
ABSTRACT: A method for the determination of acid values
(AV) in olive oil without titration is proposed, based on pH mea-
surements on an oil sample emulsion in a suitable reagent and
fully automated using a robotic station. The robot performs the
weighing of the sample, adds the reagent, emulsifies both, and
measures the pH of the emulsion. The data are acquired and
treated by the computer. After optimization, two versions of the
measurement step (interpolation within a calibration curve and
addition of standard) are developed and applied to 51 oil sam-
ples with AV values that also have been determined by the stan-
dard method based on potentiometric titration. Both versions
are statistically compared with the standard method, and no sig-
nificant differences are found. Excellent correlation (R > 0.99)
between all three methods demonstrates the usefulness of the
fully automated approach that works at a sample rate of 15
sample h–1 with relative standard deviations lower than 2.5%.
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Titratable acidity or acid value (AV) corresponds to the total
concentration of titratable acids in a sample. This parameter
is an important characteristic of the quality of a number of
products such as vegetable oils (this is one of the major pa-
rameters in establishing the quality of batches of raw veg-
etable oil prior to acceptance), juices, wines, petroleum,
motor oils, polyesteric resins, and plasticizers. Throughout
the harvest period of vegetable-oil raw materials, the contri-
bution from different sources is abundant, thus causing over-
load in routine laboratories because of the slowness of the
AV determination.

The majority of national and international standard meth-
ods for AV determination in oil are based on acid-base titra-
tion in nonaqueous systems (1–3). The methods thus pro-
posed are time- and labor-consuming, have relatively high de-
tection limits, and are far from fully automated. The major
drawbacks involved in these methods are potentiometric
monitoring in nonaqueous media and preliminary extraction
of the analytes, mandatory in very dirty matrices (1). Other
shortcomings of the standard methods are the use of toxic sol-
vents such as diethylether and methyl-isobutyl-ketone as well

as nonaqueous alkaline titrants, which are sensitive to carbon
dioxide contamination from the atmosphere.

Several methods for AV determination in oils without titra-
tion based on the use of pH metric (4–6) and spectroscopic
techniques with (7) and without solvent (8,9) have been pro-
posed. Among these methods, those based on pH measure-
ments without titration seem to be the most efficient because
of their simplicity, rapidity, low-cost setup, and easy automa-
tion. The method reported by Tur’yan et al. (10) is based on
the formation of an emulsion of the oil sample with a solu-
tion of triethanolamine in a 1:1 water/isopropanol mixture.
Quantitative extraction of the free fatty acids from the oil into
the polar-basic solution is achieved, thus giving rise to a pre-
cise pH monitoring, easily correlated with the amount of the
analytes in the sample (11–13).

Full automation of the steps involved in AV determination
(namely, weighing, addition of the reagent, stirring if re-
quired, and monitoring) is difficult using an alternative to ro-
bots. Robotic stations were used for full automation of the de-
termination of target parameters in olive oil (14–16). These
methods show the usefulness of this type of automation for
processes in which the first steps are the bottleneck of the
overall process.

This paper describes a fully automated robotic method for
the determination of AV based on extraction of free fatty acids
from olive oil samples into an immiscible phase and subse-
quent AV determination by monitoring the pH of the sample-
reagent emulsion using a combined glass-calomel electrode
as proposed by Tur’yan et al. (10). Two different versions of
the method were carried out and are discussed.

EXPERIMENTAL PROCEDURES

Instruments and apparatus. The robotic station consisted of a
Zymate II Plus robot (Zymark, Hopkinton, MA) and the fol-
lowing peripherals in a circular arrangement (see Fig. 1).

Master laboratory station (MLS). The proposed method
uses two MLS (MLS 1 and MLS 2), which consist of three
syringes, intended to dispense liquids. One of them (MLS 2)
is used in conjunction with the dilute and dissolve unit and
only two of its three syringes (A and B) were used by con-
necting both to the reservoir and dilute and dissolve dispenser
(syringe A: reagent solution; syringe B: distilled water). Each
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of the three syringes of the MLS 1 was connected to both the
reservoir and dispenser tube (syringe A: 4.64 × 10–3 M HCl
solution; syringe B: 5.79 × 10–3 M HCl solution; syringe C:
0.1 M KOH solution).

