
INTRODUCTION

Since the end of the 1990s, vegetable oils and their daily
use in human life have been intensively studied around the
world. Fresh and unrefined vegetable oils, which are con-
sidered as functional foods, were analysed (Ernster and
Dallner, 1995). Vegetable oils are obtained from fruits or
seeds. They contain on average 99.0% fat and 0.2% water.
Vegetable oils contain mainly fatty acids and are one of the
nutrients needed for the human body to function success-
fully (Franèáková et al., 2015). Besides fatty acids, biologi-
cal active components like carotenoids and chlorophylls are
also important for human health. Carotenoids are iso-
prenoids, consisting of eight isoprene units and in nature
they are the basic source of yellow, orange and red pig-
ments. According to the literature, the most studied caroten-
oids are �-carotene, however, other carotenoids like
lycopene, lutein, and �-cryptoxanthin are also found in veg-
etable oils (Fakourelis et al., 1987; Moreau et al., 2007).
Carotenoids are not only precursors of vitamin A pro-
vitamins and antioxidants, but they inhibit the formation of

pathological substances in cells and are used in cancer ther-
apy and reducing chronic conditions related to coronary
heart disease (Anguelova and Warthesen, 2000; Huang et

al., 2003; Prakash and Gupta, 2014). Chlorophyll is com-
posed of a porphyrin or chlorin ring system with a magne-
sium ion in a central position and it is a unique green pig-
ment found in plants and cyanobacteria (Pareek et al.,
2017). Chlorophyll has positive effects on human health by
stimulating the immune system, cleaning of toxins in hu-
mans and intestines, and they are used in cancer therapy, to
normalise blood pressure, detoxify the liver, and against
skin rashes, sinusitis, fluid build-up and other health dis-
eases (Inanc, 2011). Therefore, it is important to study these
pigments in vegetable oils. Colorimetry is method for deter-
mination of coloured compounds in solution by measuring
the relative absorption of visible light. A colorimeter or tin-
tometer is traditionally used for analytical measurements of
colours. This analytical equipment determines concentra-
tions in solution by the Beer-Lambert law — the concentra-
tion of a solute is proportional to the absorbance (Narayana
et al., 2016). With the development of computer science
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One of the most important indicators of quality of vegetable oils is colour, which can be detected
with colorimetric measurements. The determination of colour is traditionally done using colorime-
ters, spectrometers, tintometers, and other analytical equipment. As an alternative to replace the
classical analytical methods, smartphone-based colorimetry using digital image analysis can be
used. For colorimetric detection of colour in vegetable oils, a Huawei P30 lite smartphone and an-
droid application “Colour Picker” with an image matching algorithm RGB model was used. The
image of sample and standard solutions was captured in a polyvinyl chloride box with light-
emitting diode (LED) lamps. The aim of the study was to detect the colour of vegetable oils with
smartphone-based image analysis. The detected colour of eleven vegetable oils (sea buckthorn,
sunflower, rice, macadamia nut, hemp, corn, grape, linseed, rapeseed, olive, and milk thistle oils)
was compared with standard solutions of iodine with a concentration range from 0 to 100 mg·100
ml-1. The results show that smartphone-based colorimetry can be used for detection of the colour
of vegetable oils and it is possible to compare the colour with standard solutions of iodine. The
colour of vegetable oils was expressed as the colour number obtained from an iodine standard
solution prepared in deionised water.
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and nanotechnology, smartphones can be used as a substi-
tute for traditional analytical equipment. Like in colori-
metry, using an iOS operating system app algorithm and
good resolution cameras, smartphones can absorb the light
spectra in accordance with the Beer-Lambert`s law (Ander-
son et al., 2004). Smartphone-based analysis is used in sev-
eral fields of science: point-of-Care technologies (Vashist
and Luong, 2019), chemical analysis (Zhu et al., 2011,
Bueno et al., 2015; Masawat et al., 2015; Levin et al., 2016,
Vucane et al., 2020), food allergens (Coskun et al., 2013;
Ozcan et al., 2013), biosensors (Roda et al., 2016; Zhang
and Liu, 2016), Escherichia coli (Zhu et al., 2012), fruit
ripeness (Das et al., 2016), paper-based strips (Yetisen et

