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Fast Spectrophotometric Determination of Iodine Value in Biodiesel and Vegetable Oils
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Iodine value is an important quality parameter for evaluation of the oxidative stability of
biodiesel and vegetable oils, but the official methods are time-consuming and demand large
amounts of reagents and solvents. The present work describes a novel procedure for determination
of iodine value based on the discoloration of a triiodide aqueous solution due to halogenation of
the unsaturated compounds in the samples. Iodine is extracted to the organic phase and consumed
proportionally to the amount of unsaturated compounds in the samples. Thus, the remaining
fraction of I, quantified by spectrophotometry in the aqueous phase is inversely proportional
to the concentration of unsaturated compounds. For biodiesel samples, responses were linear
from 10 to 106 g I, per 100 g, with coefficient of variation and limit of detection estimated at
5.0% (n = 8) and 2.5 g L, per 100 g, respectively. The corresponding values for vegetable oils
were 20 to 140 g I, per 100 g, 3.0% (n = 10), and 7 g I, per 100 g, respectively. The procedure
consumed only 1.2 mL of sample, 365 ug of I,, and 42 mg of KI with ca. 2.4 mL of waste generated
per determination. The results agreed with those obtained by the official methods at the 95%

confidence level.
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Introduction

Vegetable oils are extracted from seeds, such as soy,
cotton, corn, and sunflower. They are characterized by
high concentrations of triglycerides and lower amounts
of mono and diglycerides, free fatty acids, tocopherols,
proteins, sterols, and vitamins.' Triglycerides with a
high number of unsaturations predominate in most of the
vegetable oils (e.g. soy, cotton, corn, and sunflower oils),
which makes them more susceptible to oxidation.”? Some
refined oils, such as those extracted from sunflower, canola,
and soybean are essentially intended for food preparation.
On the other hand, oils are also widely demanded for
biodiesel production (e.g. soybean and cotton oils), which
alternatively can be produced from animal fats. Biodiesel is
obtained by transesterification of these raw materials with a
short chain alcohol (methanol or ethanol), in the presence
of a catalyst, which is typically a strong base.>*

Quality control is essential to ensure the integrity of
vegetable oils and biodiesel that will be marketed. Both
the raw material and the industrial process can introduce
contaminants and yield by-products, whereas transport
and storage can cause product degradation, which make
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essential the establishment of quality standards.> Among
the parameters to be monitored in vegetable oils are acidity,
iodine, and saponification indexes, and physical constants,
such as melting point and refractive index.® In relation to
biodiesel, iodine and acidity indexes, free and total glycerol,
as well as ester content need to be monitored.’

Iodine value is proportional to the degree of
unsaturation of the product and indicates its oxidative
stability.® The official method for biodiesel and vegetable
oils (EN 14111)° is based on titration of the excess of a
halogen reagent with a sodium thiosulfate solution.’!!
It is time-consuming, requires a large reagent amount
(e.g. 25 mL of Wijs reagent) and consequently generates
a significant waste volume.® Currently, with the growth
in the production of vegetable oils and biodiesel, faster
and greener analytical procedures are needed for quality
control. In this sense, a flow-based procedure'> and a
quantitative spot test'* were proposed for determination
of iodine value in biodiesel and alternative volumetric
procedures were developed for vegetable oil samples.'!
Applicability of these procedures for both vegetable oils
and biodiesel was not evaluated and, except for the spot
test, the procedures are not suitable for in sifu analysis,
i.e., directly at the production plants. In this context,
the present work proposes the development of a greener
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procedure for fast determination of iodine value in both
vegetable oils and biodiesel.

Experimental
Equipment and accessories

A vortex (Nova instruments) with capacity for up to nine
15 mL Falcon tubes and agitation maximum of 1800 rpm
and a mixing table (Tecnal, TE-140) were used in the
procedures for biodiesel and vegetable oils, respectively.
A centrifuge (Quimis, model 6222T108) was used for
phase separation and the aqueous phases were removed
with 5 mL hypodermic syringes connected to Tygon® tubes
(2.8 mm i.d.). A UV-visible spectrophotometer (Femto,
model 700Plus) equipped with a 1 cm quartz cuvette was
used for the spectrophotometric measurements.

Reagents and solutions

Solutions were prepared using analytical grade chemicals
(Merck) and ultrapure water (resistivity > 18.2 MQ cm).
Biodiesel and degummed soybean oils were obtained
directly from biodiesel production plants and refined oils
were purchased at the local market. All biodiesel samples
agreed the quality standards established by the Brazilian
regulatory agency (ANP). Reference samples of biodiesel
and vegetable oil (i.e., samples with iodine value previously
determined by the reference procedures)''* were used for
optimization of the procedure and for preparation of the
reference solutions by dilutions in n-hexane (fractions 0 to
100% v/v). Accuracy was assessed with biodiesel samples
(from animal fat, soybean and cotton oils), refined oils
produced from canola, soybean, and sunflower seeds and
soybean degummed oils. Before analysis, biodiesel and
vegetable oil samples were diluted 1:1 (v/v) and 1:2 (v/v)
in hexane, respectively.

