
DAFTAR PUSTAKA 

Badan Pengawas Obat dan Makanan. 2022. Pedoman Mitigasi Risiko Cemaran 
Etilen Glikol (EG) dan Dietilen Glikol (DEG) pada Pengan Olahan. Badan 
Pengawas Obat dan Makanan Republik Indonesia. Jakarta. Hal. 1, 20 – 22. 

Baffi, P., Elneser, S., Baffi, M., and De Melin, M. 2000. Quantitative Determination of 
Diethylene Glycol Contamination in Pharmaceutical Products. Journal of 
AOAC International, 83(4): 793 – 801.  

Belouafa, S., Habti, F., Benhar, S., Belafikh, B., Tayane, S., Hamdouch, S., et al. 
2017. Statistical Tools and Approaches to Validate Analytical Methods: 
Methodology and Practical Examples. International Journal of Metrology and 
Quality Engineering. 8. (9): 1 – 10. doi: 10.1051/ijmqe/2016030 

Bhagat, V., Bhosale, S.T., Kengar, M.D., Jadhav, V.S., and Mohite, M.M. 2023. 
Ethylene Glycol and Diethylene Glycol Responsible for Adulteration of Cough 
Syrup. International Journal of Current Science (IJCSUB). 13. (1): 754 – 758. 

Caldeira, L.R., Madureira, F.D., Maia, T.D.F., Muller, V.M., and Fernandes, C. 2021. 
Simultaneous Quantification of Ethylene Glycol and Diethylene Glycol in Beer 
by Gas Chromatography Coupled to Mass Spectrometry. Food Chemistry. 
346. doi: 10.1016/j.foodchem.2020.128871 

Carney, E.W., Freshour, N.L., Dittenber, D.A., and Dryzga, D. 1999. Ethylene Glycol 
Developmental Toxicity: Unraveling the Roles of Glycolic Acid and Metabolic 
Acidosis. Toxicological Sciences. 50: 117 – 126.  

Chen, Y-H., Liu, H-P., Chen, H-Y., Tsai, F-J., Chang, C-H., and Lee, Y-J. 2011. 
Ethylene Glycol Induces Calcium Oxalate Crsytal Deposition in Malpighian 
Tubules: A Drosophila Model for Nephrolithiasis/Urolithiasis. Kidney 
International, 80(4): 369 – 377. 

Dachriyanus. 2004. Analisis Struktur Senyawa secara Spektroskopi. Lembaga 
Pengembangan Teknologi Informasi dan Komunikasi (LPTIK) Universitas 
Andalas. Padang.  

David, V., Moldoveanu, S.C., and Galaon, T. 2020. Derivatization Procedures and 
Their Analytical Performances for HPLC Determination in Bioanalysis. doi: 
0.1002/bmc.5008 

Decroix, G.A., Gobert, J.G., and DeDeurwaerder, R. 1968. Gas Chromatographic 
Method for The Determination of Glycerol in Incubates of Adipose Tissue. 
Anal. Biochem. 25: 523 – 531. 

Depkes RI. 2020. Farmakope Indonesia Edisi VI. Kementerian Kesehatan Republik 
Indonesia. Jakarta. 

Dziadosz, M. 2018. Direct Analysis of Ethylene Glycol in Human Serum on the Basis 
of Analyte Adduct Formation and Liquid Chromatography-Tandem Mass 
Spectrometry. Journal of Chromatography B. 1072: 100 – 104. doi: 
10.1016/j.jchromb.2017.11.004 



16 

 

Ershadi, S., and Shayanfar, A. 2018. Are LOD and LOQ Reliable Parameters for 
Sensitivity Evaluation of Spectroscopic Methods?. Journal of AOAC 
International. 101. (4): 1213. doi: 10.5740/jaoacint.17-0363 

Fanali, S., Chankvetadze, B., Haddad, P.R., Poole, C.F., and Riekkola, M.L. 2023. 
Handbooks in Separation Science Liquid Chromatography: Fundamentals and 
Instrumentation. Vol 1, 3rd ed. Elsevier, Belanda. 

