AH
	OH
	NZ
	AH
	OH
	NZ
	AH
	OH



	TPC (mg GAE/g)
	6.61 ± 0.24 c
	7.99 ± 0.10 b
	9.65 ± 0.44 a
	0.58 ± 0.05 a
	0.45 ± 0.03 ab
	0.33 ± 0.02 b
	0.66 ± 0.05 a
	0.45 ± 0.01 b
	0.44 ± 0.03 b



	TFC (mg QE/g)
	0.21 ± 0.00 b
	0.42 ± 0.04 a
	-
	-
	-
	-
	0.01 ± 0.00
	-
	-



	TTC (mg CE/g)
	10.99 ± 0.12 a
	7.00 ± 0.56 b
	7.67 ± 0.34 b
	-
	-
	-
	-
	-
	-



	DPPH (mg AAE/g)
	12.33 ± 1.18 a
	7.88 ± 0.11 b
	6.69 ± 0.09 b
	0.25 ± 0.00 a
	0.13 ± 0.00 b
	0.08 ± 0.00 c
	1.04 ± 0.06 a
	0.31 ± 0.00 b
	0.22 ± 0.00 b



	FRAP (mg AAE/g)
	2.64 ± 0.03 b
	3.12 ± 0.11 a
	0.03 ± 0.00 c
	0.32 ± 0.01 a
	0.03 ± 0.00 b
	0.03 ± 0.00 b
	0.04 ± 0.00 b
	0.10 ± 0.00 a
	0.03 ± 0.00 b



	ABTS (mg AAE/g)
	18.31 ± 0.79 a
	17.01 ± 0.81 ab
	13.25 ± 0.35 b
	0.71 ± 0.01 a
	0.21 ± 0.02 b
	0.16 ± 0.00 b
	0.85 ± 0.02 a
	0.15 ± 0.00 c
	0.32 ± 0.02 b



	FICA (mg EDTA/g)
	0.31 ± 0.07 a
	0.12 ± 0.02 b
	0.09 ± 0.01 c
	0.14 ± 0.04 a
	0.08 ± 0.02 b
	-
	0.09 ± 0.01 a
	0.03 ± 0.01 b
	-



	•OH-RSA (mgAAE/g)
	0.37 ± 0.04 a
	0.09 ± 0.02 c
	0.21 ± 0.07 b
	0.04 ± 0.01 a
	0.05 ± 0.03 a
	-
	0.12 ± 0.09 a
	0.09 ± 0.01 b
	0.04 ± 0.02 c



	RPA (mg AAE/g)
	1.24 ± 0.01 a
	0.98 ± 0.07 b
	0.74 ± 0.02 c
	0.18 ± 0.08 b
	0.24 ± 0.03 a
	0.04 ± 0.07 c
	0.72 ± 0.04 a
	0.51 ± 0.01 b
	0.19 ± 0.03 c



	TAC (mg AAE/g)
	-
	-
	4.43 ± 0.11
	0.37 ± 0.01 a
	0.03 ± 0.00 c
	0.12 ± 0.00 b
	0.51 ± 0.02 a
	0.11 ± 0.00 c
	0.28 ± 0.00 b







The results are displayed as the mean ± standard deviation (n = 3); a, b, c indicates the means in a row with significant difference (p < 0.05) using one-way analysis of variance (ANOVA) and Tukey’s test. GAE, gallic acid equivalents; QE, quercetin equivalents; CE, catechin equivalents; AAE, ascorbic acid equivalents; EDTA, ethylenediaminetetraacetic acid; TPC, total phenolic content; TFC, total flavonoid content; TTC, total tannin content; DPPH, 2,2′-diphenyl-1-picrylhydrazyl; FRAP, reducing antioxidant power; ABTS, 2,2′-azinobis-(3-ethylbenzo-thiazoline-6-sulfonic acid; RPA, reducing power assay; •OH-RSA, hydroxyl radical scavenging activity; FICA, ferrous ion chelating activity; TAC, total antioxidant content. NZ, New Zealand-grown Zesy002 kiwifruit; AH, Australian-grown Hayward kiwifruit; OH, New Zealand-grown organic Hayward kiwifruit.
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Table 2. Characterization of the phenolic compounds in the different kiwifruit samples by LC-ESI-QTOF-MS/MS.
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No.