A 1.2 mmol L' triiodide reference solution was prepared
by dissolving 30 mg of I, in 15 mL of ethanol, followed
by addition of KI to a final concentration of 0.210 mol L"!
and marking the volume up to 100 mL in a volumetric
flask. Hexane replaced the samples for measurement of the
reference signals, i.e., those obtained without consumption
of iodine for halogenation of the unsaturated compounds.

Procedure

The analytical procedure was carried out in 15 mL
polypropylene (Falcon) tubes based on the single vial
principle. First, 1.0 mL of biodiesel or 1.2 mL of vegetable
oil samples and 1.2 mL of the I; solution were added to

J. Braz. Chem. Soc.

the tube, which was shaken for 5 min to extract I, to the
organic phase aiming at reaction with the unsaturated
compounds. Subsequently, the mixture was centrifuged for
2 min to separate the phases before removal of the aqueous
phase with a syringe. The remaining I, was measured by
spectrophotometry at 450 nm. The analytical signal was
obtained by the difference between the signals obtained
in the absence (replaced by hexane) and presence of the
sample. The procedure was optimized by the univariate
method and all measurements were taken in triplicate.

Results and Discussion
General aspects

The determination of iodine value was based on the
discoloration of an aqueous triiodide solution added to
biodiesel or vegetable oil, due to the halogenation of the
unsaturated compounds in the sample (equation 1). As
these unsaturated compounds show very low solubility
in water, the reaction occurs in the organic phase and it is
favored because I, is soluble in biodiesel and vegetable oils.
In this way the proposed procedure involved three steps:
(i) extraction of I, to the organic phase, (if) halogenation
reaction, and (ii/) measurement of the remaining I, in the
aqueous phase.

R1 R2 R4 ;.RZ
>=< + L, + HO = R3>—TI + HL (1)
Rs Ry HO Ry

The indirect determination of iodine value by
measurements in the aqueous (instead of organic) phase
avoids the drawbacks caused by the color of the samples,
which absorb radiation at the same wavelength of the
reagent. This simplifies the analytical procedure by
avoiding the need for a correction step for the background
absorption by the sample' or a derivatization step,'® thus
making the procedure more attractive for routine analysis.

Because of the lack of a commercially available species
to mimic the unsaturated compounds found in biodiesel and
vegetable oils, calibration was carried out with reference
samples (biodiesel and vegetable oil containing 106 and
144 g1, per 100 g, respectively), whose iodine values were
determined by the reference procedures.!"''* This strategy
also yielded reliable results in previous works.'>!?

Discoloration of the I; solution results from both the
consumption of I, in the halogenation of the unsaturated
compounds and its solubility in the organic sample. In this
way, a solvent for sample dilution should ideally present the
same ability to dissolve I, than biodiesel and vegetable oils.



Vol. 29, No. 8, 2018

However, solubility of I, in the samples cannot be evaluated
independently because of its intrinsic consumption in the
halogenation of unsaturated compounds. Alternatively, it
was experimentally evaluated that dilution of the reference
samples in n-hexane yielded a linear response between
absorbance in the aqueous phase and the iodine value
in the samples. This indicates that the solubility of L, is
not significantly altered by the addition of this diluent
and thus the ideal condition previously mentioned was
achieved. Moreover, n-hexane is relatively cheaper and
often used for the dilution of biodiesel samples in analytical
procedures. 316

Optimization

lodine value in biodiesel samples

In relation to I, concentration, both the analytical
and reference signals increased linearly in the evaluated
interval (Figure 1A). This indicates that the organic phase
(biodiesel or n-hexane in the curves b and a, respectively)
is not saturated with I,. The curve referent to biodiesel
shows a lower slope because of the reagent consumption in
the halogenation reaction and thus the net analytical signal
increases with the I, concentration. An iodine concentration
of 1.2 mmol L' was chosen to avoid absorbance values
higher than 1.0 and thus the increase of the uncertainty in
the spectrophotometric measurement.

