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Abstract 
A simple, sensitive, and direct method to decide if “alcohol-free” beverages, energy 

drinks and fruit juices could result in positive “alcohol alerts” based on the use of the 

gas chromatography with a flame ionization detector (GC– FID) has been developed. 

The chromatographic conditions such as injection volume and split ratios were 

optimized in order to increase the sample throughput and sensitivity. Unlike other 

conventional methods which also employ laborious sample preparations; this method 

analyzes samples directly without any prior treatment and thus cutting down the sample 

treatment time, as well as reducing the analysis cost per sample. Additionally, low 

ethanol concentrations as low as 6 mg/L were detected and quantified; making this 

method an appropriate technique for routine alcohols analysis in beverages. 

Optimization of chromatographic conditions gave recoveries in the range of 83.00% to 

112.8% with relative standard deviations lower than 9%. The calibration curves were 

linear over the range from 6.250-200.0 mg/L for methanol and ethanol. The correlation 

coefficients (r2) were higher than 0.9997. The limits of quantifications (LOQ) are 4.48 

mg/L for ethanol and 5.74 mg/L for methanol.  A total of 100 domestic and imported 

labeled "alcohol-free" in Jordan were analyzed for their alcohol content.  

Concentrations ranged from non-detectable to 14.9 mg/L for ethanol and from non-

detectable to 9.38 mg/L for methanol were found in energy drinks. On the other hand, 

non- quantifiable amounts of alcohols were found in malt beverage as well as fruit 

juices. 
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Introduction 

 

The popularity of "alcohol-free" beverages and fruit 

juices have been increased on world markets as an 

alternative to alcoholic beverages that may cause 

health problems such as fetal alcohol syndrome 

(FAS), developmental delay, common cognitive 

disorders, and social disabilities (Parés and Caballería, 

2002; Cabarcos et al., 2015). Drinking too much 

alcohol over a long period of time or too much alcohol 

at one occasion (binge drinking) leads to interference 

in the brain's communication pathways, damage to the 

heart, liver (hepatitis) and pancreas (pancreatitis); 

increase risk of infection and weaken the immune 

system (NIH, 2015). Nevertheless, alcohol has 

negative social and economic impacts on individual 

drinker and on the society as a whole. The popularity 

of "alcohol-free" beverages has increased in Islamic 

countries that prohibit drinking alcoholic beverages.  

The consumer understands, or assumes, that these 

products are completely alcohol-free due to the 

labeling of these products.  

The term "non-alcoholic" may be used for malt 

beverages containing less than 0.5% (v/ v) (5000 mg/ 

L) showing alcohol in a clearly legible publication 

while the term "alcohol free" is used only on malt 

beverages which does not contain alcohol 0.0% (v/v) 

(Ayala et al., 2009) .  

A literature survey of the manufacturing procedures 

utilized as a part of making these products showed that 

the alcohol-free beers and juices have low alcohol 

content (Morad et al., 1980). Alcohol-free beer is 

manufactured either by brewing a blend of water, malt 

and hops, a process in which fermentation stops 

prematurely, or by decreasing the alcohol content of 

typically produced beer. On other hand, energy drinks 

represent beverages that, in addition to calories, 

contain caffeine in a combination with other energy-

boosting components such as taurine, herbal extracts, 

and B vitamins. First appeared in Europe and Asia in 

the 1960s due to consumer demand for dietary 

supplementation that would lead to increased energy 

(Reissig et al.,  2009). A Japanese company called 

Taisho Pharmaceuticals Lipovitan D was founded in 

1962, which controls the Japanese market so far. 

Lipovitan D contains B vitamins, taurine, and ginseng, 

all of which are frequent components of energy drinks 

(Taisho Pharmaceutical Co. Ltd. 2009; Heckman et 

al., 2010). A large variety of energy drinks claim to 

provide the consumer with sustainable energy, 

reducing mental and physical weakness. These 

products are commonly targeting young adult and 

very popular among undergraduates worldwide. 

