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Abstract

:

To investigate the effects of LED white light treatment (LWT) on the storage quality of postharvest ‘Zaosu’ pears, as well as its role in maintaining fruit greenness and delaying senescence, pear fruits were treated with intermittent irradiation using LED white light for 12 h per day, with a light source distance of 30 ± 1 cm and a photon flux density of 151 μmoL/(m2·s) at 25 °C. The results showed that LWT preserved the postharvest quality of ‘Zaosu’ pear fruit by reducing weight loss and ascorbic acid degradation and promoting the ratio of sugar and organic acid. Meanwhile, LWT also substantially inhibited the respiration intensity and ethylene production during the storage process. Accordingly, the expressions of genes related to ethylene biosynthesis and signaling were reduced in LWT fruit. Notably, LWT retarded the decrease in chlorophyll content of fruit by increasing the activities of enzymes associated with chlorophyll synthase. Additionally, LWT also suppressed the chlorophyll degradation-related enzymes and their gene expressions in pear peel. These findings suggest that a moderate light irradiation can delay the de-green progress and benefit post-harvest storage of ‘Zaosu’ pear.
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1. Introduction


The ‘Zaosu’ pear (Pyrus ussuriensis Var. Zaosu) is a high-quality, high-yielding, strong resistance, and early maturing pear variety bred by the Research Institute of Pomology of the Chinese Academy of Agricultural Sciences (Xingcheng). It is also one of the most widely cultivated early maturing pear varieties in China [1]. The ‘Zaosu’ pear is favored by Chinese consumers due to its vibrant green color, minimal stone cells, abundant juice, and exquisite taste [2]. However, the high water content in the pear results in postharvest wrinkling and shrinkage, leading to physiological disorders and a decline in overall quality [3]. The pear fruit exhibits high respiration intensity and rapid nutrient consumption, which accelerate senescence and diminish its nutritional value [4]. Notably, the peel of the ‘Zaosu’ pear undergoes a rapid transition from green to yellow shortly after harvest, typically within ten days, which greatly compromises both the edible quality and commercial value of the fruit [5,6].



Currently, numerous approaches have been explored to preserve the green color of the fruit peel during storage and transportation. These include a controlled atmosphere, 1-methylcyclopropene (1-MCP), heat treatment, ozone, ethanol, plant growth regulators, plant extracts, and film preservatives [7,8,9,10,11,12,13,14,15,16]. Interestingly, researchers in the horticultural post-harvest field have shown great interest in light-emitting diodes (LEDs) due to their remarkable attributes. LEDs are recognized for being environmentally friendly, energy efficient, capable of close-range irradiation, and for generating minimal heat [17]. Research studies have demonstrated that LED light irradiation is highly effective in suppressing the growth of surface microorganisms on fruits and vegetables [18]. Furthermore, it has been observed that it slows down ethylene release and respiration rate, thereby achieving successful post-harvest preservation [19]. In addition, fruits and vegetables treated with LED exhibit well-preserved nutritional value, flavor quality, and color, as evidenced by studies [19].



Based on the above, in this study, the ‘Zaosu’ pear was used as the experimental material to investigate the impact of LED white light treatment on the post-harvest quality and chlorophyll metabolism of the fruit during storage at 25 °C, providing an experimental basis and theoretical reference for the green preservation effect and storage preservation technology of ‘Zaosu’ pear fruits after harvest.




2. Materials and Methods


2.1. Plant Materials and Treatments


The ‘Zaosu’ pear fruit was harvested from a local orchard in Jinzhou City on September 10th, 2021 and transported to the Bohai University laboratory within 2 h after harvesting. A total of 112 fruits with a weight of 200–230 g, no diseases or pests, no mechanical damage, uniform size, similar color, and excellent texture were selected and stored in conditions of 25 ± 1 °C and RH 85–90%. The pear fruits were randomly divided into two groups: (i) control group: dark treatment group (control); (ii) LED white light treatment group (LWT): the fruit was placed in conditions of 25 ± 1 °C at a distance of 30 ± 1 cm from the light source, with a light density of 151 μmol/m2·s, and subjected to intermittent light for 12 h/d (from 08:00 to 20:00 every day, remaining in darkness for the rest of the time). The specific experimental setup is shown in Figure 1. The pear fruit samples were turned over every 24 h and sampled on days 0, 5, 10, 15, 20, and 25. On the sampling day, color difference, weight loss rate, respiration intensity, and firmness were measured. The remaining parts (peel, flesh) were frozen with liquid nitrogen and stored in a −80 °C refrigerator for subsequent experiments.




