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Abstract 

Date palm sap is a clear sweet drink originating from the date palm tree, which is 

potentially fermented into toddy. Beer and wine are a product of alcoholic fermentation of 

malted grain and grape juice, respectively. This study aimed to optimize and validate the 

method for the determination of ethanol, methanol, isopropanol, and tert-butanol in date 

palm sap, beer, and wine using headspace-gas chromatography with a flame ionization 

detector. The volume of sample, oven temperature, and equilibrium time for headspace 

conditions were optimized at 2.5 mL, 102°C, and 31.7 mins, respectively, using the 

response surface methodology. The study showed that the model is satisfactory with no 

significant lack of fit (p>0.05). This method was specific with no overlapping peaks and 

good chromatography separation for all analytes. The limit of detection and limit of 

quantification was 0.01% (v/v) and 0.03% (v/v) for ethanol, 0.3 mg/L and 1.0 mg/L for 

methanol, and 0.1 mg/L and 0.5 mg/L for both isopropanol and tert-butanol, respectively. 

All analytes demonstrated good linearity with correlation coefficients (R2) greater than 

0.990, good recovery (87.8–114.1%), and acceptable precision for repeatability (0.7–

4.3%) and reproducibility (1.5–10.2%). This study suggested that the method was 

successfully optimized and validated as an appropriate technique for verifying alcohols in 

palm saps and alcoholic beverages for the surveillance of Halal status and inedible alcohol 

contamination, respectively. 

1. Introduction 

Date palm sap (DPS) locally known as Nira Kurma 

is a product of the date palm tree (Phoenix dactylifera 

L.) (Makhlouf-Gafsi et al., 2016). It is a sweet liquid that 

is consumed fresh after being collected from the tree 

trunk through the tapping process. Fresh DPS gained its 

popularity in Malaysia as a refreshing drink by Muslims 

for Iftar during the month of Ramadhan (Noornasrin 

Salsabila, 2021). However, DPS can also be consumed 

as an alcoholic beverage known as toddy after 

undergoing a natural fermentation process. The 

fermentation takes place 5–12 hours after collection, 

mainly caused by Saccharomyces cerevisiae at ambient 

temperature (Ben Thabet et al., 2010; Joshi et al., 2017). 

The ethanol concentration of fermented DPS could reach 

up to 5% (Barreveld, 1993), which exceeds the 

permissible level for non-alcoholic beverages as 

stipulated by Halal governing bodies in Malaysia, 

Indonesia, and Brunei (Pauzi et al., 2019), which could 

lead to religious issues. Beer is a liquid produced from 

the alcoholic fermentation of malted grains, while wine 

is a product of grape juice fermentation (Laws of 

Malaysia, 2017). According to Wachełko et al. (2021), 

the types and quality of the beer depends on the 

sweetness, bitterness, acidity or buttery flavour. The 

concentration of ethyl alcohol determines the strength of 

beer as well as has an impact on the sensory perception 

of wine. However, in wines, the amount of ethanol is 

directly proportional to its sweetness, while the degree of 

bitterness is reduced (Panovská et al., 2008). 

The presence of alcohol in fermented beverages is 

common. Ethanol can be either naturally formed during 

the fermentation process or intentionally added as a 
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solvent for flavouring or colouring in beverages such as 

juices and cordials (Law et al., 2009). Methanol, which 

is inedible alcohol, could potentially be added as a 

substitute for edible alcohol in making alcoholic 

beverages due to its low price (Giovanetti, 2013). 

However, it can still be detected at an exceptionally low 

amount in some fermented beverages because of the 

acetic fermentation process due to the hydrolysis of the 

pectin methoxyl group (Zhang et al., 2015). Although 

there are no reported cases of alcohol poisoning in 

fermented DPS, methanol poisoning cases were reported 

in Malaysia that caused 45 deaths due to adulteration of 

alcohol into commercial and homemade liquor (Rosli, 

2018). Tert-butanol and isopropanol are mostly used 

denaturants for ethanol. Tert-butanol is normally used as 

a solvent or perfume carrier in cosmetic industries 

(Andersen, 2005), while isopropanol is used as a 

sanitiser (Garg and Ketha, 2020). Tert-butanol is an 

anthropogenic source and there is no information about 

its natural occurrence, therefore it should not be present 

in food containing alcohols (Destanoğlu and ATEŞ, 

2019). A high oral dose of tert-butanol may lead to 

ataxia and hypoactivity, with a threshold limit value of 

100 ppm for 8 hours in humans. There is no reported 

data for tert-butanol oral lethal dose in humans, but its 

oral lethal dose in a rat is 3384 mg/kg (McGregor, 2010). 

On the other hand, isopropanol has a lower minimum 

lethal dose of 100 mL for an adult compared to that of 

methanol (15–30 mL) (Ambranson, 2010). The presence 

of isopropanol in beverages may lead to the risk of 

cancer and hepatic disorders as it is more hepatotoxic 

than ethanol (Lang et al., 2006). In this regard, these four 

alcohols are considered important analytes to be 

monitored in fermented beverages as well as alcoholic 

beverages due to their impact towards food safety and 

toxicological issues.  

There are several methods for quantifying alcohol in 

fermented beverages and alcoholic beverages. Both 

enzymatic and titrimetric methods produce poor 

reproducibility and accuracy results. Besides being time-

consuming, the densimetric and colourimetric methods 

have poor sensitivity and are prone to interferences due 

to the colourants in beverages, respectively (Zhang et al., 

2015). High-performance liquid chromatography 

(HPLC) and gas chromatography (GC) are frequently 

used to quantify different types of alcohol due to their 

capability to separate analytes with high sensitivity. 