Methanol is the simplest type of alcohol. It is much 

related to ethanol which is a kind of alcohol usually 

found in wine, beer and spirits - but methanol is much 

more harmful. Methanol is formed in very small 

quantities during fermentation process by which 

alcohol is produced from plant products such as grape 

juice or grain. During distillation process of fermented 

fruits, methanol is distilled simultaneously with 

ethanol due to their comparative physicochemical 

properties. This is why all alcoholic beverages 

obtained from fermented fruits contain methanol 

beside ethanol (Croitor et al., 2013). The likelihood of 

their presence in home-made beverages made from 

distilled spirits poses a health hazard. The legal limits 

that established by the European Union (EU) of 

methanol in alcoholic beverages are 0.4% (v/v) (4000 

mg/L) (Paine and Davan, 2001).   

Several analytical techniques have been developed for 

the determination of ethanol in liquor, and 

pharmaceutical preparations. Sensitive, rapid and 

relatively inexpensive ethanol quantification is the 

primary analytical procedure for alcohol analysis in 

the beverage.  

There are several approved methods for ethanol 

analysis in alcoholic beverages products (AOAC, 

1990). The oldest and most commonly used method is 

semi-quantitative ebullioscopic, based on an 

identification of boiling beverages (Amerine, 1972). 

For a long time, pycnometric density was determined 

by the reference method for analysis of alcoholic 

content in spirits and wines. But the pycnometric 

method should be preceded by a distillation step 

(Debebe et al., 2017). A specific gravity method, 

which is based on hydrometric measurement, is more 

accurate but it is time-consuming; also it requires 

sample extraction prior to laboratory analysis (Ough 

and Amerine, 2018). The electronic density meter was 

later introduced to determine alcoholic strength has 

achieved a similar or better performance based on of 

accuracy (Strunk et al., 1979; Mark and Vaughn, 

1980; Brereton et al.,  2003).  

These techniques are inexpensive and do not need 

standards, chemicals and reagents. In addition, they do 

not require sample preparation omitting the needs of 

skillful operator. However, it may suffer from high 

detection limit and therefore the techniques are not 

suitable to sample with small amount. To overcome 

the problems associated with the high detection limit 

mentioned above, the alcohol content in the beverages 
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is now determined today using faster, and simpler 

spectroscopic methods such as Fourier Transform Mid

‑Infrared Spectroscopy (FT-MIR) (Debebe et al.,  

2017), Raman Spectroscopy (Nordon et al.,  2005; 

Pappas et al., 2016), Nuclear Magnetic Resonance 

Spectroscopy (NMR) (Isaac-Lam, 2016) and non-

invasive Near-Infrared (NIR) (Nordon et al.,  2005). 

Besides, no sample preparation is required other than 

degassing in spectroscopic methods, it permits the 

direct analysis of alcohol in liquid samples without 

any sample pre-treatment, and in addition, analytes 

can be monitored simultaneously within milliseconds. 

Despite spectroscopic methods advantages, 

government bodies around the world have relied upon 

gas chromatography with flame ionization detection 

(FID) (Tiscione et al.,  2011) for routine alcohol 

analysis in alcoholic beverages and for the testing of 

"alcohol-free" beverages, whether non-alcoholic and 

dealcoholized products (Spedding, 2015). This 

procedure can be used to analyze alcoholic beverages 

without any other sample preparation. Recently, gas 

chromatography coupled with mass spectrometry 

(GC-MS) (Jones et al., 1983) and gas chromatography 

with tandem mass spectrometry (GC-MS/MS) 

(Tiscione et al.,  2011) have been adopted.  

In capillary gas chromatography (GC) there are four 

main techniques for vaporizing a sample and 

transmitting it onto the inlet of the analytical column: 

direct, on-column, split, and splittless injections. The 

most commonly used techniques are split and 

splittless injections. In the split injection mode, which 

has been applied, a small fraction of the vaporized 

sample is transmitted onto the head of the column and 

removing the remainder of the vaporized sample from 

the injection port through the separate ventilation line. 