	
Proposed Compounds

	
Molecular

Formula

	
RT

(min)

	
Ionization

(ESI+/ESI−)

	
Molecular

Weight

	
Theoretical

(m/z)

	
Observed

(m/z)

	
Error

(ppm)

	
MS2 Product

Ions

	
Samples






	
Phenolic acids




	
Hydroxybenzoic acids




	
1

	
Gallic acid

	
C7H6O5

	
6.956

	
** [M−H]−

	
170.0215

	
169.0142

	
169.0148

	
3.5

	
125

	
* OHL, AHL




	
2

	
Gallic acid 4-O-glucoside

	
C13H16O10

	
10.236

	
** [M−H]−

	
332.0743

	
331.0670

	
331.0655

	
−4.5

	
169, 125

	
* OHL, OHC




	
3

	
3-O-Methylgallic acid

	
C8H8O5

	
11.694

	
[M+H]+

	
184.0372

	
185.0445

	
185.0444

	
−0.5

	
170, 142

	
* OHC, AHL




	
4

	
Protocatechuic acid 4-O-glucoside

	
C13H16O9

	
12.539

	
** [M−H]−

	
316.0794

	
315.0721

	
315.0707

	
−4.4

	
153

	
* OHL, OHC, AHL




	
5

	
2,3-Dihydroxybenzoic acid

	
C7H6O4

	
15.580

	
[M−H]−

	
154.0266

	
153.0193

	
153.0195

	
1.3

	
109

	
* AHL, OHL




	
6

	
3,4-O-Dimethylgallic acid

	
C9 H10 O5

	
17.965

	
** [M+H]+

	
198.0528

	
199.0601

	
199.0602

	
0.5

	
153, 139, 125, 111

	
AHL




	
7

	
2-Hydroxybenzoic acid

	
C7H6O3

	
22.943

	
** [M−H]−

	
138.0317

	
137.0244

	
137.0242

	
−1.5

	
93

	
* OHL, AHL, NZL, OHP




	
8

	
Paeoniflorin

	
C23H28O11

	
34.151

	
** [M−H]−

	
480.1632

	
479.1559

	
479.1578

	
4.0

	
449, 357, 327

	
* AHL, OHL, OHP




	
Hydroxycinnamic acids




	
9

	
1,5-Dicaffeoylquinic acid

	
C25H24O12

	
4.106

	
[M−H]−

	
516.1268

	
515.1195

	
515.1198

	
0.6

	
353, 335, 191, 179

	
* OHL, OHP, OHC




	
10

	
3-Caffeoylquinic acid

	
C16H18O9

	
4.458

	
** [M−H]−

	
354.0951

	
353.0878

	
353.0873

	
−1.4

	
253, 190, 144

	
* NZC, NZP, AHL, OHL, NZL, AHP, OHP




	
11

	
3-Feruloylquinic acid

	
C17H20O9

	
4.653

	
** [M−H]−

	
368.1107

	
367.1034

	
367.1038

	
1.1

	
298, 288, 192, 191

	
* OHL, NZC, NZP, AHP, OHP, NZL




	
12

	
Ferulic acid 4-sulfate

	
C10H10O7S

	
7.041

	
[M−H]−

	
274.0147

	
273.0074

	
273.0081

	
2.6

	
193, 178

	
NZL




	
13

	
Caffeoyl glucose

	
C15H18O9

	
7.589

	
[M−H]−

	
342.0951

	
341.0878

	
341.0874

	
−1.2

	
179, 161

	
* NZC, AHL




	
14

	
Ferulic acid 4-O-glucuronide

	
C16H18O10

	
18.512

	
** [M−H]−

	
370.0900

	
369.0827

	
369.0831

	
1.1

	
193

	
* AHL, OHL




	
15

	
Caffeic acid 3-O-glucuronide

	
C15H16O10

	
22.273

	
** [M−H]−

	
356.0743

	
355.0670

	
355.0671

	
0.3

	
179

	
* AHL, OHL




	
16

	
m-Coumaric acid

	
C9H8O3

	
22.306

	
** [M−H]−

	
164.0473

	
163.0400

	
163.0403

	
1.8

	
119

	
* AHL, OHL, NZL




	
17

	
Rosmarinic acid

	
C18H16O8

	
22.323

	
** [M−H]−

	
360.0845

	
359.0772

	
359.0755

	
−4.7

	
179

	
* AHL, OHC, NZL




	
18

	
Ferulic acid

	
C10H10O4

	
23.366

	
** [M−H]−

	
194.0579

	
193.0506

	
193.0505

	