However, samples’ pre-treatment such as filtration and 

solvent extraction before injection of samples into HPLC 

is often complicated and time-consuming. As a result, 

the quantitation of the analytes is prone to significant 

errors (Zhang et al., 2015). GC combined with the flame 

ionization technique (GC-FID) is commonly used for 

routine alcohol analysis in alcoholic beverages (Tiscione 

et al., 2011). GC-FID equipped with a direct injection 

port has been used to detect methanol in alcoholic 

beverages, but the rinsing process of the syringe after 

each injection is required to avoid cross-contamination 

between samples (Wang et al., 2004). Alternatively, 

headspace-GC-FID (HS-GC-FID) was used in the 

detection of methanol in black liquor (Li et al., 2007), 

ethanol in fermentation liquor (Li et al., 2009), soy sauce 

(Liu et al., 2014), kombucha (Ebersole et al., 2017), craft 

beers, wines, and soft drinks (Wachełko et al., 2021), 

and both methanol and ethanol in olive oil (Gómez-Coca 

et al., 2014), and wines (Zhang et al., 2015). This 

technique involves taking out samples from the vapour 

phase that has reached equilibrium (headspace area) 

above the liquid or solid samples in a closed sealed vial 

and hence reduces the interference of non-volatile 

analytes in the sample (Kolb and Ettre, 2006). It is an 

efficient injection technique in quantifying volatile 

analytes in samples with complex matrices without the 

requirement for pre-treatment of samples (Zhang et al., 

2015).  

The development of a new method is crucial as a 

sophisticated technique is needed for the quality and 

safety control of the food. The optimization of headspace 

conditions was conducted for the determination of 

ethanol in fermentation liquor (Li et al., 2009), and both 

ethanol and methanol in wines (Zhang et al., 2015) 

involving three variables: equilibrium time, equilibrium 

temperature and sample volume. However, the 

optimization was conducted conventionally without any 

statistical analysis by focusing on one variable at a time. 

In addition, the interactive effects between all those 

variables were not taken into consideration. This 

conventional approach also prevented the variables from 

generating the maximum analytical signal of analytes 

and was time-consuming when many analytes needed to 

be focused (Ma et al., 2013; Bokhon et al., 2021). 

Response surface methodology (RSM) is one of the most 

helpful statistical optimization tools that has been 

progressively used in the optimization process. RSM 

identified the effects of the independent variables 

towards responses and the relationship between the 

independent variables and responses of this study 

(Bokhon et al., 2021). It ensures that the maximum 

responses of all analytes are generated with minimum 

time on the optimization. For example, RSM was used in 

optimizing headspace conditions for benzene in 

beverages (Kim et al., 2019) and volatile compounds in 

high-fat dairy powders (Salum and Erbay, 2019), 

margarine (Dadalı and Elmacı, 2019) and baked 

confectionery products (Garvey et al., 2020). To the best 

of our knowledge, there is no published study to 

optimize headspace conditions using RSM for alcohol 

determination in fermented beverages let alone the 
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detection of alcohol in fresh or fermented DPS. 

Therefore, this study applied RSM in the optimization of 

the headspace conditions for alcohol determination 

involving three independent variables, which are the 

volume of the sample, oven temperature, and time of 

equilibrium in getting the maximum responses, which is 

the peak area of all the analytes.  

The optimization and validation of an analytical 

method are normally based on the suitability of the 

working conditions of the intended analytes to ensure the 

method is fit for purpose. An established method is 

normally validated concerning selectivity, sensitivity, 

linearity, range of determination, limit of detection, 

precision and accuracy (Ornelas-Soto et al., 2011). 

Previously published studies of palm sap focused on the 

physicochemical changes of coconut palm (Cocos 

nucifera) sap after fermentation (Xia et al., 2011; 

Singaravadivel and Hariharan, 2012) and the responsible 

analytes for the aroma of the nipa palm (Nypa fruticans) 

sap (Nur Aimi et al., 2013). Due to the limited number of 

studies on the detection of alcohol in palm sap, 

especially in the DPS, this study aimed to optimize a 

simultaneous determination of ethanol, methanol, 

isopropanol, and tert-butanol in the DPS using RSM and 

validate the optimized method in three different samples, 

which are DPS, beer, and wine. 

 

2. Materials and methods 

2.1 Samples 

DPS was randomly harvested from a date farm in 

Kelantan, Malaysia. The sap was collected at midnight 

for its low temperature to reduce spontaneous 

fermentation. The samples were obtained by cutting the 

stalk of matured date palm trees. The open cut of the 

trunk was wrapped with sterile plastic bags to preserve 

its hygiene. The collected DPS was combined and then 

transferred into 200 mL of plastic bottles and quickly 

stored at below 0°C during transportation. The samples 

were kept in the freezer at a temperature of -20°C before 

analysis. The beer and wine were purchased from 

commercial stores in Selangor, Malaysia and kept 

unopened at room temperature before analysis. 

2.2 Chemicals and reagents 

Certified standards of ethanol, methanol, 

isopropanol, and tert-butanol (purity >99%, Dr 

Ehrenstorfer GmbH, Germany) and internal standard of 

pentanol (purity 99.5%, Dr Ehrenstorfer GmbH, 

Germany) were used in this study. All mixed, single 

standard solutions and their additional dilutions were 

prepared using Ultrapure water (Milli-Q® IQ 7003 Pure 

and Ultrapure Water System, Merck KGaA, Germany) 

and were stored at 4°C. Helium (He), Nitrogen (N2), 

Hydrogen (H2), and ultra-high purity zero air (99.99%) 

(Poly Gas Sdn. Bhd., Selangor, Malaysia) were used for 

HS-GC-FID analysis. All chemicals and reagents used in 

this validation were analytical reagent grade that was 

purchased from certified sources. 

