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Based on the strong enhancement effect of metoclopramide on the electrochemiluminescence signal of 

Ru(bpy)3
2+ on the platinum electrode, a novel method for the sensitive detection of metoclopramide 

was established. Based on the single factor experiments, the interactions among the three factors were 

investigated by response surface methodology. Finally, the optimal experimental conditions for the 

determination of metoclopramide in a limited number of experiments are: detection potential 1.18 V, 

phosphate buffer solution concentration 39.82 mmol/L and pH 7.69. These conditions can improve the 

sensitivity of the method by 4.5%, which is very important for the determination of trace components. 

The detection limit (3σ) of the method was 4.0 × 10-3 mg/L, the linear range was 0.02—36.56 mg/L, 

the correlation coefficient was 0.9991, and the recoveries were 97.3%—102.4%. This method is simple, 

rapid, sensitive and with less injection. 
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1. INTRODUCTION 

Metoclopramide (MCL) is a water-soluble derivative of p-amino benzoic acid. It can block 

dopamine receptor and act on the chemical induction area of delayed brain vomiting, and play a role in 

central antiemetic effect. At the same time, it can strengthen the movement of stomach and upper 

intestinal segment, promote small intestine peristalsis and emptying, relax pyloric sinus and duodenal 

crown, improve food passing rate, and play a role in peripheral antiemetic effect [1-7]. MCL was 

synthesized and used in clinic in 1961. It is the first gastrointestinal motility drug. In addition, there are 

many clinical applications to treat headache [8-18], as well as examples to treat angina [19] and 

promote lactation [20]. In recent years, with the wide application of MCL, many side effects have been 
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reported [21-29]. For example, MCL may block the dopamine receptor and make it relatively 

hyperactive, leading to extra pyramidal reactions, which are manifested as muscle tremor, head 

backward leaning, torticollis, paroxysmal upward gaze of both eyes, dysphonia, ataxia and other 

symptoms. Another example is that the United States Food and Drug Administration (FDA) believed 

that the long-term use of MCL has been proved to be related to tardive dyskinesia, which is manifested 

in the body's involuntary and repetitive exercise. For this reason, FDA requires all manufacturers of 

MCL to indicate the risk black frame warning of long-term or high-dose application on their drug 

labels. It can be seen that the development of a rapid, accurate, sensitive and simple MCL analysis 

method is of great significance for monitoring the risk of its use. 

The main methods for the determination of MCL are liquid chromatography – ultra violet (LC-

UV) [30-36], liquid chromatography -mass spectrometry (LC-MS) [37-39], spectrophotometry [40-42], 

electrochemistry [43-45], fluorometry [46] and capillary electrophoresis (CE) [47]. 

Electrochemiluminescence (ECL) based on Ru(bpy)32+ is a highly sensitive and selective method for 

the determination of amines [48-57], especially those compounds containing tertiary amino group. 

There is a primary amino group, a secondary amino group and a tertiary amino group in the molecular 

structure of MCL, so it is feasible to determine them by ECL. Response surface methodology (RSM) is 

a statistical method to solve multivariable problems by using appropriate experimental data to find the 

optimal process parameters [58,59]. There are many reports in the literature about the optimization of 

experimental conditions by RSM [60-65]. 

In our previous experiments, it was found that the weak ECL signal of Ru(bpy)3
2+ on the 

platinum electrode could be strongly sensitized by MCL under the appropriate electrolytic potential. 

Based on this, a sensitive method for the determination of MCL could be established. However, the 

change of parameters of experimental conditions had a great influence on the luminescence signal. In 

this paper, on the basis of single factor experiments, RSM is used to investigate the interactions of 

different factors. It is expected to improve the sensitivity of the method by optimizing the experimental 

conditions of ECL analysis. 

 

 

 

2. EXPERIMENTAL 

2.1. Materials and Reagents 

Tris (2,2’-bipyridyl) ruthenium (II) dichloride hexahydrate (Ru(bpy)3Cl2·6H2O) was purchased 

from Alfa Aesar (Johnson Matthey, USA). Disodium hydrogen phosphate (Na2HPO4) and sodium 

dihydrogen phosphate (NaH2PO4) were all of analytical reagent gradeand were purchased from Beijing 

Chemical Factory (Beijing, China). Metoclopramide standard substance was purchased from National 

Institutes for Food and Drug Control (Beijing, China). 

