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ABSTRACT
Bioethanol blending with petroleum fuels is being practiced all over the world to cut down on fuel prices and in-order 

to curb vehicular emissions. However, variations from the stipulated amount of bioethanol in petroleum fuels can be 

caused intentionally or unintentionally and is detrimental to engine life and performance. In recent times, research 

has progressed to introducing portable devices that are capable of sensitively and rapid analyzing real samples without 

prior pre-treatment. The focus of this review will be the emerging trends in the field of blended fuel analysis. 

Application of techniques such as electrochemical, spectroscopic and those based on physical and electrical 

parameters will be discussed in the review. 
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INTRODUCTION
Blending petroleum fuels with bio-alternatives has become a 
global need, and use of bioethanol blended fuels is steadily 
increasing throughout the world [1]. The unsustainable use of 
petroleum fuels, rising emission levels leading to global warming, 
price-hikes, and ever-increasing demands have called for 
immediate and rational solutions such as bioethanol blending 
[2]. Blending bioethanol with petroleum fuel keeps a check on 
soaring fuel prices and is desirable from numerous perspectives 
[3]. Bioethanol increases the oxygen content in fuel, resulting in 
cleaner and complete combustion. Thus, reducing the emission 
of hydrocarbon particulate matter and carbon monoxide is a 
primary reason for adopting bioethanol-blended fuels [4,5]. 
Bioethanol blending up to an optimal composition of 10%-15%
would require no modification of existing Internal Combustion 
(IC) engines [6] and is a pragmatic switch for the commoner. 
Furthermore, bioethanol improves octane rating, a higher octane 
correlates with increased compression ratio and power output 
[7,8]. The addition of bioethanol enhances heat release rate, and 
volumetric efficiency and leads to greater torque output [9-11]. 
The break specific fuel consumption decreases while using 
blends, thus giving improved Brake Thermal Efficiency (BTE)
[12].

On the other hand, the Net Heating Value (NHV) of bioethanol 
is 33% less than petrol. This translates into increased fuel 
consumption of blends compared to pure petroleum fuel [13] 
Bioethanol has lower vapour pressure than petroleum fuels, 
making starting cold engines problematic [14]. Bioethanol 
production from food crops threatens food security, as arable 
land and resources set aside for feeding the population are used 
up. This issue can only be solved if we shift to second-generation 
and gradually to third generation bioethanol [15]. Bioethanol is 
a hygroscopic substance; hence moisture in the fuel tank can 
cause phase separation of oil-bioethanol and corrode metallic 
parts of the engine and fuel tank [16]. Since bioethanol is more 
economical than petroleum fuels, governments usually advocate 
for obligatory blending to avert the price inflammation of 
petroleum oils [17]. Retailers can take advantage of the situation 
and indulge in malpractices involving addition of excessive 
bioethanol to raise their profit margins [18]. As a consumer, this 
is distasteful as continual usage of higher percentages of 
bioethanol in the fuel may cause current IC engines to wear 
prematurely. Hence, there is a need for retail petrol outlets to 
undergo regular quality checks to ensure that the vendors adhere 
to the stipulated standards.
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• PAHs and plant derived species absorb strongly and lend to
highly complex spectral characteristics.

• Co-elution of hydrocarbons in bioethanol makes the
separation process difficult (chromatographic techniques).

The evolution of analytical techniques

Analysis of bioethanol in petroleum fuel blends has evolved over 
the years and is based on a wide range of physical and chemical 
characteristics of the blends. Techniques based on physical 
parameters include those based on density measurements [22]. 
The earliest analytical procedures were based on 
chromatographic separation of components, followed by 
spectroscopic detection. Gas Chromatography (GC) solves the 
issue of the co-elution of hydrocarbons with the low molecular 
weight alcohol additives through three main approaches [23,24].

• Use of multiple columns for the separation step.
• Using an extraction step prior to chromatographic analysis

[25,26].
• Use of a selective detector for oxygenates in the blend such as

chemical ionisation mass spectrometry [27], Flame Ionisation
Detection (FID) [28-31], Atomic Emission Detection (AED)
[32,33].

Technical Standard recommends NBR 13992, which relies on a 
liquid-liquid extraction procedure [37]. Using multiple columns 
or selective detectors for oxygen containing compounds requires 
modifications to existing instruments. Employing an extraction 
step is also time-consuming and laborious. Besides, 
chromatographic techniques such as GC and LC require 
sophisticated and expensive instrumentation and technical 
knowledge to handle the samples and instruments. These 
methods cannot be adopted outside a laboratory setup.

A new era of emerging analytical trends

The analytical perspective has shifted, with more countries 
adopting blended fuels and fuel quality control becoming a 
pressing issue. The emerging trend focuses on techniques that 
can be adapted for real time on-site analysis and can eventually 
be available for the layman (Figure 1).

Optical spectroscopic techniques, certain electrochemical and 
electrical methods show potential to satisfy these criteria.

Electroanalytical methods

Electroanalytical tools are used to investigate analytes by 
measuring potential or current in an electrochemical cell carrying 
the sample [38].

Pereira et al., electrochemically measured bioethanol 
composition using Batch Injection Analysis (BIA) cell system in 
combination with multiple pulse amperometric detection. 
The sample undergoes an aqueous extraction procedure, after 
which it is directly injected into a gold working electrode. The 
system was proposed for fast on-site analysis, and the Limit of 
Detection (LOD) and Limit of Quantification (LOQ) for 
bioethanol were 1.1 × 10-3% and 3.63 × 10-3%, respectively [39].

Vijayan A, et al.

While chromatographic techniques are the earliest reported and 
have been adopted into standard procedures, the rising use of 
bioethanol blends all over the world has interested 
researchers in finding rapid, low cost and portable analytical 
tools. The emergence of innovative technologies to assess the 
fuel blend composition has motivated a mini-review in this 
domain. The analytical challenges, emerging trends, and 
future possibilities will be discussed in this review.

LITERATURE REVIEW 

Analytical challenges

Petroleum fuels are highly complex mixtures, mainly consisting 
of hydrocarbons (paraffin, naphthenes, polyaromatic 
hydrocarbons). However, their composition may vary according 
to the source of crude oil and the refining process [19,20]. 
Besides hydrocarbon components, petroleum oil constitutes 
remnants of biogenic species such as porphyrin, hematin, and 
anthocyanins [21]. Hence the following challenges arise:
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Liquid Chromatographic (LC) techniques are similar to GC but 
use a liquid mobile phase. Reversed-phase LC technique and 
reverse-phase HPLC have been described in literature [34,35].

The standard techniques recommended by organizations such as 
The American Society for Testing and Materials (ASTM 
international) and Brazilian association still utilize 
chromatographic methods. ASTM recommends employing 
D5501, which describes the usage of GC. This method can be 
used when bioethanol content is more significant than 20%, 
and standard tests like D5599 and D4815 are required to 
measure lower ethanolic percentage [36]. Brazilian Association 

Figure 1: Desirable features in development of analytical 
techniques for fuel quality assessment.