2.2. Color, Weight Loss, and Firmness


The fruit color was measured using a color spectrum CS-520 spectrophotometer (Suzhou Liuxinyan Precision Machinery Inc., Suzhou, China). Nine pear fruits were randomly selected from each group. Three equidistant positions were chosen on the equatorial part of the fruit, and the corresponding a* and b* values were measured and recorded. Subsequently, the h value was calculated using the formula [20]:


  h ° = a r c t a n ⁡ (  b *  /  a   *  )                                         (  a   *  > 0 ,  b   *  > 0 )  










  h ° = 180 + a r c t a n (   b   *   /  a   *  )                          a   *  < 0 ,  b   *  > 0    








where the a* value represents the red–green chromaticity and the b* value represents the yellow–blue chromaticity. The h value has four color boundary points: h = 0° (red), h = 90° (yellow), h = 180° (green), and h = 270° (blue) [21].



For each group, five pear fruits were selected. The weight loss rate of the fruit was determined using a weighing method, and the following formula was employed to calculate the mass difference:


Weight loss rate (%) = (Weight before storage − Weight after storage)/Quality before storage × 100











The fruit firmness was measured using the method described by Villarreal [6], using a digital fruit hardness meter (GY-4, Beijing Sunshine Yishida Technology Inc., Beijing, China) with a probe diameter of 11 mm and a testing distance of 10 mm. Three equidistant positions were selected on the equatorial part of the fruit, and the fruit peel, approximately 1.0 mm in thickness, was removed. For each group, nine fruits were randomly selected from each treatment group. Firmness was expressed in Newton (N).




2.3. Ascorbic Acid Content


The ascorbic acid (AsA) content in the fruit was determined using the 2,6-dichlorophenol indophenol titration method, as described by Skrovankova et al. [22] with some modifications. Five grams of frozen fruit powder was put into 100 mL of oxalic acid solution (20 g/L) and mixed thoroughly. The mixture was kept in dark conditions for 10 min and was filtered using a Whatman® qualitative filter paper. Ten milliliters of filtrate were transferred into a conical flask and titrated with a standard 2,6-dichlorophenol indophenol solution. Ten milliliters of oxalic acid solution (20 g/L) was used as a blank control. This was repeated three times for each sample. The content of ascorbic acid was expressed in mg/100 g.


  A s c o r b i c   a c i d   c o n t e n t     mg  /  100   g     = [ V × (   V   1   −   V   0   ) × C /   V   s   × W ] × 100  








where V1 represents the volume of dye consumed in the sample titration (mL); V0 denotes the volume of dye consumed in blank titration (mL); C indicates the 1 mL of dye solution equivalent to the amount of ascorbic acid (mg); Vs expresses the volume of sample solution taken during titration (mL); V signifies the total volume of sample extraction solution (mL); and W refers to the sample weight (g).




2.4. Sugar-to-Acid Ratio


The content of total soluble solids (TSS) was measured using a PAL-1 refractometer (Tokyo, Japan). Nine ‘Zaosu’ pear fruits were randomly selected, and their flesh was cut and mixed thoroughly. The juice was extracted and centrifuged, and the supernatant was used to measure the value of TSS, which was expressed as a percentage.



The titratable acid (TA) content was determined using the acid-base titration method as described by Skrovankova et al. [22]. Approximately 1.5 g of pear fruit samples was weighed into 3.0 mL of CO2-free distilled water and mixed thoroughly. The mixture was then centrifuged at 4 °C and 10,000 rpm for 20 min. Subsequently, 1.0 mL of the supernatant was taken, and 2 drops of 1% (w/v) phenolphthalein indicator were added. The volume of 0.1 M NaOH solution consumed during titration was recorded, and the titratable acid was expressed as a mass fraction (%). The conversion factor was calculated based on the malic acid (0.067).