Todide is essential for dissolution of I, in water (as
tritodide) as well as for extraction of the remaining I,
back to the aqueous phase. However, KI concentration
had a low effect on the signal below the concentration of
160 mmol L' (Figure 1B), with signals variations lower
than 2%. Poor linearity was observed when a solution in
this concentration was used as reagent (r = 0.961). This
drawback was solved by using 210 mmol L' KI (r = 0.998),
which favored the extraction of the remaining I, from the
organic phase. For higher iodide concentrations, the net
signal tends to diminish because the partition of I, to the
organic phase is hindered.

The time for the halogenation reaction was evaluated
aiming to achieve the chemical equilibrium condition
(Figure 1C), which was reached from 2 min of reaction.
This was observed for a biodiesel sample with (Figure 1C,
curve c¢) and without (Figure 1C, curve b) dilution in
n-hexane. However, to assure the attainment of the steady
state even with lower ambient temperatures, a 5 min
reaction time was selected for further measurements.

lodine value in vegetable oils
Because of the significant amounts of free fatty
acids in the vegetable oils, emulsions were formed
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Figure 1. Effect of the reagent concentration (A, B) and reaction time (C)
on the reference (a) and analytical (b and c refers to the sample without
and with 1:1 (v/v) dilution in hexane) signals. Results refer to mean values
of triplicate measurements taken with 1.2 mL reagent and 1 mL sample
and reaction time of 5 min (except in Figure 1C).

when samples were processed under the conditions
optimized for biodiesel.!” This hindrance was avoided
by previous sample dilution in n-hexane jointly with a
slower stirring (a mixing table instead of a vortex). It
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was experimentally evaluated that the best conditions
were attained when the vegetable oil was diluted
1:1 (v/v) in n-hexane. The procedure was carried out with
1.2 mL of sample to partially compensate the decrease
in the amount of unsaturated compounds because of
the dilution. As observed for biodiesel samples, better
analytical response was also achieved with 5 min of stirring
(Figure 2).

1.4 4
a
1.3+
o)
O
c
g 1.2
o
(2]
B!
< 1.1
b
1.0 -
0 2 4 6 8 10

time / min

Figure 2. Effect of the time for halogenation reaction on the reference (a)
and analytical (b) signals. The experiment was carried out with a 1-fold
diluted soybean oil sample. Values refer to mean values of triplicate
measurements.

Analytical features

Under optimized conditions, linear responses were
obtained from 10 to 106 g and 20 to 144 g I, per 100 g,
described by equations A =0.03169 + 0.00515C (r = 0.998)
and A = 0.06494 + 0.00238C (r = 0.999) for biodiesel
and vegetable oil samples, respectively, where A is the
absorbance and C is the iodine value in g I, per 100 g. For
biodiesel samples, the coefficient of variation (CV) and the
limit of detection (LOD) were estimated at 5.0% (n = 8)
and 2.5 g1, per 100 g, respectively, while the corresponding
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values for vegetable oil samples were 3.0% (n = 10) and
7 g1, per 100 g. The procedure consumed only 1.0-1.2 mL
of sample, 365 pg of I, and 42 mg of KI and generated
ca. 2.4 mL of waste per determination.

In order to evaluate the occurrence of matrix effects,
samples of different sources (tallow, soybean and cotton
oil) with the same iodine value according to the reference
method were analyzed by the proposed procedure. The
analytical signal obtained by using biodiesel produced
from 90% soybean oil and 10% tallow (0.467 £ 0.007) was
15% lower than those obtained with biodiesel produced
from 90% soybean and 10% cotton oils (0.540 + 0.009)
and soybean only (0.540 + 0.010). Differences of up to
70% were observed for samples of refined and degummed
corn oils. This indicates the occurrence of matrix effects
and that analytical curves obtained with biodiesel derived
exclusively from vegetable oils could not be used for the
quantification of iodine value in samples from animal
fat, as well as analytical curves obtained with refined oils
(soybean, corn or canola) cannot be used to quantify iodine
value in degummed oils. Similar effects were observed
in a batch procedure for the determination of glycerol
in biodiesel.”” In the proposed procedure, the matrix
effects seem to be related to the different solubility of I,
in the samples from different sources. The drawback was
overcome by matrix matching, i.e., by using a biodiesel
from soybean oil as reference for analysis of biodiesel from
vegetable sources, refined soybean oil for analysis of refined
oils and degummed soybean oil for analysis of degummed
oils. In relation to biodiesel analysis, matrix matching is
feasible because it is obligatory to the producers to inform
the feedstocks and their respective proportions used in
production of biodiesel (e.g. article 5 of ANP, resolution
No. 45 of 08/25/2014)."8

Biodiesel and vegetable oil samples were analyzed
by the proposed and the reference procedures based on
iodometric titrations'"'* (Tables 1 and 2). The variances
were compared by the F-test and values for all the analyzed

Table 1. Iodine value in biodiesel samples determined by the proposed and reference procedures