Electrochemical sensors are great for fieldable applications due 
to their inherent simplicity and portability. However, the 
selectivity of such techniques for solvents such as ethanol can be 
unreliable.

Technique Description Advantages Limitations LOD (%) LOQ (%) RMSEP (%) RSD  (%) Reference

Amperometric
sensor

Copper micro-
electrode
polarised at
0.6 V vs. Ag/
AgCl is used
as the sensor

Inexpensive
and fast

Formation of
the Cu2O3 can
impede
sensitivity/
poor
selectivity
towards
ethanol in 
presence of 
methanol.

0.01* Griffiths PR,
et al.

Electrochemical
biosensor

Organic phase
catalase
enzyme
electrode is 
coupled to a
gaseous
diffusion
Clark-type 
oxygen
electrode.

Portable, 
pre-treatment 
of samples 
not required.

Short life-time
(about 7 days)
of biosensor,
poor
selectivity
towards
ethanol in 
presence of 
methanol.

7.8 Battiste DR, 
et al.

Amperometric
sensor with 
BIA system

Multiple-pulse
amperometric
detection
using a gold
electrode and
alkaline
electrolyte
(NaOH)

Rapid,
sensitive and 
on-site analysis
possible.

Requires extra
accessories
such as the
BIA system.

0.0011 0.0036 0.4 Campanella L,
et al.

Multivariate technique of PCA-LDA (Principal Component
Analysis-Linear Discrimination Analysis) has been applied to
FTIR spectroscopy to detect adulteration and type of adulterant
in gasoline. Although the method showed 93% efficiency in
identifying the type of adulterant (solvent), the study could not
provide quantitative information about the adulterant
concentration [45].

Corsetti et al., employed two approaches to quantify ethanol up
to 10%:

• Application of an algorithm that allowed the identification of
features in the absorption spectrum that can be quantified
using Beer-Lamberts law.

• A ratiometric approach involving analysis of areas of -OH and
-CH absorption peaks [46].

Vijayan A, et al.

Paixao et al., modified a copper disc microelectrode as the 
amperometric sensor. The method requires prior ethanol 
extraction onto an aqueous phase of 1 molL-1 NaOH solution; 
this amperometric method showed repeatability of 3.4% and 
LOD of 0.01% (v/v) [40].

A biosensor combines a biological species with a physicochemical 
detector. Campanella et al., designed an Organic Phase Enzyme 
Electrode (OPEE) consisting of catalase enzyme coupled to an 
amperometric gaseous diffusion Clark-type oxygen electrode [41].

Spectroscopic techniques

Infrared spectroscopy: Absorption of infrared light causes 
transitions between quantized vibrational states of a molecule. 
The frequency of IR radiation absorbed is characteristic of the 
nature of the bond (bond strength and bond length) and atomic 
size [42].

Batiste et al., chose 880 cm-1 absorbances to determine 
bioethanol in gasohol selectively. The study eliminated the 
gasoline signals by subtraction method [43]. Prasad and co-
workers illustrated the use of ethanol's -OH functional group 
peak at 3354 cm-1 (free from hydrocarbon peaks of petrol) to 
quantify bioethanol in petrol [44].
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Table 1: Summary of electroanalytical techniques for bioethanol quantification in fuel blends.



[58]. Later, Correia and coworkers reported using a portable
MicroNIR™ miniature pro 1700 model instrument for fuel
quality control based on PLS calibration model. An RMSEP
value of 3.81, LOD of 0.75 wt% and LOQ of 2.50 wt% was
reported [59].

Fluorescence spectroscopy: An excited state molecule can relax
via radiative and non-radiative processes. The radiative decay
from the S1V0 level to the ground state is called fluorescence.
Fluorimetry measures emitted radiation to produce an emission
spectrum [60]. Emission spectrum is dependent on the
properties of the analytical system, and the spectrum's shift or
intensity changes can be monitored for analytical purposes
(Figure 2).

Kumar et al., employed Principal Component Regression (PCR)
and PLS calibration models with synchronous fluorescence
spectroscopy and an excitation-emission matrix fluorescence
spectroscopy coupled with multiway Partial Least Square
regression (N-PLS) and unfolded PLS for monitoring fuel
quality. This procedure allowed for the analysis of samples
without a pre-treatment step and has RMSEC and RMSEP
values of ˂2% [61].

The bioethanol-fuel blends show a gradual shift in the
fluorescence emission to the higher energy region
(hypsochromic shift) with increasing bioethanol content.
Prakash and Mishra quantified the fuel-biofuel blends
satisfactorily using a combination of White Light Excitation
Fluorescence (WLEF) and multivariate methods such as PCR
and PLSR. R2 values ˃0.998 and RMSEP values <1% are
achieved in this method. A fibre-optic portable fluorimeter
capable of WLEF measurements is proposed that contains the
following components: White light source, collimator, sample
cell, synchronizer, PMT detector (Figure 2c). The device could
be connected to a personal computer/laptop for data processing
[62].

Kumar and Mishra developed a fluorescence spectroscopic
method based on solvatochromism of Reichardt's dye. With the
increase in the bioethanol concentration in petrol–bioethanol
blends, Reichtard's dye shows a blue shift of the absorbance
maxima due to solvent relaxation. A calibration model was
developed for the batch-independent quantification of
bioethanol in petrol-bioethanol blends by studying the variation
of transition energy of Reichardt's dye as a function of
bioethanol concentration. The RMSEP value attained was less
than 2% [63]. Gotor and co-workers used a similar approach to
develop test strips coated with a solvatochromic polarity probe
to detect bioethanol in fuel blends. They designed a
smartphone-based measurement system for on-site monitoring.
The measurements require two accessories- an excitation source
and a 3-D printed dark chamber. The smartphone’s back camera
is used in place of the detector in combination with a filter to
record the response from the test-strip. An LOD value of 0.5%
was obtained. (Figure 2a) [64].

Panigrahi and Mishra, the authors, considered petroleum
blends' intrinsic inner filter effect for mapping bioethanol
constitution. A redshift is induced in the fluorescence emission
spectra due to the inner filter effect, whose extent is a function

Vijayan A, et al.

NMR spectroscopy: NMR spectroscopy can provide structural 
information about analytes under question based on the 
interaction of nuclear spins with radiofrequency electromagnetic 
radiation [47].

Renzoni et al., employed a 1H NMR technique to quantify 
alcohols by integrating the chemical shift region around 3.5 δ 
ppm where carbinolic protons of alcohols resonate (region free 
of petroleum resonance) [48]. Meusinger used 1H-NMR spectra 
that were 13C decoupled to quantify oxygenates in fuel blends 
and further employed two-dimensional 13C correlated NMR for 
the assignment of 1H NMR signals [49]. Sarpal et al., used 13C 
NMR to quantify oxygenates in petrol, bioethanol 
determination relied on the ethanolic signal at 57.8 ppm [50]. 
Researchers have also demonstrated the application of 17O 
NMR to quantify bioethanol in gasoline in the range of 
1%-20% [51].