−0.5

	
178, 149, 134

	
* AHL, OHC, OHP




	
19

	
p-Coumaric acid 4-O-glucoside

	
C15H18O8

	
23.764

	
** [M−H]−

	
326.1002

	
325.0929

	
325.0924

	
−1.5

	
163

	
* AHL, NZC, NZP




	
20

	
Sinapic acid

	
C11H12O5

	
26.166

	
** [M−H]−

	
224.0685

	
223.0612

	
223.0604

	
−3.6

	
205, 163

	
* AHL, NZL




	
21

	
1-Sinapoyl-2,2′-diferuloylgentiobiose

	
C43H48O21

	
26.763

	
[M−H]−

	
900.2688

	
899.2615

	
899.2579

	
−4.0

	
613, 201

	
AHL




	
22

	
Caffeic acid

	
C9H8O4

	
28.724

	
** [M−H]−

	
180.0423

	
179.0350

	
179.0349

	
−0.6

	
143, 133

	
* OHL, OHC, NZP




	
23

	
1,2,2′-Triferuloylgentiobiose

	
C42H46O20

	
31.127

	
[M−H]−

	
870.2582

	
869.2509

	
869.2506

	
−0.3

	
693, 517

	
OHL




	
24

	
3-p-Coumaroylquinic acid

	
C16H18O8

	
32.031

	
** [M−H]−

	
338.1002

	
337.0929

	
337.0923

	
−1.8

	
265, 173, 162

	
* AHL, NZC, NZP, OHL, AHC




	
25

	
Ferulic acid 4-O-glucoside

	
C16H20O9

	
35.526

	
[M−H]−

	
356.1107

	
355.1034

	
355.1040

	
1.7

	
193, 178, 149, 134

	
AHL




	
26

	
5-5′-Dehydrodiferulic acid

	
C20 H18 O8

	
39.819

	
** [M+H]+

	
386.1002

	
387.1075

	
387.1064

	
−2.8

	
369

	
* OHC, AHL, OHL




	
Hydroxyphenylacetic acids




	
27

	
3,4-Dihydroxyphenylacetic acid

	
C8H8O4

	
24.874

	
[M−H]−

	
168.0423

	
167.0350

	
167.0349

	
−0.6

	
149, 123

	
* AHL, OHL




	
28

	
2-Hydroxy-2-phenylacetic acid

	
C8H8O3

	
88.387

	
** [M−H]−

	
152.0473

	
151.0400

	
151.0397

	
−2.0

	
136, 92

	
* AHC, OHL, AHL




	
Hydroxyphenylpropanoic acids




	
29

	
Dihydrocaffeic acid 3-O-glucuronide

	
C15H18O10

	
12.340

	
[M−H]−

	
358.0900

	
357.0827

	
357.0818

	
−2.5

	
181

	
OHL




	
30

	
Dihydroferulic acid 4-O-glucuronide

	
C16H20O10

	
33.025

	
[M−H]−

	
372.1056

	
371.0983

	
371.0990

	
1.9

	
195

	
AHL




	
Flavnoids




	
Flavanols




	
31

	
3′-O-Methylcatechin

	
C16H16O6

	
11.736

	
** [M−H]−

	
304.0947

	
303.0874

	
303.0873

	
−0.3

	
271, 163

	
* OHC, NZC, NZL, OHC, AHC




	
32

	
(-)-Epigallocatechin

	
C15H14O7

	
14.222

	
** [M−H]−

	
306.0740

	
305.0667

	
305.0674

	
2.3

	
261, 219

	
* AHL, NZL, OHP




	
33

	
(-)-Epicatechin

	
C15H14O6

	
24.211

	
** [M−H]−

	
290.0790

	
289.0717

	
289.0722

	
1.7

	
245, 205, 179

	
* AHL, OHL




	
34

	
(+)-Gallocatechin 3-O-gallate

	
C22H18O11

	
25.099

	
** [M−H]−

	
458.0849

	
457.0776

	
457.0786

	
2.2

	
305, 169

	
* NZL, AHP




	
35

	
Procyanidin dimer B1

	
C30H26O12

	
26.498

	
** [M−H]−

	
578.1424

	
577.1351

	
577.1338

	
−2.3

	
451

	
* AHL, OHL, NZL




	
36

	
4′-O-Methyl-(-)-epigallocatechin 7-O-glucuronide

	
C22H24O13

	
27.607

	
[M−H]−

	
496.1217

	
495.1144

	
495.1163

	
3.8

	
451, 313

	
AHL




	
37

	
Cinnamtannin A2

	
