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ABSTRACT 

 

The cultivation of olive trees existed since ancient times, especially in areas around 

the Mediterranean basin, and has offered one of the main foods of man and connected 



 
 

 

 
 

with all the cultures that developed them. To oil used in a variety of uses beyond the 

diet being the major fuel-lighting material was one of the few known pharmaceutical 

agents for many centuries. 

"Liquid gold" by Homer. 

'Fix', mentions Asclepius. 

With the passage of time in the presence of factors such as humidity, temperature, 

enzymes, microorganisms, metals released fatty acids from the glycerides resulting 

hydrolysis of olive oil.  Which leads initially acidification, then the increase of the 

peroxide, followed by increased ketones, aldehydes and ultimately change the taste, 

aroma and ultimately degrade the beneficial value of, the human body. Obviously the 

above changes have negative impact in the commercial value. Which makes it 

necessary to control the oxidation state of the oil during the production, storage, and 

handling of standardization.The formal method used for the determination of the 

peroxide is time consuming with low productivity few analyzes per shift, are 

manually (subjective), large consumption of organic solvents (10 ml chloroform, 15 

ml acetic acid) by determining peroxide value.In order to improve the above features 

of the official method creates the need for automation of analytical methods to parse 

large number of tests in little time, with friendly manner (acetic acid 120 L, 300 L 

propanol per measurement) to the environment, and maximum reliability. This thesis 

describes the development and application of measuring the peroxide value of the oil 

and potentially in other fat using advanced medical technology analysts. In these 

analyzers all stages of analysis, sampling, metering, data analysis, and finally 

calculates the results are fully automated through command computer, giving 

excellent accuracy and repeatability.Biochemical analyzers have the advantages of 

ease of use, high speed analysis.This research paper includes the following sections: 

(A) Design Protocol measuring peroxide value in biochemistry analyzer (Chapter 3). 

Preliminary checks resistance equipment in contact with the reagents required with 

this method. Were checked, the cell strength was tested, pipework and samplers 

where the results were positive. 

Optimizing Protocol: 



 
 

 

 
 

 Optimization: sample volume, measurement wavelength, concentration sodium 

iodide, stirring, time of incubation. 

(B) Validation Protocol (Chapter 4): 

Sample preparation standards receipt samples analyzed by the official method, 

calibration using olive oil samples, analysis of samples by the automated method, 

Correlation results of the two methods. 

(C) Validation method (Chapter 5): 

Determination of Precision (Accuracy), Repeatability ,Reproducibility, Detectability 

of the method. 

Conclusion: 

The results are fully compatible with the official method, since the proposed method 

was standardized (calibrated) with real samples analyzed by the official method 

eliminated the effect matrix. Also verification-validation of the method was in 

accordance with the standards of Greek texts EU Directive (2002/657/EC) had 

excellent results.Finally, the characteristics of the method can be improved by 

increasing the sample volume. This is evident from the study repeatability done to 

measure the volume (Table 16) showing that increased volume of 7 L, used in this 

work determining  A.Y., 9 L repeatability is improved CV from 0.6% to 0,2% . 
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Biochemical, Peroxide, Olive, Automation, numbers, p-anisidine, free radicals, 

autoxidation. 
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 30.  3I  288  350 nm. 

 : 

 

 

2   

(Na2S2O3 )  : 

 

 3.1.3.   

 

 ,  ,  - ,                               

 ,    ,        

 .  

,   

 99,9%.  

   0,25-3,0% (w / )   

2
64

2
322 22 OSIOSI

OHOHRROHIOHIROOR 23 '
32

'
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 -   . 

 42-46 % ( / )  

.  

  

 2,35  100   

 2,35 PV 

 100 PV ,  

.   

   

 . 

 

3.1.4.     

 

 ,  

 .   

 

 .  

 .  

 . 

 

. 

 

3.1.5.   

 

    .   

:  400 

 . 
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: 

   

  (  

 ) ,  .   

  

.  

 ,  

   ,  

     

  .  

 

.  

: 0,2-2 ml . 

 

.  

: 0,3  0,9 L .  

.  

 

 3   7 C. 

 

3.2.    

 

 [17] 

  . 

   

      . 
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  1,0% (w / v) NaI  , 43.2% (  / ) -

,   360 nm .  

 [20]. 

 

3.3.    

 

3.3.1.   

 

 [17]  

 (matrix effect)  

    .  

 

 

 

 

 293 nm [29].  

 n-propanol  1   

 7  n-propanol   (  8)   

 1 )    R = 0,9995 .  
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n-propanol 

  

 

 

 3.    

 

 

 

 

 
                  

 4.  . 

 

 

R = 0,9995

0

100

200

300

400

500

600

700

0 0,2 0,4 0,6 0,8 1 1,2

 
mAu

L
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mAu 

1 649,63 

0,5 326,24 

0,25 139,88 

0,125 65,79 

 

 7.    

