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Abstract The major objective of this study is to report physico-chemical properties of sunflower oil samples
collected from different stages of the technological process for sunflower oil refining for food industry. The
samples of oil were crude oil, washed oil, bleached oil and deodorized oil. The physico-chemical properties of
sunflower oil experimentally determined were density, saponification value (SV), iodine value (IV), and acid
value (AV). It was found that the density of sunflower oil remains approximately constant over the different
stages of the manufacturing flow of cooking oil, except the crude oil. The acid value significantly decreases from
crude oil (2.588) to deodorized oil (0.366). The iodine value and saponification value of the different samples of
the sunflower oil corresponding to different stages of oil processing varies slightly. The capacity of different
models to accurately correlate and/or predict the density of vegetable oil was tested. The density of sunflower oil
can be accurately estimated from its SV and IV or with an empirical equation, when density data are available.
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1. Introduction

Vegetable oil is produced in Romania since the
first half of the eighteenth century [1]. Currently,
sunflower (Helianthus annuus L) is a major oil seed
crops, ranking fourth in world production [2].
Sunflower oil represents the main edible oil used in
Romania. It represents an important source of fat in
diet being used for frying, salad dressing, cooking
and also for margarine production. Studies on the
physico-chemical properties of sunflower oil are
presented in literature [3-5].

The main steps of chemical refining of
sunflower oil are degumming (gums removal of
crude oil), neutralization and washing (removal of
free fatty acids and washing soap), bleaching
(removal of colored impurities), winterization
(removal of waxes) and deodorizing (removal of
volatile components that prints oil smell and
unpleasant taste) [6].
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The aim of this paper is to report physico-
chemical properties (density, saponification value,
iodine value, and acid value) of commercial cooking
sunflower oil and of samples of oil collected from
different stages of the manufacturing flow of
cooking oil. The capacity of different models to
accurately correlate and/or predict the density of
vegetable oil will be tested.

2. Experimental

2.1. Samples and reagents

Samples of sunflower oil corresponding to
different stages of vegetable oil processing were
supplied by a local company. The samples were
represented by crude oil (CO), washed oil (WO),
bleached oil (BO), and deodorized oil (DO). They
were stored in the dark, in stoppered bottles.

Some characteristics of the deodorized
sunflower oil used in the experiment are presented in
Table 1.
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Table 1. Characteristics of the sunflower oil

Property Value
Saturated fatty acids 11g
Unsaturated fatty acids | 24 g
Polyunsaturated 57¢g

“as presented by the producer, per 100 g oil sample.

The reagents used to determine the saponification
value, iodine value and acid value were: potassium
hydroxide, hydrochloric acid, potassium iodide,
sodium thiosulfate and chloroform from Chemical
Company lasi, Romania, Hanus reagent and ethanol
from S.C. Remed Prodimpex S.R.L. Bucharest,
Romania. All reagents used in the study were of
analytical grade. The solutions were prepared with
by-distilled water.

2.2. Equipment

The density was measured with an Anton-Paar
viscometer SVM 3000 type. The measurements were
made in the temperature range of 20 °C to 80 °C.
The uncertainty in density measurements was =+
0.0005 g/cm’. The temperature in the measuring cell
was controlled to within + 0.02°C. All measurements
at each temperature were repeated three times, and
the results were averaged.

The density was determined at atmospheric
pressure according to the method ASTM D445
standard. The acid value (AV), iodine value (IV),
and saponification value (SV) were determined
following the procedures as presented elsewhere [7].
The saponification value, iodine value and acid
value were determined according to SR EN ISO
3657:2005 (SV), SR EN ISO 391:2002 (IV) and SR
ENISO 660:2009 (AV).

3. Empirical models

Empirical predictive-correlative equations used
to calculate the density of sunflower oil from
physical-chemical properties like saponification
value and iodine value are presented in literature:
Pantzaris equations [8 - 9]:

p = 08534 + 0.000308 - 5V + 0.0U0157 - IV — U.0006E - ¢
(€]

p= 08472 +0.000308- 5V + 0.000271 - IV — 0.0068 - £
(2)
The decrease of vegetable oil density with
temperature is of linear nature [10 - 11]:

p=at + b 3)
where p represents the density of the oil; SV —
saponification value; IV — iodine value; t —

temperature (°C); a and b are constant parameters.

