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Abstract— A healthy lifestyle based on an organic diet 

appears to be a growing trend among young adults. Organic 

soybean oils are an alternative to conventional oils, but they can 

be the subject of fraud that worries consumers, traders, and 

producers. The results obtained indicate that the combination of 

steady-state fluorescence techniques, considering mainly the 

characteristics of the spectra obtained with excitation at 320, 

340 and 460 nm and time-resolved fluorescence with excitation 

around 403 nm, demonstrates the potential to differentiate oils 

conventional from organic soybeans oils.  
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I. INTRODUCTION  

Soybean oil is one of the most consumed edible vegetable 
oils in the world. It contains essential fatty acids, vitamins and 
antioxidants [1]. Conversely to conventional soybean oils, 
organics are extracted from non-transgenic grains, without 
pesticides in the culture and the extraction and refining 
process occurs by mechanical cold pressing, without the use 
of chemical solvents or the application of heat [2], [3].   

The organic farming concept was developed in the early 
20th century in Europe motivated by a crisis of soil 
degradation, poor quality of food, and damage to the health of 
rural populations in reason by the intensive use of chemical 
inputs in agriculture. However, it was only in the 1970s, when 
discussions about the depletion of natural resources caused by 
the current development model intensified, did the debate on 
organic agriculture reach a wider audience [4], [5]. 

The global demand for organic food products has shown a 
significant growth in recent years motivated by the search for 
healthier foods and produced through processes that result in 
less environmental impact [5]. There was a 500% increase in 
the worldwide volume of sales of organic products at retail 
between 2000 and 2017, moving around € 106,4 billion in 
2019. In Brazil the volume of retail sales of organic products 
in 2019 was € 777 million [5]. 

Oilseeds represent an important element in world organic 
production with increasing demand [2]. Soybean represents 
almost half of the world’s organic oilseeds production. In 
2019 the total global area of organic soybean cultivation was 
almost 838 thousand ha [6].  

The production of organic products depends on the 
inclusion of specific criteria with the total elimination of the 
use of chemical inputs in the entire production process, which 
results in a lower production volume and a consequent 
increase in the commercial value of the product. For this 
reason, strict control is necessary to prevent fraud. 

The vegetable oils adulteration analysis is traditionally 
carried out using chromatographic techniques [7], [8]. 
Although extremely sensitive and selective, these techniques 
are based on sophisticated, high-cost instrumentation, 
requiring trained technicians for their operation, long and 
rigorous sample preparation procedures, toxic chemical 
reagents, and relatively long analysis time. These methods 
may be feasible in laboratory routines in academic research; 
however, it is necessary to develop simplified methods, with 
reduced analysis time and elimination or reduction of the 
chemical reagents use, enabling the quality control of these 
products in the food industry. 

Among the alternative analytical techniques used to 
determine adulteration in foods, methods based on 
fluorescence spectroscopy stand out. These methods generally 
have simple instrumentation, allow the use of portable 
equipment, short analysis time, and the possibility of direct 
analysis without complex sample preparation procedures [9]–
[11]. 

Some authors have reported the use of fluorescence 
spectroscopy to determine the adulteration of vegetable oils. 
Most of these studies focus on adulterating extra virgin olive 
oil by adding less valuable oils, such as refined oils from corn, 
soybeans and rapeseed [12]–[14] Adulteration of other oils of 
high commercial value such as sesame[15], [16], and the 
addition of residual frying oil to edible oils has also been 
reported [17], [18].The methods usually involve chemometric 
methods and calibration algorithms to analyze the results. 

In this study, we report the combination of steady-state and 
time-resolved fluorescence techniques for differentiation of 
conventional and organic refined soybean oils, through direct 
analysis without the need for prior sample preparation. The 
method consists of spectral analysis using a comparison 

between the wavelengths () where the maximum 
fluorescence emissions are recorded and the corresponding 

emission intensity for each  excitation used. This analysis 
was combined with the different fluorescence lifetimes 
recorded for these materials with 403 nm excitation. 