Split injections were required when sample 

concentrations are high to enable a portion of the 

sample to be discarded through the injection process 

and maintaining an adequate concentration of analytes 

for the detector so as to produce a signal (Chasteen, 

2000). It should be used to minimize the nonvolatile 

sample components including sugar, pigments and 

others and yield suitable chromatography.  

This study aims to develop a simple, sensitive, and 

direct method to decide if “alcohol-free” beverages, 

energy drinks and fruit juices could result in positive 

“alcohol alerts” based on the use of the gas 

chromatograph with a flame ionization detector (GC– 

FID). The proposed method was in-house validated 

concerning linearity, accuracy, intra-day precision, 

inter-day precision, limit of detection (LOD), and limit 

of quantification (LOQ). 

 

Material and Methods 
 

Certified standard solutions of ethanol (99.8%) and 

methanol (99.8%) for gas chromatography electron 

capture detector (ECD) and FID SupraSolv® were 

obtained from Merck KGaA (Darmstadt, Germany). 

Water (HPLC-grade) was purchased from VWR 

International (EC). In the month of February 2018, 

100 samples of “Alcohol-free” beverages, energy 

drinks and fruit juices samples of different brands 

were randomly obtained from groceries and stores in 

Amman, Jordan. The samples were stored at 4.0 ± 0.5 

°C in a refrigerator.  

 

Sample preparation 

The beverage sample solution was dispensed into a 2 

mL capped sample vial and injected directly into the 

GC-FID instrument.  

 

GC analysis 

The analysis was performed using gas 

chromatography, Perkin-Elmer workstation, with 

model Clarus 600 GC (Llantrisant, UK), which was 

equipped with a liquid auto sampler and FID detector. 

The chromatographic separation was performed with 

RTX-WAX (fused-silica), 30 m x 0.32 mm ID x 0.25 

µm film thickness of capillary column, which was 

purchased from Restek Corporation (USA) under the 

following condition. The instrument has an oven with 

an initial temperature of 40°C for 8 min and a ramp 

program which elevates up to 100°C ramping 

5°C/min, followed by further 2 min isothermal hold. 

Samples with 2 µL volumes were injected using split 

ratios of 10:1. The temperature of the injection port 

was set at 100°C.  The carrier gas was helium at the 

flow rate of 1 mL/min with the pressure set at 7.1 psi 

and average velocity at 22.5 cm/sec. The FID detector 

temperature was maintained at 200°C with a flow of 

45 mL/min H2 and 450 of mL/min H2O. Split injection 

mode was selected.  

To optimize the chromatographic conditions such as 

injection volume and split ratios, different splitting 

ratios between 1:20 and 1:5 were studied at injections 

volume between 0.5 µL and 4 µL.    

The accuracy was calculated by the determination of 

the recoveries of the alcohols from Alcohol-free” 

beverages samples and energy drinks samples at 20, 

40 and 80 mg/L of ethanol, and methanol standards; 

the spiked samples were analyzed in triplicates (Table 
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3) and calculated according to the following formula 

(Shabir, 2003):    

 

Recovery (%) = Recovered Amount (mg/L) x 100 

                      Added Amount (mg/L) 

 

The linearity was tested using the mix of alcohol 

standards in a concentration range from 6.250 to 200.0 

mg/L for both ethanol and methanol. The limit of 

detection (LOD) and limit of quantification (LOQ) 

were calculated experimentally as the lowest 

concentration giving a response of three- and six-

times, respectively, the base-line noise given by the 

software, obtained from alcohol-free samples. Intra-

day precision was calculated by assaying five 

replicates of the same sample at a spiked level of 20 

mg/L of ethanol and methanol on the same day. For 

the inter-day precision, five replicates of the same 

sample at a spiked level of 20 mg/L of ethanol, and 

methanol were analyzed on three consecutive days. 

