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Figure S1. Schematic representation of Phytolacca dodecandra extraction, synthesis of ZnO NPs and Cu-ZnO NCs
A phytochemical test was carried out to confirm the distinct bioactive compounds found in the Phytolacca dodecandra root extract using a different kind of chemical (Figure S1). Understanding the relationship between a plant's phytoconstituents and bioactivity was desirable for the synthesis of compounds with specific activities. The higher intensity of colour observed in the ferric chloride and Forth tests suggests a significant presence of tannins and saponins in the plant material. These phytochemicals are characterized by functional groups such as hydroxyl (OH) and carbonyl (C=O), which play crucial roles as reducing and stabilizing agents in the synthesis of nanomaterials. The presence of these functional groups is essential for the effective reduction of metal ions and stabilization of nanoparticles during synthesis processes1.
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Figure S2. Photographic image taken during phytochemical tests for Phytolacca dodecandra root extract
[bookmark: _Toc183864791][bookmark: _Toc184132938]4.2.1. Concentration of (Zn (NO3)2.6H2O Optimization
Zn (NO3)2.6H2O of 0.05, 0.1, and 0.15 M were used to study the formation of ZnO NPs while keeping constants for temperature, stirring time, plant extract volume, and pH. Zn (NO3)2.6H2O concentration must correspond to the ratio of plant extract in order for ZnO NPs to be synthesized under ideal conditions. The concentration of Zn (NO3)2.6H2O solution was increased from 0.05 to 0.1 M, which resulted in an increase in peak intensity (Figure S3a). As the reaction increases, more ZnO NPs can be produced, but by further increasing the concentration of Zn (NO3)2.6H2O to 0.15 M, the intensity of the peak decreased, and the absorption peak became broader because of the deficiency of molecules of Phytolacca dodecandra root extract to act as capping agents, which cause aggregation of NPs.
The absorption peak demonstrates that increasing the ZnO concentration leads to the formation of larger, more numerous, and more uniformly distributed NPs. Specifically, the red-shift in the absorbance peak indicates the growth of NPs size, the increase in peak intensity suggests a higher number of NPs, and the narrowing of the peak width implies a more uniform size distribution. The result obtained was in close agreement with a recent report2. Therefore 0.1 M Zn (NO3)2.6H2O solution was taken at optimum condition to Synthesise both ZnO NPs and Cu-ZnO NCs.
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Figure S3. Effect of different parameter for synthesized ZnO NPs (a) Concentration of Zn (NO3)2•6H2O   (b) Volume of Phytolacca dodecandra root extract