No studies were found using the combination of these 
techniques to differentiate conventional and organic soybean 
oils, using only spectral analysis as a parameter. The results of 
this research can contribute to quality control and fraud 
prevention in situ in the food industry. 

 

II. MATERIAL AND METHODS 

Soybean oils were purchased on the local market. Four 
different brands of conventional soybean oils and two of 
organic soybean oils were analyzed. The samples were named Grant #2018/20761-0 and #2017/23686-6 São Paulo Research 

Foundation (FAPESP). 



as follows: Conventional soybean oil: SC-A; SC-B; SC-C; 
SC-D and organic soybean oils: SO-A; SO-B. The larger 
number of samples of conventional soybean oils is due to the 
greater number of brands available on the market compared to 
organic soybean oils. 

The fluorescence spectra were obtained using the 
Fluorolog 3 Horiba Jobin Yvon fluorometer with an excitation 
range of 200-900 nm by 400 W Xenon lamp and emission 
range of 200-1500 nm. The emission spectrum between 320 
and 800 nm was analyzed, with excitation wavelengths fixed 

between 320 and 500 nm with  = 20 nm. Fluorescence was 
measured at an angle of 90º to the excitation light. The 
excitation and emission slits were set at 2 nm. The samples 
were placed in a quartz cuvette with 4 polished faces in 
dimensions 10 mm X 10 mm (width X depth), with a capacity 
of 3.5 mL. The measurements were carried out in triplicate. 

The fluorescence decay time was obtained with a 

LDH series pulsed diode laser at 403 nm, 80 MHz, 0.8 mW 

and pulses <50 ps. RG 610 filter and neutral optical density 

(ND = 3.0) filters we used to separate the emission signals. 

The signal was detected with a PMA photomultiplier. The 

data obtained were processed on the Picoharp 300 

PICOQUANT (TCSPC system connected to a PC via USB 

2.0 interface). Fig. 1 schematically represents the 

instrumentation used in the time-resolved fluorescence 

analysis.  

The measurements are processed by softwares 

PicoHarp300© and OriginPro©. The decay curves were 

fitted with an exponential function with two components 

[19], [20]: 

 

I(t) = y0 + A1 exp (-t /1) + A2 exp (-t /2)        (1) 

 Where y0 is background noise, and τi are the components 
of the lifetime and Ai its relative amplitudes. The quality of 
the adjustment was judged by χ2 and by the distribution of 
residues. The average lifetime was calculated by: 

 (2) 

 

Fig. 1. Schematic representation of time-resolved fluorescence 

instrumentation. 

 

III. RESULTS AND DISCUSSIONS 

Fig. 2 shows the steady-state emission spectra of 
conventional and organic soybean oils. The averages of the 
spectra obtained for the analyzed samples are presented. Three 
main emission regions were registered for conventional 
soybean oils and two for organic ones. The excitation and 
emission wavelengths for each region are summarized in table 
1. The spectral profile of the studied materials has similar 
characteristics. However, some important differences can be 
observed. The main differences are observed in emission 
between 400 and 530 nm. The organic oils do not emit in the 
region ~660 nm. 

TABLE I.  MAIN EMISSION REGIONS REGISTRED 

 
Analyzed 

material 

 

excitation 

(nm)  

 emission 

(nm) 

Main 

fluorophores 

Region 

1 

Conventional 

soybean oil 
320 - 380 

400 - 490 
Oxidation 

products, free 

fatty acids, 

vitamins 
Organic 

soybean oil 
440 - 480 

Region 
2 

Conventional 

soybean oil 460 and 
480 

~530 
Riboflavin, 

FADa  Organic 

soybean oil 

Region 

3 

Conventional 

soybean oil 
400 - 440 ~660 Chlorophyll 

a. Flavin-adenine dinucleotide 

Fig. 2. Soybean oils fluorescence spectra. A) Conventional oils. B) Organic 

oils. The averages of the analyzed samples are presented for each material 

studied 
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In the first emission region (400 - 490 nm), organic oils 

emit in larger , especially when excited at 320 and 340 nm. 
With excitation at 320 nm, the maximum emission intensity 

was recorded at  437 ± 6 nm for conventional oils and  477 
± 9 nm for organic oils. 