C60H50O24

	
35.444

	
** [M−H]−

	
1154.2692

	
1153.2619

	
1153.2629

	
0.9

	
739

	
* AHL, NZL




	
38

	
Procyanidin trimer C1

	
C45H38O18

	
36.239

	
** [M−H]−

	
866.2058

	
865.1985

	
865.2002

	
2.0

	
739, 713, 695

	
* AHL, OHL, OHC, NZL




	
39

	
Prodelphinidin dimer B3

	
C30 H26 O14

	
42.775

	
** [M+H]+

	
610.1323

	
611.1396

	
611.1397

	
0.2

	
469, 311, 291

	
* NZC, AHL, OHL, AHC, AHP




	
Flavones




	
40

	
Chrysoeriol 7-O-glucoside

	
C22 H22 O11

	
7.398

	
** [M+H]+

	
462.1162

	
463.1235

	
463.1254

	
4.1

	
445, 427, 409, 381

	
* AHP, AHL




	
41

	
Apigenin 7-O-glucuronide

	
C21H18O11

	
15.812

	
[M+H]+

	
446.0849

	
447.0922

	
447.0930

	
1.8

	
271, 253

	
* AHL, NZL




	
42

	
Apigenin 6,8-di-C-glucoside

	
C27H30O15

	
25.520

	
[M−H]−

	
594.1585

	
593.1512

	
593.1489

	
−3.9

	
503, 473

	
AHL




	
43

	
Cirsilineol

	
C18H16O7

	
26.744

	
[M+H]+

	
344.0896

	
345.0969

	
345.0962

	
−2.0

	
330, 312, 297, 284

	
AHL




	
44

	
Rhoifolin

	
C27H30O14

	
42.644

	
[M−H]−

	
578.1636

	
577.1563

	
577.1583

	
3.5

	
413, 269

	
NZC




	
45

	
Apigenin 6-C-glucoside

	
C21H20O10

	
51.563

	
** [M−H]−

	
432.1056

	
431.0983

	
431.0996

	
3.0

	
413, 341, 311

	
* AHL, NZL




	
46

	
6-Hydroxyluteolin 7-O-rhamnoside

	
C21H20O11

	
51.811

	
** [M−H]−

	
448.1006

	
447.0933

	
447.0946

	
2.9

	
301

	
* AHL, OHL, NZL




	
Flavanones




	
47

	
Narirutin

	
C27H32O14

	
4.189

	
** [M−H]−

	
580.1792

	
579.1719

	
579.1707

	
−2.1

	
271

	
* OHL, NZL




	
48

	
8-Prenylnaringenin

	
C20H20O5

	
4.431

	
[M+H]+

	
340.1311

	
341.1384

	
341.1382

	
−0.6

	
323, 137

	
* NZC, OHC, NZL




	
49

	
Neoeriocitrin

	
C27H32O15

	
13.168

	
** [M−H]−

	
596.1741

	
595.1668

	
595.1674

	
1.0

	
431, 287

	
* OHL, NZL




	
50

	
Hesperetin 3′,7-O-diglucuronide

	
C28H30O18

	
21.163

	
[M−H]−

	
654.1432

	
653.1359

	
653.1360

	
0.2

	
477, 301, 286, 242

	
AHL




	
51

	
Hesperidin

	
C28 H34 O15

	
37.033

	
** [M+H]+

	
610.1898

	
611.1971

	
611.1982

	
1.8

	
593, 465, 449, 303

	
* NZL, OHP, OHC, AHC




	
52

	
Hesperetin 3′-O-glucuronide

	
C22H22O12

	
52.673

	
[M−H]−

	
478.1111

	
477.1038

	
477.1039

	
0.2

	
301, 175, 113, 85

	
AHL




	
Flavonols




	
53

	
Myricetin 3-O-rhamnoside

	
C21H20O12

	
11.810

	
** [M−H]−

	
464.0955

	
463.0882

	
463.0893

	
2.4

	
317

	
* OHL, OHC, NZL




	
54

	
Myricetin 3-O-galactoside

	
C21H20O13

	
12.754

	
** [M−H]−

	
480.0904

	
479.0831

	
479.0841

	
2.1

	
317

	
* OHL, AHC




	
55

	
3-Methoxysinensetin

	
C21 H22 O8

	
15.633

	
** [M+H]+

	
402.1315

	
403.1388

	
403.1384

	
−1.0

	
388, 373, 355, 327

	
* OHL, OHP, OHC




	
56

	
Quercetin 3-O-(6”-malonyl-glucoside)

