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Abstract

Fatty Acid Ethyl Ester (FAEE) is one of ethanol consumption biomarker. The purpose of this research is to analyze qualitatively the presence of
the FAEE compound in hair samples by GC-MS. This research has made a mixture of the FAEE standard (Ethyl Palmitate and Ethyl Oleate)
100 ppm with a 1:1 ratio then the variation of concentration made. The validation method of the FAEE standard was measured by GC-
MS. Hair sample preparation consists of decontamination, continued by extraction and injected to the GC-MS system. The regression
equation that got was y = -147600 + 481427,014x for ethyl palmitate and y=200,00 + 116722,90x for ethyl oleate the correlation coefficient (r2)
value respectively that got was 0,9995 and 0,9984. Limit of detection using GC-MS respectively obtained by 1, 2759 ppm and 0,0095 ppm,
limit of quantitation obtained by 42531 ppm and 0,0378 ppm. The Coefficient Variation (CV) value respectively obtained by 359% and 0, 001%,
with %recovery value 100, 05%dan 100, 08%. The result showed that hair samples of all volunteers contain ethyl palmitate dan ethyl oleate.

It means that hair samples can use to analyze human who suspects as alcohol abuse.
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Introduction

Fatty Acid Ethyl Ester (FAEE) is one of the products produced
from the esterification of fatty acids and ethanol which can be used
as a hiomarker of chronic alcohol consumption and is often used as a
diagnostic tool in forensic and clinical sciences [1,2]. FAEE is
the result of non-oxidative metabolites of alcohol formed in serum
and distributed in all tissues after consuming alcoholic beverages.
Some previous studies mention that positive FAEE was detected in
samples of volunteers who consumed alcohol such as blood
serum, even amniotic fluid [3,4]. Several different compounds
which are products of esterification of alcohol with fatty acids or fatty
acyl-CoA have been identified and classified as FAEE, but only
four compounds are correlated with alcohol abuse such as ethyl
palmitate (E16), ethyl oleate (E18: 1), ethyl stearate (E18), and ethyl
myristate [1].

Based on previous studies that analyzed FAEE in blood samples
after consuming alcohol showed that the concentration of FAEE in
the blood of rats that consumed alcohol 20% more were detected 24
hours after consuming alcohol, compared to 6 hours after consuming
alcohol. Unfortunately, FAEE compounds have a short half-life in

blood (<36 hours) after consuming alcohol, therefore in FAEE blood
can only be detected immediately after alcohol consumption [2].

In recent decades hair analysis has generally been used more to
detect the history of drug use [5-9]. In hair samples in general, drug
compounds that are detected in the form of derivatives after being
metabolized by the body. Previous studies mentioned that the
drug compound paracetamol was detected in hair samples
as acetaminophen-TMS compounds. The advantage of hair
analysis compared to blood lies in the presence of drugs in a long
time (>3 months) compared to blood only (<36 hours), as
with  FAEE compound drugs which are the result of alcohol
metabolism can also accumulate in the hair up to more than three
months after consuming alcohol. Based on the description above,
researchers are interested in qualitatively examining FAEE
compounds in hair samples of four volunteers who have
consumed alcohol in the past year. To guarantee that the
analytical procedures used will provide valid and reliable results,
then validation methods must be carried out, such as linearity, the
Limit Of Detection /(LOD), Limit Of Quantitation/(LOQ), accuracy,
and precision [3].
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Materials and Methods

Condition of gas chromatography mass spectrometry

Gas Chromatography-Mass Spectrometry (GC-MS) instrument
Agilent 6980N Network. Gas Chromatography is equipped with
Agilent 5973 mass detector with HP-5MS column 60 m x 0.25 mm x
0.25 pm. Helium (99%) is used as a carrier gas at a flow rate of 1.3
mL/min, the GC-MS sample is programmed as follows: First the
temperature in the oven is maintained at 80°C for two minutes, then
gradually increased by 10°C / min until reach 290°C, and be
maintained for seven minutes so that a total time of 30 minutes
is obtained. Injector temperatures and mass spectrometers
are maintained at temperatures of 290°C and 230°C.