The sugar-to-acid ratio was calculated as the ratio of soluble solid content to titratable acid content in the pear fruit.




2.5. Respiratory Intensity and Ethylene Production


The method for respiratory intensity and ethylene production measurement was in line with Sun’s [23], with some modification. Nine pear fruits were randomly selected and weighed, then placed in a sealed desiccator at 20 °C. After sealing for one hour, one milliliter of the gas at the top of the container was collected for further analysis.



For gas chromatography analysis, the carrier gases used were 0.05 MPa of nitrogen, 0.1 MPa of hydrogen, and 0.1 MPa of air. The gas flow rate was set at 40.0 mL/min (7890A, Agilent Technologies Inc., Santa Clara, CA, USA). The respiration intensity and ethylene release were expressed as mg CO2/(kg·h) and μL/(kg·h), respectively.


  E t h y l e n e   e v o l u t i o n ( µ L ·   k g   − 1   ·   h   − 1   ) = C × V / W × t × 1000  








where C represents the ethylene content in the sample gas determined by gas chromatography (µL/L); V denotes the volume of the glass container’s confined space (mL); T indicates the measurement time (h); and W signifies the fruit weight (kg).




2.6. Chlorophyll Content and Related Enzyme Activities


As described by Esteban et al. [24], with some modifications, the chlorophyll content was measured via spectrophotometry. Approximately 1.0 g of pear peel sample was weighed and placed into 3.0 mL of pre-cooled extraction solution (80% (v/v) acetone: 95% (v/v) ethanol = 2:1). The mixture was stirred and kept at 4 °C in darkness for 30 min. The obtained suspension was centrifuged at 4 °C and 10,000 rpm for 15 min. The supernatant was collected and the absorbance values measured at 645 nm and 663 nm using a spectrophotometer (GS-520, Suzhou Liuxinyan Precision Machinery Inc., Suzhou, China). The chlorophyll content was expressed as mg/g FW (milligrams per gram of fresh weight). The contents of chlorophyll a and b, and total chlorophyll were calculated using the following formulas.


  C h l o r o p h y l l - a = 12.72   A   663   − 2.59   A   645    










  C h l o r o p h y l l -b = 22.88   A   645   − 4.67   A   663    










  T o t a l   c h l o r o p h y l l   c o n t e n t = 20.29   A   645   + 8.05   A   663    











To determine the activities of chlorophyll metabolism-related enzymes (chlorophyll synthase, chlorophyll a oxygenase, chlorophyllase, Mg-dechelatase, pheophytinase, and pheophorbide a oxygenase) in the fruit peel sample, 1 g of fruit peel sample was taken and added into 9 mL of phosphate buffer (pH 7.2–7.4, 0.01 M elemental acid, hydrophosphate and sodium chloride). The mixture was homogenized in an ice bath, centrifuged at 4 °C and 4500× g for 20 min, and the supernatant was collected for further analysis. The plant enzyme-linked immunosorbent assay (ELISA) kits (Plant CAO ELISA Kit, Plant PPH ELISA Kit, Plant CS ELISA Kit, Plant Chkase ELISA Kit, Plant MDCase ELISA Kit, Plant PAO ELISA Kit, Shanghai Enzyme-linked Biotechnology Inc., Shanghai, China) were used. The ELISA assays were performed according to the kit instructions, with triplicate measurements for each group. The activities of enzymes were expressed as U/g FW (units per gram of fresh weight). A change of 0.01 per minute was considered as one unit of enzyme activity.




2.7. Fluorescence Quantitative PCR


The RNA extraction was performed using the CTAB method, referring to the method described by Chen et al. [25]. The reverse transcription was carried out using the FastKing RT Kit cDNA first strand synthesis kit (Cat # KR116-02, Tiangen Biochemical Technology Co., Ltd., Beijing, China). In line with previous research [26,27,28], PbNYC, PbNOL, PbCLH, PbSGR, PbPPH, PbPAO, PbRCCR, PbACS4, PbACO1, PbACO4, PbETR1, PbETR2, PbERS1, PbERS2, PbCTR1, PbEIN2, PbEIL1, and PbERF1 were selected, and their primers are listed in Table 1. The relative expression of the genes was calculated using the 2−ΔΔCT algorithm [29].