	
C24H22O15

	
16.395

	
[M+H]+

	
550.0959

	
551.1032

	
551.1020

	
−2.2

	
303

	
NZL




	
57

	
Patuletin 3-O-glucosyl-(1->6)-[apiosyl(1->2)]-glucoside

	
C33H40O22

	
24.452

	
** [M−H]−

	
788.2011

	
787.1938

	
787.1949

	
1.4

	
625, 463, 301, 271

	
NZL




	
58

	
Quercetin 3-O-(6”-malonyl-glucoside) 7-O-glucoside

	
C30H32O20

	
28.900

	
[M+H]+

	
712.1487

	
713.1560

	
713.1561

	
0.1

	
551, 303

	
NZL




	
59

	
Kaempferol 3,7-O-diglucoside

	
C27H30O16

	
29.820

	
** [M−H]−

	
610.1534

	
609.1461

	
609.1477

	
2.6

	
447, 285

	
* NZL, OHC, OHL




	
60

	
Myricetin 3-O-arabinoside

	
C20H18O12

	
30.606

	
[M−H]−

	
450.0798

	
449.0725

	
449.0742

	
3.8

	
317

	
AHL




	
61

	
Quercetin 3-O-xylosyl-rutinoside

	
C32 H38 O20

	
41.157

	
** [M+H]+

	
742.1956

	
743.2029

	
743.1992

	
−5.0

	
479, 317

	
* NZL, OHL




	
62

	
Quercetin 3-O-xylosyl-glucuronide

	
C26 H26 O17

	
43.207

	
** [M+H]+

	
610.1170

	
611.1243

	
611.1255

	
2.0

	
479, 303, 285, 239

	
* AHL, OHP, AHC




	
63

	
Kaempferol 3-O-xylosyl-glucoside

	
C26H28O15

	
51.675

	
** [M+H]+

	
580.1428

	
581.1501

	
581.1503

	
0.3

	
419, 401, 383

	
* NZL, OHL, AHL




	
64

	
Kaempferol 3-O-(2″-rhamnosyl-galactoside) 7-O-rhamnoside

	
C33H40O19

	
60.187

	
** [M−H]−

	
740.2164

	
739.2091

	
739.2072

	
−2.6

	
593, 447, 285

	
* NZL, OHL




	
Dihydrochalcones




	
65

	
Dihydroquercetin

	
C15H12O7

	
12.382

	
** [M−H]−

	
304.0583

	
303.0510

	
303.0508

	
−0.7

	
285, 275, 151

	
* OHC, AHL, NZL




	
66

	
3-Hydroxyphloretin 2′-O-glucoside

	
C21H24O11

	
24.659

	
** [M−H]−

	
452.1319

	
451.1246

	
451.1249

	
0.7

	
289, 273

	
* AHL, OHL, NZC, NZL, OHC




	
67

	
Phloridzin

	
C21H24O10

	
56.168

	
[M−H]−

	
436.1369

	
435.1296

	
435.1295

	
−0.2

	
273

	
* AHL, OHL, NZC, OHP




	
Dihydroflavonols




	
68

	
Dihydromyricetin 3-O-rhamnoside

	
C21H22O12

	
23.549

	
** [M−H]−

	
466.1111

	
465.1038

	
465.1032

	
−1.3

	
301

	
* AHL, OHL




	
69

	
Dihydroquercetin 3-O-rhamnoside

	
C21H22O11

	
53.650

	
** [M−H]−

	
450.1162

	
449.1089

	
449.1095

	
1.3

	
303

	
* AHL, NZL




	
Anthocyanins




	
70

	
Cyanidin 3-O-(6″-p-coumaroyl-glucoside)

