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SPECTROPHOTOMETRIC INVESTIGATION IN THE ULTRAVIOLET 

 

 

FOREWORD 

 

Spectrophotometric examination in the ultraviolet can provide information on the quality of a fat, its 

state of preservation and changes brought about by technological processes. 

The absorption at the wavelengths specified in the method is due to the presence of conjugated 

diene and triene systems resulting from oxidation processes and/or refining practices. These 

absorptions are expressed as specific extinctions E1% (the extinction of 1% w/v solution of the fat 

in the specified solvent, in a 10 mm cell) conventionally indicated by K (also referred to as 

"extinction coefficient"). 

 

1. SCOPE 

 

The method describes the procedure for performing a spectrophotometric examination of olive oil 

in the ultraviolet region. 

 

2. PRINCIPLE OF THE METHOD 

 

A sample is dissolved in the required solvent and the absorbance of the solution is measured at the 

specified wavelengths with reference to pure solvent. 

The specific extinctions at 232 nm and 268 nm in iso-octane or 232 nm and 270 nm in cyclohexane 

are calculated for a concentration of 1% w/v in a 10 mm cell. 

 

3. EQUIPMENT 

 

3.1. A spectrophotometer suitable for measurements at ultraviolet wavelengths (220 nm to 360 nm), 

with the capability of reading individual nanometric units. A regular check is recommended for the 

accuracy and reproducibility of the absorbance and wavelength scales as well as for stray light. 

 

3.1.1. Wavelength scale: This may be checked using a reference material consisting of an optical 

glass filter containing holmium oxide or a holmium oxide solution (sealed or not) that has distinct 

absorption bands. The reference materials are designed for the verification and calibration of the 

wavelength scales of visible and ultraviolet spectrophotometers having nominal spectral bandwidths 

of 5 nm or less. The measurements are carried out against an air blank over the wavelength range of 

640 to 240 nm, according to the instructions enclosed with the reference materials. A baseline 

correction is performed with an empty beam path at every slit width alteration. 

The wavelengths of the standard are listed in the certificate of the reference material. 
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3.1.2. Absorbance scale: This may be checked using commercially available sealed reference 

materials consisting of acidic potassium dichromate solutions, in certain concentrations and 

certified values of absorbance at its λmax (of 4 solutions of potassium dichromate in perchloric acid 

sealed in four UV quartz cells to measure the linearity and photometric accuracy reference in the 

UV). The potassium dichromate solutions are measured against a blank of the acid used, after 

baseline correction, according to the instructions enclosed with the reference material. The 

absorbance values are listed in the certificate of the reference material. 

Another possibility in order to check the response of the photocell and the photomultiplier is to 

proceed as follows: weigh 0.2000 g of pure potassium chromate for spectrophotometry and dissolve 

in 0.05N potassium hydroxide solution in a 1000 ml graduated flask and make up to the mark. Take 

precisely 25 ml of the solution obtained, transfer to a 500 ml graduated flask and dilute up to the 

mark using the same potassium hydroxide solution. 

Measure the extinction of the solution so obtained at 275 nm, using the potassium hydroxide 

solution as a reference. The extinction measured using a 1 cm cuvette should be 0.200 ± 0.005. 

 

3.2. Rectangular quartz cuvettes, with covers, suitable for measurements at the ultraviolet 

wavelengths (220 to 360 nm) having an optical path-length of 10 mm. When filled with water or 

other suitable solvent the cuvettes should not show differences between them of more than 0.01 

extinction units. 

 

3.3. One- mark volumetric flasks, capacity 25 ml, class A. 

 

3.4. Analytical balance, capable of being read to the nearest 0.0001 g 

 

4. REAGENTS 

 

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade and 

distilled or demineralized water or water of equivalent purity. 

 

Solvent: Iso-octane (2,2,4 trimethylpentane) for the measurements at 232  nm and 268 nm and 

cyclohexane for the measurements at 232 nm and 270 nm, having an absorbance less than 0.12 at 

232 nm and less than 0.05 at  270 nm against distilled water, measured in a 10 mm cell. 

 

5. PROCEDURE 

 

5.1. The sample must be perfectly homogeneous and without suspended impurities. If not, it must 

be filtered through paper at a temperature of approximately 30°C. 

 

5.2. Weigh accurately approximately 0.25 g (to the nearest 1 mg) of the sample so prepared into a 

25 ml graduated flask, make up to the mark with the specified solvent and homogenize (1)
1
. The 

resulting solution must be perfectly clear. If opalescence or turbidity is present, filter quickly 

through paper. 

                                                        
1  Generally, a mass of 0.25 -0.30 g is sufficient for absorbance measurements of virgin 
and extra virgin olive oils at 268 nm and 270 nm. For measurements at 232 nm, 0.05 g of 
sample are usually required, so two distinct solutions are usually prepared.  For 
absorbance measurements of olive pomace oils, refined olive oils and adulterated olive 
oils, a smaller portion of sample, e.g. 0.1 g is usually needed due to their higher 
absorbance. 
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5.3. If necessary, correct the baseline (220-290 nm) with solvent in both quartz cells (sample and 

reference), then fill the sample quartz cell with the test solution and measure the extinctions at 232, 

268 or 270 nm against the solvent used as a reference. 