Ferenczi-Fodor, K., Vegh, Z., and Nagy-Turak, A. 2001. Validation and Quality 
Assurance of Planar Chromatographic Procedures in Pharmaceutical 
Analysis. Journal of AOAC International. 84. (4): 1265 – 1276. 

Fleitas-Salazar, N., Silva-Campa, E., Pedroso-Santana, S., Tanori, J., Pedroza-
Montero, M.R., and Riera, R. 2017. Effect of Temperature on The Synthesis of 
Silver Nanoparticles with Polyethylene Glycol: New Insights into The 
Reduction Mechanism. J Nanopart Res, 19(113): 1 – 12. doi: 10.1007/s11051-
017-3780-3 

Fowles, J., Banton, M., Klapacz, J., and Shen, H. 2017. A Toxicological Review of 
The Ethylene Glycol Series: Commonalities and Differences in Toxicity and 
Modes of Action. Toxicology Letters, 278: 66–83. doi: 
10.1016/j.toxlet.2017.06.009 

Fu, Y., Hao, Z., Parker, B., and Knapp, M. 2011. A Greener Way to Screen 
Toothpaste for Diethylene Glycol. American Journal of Analytical Chemistry. 2: 
938 – 943. doi: 10.1007/s00216-008-2082-0 

Gad, S.C. 2008. Pharmaceutical Manufacturing Handbook Production and 
Processes. John Wiley & Sons, Inc., Hobokern, New Jersey. 

Galli, V., and Barbas, C. 2004. High-Performance Liquid Chromatographic Analysis 
of Dextromethorphan, Guaifenesin and Benzoate in A Cough Syrup for 
Stability Testing. Journal of Chromatography A, 1048: 207 – 211. doi: 
10.1016/j.chroma.2004.07.050 

Ghai, A., Behnke, B., Schulte, K., Jones, T., Goker, D., and Scherbak, D. 2022. An 
Acute Poisoning of Ethylene Glycol. EC Clinical and Medical Case Reports. 
5(6): 65 – 68. 

Helawa, I.L. 1994. Stability – Indicating HPLC Assay for Paracetamol, Guaiphenesin, 
Sodium Benzoate and Oxomemazine in Cough Syrup. Analytical Letters, 
27(1): 71 – 93. doi: 10.1080/00032719408006347 

Hernández, F., Ibáñez, M., and Sancho, J.V. 2008. Fast Determination of Toxic 
Diethylene Glycol in Toothpaste by Ultra-Performance Liquid 
Chromatography–Time of Flight Mass Spectrometry. Anal Bioanal Chem. 391: 
1021 – 1027. doi: 10.1007/s00216-008-2082-0 

Holloway, G., Maheswaran, R., Leeks, A., Bradby, S., and Wahab, S. 2010. 
Screening Method for Ethylene Glycol and Diethylene Glycol in Glycerin-
Containing Products. Journal of Pharmaceutical and Biomedical Analysis. 51: 
507 – 511. 



17 

 

ICH, (International Conference on Harmonization). 2023. Validation of Analytical 
Procedures: ICH Guidelines Q2(R2). Amsterdam, pp. 1 – 34. 

Ivković, B., Marković, B., and Vladimirov, S. 2014. Development and Validation of 
RP-HPLC Method for Analysis of Multicomponent Cough-Cold Syrup 
Formulation. Arh.farm., 64: 271 – 284.  

Jacobsen, D., and McMartin, K. E. (1986). Methanol and Ethylene Glycol Poisonings: 
Mechanism of Toxicity, Clinical Course, Diagnosis and Treatment. Med. 
Toxicol. 1: 309–334. 

Jones, D. 2008. FASTtrack: Pharmaceutics – Dosage Form and Design. 
Pharmaceutical Press. London, UK. 