2.3 Sample preparation 

All samples were homogenized by using a stirrer 

prior to analysis. During the optimization stage, a range 

of 0.01 to 6.01 mL samples were pipetted into a 20 mL 

headspace vial (Perkin Elmer Inc., USA) before being 

spiked with a certain volume of pentanol as an internal 

standard (target concentration of internal standard is 5 

mg/L). The vial was immediately sealed using a 20 mm 

aluminium seal cap with polytetrafluoroethylene/silicon 

septum (Perkin Elmer Inc., USA) and injected into HS-

GC-FID. 

2.4 HS-GC-FID analysis 

The alcohol (ethanol, methanol, isopropanol and tert

-butanol) content in the samples was analyzed by using 

an automated headspace sampler Turbo Matrix HS40 

(Perkin Elmer Inc., USA) interfaced to the Agilent GC 

6890N (Agilent Technologies, CA, USA) equipped with 

FID. The headspace oven temperature and equilibrium 

time were varied during the optimization step within a 

range of 65–145°C and 2–60 mins, respectively. The 

sample loop temperature was set at 110°C and a transfer 

line (0.25 mm ID silica tubing) with a temperature of 

120°C was used to connect the automated headspace 

sampler and injector of the GC-FID. Pressurization 

pressure, carrier gas pressure, vial pressurization time, 

sample loop fill time, and transfer time were set at 29.0 

psi, 25.6 psi, 1 min, 5 s and 15 s, respectively.  

An Elite-BAC1 Advantage column (30 m, 0.32 mm 

ID, 1.8 um df, Perkin Elmer Inc., USA) was applied in 

this study. Helium gas was used as a carrier gas with a 

flow rate of 1 mL/min. Hydrogen and air were employed 

for the FID at a flow rate of 40 and 400 mL/min, 

respectively. Split mode with a ratio of 50:1 was used in 

this study. The temperature of the column was set at 40°

C and held for 5 mins, increased to 60°C at 5°C/min, 

then increased to 150°C at 75°C/min and held for 3 mins. 

The injector and detector temperature were set at 150°C 

and 250°C, respectively. For the data acquisition, MSD 

ChemStation (Agilent Technologies, CA, USA) software 

(v.E.02.02.1431) was used to process the obtained data.  

2.5 Design of experiment for response surface 

methodology 

RSM was employed in this study to optimize the 

headspace conditions for the optimum detection of 

ethanol, methanol, isopropanol and tert-butanol in the 
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DPS. Central Composite Design (CCD) was used to 

investigate three independent variables; volume of 

sample (X1), oven temperature (X2), and equilibrium 

time (X3) towards the responses of this experimental 

design, which was the peak area of ethanol (Y1), 

methanol (Y2), isopropanol (Y3), and tert-butanol (Y4) at 

five different levels (-α, -1, 0, 1, and α) as shown in 

Table 1. As shown in Table 2, this CCD experimental 

design involved 20 runs (2k + 2k + Cp), where k 

represents the number of independent variables in this 

study, which is 3 and Cp is replications of the centre 

point, which is 6 (Garvey et al., 2020). All experimental 

runs were analyzed in three replicates and the mean of 

the data was used. Then, the second-order polynomial 

model was used to assess the relationship between the 

independent variables and responses of the design as 

shown in Eq. (1): 

 where Y is the predicted response, Xi and Xj are 

independent variables, k is the number of independent 

variables, β0 is the intercept, and Bi, Bii, and Bij are 

regression coefficients for the linear, quadratic, and 

interactive effects, respectively (Yang et al., 2020).  

Effects of the independent variables towards the 

dependent variables of the DPS were discovered using 

one-way analysis of variance (ANOVA), while the 

coefficient of determination (R2) and lack-of-fit value 

were analyzed to assess the capability and fitness of the 

CCD model. The three-dimensional response surface 

plots were visualized to describe the interactions 

between independent variables and dependent variables 

(Yolmeh and Jafari, 2017). Furthermore, a t-test and 

prediction of error were performed to verify the model 

by comparing the predicted and experimental values of 

the optimized model. The percentage of prediction error 

was calculated by using the Eq. (2) according to Sapkal 

and Jagtap (2018): 

2.6 Method validation 

Validation of the method was performed by applying 

the optimized method of HS-GC-FID according to the 

standard operating procedure (SOP) No: A02-023 for 

Method Validation for Chemical Analysis owned by the 

Ministry of Health (MOH), Malaysia. This SOP was 

primarily referred to by Eurachem Guide (Magnusson 

and Ornemark, 2014), the Association of Official 

Analytical Chemists (AOAC, 2002) and the Official 

Journal of the European Communities (European 

Commission, 2002). An in-house validation was 

conducted for all parameters such as specificity, limit of 

detection (LOD), limit of quantitation (LOQ), linearity, 

precision (repeatability and within-laboratory 

reproducibility), and accuracy (recovery). The validation 

involved three types of samples, which are DPS, beer, 

and wine for low, medium, and high concentrations of 

samples, respectively. 