 

2.2. Solutions preparation 

Ru(bpy)3
2+ solutions were prepared with Ru(bpy)3Cl2·6H2O and secondary distilled water. 
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Phosphate buffer solution (PBS) has good stability, easy preparation and wide pH range. Therefore, 

phosphate buffer solution is chosen as the experimental environment. PBS was prepared with disodium 

hydrogen phosphate, sodium dihydrogen phosphate and secondary distilled water. Standard solutions 

of metoclopramide were prepared with its standard substance and secondary distilled water. All 

solutions used in the experiment must be filtered through a 0.22 μm cellulose acetate membrane. 

 

2.3. Apparatus 

ECL was performed on a MPI-B multi-parameter chemiluminescence analysis test system 

(Xi’an Remex analytical instruments Co., Ltd., Xi’an, China). Cyclic voltammetry and potentiostatic 

method were carried out in a three electrodes system with a platinum working electrode of 500 μm in 

diameter, an Ag/AgCl reference electrode of 300 μm in diameter and a platinum wire auxiliary 

electrode of 1 mm in diameter. The solution to be tested was injected into the test cell through a 

microlitre syringe, and the Ru(bpy)3
2+- PBS in the test cell was renewed every 3 hours. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Single factor experiment of detection conditions 

3.1.1 Detection potential 

 
 

Figure 1. Effect of detection potential on ECL intensity under 5.0 mmol/L Ru(bpy)3
2+ and 40 mmol/L 

PBS (pH = 7.5). 

 

The detection potential of the working electrode has a great influence on ECL intensity. 
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Therefore, it is necessary to study the detection potential in order to obtain high sensitivity. Figure 1 

shows the effect of detection potential in the range of 0.90–1.30 V (vs. Ag/AgCl) on ECL intensities of 

2.5 mg/L MCL. As you can see, their ECL intensities were weak when the detection potential is lower 

than 1.0 V, because Ru(bpy)3
2+ can’t be oxidized at that potential [48]. The ECL intensities firstly 

increased and then decreased with the detection potential from 0.90 to 1.30 V (vs. Ag/AgCl). The ECL 

signals reached maximum at 1.15 V.  

 

3.1.2 pH of PBS in ECL cell 

Because the ECL reaction between Ru(bpy)3
2+ and alkylamine is greatly affected by pH of PBS, 

the influence of pH on ECL intensity can be evaluated by changing the pH of PBS. Figure 2 shows the 

effect of pH of PBS on ECL intensities of 2.5 mg/L MCL. The ECL intensities increased with pH from 

5.5 to 7.5 and then decreased when pH was higher than 7.5. The possible reason is that when the pH 

value is small, partial protonation of metoclopramide resulted in less ECL intensity. As the pH value 

increases, the degree of protonation decreases, and the ECL intensity increases continuously [49]. 

Maximum ECL intensities appeared at pH 7.5. Therefore, 7.5 can be used as the initial pH value of 

buffer.  

 

 
 

Figure 2. Effect of pH of PBS on ECL intensity under 1.15 V detection potential, 5.0 mmol/L 

Ru(bpy)3
2+ and 40 mmol/L PBS. 

 

3.1.3 Concentration of PBS in ECL cell 

The concentration of PBS in the detection cell is also found to affect the ECL intensity. This 

may be because the influence of ionic strength on the oxidation of MCL by Ru(bpy)3
3+ [50]. Figure 3 
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shows the effect of concentration of PBS in the range of 20–60 mmol/L on ECL intensities of 2.5 mg/L 

MCL. The maximum ECL intensity appeared when the concentration of buffer was 40 mmol/L. 

 

 
 

Figure 3. Effect of concentration of PBS on ECL intensity under 1.15 V detection potential, 5.0 

mmol/L Ru(bpy)3
2+ and pH of PBS at 7.5. 

 

3.2. Optimization of detection conditions by RSM 

3.2.1 Box-Behnken test 

The detection potential of the working electrode, pH of PBS and concentration of PBS were 

used as research factors. The ECL intensity was used as the response value. According to the results of 

single factor experiment, three factors and three levels (see table 1) were used to carry out the Box-

Behnken test design.  

 

 

Table 1. Factors and levels of the Box-Behnken test design. 