al., 2014), and dermatology (Kroemer et al., 2011). In na-
ture, the primary colours are red (R), green (G) and blue
(B), which form the RGB colour model for describing the
visible light seen by the human eye. Visible light can be
digitally described in pixels ranging from 0 to 255 (Rhyne,
2016). The RGB model system can be used in smartphone-
based colorimetry for the determination of colours. The ad-
vantage of a smartphone over classical analytical methods is
its ease of use, mobility and device with low-cost. High-
resolution cameras, and ultra-high sensitive optical and light
sensors in smartphones allow to make measurements in ac-
cordance with the Beer-Lambert law. The aim of the study
was to detect the colour of vegetable oils with smartphone-
based image analysis.

MATERIALS AND METHODS

Colorimetric analysis with smartphone-based images was
carried out at the Department of Chemistry, Faculty of Food
Technology at the Latvia University of Life Sciences and
Technologies.

Samples. In total, eleven unrefined vegetable oils in the
original commercial packaging were selected for analysis:
sea buckthorn (Hippophae rhamnoides), sunflower (Helian-

thus annuus), rice (Oryza sativa), macadamia nut (Macada-

mia integrifolia), hemp (Cannabis sativa), corn (Zea mays),
grape, linseed (Oleum Lini), rapeseed (Brassica napus), ol-
ive (Olea europaea), and milk thistle (Silybum marianum)
oils.

Equipment for analysis. For imaging, a smartphone
Huawei P30 Lite (Huawei Technologies Co., Ltd., China)
released 2019, April 25, with operating system EMUI 10
(Android 10) and a 48-megapixel triple camera was used.

Image acquisition system. The digital image acquisition
system consisted of a polyvinyl chloride PULUZ photo stu-
dio (Puluz Technology Ltd., China) softbox (24 × 32 × 38
cm3). Constant light intensity was provided by a 40 piece
light-emitting diode (LED) lamp (model 2835), with lumi-
nous flux 550 lm, colour temperature 3200 K and power 3.5
W. A LED lamp was located at the upper part inside the
lightbox. For taking a colorimetric image, a smartphone
with a 48-megapixel camera (Huawei P30 Lite) was posi-
tioned outside in front of the open side of the box at a dis-

tance of 12 cm from PS 2.5 ml macro disposable cuvettes
(BrandTech Scientific, Inc., US) filled with either deionised
water (blank solution), vegetable oil samples of a standard
solutions of iodine with a concentration range from 0 to
100 mg·100 ml-1.

Imaging and image analysis. Images were captured by the
smartphone camera and saved as 8-bit JPG format with av-
erage size of 7.0 (8000 × 6000 pixels), ISO 400, f/1.8, 27
mm (wide), 1/2.0½, 0.8 µm, PDAF (Phase Detection Auto-
focus). Images were analysed using a RGB colour model
application for Android “ColourMeter”, which was installed
from Android Apps on Google Play store.

Colorimetric analysis by determination of colour. The
colour of the vegetable oils was determined and compared
with standard solutions of iodine prepared according to
GOST 5477-2015 (GOST 5477, 2015).

Standard solutions of iodine. An amount of 0.260 ± 0.001
g of iodine (sublimated for analysis EMSURE® ACS, ISO,
Reag. Ph Eur, Merck KGaA, Germany) was transferred into
a volumetric flask with capacity 250 ml and 100 ml of
deionised water (Crystal E HPLC System, Adrona, Latvia)
was added. After all of iodine was dissolved, deionised wa-
ter was added to the volumetric flask till mark, closed with
a stopper and mixed. The concentration of the prepared io-
dine solution was tested by titration with a solution of so-
dium thiosulfate (Na2S2O3 = 0.01 mol·l-1) (ReagentPlus®,
99%, Sigma-Aldrich, USA). Concentration of the prepared
standard solution of iodine was 100 mg·100 ml-1.

Iodine scale. Iodine standard solution (100 mg·100 ml-1)
and deionised water were added from a burette into test
tubes in the amounts indicated in Table 1.

Determination of colour in vegetable oils and iodine

standard solution. A blank solution, vegetable oil and io-
dine standard solutions were transferred to PS 2.5 ml macro
disposable cuvettes (BrandTech Scientific, Inc., US) with
dimensions 12.5 × 12.5 × 45 mm. Direct imaging of blank,
samples or standard solutions in cuvettes was done using a
smartphone-based colorimetric application by a RGB colour
model, shown in Figure 1.