2.6.1 Specificity 

Specificity was conducted to find out the suitability 

of the method in measuring all targeted analytes. It was 

performed by analyzing the blank DPS (DPS without 

being spiked with any analyte), the DPS sample spiked 

with internal standard, known as an internal blank 

sample, and the DPS spiked with both internal and 

external standards; pentanol, ethanol, methanol, 

isopropanol, and tert-butanol, known as internal-external 

blank sample. The samples were then injected to identify 

the retention time of all targeted analytes (pentanol, 

ethanol, methanol, isopropanol, and tert-butanol) by 

Independent variables Coded 
Level of correspondence 

-α (-1.68179) -1 0 1 α (1.68179) 

Volume of samples (mL) X1 0.33 1 2 3 3.69 

Oven temperature (°C) X2 71 85 105 125 138 

Equilibrium time (mins) X3 6.6 17 31 46 55.4 

Table 1. Independent variables and their correspondence coded levels for response surface methodology (RSM) with central 

composite design (CCD). 

 (1) 

(2) 

Run 
Independent variables 

X1 (mL) X2 (°C) X3 (mins) 
1 1.01 85 16.5 
2 3.01 85 16.5 
3 1.01 125 16.5 
4 3.01 125 16.5 
5 1.01 85 45.5 
6 3.01 85 45.5 
7 1.01 125 45.5 
8 3.01 125 45.5 
9 0.33 105 31.0 

10 3.69 105 31.0 
11 2.01 71 31.0 
12 2.01 138 31.0 
13 2.01 105 6.6 
14 2.01 105 55.4 
15 2.01 105 31.0 
16 2.01 105 31.0 
17 2.01 105 31.0 
18 2.01 105 31.0 
19 2.01 105 31.0 
20 2.01 105 31.0 

Table 2. Central composite design (CCD) matrix of 

independent variables in the date palm sap. 
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comparing each chromatogram. 

2.6.2 Limit of detection and limit of quantification 

LOD and LOQ were established by calculating the 

standard deviation from the calibration curve. Ten levels 

of mixed standard solutions were prepared with a 

concentration of 0.001, 0.005, 0.01, 0.05, 0.1, 0.5, 1, 4, 

7, and 10% (v/v) for ethanol and 0.4, 0.6, 0.8, 1.0, 1.2, 

1.4, 1.6, 1.8, and 2.0 mg/L for methanol, isopropanol and 

tert-butanol. The solutions were analyzed for three 

batches using different freshly prepared standards. The 

LOD and LOQ were computed using Eq. (3) and Eq. (4), 

respectively as follows: 

where SD is the standard deviation of the y-intercept 

and b is the sensitivity or slope of the regression line 

according to the International Conference on 

Harmonization (ICH) of Technical Requirements (2005).  

2.6.3 Linearity 

Linearity was performed by preparing six levels of 

calibration solutions starting from the LOQ level. The 

mix standard solutions were prepared at a concentration 

of 1.0, 3.0, 5.0, 10, 30 and 50 mg/L for methanol and 

0.5, 1.0, 5.0, 10, 30 and 50 mg/L for isopropanol and tert

-butanol. While 0.03, 0.1, 1.0, 5.0, 20, and 40% (v/v) of 

concentration were prepared for ethanol. The standard 

solutions were analyzed for three different batches at 

different times. The coefficient of determination (R2) 

was determined to assess the linearity following 

Wachelko et al. (2021). The linearity was verified by 

conducting a lack-of-fit test and regression test.  

2.6.4 Precision and recovery 

Precision and recovery were obtained by spiking the 

blank DPS, beer, and wine with LOQ, 5% (v/v), and 

30% (v/v) of ethanol and LOQ, 5 mg/L, and 30 mg/L of 

methanol, isopropanol, and tert-butanol, respectively, to 

represent the low, medium, and high-level concentration 

of these alcohols. Precision studies of DPS, beer, and 

wine were carried out by using repeatability (r) and 

within-lab reproducibility (R), which are well-known 

precision measures for in-house validation (AOAC, 

2002). For repeatability, ten batches of duplicate DPS, 

beer, and wine for each spiked concentration of all 

analytes were analyzed by the same analyst. To 

determine the within-lab reproducibility, ten batches of 

duplicate DPS, beer, and wine for each spiked 

concentration of all analytes were analyzed by three 

different analysts at a different time. The performance of 

precision was evaluated by using the Horwitz equation 

and Horrat ratio. The acceptance criteria relative to the 

standard deviation of r (RSDr) and R (RSDR) were 

evaluated by using Eq. (5) and Eq. (6), respectively 

(AOAC, 2002), where C is the concentration conveyed 

in a decimal fraction. The equations are as follows: 

According to the AOAC Guidelines for Single 

Laboratory Validation of Chemical Methods (2002), the 

calculated RSDr for ethanol is 4%, 2%, and 1.5% for 

low, medium, and high-level concentrations, 

respectively. The calculated RSDr is 8% for low-level 

and 6% for both medium and high-level concentrations 

of methanol, isopropanol, and tert-butanol. The 

calculated RSDR is 8%, 4%, and 3% for low, medium, 

and high-level concentrations of ethanol, respectively. 

The calculated RSDR is 16% for low-level and 11% for 

both medium and high-level concentrations of methanol, 

isopropanol, and tert-butanol. Horrat ratio was calculated 

by using the value from Eq. (5) and Eq. (6) with the 

calculated RSDr or RSDR as follows:  

Recovery was performed by spiking low, medium, 

and high concentrations of analytes into the blank DPS, 

beer, and wine, respectively. The recovery must fall 

within an acceptable range of 85–110%, 92–105%, and 

95–102% for all levels of concentration of ethanol. The 

recovery must fall within an acceptable range of 75–

120% and 80–115% for low and both medium and high 

concentrations of methanol, isopropanol, and tert-

butanol as stipulated by AOAC (2002). The recovery 

was calculated by using Eq. (9) as mentioned by the 

European Commission (2002): 