	
C30 H27 O13

	
20.618

	
** [M+H]+

	
595.1452

	
596.1525

	
596.1524

	
−0.2

	
287

	
* NZL, AHP, OHL, AHL, AHC




	
71

	
Isopeonidin 3-O-arabinoside

	
C21H21O10

	
22.324

	
[M+H]+

	
433.1135

	
434.1208

	
434.1196

	
−2.8

	
271, 253, 243

	
NZL




	
72

	
Delphinidin 3-O-glucosyl-glucoside

	
C27H31O17

	
25.952

	
[M+H]+

	
627.1561

	
628.1634

	
628.1607

	
−4.3

	
465, 303

	
NZL




	
73

	
Pelargonidin 3-O-rutinoside

	
C27 H31 O14

	
26.267

	
** [M+H]+

	
579.1714

	
580.1787

	
580.1775

	
−2.1

	
271, 433

	
* NZL, NZC, AHC, NZP, AHP, OHC, OHL




	
74

	
Delphinidin 3-O-glucoside

	
C21 H21 O12

	
45.278

	
** [M+H]+

	
465.1033

	
466.1106

	
466.1113

	
1.5

	
303

	
* AHL, NZL




	
75

	
Cyanidin 3,5-O-diglucoside

	
C27 H31 O16

	
88.305

	
** [M+H]+

	
611.1612

	
612.1685

	
612.1693

	
1.3

	
449, 287

	
* AHC, AHL, OHL, NZL




	
Isoflavonoids




	
76

	
6″-O-Malonylglycitin

	
C25 H24 O13

	
11.939

	
** [M+H]+

	
532.1217

	
533.1290

	
533.1299

	
1.7

	
285, 270, 253

	
* NZL, OHC, OHC




	
77

	
Violanone

	
C17H16O6

	
12.572

	
** [M−H]−

	
316.0947

	
315.0874

	
315.0872

	
−0.6

	
300, 285, 135

	
* OHL, AHC, OHC, NZL




	
78

	
3′-O-Methylviolanone

	
C18H18O6

	
13.790

	
[M−H]−

	
330.1103

	
329.1030

	
329.1027

	
−0.9

	
314, 299, 284, 256

	
* OHC, NZC, NZP, AHC, OHL




	
79

	
5,6,7,3′,4′-Pentahydroxyisoflavone

	
C15 H10 O7

	
15.260

	
** [M+H]+

	
302.0427

	
303.0500

	
303.0497

	
−1.0

	
285, 257

	
* AHC, AHL, NZL, OHC, NZL




	
80

	
2-Dehydro-O-desmethylangolensin

	
C15H12O4

	
17.749

	
** [M−H]−

	
256.0736

	
255.0663

	
255.0657

	
−2.4

	
135, 119

	
* OHC, OHL, AHP




	
81

	
Dihydrobiochanin A

	
C16H14O5

	
22.255

	
[M+H]+

	
286.0841

	
287.0914

	
287.0925

	
3.8

	
269, 203, 201, 175

	
AHL




	
82

	
6″-O-Malonyldaidzin

	
C24H22O12

	
22.772

	
[M+H]+

	
502.1111

	
503.1184

	
503.1202

	
3.6

	
255

	
NZL




	
83

	
6″-O-Acetylglycitin

	
C24H24O11

	
23.815

	
[M+H]+

	
488.1319

	
489.1392

	
489.1385

	
−1.4

	
285, 270

	
NZL




	
84

	
2′,7-Dihydroxy-4′,5′-dimethoxyisoflavone

	
C17 H14 O6

	
33.008

	
**[M+H]+

	
314.0790

	