The obtained images from the smartphone application “Col-
our Picker” in RGB mode had an average colour value ac-
cording to the equation previously (Jansons and Meija,
2002) with modification for the individual red (Ravg), green
(Gavg), blue (Bavg), red-green red-green-blue (RGBavg) col-
ours by equations 1 and 2.
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The average colour value of Ravg, Gavg, Bavg, RGBavg was
converted to absorbance by modified Beer-Lambert’s equa-
tion 3 (Mayerhöfer et al., 2020).
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where:

II or veg.oil – RGBavg average colour value of iodine standard
solution or vegetable oil

I0 – RGBavg average colour value of the blank (deionised
water).

Data processing/statistical analysis. The data was ana-
lysed by statistical and mathematical methods (mean, stan-
dard deviation). For data analysis, the Microsoft Excel soft-
ware (version 2016) was used. Samples were analysed in
five replicates.

RESULTS

For determination of the colour number of vegetable oils,
firstly digital imaging of the iodine standard solutions was
used to make a calibration curve in RGB colour mode. Re-
sults were expressed as the colour number in the range from
0 to 100 for iodine calibration solutions by intensity of R-
red, G-green and B-blue colours (Fig. 2).

The greatest change of colour of iodine standard solutions
occurred for the G and B calibration curves. A difference in
green colour (G) was observed between in all iodine solu-
tions, but blue colour showed a more rapid decline in the
calibration curve in the range from 5 to 40 px. Such a rapid
decrease in blue pixels was due to increased intensity of
yellow colour with increase of iodine concentration. De-
crease in blue colour was expected, as this colour does not
contribute to the formation of yellow colour, which is sec-
ondary and formed from a mixture of red and green colours.
In all iodine solutions, the red colour was practically the
same.

To obtain the best colorimetric detection of oil samples, in-
tensity of red, green and blue colours of iodine standard so-
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Table 1. Iodine standard solution for colour analysis expressed as colour
number

Test tube Iodine standard
solution

(100 mg·100 ml-1),
ml

Deionized water,
ml

Colour number

1 10.0 – 100

2 9.0 1.0 90

3 8.0 2.0 80

4 7.0 3.0 70

5 6.0 4.0 60

6 5.0 5.0 50

7 4.0 6.0 40

8 3.0 7.0 30

9 2.5 7.5 25

10 2.0 8.0 20

11 1.5 8.5 15

12 1.0 9.0 10

13 0.5 9.5 5

Fig. 1. (a) Illustration of photo studio lightbox experimental setup for im-
age acquisition; (b) example of region of interest (ROI) from sample im-
age.

Fig. 2. RGB depends on the
value of the colour number
of the iodine standard solu-
tion.



lutions were summarised and averaged, because vegetable
oils may contain not only yellow colour, but also chloro-
phyll-containing green pigments, such as hemp or olive oils.

The average colour value of RGBavg was converted to ab-
sorbance using Beer-Lambert’s equation 3 to calculate the
calibration curve of iodine solution expressed as colour
number according Table 1 (Fig. 3).

As demonstrated in Figure 3, the obtained calibration curve
is nonlinear and the coefficient of determination for the io-
dine calibration solution was very high R2 = 0.9955.

The highest colour number of vegetable oil was for hemp
(46.1 ± 0.1) and olive oils (41.3 ± 0.1), and lowest for lin-
seed (4.2 ± 0.1), grape (4.4 ± 0.1), rice (4.5 ± 0.1), macada-
mia nut (4.6 ± 0.1), corn (4.9 ± 0.1) and sunflower (7.4 ±
0.1) oils. Mid-range colour numbers were found for milk
thistle (15.3 ± 0.1), rapeseed (15.7 ± 0.1) and sea buckthorn
(23.3 ± 0.1) oils (Fig. 4).

DISCUSSION

For colorimetrical measurement by image analysis of vege-
table oils and iodine standard solutions, a smartphone with a
sensor that could detect three primary red, green, and blue
colours was used (Kong et al., 2019). In nature, white col-
our is formed from the sum of all three primary colours —
red (R), green (G), and blue (B), and therefore, white colour
was used as a background in the image.

