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Determination of Ethanol in Fermented Broth by Headspace Gas
Chromatography using Capillary Column
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The gas chromatography (GC) method in analytical chemistry is a quick and accurate method to detect
volatile components like ethanol. A method for determining volatile components known as Headspace
chromatography (HS-GC) was developed along with an internal standard method (ISM) to identify ethanol
in fermented broth in the laboratory. The aim of this research is determining the concentration of ethanol in
fermented broth using capillary column (ZB-1). This method can analyze ethanol concentrations in the
fermented medium broth ranging from 10 to 200 g/L.  The validation of this method was done in order to
obtain the results to be of high precision and the significant, precision was represented as the relative
standard deviation (RSD) which was less than 5%, accuracy was less than 4 % and significance level was
p < 0.05. It was found that this method exhibited good reproducibility.
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Bio-analysis knows a continuous and rapid development
including electrochemical and, optical methods, but was
making possible with advanced chromatography
techniques [1-4].  Thus, static headspace gas chromato-
graphy (SH-GC) analysis is a procedure applied to the
analysis and concentration of volatile organic compounds.
This procedure is rather simple and to be able to get
sensitivity like dynamic purge and trap operation [5, 6].

Laboratory use of this method has increased and has
worldwide validated to analyze alcohol and blood alcohol
in biological samples and solvents used in pharmaceutical
industries. Other known applications of this method include
laboratory analysis of monomers in polymers, plastics and
flavor enhancers in beverages, products of food and aroma
in perfumes and cosmetics [1, 6, 7].

Complicated samples such as biological solution, blood,
cosmetics and plastics contain high-molecular weight
materials, some of which are non-volatile that can be
deposited into the GC injection port and lead to poor
analytical result therefore, lots of analysts use several
methods in laboratories for intensive sample preparation
to concentrate and extract interest compounds from this
undesired material. These evaporation and concentration
process can take a long time and more cost. Using analysis
of static headspace will reduce time and cost by sampling
the volatile component of headspace directly into the GC
injection port [8, 9]. A headspace sample is usually prepared
in a vial which divide in two phases, liquid phase contain
the volatile component, the dilution solvent, a matrix
modifier, and vapor phase (headspace) at the top of the
vial, see figure 1. The volatile components of the mixture
of complex samples (L) will be separated from the non-
volatile sample components and collected in the head
vacuum or steam part of the sample vial (G). An appropriate
volume of the vapor in the headspace is withdrawn to
deliver to a GC system for partition and detection of volatile
components [10, 11].

The analysis by using of gas chromatography can
determine qualitative analysis according to retention time
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and quantitative analysis using the area under the curve of
a chromatographic peak which gives it the best
performance compare with among old methods. In this
method the sample will be stored in a shut vial, the volatile
analytes evaporate toward the vial headspace, in this
method of analysis the sample is put in a locked vial. The
volatile components evaporate into the vial headspace was
shown in figure 1. When equilibrium state between the
interesting volatile analytes concentration in the liquid
phase (sample) and in vapor phase (headspace) is
reached, an appropriate volume is taken from the
headspace and injected into the gas chromatography; this
injection can be carried out manual or with an auto sampler
at higher pressure and temperature than ambient
conditions [12]. Nowadays, the headspace gas
chromatography method is desired because the
contaminants that will reach to the injection port and the
separation column of the gas chromatography will be as
low as possible [13, 14].

Fig. 1. Phases of sample in the
headspace container, G- the vapor
phase (headspace), L- the liquid

phase [10]

Experimental part
Materials and methods

Chemicals used in this research are: absolute ethanol
(HAYMAN, UK); n-butanol (sigma Aldrich), baker’s yeast
(local market), Glucose and other chemicals used in the
fermentation were from Sigma Aldrich.
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Sample preparation
Fermentation medium  (broth) was prepared  by mixing

100  g/L glucose, 8.5 g/L yeast extract, 1.3 g/L NH4Cl, 0.12
g/L MgSO4.7H2O and 0.06 g/L CaCl2, [15]. Broth medium
was inoculated via baker’s yeast by 100 mL of inoculated
broth sample which was prepared in former step,
fermentation process was conducted in 1 L sterile shake
flasks, metal caps as closures, and sterile pipets, A shaker
flask incubate at 35 ± 2oC and 150 rpm for about 3 days,
and then it was cooled to 0 oC and stored for another days.