Time domain NMR is the latest NMR technique used for 
quantifying blends. It utilizes the changes in transverse 
relaxation time of commercial petrol (2.03-2.05 s) and bioethanol 
(1.6 s) [52].

Raman spectroscopy: Raman spectroscopy studies the 
vibrational modes of a molecular system using UV-Visible 
light. Unlike the IR technique that relies on absorption data, 
Raman spectroscopy is based on the process of light scattering 
of light [53].

Ye and coworkers introduced a simple technique using Raman 
spectroscopy, where authors used unique Raman signals 
associated with petrol and bioethanol for ratiometrically 
determining the bioethanol proportion [54].

Fortunato et al., used Raman spectroscopy to quantify 
bioethanol composition in bioethanol petrol blends. The 
method proposed combines Liquid-Liquid Extraction (LLE), 
Flow Analysis (FA), and Standard Dilution Analysis (SDA) prior 
to Raman analysis. The study was carried out using portable 785 
nm laser Raman systems. The RSD, LOD and LOQ values for 
the method were found to be 2%, 0.5% and 1.8% (v/v), 
respectively [55].

NIR spectroscopy: Near-infrared spectroscopy is a quick-
analytical technique for recording the spectra of samples without 
demanding any prior manipulation. It uses near-IR radiation 
with wavelengths ranging from 780 nm to 2500 nm and is 
essentially a vibrational spectroscopy [56].

Fernandes et al., illustrated the use of near-infrared spectroscopy 
in simultaneously quantifying ethanol and methanol in petrol 
based on spectra collected in the range 1105 nm-1683 nm. 
Quantitative models were constructed using Partial Least 
Squares (PLS) regression. The obtained Root Mean Square Error 
of Prediction (RMSEP) value was 0.28% (v/v) for ethanol (both 
PLS models) and 0.83% (v/v) for commercial samples [57]. 
Researchers have also developed a modified NIR spectrometer 
equipped with an InGaAs diode array detector that could 
determine the percentage of bioethanol in petrol with a LOD of 
0.68% (w/w) and a LOQ of 2.04% (w/w). They utilized a 
computational technique (vibrational self-consistent field second 
order perturbative treatment (PT2-VSCF)) to assign NIR bands
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This device could easily be converted into a hand held device 
and used for quantitative in-field analysis (Figure 2a-2c and Table 
2).

Figure 2: Promising portable devices based on optical 
techniques (a) Image and schematic of smart phone based 
fluorescence technique described by Gotor et al. (1) 380 nm 
LED, (2) excitation filter, (3) diffuser, (4) test strip slot and 
fitting, (5) emission filter and (6) position of smart-phone 
camera for detection] (Reproduced from Panigrahi SK with 
permission from the Royal society of chemistry) (b) Mini-
spectrophotometer devising designed by Vijayan and Prakash.
(1) Light source (PX-2), (2) Cuvette Holder (CUV-FL-DA), (3)
Detector (HR4000), (4) Personal computer] (reprinted from 
Vijayan A, with permission from Elsevier) (c) Schematic 
diagram of fibre-optic miniaturized fluorimeter proposed by 
Prakash and Mishra (reprinted from Monteiro-Silva F with 
permission from Elsevier) [69].

Technique Description Advantages Limitations LOD (%) LOQ (%) RMSEP (%) RSD (%) Reference

Infra-Red spectroscopy

IR
spectroscopy

IR band at
880 cm-1 is
used to 
determine
bioethanol
percentage.
Petroleum
signals are 
subtracted
from overall
spectra

Simple and 
straightforward
technique

The variation
in petroleum
signatures
from one 
batch to 
another is not
considered

Pereira RCC,
et al.

FTIR
spectroscopy
with 
multi-variate 
analysis

Spectroscopic
data is 
calibrated
using 
PCA-LDA

Works well as
a preliminary
inspection
tool

Quantitative
analysis not
possible

Keeler J, et al.

Vijayan A, et al.

of the inner filter effect. Based on this phenomenon, they built 
PLS calibration models, and an RMSEP value of 4.7333 was 
obtained [65].

Electronic spectroscopy: Electronic or UV-Visible absorption 
spectroscopy operates in the UV-Visible region (190 nm-800 nm) 
and affects electronic transitions in a molecule [66]. Colorimetric 
techniques make use of UV-Visible spectroscopy for detection 
purposes.

Alhadeff and co-workers used a bi-enzymatic (alcohol oxidase and 
horseradish peroxidase enzymes) biosensor integrated with flow 
injection analysis to detect bioethanol. The colorimetric detection 
was based on a biochemical reaction yielding coloured product. 
The technique was plagued with short lifetime of the enzymes and 
inactivation of enzymes at higher temperature [67]. Muncharoen 
et al., proposed the application of Membrane-Less Gas Diffusion 
(MBL-GD) along with an aqueous extraction step for sample pre-
treatment. Further, a color developing reagent was used for 
spectrophotometric detection to determine bioethanol in gasohol 
with LOD of up to 1%. The MBL-GD set-up was contained in a 
micro-unit and has the potential for on-site use [68].

Recently, Vijayan and Prakash described the use of a common 
dye to analyze blended fuels without any pre-processing. The 
unique molar absorption coefficient values of the probe 
molecule in petrol and ethanol media is taken into advantage. 
The study describes a hyperchromic shift-based model and a 
ratiometric model with LOD and LOQ values of 0.02%, 0.080% 
and 0.01%, 0.04% respectively. The RMSEP values were found 
to be less than 2%. Biodegradable hydrogel pellets are proposed 
for probe delivery. Furthermore, a portable LED 
spectrophotometer-‘ethanometer’ with low-cost components such 
LED light source, sample cell and PMT detector wasproposed.

J Pet Environ Biotechnol, Vol.14 Iss.6 No:1000544 5

Table 2: Summary of spectroscopic techniques for bioethanol quantification in fuel blends.



FTIR
spectroscopy

-OH functional
group peak is
chosen for
bioethanol
quantification

Direct analysis
without prior
separation
possible

Percentage
relative error
can go up to
± 2%

1 0.064 Corsetti S, 
et al.

FTIR and 
excess FTIR
spectroscopy

Two
approaches,
including one
ratiometric
approach have
been suggested

Helps
understand
blending at 
molecular
level

Compromises
between
sensitivity and
accuracy have
to be made

Renzoni GE,
et al.

NMR spectroscopy

1H NMR 
spectroscopy

chemical shift
region of 
carbinolic
proton ofs 
alcohols is 
chosen for 
quantitative
analysis

Direct sample
analysis
possible

High
instrument
acquisition
costs and 
non-portable
device

0.007 Sarpal AS, 
et al.

1H and 13C
NMR
spectroscopy

1H NMR 
spectra that
are 13C 
decoupled
were used in
combination
with 2-D 13C
NMR for peak
assignment

Selective
determination
of ethanol in
presence of 
other
oxygenates
possible

Lonnon DG,
et al.

13C NMR 
spectroscopy

Measurement
based on the
ethanolic
signal at 57.8
ppm

Low sample
consumption,
no 
pre-treatment
required and

High
Instrument
acquisition
costs and 
non-portable
device

Romanel SA,
et al.

