
Introduction

Bioethanol, as defined by the 
U.S. Department of Energy, is 
a renewable fuel made from 
biomasses. It has widespread 
use in producing gasohol, a blend 

of alcohol and gasoline, which is utilized as an alternative fuel for cars and other vehicles in various 
countries. As part of Thailand’s effort in fighting pollution and climate change, there is a gradual 
national effort to shift the usage of gasoline to gasohol. Following Thailand’s announcement that it 
is aiming to become the first country in Asia to use ethanol as a core automotive fuel, an increase in 
production and consumption of gasohol is expected.

Bioethanol is generated by the hydrolysis and fermentation of carbohydrate feedstocks, such as 
sugarcane, molasses or cassava. The concentration of each component present in a bioethanol sample 
can vary depending on the raw material and manufacturing methods. Volatile congeners, such as 
C3-C5 mono-alcohols, are undesirable production by-products that can be present within the biofuel. 
To safeguard consumer confidence, the Thai government has developed regulatory guidelines to ensure 
the composition and quality of ethanol fuel products.

The Thailand Industrial Standard for fuel ethanol states that the underlying congener concentration 
should not exceed 2% v/v. This application note focuses on detecting and quantifying major congeners 
in cassava-derived bioethanol to satisfy the criteria stipulated in the Thailand Industrial Standard. The 
study presented herein demonstrates the use of the PerkinElmer Clarus® 590 GC/FID, which is shown 
to meet and exceed the performance criteria described in method EC 2870 Method III.
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Methodology and Results

Working standard solutions were prepared by pipetting the 
reagents listed in Table 1 into a 100-ml volumetric flask containing 
approximately 60-ml of an ethanol solution (40%v/v) to minimize 
component evaporation. The solution was mixed thoroughly. 

The prepared standard solution was used to check the linearity 
and response of the FID detector. 0.1, 0.5, 1.0, 2.0, 5.0 and  
10.0 ml of working standard solution and 1.0 ml internal 
standard were pipetted to make up to volume with the ethanol 
solution (100 mL), having concentrations of 0.003-0.300 % v/v, 
respectively. The solution was mixed thoroughly.

Bioethanol from cassava (9 mL) was mixed with 1 mL of  
working standard solution (see Appendix) in a vessel and shaken 
vigorously. To minimize any loss of volatile components, the 
sample vessels were stored at lower than 5 °C prior to analysis. 
The details of the instrument and GC conditions are presented in 
Tables 2 and 3, respectively. Pentan-3-ol (3% v/v) was used as an 
internal standard for this method. In Figure 1A, detection of all 
major congeners with the system is demonstrated. Pentan-3-ol 
was also confirmed to be a suitable internal standard for 
bioethanol analysis. 

Table 1. Working Standard Solution Reagents.

Component Volume (ml)

Methanol 3.0

Propan-1-ol 3.0

2-Methylpropan-1-ol 3.0

2-Methylbutan-1-ol 3.0

3-Methylbutan-1-ol 3.0

Ethyl Acetate 3.0

Butan-1-ol 3.0

Butan-2-ol 3.0

Table 2. Instrument System.

Gas Chromatograph PerkinElmer Clarus® 590

Injector Programmable Split/Splitless (PSSI)

Detector Flame Ionization Detector (FID)

Electronic Pneumatics
PPC Carrier for PSS (Helium), PPC FID 
Gases (Air and Hydrogen)

Column
60 m × 0.25 mm ID × 0.25 µm  
Elite Wax# N9316551

Data Analysis Data processed on TotalChrom® software

Table 3. Gas Chromatograph Conditions.

Injector Temperature 260 °C

Temperature  
Programing

35 °C for 10 min.,  
35 to 110 °C at 5 °C /min.,  
110 to 190 °C at 30 °C /min.,  
Hold at 190 °C for 2 min.

Carrier Pressure 65 kPa, Split ratio 55:1

Detector Temperature 300 °C

Detector FID, Range: ×1 Attn: ×-6

Air 450 mL/min

Hydrogen 45 mL/min

The chromatogram of the bioethanol sample is presented in  
Figure 1B. Headspace or on-column injection is preferred for 
methanol analysis as they deliver good peak shapes and 
repeatability. From the results it can be observed that the standard 
methanol peak using a liquid injection showed good peak shape 
and repeatability. However, the methanol peak in the sample 
showed tailing due to the interference from hydrocarbon C4.

The calibration curve displayed r2 = 0.999, with accuracy higher 
than 90% for each alcohol compound (Table 4 and Figure 2). 
Based on the results, the instrument system and operating 
conditions used are optimized and validated for bioethanol 
analysis according to the EC 2870 Method III.

Figure 1. A) GC-FID Chromatogram of alcohol standard mix using pentan-3-ol as an internal standard for the bioethanol analysis. B) GC-FID Chromatogram of the  
bioethanol sample from cassava in Thailand.
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Table 4. Calibration Results of the Alcohol Standard Mix.

Tr (min) Components r2 Linear Equation 
(0.003-0.300%v/v) LOD LOQ Accuracy 

(%Recovery)
Precision 

 (%RSD, n=10)

10.70 Ethyl Acetate 0.9996 y=(-24858)+5611497x 0.00018 0.0006 91.22 1.02

11.00 Methanol 0.9994 y=(-1916)+5608654x 0.00050 0.0017 92.15 1.01

16.98 2-Butanol 0.9993 y=(-20510)+9484784x 0.00011 0.0004 90.91 1.16

17.61 Propanol 0.9994 y=(-15015)+9429211x 0.00013 0.0004 92.47 1.73

20.57 2-Methyl Propanol 0.9994 y=(-4804)+10875607x 0.00010 0.0003 92.15 1.83

22.84 Butanol 0.9994 y=(-32584)+194644x 0.00008 0.0003 94.08 1.81

25.16 3-Methyl Butanol 0.9994 y=(34275)+11210655x 0.00007 0.0002 94.08 1.69

26.39 Pentanol

Table 5. Quantification Analysis of the Bioethanol Sample from Cassava.

Samples
Concentration , %v/v, (Mean,±SD)

Ethyl Acetate Methanol 2-Butanol Propanol 2-Methyl 
Propanol Butanol 3-Methyl 

Butanol

V601A 0250 0.0145±0.00 0.0986±0.00 0.0027±0.00 0.2194±0.00 0.2950±0.00 0.0014±0.00 0.0012±0.00

V601A 1129 0.1351±0.00 0.0968±0.00 0.0009±0.00 0.0192±0.00 ND ND 0.0010±0.00

V601 0425 0.0119±0.00 0.1020±0.00 ND 0.0222±0.00 0.0008±0.00 ND 0.0010±0.00

Figure 2. The calibration plot of a standard curve for each alcohol standard for the determination of bioethanol from cassava; 1) Ethyl acetate, 2) Methanol, 3) 2-Butanol,  
4) Propanol, 5) 2-Methyl propanol, 6) Butanol and 7) 3-Methyl butanol.
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Conclusion

In this application note, a quantitative analysis of bioethanol samples 
from cassava using a Clarus 590 coupled with an FID detector was 
developed and validated with an automated GC-FID technique. 
Ethanol, in the form of ethyl acetate, along with major congeners, 
were successfully determined by this technique. The results clearly 
show that in addition to achieving good peak separation, the 
method was also highly sensitive in detecting trace amounts of 
alcohol compounds. 
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