 It was taken 5 mL of fermented broth samples at
different interval times (6, 12, 24, 48, 72 h) then the
samples are taken to centrifuge within one hour after taking
the sampling. This can be performed by rotating at 3000
RPM for ten minutes, and then plugged immediately with
its ground glass stopper. Filtrated portion of liquid  of the
sample will pass through a 0.45 mm micro filter after that
, sample analyzing was perform  as follow: 2 mL of
fermented broth  was mixed  with 3ml of internal standard
(n-butanol, 4 g/L) in a 10 mL vial, and then the vial was
tightly closed immediately with a suitable caps. Each
analysis was undertaken in triplicate with different vials.
In order to minimize the loss of volatile compounds, the
samples were not analyzed will be saved at 4 oC.

- Internal standard calibration and standardization
Internal standard calibration is a familiar approach to

quantitative analysis of static headspace gas
chromatography; this method allows overcoming for any
deviation caused by matrix effects and injection conditions
of gas chromatography. Before the separation by extraction,
a known concentration of analyte is added to each standard
solutions and sample. That compound is called the internal
standard. The choice of an internal standard that is suitable
for the analysis of different analyzes is considered the
important part of the internal standard calibration. Internal
standard compound must be pure form and doesn’t exist
in the samples, at least at in the analyzed area, according
these limitations it was chosen, an appropriate
concentration internal standard, using reagent n-butanol.
The same percentage of the internal standard solution for
each standard and sample analyzed should be added by
using this method.  For accomplish of calibration curve; 3
mL of (4 g/L) internal standard be added to 2 mL of standard
solution into a 10 mL vial .Prepare 4 points of ethanol

analytical standards, using 200 proof ethanol, ranging from
10 to 200 g/L, vial is sealed, samples will place in the oven
at temperature 70oC for 15 min, more volatile compound
(ethanol), which results from heating the sample will rise
to the head area  until the equilibrium state is reached,
1mL of the headspace volume was taken for injected
directly into a GC with tightly syringe, 1-2 intermediate
calibration were prepared as verification solutions from
the separate ethanol source, then can  be account ethanol
content by forming calibration curve by plotting the ratio of
the analyte signal (area of the peak) to the standard signal
as function to analyte concentration of the standards, figure
2 show that.

Instrumentation and GC condition
In this study GC (Shimadzu, Japan, 2014) was used,

which was equipped with computer integrator software
(GC solution, Shimadzu) and the flame ionization detector
(FID). Hydrogen and air flow rate were set at 30 and 300
mL/min, respectively. Temperature of the FID detector and
the injection port was set at 250, and 120oC, respectively.
The flow rate of nitrogen is 6 mL/min, split ratio is 2, and
column flow is 1mL used as the carrier gas. ZB-1
(phenomenx) separation column (L: 30 m, ID: 0.32 mm,
HP-5, 5% phenyl methyl siloxane capillary column from
Phenomenix with a low-film thickness of 0.5µm) was used
to perform in this study. In the beginning: the oven
temperature was set at 40oC for 4.5 min, and then increased
to the final temperature of 120oC for 1 min at the rate 40oC/
min. The volume of injection was 1mL. Split injection mode
was selected. The 10 mL headspace vials and the
aluminum crimp caps were obtained from Phenomenix.
The 1000 µmL micro pipette were obtained from Dragon
(Shanghai, China).

Statistical analysis
All the data used for method validation were analyzed

according to SPSS 14.0, and the data used for qualitative
analysis. The statistical significance level was set at P <
0.05.

Results and discussions
This type of column (ZB-1, 40 meter) was selected

because we intend to know the ability and the range of
ethanol concentration which can determine by using
standard solution of ethanol and real solution that represent

Fig. 2. Retention time of ethanol (2.73 min) :
n- butanol used as internal standard solution
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of bioethanol in fermented broth when we use static
headspace gas chromatography ((SH-GC)) technique
instead of direct injection of liquid.ZB-1 (100, 150 meter)
column is the most popular column for the determination
of ethanol content of denatured fuel ethanol by direct
injection of liquid [16, 17]

The GC conditions used which is described in materials
and methods are selected after many times of runs for
reaching the best resolution, the retention time of ethanol
was 2.73 min and n- butanol which used as internal
standard solution was 7 min as shown in figure 2.