2.7 Statistical analysis 

Each analysis was conducted in triplicate and the 

average of the data was used in the calculation. The 

ANOVA, multiple regression analysis, lack-of-fit test, 

response surface analysis, F-test, and t-test was 

calculated by using Minitab software (version 17). F-test 

and t-test were performed to find significant differences 

between results. All data were analyzed statistically at 

the confidence level of 95% (p < 0.05). 
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3. Results and discussion 

3.1 Optimization of HS-GC-FID using response surface 

methodology 

3.1.1 Establishment of HS-GC-FID conditions for 

alcohol analysis 

The operating conditions for the headspace were 

optimized based on previous literature involving several 

factors that have effects on the recovery and sensitivity 

of the method. The conditions were identified as 

independent variables, such as sample volume, oven 

temperature and equilibrium time (Li et al., 2009; Zhang 

et al., 2015; Kim et al., 2019; Bokhon et al., 2021). 

Based on Li et al. (2009), Zhang et al. (2015) and Kim et 

al. (2019), different ranges of sample volume were set 

for optimization of headspace conditions. It was found 

that when using the full evaporation technique of 

headspace for the determination of ethanol and methanol 

in wines (Zhang et al., 2015), the optimum sample 

volume for methanol and ethanol is 30 μL and 60 μL, 

respectively. The range of sample volume used in that 

study is 0 μL–60 μL and the optimization was conducted 

conventionally, without application of RSM. According 

to Nur Aimi et al. (2013), 0.1 mL and 3 mL of nipa palm 

sap were used to determine the amount of ethanol and 

other alcohol, respectively. Tipler (2013) also reported 

that the concentration of ethanol reached equilibrium 

when the sample volume was 4 mL and there was no 

increment in terms of ethanol concentration even though 

the volume of the sample was increased constantly at the 

interval of 2 mL up to 12 mL. A larger sample size is 

desirable in obtaining better detection sensitivity, but 

some of the volatile solutes may remain in the condensed 

phase if the sample size is too large. In that case, full 

evaporation of the analytes will not be reached. Besides, 

the sample size of headspace analysis is varied and 

depends on what types of targeted analytes as well as the 

nature of the sample matrices (Li et al., 2009). In this 

regard, the sample volume within the range of 0.33 mL 

and 3.69 mL was selected to be optimized in determining 

the optimum concentration of alcohols in the DPS.  

The high temperature of the headspace oven is 

needed to help the analytes turn into the vapour phase 

from the liquid phase, but too high of a temperature can 

cause high pressure, which will lead to sample leaking or 

vial explosion (Li et al., 2007; Zhang et al., 2015). Due 

to that, the selection of range considered all analytes’ 

boiling points, including the internal standard used to 

ensure full evaporation had taken place. The boiling 

point of ethanol, methanol, isopropanol, tert-butanol, and 

pentanol is 78°C, 65°C, 82°C, 83°C, and 138°C 

respectively (LibreTexts Chemistry, 2020). Therefore, 

the range of 71–138°C for headspace oven temperature 

was decided for this study. The necessary equilibrium 

time needs to be established to ensure that the analytes 

have reached their saturation in the vapour phase because 

once reach their saturation, the response will be no 

longer increased (Tipler, 2013). The shortest and longest 

equilibrium times used by the previous researchers were 

2 mins (Li et al., 2007) and 60 mins (Zhang and Guo, 

2017), respectively. Therefore, the range of 6.6–55.4 

mins of equilibrium time was selected for this study.  

The peak area of each analyte was chosen as the 

dependent variable as it represents the corresponding 

concentrations of the analytes in the samples (Zhang et 

al., 2015). The optimization was conducted to obtain the 

best combination values of independent variables for the 

maximum response of each analyte. The selection of GC 

peak area as a dependent variable was reported in the 

determination of methanol and ethanol in industrial oils 

(Bokhon et al., 2021) and wines (Zhang et al., 2015), 

benzene in beverages (Kim et al., 2019) and ethanol in 

fermentation liquor (Li et al., 2009). The ethanol was 

spiked at a concentration of 5%, while other alcohols 

(methanol, isopropanol, and tert-butanol) were spiked at 

a concentration of 5 mg/L for the whole optimization 

process. 

3.1.2 Interactions between independent variables 

and response variables 

Table 2 summarizes the CCD matrix of independent 

variables for the determination of ethanol, methanol, 

isopropanol, and tert-butanol in the DPS. The linear, 

quadratic, and interaction effects of the independent 

variables towards response variables were analyzed 

using ANOVA and tabulated in Table 3. According to 

Yang et al. (2020), a p-value is considered significant 

when it is less than 0.05, while the F-value represents the 

influence of the factor on the evaluation index. A larger 

F-value indicates a higher impact on the index. The 

model was found to be satisfactory with a coefficient 

(R2) of 0.833, 0.857, 0.940, and 0.912 for response 

variables of Y1, Y2, Y3 and Y4, respectively. As shown in 

Table 3, no significant lack-of-fit was observed (p>0.05) 

for all response variables, suggesting that the model is fit 

and satisfactory. 

The volume of the sample showed significant values 

for all response variables except for the peak area of 

isopropanol. The sample’s volume also has a good 

interaction with the oven temperature for all peak areas 

of analytes but has only a positive interaction with the 

equilibrium time for the peak area of ethanol. Larger 

sample volumes can increase the sensitivity of the 

detection method (Kolb and Ettre, 2006). Therefore, a 

higher volume of samples will generate a higher peak 

area of the analytes. However, if the sample volume is 

too large, some of the volatile contents may remain 
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inside the sample and will prevent the full equilibrium 

and evaporation of analytes, thus leading to reducing the 

peak area of those analytes (Zhang et al., 2015). Larger 

sample volumes also need higher temperatures and a 

longer equilibrium time to ensure the complete transfer 

of analytes occurs in the headspace area (Liu et al., 

2014). This was clearly demonstrated in Figures 1 (a) 

and (b), as well as in Figures 1 (g), (h), and (j). 