315.0863

	
315.0849

	
−4.4

	
300, 282

	
*NZL, OHL




	
85

	
3′-Hydroxygenistein

	
C15H10O6

	
33.575

	
[M+H]+

	
286.0477

	
287.0550

	
287.0548

	
−0.7

	
269, 259

	
OHC




	
86

	
2′-Hydroxyformononetin

	
C16H12O5

	
37.908

	
[M+H]+

	
284.0685

	
285.0758

	
285.0755

	
−1.1

	
270, 229

	
AHP




	
87

	
3′-Hydroxydaidzein

	
C15H10O5

	
42.979

	
[M+H]+

	
270.0528

	
271.0601

	
271.0606

	
1.8

	
253, 241, 225

	
NZL




	
Other polyphenols




	
Hydroxycoumarins




	
88

	
Scopoletin

	
C10H8O4

	
7.678

	
** [M−H]−

	
192.0423

	
191.0350

	
191.0355

	
2.6

	
176

	
* NZP, AHP, OHP, NZL




	
89

	
Esculin

	
C15H16O9

	
21.132

	
[M+H]+

	
340.0794

	
341.0867

	
341.0863

	
−1.2

	
179, 151

	
* NZL, OHL, AHC




	
90

	
Esculetin

	
C9H6O4

	
27.267

	
[M−H]−

	
178.0266

	
177.0193

	
177.0190

	
−1.7

	
149, 133, 89

	
* OHL, AHL




	
Hydroxybenzaldehydes




	
91

	
p-Anisaldehyde

	
C8 H8 O2

	
13.770

	
** [M+H]+

	
136.0524

	
137.0597

	
137.0595

	
−1.5

	
122, 109

	
* AHC, AHL, OHL, NZL




	
Curcuminoids




	
92

	
Demethoxycurcumin

	
C20H18O5

	
20.648

	
[M−H]−

	
338.1154

	
337.1081

	
337.1091

	
3.0

	
217

	
OHC




	
93

	
Bisdemethoxycurcumin

	
C19H16O4

	
32.721

	
[M+H]+

	
308.1049

	
309.1122

	
309.1126

	
1.3

	
291, 263

	
NZC




	
Furanocoumarins




	
94

	
Isopimpinellin

	
C13H10O5

	
27.757

	
[M+H]+

	
246.0528

	
247.0601

	
247.0607

	
2.4

	
232, 217, 205, 203

	
* NZL, OHL




	
Phenolic terpenes




	
95

	
Rosmanol

	
C20 H26 O5

	
10.856

	
** [M+H]+

	
346.1780

	
347.1853

	
347.1853

	
0.0

	
301, 241, 231

	
* OHP, OHL




	

	
Tyrosols

	

	

	

	

	

	

	

	

	




	
96

	
Hydroxytyrosol 4-O-glucoside

	
C14H20O8

	
20.180

	
** [M−H]−

	
316.1158

	
315.1085

	
315.1088

	
1.0

	
153, 123

	
* NZC, AHL, AHC




	
97

	
3,4-DHPEA-AC

	
C10H12O4

	
25.537

	
** [M−H]−

	
196.0736

	
195.0663

	
195.0658

	
−2.6

	
135

	
* AHL, NZL




	
Other polyphenols




	
98

	
Arbutin

	
C12H16O7

	
4.148

	
** [M−H]−

	
272.0896

	
271.0823

	
271.0824

	
0.4

	
109

	
* OHC, NZL




	
Lignans

	

	

	

	

	

	

	

	

	

	