 

Levels\Factors Detection potential (V) pH of PBS Concentration of PBS (mmoL/L) 

-1 1.10 7.0 35 

0 1.15 7.5 40 

1 1.20 8.0 45 

 

The results of 17 response surface design trials (12 edge points plus 5 center points in Box-

Behnken test design)for 2.5 mg/L MCL are shown in Table 2. 
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Table 2. Response surface design and experimental results.  

 

Number  Detection potential 

(V) 

pH of PBS Concentration of PBS 

(mmoL/L) 

ECL intensity 

(a.u.) 

1 1.15 8.0 35 2187 

2 1.15 7.0 35 1868 

3 1.15 8.0 45 2208 

4 1.10 7.5 35 1610 

5 1.15 7.0 45 1865 

6 1.20 7.5 45 2201 

7 1.15 7.5 40 2360 

8 1.15 7.5 40 2358 

9 1.20 7.5 35 2257 

10 1.10 7.0 40 1525 

11 1.20 7.0 40 2058 

12 1.15 7.5 40 2359 

13 1.15 7.5 40 2358 

14 1.10 7.5 45 1635 

15 1.10 8.0 40 1655 

16 1.15 7.5 40 2360 

17 1.20 8.0 40 2289 

 

3.2.2 Interaction among factors 

The 3D surfaces and contours are plotted by Design Expert software, as shown in figure 4-

figure 6. Each figure represents the influence of the interaction of two independent variables on ECL 

intensity. 

 

 
 

Figure 4. Effect of interaction of detection potential and pH of PBS on ECL intensity. 

 

Figure 4 is 3D surface (A) and contour (B) of the effects of the interaction of detection 

potential and pH of PBS on the ECL intensity. With the increase of detection potential and pH of PBS, 
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the ECL intensity increases. When the detection potential reaches 1.18 V and the pH of PBS reaches 

7.69, the ECL intensity reaches its maximum. When the detection potential and pH of PBS continue to 

increase, the ECL intensity begins to decrease. 

 

 

 
 

Figure 5. Effect of interaction of detection potential and concentration of PBS on ECL intensity. 

 

Figure 5 is 3D surface (A) and contour (B) of the effects of the interaction of detection 

potential and concentration of PBS on the ECL intensity. With the increase of detection potential and 

concentration of PBS, the ECL intensity increases. When the detection potential reaches 1.18 V and the 

concentration of PBS reaches 39.82 mmoL/L, the ECL intensity reaches its maximum. When the 

detection potential and pH of concentration continue to increase, the ECL intensity begins to decrease. 

 

 
 

Figure 6. Effect of interaction of pH of PBS and concentration of PBS on ECL intensity. 

 

Figure 6 is 3D surface (A) and contour (B) of the effects of the interaction of pH of PBS and 

concentration of PBS on the ECL intensity. With the increase of pH of PBS and concentration of PBS, 

the ECL intensity increases. When the pH of PBS reaches 7.69 and the concentration of PBS reaches 

39.82 mmoL/L, the ECL intensity reaches its maximum. When the detection potential and pH of 
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concentration continue to increase, the ECL intensity begins to decrease. 

Based on the above statistical results, it can be found that the optimum values of detection 

potential, pH of PBS and concentration of PBS were 1.18 V, 7.69 and 39.82 mmoL/L, respectively, 

when the maximum CTL intensity is obtained. It is almost impossible to obtain the optimal operating 

conditions through single factor experiments, because the number of experiments needed is very large. 

According to the model, the maximum value of ECL intensity was 2461.8 (a.u.). This is 4.5% higher 

than the ECL intensity under single factor optimization conditions. It will correspondingly improve the 

sensitivity of the method. 

 

3.3 Method performances 

Under the optimal experimental conditions, i.e. detection potential 1.18 V, 39.82 mmol/L PBS 

as buffer solution (pH 7.69) and 5 mmol/L Ru(bpy)3
2+, there is a good linear relationship between ECL 

intensity (I) and MCL concentration (C) in the range of 0.02 - 36.56 mg/L. the linear regression 

equation is I = 875.6 C + 272.8, the correlation coefficient is 0.9991, and the detection limit (3 σ) of 

the method is 4.0 × 10-3 mg/L. This result is superior to the existing literature work. See Table 3 for 

details.  

 

Table 3. Comparison of various methods in this study and Literature. 

