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Methods
[bookmark: _Hlk188912677]Determination of total soluble solids (TSS), titratable acid content (TAC), and dry matter content (DMC),
[bookmark: OLE_LINK5]5 g of homogenized sample was ground and filtered to obtain the filtrate for determination of TSS using a hand-held saccharimeter (ATAGO, Tokyo, Japan), and the results were expressed in %. 
[bookmark: OLE_LINK54]10 g homogenized sample was ground and transferred to a 100-mL volumetric flask and the volume was replenished with deionized water, following which filtration was carried out to obtain the filtrate. TAC of 25 g filtrate was determined by acid-base titration, and the results were expressed in g/kg. 
[bookmark: _Hlk201586329]2 mm slices were obtained from the middle of the kiwifruit and weighed (M1), then placed in an oven at 65 °C for 24 h and weighed (M2) again after constant weight; the ratio of M1 to M2 was the DMC (%).
Respiration rate and ethylene production rate
12 individual fruit from each biological replicate were placed in sealed boxes and kept at 0 °C for 1 h to assess the respiration rate and the ethylene production rate of kiwifruit. The kiwifruit was sealed in a sealed box with the instrument, and then real-time CO2 concentration was read by the infrared carbon dioxide detector (TEL-7001, GE Telaire, USA) every 20 min for 1 h. The gas in the sealed box was collected in a sealed bottle using the drainage bail at the end of the respiration intensity determination, followed by the determination of ethylene concentration in the gas using gas phase chromatograph (GC-14A, Shimadzu, Japan). The weight and volume of all fruits were determined after all tests. The respiration rate was calculated by Eqs. (1) and (2), and ethylene production rate was calculated by Eqs. (3).
                                                        (1)
                                  (2)
                             (3)
where a1 and a2 represent the volume fraction (%) of CO2 in the container at a1 and a2, respectively; V represents the free volume of the container (L); ρ represents the density of CO2 at the determination temperature (g/L); t1 represents the initial determination time (min), which corresponds to a1; t2 represents the end of the determination time (min), which corresponds to a2; 44 represents the molar mass of CO2 (g/mol); 22.4 represents the molar volume of gas under standard conditions (L/mol); T represents the ambient temperature (°C). φ represents the ethylene concentration (μL L-1) calculated from the standard curve; V represents the volume of the vacuum desiccator (L); m represents the mass of the sample (g); t3 represents the time that the sample was confined in the vacuum desiccator (h); and t4 represents the time of sampling (h).
Determination of ascorbic acid content (AAC), total phenolic content (TPC) and total flavonoid content (TFC)
The filtrate was obtained by transferring 10 g homogenized sample with 2 % oxalic acid solution to a 100-mL volumetric flask and filtering after dilution to the scale. 10 mL filtrate was used to measure the AAC by using 2,6-dichlorophenolindophenol titration. The results were expressed on a fresh weight basis and expressed as g/kg.
[bookmark: OLE_LINK55][bookmark: OLE_LINK59]5 g kiwifruit homogenized were mixed with 70 % ethanol aqueous solution according to 1:4 (m/v), and then ultrasonicated (15 min). The above suspension was centrifuged (8,500 g, 9 min, 4 °C) to obtain the supernatant (polyphenol extract). The total polyphenol content (TPC, 0.20 mL polyphenol extract) and total flavonoid content (TFC, 0.50 mL polyphenol extract) were measured via the Folin-Ciocalteu colorimetry and aluminum chloride colorimetry, respectivel, and the results were expressed on a fresh weight basis and expressed as g gallic acid equivalents/kg (g/kg) and g catechin equivalents/kg (g/kg), respectively.
[bookmark: OLE_LINK9][bookmark: _Hlk175130106]Determination of antioxidant activity
[bookmark: OLE_LINK1]5 g kiwifruit homogenized were mixed with 70 % ethanol aqueous solution according to 1:4 (m/v), and then ultrasonicated (15 min). The above suspension was centrifuged (8,500 g, 9 min, 4 °C) to obtain the supernatant (polyphenol extract).