17O NMR 
spectroscopy

Internal
standard and
calibration
curve QNMR
methods are
used for 
simultaneous
quantification
of multiple 
oxygenates

Quantification
is independent
of petroleum
signals

0.1 1 Long DA.

TD-NMR
spectroscopy

Differences in
transverse
relaxation
time of petrol
and ethanol is
used for 
quantification

Sensitive
measurement
over a large
range of 
ethanol
proportion
(0%-50%)

Ye Q.

Raman spectroscopy

Vijayan A, et al.
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Raman
Spectroscopy

Ratiometric
analysis of 
most intense
fuel and 
bioethanol
peaks

Simple and 
straightforward

Does not take
into account
varying nature
of petroleum
samples

Blanco M, 
et al

Raman
spectroscopy
with standard
dilution
analysis

Liquid-Liquid
Extraction
(LLE), flow 
analysis (FA),
and Standard
Dilution
Analysis (SDA)
is proposed 
with Raman
spectroscopy
for sample 
analysis

Takes into 
account
matrix effect

Complex
sample 
pre-treatment
system

0.5* 1.8* 2* Fernandes HL,
et al.

NIR spectroscopy

NIR
spectroscopy

Ethanol and
methanol are
simultaneously
determined
and
calibration
models
developed
using PLS 
regression

Non-
destructive
and can 
selectively
determine
ethanol
percentage

Laboratory-
based
technique,
maybe affected
by changes to
petroleum
matrix

0.28%* Correia RM,
et al.

NIR
spectroscopy
with modified
InGaAS diode
array detector

PLS regression
model is 
applied to 
spectroscopic
data and NIR
band
assignment is
carried out 
using
computational
data

Mobile device High cost of
modifications
required

0.68** 2.04** 0.21** Lakowicz JRS,
et al.

Micro-NIR
spectroscopy

Calibration
model based
on

Portable,
miniaturized
device and no
sample 
pre-treatment
required

Bioethanol
percentages
below 25% 
was not 
considered
while creating
the calibration
model

0.75** 2.50** 3.81** Kumar K,
 et al.

Fluorescence spectroscopy

Fluorescence
spectroscopy

Based on 
solvatochromism
of Reichardt’s 
dye with 
increase  in

Simple and 
rapid
technique

Emission of
window 
Reichtard’s
dye maybe 
influenced by

<2 Panigrahi SK,
et al.

Vijayan A, et al.
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solvent
polarity

petroleum
fluorescence

Fluorescent
solvatochromic
test strips

Test-trips
loaded with
solvatochromic
dye is 
immersed in 
fuel blend and
smart-phone
camera acts as
detector and 
output
interface

Smart-phone
interface,
layman-
friendly

Error of 
prediction is
high

0.5 Akash MSH,
et al.

White Light 
Excitation
Fluorescence
(WLEF) with
multivariate
methods

WLEF is used
for obtaining
total
fluorescence
of the blends
and
calibration
models are 
developed
using PCR 
and PLSR

Good
sensitivity,
portable
devising and
no 
pre-treatment
required

Complex
spectral data

<1 Gotor R, et al.

Unconventional
steady-state
fluorescence
techniques
with multi- 
variate
methods

SFS and 
EEMF
spectroscopic
techniques are
coupled with
multiway
Partial Least 
Square
regression 
(N-PLS) and 
unfolded PLS

No 
pre-processing
required

Portable
devising is 
more complex
compared to
other
fluorescence
techniques

<2 Kumar K, et al.

Fluorescence
spectroscopy

Inner filter 
effect induced
red shift of
petroleum
samples is 
correlated
with optical
density for 
sample
analysis

Direct analysis
of fuel samples
possible

Optical
density of 
different
petroleum
batches may
vary
significantly

4.733 Alhadeff EM,
et al.

Electronic spectroscopy

Colorimetric
sensing
coupled with
membrane less
gas diffusion

Aqueous
extraction of 
sample is 
followed by 
introduction
into ML-GD
unit and 
colorimetric
detection
using colour

Micro-unit
suitable for 
on-site
applications

Direct analysis
of samples via
absorption
spectroscopy is
not possible

Monteiro-Silva F,
et al.

Vijayan A, et al.
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developing
reagent

Bienzymatic
biosensor with
colorimetric
detection

Alcohol
oxidase and 
horseradish
peroxidase
enzymes are 
used as 
biosensors in
combination
with flow 
injection
analysis.
Colorimetric
detection is 
based on 
coloured
product
formed by 
biochemical
reaction
between
biosensor and
ethanol.

Good
sensitivity

Short life time
of enzymes 
and inactivation
of enzymes at 
higher 
temperatures

Prakash J, 
et al.

Probe-based
spectrophotometric
detection

Hyperchromic
shift of the
probe is 
monitored
using mini-LED 
spectrophoto
spectrophotometer

Low-cost
portable
devising, good
sensitivity and
direct analysis
of samples

Interference
from
petroleum
absorption
affects choice
of probe

0.02a

0.08b

0.01a

0.04b

0.23a

0.13b

Vijayan A, 
et al.

Note: *v/v, ** w/w,  aHyperchromic-shift based model, bRatiometric analysis model

Distillation curves and a multivariate analytical method of
Partial Least-Squares regression (PLS) were used to predict the
alcoholic percentage in fuel blends.

Vaishali Rawat et al., proposed a device with a microstrip based
metamaterial Complementary-Split-Ring-Resonator (CSRR)
sensor operating in the microwave region to determine the
composition of hybrid fuels by monitoring changes in
permittivity values.

Santos determined the bioethanol content in fuel blends with
an electronic system operating in the radio frequency range. The
system inspects the changes in the dielectric constant of blends
to indicate whether the level of bioethanol was above or below
the approved standard [70-72].

Rocha et al., developed an impedance probe in which the
transducer measures the bulk conductivity of samples and
correlates the same to mass ratios of bioethanol and fuel blends.
However, the technique’s accuracy depended on maintaining a

Vijayan A, et al.

RESULTS AND DISCUSSION
Spectroscopic techniques offer huge advantages over other 
techniques as they rely on chemical information and are highly 
sensitive. However, techniques such as FTIR and NMR are 
difficult to miniaturize and are limited to laboratory analysis. In 
recent years, optical techniques such as Raman, NIR, 
fluorescence and electronic spectroscopy have shown 
tremendous potential as they can be effectively designed into 
portable devices without compromising sensitivity or selectivity.

Other methods

Sensors of cuprous oxide-coated LPFGs (Long-Period Fiber 
Gratings) were developed utilizing the dependence of spectral 
features of the grating on the surrounding medium's refractive 
index. A LOD of 1.63% and 2.1% (v/v) were calculated for 
wavelength and optical power modes, respectively.
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may affect their ability to quantitatively assess bioethanol 
composition in fuel blends. In comparison, optical techniques 
that rely of chemical information can be considered more 
reliable (Table 3).