The accuracy of empirical equations used to
estimate the density of vegetable oil at different
temperatures was evaluated using the corresponding
values of relative error (RE) calculated with the
equation:

Pexp — Peale

Pexpl 4)
and the average absolute deviation (AAD) calculated
with the equation:

RE =

AAD = E S {Esxpl: - -ﬂfﬂ-:f[}:
n

= Pec: 5)
where pe,, and p.,. are the measured and calculated
value of the density, n represents the number of
experimental points.

4. Results and Discussions

The experimentally determined values of
density, saponification value (SV), iodine value (IV),
and acid value (AV) of the studied samples of
sunflower oil are presented in Table 2 and 3.

Table 2. Experimental density (g/cm®) of crude,
washed, bleached and deodorized sunflower oil

Temperature Crude | Washed | Bleached | Deodorized
(°C) oil oil oil oil
(€O (WO) BO) {DO)
20 0.9191 | 0.9185 0.9185 0.9184
40 0.9055 | 0.9185 0.9049 0.9048
60 0.8923 | 0.8914 0.8915 0.8914
80 0.8788 | 0.8782 0.8782 0.8782

It can be seen (Table 2) that the density of
sunflower oil remains approximately constant over
the different stages of the manufacturing flow of
cooking oil, except the crude oil. The density
decreases with temperature increasing.
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Table 3. Chemical properties of crude, washed,
bleached and deodorized sunflower oil

Property* Crude Washed | Bleached | Deodorized
oil oil oil oil
(CO) (WO) (BO) (DO)
SV 212.143 | 209.776 209.476 209.448
v 85.916 82.752 83.562 83.824
AV 2.588 0.536 0.468 0.366

*SV — saponification value; IV — iodine value; AV —
acid value.

The acid value (Table 3) significantly
decreases from crude oil to deodorized oil, as a
result of the treatment during washing, bleaching
and refining steps of the manufacturing process. The
iodine value and saponification value of the different
samples of the sunflower oil corresponding to
different stages of oil processing varies slightly from
sample to sample.
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Fig. 1. Density of sunflower oil versus temperature;
¢ experimental value; (....) calculated with eq.(1) ; (-
- -) calculated with eq.(2); (---) calculated with
eq.(3)

Experimental and calculated density (egs.1,
2 and 3) versus temperature for sunflower oil
samples are presented in Fig. 1 a, b, c, d. It can be
observed that the estimation of the density using eqs.
(1) and (3) has a good accuracy, while eq. (2)
underestimates oil density. The accuracy of the
selected equations for density estimation was
evaluated by the means of RE and AAD statistical
indicators.
The constants from eq.(3) for the calculation of
the density of sunflower oil at different temperatures
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determined based on experimental density values,
using a linear regression are presented in Table 4.

Table 4. Correlation parameters from eq.(3)

Oil type Correlation parameters (eq.3) | R?
a(g/cm3 .grd) b (g/cm3)

Crude oil -0.0007 0.9325 0.9999

Washed oil -0.0007 0.9319 0.9999

Bleached oil | -0.0007 0.9319 0.9999

Deodorized -0.0007 0.9317 0.9999

oil

The RE varied between 0.0006 and 0.003 when the
density of sunflower oil is calculated with egs. (1) or
(3), and varied between 0.007 and 0.01 when eq. (2)
is applied. AAD is no more than 0.3% when the
density is calculated with eqgs. (1) or (3), and is an
order of magnitude higher for eq. (2).

4. Conclusions

Density, saponification value, iodine value and
acid value were determined for four samples of
sunflower oil corresponding to different stages of
vegetable oil processing. It was found that the
density of sunflower oil remains approximately
constant over the different stages of the
manufacturing flow of cooking oil, except the crude
oil. The acid value significantly decreases from
crude oil (2.588) to deodorized oil (0.366). The
iodine value and saponification value of the different
samples of the sunflower oil corresponding to
different stages of oil processing varies slightly.

The density of sunflower oil can be estimated
with correlative-predictive equations based on SV
and IV values of the oil, or with a predictive
equation, when density data are available. Equations
(1) and (3) can be recommended for sunflower oil
density calculation with a good accuracy.
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