	
99

	
Enterolactone

	
C18 H18 O4

	
4.234

	
** [M+H]+

	
298.1205

	
299.1278

	
299.1279

	
0.3

	
281, 187, 165

	
* AHL, OHP, OHC




	
100

	
Pinoresinol

	
C20H22O6

	
11.189

	
[M−H]−

	
358.1416

	
357.1343

	
357.1331

	
−3.4

	
342, 327, 313, 221

	
* OHC, AHC




	
101

	
Schisandrin

	
C24H32O7

	
14.899

	
[M+H]+

	
432.2148

	
433.2221

	
433.2221

	
0.0

	
415, 361

	
NZP




	
102

	
Episesamin

	
C20H18O6

	
15.348

	
** [M−H]−

	
354.1103

	
353.1030

	
353.1029

	
−0.3

	
338, 163

	
* NZP, AHC, AHP, NZC, OHL, OHC, OHP




	
103

	
7-Hydroxymatairesinol

	
C20H22O7

	
15.773

	
[M−H]−

	
374.1366

	
373.1293

	
373.1294

	
0.3

	
343, 313, 298, 285

	
* NZC, AHC, OHL




	
104

	
7-Oxomatairesinol

	
C20 H20 O7

	
27.502

	
** [M+H]+

	
372.1209

	
373.1282

	
373.1296

	
3.8

	
358, 343, 328, 325

	
* OHP, OHC, OHL, NZP




	
105

	
Schisandrin C

	
C22 H24 O6

	
32.561

	
** [M+H]+

	
384.1573

	
385.1646

	
385.1651

	
1.3

	
370, 315, 300

	
* NZL, OHP




	
106

	
Schisantherin A

	
C30 H32 O9

	
37.579

	
** [M+H]+

	
536.2046

	
537.2119

	
537.2115

	
−0.7

	
519, 415, 385, 371

	
NZL




	
Stilbenes

	

	

	

	

	

	

	

	

	

	




	
107

	
4′-Hydroxy-3,4,5-trimethoxystilbene

	
C17H18O4

	
41.207

	
[M+H]+

	
286.1205

	
287.1278

	
287.1275

	
−1.0

	
271, 241, 225

	
* NZL, NZC








* Compound was detected in more than one kiwifruit sample; the data presented in this table are from an asterisk sample. ** Compounds were detected in both the negative [M−H]− and positive [M+H]+ mode of ionization, while only single-mode data are presented. The kiwifruit samples were mentioned in the abbreviations. Australian-grown Hayward kiwifruit peel (AHL), Australian-grown Hayward kiwifruit pulp (AHP), Australian-grown Hayward kiwifruit core (AHC), New Zealand-grown Zesy002 kiwifruit peel (NZL), New Zealand-grown Zesy002 kiwifruit pulp (NZP), New Zealand-grown Zesy002 kiwifruit core (NZC), New Zealand-grown organic Hayward kiwifruit peel (OHL), New Zealand-grown organic Hayward kiwifruit pulp (OHP), and New Zealand-grown organic Hayward kiwifruit core (OHC).
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Table 3. Pearson’s correlation between the antioxidant capacities given by different antioxidant assays.
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	TPC
	TFT
	TTC
	DPPH
	FRAP
	ABTS
	FICA
	•OH-RSA
	RAP





	TFT
	−0.614
	
	
	
	
	
	
	
	



	TTC
	−0.703
	−0.13
	
	
	
	
	
	
	



	DPPH
	−0.904
	0.217
	0.940
	
	
	
	
	
	



	FRAP
	−0.885
	0.911
	0.291
	0.600
	
	
	
	
	



	ABTS
	−1.000 *
	0.611
	0.705
	0.905
	0.883
	
	
	
	



	FICA
	−0.948
	0.330
	0.893
	0.993
	0.690
	0.949
	
	
	



	•OH-RSA
	−0.769
	−0.032
	0.995
	0.969
	0.383
	0.771
	0.933
	
	



	RAP
	−0.998 *
	0.661
	0.658
	0.876
	0.912
	0.998 *
	0.927
	0.729
	



	TAC
	0.847
	−0.940
	−0.217
	−0.537
	−0.997 *
	−0.845
	−0.633
	−0.311
	−0.878







* Significance level alpha ≤ 0.05.
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