Excitation at 340 nm resulted in the maximum emission at 

 423 ± 11 nm and  451 ± 5 nm for conventional and organic 
oils, respectively. The corresponding average emission 
intensity shows significant differences: 8.07 x 106 counts per 
second (CPS) for conventional oils and 3.85 x 105 for organic 
oils, representing a difference of 7.69 x 106 CPS. 

In the second emission region the maximum emission to 
have little significant variation between the samples, 
averaging 533 ± 9 nm for all materials studied. However, the 

average emission intensity of organic oils in both excitation  
used is considerably higher: 2.42 x 106 CPS versus 4.12 x 105 

CPS for conventional soybean oils. 

The studied materials consist of oils extracted from the 
same type of grain. What differentiates them are the processes 
used to cultivate grains and extract oil. In organic oils, 
soybeans are grown without the use of pesticides and chemical 
fertilizers, transgenic grains are not used, extraction and 
refining are done by mechanical pressing and without the 
application of heat. On the other hand, conventional soybean 
oils are extracted by the addition of chemical solvents 
(hexane), and there is exposure to high temperatures in some 
stages of the refining process. 

Such characteristics give these oils similar compositions, 
mainly regarding the fatty acid profile. However, exposure to 
high temperatures during the production process results in the 
initiation of oxidation reactions in conventional soybean oils. 
Consequently, there is a higher concentration of oxidation 
products and free fatty acids and a lower concentration of 
antioxidants such as vitamins, which are degraded during this 
process. These characteristics are responsible for the 

differences in the intensity of fluorescence emission and the  
maximum emission in the region between 400 and 490 nm. 

Recently, Yuan and collaborators observed a similar result 
[15]. In the study, the author reports the combination of an 
excitation-emission matrix with pattern recognition 
algorithms to determine the sesame oil adulteration by 
addition of soybean, corn, and rapeseed oils. The author uses 
the spectral characteristics of the emission bands attributed to 
vitamins and oxidation products to apply different 
mathematical treatments to the results obtained. 

Another significant difference observed between the 
soybean oils studied is the absence of emission at ~ 660 nm in 
organic oils. The emission in this region is attributed to 
chlorophylls. These pigments are responsible for initiating 
photo-oxidation reactions, which is why they are usually 
removed in the refining process. The step responsible for 
removing chlorophyll in this process is the clarification, a step 
that has different characteristics between organic and 
conventional oils. In organic oils, the processes for removing 
impurities are usually more efficient. 

Fig. 3 shows the fluorescent decay analyzes obtained in 
samples excited at 403nm. It is possible to observe that in 
organic oils, which do not have the chlorophyll emission band 
in the fluorescence spectrum (Fig. 2); the average fluorescence 
lifetime (calculated by equations 1 and 2) is shorter (~8 ns) 
than those obtained for conventional oils (~ 13 ns). 

Fig. 3. Fluorescence lifetime of conventional and organic soybean oils. 

 The main absorption peak of flavine is around 450 nm, 

but considering the broad absorption band of this compound, 

the excitation at 403 nm can also excite flavins present in the 

samples. The flavin emission (from ~460 to 650 nm) presents 

a decay time of 7.2 ns [21]. So for the organic oils, the decay 

time observed can be attributed to flavins.  The longer 

lifetime (13 ns) in conventional oils can be attributed to 

porphyrins [22]. 

IV. CONCLUSIONS 

The results obtained indicate that the combination of 
steady-state fluorescence techniques, considering mainly the 
characteristics of the spectra obtained with excitation at 320, 
340 and 460 nm and time-resolved fluorescence with 
excitation around 403 nm, demonstrates the potential to 
differentiate conventional and organic soybean oils. 
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