According to Table 3, the oven temperature showed 

significant values for all linear and quadratic response 

variables (p-value <0.05), except for the quadratic 

response of methanol. As shown in Figures 1 (c) and (f), 

as well as in Figures 1 (i) and (l), increasing the 

temperature of the oven will ensure volatile solutes 

inside the liquid phase of the sample enter the headspace 

phase thus increasing the peak area of analytes (Zhang et 

al., 2015). However, too high of temperature may lead to 

the degradation of analytes, which will cause a decrease 

in the peak area of analytes (Câmara et al., 2006). Also, 

it may increase the risk of sample leaking or even 

bursting the headspace vial (Zhang et al., 2015). These 

research findings were in accordance with what has been 

reported by Ma et al. (2013) and Kreutz et al. (2018). 

Equilibrium time can be defined as the time needed 

for each analyte to fully transfer from its original state of 

samples into the headspace area, as well as reaching its 

equilibrium to ensure high recovery of analytes (Garvey 

et al., 2020). According to Table 3, equilibrium time 

showed only significant values for linear response (X3) 

of isopropanol and has good interaction with oven 

temperature for peak area of isopropanol. However, 

equilibrium time shows a positive interaction with the 

volume of the sample for the peak area of ethanol. The 

equilibrium time of the headspace was not a relevant 

factor to tert-butanol possibly due to its high molecular 

weight as compared to other analytes, which takes a 

much longer time to achieve (Kreutz et al., 2018). 

Based on the optimization study using CCD, the 

optimum headspace conditions for all the analytes in the 

DPS were 2.5 mL of the volume of the sample at 102°C 

of oven temperature for 31.7 mins of equilibrium time. 

The desirability function was applied in this study to 

ensure the optimization of headspace conditions is 

achieved. This function is applicable in combining all 

optimum conditions for each response, and then 

providing one best condition towards all responses. The 

value of desirability is between 0 to 1, where 1 is the 

most ideal value (Garvey et al., 2020). The optimization 

desirability value of this study is 0.927, which is close to 

1. Hence, the headspace conditions of this study are the 

most suitable to be applied for the determination of 

ethanol, methanol, isopropanol and tert-butanol. 

3.1.3 Verification of model 

The proposed optimum headspace conditions of 

sample volume (2.5 mL), oven temperature (102°C), and 

equilibrium time (31.7 mins) were applied in an 

experiment (n = 5) to verify the proposed HS-GC-FID 

method. The average experimental results and predicted 

results for peak area of ethanol, methanol, isopropanol, 

and tert-butanol, p-value, and the percentage of 

prediction error were presented in Table 4. There is no 

significant difference (p-value > 0.05) between the 

predicted and experimental results for all the response 

variables. The prediction of error also shows that the 

responses are satisfactory as the overall percentage of 

prediction error is 0.773%, which the experimental 

results are close to the predicted results. Therefore, the 

optimized headspace conditions from CCD are fit to be 

used for further validation. 

 

Table 3. ANOVA of central composite design (CCD) for independent variables and response variables. 

Source 
Peak area of ethanol 

(Y1) 
Peak area of methanol 

(Y2) 
Peak area of isopropanol 

(Y3) 
Peak area of tert-butanol 

(Y4) 
F-value p-value F-value p-value F-value p-value F-value p-value 

Model 5.55 0.007* 6.67 0.003* 17.38 ≤0.001* 11.55 ≤0.001* 
X1

a 6.69 0.027* 5.07 0.048* 2.43 0.150 6.40 0.044* 
X2

b 7.31 0.022* 9.73 0.011* 46.58 ≤0.001* 50.13 ≤0.001* 
X3

c 2.18 0.170 0.97 0.348 4.99 0.049* 0.00 0.991 
X1

2 7.10 0.024* 1.81 0.209 8.73 0.014* 16.52 0.002* 
X2

2 26.14 ≤0.001* 41.25 ≤0.001* 94.28 ≤0.001* 36.50 ≤0.001* 
X3

2 2.03 0.185 5.70 0.045* 6.99 0.025* 0.01 0.942 
X1 X2 5.76 0.037* 5.73 0.039* 5.22 0.038* 5.95 0.038* 
X1 X3 4.69 0.042* 0.11 0.749 0.11 0.752 0.22 0.647 
X2 X3 0.83 0.384 0.11 0.748 5.93 0.035* 0.05 0.828 

Lack of fit 2.40 0.160 4.70 0.053 0.85 0.479 3.99 0.083 
X1 = Volume of sample (mL); X2 = Oven temperature (°C); X3 = Equilibrium time (mins). 

*p-value < 0.05 = significant. 
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Responses Experimental valuesa Predicted values p-value Percentage of error (%) 
Peak area of ethanol 110543.831±153.789 110500.000 0.542* 0.040 

Peak area of methanol 6.874±0.300 6.712 0.261* 2.360 
Peak area of isopropanol 38.836±0.257 38.670 0.188* 0.426 
Peak area of tert-butanol 38.180±0.725 38.078 0.761* 0.267 

Overall percentage error     0.773 

Table 4. Comparison between the experimental values and predicted values of RSM. 

aExperimental values were presented as mean ± standard deviation (n = 5). 

*p-value > 0.05 = not significant. 