2.8. Statistical Analysis


All the data were expressed as mean ± standard deviation and analyzed using Excel 2016 software (Microsoft, Washington, DC, USA). SPSS 21.0 software (International Business Machines Corporation, Armonk, NY, USA) was used for one-way analysis of variance (ANOVA) with significant differences between groups at p < 0.05 (Duncan).





3. Results


3.1. Effect of LED White Light on the Postharvest Quality of Pear Fruit


During the entire storage period, the weight loss rate of pear fruit in the dark (control) and LED white light treatment (LWT) groups showed an increasing trend. The weight loss of the LWT group was significantly lower than the control group (p < 0.05), indicating that LED white light treatment, to some extent, inhibited the evaporation of water and respiration consumption of ‘Zaosu’ pear fruit during storage (Figure 2A).



Figure 2B shows that the levels of ascorbic acid (AsA) in both groups of pear fruit exhibited a decreasing trend during storage. However, by day 15, the AsA content in the LWT group was significantly higher than in the control group (p < 0.05). Therefore, it can be observed that LED white light treatment effectively inhibits the decline in AsA content in ‘Zaosu’ pear fruit during storage, particularly in the early stages of storage.



During the storage period, there was no significant difference in the firmness of ‘Zaosu’ pear fruit between the two treatment groups (p > 0.05, Figure 2C), indicating that LED white light treatment did not have an impact on the changes in fruit firmness during storage.



In both treatment groups, the sugar-to-acid ratio showed a similar trend of initially increasing and then decreasing, reaching its peak on day 10 (Figure 2D). The LWT group was significantly higher than the dark treatment group (p < 0.05), indicating that LED white light is beneficial in maintaining the favorable taste of ‘Zaosu’ pear fruit (Figure 2D).




3.2. Effect of LED White Light on Respiratory Intensity and Ethylene Production of Pear Fruit


As shown in Figure 3, ‘Zaosu’ pears exhibited typical peaks for respiration rate and ethylene production during storage. The respiration rate and ethylene production of the pear fruit in both treatment groups showed a trend of initially increasing and then decreasing, with peak values occurring on days 15 and 20, respectively. However, the respiration rate and ethylene production of pear fruit in the LWT group were significantly lower than in the control group (p < 0.05). This indicates that LWT can inhibit the respiration process and ethylene synthesis in pear fruit.




3.3. Effect of LED White Light on the Expression of Genes Related to the Ethylene Biosynthesis Pathway in Pear Fruit


Throughout the entire storage period, the relative expression levels of PbACS4 and PbACO4 in ‘Zaosu’ pear fruit treated with LED white light showed a continuous increase, whilst their relative expression levels in the control group exhibited an initial increase followed by a decrease, with peak values occurring on day 20 (Figure 4A,C). Within the first 20 days of storage, the expression levels of PbACS4 and PbACO4 in the LWT group were significantly lower than in the control group (p < 0.05). The expression levels of PbACO1 in both treatment groups showed a trend of initially increasing and then decreasing, with peak values occurring on days 15 (control group) and 20 (LWT), and the LWT group was significantly lower than the control group (p < 0.05, Figure 4B).




3.4. Effect of LED White Light on the Expression of Ethylene Signal Transduction Pathway-Related Genes in Pear Fruit


Figure 5 and Figure 6 show the expression levels of ethylene receptor genes (ETR1, ETR2, ERS1, and ERS2) and signal transduction factors (CTR1, EIN2, EIL1, and ERF1) during storage. Figure 5 shows that during storage, the expression levels of ethylene receptor genes in the control group pear fruit exhibited an initial increase followed by a decrease trend, reaching a peak on day 20, which was consistent with the change in ethylene release. Prior to the ethylene peak, the expression levels of ethylene receptor genes in LWT pear fruit were significantly lower compared to the control group (p < 0.05). Then, on day 25, the expression level of PbETR1 in the LWT group fruit was significantly lower than the control group (p < 0.05), while the expression levels of PbETR2, PbERS1, and PbERS2 in the LWT group fruit were significantly higher than the control group (p < 0.05).