 

Number Methods Linear range (mg/L) Detection limit (mg/L) References 

1 HPLC-UV 0.2—10 0.06 34 

2 HPLC-MS 1.25—200 0.077 39 

3 Spectrophotometry  1.5—15 0.51 42 

4 Electrochemistry  0.2—33.5 0.04 43 

5 Fluorometry 0.01—0.2 0.007 46 

6 

7 

CE 

ECL 
2—100 

0.02—36.56 

0.5 

0.004 

47 

This study 

 

Five standard samples of metoclopramide with different concentrations were prepared in the 

linear range, and the recovery of the method was 97.3% - 102.4% (see Table 4). The results showed 

that the method is reliable and accurate. 

 

Table 4. Analysis results of metoclopramide in test samples under 1.18 V detection potential, 39.82 

mmol/L PBS as buffer solution (pH 7.69) and 5 mmol/L Ru(bpy)3
2+. 

 

Number Actual concentration 

(mg/L) 

Testing concentration 

(mg/L) 

Recovery

（％） 

1 1.00 0.98 98.0 

2 5.00 5.12 102.4 

3 15.00 14.60 97.3 

4 25.00 24.73 98.9 

5 35.00 35.56 101.6 
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4. CONCLUSION 

On the basis of single factor experimental conditions, the interactions of different factors on 

electrochemiluminescence signals were investigated by response surface methodology, which can 

increase the sensitivity of method by 4.5%. Finally, a rapid, accurate, sensitive and simple 

electrochemiluminescence method for metoclopramide determination was established. This method 

can directly determine the content of metoclopramide in complex system without separation in the 

absence of other organic amines. 

 

 

ACKNOWLEDGEMENTS 

This work was supported by Beijing Natural Science Foundation of China (Grant No.2152013) and 

Postgraduate Funding Project of Beijing Union University (2019-068). 

 

References 

1. E.Z. Barney, M.E. Fuller and A.S. Habib, J. Clin. Anesth., 60 (2019) 47-48. 

2. E. Kacar, A. Yardimci, N. Ulker and E. Coban, Acta Physiol., 227 (2019) 113-114. 

3. C.T. Jones and B.A. Fransson, Javma J. Am. Vet. Med. A., 255 (2019) 437-445.  

4. M. Shakhatreh, A. Jehangir, Z. Malik and H.P. Parkman, Expert Rev. Gastroentol. Hepatol., 13 

(2019) 711-721. 

5. A.M.A. Razek, A.A. Hasan, S.A. Sabry, M.A. Mahdy and E.E. Hamed, J. Drug Deliv. Sci. Tec., 50 

(2019) 9-17. 

6. H.T. Masoumi, M. Hadjibabaie, M. Zarif-Yeganeh, B. Khajeh and A. Ghavamzadeh, J. Oncol. 

Pharm. Pract., 25 (2019) 507-511. 

7. L.J. Henze, B.T. Griffin, M. Christiansen, C. Bundgaard, P. Langguth and R. Holm, Eur. J. Pharm. 

Sci.,118 (2019) 183-190. 

8. A. J. Hackett, A. Ziherl, S. Taya and C. Darnall, Ann. Emerg. Med., 74 (2019) S150. 

9. C. Jiang, T. Wang, Z.G. Qiu, B. Chen and B.J. Fang, Medicine, 98 (2019) e17065. 

10. A.E. Bulboaca, A. Porfire, C. Barbalata, S.D. Bolboaca, C. Nicula, P.M. Boarescu, I. Stanescu and 

G. Dogaru, Farmacia, 67 (2019) 905-911. 

11. N. Tournier, M. Bauer, V. Pichler, L. Nics, E.M. Klebermass, K. Bamminger, P. Matzneller, M. 

Weber, R. Karch and F. Caille, J. Nucl. Med., 60 (2019) 985-991. 

12. M. Khazaei, N.H.N. Mir, F.Y. Aghdam, M. Taheri and S. Ghafouri-Fard, Neurol. Sci., 40 (2019) 

1029-1033. 

13. N.O. Dogan, M. Pekdemir, S. Yilmaz, E. Yaka, A. Karadas, U. Durmus, N. Avcu and E. Kockan, 
ACTA Neurrol. Scand., 139 (2019) 334-339. 

14. A. Dolgorukova, I. Vaganova and A. Sokolov, Eur. Neuropsychopharm., 29 (2019) S655. 

15. K.M. S. Childress, C. Dothager, J.A. Gavard, S. Lebovitz, C. Laska and D.J. Mostello, Am. J. 

Perinat., 35 (2018) 1281-1286. 