 

Statistical analysis 

The statistical analysis at an alpha level of 0.05 were 

performed using Microsoft Excel 2016 for ethanol and 

methanol determination in beverages. 

 
Results and Discussion 
 
The optimization procedure for the gas 

chromatography parameters was carried out by 

modifying the splitting ratio between 1:20 and 1:5 

until the maximum sensitivity (peak area counts of 

ethanol and methanol standards mixture) was 

obtained. In general, higher split ratios, up to 1:20, 

were required to protect liners and the 

chromatographic column. On the other hand, the split 

ratio were reduced to 1:5 if lower LODs are needed. It 

can be observed from Table 1 that, there were 

significant differences in the peak area counts for 

ethanol and methanol when applying different split 

ratios. The peak area percent for both ethanol and 

methanol gradually increased from 43% and 40% to 

100%, respectively.  The split ration changed from 

20:1 to 10:1. In contrast, when the split ration was 

decreased from 10:1 to 5:1, the peak area percent for 

ethanol decreased from 100% to 84%, while that for 

and methanol decreased from 100% to 80%. Hence, 

the optimum split ratio of 10:1 was employed.   

Alternatively, as injection volume increased from 0.5 

till 2 µL the peak area percent for both ethanol and 

methanol gradually increased from 76% and 68% to 

100%, respectively (Table 1). But further increase in 

injection volume to 4 µL resulted in dramatic decrease 

in peak area percent for both ethanol and methanol to 

84% and 88%, respectively. Therefore, the optimum 2 

µL injection volume at split ratio of 10:1 were 

adopted.  

 

Table 1. Peak area percent of alcohol standards 

mixture at different split ratios as well as different 

injections volume. 

Alcohol 

standards 

mixture  

Split Ratio 

1:20 

(Peak Area %) 

1:10 

(Peak 

Area %) 

1:5 

(Peak 

Area %) 

Ethanol 43% 100% 84% 

Methanol 40% 100% 88% 

 Injections Volume 

 

0.5 µL          

(Peak 

Area %) 

1 µL          

(Peak 

Area 

%) 

2 µL        

(Peak 

Area %) 

4 µL        

(Peak 

Area %) 

Ethanol 76% 84% 100% 43% 

Methanol 68% 88% 100% 40% 

 

The described method that has been developed has 

many advantages including speed and accuracy as 

well as showing non-blank effects or interferences by 

any endogenous materials with the analyte in 

beverages that was analyzed directly without any prior 

treatment. Besides, low ethanol concentrations that 

reach 6 mg/L are detected and quantified.  

Out of total 100 samples of malt beverages, energy 

drinks and fruit juices that have been analyzed, only 

energy drinks showed alcohol content at 

concentrations ranged from non-detectable to 14.9 

mg/L for ethanol and from non-detectable to 9.38 

mg/L for methanol.  On the other hand, non- 

quantifiable amounts of alcohols were found in malt 

beverage as well as fruit juices. In spite of the fact that 

ethanol and methanol were detected at a concentration 

of 14.9 mg/L and 9.38 mg/L, respectively, in energy 

drinks (Red-Bull) these concentrations are considered 

relatively low compared to regular beer or other 

alcoholic beverages, this is in opposition to the claim 

that these beverages are "alcohol-free". These results 

are also considered low compared to study conducted 

by Ayala et al. (2009) that reported 293 mg/L of 
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ethanol in Red-Bull energy drinks. Also it was 

reported that ethanol concentrations in soft drinks and 

flavored beverages were in the range of 0–960 mg/L 

and 0–840 mg/L, respectively (Ayala et al., 2009). 

Another study by Morad et al. (1980) also detected 

ethanol in the “alcohol-free" beverages and fruit juices 

tested, the reported range were 90–3850 mg/L. 