Production of standard solutions of ethyl palmitate and
ethyl oleate

FAEE standards (standard solution of ethyl oleate and ethyl
palmitate) are each weighed carefully 50 mg and placed in a 50 mL
volumetric flask, then dissolved with ethanol PA to mark boundaries.
The solution was shaken for 3 minutes to obtain an FAEE
concentration of 1000 ppm.

Preparation of ethyl palmitate and ethyl oleate standards

As much as 5.0 mL of ethyl oleate and ethyl palmitate standard
solution with a concentration of 1000 ppm pipetted, then diluted with
ethanol in a 50 mL volumetric flask to mark boundaries to obtain
FAEE standard solution with a concentration of 100 ppm. All standard
solutions are then ready to be injected into the GC-MS system after
the condition of gas chromatography is selected and obtained. Each

Each standard solution was then mixed with ratio 1:1 so a mixture
concentration of 50 ppm was obtained, then pipetted respectively 0.0
mL; 1.0 mL; 2.0 mL; 4.0 mL; 8.0 mL was put into a 10.0 mL
volumetric flask and diluted using ethanol so that each standard
solution was obtained with a standard solution concentration of 0
ppm, 5 ppm, 10 ppm, 20 ppm, and 40 ppm and then injected into the
GC-MS system [4].

Method validation

Linearity: Linearity is done by measuring variations concentration

of FAEE standard solutions namely 0 ppm, 5 ppm, 10 ppm, 20
ppm, and 40 ppm with triple repetitions, so that the calibration
curve is obtained based on concentration and area, with the formula:

y = a+bx
Information

y=Peak Area (Peak Area)

x=Concentration of Substances
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Limit of Detection (LOD) and limit Quantitation (LOQ)
are determined based on linearity data then a standard deviation
value (s) will be obtained. The s value is then used to determine LOD
and LOQ using the formula:

[ZiX;- 2)? 3x§ _ 10x§
s = \I? LOD = T LOQ = B
Information:

s = Deviation standard

xi =Concentration of substances
x =Average concentration

n = Amount of data

b = Gradient (Slope)

Accuracy and precision

The accuracy value is determined by measuring a 2.0 mL standard
solution mixture with a concentration of 50 ppm, then dissolving
using ethanol in a 10.0 mL volumetric flask to the mark boundaries so
that a standard solution of 10 ppm is obtained with triple
repetitions. Determination of accuracy is done by calculating

perrent recnvery with tha farmila-

Concentration measured
x 100%

%Recovery =
Y Theoritical concentration

The precision is determined by calculating the Coefficient
of Variation (CV) with the formula:
Ccv= fx 100%

s = deviation standard
X = Average value

Hair specimen extraction

Hair specimens were obtained from four volunteers, one volunteer
who did not consume alcohol as a control, and three other volunteers
were known to consume alcohol with varying frequency of alcohol
consumption ranging from volunteers who consumed several times a
year, several times a month and several times in a week. 150 mg of
hair specimens were decontaminated first with diethyl ether+acetone
in a ratio of 1.1 viv 13 then extracted with a mixture of
dichloromethane+ethanol in a ratio of 0.3 mL: 1 mL v/v then followed
by centrifugation with a speed of 5000 rpm for 5 minutes, then the
ethanol layer is taken as much as 1 pL and injected into the GC-MS
system [5].

Results

Standard analysis of ethyl palmitate and ethyl oleate

Ethyl palmitate and ethyl oleate are one of the FAEE groups that
have been validated using gas chromatography. The results of the
analysis showed that on the blank chromatogram, peaks which were
standard compounds of ethyl palmitate and ethyl oleate were not
found, whereas in standard solutions with ethanol solvent showed a
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single peak of ethyl palmitate and ethyl oleate compounds at
retention times of 22.03 minutes and 23.86 minutes, respectively
is shown in Figure 1. Based on the results of the chromatogram
below, obtained a good separation between ethyl palmitate and ethyl
oleate with resolution values above 2.00 (Figures 1-2) [6].
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Figure 1. Peak area of ,5 ppm ethyl palmitate and ethyl oleate
using GC.