[bookmark: _Toc181011505][bookmark: _Toc183864792][bookmark: _Toc184132939]4.2.2. Volume of Plant extracts optimization
The synthesis of ZnO NPs and Cu-ZnO NCs using plant extract is mainly influenced by the type of bio-molecules found in plant extract and the volume used3. The volume of plant extracts used in the synthesis of Nanomaterials play a significant role in the reducing of metal ions to reduced metal 4. The volume optimization of Phytolacca dodecandra root extract was investigated in order to determine the ideal amount of phytolacca dodecandra root extract for the reduction of Zn2+ and Cu2+ ions. The UV-Vis spectra of ZnO NPs are displayed in (Figure S3b). Based on the information given, these spectra's main results relate to the formation of ZnO NPs after a 90-minute reaction time. 
When Phytolacca dodecandra root extract was added to a 10 mL volume instead of a 5 mL. A higher concentration of plant extract would raise the nucleation rate and result in the formation of smaller ZnO NPs, as shown by the narrower peak that appeared. However, a border absorption peak was seen when the plant extract amount was increased to 10 to 15 mL. Particle size increased as a result of the rapid decrease of zinc ions, which promotes the growth of NPs and NCs. This phenomenon was referred to as broadness of peak, and it might be produced by the agglomeration of NPs and NCs.4.Therefore, it was determined that 10 mL of Phytolacca dodecandra root extract was the optimum amount for the synthesis of ZnO NPs and Cu-ZnO NCs. In this study, the outcome closely matched the findings reported in the literature5 regarding the impact of plant extract volume on the environmentally friendly synthesis of Cu-ZnO NCs.
[bookmark: _Toc181011506][bookmark: _Toc183864793][bookmark: _Toc184132940]4.2.3. Effect of pH
 The pH is one of the factors that affect the size and shape of NPs and NCs 6. The role of pH on nanomaterial synthesis could be seen in its effect on capping and stabilizing ability and subsequently the growth of the NPs and NCs. The presence of OH ions in an alkaline pH environment might enhance the reducing and stabilizing capabilities of the biomolecules in the Phytolacca dodecandra root extract due to the better accessibility of functional groups present in the Phytolacca dodecandra root extract for nucleation at alkaline pH 7. 
[bookmark: _Toc181011507][bookmark: _Toc183864794][bookmark: _Toc184132941]Phytolacca dodecandra root-synthesized ZnO NPs were examined over a pH range from 5 to 12. The synthesis of ZnO NPs using 10 mL of Phytolacca dodecandra root extract and 0.1 M of  Zn (NO3)2•6H2O was carried out at different pH values, namely pH 5, 7, 9, 10, 11, and 12. It was started from pH 5 because the pH of phytolacca dodecandra root was 4.7. A broader absorption peak was observed at this acidic pH (Figure S4 a), but most of time, NPs  synthesized in acidic conditions of pH ≤ 7 were relatively larger in size, approximately 158 nm8. The intensity of NPs narrowed as pH ascended from 7 to 11, almost reaching a more intense peak at pH 11, confirming the formation of small-size NPs. However, the broader spectrum was created by raising the solution's pH to a level of 12 or higher, which indicates the formation of large sizes NPs. The final result matched what was reported in the literature9,which demonstrated that ZnO NPs were produced with an optimum pH of 11.Thus, the data obtained indicates that at an acidic pH, NPs aggregate rather than nucleate, and at an alkaline pH, a large number of nuclei produced rather than aggregation10.
4.2.4. Effect of temperature
[bookmark: _Toc181011508][bookmark: _Toc183864795]Temperature is one of the major factors that significantly influence the shape, size, stability, and yield of the NCs synthesized via a green route. In most cases, the synthesis of NPs using green technology requires temperatures less than 100 °C or ambient temperature. The effect of temperature on the green synthesis of ZnO NPs and Cu-ZnO NCs was studied by varying it from 50°C-70°C while keeping all the other factors constant (Figure S4 b). As the temperature increased from 50-70 °C, the absorption peak become sharp, and especially at 60°C narrow peak of ZnO NPs was formed. This might be related to increasing reaction temperature improving the reaction rate and high temperature increasing the nucleation. When the temperature is further increased to 70°C during the green synthesis of nanoparticles, the absorbance peak typically becomes broader. This broadening indicates that the nanoparticles are experiencing a wider distribution of sizes. As the temperature rises, the rate of particle nucleation and growth increases, which can cause the nanoparticles to aggregate. Therefore, 60 oC was the optimum temperature for synthesized ZnO NPs and Cu-ZnO NCs.
[bookmark: _Toc184132942]4.2.5. Effect of reaction time
Reaction time is essential for the synthesis and stability of NPs and NCs. The effect of reaction time was studied in the green synthesis of ZnO NPs and Cu-ZnO NCs. The effect of reaction time was conducted by analysing the sample through the UV-Vis spectrum by every 30 min difference from 60 min to 120 min for ZnO NPs (Figure S4 c). ZnO NPs UV-Vis spectrum displayed a small intensity peak at 60 min, and intensity of the peak increased, and the peak became narrowed as the time progressed to 90 min. This indicated enhanced nucleation rate and formation of small-sized NPs. By further increasing reaction time, the absorbance peak became broader, which might lead to an increase in particle size. This was caused by overgrowth or aggregation of NPs, affecting their size, distribution, and stability11 . Therefore, 90 min was the optimum time for synthesized ZnO NPs and Cu-ZnO NCs
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Figure S4. Effect of different parameter for synthesized ZnO NPs (a) Effect of pH (b) Effect of temperature and (c) Effect of reaction time
4.2.6 Ratio of dopant optimization
The absorption peak of Cu-ZnO-NCs was affected by the concentration of dopant12. This study investigated the impact of varying dopant concentrations (0.012M, 0.008M, and 0.005M) on the absorption peaks of ZnO NPs, maintaining other parameters constant. It was observed that increasing the dopant concentration from 0.005M to 0.008M led to a redshift in the absorption wavelength from 356 nm to 372 nm (Figure S5 a and b). However, when the concentration was raised to 0.012M, the absorption peak shifted back to 368 nm (Figure S5 c). This variation influenced the optical band gap values, indicating that a 92-8% dopant ratio (0.008M) was optimal for synthesizing Cu-ZnO-NCs, aligning with recent literature13 findings
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Figure S5. Effect of dopant ratio on UV-Vis absorption peak of Cu-ZnO NCs peak (a) 88-12% (b) 95-5% and (c) 92-8%
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Figure S6. a)Dark-adsorption-desorption equilibration of ZnO NPs b) Dark-adsorption-desorption equilibration of Cu-ZnO NCs
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Figure S7. Effects of different parameter for photocatalytic activities of ZnO NPs a) Initial dye concentration b) catalyst dosage c) pH and d) point of zero charge 