Small-size object all-purpose (SSOAP), big-size object all-
purpose (BSOAP), and syringe hands (SH). The SSOAP hand
allows the robot to seize centrifuge tubes and objects of simi-
lar size. For the SSOAP hand to be able to handle a tube of 1.5
mm o.d., that is, the usual diameter of a dispenser tube, an
empty cartridge must be pierced at the bottom and the dispens-
ing tube inserted through the hole over a length of ca. 5 cm.
The BSOAP hand allows the robot to seize 100 mL-precipi-
tate vessels and objects of similar size. The SH has a syringe
which allows it to aspirate volumes between 0.2 and 1.0 mL.

Power and event controller (PEC). The PEC module acts
as an interface between the controller, peripherals, and robot.

System V controller. This module sends orders to the rest
of the units, including the robot. It acts as an interface be-
tween the computer and peripherals (those belonging to the
robot station and the external modules). One of the abilities
of the System V controller is to control additional units such
as a peristaltic pump, a photometer, a microwave digester,
and switching valves. The RS232 outputs of these units
allow them to be operated by the System V controller via
the PEC.

Balance. This module includes two wires which open the
balance door on contact and close it on separation. The
wires are connected to a PEC switch in such a way that is-
suing a command brings them into contact (“on” position)
to open the balance door. The balance plate for tube weigh-
ing was modified as shown in the detail in Figure 1 (near the
top of the balance), thus allowing the precipitate vessel to
be maneuvered to and from the balance by the robot.

In addition, an Agimatic-N stirrer (Selecta, Barcelona,
Spain), a Metrohm combined pH glass electrode (Switzer-

land), and a Radiometer PHM-64 research pH meter (Copen-
hagen, Denmark) were used. The System V controller was in-
terfaced to a Netset 286/400 personal computer.

Reagents and solutions. Proposed method. The reagent so-
lution consists of 0.20 M triethanolamine (Merck, Darmstadt,
Germany) + 0.02 M KNO3 (Merck) in a 1:1 vol/vol iso-
propanol (Panreac, Barcelona, Spain)/water mixture with a
pH adjusted at 11.30 ± 0.05 with a 0.1 M KOH (Merck) aque-
ous solution. A 1 M (F = 0.966) HCl (Panreac) aqueous solu-
tion was used for preparing two more diluted solutions
(5.79 × 10–2 M and 4.64 × 10–3 M) in reagent solution. A 0.1
M KOH (Panreac) aqueous solution.

Standard method. Isobutyl-methyl-ketone (d = 0.8) and a
0.1 N KOH solution in isopropanol were standardized with
benzoic acid.

Standard method. Between 5 and 10 g of dried oil is
weighed in a 150-mL glass vessel; 50 mL of isobutyl-methyl-
ketone is added. Then, the electrode is plunged into the ves-
sel, and the titration is carried out using the 0.1 N KOH aque-
ous solution as titrant.

The AV value is calculated from Equation 1:

V × 56.11 × M
AV = mg KOH g–1 oil [1]

m

where V is the volume of titrant (in mL) consumed in the titra-
tion, M is the molarity of the KOH solution (0.1 M), and m is
the weight of the sample (in g).