Technique Description Advantages Limitations LOD

(%)

LOQ

(%)

RMSEP

(%)

RSD

(%)

Distillation
curve method

distillation
curves of fuel 
blends is used to 
build calibration 
model via PLSR 
method

Can provide 
different 
parameters in a 
single experiment

Normalizations
are required for
different
petroleum
batches,
destructive
technique

0.0009

Optical fiber 
sensor

Dependence of
spectral features
of cuprous 
oxide coated 
LPFGs on 
surrounding
medium’s
refractive index is 
monitored

Real-time 
measurement in 
flow 
configurations 
possible

1.63c, 2.1d

Complementary-
Split-Ring-
Resonator
(CSRR) sensor

The
metamaterial
based CSRR 
sensor operates
in microwave 
region and 
measures 
changes to 
permittivity 
value

Low-cost, 
compact and 
handy devising

Low precision

Electronic
system

Operates in the 
Radiofrequency 
region and is 
based on 
variations in 
dielectric 
constant of 
blends 

Rapid in situ 
inspection 
possible without 
trained 
individuals

Qualitative in
nature and 
recalibration
required to 

Electric
impedance
sensor

Non-destructive,
rapid

Temperature
dependency

± 2

Contactless
impedance
sensor

Based on 
difference in 
relative
permittivity
values of 

Recalibration 
maybe required 
for different fuel 
batches

<1.5

Vijayan A, et al.

constant operating temperature. Later, a contactless impedance 
probe was also developed by Opekar and co-workers.

The aforementioned techniques that utilize physical and 
electrical parameters can be easily converted into portable 
devices [73]. However, such techniques can be adversely affected 
by varying nature and composition of different fuel batches this
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Table 3: Summary of other techniques for bioethanol quantification in fuel blends.

Refractive index 
being a physical 
parameter may 
vary with type/
source of 
petroleum oil

monitor 
beyond or 
below a certain 
range

Simple 
technique with 
possibility of 
miniaturization, 
no pre-treatment 
required

Mass ratios of 
ethanol and 
petrol in blends 
are correlated to 
their bulk 
conductivity



bioethanol and 
petrol

Note:  
cWavelength shift mode dOptical power shift mode

CONCLUSION
Bioethanol blending with petroleum fuel is prevalent today and
is considered an environmentally benign and cheaper
alternative. Research in the recent times have yielded techniques
that focus on minimal or no sample pre-processing and can be
adopted for on-site analysis of fuel blends. This is a necessity as
regular evaluation of fuel blends composition is required to
ensure engine health and avoid malpractices. This review
summarises the emerging techniques that can easily be
miniaturized and can ensure rapid analysis. A number of
electrochemical sensors, electrical and spectroscopic techniques
show potential for in-situ and real-time assessment applications.
Although techniques based on electrical, physical or
electroanalytical parameters can be easily miniaturized, they
often present issues with regards to selectivity and sensitivity.
Optical techniques such as electronic absorption, fluorescence,
NIR and Raman techniques has shown scope as they can be
easily down sized and provide sensitive and accurate quantitative
measurements. Portable optical devices capable of providing
sensitive measurements is a promising opportunity. Currently,
only a handful of spectrophotometric devices such LED-
spectrophotometer, Micro-NIR and fluorescence based devices
have been developed that are capable of on-site monitoring of
blend composition.

The ultimate goal of on-going research in assessment of fuel
blend quality involves addressing its benefits to the common
man. Hence, future research should and will focus on portable
tools that can be used by layman for the routine analysis of
bioethanol blended fuel samples.

CONFLICT OF INTEREST
The authors have declared no conflict of interest.

REFERENCES
1. Bajpai P. Global production of bioethanol. Developments in

Bioethanol. 2021:177-196.

2. Vijayan A, Prakash J. Probe-based spectrophotometric
quantification of petrol-ethanol fuel blends for field-able
applications. Green Analytical Chemistry. 2022;3:100043.

3. Hossain N, Mahlia TMI, Miskat MI, Chowdhury T, Barua P,
Chowdhury H, et al. Bioethanol production from forest residues
and life cycle cost analysis of bioethanol-gasoline blend on
transportation sector. J Environ Chem Eng. 2021;9(4):105542.

4. Das  S.  The  early  bird  catches the  worm-first  mover  advantage
through  IoT adoption  for indian  public sector retail oil outlets. J
Glob Inf Technol Manag. 2019;22(4):280–308.

5. Najafi G, Ghobadian B, Tavakoli T, Buttsworth DR, Yusaf TF,
Faizollahnejad M. Performance and exhaust emissions of a

gasoline engine with ethanol blended gasoline fuels using artificial
neural network. Appl Energy. 2009;86(5):630–639.

6. Abel R., Coney K, Johnson C, Thornton M, Zigler B, McCormick
R. Global ethanol blended fuel vehicle compatibility study. Golden,
CO (United States), 2021.

7. Anderson JE, Leone TG, Shelby MH, Wallington TJ, Bizub JJ,
Foster M, et al. Octane numbers of ethanol-gasoline blends:
Measurements and novel estimation method from molar
composition. 2012.

8. Nwufo OC, Nwaiwu CF, Ononogbo C, Igbokwe JO, Nwafor
OMI, Anyanwu EE. Performance, emission and combustion
characteristics of a single cylinder spark ignition engine using
ethanol–Petrol-blended fuels. Int J Ambient Energy. 2018;39(8):
792–801.

9. Eyidogan M, Ozsezen AN, Canakci M, Turkcan A. Impact of
alcohol-gasoline fuel blends on the performance and combustion
characteristics of an SI Engine. Fuel. 2010;89(10): 2713–2720.

10. Elfasakhany A. Investigations on the effects of ethanol-methanol-
gasoline blends in a spark-ignition engine: Performance and
emissions analysis. Eng Sci Technol. 2015;18 (4):713–719.

11. Balki MK, Sayin C. The effect of compression ratio on the
performance, emissions and combustion of an SI (Spark Ignition)
engine fueled with pure ethanol, methanol and unleaded gasoline.
Energy. 2014;71:194–201.

12. Chansauria P, Mandloi RK. Effects of ethanol blends on
performance of spark ignition engine-A Review. Mater Today Proc.
2018;5(2):4066–4077.

13. Al-Hasan M. Effect of ethanol-unleaded gasoline blends on engine
performance and exhaust emission. Energy Convers Manag.
2003;44(9):1547–1561.

14. Kabasin D, Hoyer K, Kazour J, Lamers R, Hurter T. Heated
injectors for ethanol cold starts. SAE Int J Fuels Lubr. 2009;2(1):
172–179.

15. Jambo SA, Abdulla R, Azhar SHM, Marbawi H, Gansau JA,
Ravindra P. A Review on third generation bioethanol feedstock.
Renewable and sustainable energy reviews. 2016;65:756–769.

16. Matejovsky L, Macak J, Pospisil M, Baros P, Stas M, Krausova A.
Study of corrosion of metallic materials in ethanol–gasoline
blends: Application of electrochemical methods. Energy and Fuels.
2017;31(10):10880–10889.