[bookmark: _Toc183867169][bookmark: _Toc182909632][bookmark: _Toc180815628][bookmark: _Toc180992675][image: ]
Figure S8. Effect of Phytolacca dodecandra root extract, ZnO NPs and Cu-ZnO NCs change on avocado fruits in four Weak with compare to each control centres
Whereas Ax=control (without catalyst), Bx=Phytolacca dodecandra coated, Cx=ZnO NPs coated and Dx=Cu-ZnO NCs coated
The most significant and frequently applied criterion for evaluating the quality and quantity of fresh products was moisture content, weight content of fruits, pH of fruits content and titratable acidity (TA)
Table S1. Weight loss of avocado fruits on four weak
	Type of sample
	First weak
Weight (g)
	Second weak
Weight (g)
	Third Weak
Weight (g)
	Fourth Weak
Weight (g)
	Weight loss (%)


	Control
	160.30±0.25
	150.40±0.11
	146.10±0.19
	141.60±0.28
	21.84±0.12

	Phytolacca dodecandra extract
	157.40±0.21
	152.90±0.16
	150.00±0.13
	147.30±0.30
	13.00±0.31

	ZnO NPs
	140.30±0.60
	138.80±0.08
	135.20±0.19
	131.70±0.31
	12.90±0.28

	Cu-ZnO
NCs
	314.80±0.24
	311.40±0.25
	309.10±0.17
	304.00±0.45
	4.90±0.23



Table S2.Moisture loss of avocado fruits on four weak
	Sample
	Weak one
Mass (g)
	Weak two
Mass (g)
	Weak three
Mass (g)
	Weak four
Mass (g)

	Control
	41.70±0.24
	49.25±0.41
	58.73±0.16
	66.26±0.37

	Phytolacca dodecandra 
	17.44±0.32
	20.78±0.09
	25.10±0.26
	33.03±0.34

	ZnO NPs
	13.50±0.42
	23.35±0.18
	26.68±0.22
	31.37±0.32

	Cu-ZnO NCs
	5.10±0.13
	7.60±0.15
	8.49±0.33
	9.50±0.17



Table S3. Effect of avocado fruits coating by Phytolacca dodecandra extract, ZnO NPs and Cu-ZnO NCs on the changes in TA%
	Sample
	Weak one
(%)
	Weak two
(%)
	Weak three
(%)
	Weak four
(%)

	Control
	2.90±0.23
	2.50±0.19
	2.00±0.14
	1.22±0.12

	Phytolacca dodecandra
	3.04±0.13
	2.76±0.46
	2.27±0.15
	2.10±0.16

	ZnO NPs
	3.24±0.07
	3.14±0.36
	3.06±0.09
	2.70±0.19

	Cu-ZnO NCs
	3.84±0.41
	3.44±0.31
	3.34±0.17
	3.25±0.12








Table S4. Effect of avocado fruit coating on the changes in pH 
	Sample
	Weak one
	Weak two
	Weak three
	Weak four

	Control
	6.70±0.06
	6.82±0.08
	6.97±0.03
	7.23±0.06

	Phytolacca dodecandra
	6.55±0.01
	6.63±0.13
	6.65±0.17
	6.79±0.05

	ZnO NPs
	6.47±0.11
	6.51±0.19
	6.55±0.15
	6.66±0.10

	Cu-ZnO NCs
	6.42±0.50
	6.44±0.06
	6.47±0.07
	6.48±0.09
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Figure S9 .Effect of concentration of ZnO NPs and Cu-ZnO NCs on selected bacteria’s
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