Figure 6 shows that during storage, the ethylene signal transduction genes (PbCTR1, PbEIN2, PbEIL1, and PbERF1) in the pear fruit exhibited an initial increase followed by a decrease trend. Prior to the ethylene peak, the expression levels of PbCTR1 and PbERF1 in the LWT group fruit were significantly lower than the control group (p < 0.05), while there was no significant difference in the expression levels of PbEIN2 and PbEIL1 between the two groups (p > 0.05). After the ethylene peak, the expression level of PbERF1 in the LWT group fruit was significantly higher than the control group (p < 0.05), while the expression level of PbEIL1 in the LWT group fruit was significantly lower than the control group (p < 0.05).




3.5. Effect of LED White Light on the Color Change and Chlorophyll Content of Pear Fruit


Color change is an important indicator of quality decay of the fruit. As shown in Figure 7, the pear fruit in the control group exhibited significant yellowing of the skin after 15 days of storage, while the pear fruit in the LWT group displayed this phenomenon after 20 days of storage. This indicated that LED white light treatment delayed the occurrence of skin fading and yellowing in ‘Zaosu’ pear fruit.



The skin greasiness can make fruit appear brighter and show higher L* values. During storage, the L* values of pear fruit in both groups showed an increasing trend, but the LWT group was significantly lower than the control group (p < 0.05, Figure 7B), indicating that LED white light treatment delayed the greasiness process of the pear skin.



The h values of pear fruit in both groups showed a decreasing trend (Figure 7C), indicating a gradual color transformation from green to yellow. Furthermore, the h value of the LWT group fruit was significantly higher than the control group (p < 0.05), which further confirmed that LED white light treatment effectively delayed the yellowing of ‘Zaosu’ pear fruit during storage.



During storage, the chlorophyll a, chlorophyll b, and total chlorophyll content of the pear fruit in both groups showed a decreasing trend (Figure 7D–F). However, the chlorophyll content of the pear fruit in the LWT group was significantly higher than the control group (p < 0.05), consistent with the trend of color change during storage. This indicated that LWT maintained the vibrant green color of the pear skin by inhibiting the degradation of chlorophyll in the fruit during storage.




3.6. Effect of LED White Light on the Activities of Enzymes Related to Chlorophyll Synthesis and Metabolism in Pear Fruit


During storage, the pear fruit in both groups showed a trend of initial increase followed by a decrease in CAO enzyme activity. The CAO enzyme activity in the LWT group reached its maximum value on day 20 of storage, while in the control group it reached its maximum value on day 15. The CAO enzyme activity in the LWT group was significantly higher than the control group (Figure 8A, p < 0.05). Similarly, the CS enzyme activity in the ‘Zaosu’ pear fruit subjected to dark treatment also showed a trend of initial increase followed by a decrease and reached its maximum value on day 20 of storage. The CS enzyme activity in the pear fruit subjected to LED white light treatment showed an increasing trend and was significantly higher than the dark treatment group (Figure 8B, p < 0.05). This suggested that LED white light treatment enhanced the activity of chlorophyll synthesis-related enzymes.




3.7. Effect of LED White Light on the Activities and Gene Expression of Enzymes Related to Chlorophyll Metabolism in Pear Fruit


Chlorophyll degradation is the main reason for the yellowing of ‘Zaosu’ pears. As shown in Figure 9A, during the entire storage period, the Chlase activity in both groups showed a decreasing trend. The LWT group exhibited a particularly significant decrease on day 5, while a pronounced decrease in the control group occurred on day 20 of storage. The Chlase activity in the LWT group was significantly lower than the control group (p < 0.05). Additionally, the PAO activity in the LWT group of pear fruit was significantly lower than the control group (Figure 9B, p < 0.05). Furthermore, the expression levels of PbPAO, PbNYC, PbNOL, PbPPH, and PbRCCR genes in the LWT group of fruit were also significantly lower than the control group (Figure 10, p < 0.05). So, it can be observed that LED white light treatment to some extent inhibited the activity of chlorophyll degradation-related enzymes or the expression of enzyme genes.