17. Takeshita EV, Rezende RVP, de Souza SMAGU, de Souza AAU.
Influence of solvent addition on the physicochemical properties of
Brazilian gasoline. Fuel. 2008;87(10–11):2168–2177.

18. Henry JA. Composition and toxicity of petroleum products and their
additives. Hum Exp Toxicol. 1998;17(2):111–123.

19. Kumar K, Mishra AK. Quantification of ethanol in petrol-ethanol
blends: Use of Reichardt’s ET (30) Dye in introducing a petrol batch
independent calibration procedure. Talanta. 2012;100:414–418.

20. Zhao X, Xu C, Shi Q. Porphyrins in heavy petroleums: A review.
2015;39–70.

21. Sastry GSR, Prasad PR, Bhuvaneswari K. Determination of
alcohol in petrol-alcohol mixtures. 2004.

22. Stadelmann IP. Extraction of alcohols from gasoline using Solid
Phase Microextraction (SPME), Virginia Tech. 2001.

Vijayan A, et al.

J Pet Environ Biotechnol, Vol.14 Iss.6 No:1000544 11

https://www.nrel.gov/docs/fy22osti/81252.pdf
https://journals.sagepub.com/doi/10.1177/096032719801700206
https://journals.sagepub.com/doi/10.1177/096032719801700206
https://www.sciencedirect.com/science/article/abs/pii/S0039914012006959?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0039914012006959?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0039914012006959?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2213343721005194
https://www.sciencedirect.com/science/article/abs/pii/S2213343721005194
https://www.sciencedirect.com/science/article/pii/S2772577422000416
https://www.sciencedirect.com/science/article/pii/S2772577422000416
https://www.sciencedirect.com/science/article/pii/S2772577422000416
https://www.tandfonline.com/doi/abs/10.1080/1097198X.2019.1679588
https://www.tandfonline.com/doi/abs/10.1080/1097198X.2019.1679588
https://www.sciencedirect.com/science/article/abs/pii/S0306261908002407
https://www.sciencedirect.com/science/article/abs/pii/S0306261908002407
https://www.sciencedirect.com/science/article/abs/pii/S0306261908002407
https://www.tandfonline.com/doi/abs/10.1080/01430750.2017.1354318
https://www.tandfonline.com/doi/abs/10.1080/01430750.2017.1354318
https://www.sciencedirect.com/science/article/abs/pii/S0016236110000402
https://www.sciencedirect.com/science/article/abs/pii/S0016236110000402
https://www.sciencedirect.com/science/article/abs/pii/S0016236110000402
https://www.sciencedirect.com/science/article/abs/pii/S0016236107004954
https://www.sciencedirect.com/science/article/abs/pii/S0016236107004954
https://www.jstor.org/stable/26273377
https://www.jstor.org/stable/26273377
https://www.sciencedirect.com/science/article/pii/S2215098615000737
https://www.sciencedirect.com/science/article/pii/S2215098615000737
https://www.sciencedirect.com/science/article/abs/pii/S0360544214004873
https://www.sciencedirect.com/science/article/abs/pii/S0360544214004873
https://www.sciencedirect.com/science/article/abs/pii/S2214785317329413
https://www.sciencedirect.com/science/article/abs/pii/S2214785317329413
https://www.sciencedirect.com/science/article/abs/pii/S0196890402001668
https://www.sciencedirect.com/science/article/abs/pii/S0196890402001668


23. Luke LA, Ray JE. Gas-chromatographic method for the
determination of low relative molecular mass alcohols and methyl
tert-butyl ether in gasoline. Analyst. 1984;109(8):989.

24. Agarwal   VK.  Determination   of  low  relative   molecular  mass
alcohols in gasoline by gas chromatography. Analyst. 1988;113(6):
907.

25. Pauls RE, McCoy RW. Gas and liquid chromatographic analyses
of methanol, ethanol, t-butanol, and methyl t-butyl ether in
gasoline. J Chromatogr Sci. 1981;19(11):558–561.

26. Ron O, Burnaby M. Trimethylsilyl ions for selective detection of
oxygenated compounds in gasoline by gas chromatography/
chemical ionization mass spectrometry. Anal Chem. 1986;58(13):
2788–2791.

27. Seeley JV, Libby EM, Seeley SK, McCurry JD. Comprehensive two-
dimensional gas chromatography analysis of high-ethanol containing
motor fuels. J Sep Sci. 2008;31(19):3337–3346.

28. Nespeca  MG,   Munhoz  JF,   Flumignan  DL,   de  Oliveira  JE.
Rapid and sensitive method for detecting adulterants in gasoline
using ultra-fast gas chromatography and partial least square
discriminant analysis. Fuel 2018;215:204–211.

29. Verga GR, Sironi A, Schneider W, Frohne JCh. Selective
determination of oxygenates in complex samples with the O-FID
analyzer. J High Resol Chromatogr. 1988;11(3):248–252.

30. Di Sanzo FP. Determination of oxygenates in gasoline range
hydrocarbons by capillary column gas chromatography: A user’s
experience with an Oxygen-Specific Detector (OFID). J
Chromatogr Sci 1990;28(2):73–75.

31. Goode SR, Thomas CL. Determination of oxygen-containing
additives in gasoline by gas chromatography microwave induced
plasma atomic emission spectrometry. J Anal At Spectrom. 1994;9
(2);73–78.

32. Diehl JW, Finkbeiner JW, di Sanzo FP. Determination of ethers
and alcohols in reformulated gasolines by gas chromatography/
atomic emission detection. J High Resol Chromatogr. 1995;18(2):
108–110.

33. Avila LM, dos Santos APF, de Mattos DIM, de Souza CG, de
Andrade DF, d’Avila LA. Determination of ethanol in gasoline by
high-performance liquid chromatography. Fuel. 2018;212:236–
239.

34. Pauls RE. Determination of high octane components: Methyl t-
Butyl ether, benzene, toluene, and ethanol in gasoline by liquid
chromatography. J Chromatogr Sci. 1985:23(10);437-441.

35. Standard Test Method for Determination of Ethanol and
Methanol   Content   in   Fuels   Containing   Greater   than  20%
Ethanol   by   Gas   Chromatography-ASTM   D5501, 20   edition.
2020.

36. Wang JC. Analytical Electrochemistry. John Wiley & Sons.
Chichester. 2    Edition; 2000.

37. Pereira PF, Marra MC, Munoz RAA, Richter EM. Fast batch
injection analysis system for on-site determination of ethanol in
gasohol and fuel ethanol. Talanta. 2012;90:99-102.

38. Paixao TRL C, Cardoso JL, Bertotti M. The use of a copper
microelectrode to measure the ethanol content in gasohol samples.
Fuel. 2007;86(7–8):1185–1191.

39. Campanella L, Capesciotti GS, Gatta T, Tomassetti M. An
innovative Organic Phase Enzyme Electrode (OPEE) for the
determination of ethanol in leadless petrols. Sens Actuators B
Chem 2010;147(1):78–86.