The extinction values recorded must lie within the range 0.1 to 0.8 or within the range of linearity 

of the spectrophotometer which should be verified.  If not, the measurements must be repeated 

using more concentrated or more dilute solutions as appropriate. 

 

5.4. After measuring the absorbance at 268 or 270 nm, measure the absorbance at λmax, λmax+4 and 

λmax-4. These absorbance values are used to determine the variation in the specific extinction (ΔK). 

 

NOTE: λmax is considered to be 268 nm for isooctane used as solvent and 270 nm for cyclohexane. 

 

 

6. EXPRESSION OF THE RESULTS 

 

6.1. Record the specific extinctions (extinction coefficients) at the various wavelengths calculated 

as follows: 

 

 

   
  

   
 

 

where: 

K_ = specific extinction at wavelength  ; 

E_ = extinction measured at wavelength  ; 

c = concentration of the solution in g/100 ml; 

s = path length of the quartz cell in cm; 

 

expressed to two decimal places. 

 

6.2. Variation of the specific extinction (ΔK) 

The variation of the absolute value of the extinction (ΔK) is given by: 

 

Δ       
 λ      λ    

 
   

 

where Km is the specific extinction at the wavelength for maximum absorption at 270 nm and 

268nm depending on the solvent used.  

 

expressed to two decimal places. 
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PRECISION VALUES OF THE METHOD  
 

 

Analysis of the collaborative test results 
 

The precision values of the method are given in the table overleaf. 

 

Twenty one laboratories holding IOC recognition at the time took part in the collaborative test 

arranged by the Executive Secretariat in 2009. The laboratories were from thirteen countries.  

 

The test was performed on five samples: 

 

A: extra virgin olive oil 

B: second centrifugation olive oil  

C:        refined olive-pomace oil 

D: virgin olive oil + rapeseed oil + high oleic sunflower oil 

E:         olive oil + refined soybean oil  

 

The results of the collaborative test organised by the IOC Executive Secretariat have been 

statistically processed according to the rules laid down in the international standards ISO 5725 

Accuracy (trueness and precision) of measurement methods and results. Outliers were 

examined  by applying Cochran’s and Grubbs’ test to the laboratory results for each determination 

(replicates a and b) and each sample. The results are summarized in Tables A.1 to A.6 

 

  The table lists: 

 

n  number of participating laboratories 

 

outliers number of laboratories with outlying values 

 

mean  mean of the accepted results 

 

r  value below which the absolute difference between two single independent test 

results obtained with the same method on identical test material in the same 

laboratory by the same operator using the same equipment within short intervals of 

time may be expected to lie with a probability of 95%  

 

Sr  Repeatability standard deviation 

 

RDSr (%) Repeatability coefficient of variation (Sr x 100/mean) 

 

 

R  value below which the absolute difference between two single test results obtained 

with the same method on identical test material in different laboratories with 

different operators using different equipment may be expected to lie with a 

probability of 95%  
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SR  Reproducibility standard deviation 

 

RDSR (%) Reproducibility coefficient of variation (SR x 100/mean) 

 

 

 

 

Table A.1 — UV extinction at 232 nm in isooctane 

 

Sample A B C D E 

No. participating laboratories, 
nP 

21 22 22 22 22 

No. laboratories retained after 
eliminating outliers, np 

20 18 18 21 17 

No. test results in all labs, nt      

Mean, K232 1,76 2,10 3,81 3,85 2,82 

Repeatability standard 
deviation, sr 

0,0259 0,0126 0,0155 0,0359 0,0193 

Coefficient of variation of 
repeatability, CV(r), % 

1,47 0,60 0,41 0,93 0,69 

Repeatability limit, r 0,073 0,035 0,043 0,101 0,054 

Reproducibility standard 
deviation, sR 

0,0773 0,0692 0,174 0,2108 0,0694 

Coefficient of variation of 
reproducibility, CV(R), %  

4,38 3,29 4,58 5,48 2,46 

Reproducibility limit, R 0,216 0,194 0,488 0,590 0,194 
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Table A.2 — UV extinction at 232 nm in cyclohexane 

 

Sample A B C D E 

No. participating laboratories, 
nP 

21 21 21 21 21 

No. laboratories retained after 
eliminating outliers, np 

18 20 20 21 21 

No. test results in all labs, nt      

Mean, K232 1,76 2,12 3,83 3,86 2,79 

Repeatability standard 
deviation, sr 

0,0250 0,0216 0,0423 0,0405 0,0332 

Coefficient of variation of 
repeatability, CV(r), % 

1,42 1,02 1,11 1,05 1,19 

Repeatability limit, r 0,070 0,060 0,119 0,113 0,093 

Reproducibility standard 
deviation, sR 

0,0493 0,0730 0,1513 0,1378 0,0996 

Coefficient of variation of 
reproducibility, CV(R), %  

2,81 3,44 3,95 3,57 3,57 

Reproducibility limit, R 0,138 0,204 0,424 0,386 0,279 
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Table A.3 — UV extinction at 268 nm in isooctane 