Leth, P.M., and Gregersen, M. 2005. Ethylene Glycol Poisoning. Forensic Science 
International. 155: 179 – 184. doi: 10.1016/j.forsciint.2004.11.012 

Li, H., Dong, J., Chen, W., Wang, S., Guo, H., Man, Y., et al. 2006. Measurement of 
Serum Total Glycerides and Free Glycerol by High-Performance Liquid 
Chromatography. Journal of Lipid Research. 47. (9): 2089 – 2096. doi: 
10.1194/jlr.D600009-JLR200 

Liu, Y., Liu, Q., Wang, X., He, Z., Li, D., Guan, X., et al. 2018. Inhibition of Autophagy 
Attenuated Ethylene Glycol Induced Crystal Deposition and Renal Injury in a 
Rat Model of Nephrolithiasis. Kidney and Blood Pressure Research, 43(1): 246 
– 255. 

Lopez-Sanchez, M., Dominguez-Vidal, A., Ayora-Canada, M.J., and Molina-Diaz, A. 
2008. Assessment of Dentifrice Adulteration with Diethylene Glycol by Means 
of ATR-FTIR Spectroscopy and Chemometrics. Analytical Chmica Acta. 620: 
113 – 119. 

Martinez, V.P.M., de la Garza, C.E.E., Hernandez-Garcia, A.G., and Perez, N.O. 
2020. Detection and Quantification of Leached Ethylene Glycol in 
Biopharmaceuticals by RP-UHPLC. Analytical and Bioanalytical Chemistry. 
doi: 10.1007/s00216-020-02425-x 

Megarbane, B. 2010. Treatment of Patients with Ethylene Glycol or Methanol 
Poisoning: Focus on Fomepizole. Open Access Emergency Medicine. 2: 67 – 
75. doi: 10.2147/OAEM.S5346 

Mikkelsen, S.R., and Corto´n, E. 2004. Bioanalytical Chemistry. Chromatography of 
Biomolecules. John Wiley & Sons, Inc., USA. 

Moosavi, S.M., and Ghassabian, S. 2018. Linearity of Calibration Curves for 
Analytical Methods: A Review of Criteria for Assessment of Method Reliability. 
IntechOpen. doi: 10.5772/intechopen.72932 

Nanco, C.R., Poklis, J.L., Hiler, M.M., Breland, A.B., Eissenberg, T., and Wolf, C.E. 
2019. An Ultra-High-Pressure Liquid Chromatographic Tandem Mass 
Spectrometry Method for the Analysis of Benzoyl Ester Derivatized Glycols 
and Glycerol. Journal of Analytical Toxicology. 43: 720 – 725.  



18 

 

Oehlke, J., Brudel, M., and Blasig, I.E. 1994. Benzoylation of Sugars, Polyols and 
Amino Acids in Biological Fluids for High Performance Liquid Chromatographic 
Analysis. J. Chromatogr. 655: 105 – 111. 

Rajpurohit, P., Boddu, G., and Malvi, A. 2022. Review Article: Diethylene Glycol 
Poisoning – Past to Present. Journal of Pharmacovigilance and Drug 
Research. 3. (4): 9 – 14. doi: 10.53411/jpadr.2022.3.4.3 

Rosano, T., Swift, T.A., Kranick, C.J., and Sikirica, M. 2009. Ethylene Glycol and 
Glycolic Acid in Postmortem Blood From Fatal Poisonings. J Anal Toxicol. 33. 
(8):508–13. doi : 10.1093/jat/33.8.508. 

Self, R. L. 2013. Direct Analysis in Real Time-Mass Spectrometry (DART-MS) for 
Rapid Qualitative Screening of Toxic Glycols in Glycerin-Containg Products. 
Journal of Pharmaceutical and Biomedical Analysis. 80: 155 – 158. 

Sharma, I., Khan, W., Parveen, R., Alam, M., Ahmad, I., Ansari, M.H.R., et al. 2017. 
Antiurolithiasis Activity of Bioactivity Guided Fraction of Bergenia ligulate 
Against Ethylene Glycol Induced Renal Calculi in Rat. BioMed Research 
International, 2017: 1969525 

Soe, J.W., Lee, J.H., Son, I.S., Kim, Y.J., Kim, D.Y., Hwang, Y., Chung, H.A., Choi, 
H.S., and Lim, S.D. 2012. Case Report: Acute Oxalate Nephropathy Caused 
by Ethylene Glycol Poisoning. Kidney Research and Clinical Practice. 31: 249 
– 252. doi : 10.1016/j.krcp.2012.09.007 

Suhartati, T. 2017. Dasar-Dasar Spektrofotometri UV-Vis dan Spektrometri Massa 
untuk Penentuan Struktur Senyawa Organik. AURA. Bandar Lampung. 