40. Griffiths PR, de Haseth JA. Fourier transform infrared spectrometry.
John Wiley and Sons. 2    edition; 2007.

41. Battiste DR, Fry SE, White FT, Scoggins MW, McWilliams TB.
Determination of ethanol in gasohol by infrared spectrometry.
Anal Chem 1981;53(7):1096–1099.

42. Prasad PR, RamaRao KS, Bhuvaneswari K, Praveena N, Srikanth
YVV. Determination of Ethanol in Blend Petrol by Gas
Chromatography and Fourier Transform Infrared Spectroscopy.
Energy Sources. 2008; 30 (16): 1534–1539.

43. Pereira RCC, Skrobot VL, Castro EVR, Fortes ICP, Pasa VMD.
Determination of gasoline adulteration by principal components
analysis-linear discriminant analysis applied to FTIR spectra.
Energy and Fuels. 2006;20(3):1097–1102.

44. Corsetti S, Zehentbauer FM, McGloin D, Kiefer J.
Characterization of gasoline/ethanol blends by infrared and excess
infrared spectroscopy. Fuel. 2015;141: 136–142.

45. Keeler  J. Understanding  NMR  Spectroscopy. John Wiley & Sons.
2nd edition :2011.

46. Renzoni GE, Shankland EG, Gaines JA, Callis JB. Determination
of alcohols in gasoline/alcohol blends by nuclear magnetic
resonance spectrometry. Anal Chem. 1985;57(14):2864-2867.

47. Meusinger R. Qualitative and Quantitative determination of
oxygenates   in   gasolines   using  H   nuclear  magnetic  resonance
spectroscopy. Anal Chim Acta. 1999;391(3):277–288.

48. Sarpal AS, Kapur GS, Mukherjee S, Jain SK. Estimation of
oxygenates   in   gasoline  by   C  NMR   spectroscopy.  Energy  and
Fuels. 1997;11(3):662-667.

49. Lonnon DG, Hook JM. O   Quantitative    nuclear   magnetic
resonance spectroscopy of gasoline and oxygenated additives. Anal
Chem. 2003;75(17):4659-4666.

50. Romanel SA, Cunha DA, Castro EVR, Barbosa LL. Time Domain
Nuclear Magnetic Resonance (TD-NMR): A new methodology to
quantify adulteration of gasoline. Microchem J. 2018;140:31-37.

51. Long  DA. Raman  Spectroscopy.  Springer. 1   edition, New  York.
1977.

52. Ye Q, Xu Q, Yu Y, Qu R, Fang Z. Rapid and quantitative detection
of  ethanol  proportion  in  ethanol-gasoline  mixtures  by  Raman
spectroscopy. Opt Commun. 2009;282(18):3785-3788.

53. Fortunato FM, Vieira AL, Neto JA, Donati GL, Jones BT.
Expanding the potentialities of standard dilution analysis:
Determination  of  ethanol  in  gasoline  by  Raman  spectroscopy.
Microchem J. 2017;133:76-80.

54. Blanco M, Villarroya I. NIR Spectroscopy: A Rapid-response
analytical tool. TrAC Trends in analytical chemistry. 2002;21(4):
240-250.

55. Fernandes HL, Jr IMR, Pasquini C, Rohwedder JJR. Simultaneous
determination of methanol and ethanol in gasoline using NIR
spectroscopy: Effect of gasoline composition. Talanta. 2008;75(3):
804-810.

56. Lutz OMD, Bonn GK, Rode BM, Huck CW. Reproducible
quantification  of   ethanol  in  gasoline      a  customized  mobile  near-
infrared spectrometer. Anal Chim Acta. 2014;826(1):61–68.

57. Correia RM, Domingos E, Cao VM, Araujo BRF, Sena S,
Pinheiro LU, et al. Portable near infrared spectroscopy applied to fuel
quality control. Talanta. 2018;176:26-33.

58. Lakowicz JRS. Introduction to fluorescence. In principles of
fluorescence spectroscopy. Boston, MA, Springer. US. 2006;1–26.

59. Kumar K, Mishra AK. Quantification of ethanol in ethanol-petrol
and biodiesel in biodiesel-diesel blends using fluorescence
spectroscopy and multivariate methods. J Fluoresc. 2012;22(1):
339-347.

60. Prakash J, Mishra AK. Introduction of a novel fluorescence based
method for the composition estimation of petroleum fuel-biofuel
blends. Fuel. 2013;108: 351-355.

61. Kumar K, Mishra AK. Quantification of ethanol in petrol-ethanol
blends: Use of Reichardt’s ET(30) dye in introducing a petrol batch
independent calibration procedure. Talanta. 2012;100:414-418.

Vijayan A, et al.