 

 

  , n = 10  ,  

 . 

 

. 

  21,6±0,8 

  20,9±0,8 

  19,5±0,8 

  19,9±0,8 

  19,3±0,8 

  19,1±0,8 

  18,8±0,8 

  18,7±0,8 

  19,8±0,8 

mean 19,6±0,8 

sd 0,8 

cv 4,5 

 

 8.  n=10   . 
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 ,  [30]  ,  

   293 nm  

 700 nm . 

 

 

                        nm

 
 

 Microsoft Office Excel 2007 . 

 

3.3.2.     

 

       

35%   

   (  

     

 )    

 . 

 

 

3.4   

 

 ,   

( univariate procedure)  , 

 ,    

 ,    ,   

 .  
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 (  9)  ( 

   .   

 NaI   

 
-   2. 

 

     

 

 

   

 

 

           

  5 L 

 ,  nm A (mAu) ± SD , (n=5)   A(mAu)±SD , (n=5)   

293 27,8±1,3 43,4±2,3 

340 19±2,4 27,5±3,6 

383 17,47±3,4 23,7±3,6 

405 4,96±4,2 8,2±3,4 

452 - - 

510 - - 

540 - - 

577 - - 

600 - - 

700 - - 

                  9.  . 

 

 

 

 

 

 

eII 22 2
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3.4.1.     

 

     ,  

 CV.  

 ,   

     

 

 NaI  

   

 ,  

 

 .    

 7 L  (  10 ) . 

 

Sample 

volume 

A ± SD , 

(n=5)     383 

nm CV 

A ± SD , (n=5)  

  405 nm  CV 

A  ±  SD  ,  

(n=5)     452 

nm CV 

2 L 4,01±0,14x102 3,6 1,56±0,06x102 3,5 0,35±0,43x102 33,09 

3 L 5,72±0,13x102 2,6 2,60±0,06x102 2,8 0,62±0,09x102 2,5 

4 L 6,70±0,21x102 3,1 3,06±0,09x102 2,9 0,70±0,02x102 3,7 

5 L 9,28±0,21x102 2,4 4,24±0,01x102 2,4 0,96±0,03x102 3,3 

6 L 10,3±0,27x102 2,6 4,74±0,13x102 2,8 1,09±0,04x102 9,3 

7 L 11,8±0,08x102 0,7 5,42±0,03x102 0,6 1,26±0,01x102 0,5 

8 L 
12,9±0,04x102  0,3 5,92±0,03x102 0,5 1,35±0,01x102 0,7 

9 L 
14,5±0,05x102 0,3 6,66±0,01x102 0,2 1,54±0,01x102 0,5 

 

 10 . . 

     

 ,  
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 ,  

  (  10 )  . 

 

 11 .  .  

 

 

 

R² = 1

0

2

4

6

8

10

0 200 400 600 800 1000 1200 1400 1600

Sample
in L

Absorbance in mAu

340 nm
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 5.  340 nm 

 

 6.  340 nm  

 

 

 

 

 7.  340 nm  

 

y = 0,0066x - 0,7084
R² = 0,997

0
1
2
3
4
5
6
7
8
9

10

0 200 400 600 800 1000 1200 1400 1600

Sample
volume in L

Absorbance  in mAu

383 nm

R = 0,998

R = 0,997

R= 0,994

0

200

400

600

800

1000

1200

1400

1600

2ul 3ul 4ul 5ul 6ul 7ul 8ul 9ul

Absorbance in 
mAu

Sample in ul

sample optimization

383nm

405nm 

452 nm

Linear (383nm)

Linear (405nm )

Linear (452 nm)
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3.4.2.   

   

 12  )  

 293 nm ,340 nm,383nm ,405nm    

 

 .  ,   510 nm  

  700 nm  . 

 

 

 

                       

  3 L 

 ,  nm A ± SD , (n=5) 

RSD 

% 

293 14,1±0,3 x10 2  2.2 

340 6,0±0,1x10 2  2.2 

383 5,7±0,1x10 2  2,3 

405 2,6±0,06x10 2  2,5 

452 0,6±0,02x10 2  4,0 

510 0,09±0,02x10 2  16 

577 0,01±0,8x10 2  1,0 

 

 

 12 .  . 

 

 

3.4.3.   

 

 NaI ,  

 NaI 
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,  .  

 NaI  

 ,  

   (  13)  

 0,5 -1 NaI (v/v) in n-propanol . 