[bookmark: OLE_LINK112]① DPPH assay: 0.25 mL polyphenol extract was mixed with 4 mL of 1,1-diphenyl-1-picrylhydrazino radical (DPPH) ethanol solution. The mixture was reacted for 30 min at room temperature protected from light and the absorbance was measured at 517 nm. The DPPH value of the sample was obtained by substituting the absorbance value of the sample into the standard curve equation (y = −4.2697x + 1.9091, R2 = 0.9924) that had been constructed in the laboratory. The results were expressed on a fresh weight basis and expressed as mmol Trolox equivalent/kg (mmol/kg).
[bookmark: OLE_LINK3][bookmark: OLE_LINK2]② ABTS free radical scavenging ability assay: ABTS solution of 7 mmol/mL was prepared using phosphate buffer of pH 7.4 followed by mixing it with 140 mmol/mL of potassium persulfate solution (56.8:1, v/v) and reacted for 12 h at room temperature, protected from light, to produce radical cations. The mixture was diluted to an absorbance of 0.70 ± 0.02 at 734 nm. 0.1 mL of polyphenol extract was mixed with 3.90 mL of diluted ABTS solution and reacted at room temperature for 6 min protected from light and then the absorbance was measured at 734 nm. The ABTS value of the sample was obtained by substituting the absorbance value of the sample into the standard curve equation (y = −1.4634x + 0.6347, R2 = 0.9973) that had been constructed in the laboratory. The results were expressed on a fresh weight basis and expressed as mmol Trolox equivalent/kg (mmol/kg).
③ Ferric reducing antioxidant power (FRAP) assay: The FRAP solution was made by mixing 10 μmol/mL Tripyridinetriazine solution, 20 μmol/mL FeCl3 solution, and 0.10 mol/L sodium acetate solution (pH 3.4) at a ratio of 1:1:7. 0.25 mL of polyphenol extract and 8 mL of FRAP solution were mixed and reacted for 10 min away from light, and then the absorbance was measured at 593 nm. The FRAP value of the sample was obtained by substituting the absorbance value of the sample into the standard curve equation (y =1.1267x + 0.172, R2 = 0.9943) that had been constructed in the laboratory. The results were expressed on a fresh weight basis and expressed as mmol Trolox equivalent/kg (mmol/kg).
Results and discussion
Respiration rate and ethylene production rate
[bookmark: _GoBack]Kiwifruit is a climacteric fruit, where the magnitude of respiratory intensity serves as a critical indicator of its physiological activity level. The respiration rates of delayed-harvest kiwifruit at different post-ripening treatments are shown in Fig. S2 (B) and (C). The respiration rates of fruit in RTP and LTP groups showed positive correlation with DH time. This was found to be similar in green ‘Hayward’ and gold ‘Haegeum’ with 10–20 d DH[1]. In the RTP group, the respiration rates of kiwifruit at different DH times showed a similar trend, with all experiencing a respiratory peak on the 3rd day and no significant difference in reaching the edible state on the 7th day. For the LTP group, the respiration rates of kiwifruit with different DH times also showed similar trends. However, the respiratory peak occurred earlier with prolonged DH time, albeit to varying extents. This may be attributed to the increase in endogenous ethylene in the fruit with increasing DH time, which accelerated the appearance of its respiratory peak[2]. Notably, no statistically significant differences were observed among samples with different DH times at the 16th week. This was mainly due to the large consumption of respiratory substrates (e.g., starch and organic acids) within the fruit, which led to a decrease in respiration rate to basal metabolic levels in all samples during the later stages of cold storage. In addition, the respiration rate of fruit in the LTP group were all remarkably low compared with those in the RTP group. This suggests that low-temperature storage can more effectively reduce the respiratory intensity or delay the arrival time of the respiratory peak to achieve the effect of alleviating the rate of fruit softening and inhibiting senescence. Ethylene is a gaseous plant hormone responsible for fruit ripening. It does not cause significant changes in the peel color or appearance of kiwifruit, yet it plays a crucial role in the softening process of the flesh. As shown in Fig. S2 (D) and (E), where the time of the peak ethylene appearance was similar to the change in respiration rate. This double peak phenomenon was also found in the post-ripening stage of Brazil bananas[3]. This can be attributed to the activation of key enzymes of respiratory metabolism by ethylene production, while respiration provides energy for ethylene synthesis, creating a cycle that leads to a double peak[4]. In summary, DH led to an acceleration of respiration and ethylene production, but the time required for post-ripening as well as the end of cold storage does not change significantly. In addition, low temperatures significantly inhibited the synthesis of ethylene in kiwifruit, resulting in long-term storage.
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