Proposed robotic method. The robot catches a 100-mL
glass vessel from the vessel rack which is carried to the bal-
ance and tared. The robot then selects the centrifuge tube con-
taining the first sample and sets it in an inclined position above
the vessel placed in the balance, thus permitting about 6 g of
oil to be added before bringing the 100-mL vessel below the
dilute and dissolve liquid dispenser and adding 50 mL of
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FIG. 1. Robotic station arrangement for the determination of acid values in olive oil without
titration. BSOAPH, big-size object all-purpose hands; SSOAPH, small-size object all-purpose
hands; MLS, master laboratory station; SH, syringe hands; PEC, power and event controller.
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reagent solution. Then, the robot places the vessel on the stir-
rer, and the content is stirred for 5 min. Meanwhile, the robot
prepares the electrode for measurement by introducing it into
a drier tube. Next, the robot turns the stirrer off, introduces the
electrode into the vessel and measures the pH of the emulsion
(pH1); the datum is acquired by the computer. The aforemen-
tioned steps are the same in the two versions of the method.
Subsequently, in Version I the pH datum is interpolated within
the calibration curve previously run, and the AV of the sample
is delivered by the computer. In Version II, the SH of the robot
aspirates 0.5 mL from the 0.966 M HCl solution contained in
a centrifuge tube placed in the tube rack and adds it to the
emulsion. The robot takes the electrode again, dries it, intro-
duces it into the vessel, and measures the pH of the emulsion
(pH2). From the two data of pH, with and without standard ad-
dition, the AV of the sample is calculated by the computer.

Calibration and standardization. Before starting the above-
mentioned procedure, the robot standardizes the HCl and runs
the calibration curve.

Calibration. The robot catches a 100-mL glass vessel from
the vessel rack, takes it to the dilute and dissolve module, sets it
below its liquid dispenser, adds 50 mL of reagent solution, and
places it on the stirrer. The robot uses two HCl standard solu-
tions for running the calibration curve. First, it gets the dispenser
containing 4.64 × 10–3 M HCl, sets it above the vessel, adds 14
mL of the solution in 2-mL portions, and measures the pH after
each addition. Then it gets the dispenser containing 5.79 × 10–2

M HCl and repeats the same steps. The controller collects all
the pH values and runs the calibration line (pH vs. –log [HCl]).

Adjustment of the reagent pH. A 1000-mL glass vessel
placed on the stirrer contains the reagent solution. The robot gets
the electrode and introduces it into the solution. It selects the 0.1
M KOH dispenser, sets it above the glass vessel, and adds the
necessary volume to adjust the pH of the reagent solution to
11.30 ± 0.05.

Potentiometric standardization of the HCl solution. The
robot standardizes the 1 M HCl aqueous solution, adding the
standard solution (aqueous Na2CO3) by using a SH and mea-
suring the pH after each addition.

RESULTS AND DISCUSSION

Robotic steps. After a computer program was developed for
both maneuvering the different peripherals by the robot and col-
lecting the data from them, the various steps were optimized as
follows:

In order to add about 6 g of sample, the robot selects the test
tube containing the oil, sets it above the glass vessel in the bal-
ance, inclines the tube until the oil starts to go out (increase of
the vessel weight), and keeps it in this position for 2 s. Then the
controller obtains and evaluates the weight. If this is lower than
5 g, the process is repeated once more in the same manner. If
the weight is between 5 and 6 g, the robot reduces the pouring
time to 1 s, and if it is higher than 6 g, the robot finishes the
weighing step and the computer stores the datum.

The natural pH of the reagent solution is about 11.0. In
order to extend the linear range in the calibration line, the pH
of this solution must be 11.30 ± 0.05 (10). The adjustment of
this value is carried out by the robot. This operation is re-
peated every day in order to avoid systematic errors due to
pH alterations.

Depending on the acidity of the sample, 2 to 5 min is re-
quired for quantitative extraction of free fatty acids from the
oil to the reagent solution. After 5 min stirring, the combined
electrode is plunged into the emulsion, and the pH is moni-
tored at 1-min intervals. The computer acquires the datum
when the same pH value coincides in three consecutive mea-
surements.

Finally, the robot rinses and washes the electrode after
monitoring the pH of the emulsion. In the rinsing procedure,
the robot brings the electrode and plunges it into a test tube
containing distilled water. Then the robot develops the wash-
ing procedure in which it takes the electrode to the dilute and
dissolve dispenser and delivers 10 mL of distilled water; after
this the robot puts the electrode in a waiting rack.

Data treatment. The principles on which the method is
based can be found elsewhere (10). Two versions of the
method were used for subsequent comparison of the results:
Version I based on interpolation within a calibration curve
and Version II based on the standard addition method.