Todine value / (g I, per 100 g of sample)

Sample F-value®
Proposed Reference'
100% soybean 1 109 £ 1 106 2 4.0
100% soybean 2 108 =1 1031 1.0
90% soybean/10% cotton 124+ 1 104 £ 1 1.0
90% soybean/10% tallow 1 106 £2 106 £2 1.0
90% soybean/10% tallow 2 108 =2 98 +6 9.0
90% soybean/10% tallow 3 103 +1 106 + 1 1.0

F, =19.0 (95% confidence level).

critical —
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Table 2. Iodine value in refined and degummed oil samples determined by the proposed and reference procedures

Todine value / (g I, per 100 g of sample)

Sample F-value®
Proposed Reference!!
Refined soy 1331 1431 1.0
Refined corn 117+3 116 +4 1.8
Refined canola 1 118+6 112+2 9.0
Refined canola 2 106 + 4 110+2 4.0
Degummed soy 1 133+5 130 +2 6.2
Degummed soy 2 123+ 6 123£3 4.0

F e = 19.0 (95% confidence level).

samples (see Tables 1 and 2) were lower than the critical
value for two degrees of freedom (19.0), thus indicating
that the variances are not significantly different at the 95%
confidence level. For accuracy assessment, the mean values
were compared by a paired 7-test and the obtained values
(1.736 for biodiesel and 0.289 for vegetable oils) were also
lower than the critical one (2.571), thus indicating that the
results agreed at the 95% confidence level.

Advantages of the proposed procedure were evidenced
when the analytical characteristics were compared to those
achieved in the official methods (Table 3). These methods
require more toxic organic solvents (carbon tetrachloride
or cyclohexane were herein replaced by n-hexane) and
the solvent consumption is 30-fold higher than in the
proposed procedure; moreover, the Wijs reagent was
replaced by an aqueous dilute triiodide solution. Moreover,
it consumes about 25" to 30-fold! less organic solvent
in comparison to other alternative procedures cited in the
literature. The coefficient of variation is comparable to
the attained in the official procedure® for determination of
iodine value in biodiesel. The analysis time was 15-fold

lower than in the official method® and 6-fold lower than
in other procedures.!'*” The proposed procedure is then
fast, practical, and requires only simple equipment and
materials such as vortex, centrifuge, and spectrophotometer
to perform the analysis. Sample preparation involved only
dilution in hexane, and all the processes were carried out
in the same vessel, which minimizes risks of contamination
and loss of the analyte. These characteristics make the
procedure attractive for analysis of biodiesel and vegetable
oils directly at the production plants, also because of the
environmental friendliness.?

A quantitative spot test based on digital images was
recently proposed for determination of iodine value in
biodiesel with negligible reagent consumption and waste
generation."® Although a good analytical performance was
attained, the proposal described herein has advantages in
relation to detection limit (ca. 3-fold lower) and ruggedness.
The latter is mainly related to the effects of evaporation of
organic solvents (i.e., ethanol and hexane) in the spot test,
which involves solution volumes in the order of microliters.
This reflected directly in the precision observed in sample

Table 3. Main characteristics of the procedures for the determination of iodine value in vegetable oil and biodiesel

Solvent consumption

Procedure CV /% Sample mass / g /L Analysis time / min Reference
Volumetry-visual end point detection - 0.400 15 (cyclohexane) 30 10
Volumetry-visual end point detection - 0.10-0.15 20 (ethanol) 30 11
EN 14111 (Wijs) 3.0 0.13-0.15 20 (cyclohexane) 75 9
Proposed procedure 3.0 0.550 0.6 (hexane) 5 this work
Biodiesel
EN 14111 (Wijs) 3.0 0.13-0.15 20 (cyclohexane) 75 9
Spot test-digital images 49 0.035 0.020 (hexane) 7 13
Potentiometry 1.5 0.13-0.15 15 (ethanol) 30 19
Proposed procedure 5.0 0.820-0.880 0.5 (hexane) 7 this work

CV: coefficient of variation.
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analysis, with CV of up to 8.4% estimated in the spot test. '
In addition, the proposed procedure is applicable also to
vegetable oils, which is useful for quality control during
biodiesel production.

Conclusions

The present proposal is feasible for analysis of both
biodiesel and vegetable oils and requires only inexpensive
and widely available equipment. Moreover, it minimizes
the consumption of samples, reagents, and solvents, thus
also the waste volumes, meeting the requirements of green
analytical chemistry. Calibration was successfully carried
out by matrix matching, which overcame the matrix effects
expected for such complex samples. The results obtained
agreed with the reference methods used for biodiesel and
vegetable oil analysis, then being a practical alternative to
the official methods.
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