Figure 1. Response surface plot (3D) of interactive effects between the volume of sample (mL), oven temperature (°C), and 

equilibrium time (minutes) towards the peak area of ethanol (Y1), peak area of methanol (Y2), isopropanol (Y3), peak area of 

tert-butanol (Y4).  
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3.2 Method validation 

3.2.1 Specificity 

Specificity is defined as the capability of a particular 

method to distinguish and quantify the target analytes in 

the existence of other analytes or interferences (AOAC, 

2002). Figure 2 shows the chromatogram of alcohol 

determination in the blank DPS and spiked blank DPS. 

The peaks were consistent with no splits, shoulder, or 

overlapping for all analytes between the retention time of 

3 and 8 min for ethanol, methanol, isopropanol, and tert-

butanol. Pentanol was located at the retention time 

between 11 and 12 mins. This indicated that well 

separation of peaks and a good resolution were obtained 

for all the analytes as no interferences were observed. 

Even though the peak of ethanol and isopropanol was 

close to each other, it was not a major drawback since 

high concentrations of both analytes are infrequent in 

non-alcoholic beverages (Rollman et al., 2021). This was 

in accordance with Ebersole et al. (2017) who reported a 

good separation of ethanol and propanol in kombucha 

without any overlapping peak. 

3.2.2 Limit of detection and limit of quantification  

LOD is defined as the minimum amount of a target 

analyte, which can be detected by a particular method, 

but not certainly can be quantitated as a definite value, 

while LOQ is described as the minimum amount of a 

particular analyte, which can be determined 

quantitatively with acceptable precision and accuracy 

(ICH, 2005). The LOD and LOQ of ethanol, methanol, 

isopropanol, and tert-butanol were established according 

to the first point of the calibration curve and evaluated 

based on the linearity study. As shown in Table 5, the 

LOD of 0.01% (v/v) was detected for ethanol, 0.3 mg/L 

for methanol, and 0.1 mg/L for both isopropanol and tert

-butanol. While the LOQ of 0.03% (v/v), 1.0 mg/L, and 

0.5 mg/L was detected for ethanol, methanol, and both 

isopropanol and tert-butanol, respectively. Unlike other 

alcohols, a percentage was used to express the amount of 

ethanol in declaring the alcohol in alcoholic beverages in 

Malaysia. For example, Malaysia’s Food Regulation 

1985 (Laws of Malaysia, 2017) stipulated that the lowest 

level of ethanol in alcoholic beverages should not be less 

than 2% (v/v). Furthermore, the permissible limit of 

alcohol content in beverages to be considered Halal in 

Malaysia is 1% (v/v) (JAKIM, 2011). It is noteworthy 

that the limit of concentration for methanol, isopropanol, 

and tert-butanol in beverages was not mentioned in 

Malaysia’s Food Regulation 1985. However, the lowest 

detection and quantification limit possible were 

recommended for these alcohols due to their inedible 

status (Giovanetti, 2013). Therefore, the unit of 

milligram per litre (mg/L) was used to report the 

concentration of these analytes.  

The LOQ of ethanol in the current study is well 

below the permissible limit of ethanol due to the high 

sensitivity of GC-HS-FID used. Therefore, this validated 

Figure 2. Headspace gas chromatography (GC-HS) chromatogram of (a) blank date palm sap; (b) date palm sap spiked with 

internal standard (pentanol); (c) date palm sap spiked with ethanol, methanol, isopropanol, and tert-butanol, together with 

internal standard (pentanol). 
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method can be used to determine the ethanol 

concentration in both non-alcoholic and alcoholic 

beverages for Halal and food fraud surveillance purposes 

in Malaysia. The LOD and LOQ of methanol in the 

present study were lower than those reported in alcohol-

free malt beverages, energy drinks, and fruit juices 

(Sirhan et al., 2019) as well as in wine (Zhang et al., 

2015), which is 5.74 mg/L and 13.0 mg/L, respectively. 

On the other hand, a previous study reported the same 

value of LOD but a lower value of LOQ of isopropanol 

and tert-butanol in beer, fruit wine, rice wine, and spirit 

(Kim et al., 2017) as compared to this research. Another 

study mentioned the detected concentration of these 

alcohols in alcoholic beverages, but the LOD and LOQ 

of isopropanol and tert-butanol were not identified 

(Destanoğlu and ATEŞ, 2019). These analytes are 

denaturants for ethanol and are always used as a 

substitute for alcoholic beverages to increase the 

alcoholic strength of the products (Lachenmeier, 2016). 

The human tolerable content of ethanol and methanol 

varies between individuals, depending on their physical 

and health conditions (Ou et al., 2019). However, it was 

reported that methanol and ethanol lethal doses were 25–

75 mL and 384 mL, respectively, for 60 kg of body 

weight (Tulashie et al., 2017). 

3.2.3 Linearity 

Linearity is expressed as the capability of the method 

to acquire results directly proportional to the 

concentration of analytes in the sample, according to its 

designated range (ICH, 2005). As displayed in Table 5, 

the calibration curves displayed a good correlation 

coefficient with R2 of 0.998, 0.990, 0.990, and 0.990 for 

ethanol, methanol, isopropanol and tert-butanol, 

respectively. A high value of correlation coefficient of 

more than 0.99 is normally suggested as a goodness of fit 

(AOAC, 2002). The lack-of-fit and regression test was 

accepted for all the analytes within the linear working 

range. The acceptable working range of ethanol and 

methanol is 0.03–40% (v/v) and 1.0–50 mg/L, 

respectively. The linear working range for both 

isopropanol and tert-butanol is 0.5–50 mg/L. The 

linearity of this study was in accordance with that 

reported in black liquors (Li et al., 2007), nipa palm sap 

(Nur Aimi et al., 2013), soy sauce (Liu et al., 2014), 

kombucha (Ebersole et al., 2017), alcohol-free 

beverages, energy drinks and fruit juices (Sirhan et al., 

2019), and non-beverage alcohol (Rollman et al., 2021) 

with the R2 ranging from 0.982 to 0.999. 