Each primary colour has pixel values in the range from 0 to
255 and white colour must be a maximum of pixels, respec-
tively, 255 (Mather and Koch, 2005). By using a photogra-
phy lightbox studio PULUZ with light-emitting diodes

(LED) it was found that it was not possible to obtain a com-
pletely white colour or 255 pixels. Using this model
lightbox with a white background, 182 pixels were detected
for blank solution in the RGB colour model. Decrease in the
pixel range was caused by the used lightbox LED string
light colour temperature 3200 K.

According to the results, hemp and olive oils have high con-
centrations of plant pigments and are rich in biologic active
substances like chlorophylls and carotenoids. Hemp and ol-
ive oils contain more chlorophylls than carotenoids, respec-
tively, 138/2–5 mg·kg-1 and 33.6/6.0 mg·kg-1. Chlorophyll
has a much darker colour that carotenoids, and therefore, a
higher colour number was observed for hemp and olive oils
than for the other vegetable oils (Niewiadomski et al., 1965;
Oomah et al., 2002; Nikolova et al., 2012; Saastamoinen et

al., 2016). Chlorophyll content of linseed, grape, rice,
macadamia nut, corn, and sunflower are very low and in the
range between 0.30 and 1.79 mg·kg-1, but the carotenoid
content is higher and in the range of 4.32 to 10.6 mg·kg-1

(Robert et al., 2007; Kreps et al., 2014; Shinagawa et al.,

2018). Mid-range content of chlorophylls (1.79–6.56
mg·kg-1 and carotenoids 5.02–9.57 mg·kg-1) occur in milk
thistle and rapeseed oils. Sea buckthorn oil is one of the
richest carotenoid-containing vegetable oils with content
exceeding 302.8 mg·kg-1 (Tudor et al., 2019). Different col-
our numbers in vegetable oils depend on the quality of raw
material, botanical variety and production technology.

CONCLUSIONS

In the present study, a new method based on the smart-
phone-based colorimetry was used for the determination of
colour. The principle of this method is to analyse a digital
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Fig. 3. Calibration curve
of iodine solution with
smartphone.



image of colour in vegetable oils compared with iodine
standard solutions, which were obtained with a smartphone
camera. Using the iOS application on Android for colour
analysis with a RGB colour model system it was possible to
convert the results to absorbance by the Beer- Lambert’s
Law and express the results as colour number. Smartphone-
based colorimetry is simple to use, mobile, and has low
cost; therefore, it is necessary to develop new detection
methods for various chemical analyses based on the princi-
ple of analysis of smartphone-based digital images.
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AUGU EÏÏU KOLORIMETRISKIE MÇRÎJUMI AR VIEDTÂLRUNÎ BÂZÇTU ATTÇLU ANALÎZI

Augu eïïu krâsas kolorimetriskai noteikðanai tika izmantots Huawei P30 lite viedtâlrunis un Android lietojumprogramma “Color Picker” ar
RGB modeïa algoritmu (R-sarkans, G-zaïð un B-zils). Paraugu un standarta ðíîdumu attçls tika uzòemts polivinilhlorîda kastç ar gaismas
dioþu (LED) spuldzçm. Pçtîjuma mçríis bija noteikt augu eïïu krâsu, izmantojot viedtâlrunî balstîtu attçlu analîzi. Vienpadsmit augu eïïu —
smiltsçrkðíu, saulespuíu, rîsu, makadâmijas riekstu, kaòepju, kukurûzas, vînogu, linsçklu, rapðu, olîvu un mârdadþu krâsas tika salîdzinâtas
ar joda standartðíîdumiem, kuru koncentrâcija bija robeþâs no 0 lîdz 100 mg·100 ml-1. Ar viedtâlruni uzòemtais RGB modelis ir vçrtîbu
diapazonâ no 0 lîdz 255. Rezultâti parâdîja, ka augu eïïu krâsas noteikðanai var izmantot kolorimetriju, kuras pamatâ ir viedtâlrunis, un to ir
iespçjams salîdzinât ar standarta joda ðíîdumiem. Augu eïïu krâsa tika izteikta kâ krâsas skaitlis, kas iegûts no joda standartðíîduma, kas
sagatavots dejonizçtâ ûdenî.
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