 

Sample A B C D E 

No. participating laboratories, 
nP 

21 22 22 22 22 

No. laboratories retained after 
eliminating outliers, np 

20 18 20 17 20 

No. test results in all labs, nt      

Mean, K268 0,12 0,43 1,14 0,45 0,60 

Repeatability standard 
deviation, sr 

0,0049 0,0050 0,0155 0,0066 0,0066 

Coefficient of variation of 
repeatability, CV(r), % 

3,96 1,17 1,36 1,46 1,10 

Repeatability limit, r 0,014 0,014 0,043 0,018 0,019 

Reproducibility standard 
deviation, sR 

0,0099 0,0159 0,0296 0,0134 0,0335 

Coefficient of variation of 
reproducibility, CV(R), %  

8,00 3,75 2,59 2,98 5,60 

Reproducibility limit, R 0,028 0,045 0,083 0,038 0,094 
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Table A.4 — UV extinction at 270 nm in cyclohexane 

 

Sample A B C D E 

No. participating laboratories, 
nP 

21 21 21 21 21 

No. laboratories retained after 
eliminating outliers, np 

20 19 20 20 17 

No. test results in all labs, nt      

Mean, K270 0,13 0,43 1,12 0,45 0,59 

Repeatability standard 
deviation, sr 

0,0052 0,0083 0,0103 0,0118 0,0064 

Coefficient of variation of 
repeatability, CV(r), % 

4,02 1,93 0,92 2,63 1,08 

Repeatability limit, r 0,014 0,023 0,0289 0,033 0,018 

Reproducibility standard 
deviation, sR 

0,0109 0,0157 0,0265 0,0144 0,0148 

Coefficient of variation of 
reproducibility, CV(R), %  

8,51 3,66 2,37 3,20 2,52 

Reproducibility limit, R 0,031 0,044 0,074 0,040 0,042 
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Table A.5 — Variation of the specific extinction  K at (270  4 ) nm in cyclohexane 

 

Sample A B C D E 

No. participating laboratories, 
nP 

20 21 21 21 21 

No. laboratories retained after 
eliminating outliers, np 

19 20 19 20 18 

No. test results in all labs, nt      

Mean,  K - 0,002 0,002 0,085 0,035 0,047 

Repeatability standard 
deviation, sr 

0,0006 0,0005 0,0009 0,0010 0,0014 

Coefficient of variation of 
repeatability, CV(r), % 

28,90 21,61 1,09 2,86 2,90 

Repeatability limit, r 0,0016 0,0015 0,0026 0,0028 0,0038 

Reproducibility standard 
deviation, sR 

0,0029 0,0013 0,0043 0,0026 0,0038 

Coefficient of variation of 
reproducibility, CV(R), %  

147,51 51,97 5,06 7,58 8,13 

Reproducibility limit, R 0,0080 0,0036 0,0121 0,0068 0,0106 
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Table A.6 — Variation of the specific extinction  K at (268  4 ) nm in isooctane 

 

Sample A B C D E 

No. participating laboratories, 
nP 

21 21 22 22 22 

No. laboratories retained after 
eliminating outliers, np 

21 18 21 20 20 

No. test results in all labs, nt      

Mean,  K - 0,002 0,000 0,082 0,031 0,042 

Repeatability standard 
deviation, sr 

0,0009 0,0005 0,0019 0,0014 0,0007 

Coefficient of variation of 
repeatability, CV(r), % 

36,44 121,08 2,27 4,38 1,65 

Repeatability limit, r 0,0025 0,0014 0,0052 0,0038 0,0020 

Reproducibility standard 
deviation, sR 

0,0036 0,0010 0,0082 0,0039 0,0045 

Coefficient of variation of 
reproducibility, CV(R), %  

148,18 234,77 10,00 12,63 10,63 

Reproducibility limit, R 0,0101 0,0027 0,0229 0,0110 0,0126 

 

 

    

Normative references 
 

ISO 5725-1: 1994 Accuracy (trueness and precision) of measurement methods and results – Part 

1: General principles and definitions 

 

ISO 5725-2: 1994 Accuracy (trueness and precision) of measurement methods and results – Part 

2: Basic method for the determination of the repeatability and reproducibility of a standard 

measurement method 

 

ISO 5725-5: 1994 Accuracy (trueness and precision) of measurement methods and results – Part 

5: Alternative methods for the determination of the precision of a standard measurement method 

 

ISO 5725-6: 1994 Accuracy (trueness and precision) of measurement methods and results – Part 

6: Use in practice of accuracy values 

    
 

________ 