16. B.W. Friedman, S. Mohamed, M.S. Robbins, E. Irizarry, V. Tarsia, S. Pearlman and E.J. Gallagher, 

Headache, 58 (2018) 1427-1434. 

17. S. Karacabey, E. Sanri, S. Yalcinli and H. Akoglu, Pak. J. Med. Sci., 34 (2018) 418-423. 

18. B.W. Friedman, K. Babbush, E. Irizarry, D. White and E.J. Gallagher, Am. J. Emerg. Med., 36 

(2018) 285-289. 

19. J. Sikora, P. Niezgoda, M. Baranska, K. Buszko, N. Skibinska, W. Sroka, K. Pstragowski, J. Siller-

Matula, J. Bernd and D. Gorog, Thromb. Haemostasis, 118 (2018) 2126-2133. 



Int. J. Electrochem. Sci., Vol. 15, 2020 

 

8154 

20. S.R. Keller, Z. Abonyi-Toth, N. Sprenger, S.C. Austin, B.A.C. Wichert, A. Liesegang, C.H.Y. Oei, 

O. Balogh and I.M. Reichler, Am. J. Vet. Res., 79 (2018) 233-241. 

21. E.W. Chua, S.P. Harger and M.A. Kennedy, Front. Pharmacol., 10 (2019) 931.  

22. D.K. Heyland, A.R.H. van Zanten, T. Grau-Carmona, D. Evans, A. Beishuizen, J. Schouten, O. 

Hoiting, M.L. Bordeje, K. Krell and D.J. Klein, Intens. Care Med., 45 (2019) 647-656. 

23. E.L. Cigdem and M.E. Celikkaya, Pediatr. Emerg. Care, 35 (2019) 369-372. 

24. A. Provenzani, N. D'alessandro and P. Polidori, Ann. Pharmacother., 53 (2019) 548-549. 

25. S.O. Tabrizi, M. Mirghafourvand, A.J. Dost, S. Mohammad-Alizadeh-Charandabi, Y. Javadzadeh 

and R. Seyedi, World J. Pediatr., 15 (2019) 135-142. 

26. J. Hwang and T. Shim, Am. J. Resp. Crit. Care, 199 (2019) A5113. 

27. S.C. Tsai, S.Y. Sheu, L.N. Chien, H.C. Lee, E.J.S. Yuan and R.Y. Yuan, Brit. J. Clin. Pharmaco., 84 

(2018) 2000-2009. 

28. J.B. Leonard, K.M. Munir and H.K. Kim, Am. J. Emerg. Med., 36 (2018) 1124.e1. 

29. K. Svendsen, M. Wood, E. Olsson and H. Nordeng, Eur. J. Clin. Pharmacol., 74 (2018) 627-636. 

30. S.G. Karaiskou, M.G. Kouskoura and C.K. Markopoulou, Pharm. Dev. Technol., 25 (2020) 20-27. 

31. I. Kaukab, S.N.H. Shah and G. Murtaza, Curr. Pharm. Anal., 15 (2019) 703-709. 

32. S. Sanogo, P. Silimbani, R. Gaggeri, R. Rossi, L. Elviri, M. Maltoni and C. Masini, Eur. J. Hosp. 

Pharm. Sci. Pract., 26 (2019) 323-328. 

33. F. Ullah, Z. Iqbal, A. Raza, I. Khan, F.U. Khan and M. Hassan, J. Liq. Chromatogr. R. T., 40 (2017) 

1020-1030. 

34. F.F. Belal, M.K.S El-Din, M.M. Tolba and H. Elmansi, J. Chromatogr. Sci., 52 (2014) 1224-1232. 

35. A.M. Hegazy, R. Loebenberg, N.Y. Hassan, F.H. Metwally and M. Abdel-Kawy, Anal. Methods, 5 

(2013) 3714-3720. 

36. M. Walash, F. Belal, N. El-Enany and M. El-Maghrabey, J. Liq. Chromatogr. R. T., 36 (2013) 439-

453. 

37. N. Ramesh and R. Shabaraya, Lat. Am. J. Pharm., 36 (2017) 527-534.  

38. D. Zhang, J.A. Park, S.K. Kim, D. Jeong, S.H. Cho and H.C. Shin, J. Vet. Pharmacol. Ther., 381 

(2015) 117. 