USP Chapters <1086> Impurities in Drug Substance and Drug Products. 

Vollmer, P.A., Harty, D.C., Erickson, N.B., Balhon, A.C., and Dean, R.A. 1996. Serum 
Ethylene Glycol by High-Performance Liquid Chromatography. J. Chromatogr. 
685: 370–374. 

Wang, Z. 2010. Comprehensive Organic Name Reaction and Reagents. John Wiley 
& Sons. USA. 

Wexler, P. 2024. Encyclopedia of Toxicology. Vol 1, 4th ed. Elsevier. US. 

Whalen, K., Field, C., and Radhakrishnan, R. 2019. Pharmacology. 7th ed. Wolters 
Kluwer. Philadelphia. p. 1668. Available as PDF file. 

World Health Organization (WHO). 2022. Medical Product Alert N°6/2022: 
Substandard (contaminated) paediatric medicines identified in WHO region of 
Africa. (Online). (https://www.who.int/news/item/05-10-2022-medical-product-
alert-n-6-2022-substandard-(contaminated)-paediatric-medicines, diakses 23 
Februari 2023). 

Yao, H.H., and Porter, W.H.1996. Simultaneous Determination of Ethylene Glycol 
and Its Major Toxic Metabolite, Glycolic Acid, in Serum by Gas 
Chromatography. Clin Chem. 42. (2): 292–7. 



19 

 

Yulyarti, E., Rifai, Y., and Yulianty, R. 2018. Penetapan Kadar Parasetamol, Kafein 
dan Propifenazon secara Simultan dalam Sediaan Tablet dengan Metode 
KCKT. Majalah Farmasi dan Farmakologi. 22. (1): 1-4. 
http://journal.unhas.ac.id/index.php/mff   



LAMPIRAN 

Lampiran 1. Skema kerja umum  

Pembuatan Kurva Baku 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Etilen Glikol 

- Dilarutkan dalam aquades 

- Diencerkan menjadi beberapa konsentrasi  

- Ditambahkan benzil alkohol 15 ppm 

- Ditambahkan NaOH 40% 

- Ditambahkan benzoil klorida 

- Divorteks selama 2 menit 

Suspensi 

- Ditambahkan glisin 10% 

- Ditambahkan n-heptan 

- Divorteks selama 3 menit 

Fase heptan (lapisan atas) 

- Ditambahkan fase gerak 

- Diinjeksikan ke HPLC 

Kromatogram 

- Diolah 

- Dibahas 

Kesimpulan 
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Analisis Residu EG dalam Sampel 

 

 

 

 

 

 

 

 

 

 

 

  

Sampel sirup flu dan batuk 

- Ditambahkan benzil alkohol 15 ppm 

- Ditambahkan NaOH 40% 

- Ditambahkan benzoil klorida 

- Divorteks selama 2 menit 

Suspensi 

- Ditambahkan glisin 10% 

- Ditambahkan n-heptan 

- Divorteks selama 3 menit 

Fase heptan (lapisan atas) 

- Ditambahkan fase gerak 

- Diinjeksikan ke HPLC 

Kromatogram 

- Diolah 

- Dibahas 

Kesimpulan 
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Lampiran 2. Perhitungan 
 
Perhitungan Linearitas 

Konsentrasi (ppm) Waktu retensi (menit) AUC 

1 2.805 223491 
10 2.949 891804 
20 2.998 1146924 
30 3.069 1728335 
40 3.086 2286412 

 

Persamaan regresi: 

y = a + bx 

a = 233791 

b = 50574 

y = 233791 + 50574x 

r = 0,992371 

 
 
Perhitungan Batas Deteksi dan Batas Kuantitasi 

Konsentrasi 
(ppm) 

AUC y’ y-y’ y2 

1 223491 284365 -60874 3705643876 
10 891804 739531 152273 23187066529 
20 1146924 1245271 -98347 9672132409 
30 1728335 1751011 -22676 514200976 
40 2286412 2256751 29661 879774921 