The existence of ethanol as well as methanol in these 

beverages can possibly be attributed to the 

inefficiency of the alcohol removing technique. It is 

additionally conceivable that ethanol may be framed 

after bottlings and during storage if the pasteurization 

process were insufficient in the destruction of 

microorganisms. The addition of sugar was expected 

to increase the ethanol to methanol ratio because 

formation of methanol from sugar fermentation has 

not yet been described (Croitoru et al.,  2013). The 

retention time of methanol and ethanol were 4.1 min 

and 4.8 min, respectively (Figure 1). Symmetric sharp 

peaks were obtained, allowing peak height 

measurements to be used with maximum accuracy as 

peak areas (Wesselman, 1960). 

 

 
Fig. 1. HPLC chromatogram of alcohol 

standard solutions containing 50 mg/L of 

ethanol and with a retention time 4.1 min and 

4.8 min of methanol and ethanol, respectively. 
 

The method was validated internally regarding 

linearity, accuracy, intra-day precision, inter-day 

precision, LOD and LOQ.  

Table 2 shows good linear relationships between the 

concentration of the analytes and the peak response 

with correlation coefficients of 0.9997 for ethanol and 

0.9999 for methanol.  Calibrations with standard 

solutions were used for quantitation because moderate 

signal suppression was noticeable for both analytes.  

Furthermore, the ANOVA test did not give any 

significant difference at p > 0.05. 

Table 2. Linearity range, Equation, r2 value, LOD 

and LOQ of ethanol and methanol. 
Alcohol 

standar

ds 

mixture 

Lineari

ty 

Range 

(mg/L) 

Equation r 2 

LO

D 

(mg

/L) 

LO

Q 

(mg

/L) 

Ethanol 
6.250 – 

200.0 

Y = 

(2787.3) + 

(1797.4) X 

0.9997 2.24 4.48 

Methan

ol 

6.250 – 

200.0 

Y = (-

209.64) + 

(572.23) X 

0.9999 2.87 5.74 

 

The obtained recovery percentages ranged from 

83.00% to 112.8%, with a relative standard deviation 

(RSD) of less than 9% (Table 3). The recoveries for 

methanol were slightly better than the ethanol.  

 

Table 3. Mean of recoveries and RSDs (n=5) of 

ethanol and methanol spiked into clean energy 

drink and malt beverage samples at three spiking 

levels using HPLC method 

Alcohol 

standards 

mixture 

Spiking 

Level 

(mg/L) 

Energy Drink 
Malt 

Beverage 

Mean of Recovery (%)  

± RSD (%) 

Ethanol  

20 112.8±6.7 83.0±7.7 

40 97.9±6.0 88.6±8.8 

80 97.7±5.3 108.1±4.9 

 20 84.9±7.4 86.0±7.4 

Methanol 40 85.7±8.3 110.2±5.0 

 80 85.4±6.7 96.5±6.3 

 

The sensitivity was determined by estimating the limit 

of detection (LOD) and limit of quantification 

(LOQ).  The LOD of ethanol and methanol were 2.24, 

and 2.87 mg/L, respectively and the LOQ were 4.48 

and 5.74 mg/L for ethanol and methanol, respectively 

(Table 2).  

The intra-day precision and inter-day precision were 

calculated and tabulated in Table 4. The intra-day 

precision (n = 5) values were between 8.4 and 8.5%, 

while the inter-day variation (n=15) values were 

between 10.4 and 11.0%. These values determined are 

lower than 15% (maximum 20%), confirming the 

good reproducibility and repeatability of this method 

(FDA 2001).  

Considering the data obtained from the method 

validation, the current GC–FID analysis measured, 

and sample preparation procedures are considered as a 

selective, precise, and robust method to determine 
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ethanol, and methanol in Alcohol-free” beverages, 

energy drinks and fruit juices samples. 