Version I. The calibration curve was run as described in the
Experimental Procedures section, and its characteristic para-
meters are: n, 11; equation, y = 1.04x + 6.21; linear range,
1.78 × 10–4–0.93 × 10–2; r, 0.997; confidence limits [tS: t, Stu-
dent’s t (n − 2 = 9, α = 0.05) and S, standard deviation]: inter-
cept, 0.06; slope, 0.03. The studied wide linear range amply
encompasses the AV of any type of edible oil (usually be-
tween 0.2 and 4.5 mg of KOH g–1 of oil). The measurement
of the pH in the reagent-oil emulsion enables the concentra-
tion of HCl from the calibration line which corresponds to the
sample pH to be obtained and then the calculation of AV by
Equation 2 according to the mass (m) of the sample,

56.11 × V × [HCl]
AV = (mg KOH g–1 oil) [2]

m

where 56.11 is the molecular mass of the KOH, V is the vol-
ume (in mL) of reagent solution added (50 mL), and [HCl] is
the concentration of HCl obtained from the calibration line
according to the pH of the sample emulsion.

Version II. In this case, the pH for the reagent-oil emulsion
was monitored (pH1), then a volume of the acid standard so-
lution was added to the emulsion, and the pH was monitored
again (pH2). Equation 3 shows AV calculation,

56.11 × Nst × VstAV = (mg KOH g–1 oil) [3]
(10∆pH – 1 × m

where Nst is the concentration of the HCl standard solution
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(0.966 M), Vst is the volume of HCl added (0.5 mL), and ∆pH
is the difference between pH1 and pH2.

Precision study. A study of the reproducibility of the pro-
posed method was performed using eight samples of AV = 2,
which were measured on different days by the two versions.
The precision of the method, expressed as relative standard
deviation (RSD) was 1.5 and 2.5% for Versions I and II, re-
spectively.

Application of the method and statistical comparison. The
applicability of the two versions of the method was checked
by applying them to 51 samples of olive oil supplied by two
laboratories. A correlation plot of the results obtained is
shown in Figure 2A, where r2 is the correlation coefficient; a
is the intercept [deviation expressed as the product between
the Student’s t-test (n − 2 = 49, α-confidence interval = 0.05)
and the SD; b is the slope (deviation expressed as before; Fcalc
is the Fisher’s F calculated for one sample with AV = 2 (n =
8); SI (0.03) and SII (0.05) are the SD of the two versions. As
the slope is close to 1, the intercept is close to 0, and Fcalc is
lower than the Ftab (tabulated value for n = 7 and α= 0.05).
No significant differences between both versions can be con-
cluded from these data. The results obtained with the robotic
method were consistent with those provided by the manual
method as the parameters obtained from their comparison,
shown in Figure 2B, confirm the usefulness of the fully auto-
mated alternative.

The advantages and disadvantages of the two versions 
of the proposed method are as follows: the main advantage 
of Version I (usage of the calibration line) is its simplicity 
for large batches of samples. However, the calibration line
must be corrected whenever temperature or pH-electrode
characteristics are changed. Version II of the method lacks
this drawback because neither temperature nor pH-electrode
characteristics change during the short interval between pH1
and pH2 measurements. Despite the fact that temperature
control is not necessary in Version II, two pH measure-
ments and the intermediate addition of the standard solu-
tion are needed, making Version II more complicated 
than Version I. The throughput in both instances is 15 samples
h–1. The statistical comparison of both versions shows no
significant differences in the results they provide; this 
assertion is also clear from Figure 2A. The precision of both
versions (RSD less than 2.5%) is sufficient for monitor-
ing the AV in routine laboratories of any type of edible oil
industry.

Figure 2B shows that excellent correlation also exists (r =
0.997) between the fully automated method proposed here
and the conventional method. The proposed method allows a
reduction of time and labor consumption in comparison to the
standard method (1–3) and other methods (8,9). The last, yet
significant, advantage of the proposed assembly is its unat-
tended capability for a 24-h working day in a robotic station,
eliminating human intervention, decreasing overload created
in routine laboratories in the determination of this common
parameter.
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