   AVG 7591763742 
   AVG(n) 1897940936 
   Sy 43565,36394 
   Batas deteksi 2,842680053 
   Batas kuantitasi 8,61418198 

 

Batas deteksi = 
3,3 Sy

b
 

= 
3,3(43565,36394)

50574
 

= 2,842680053 ppm 

 

Batas kuantitasi = 
10 Sy

b
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= 
10(43565,36394)

50574
 

= 8,61418198 ppm 

 

Perhitungan Kadar EG pada Sampel 

Sampel 
Waktu retensi 

(menit) 
AUC 

Kadar EG 
(ppm) 

Kadar EG dalam 
Sirup (mg/mL) 

A 3,066 1733914 29,66194092 0,02966194092 
B - - Tidak terdeteksi Tidak terdeteksi 
C 2,832 343484 2,168960335 0,002168960335 
D - - Tidak terdeteksi Tidak terdeteksi 
E 2,941 183875 -0,98698936 -0,00098698936 
F - - Tidak terdeteksi Tidak terdeteksi 
G - - Tidak terdeteksi Tidak terdeteksi 
H 2,907 613548 7,508937399 0,007508937399 
I - - Tidak terdeteksi Tidak terdeteksi 
J - - Tidak terdeteksi Tidak terdeteksi 
K 2,911 509687 5,455293234 0,005455293234 
L 3,027 1101220 17,15167873 0,01715167873 
M - - Tidak terdeteksi Tidak terdeteksi 
N 2,928 381006 2,910883062 0,002910883062 
O - - Tidak terdeteksi Tidak terdeteksi 

 

y = 233791 + 50574x 

 

Sampel A 

x = 
1733914 - 233791

50574
 

  = 29,66194092 ppm 

  = 29,66194092 mg/L 

  = 0,02966194092 mg/mL 

 

Perhitungan Resolusi 

R = 
2(tR2 -  tR1)

W1+ W2

 

Resolusi untuk kromatogram 1 ppm 

R = 
2 (8,677 - 2,805)

0,396 + 0,475
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R = 13,48335247 

 

Perhitungan jumlah pelat teori (N) 

N = 16 [
tR

W
]
2

 

Nilai N untuk konsentrasi 1 ppm 

N = 16 [
2,805

0,396
]

2

 

N = 802,7777778 

 

Perhitungan HETP 

H = 
L

N
 

Nilai HETP untuk konsentrasi 1 ppm 

H = 
250 mm

802,7777778
 

H = 0,311418685 
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Lampiran 3. Data Kromatogram 

 

 
Gambar 5. Kromatogram baku konsentrasi 1 ppm 

 

 
Gambar 6. Kromatogram baku konsentrasi 10 ppm 
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Gambar 7. Kromatogram baku konsentrasi 20 ppm 

 

 
Gambar 8. Kromatogram baku konsentrasi 30 ppm 
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Gambar 9. Kromatogram baku konsentrasi 40 ppm 

 

 
Gambar 10. Kromatogram sampel A 
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Gambar 11. Kromatogram sampel B 

 

 
Gambar 12. Kromatogram sampel C 
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Gambar 13. Kromatogram sampel D 

 
Gambar 14. Kromatogram sampel E 



30 

 

 
Gambar 15. Kromatogram sampel F 
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Gambar 16. Kromatogram sampel G 
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Gambar 17. Kromatogram sampel H 

 
Gambar 18. Kromatogram sampel I 
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Gambar 19. Kromatogram sampel J 
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Gambar 20. Kromatogram sampel K 

 
Gambar 21. Kromatogram sampel L 
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Gambar 22. Kromatogram sampel M 

 
Gambar 23. Kromatogram sampel N 
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Gambar 24. Kromatogram sampel O 

 

  



37 

 

Lampiran 4. Dokumentasi Penelitian 

 
Gambar 25. Menimbang bahan 

 

   
Gambar 26. Penyiapan larutan baku 

 

 
Gambar 27. Sampel sirup flu dan batuk anak 
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Gambar 28. Penyaringan larutan 
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