Validation of the analysis method
A pure ethanol solution (99.9% w/w) was mix with

distilled water to get ethanol concentrations (200, 100, 50,
25, 12, and 10 mg/mL). Each diluted solution sample (2
mL) was poured into a 10-mL caped vial. After mixing
with (3 mL) of a (4m g/mL) internal standard spiking
solution (equivalent to 12 mg), vial is tightly closed,
samples will place in the oven at temperature 70 oC for
time 15 min, volatile compound (ethanol) in the sample
will partition into the headspace until reaches equilibrium
state, 1 mL of the head space phase was directly injected
into a GC with syringe. All concentrations of were measured
in three time (triplicate).

Relative standard deviation (RSD) or called coefficient
of variation (CV) was used to evaluate precision which
obtained  of each internal standard solution have the same
concentration at a rate of three times of each sample,
which was less than 5% for most samples.

 Relative error of the mean (REM) was used to measure
the accuracy, This relationship was calculated as
difference between measured value and true value of
concentrations divided by true value by a gas
chromatograph,  generally (REM) was less than 4% for all
samples.

Relative response factor and quantitative ethanol
determination

Taken 2 mL of ethanol at (200, 100, 50, 25, 12.5 and 10
mg/mL) and 3 mL of (4 mg/mL) internal standard solution
were poured into an 10 mL vial, after that the sample is
putted inside a clean vial and the vial is tightly sealed,
samples will place in the oven at temperature 70 oC for
time 15 min, volatile compound (ethanol) from the sample
will partition into the headspace until a state of equilibrium
is reached, 1mL of the  head space of samples was injected
directly into a GC with tightly syringe. It will be generated a
regression line from the GC peak area under curve (A)
ratio of ethanol to n-butanol (y-axis) (AS/AIS), against the
concentration ratio of ethanol (x-axis) (CS), and (fig. 3)
show that.

Table 1 shows the relationship between ethanol content
in the standard solution with (AS/AIS), (RSD) %, (REM) %.
The slope of the regression line will represent relative
response factor (RRF) is the, as in the equation (1):

RRF = (AS/ AIS) ÷ CS  (1)

And then ethanol content was calculated using the
following equation:

CS(mg/mL)=(AS/AIS)x1/(RRF)  (2)

where AS is the ethanol peak area under curve; AIS is n-
butanol peak area under curve; and CS is the ethanol
content (mg/mL).

Fig. 3. Linear Regression of Calibration curve of ethanol
concentration with (AS/AIS)

GC Conditions
For selection of the GC conditions, it has been selected

n-butanol as internal standard because of these reasons;
first, n-butanol as chemical structural is similar to the
analyte (ethanol), and the it will undergo to same extraction
conditions and chromatography, otherwise the
compensation will be lost, second n-butanol available in
extremely pure form and never appear in the samples third
it has retention time (3.5 min) difference about ethanol
retention time (7.3 min) in the chromatogram. As shown
in figure 2.

For choosing of ethanol concentration it was the highest
concertino 200 mg/mL and the lowest concentration was
10 mg/mL. This selection depend on fact that the percent
of ethanol in fermented broth by  yeast of saccharomyces
least than 20% and the concentration of ethanol less than
1% has deform chromatogram. Also for choosing the
concentration of internal standard solution we should to
match between concentration and the volume of internal
standard was added to vial with standard and real solution
to get the best resolution without change the volume of
internal standard solution for ethanol content range depend
on this concept the best concentration of internal standard
was 4 g/mL. The rest of other conditions, were initially
depended on previous studies [17, 18], until were reached
the best conditions. As mentioned before.

Table 1
ETHANOL CONTENT USING GAS

CHROMATOGRAPHY BY STATIC
HEADSPACE GAS CHROMATOGRAPHY

METHOD WITH (RSD) AND (REM)

Table 2
ETHANOL CONTENT DETECTION IN

FERMENTED BROTH
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Determination of ethanol concentration in fermented broth
Five samples of  fermented broth  were taken at different

time (6, 12, 24, 48, 72 h) for determination of ethanol
content by head space gas chromatography as mentioned
before in sample preparation and the results shows in table
2 as follow.

Conclusions
Utilizing a headspace sampling-gas chromatography

which is mixed with an internal standard for the
determination and quantification of ethanol content in
fermented broth medium samples in the laboratory seems
to be very promising in the analysis of volatile components.
Collected data in this research will help to monitor the
fermentation process and determine the concentration of
ethanol in biofuel.  Although ZB-1 column (40 meter) is
smaller than common (ZB-1) columns which used to
determine the ethanol in the solutions but this column show
that it has a good performance under certain condition for
detection of ethanol. It can be useful for the analysis of
ethanol in biofuel samples.
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