 

Table 4. The intra-day precision and inter-day 

precision of ethanol and methanol expressed as 

RSD% values 

Alcohol 

standards 

mixture 

Spiking 

Level 

(mg/L) 

Intra-Day 

Precision 

(n = 5)a 

Inter-Day 

Precision 

(n = 15)a 

Ethanol 40 5.3 7.6 

Methanol 40 6.7 9.2 

 
Conclusion 

 

A simple, rapid, inexpensive, and effective sample 

preparation method has been developed for the 

determination of methanol and ethanol in Alcohol-

free” beverages, energy drinks and fruit juices. The 

sensitivity of the GC–FID instrument could be 

significantly enhanced by optimizing the 

chromatographic conditions. Extensive and expensive 

clean-up procedures could be replaced by analyzing 

samples directly without any prior treatment followed 

by GC–FID separation of a mixture of methanol and 

ethanol. Separation of the methanol and ethanol with 

higher selectivity and sensitivity, and within 

reasonable retention time was performed. Excellent 

linearity, high recoveries, acceptable repeatability, and 

reproducibility with lower LOQ values were achieved 

indicating the suitability of the proposed method for 

the determination of alcohols in Alcohol-free” 

beverages, energy drinks, and fruit juices. 
 
Acknowledgment 

 

The authors are grateful to the Applied Science 

Private University, Amman, Jordan, for the full 

financial support granted to this research project. 

 

Contribution of Authors 
 
Sirhan AY: Conceived idea, conduct the study, 

collected data, performed the statistical analysis and 

write up of article  

Wong R: Conceived idea and amend the article write 

up. 

Abdulra’uf LB: Assisted in the statistical analysis and 

amend the article write up. 

Aljabar JA: Design the study and assisted in the 

statistical analysis 

Mostafa A: Conceived idea, conduct the study and 

collected data  

Talhouni A: Conceived idea and amend the article 

write up. 

 

Disclaimer: None. 

Conflict of Interest: None.  

Source of Funding: Applied Science Private 

University, Amman, Jordan. 

 

References 
 

Amerine MA, 1972. Uniform methods of analysis for 

wine and spirits. University of California at Davis. 

AOAC, 1990. Official methods of analysis of AOAC 

International. 15th edn. Arlington. VA: 

Association of Official Analytical Chemists. 

Ayala J, Simons K and Kerrigan S, 2009. Quantitative 

determination of caffeine and alcohol in energy 

drinks and the potential to produce positive 

transdermal alcohol concentrations in human 

subjects. J. Anal. Toxicol. 33(1): 27-33. 

Brereton P, Hasnip S, Bertrand S, Wittkowski R and 

Guillou C, 2003. Analytical methods for the 

determination of spirit drinks. TrAC. Trends 

Anal. Chem. 22(1): 19-25. 

Cabarcos P, Alvarez I, Tabernero MJ and Bermejo 

AM, 2015. Determination of direct alcohol 

markers: a review. Anal. Bioanal. Chem. 407(17): 

4907-4925. 

Chasteen TG, 2000. Split/ Splitless Gas 

Chromatography Injection. Department of 

Chemistry. Sam Houston State University. 

Croitoru MD, Topor E, Fülöp I and Fogarasi E, 2013. 

A Survey on the Methanol Content of Home 

Distilled Alcoholic Beverages in Transylvania 

(Romania). Acta Med. Marisiensis. 59: 206. 

Debebe A, Redi-Abshiro M and Chandravanshi BS, 

2017. Non-destructive determination of ethanol 

levels in fermented alcoholic beverages using 

fourier transform mid-infrared spectroscopy. 

Chem. Cent. J. 11(1): 27. 

Electronic Code of Federal Regulations, 2011. United 

States Government. Archived from the original on 

13 June 2011. Part 7. 

Heckman MA, Sherry K and De Mejia EG, 2010. 

Energy Drinks: An Assessment of Their Market 

Size, Consumer Demographics, Ingredient 

Profile, Functionality, and Regulations in the 



Ala Yahya Sirhan et al 

189  Asian J Agric & Biol. 2019;7(2):183-189. 

United States. Compr. Rev. Food. Sci. F. 9(3): 

303-317. 

Isaac-Lam, M.F. 2016. Determination of Alcohol 

Content in Alcoholic Beverages Using 45 MHz 

Benchtop NMR Spectrometer. Int. J. Spectrosc. 