J Pet Environ Biotechnol, Vol.14 Iss.6 No:1000544 12

via

st

1

13

nd

th

nd

17

https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/jssc.200800258
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/jssc.200800258
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/jssc.200800258
https://www.sciencedirect.com/science/article/pii/S0039914012000100?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0039914012000100?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0039914012000100?via%3Dihub
https://www.science.org/doi/10.1126/science.6623077
https://pubs.acs.org/doi/10.1021/ac034339q
https://pubs.acs.org/doi/10.1021/ac034339q
https://www.sciencedirect.com/science/article/abs/pii/S003991400700879X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S003991400700879X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S003991400700879X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0003267014003948?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0003267014003948?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0003267014003948?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0039914017308160?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0039914017308160?via%3Dihub
https://link.springer.com/article/10.1007/s10895-011-0964-6
https://link.springer.com/article/10.1007/s10895-011-0964-6
https://link.springer.com/article/10.1007/s10895-011-0964-6
https://www.sciencedirect.com/science/article/abs/pii/S0039914012006959?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0039914012006959?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0039914012006959?via%3Dihub
https://pubs.rsc.org/en/content/articlelanding/1984/an/an9840900989/unauth
https://pubs.rsc.org/en/content/articlelanding/1984/an/an9840900989/unauth
https://pubs.rsc.org/en/content/articlelanding/1988/an/an9881300907/unauth
https://pubs.rsc.org/en/content/articlelanding/1988/an/an9881300907/unauth
https://pubs.acs.org/doi/pdf/10.1021/ac00126a045
https://pubs.acs.org/doi/pdf/10.1021/ac00126a045
https://www.sciencedirect.com/science/article/abs/pii/S0016236117314345
https://www.sciencedirect.com/science/article/abs/pii/S0016236117314345
https://onlinelibrary.wiley.com/doi/abs/10.1002/jhrc.1240110306
https://onlinelibrary.wiley.com/doi/abs/10.1002/jhrc.1240110306
https://onlinelibrary.wiley.com/doi/abs/10.1002/jhrc.1240110306
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=19714443
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=19714443
https://pubs.rsc.org/en/content/articlelanding/1994/ja/ja9940900073/unauth
https://pubs.rsc.org/en/content/articlelanding/1994/ja/ja9940900073/unauth
https://onlinelibrary.wiley.com/doi/abs/10.1002/jhrc.1240180208
https://onlinelibrary.wiley.com/doi/abs/10.1002/jhrc.1240180208
https://onlinelibrary.wiley.com/doi/abs/10.1002/jhrc.1240180208
https://www.sciencedirect.com/science/article/abs/pii/S001623611731284X
https://www.sciencedirect.com/science/article/abs/pii/S001623611731284X
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=8724792
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=8724792
https://www.sciencedirect.com/science/article/abs/pii/S0016236106003644
https://www.sciencedirect.com/science/article/abs/pii/S0016236106003644
https://www.sciencedirect.com/science/article/abs/pii/S0925400510002522
https://www.sciencedirect.com/science/article/abs/pii/S0925400510002522
https://www.sciencedirect.com/science/article/abs/pii/S0925400510002522
https://pubs.acs.org/doi/pdf/10.1021/ac00230a039
https://www.infona.pl/resource/bwmeta1.element.elsevier-60fd433c-b0f6-32cd-aae6-96def143f540
https://www.infona.pl/resource/bwmeta1.element.elsevier-60fd433c-b0f6-32cd-aae6-96def143f540
https://www.infona.pl/resource/bwmeta1.element.elsevier-60fd433c-b0f6-32cd-aae6-96def143f540
https://www.sciencedirect.com/science/article/abs/pii/S0026265X18301310
https://www.sciencedirect.com/science/article/abs/pii/S0026265X18301310
https://www.sciencedirect.com/science/article/abs/pii/S0026265X18301310
https://www.sciencedirect.com/science/article/abs/pii/S0030401809005987
https://www.sciencedirect.com/science/article/abs/pii/S0030401809005987
https://www.sciencedirect.com/science/article/abs/pii/S0030401809005987
https://www.sciencedirect.com/science/article/abs/pii/S0026265X16304799
https://www.tandfonline.com/doi/abs/10.1080/15567030701258444
https://www.tandfonline.com/doi/abs/10.1080/15567030701258444
https://pubs.acs.org/doi/abs/10.1021/ef050203e
https://www.sciencedirect.com/science/article/abs/pii/S0016236114010205
https://www.sciencedirect.com/science/article/abs/pii/S0016236114010205
https://pubs.acs.org/doi/pdf/10.1021/ac00291a026
https://pubs.acs.org/doi/pdf/10.1021/ac00291a026
https://pubs.acs.org/doi/pdf/10.1021/ac00291a026
https://www.sciencedirect.com/science/article/abs/pii/S0003267099002500
https://www.sciencedirect.com/science/article/abs/pii/S0003267099002500
https://www.sciencedirect.com/science/article/abs/pii/S0003267099002500
https://pubs.acs.org/doi/abs/10.1021/ef960215n
https://pubs.acs.org/doi/abs/10.1021/ef960215n


62. Gotor R, Bell J, Rurack K. Tailored fluorescent solvatochromic test
strips for quantitative on-site detection of gasoline fuel
adulteration. J Mater Chem C Mater. 2019;7(8):2250-2256.

63. Panigrahi SK, Mishra AK. Inner filter effect mediated red-shift in
synchronous and total synchronous fluorescence spectra as a tool
to monitor quality of oils and petrochemicals. Fuel. 2020;267.

64. Akash MSH, Rehman K. Ultraviolet-Visible (UV-VIS)
Spectroscopy. In essentials of pharmaceutical analysis; Springer.
Singapore. 2020;29-56.

65. Alhadeff EM, Salgado AM, Cos O, Pereira N, Valero F, Valdman
B. Integrated Biosensor systems for ethanol analysis. In biotechnology
for fuels and chemicals. Totowa, Humana Press, NJ. 2008;249-256.

66. Muncharoen S, Sitanurak J, Tiyapongpattana W, Choengchan N,
Ratanawimarnwong N, Motomizu S, et al. Quality control of
gasohol using a micro-unit for membraneless gas diffusion.
Microchimica Acta. 2009;164(1–2):203–210.

67. Prakash J, Mishra AK. Introduction of a novel fluorescence based
method for the composition estimation of petroleum fuel-biofuel
blends. Fuel. 2013;108: 351-355.

68. Monteiro-Silva F, Santos JL, de Almeida JMMM, Coelho L.
Quantification of ethanol concentration in gasoline using cuprous
oxide coated long period fiber gratings. IEEE Sens J. 2018;18(4):
1493-1500.

69. Aleme HG, Costa LM, Barbeira PJS. Determination of ethanol and
specific gravity in gasoline by distillation curves and multivariate
analysis. Talanta. 2009;78(4–5):1422–1428.

70. Gangal SA. Reliability society; International Symposium on
Physics and Technology of Sensors. Pune, India. 2015;03:07-10.

71. Santos EJP. Determination of ethanol content in gasoline: theory
and experiment. In Proceedings of the 2003 SBMO/IEEE MTT-S
International Microwave and Optoelectronics Conference.
2003;1:349-353.

72. Rocha MS, Simoes-Moreira JR. A Simple impedance method for
determining ethanol and regular gasoline mixtures mass contents.
Fuel. 2005;84(4):447–452.

73. Opekar F, Cabala R, Kadlecova T. A simple contactless impedance
probe for determination of ethanol in gasoline. Anal Chim Acta.
2011;694(1–2):57–60.

Vijayan A, et al.

J Pet Environ Biotechnol, Vol.14 Iss.6 No:1000544 (MRPFT) 13

https://link.springer.com/article/10.1007/s12010-007-8130-y
https://link.springer.com/article/10.1007/s12010-007-8130-y
https://www.sciencedirect.com/science/article/abs/pii/S0039914009001726?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0039914009001726?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0039914009001726?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0003267011004387?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0003267011004387?via%3Dihub
https://pubs.rsc.org/en/content/articlehtml/2019/tc/c8tc04818e
https://pubs.rsc.org/en/content/articlehtml/2019/tc/c8tc04818e
https://pubs.rsc.org/en/content/articlehtml/2019/tc/c8tc04818e
https://www.sciencedirect.com/science/article/abs/pii/S0016236120301691
https://www.sciencedirect.com/science/article/abs/pii/S0016236120301691
https://link.springer.com/article/10.1007/s00604-008-0058-6
https://link.springer.com/article/10.1007/s00604-008-0058-6
https://www.sciencedirect.com/science/article/abs/pii/S0016236113001452
https://www.sciencedirect.com/science/article/abs/pii/S0016236113001452
https://www.sciencedirect.com/science/article/abs/pii/S0016236113001452
https://ieeexplore.ieee.org/abstract/document/8186150
https://ieeexplore.ieee.org/abstract/document/8186150
https://www.sciencedirect.com/science/article/abs/pii/S0016236104002790
https://www.sciencedirect.com/science/article/abs/pii/S0016236104002790

	Contents
	Emerging Analytical Methods for Quantitative Determination of Biofuel-Petroleum Fuel Blends Composition
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Analytical challenges
	The evolution of analytical techniques
	A new era of emerging analytical trends
	Electroanalytical methods
	Spectroscopic techniques

	RESULTS AND DISCUSSION
	Other methods

	CONCLUSION
	CONFLICT OF INTEREST
	REFERENCES