4. Discussion


‘Zaosu’ pear fruit have a bright green skin and a crisp texture when harvested. However, this kind of pear fruit are prone to yellowing and have a short storage period [1]. In this study, LED white light treatment (LWT) inhibited weight loss in ‘Zaosu’ pear fruit during storage (Figure 2A). At the same time, LWT also substantially curbed the decline in ascorbic acid content in the pear fruit during the early storage period (Figure 2B,C), which is consistent with the findings of Joanna [30], who demonstrates that light exposure can prevent a decrease in ascorbic acid content in citrus fruit peel caused by bagging. Ascorbic acid (AsA) has been known to play a crucial role in scavenging free radicals, as well as in the protection and maintenance of the reduced state of compounds such as flavonoids and polyphenols [26].



The sugar-to-acid ratio is one of the important indicators that affect fruit texture and consumer preference [27]. LWT also effectively increased the sugar-to-acid ratio content of ‘Zaosu’ pear fruit (Figure 2D), thus maintaining their good taste. LED light treatment has been proved to be able to promote the accumulation of sucrose and fructose in fruit, affecting carbohydrate synthesis and transport, thereby influencing the soluble sugar content and the sugar-to-acid ratio [31].



‘Zaosu’ pear fruit treated with LED white light maintained a lower respiratory intensity and ethylene release (Figure 3A,B), contributing to the delayed ripening and aging processes of the fruit. This finding was consistent with the process of green-to-yellow color fading in the peel (Figure 3A,B). Similar results have been reported by Hasperué et al. [32], who show that the respiratory intensity and ethylene release of Brussels sprouts could also be reduced by LED light treatment, resulting in delayed aging and yellowing processes. In addition, the LWT suppressed the expression levels of ethylene synthesis and signal transduction-related genes and delayed the occurrence of the peak of ethylene production in pear fruit after harvest (Figure 4A–C and Figure 5A–D). This result confirmed the findings reported by Lv et al. [33] in apple fruit.



The occurrence of peel yellowing is closely related to the degradation metabolism of chlorophyll in the fruit [34]. As the pear fruit ripened, their peel color changed from green to yellow (Figure 7A–C). During storage, LWT effectively inhibited chlorophyll degradation and peel yellowing of ‘Zaosu’ pear fruit (Figure 7D–F). Mehmet et al. [21] revealed that LED white light treatment could prolong the storage time of lettuce and showed it had strong effect on maintaining green color and reducing chlorophyll degradation. Additionally, Vergara et al. [35] found that in olives, LED white light treatment not only effectively maintained the content of chlorophyll but also reduced the activity of enzymes related to chlorophyll degradation metabolism, which may be the main reason for its inhibition of yellowing. In this study, LED white light treatment also effectively increased the activity of chlorophyll synthesis-related enzymes in ‘Zaosu’ pear fruit (Figure 8), such as chlorophyll synthase (CS) and chlorophyll a oxygenase (CAO), and reduced the activity of chlorophyll degradation-related enzymes (Figure 9) such as chlorophyllase (Chlase) and pheophorbide a oxygenase (PAO). The expression pattern of chlorophyll degradation metabolism-related genes in ‘Zaosu’ pear fruit further confirmed the above findings (Figure 10).