2016(2): 1-8.  

Jones AW, Mardh G and Anggard E, 1983. 

Determination of endogenous ethanol in blood 

and breath by gas chromatography-mass 

spectrometry. Pharmacol. Biochem. Behav. 

18(1): 267-272. 

Mark FG and Vaughn TE, 1980. Determination of 

proof of alcoholic beverages using oscillating U-

tube density meter. J. AOAC Int. 63: 970–972. 

Morad AM, Hikal AH and Buchanin R, 1980. Gas-

liquid chromatographic determination of ethanol 

in "alcohol-free" beverages and fruit juices. 

Chromatographia. 13: 161. 

National Institute on Alcohol Abuse and Alcoholism 

website. Beyond Hangovers: Understanding 

alcohol’s impact on your health. NIH Publication 

No.15-7604. Published 2010. Revised October 

2015. 

Nordon A, Mills A,  Burn RT, Cusick FM and 

Littlejohn D, 2005. Comparison of non-invasive 

NIR and Raman spectrometries for determination 

of alcohol content of spirits. Anal. Chim. Acta. 

548(1): 148-158. 

Ough CS and Amerine MA, 2018. Methods for 

analysis of musts and wines. J. Inst. Brew. 87(4): 

223-224.  

Paine A and Davan AD, 2001. Defining a tolerable 

concentration of methanol in alcoholic drinks. 

Hum. Exp. Toxicol. 20(11): 563-568. 

Pappas C, Marianthi B, Konstantinou E, Proxenia N, 

Kallithraka S, Kotseridis Y and Taranilis PA, 

2016. Evaluation of a Raman spectroscopic 

method for the determination of alcohol Content 

in Greek Spirit Tsipouro. Curr. Res. Nutr. Food 

Sci. 4(Special Issue Confernce October 2016). 

Parés A and Caballería J, 2002. Somatic. Pathol. 

Adicciones. 14(Suppl.1): 155-173. 

Reissig CJ, Strain EC and Griffiths RR, 2009. 

Caffeinated energy drinks--a growing problem. 

Drug Alcohol Depend. 99(1-3): 1-10. 

Shabir GA, 2003. Validation of high-performance 

liquid chromatography methods for 

pharmaceutical analysis: Understanding the 

differences and similarities between validation 

requirements of the US Food and Drug 

Administration, the US Pharmacopeia and the 

International Conference on Harmonization. J. 

Chromatogr. A. 987(1): 57-66. 

Spedding G, 2015. Alcohol measurements: 

Chromatography (Gas Chromatography - GC and 

GC-Mass Spectroscopy, High Performance 

Liquid Chromatography - HPLC); Densitometry; 

Enzymatic and Spectroscopic (Near-Infrared - 

NIR and Nuclear Magnetic. Brewing and 

Distilling Analytical Services (BDAS, LLC): 12-

11. 

Strunk DH, Hamman JW and Timmel BM, 1979. 

Determination of proof of distilled alcoholic 

beverages, using an oscillating U-tube density 

meter. J. AOAC Int. 62: 653–658. 

Taisho Pharmaceutical Co., Ltd. 

http://www.taisho.co.jp/en/ 

company/profile/history/index.html. Accessed 

May 29, 2009. 

Tiscione NB, Alford I, Yeatman DT and Shan X, 

2011. Ethanol analysis by headspace gas 

chromatography with simultaneous flame-

ionization and mass spectrometry detection. J. 

Anal. Toxicol. 35(7): 501-511. 

United States Food and Drug Administration. 

Guidance for Industry, Bioanalytical Method 

Validation. US Department of Health and Human 

Services, Food and Drug Administration, 

Washington. D.C. 2001 

Wesselman HJ, 1960. Quantitative Determination of 

Ethanol in Pharmaceutical Products by Gas 

Chromatography. J. Am. Pharm. Assoc. 

(Scientific ed.). 49(5): 320-322. 

 

 


