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Supplementary information 

EDX analysis of samples (Method): 

R2, after undergoing pulverization and ensuring complete moisture evaporation, was 
taken directly for analysis. P1 and P2 were collected after oxidation and drying, scraped 
from the edges to obtain the powdered samples, and stored for further analysis. The 
obtained powdered samples were used for for energy-dispersive X-ray spectroscopy 
(EDX). After sputter coating of samples, it was directly analyzed for identification of 
spectrum of elements. 

EDX analysis of samples(discussion): 

The energy dispersive X-ray spectroscopy (EDXS) was performed to check the elemental 
composition of raw onion powder (R2), densified onion sample when NaOCl was used as oxidant 
(P1), and densified onion sample when H2O2 was used as oxidant (P2). Only the P1 sample 
shows the presence of Na and Cl elements which are generated due to the oxidant NaOCl. These 
elements are not detected in the other two samples. The EDXS data was used to validate the 
peaks in P1 sample at 32°, 45°, and 55° that also correspond to NaCl in XRD analysis (Figure 6). 

 Table 1: EDX analysis of onion powder (R2,) densified onion powder treated with NaOCl (P1) and H2O2 (P2) 

Elements Weight % 

R2 P1 P2 

C 36.7 33.7 35.7 
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O 57.4 48.0 52.5 

Mg 0.8 Not Detected 0.6 

S 1.1 1.0 1.7 

Cl 0.5 5.4 0.9 

K 1.7 3.2 5.9 

Ca 1.8 2.8 1.0 

Si Not 
Detected 

0.7 Not Detected 

Na Not 
Detected 

4.3 Not Detected 

P Not 
Detected 

0.9 1.7 
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HPLC: 

1. 10 ppm standard run: 

 

 

 

 

 

 

 

 

Figure 1  
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2. 50ppm standard run: 

 

 

  

 

  

 

 

Figure 2  
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3. 100ppm standard run: 

 

 

 

 

 

Figure 3  
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4. 500ppm standard run: 

 

 

 

 

 

 

 

 

Figure 4  
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5. 1000ppm standard run: 

 

 

 

 

 

 

 

 

 

 

Figure 5 
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6. 2500 ppm standard run: 

 

 

 

 

Figure 6 
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7. 7500 ppm standard run: 

 

 

Figure 7 
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8. 15000 ppm standard run: 

 

 

 

 

Figure 8 
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9. Fructose standard run: 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 
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10. Sucrose standard run: 

 

 

 

 

 

 

 

 

 

 

Figure 10 
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11. R2(OS for onion sample dried): 

 

 

 

 

Figure 11 
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12.P2(Oxidized sample-OOD): 

 

 
 

 

 

                                                                                                             Figure 12 
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13. The HPLC method was adopted as per NREL Laboratory Analytical Procedure (LAP) 
protocol with similar mobile phase and calibration standards1. After the calibration curve 
was made, the sample were matched and analyzed. 

HPLC analysis of sugars present in the sample 

High-performance liquid chromatography (HPLC) analysis was performed using a 
JASCO CO-4061 system equipped with a refractive index (RI) detector. The separation 
was achieved with a Shodex SH1011 sugar column (8 mm × 300 mm), coupled with a 
Shodex SH-G guard column.  

The mobile phase consisted of 0.005 M H₂SO₄, delivered at a flow rate of 0.5 mL/min. 
The column temperature was maintained at 50°C, and the injection volume was 20 µL.In 
preparation of standard, 4 sugar standards (cellobiose, glucose, xylose, arabinose) were 
prepared with various concentrations and run on HPLC individually and collectively to 
make the sugar template  and in addition to that, fructose and sucrose were also run as 
standard (ES Fig 1-7).  

In preparation of the sample, 1g of both R2 and P2 were taken in powder form and 
dissolved in 10 cm3 of water and sonicated. Then sample solutions were filtered using 0.2 
µm filter paper and stored at 8°C.  After preparation of the mobile phase, samples were 
injected for analysis and data were recorded. 

Figure 13: HPLC analisis of waste onion powder (R2) and 
densified material made from dry onion waste powder using 
NaOCl (P1) for detection of change in soluble sugar fraction 
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HPLC analysis was conducted to confirm the oxidation of sugars present in the powdered 
onion samples (R2). Standards such as glucose, xylose, arabinose, and cellobiose, 
fructose and sucrose were run at different concentrations to create a calibration curve. 
Calibration curve for the glucose was considered for the detection of glucose 
concentration before and after the oxidation using sodium hypochlorite. There is a 90% 
decrease in glucose concentration when compared between R2 and P1.  In contrast to 
the hypothesis of degradation of sugar molecules when oxidized using oxidants such 
as NaClO, can be evidenced due to a significant difference in concentrations between R2 

Figure 14: HPLC analysis of waste onion powder (R2) and densified material made from dry onion waste powder 
using NaOCl (P1) for detection of change in soluble sugar fraction 
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and P1 (Fig 3). In R2, peak 9 and 10 represents glucose and xylose. In the analysis of 
samples P2 and R2, glucose exhibits a retention time (tR) of 14.9 minutes. In sample P1, 
the area percentage of glucose is 29.4%, indicating a substantial presence of this sugar. 
However, this percentage decreases significantly to 10.6% in sample P1, suggesting a 
notable reduction in glucose concentration. Similarly, xylose, having a retention time of 
15.9 min for R2 and P1, area % decreased from 57.58 to 4.0. The decrease in area can 
be attributed to a decrease in the concentration of analyzed sugars present in both R2 
and P1.  
 

Based on the template, R2 was found to contain higher levels of glucose and xylose 
compared to other saccharides. Glucose and xylose are bonded together 
by glyosidic linkages, which facilitate the detection of these sugars. In contrast, P1 had 
lower glucose content along with other minor sugar molecules such as cellobiose, xylose, 
and arabinose. The intensity of all the sugars in P1 was significantly lower compared to 
R2, confirming the chemical changes to the sugar molecules. However, a notably high-
intensity peak was observed at 10.8 min, indicating the presence of an unknown 
chemical that is likely an organic acid produced after oxidation (Fig 3). Even though it was 
not analyzed against any known standards. 
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14. Chemical structures of the reagents and sugars: 
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Figure 15  
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15. SEM images: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The SEM images of samples A and B in Figure 16 depict the raw onion sample dried at 
70°C, illustrating the collapse of cell walls as moisture evaporates from the cell matrix. 
Samples C and D demonstrate the overlapping structure and the decomposition of sugars 
and pectin following oxidation. 

Structure Name 
A Phenol 
B 4-aminopyridine 
C Gluconic acid 
D 3,5 dinitrosalicylic acid 
E Fructose 
F Glucose 
G Sucrose 
H 3- Amino 5- nitrosalicylic acid 
I Xylose 

A B 

D C 

Figure 16 
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16. Process snippets: 
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Figure 17 
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In the process snippets, figure 17A represents the waste onion along with roots, stems 
and peels which were used during the development of the process. Figure 17B represents 
the drying of the chopped onion samples in the tray dryer for moisture evaporation, and 
Figure 17C represents the chopped dried samples, which are finely chopped later to form 
onion powder R2 used in the experiment. Figure 17D represents the casted P2 sample. 
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