The calibration curves for the standard ethyl palmitate and ethyl
oleate shown in Figure 2 are obtained from the calculation of
standard measurement results with five variations of the
concentration of ethyl palmitate and ethyl oleate namely 0 ppm, 5
ppm, 10 ppm, 20 ppm and 40 ppm, so that the regression equation y
=-147600+481427, 014 x for ethyl palmitate and y=200.00+
116722.90x for ethyl oleate.

= Ethyl palmitate
+ Ethyloleate

y=-147600 +481427,014x
°=0,9995

v =200,00 + 116722,90x
= 10,9984

e
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Figure 2. Standards calibration curve for ethyl palmitate and ethyl
oleate in ethanol. Note: Ethyl palmitate; Ethyl oleate

Correlation coefficient (rp) of the standard ethyl palmitate and ethyl
oleate are 0.9995 and 0.9984, respectively. Linearity is allowed if the
value of the correlation coefficient (rp) is > 0.997 14. The standard
limit of detection of ethyl palmitate and ethyl oleate by GC-MS
method were 1.2759 ppm and 0.0095 ppm, respectively, and for the
quantitation limits were 4.2531 ppm and 0.0378 ppm respectively
which means the gas chromatography is very sensitive to detect ethyl
palmitate and ethyl oleate in the sample [7].

The accuracy and precision obtained using the calibration curve
method is done by measuring the corrected area of ethyl palmitate
and ethyl oleate standards at a concentration of 10 ppm with three
repetitions. Based on the results of the calculation of the coefficient
variation values of the standard ethyl palmitate and ethyl oleate,
respectively obtained by 3.59% and 0.001%, the accuracy validity test
qualified if the CV value < 2% 14. The calculation results show the
coefficient variation of the ethyl palmitate standard exceeds than the
specified conditions that is equal to 3.59% while the coefficient of
variation of the ethyl oleate standard suitable with the specified
conditions that is equal to 0.0001%.
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While the percent recovery value of the ethyl palmitate and ethyl
oleate standards was obtained at 100.05% and 100.08%,
respectively. Acceptable percent recovery values for analyte
measurements in the range of 80% to 110% indicate a good level of
accuracy [8-11].

Discussion

Analysis of FAEE compounds in hair sample

Hair analysis was performed on 4 volunteers who were known to
have consumed alcohol over the past year, then 150 mg of hair
specimens were taken as much as 150 mg for analysis. In this study

all hair samples showed positive results (+) on ethyl palmitate and
ethyl oleate, with retention times of 22.00 min and 23.83 min,
respectively. Reviewed from the retention time of the two
peaks produced is the same as the retention time produced by the
standard, while it is reviewed from ion fragmentation samples with
the standard and the presence of Library G/Database 02\NIST.
L shows the compound ethyl palmitate and ethyl oleate (Table
1) (Figure 3) [12,13].

Volunteer Results (+)/(-) Retention
time (minuteg
Ethyl Ethyl oleate Ethyl Ethyl oleate
palmitate palmitate
| (+) (+) 22,00 23,83
I (+) (+) 22,00 23,83
n (+) (+) 22,00 23,83
IV (Control) (+) (+) 22,00 23,83

Table 1. Results of hair samples analysis
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Figure 3. Chromatogram one of the volunteer hair samples.

Detection of ethyl palmitate and ethyl oleate compounds that are
FAEE in 4™ volunteer hair samples as a control can be caused by the
use of hair care products containing ethanol either by only 10% or up
to 60% such as hair oil, or hair spray products. The presence of
ethanol content in these hair care products causes the synthesis of
ethyl ester in the hair, so that even though it does not consume
ethanol, FAEE compounds can be detected in very small
concentrations [14,15].
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Conclusion

FAEE compounds that can be detected in hair samples using GC-

MS are ethyl palmitate and ethyl oleate which have retention times of
22.00 and 23.83 minutes, respectively. It means that hair samples
can use to analyze human who suspects as alcohol abuse.
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