39. Z. Bayrak, S. Kurbanoglu, A. Savaser, S.A. Ozkan, H. Altunay, C. Tas, C.K. Ozkan and Y. Ozkan, 

Chromatographia, 77 (2014) 99-107. 

40. M. Bilici, M.U. Badak, A. Zengin, Z. Suludere and N. Aktas, Mater. Sci. Eng., C, 106 (2020) 

110223. 

41. M.M. Elkhoudary, R.A.A. Salam and G.M. Hadad, RSC Adv., 7 (2017) 20936-20946. 

42. O.Z. Devi, K. Basavaiah, K.B. Vinay and H.D. Revanasiddappa, Arab. J. Chem., 9 (2016) S64-S72. 

43. M. Hassannezhad, M. Hosseini, M.R. Ganjali and M. Arvand, Chemistryselect, 4 (2019) 7616-

7626. 

44. S. Shahrokhian, L. Naderi and M. Ghalkhani, Electroanalysis, 27 (2015) 2637-2644. 

45. H. Dejmkova, C. Dag, J. Barek and J. Zima, Cent. Eur. J. Chem., 10 (2012) 1310-1317. 

46. H. Elmansi, S.A.E. Mohamed and M.E. Fathy, Anal. Methods, 8 (2016) 1281-1292.  

47. M.A. Sultan, H.M. Maher, N.Z. Alzoman, M.M. Alshehri, M.S. Rizk, M.S. Elshahed and I.V. Olah, 

J. Chromatogr. Sci., 51 (2013) 502-510. 

48. F. Yuan, K. Hao, S. Sheng, T.H. Fereja, X. Ma, F. Liu, M.N. Zafar, B. Lou, H. Tian and G. Xu, 

Electrochim. Acta, 329 (2020) 135117. 

49. G. Kalaiyarasan, C.V. Raju, M. Veerapandian, S.S. Kumar and J. Joseph, Anal. Bioanal. Chem., 

412 (2020) 539-546. 

50. D. Wang, J. Zhou, L. Guo, B. Qiu and Z. Lin, Analyst, 145 (2020) 132-138. 

51. J. Li, X. Shan, D. Jiang, W. Wang and Z. Chen, Microchim. Acta, 187 (2020) 2274. 

52. D. Fang, H. Ren, Y. Huang, H. Dai, D. Huang and Y. Lin, Sens. Actuators, B, 312 (2020) 127950. 

53. M. Rizwan and M.U. Ahmed, Inorg. Chem. Commun., 106 (2019) 54-60. 

54. Y. Shan, X. Jin, M. Gong, L. Lv, L. Li, M. Jiang, X. Wang and J. Xu, Electroanalysis, 31 (2019) 



Int. J. Electrochem. Sci., Vol. 15, 2020 

 

8155 

1587-1596. 

55. M. Yan, J. Ye, Q. Zhu, L. Zhu, J. Huang and X. Yang, Anal. Chem., 91 (2019) 10156-10163. 

56. L. Luo, S. Ma, L. Li, X. Liu, J. Zhang, X. Li, D. Liu and T. You, Food Chem., 292 (2019) 98-105. 

57. L.C. Soulsby, E.H. Doeven, T.T. Pham, D.J. Eyckens, L.C. Henderson, B.M. Long, R.M. Guijt and 

P.S. Francis, Chem. Commun., 55 (2019) 11474-11477. 

58. S. Polat and P. Sayan, Adv. Powder Technol., 30 (2019) 2396–2407.  

59. M. Danish, S.M. Yahya and B.B. Saha, J. Therm. Anal. Calorim., 139 (2020) 3051-3063. 

60. S. Popovic, M. Karadzic and J. Cakl, J. Clean. Prod., 231 (2019) 320-330. 

61. R. Bhateria and R. Dhaka, Ecol. Eng., 135 (2019) 127–138. 

62. S.P. Kumar and S. Elangovan, T. Can. Soc. Mech. Eng., 44 (2020) 148-160. 

63. M. Lei, Q. Zhang, D. Min and S. Wang, J. Biobased Mater. Bioenergy, 14 (2020) 280-286. 

64. K. Dalvand and A. Ghiasvand, Anal. Chim. Acta, 1083 (2019) 119-129. 

65. M. Hadidi, A. Ibarz and J. Pagan, Food Chem., 309 (2020) 125786. 

 

 

 

© 2020 The Authors. Published by ESG (www.electrochemsci.org). This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/).   

http://www.electrochemsci.org/