3.2.4 Precision and accuracy 

The precision of a particular method is described as 

the closeness of the experimental data to each other 

when being collected from the same homogenous sample 

under specified conditions (ICH, 2005). The parameters 

used for precision are repeatability (r) and 

reproducibility (R). Repeatability (r) is the precision with 

the same operating conditions over a certain period, 

while reproducibility (R) is the precision between 

different analysts, instruments, or times. On the other 

hand, accuracy is the closeness of the collected data 

towards reference value (ICH, 2005). Table 6 shows the 

precision data of relative standard deviation for 

repeatability (RSDr) and reproducibility (RSDR), as well 

as the accuracy (i.e., recovery) of the spiked DPS, beer, 

and wine. The obtained values of RSDr for ethanol, 

methanol, isopropanol, and tert-butanol ranged from 0.7

–2.8%, 1.4–3.7%, 2.2–4.3%, and 1.4–2.5%, respectively. 

These values were lower than the acceptable values of 

RSDr from Eq. (5) for ethanol (1.2–3.4%), methanol (4.8

–7.9%), and both isopropanol and tert-butanol (4.8–

8.8%) (AOAC, 2002). The obtained values of RSDR for 

ethanol, methanol, isopropanol, and tert-butanol ranged 

from 1.5–6.5%, 3.4–4.9%, 2.5–10.2%, and 3.0–8.9%, 

respectively. These values were lower than the range of 

acceptable values of RSDR from Eq. (6) for ethanol (2.4–

6.8%), methanol (9.5–15.9%), and both isopropanol and 

tert-butanol (9.5–17.6%) (AOAC, 2002). This indicated 

that the performance of this method was satisfactory. 

The precision obtained in this study was higher than the 

previous author, who reported a range of 1.2–4.8 % for 

ethanol in craft beers, wines, and soft drinks (Wachełko 

et al., 2021) but lower than what was observed in alcohol

-free beverages, energy drinks, and fruit juices for 

ethanol and methanol with 5.3–9.2% (Sirhan et al., 

2019). 

As shown in Table 6, the recoveries of ethanol, 

methanol, isopropanol, and tert-butanol in the spiked 

DPS, beer, and wine were between 99.9–104.7%, 99.5–

114.1%, 87.8–101.5%, and 100.0–108.5%, respectively. 

The values were within an acceptable recovery range for 

specific concentrations according to AOAC (2002). The 

Analytes LOD LOQ Linear range Equation R2 
Ethanol (%) 0.01 0.03 0.03–40 y = 8474.5x + 953.5 0.998 

Methanol (mg/L) 0.3 1.0 1.0–50 y = 0.6271x – 0.6775 0.990 
Isopropanol (mg/L) 0.1 0.5 0.5–50 y = 1.3830x + 2.3016 0.990 
Tert-butanol (mg/L) 0.1 0.5 0.5–50 y = 3.2288x + 4.6862 0.990 

Table 5. Limit of detection (LOD), limit of quantification (LOQ), and linearity for ethanol, methanol, isopropanol, and tert-

butanol in date palm sap, beer, and wine. 

LOD = limit of detection; LOQ = limit of quantification; R2 = coefficient of determination 
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recovery of ethanol and methanol in this study was 

higher than what was reported in energy drinks and malt 

beverages with a range of 84.9–112.8% and 83.0–

110.2%, respectively (Sirhan et al., 2019). However, the 

recovery of ethanol in this study was similar to what was 

reported by Nur Aimi et al. (2013) in nipa palm sap and 

Ebersole et al. (2017) in kombucha beverages with 

97.5% and 99.6–100.4%, respectively. Zhang et al. 

(2015) reported recovery of ethanol and methanol in 

wines ranging from 96.1–104%. Table 5 shows the 

Horrat ratio for repeatability (Horratr) and reproducibility 

(HorratR) of the spiked DPS, beer, and wine. In this 

study, the values of Horratr ratio were within the range of 

0.8–0.9 for ethanol, 0.8–1.0 for methanol, and 0.8–1.1 

for both isopropanol and tert-butanol. The values of 

HorratR ratio were within the range of 0.8–0.9 for 

ethanol and 0.9–1.1 for methanol, isopropanol, and tert-

butanol, respectively. These values were within an 

acceptable range of 0.5–2.0 as stipulated by AOAC 

(2002).  

 

4. Conclusion  

A HS-GC-FID method for the determination of 

ethanol, methanol, isopropanol, and tert-butanol in DPS, 

beer, and wine was successfully optimized by using 

RSM and validated. The optimized headspace conditions 

obtained were 2.5 mL of the volume of the sample, 102°

C of oven temperature, and 31.7 mins of equilibrium 

time. The validated method demonstrated an acceptable 

and satisfactory performance regarding specificity, LOD, 

LOQ, linearity, precision, and accuracy. Therefore, the 

entire procedure combining headspace sample injection 

and analyte detection using GC-FID is fit for its intended 

purpose and can be applied in detecting ethanol, 

methanol, isopropanol, and tert-butanol in DPS, beer, 

and wine. Due to its much wider range of analytes, the 

application of this method can be potentially extended to 

other fermented and alcoholic beverages for products’ 

quality, safety, and Halal assurance purposes with further 

validation. 
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