5. Conclusions


In summary, LED white light treatment (LWT) reduced the respiration rate and ethylene production of ‘Zaosu’ pear fruit and inhibited the expression of genes related to ethylene synthesis and signal transduction, thereby delaying fruit ripening and senescence. Meanwhile, LWT delayed the yellowing of the pear fruit by increasing the chlorophyll content and the activities of its synthesis-related enzymes and inhibiting the activities of chlorophyll degradation-related enzymes and their gene expression. Additionally, LWT effectively curbed the decline in ascorbic acid content in ‘Zaosu’ pear fruit and improved the sugar–acid ratio. Thus, LED white light treatment can effectively retain the green color and delay the yellowing of ‘Zaosu’ pear fruit, prolonging their post-harvest storage and shelf life.
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Figure 1. Schematic diagram of experimental apparatus (A), spectra (B), and physical parameters (C) of LED white light. 
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Figure 2. Effects of LED white light treatment (LWT) on weight loss rate (A), ascorbic acid content (B), firmness (C), and sugar–acid ratio (D) of pear fruit. The asterisk on the column represents the significant difference between groups (p < 0.05). 
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Figure 3. Effects of LED white light treatment (LWT) on the respiration rate (A) and ethylene production (B) of pear fruit. The asterisk on the column represents the significant difference between groups (p < 0.05). 
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Figure 4. Effects of LED white light on the expression of PbACS4 (A), PbACO1 (B) and PbACO4 (C) genes, which are related to the ethylene biosynthesis pathway of pear fruit. The asterisk on the column represents the significant difference between groups (p < 0.05). 






Figure 4. Effects of LED white light on the expression of PbACS4 (A), PbACO1 (B) and PbACO4 (C) genes, which are related to the ethylene biosynthesis pathway of pear fruit. The asterisk on the column represents the significant difference between groups (p < 0.05).



[image: Horticulturae 10 00032 g004]







[image: Horticulturae 10 00032 g005] 





Figure 5. Effect of LED white light on the expression of PbETR1 (A), PbETR2 (B), PbERS1 (C) and PbERS2 (D) genes, which are ethylene receptors in pear fruit. The asterisk on the column represents significant differences between groups (p < 0.05). 
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Figure 6. Effect of LED white light on the expression of PbCTR1 (A), PbEIN2 (B), PbEIL1 (C) and PbERF1 (D) genes, which are ethylene signal transduction factors in pear fruit. The asterisk in the figure represents significant differences between groups (p < 0.05). 
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Figure 7. Effect of LED white light on color change ((A), pear fruit; (B), L* valuses; (C), h values) and chlorophyll content ((D), chlorophyll a content; (E), chlorophyll b content; (F), total chlorophyll content) of pear fruit. The asterisk in the figure represents significant differences between groups (p < 0.05). 
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Figure 8. Effect of LED white light on the activities of CAO (A) and CS (B) enzymes related to chlorophyll synthesis in pear fruit. The asterisk in the figure represents significant differences between groups (p < 0.05). 
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Figure 9. Effect of LED white light on the activities of Chase (A) and PAO (B) enzymes related to chlorophyll degradation in pear fruit. The asterisk in the figure represents significant differences between groups (p < 0.05). 
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Figure 10. Effect of LED white light on the expression of PbNYC(A), PbNOL (B), PbSGR1 (C), PbPPH (D), PbPAO (E) and PbRCCR (F) genes related to chlorophyll degradation in pear fruit. The asterisk in the figure represents significant differences between groups (p < 0.05). 
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Table 1. Primers for genes selected for fluorescence quantitative PCR.
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Target Gene

	
Gene ID

	
Primer Sequence






	
PbNYC

	
JN167997

	
F: GGCATAGCATGTGATGTTTG




	
R: GCACCAGCATTGTTTATCC




	
PbNOL

	
JN167996

	
F: CCGTGAGGCAATAAAAATGATG




	
R: CGCTTTGTTGCCCCGTAT




	
PbCLH1

	
JN168001

	
F: CAACGTTCATAGACTTCCCCTACG




	
R: GGAGAGTACAAGGCAAGAGCTGC




	
PbSGR1

	
JN168000

	
F: ATTCAACAAGGTGGAGTGCTGG




	
R: GCCGCTGTTGTTTTCCTGG




	
PbPPH

	
JN168999

	
F: CTGCTGCATCATTGGCCTC




	
R: CTCGTAATATGGAGCTTCAGGC




	
PbPAO

	
JN168998

	
F: GCGACATCGACGAGCAAGTT




	
R: TCGAAAGCGACCCACGATTC




	
PbRCCR

	
JN168002

	
F: TTCATAGACTTCCCCTACGTGTCG




	
R: GGAGAGTACAAGGCAAGAGCTGC




	
EF1-α

	
AH009876

	
F: CAAGTATGCCTGGGTGCTTG




	
R: TCAGCCTGTGAAGTTCCAGT
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