 

 

 

 NaI (w/v) 

in-propanol RSD % 

  293 nm  340 nm  383 nm   405 nm 

12,5x10-2 3,8 17,2 *  

7,5x10-2 3,2 13,3 107,60 165,0 

0,5x10-1 2,4 3,1 2,8 5,0 

0,5 2,3 2,6 2,2 2,3 

1,0  3,0 3,0 2,9 

2,0  2,2 2,2 2,2 

2,5   8,9 8,9 

*    

 

 13 . RSD %   NaI (v/v) in n-propanol 

 



 
 

 

67 
 

 

 

 8.  RSD %   NaI (v/v) in n-propanol 

 

 

 9.     NaI (v/v) in n-propanol 

 

 

0,00
2,00
4,00
6,00
8,00

10,00
12,00
14,00
16,00
18,00

0,0125 0,0750 0,0500 0,5000 1,0000 2,0000 2,5000

RSD % 

Concentration
NaI (w/v)%

293

340

383

405

0,00

200,00

400,00

600,00

800,00

1000,00

1200,00

1400,00

1600,00

0,0125 0,0750 0,0500 0,5000 1,0000 2,0000 2,5000

Absorbance 
in mAu

Concentration
NaI (w/v)%

293

340

383

405
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 3.4.4.   

 

 

 .    ( ) ,  

) ,  ( )  14   

  .  

 

  (n = 5) 

 

  340nm   383 nm   405 nm 

 

 A ± SD CV A ± SD CV A ± SD CV 

 11,9±0,17x 10-2 1,5 11,2±0,16x10-2 1,46 5,14±0,07x10-2 1,4 

 12,4±0,86x 10-2 0,7 11,8±0,11x10-2 0,94 5,40±0,06x10-2 1,2 

 12,7±0,16x 10-2 1,3 12,1±0,15x10-2 1,31 5,56±0,07x10-2 1,3 

 

 

  452 nm   510 nm 

 

 A ± SD CV A ± SD CV 

 1,17±0,01x10-2 1,0 0,14±0,01x10-2 4,4 

 1,24±0,04x10-2 3,2 0,14±0,03x10-2 22 

 1,29±0,02x10-2 1,9 0,16±0,02x10-2 16 

 

 14 .  . 
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3.4.5.      

 

 300 – 400  . 

 300   . 

 

  (n = 5) 

 

RSD %  

t ,s 293 nm   340 nm  383 nm 

120 2,4 2,4 2,2 

180 1,1 1,3 1,2 

240 2,6 2,6 2,6 

300 1,1 1,2 1,2 

420 0,7 0,6 0,7 

480  1,5 1,5 

540  2,5 2,5 

600  1,5 1,3 

 

 15 . RSD %  
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 10. RSD %  . 

 

 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10     

 ,   

 . 

 

 

 

 

 

0,00

0,50

1,00

1,50
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3,00

120 180 240 300 360 420 480 540

CV %

Incubation Time

293

340

383
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   293nm  340nm 

 

383nm 

 

405nm  452 nm 

O1 3,1x10-2 1,3x10-2 1,2x10-2 5,8x10-2 0,1x10-2 

O2 3,0x10-2 1,3x10-2 1,2x10-2 5,6x10-2 0,1x10-2 

O3 1,8x10-2 7,8x10-2 7,3x10-2 3,4x10-2 0,9x10-2 

O4 3,5x10-2 1,5x10-2 1,5x10-2 6,7x10-2 0,1x10-2 

O5 1,8x10-2 7,9x10-2 7,4x10-2 3,4x10-2 0,8x10-2 

O6 8,2x10-2 3,5x10-2 3,3x10-2 1,5x10-2 0,4x10-2 

O7  1,7x10-2 16x10-2 7,4x10-2 1,7x10-2 

O8 4,0x10-2 1,7x10-2 1,6x10-2 7,7x10-2 0,2x10-2 

O9 3,3x10-2 1,4x10-2 1,4x10-2 6,5x10-2 0,2x10-2 

O10 4,9x10-2 2,1x10-2 2,0x10-2 9,4x10-2 0,2x10-2 

 

 16.  . 

 

 

  11.  . 

0
200
400
600
800

1000
1200
1400
1600
1800
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Absorbance 
mAu

Sample random
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  4 

 

 

 

4.1.   

 

4.1.1.   

 

 

 32 )                                       (  32 ) 

 32 .  ( )   

 32 .   (  KI ) 
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 [31]  

    18.  

 

  

,    

0,001 g,  (  ), , 

  : 

 

 17.  

 

   

 .   10 ml  .    

.  15 ml  1 ml 

  .    ,   

,      

22º C.  75 ml .  

 0,002 Mol / L  

 12,  0,01 Mol / L  

 12) ,  

 (6.5) .  

.      

 0,05 ml   0,01 mol 

/ L   . 
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4.1.2.      

 

 [17] 

 . 

 

 . 

 

 

 

  

 

  , 

,  

. 

 

  

 

 ,  

,   .  

. 

 

    ,   

 6-10 .   

 

  . 
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4.2.    

 

 

.  

  .  

 

 ( )  x.  

 (calibration function): y = g(x) .  

 (  Lambert – Beer):  ( ) =  b c  

: F ( ) = 2,3  P0  b c = k c  

 (fitting)   

 (  y –  C).  

 (linear),  (origin)  

.  

. :  

Beer ( , , ).  

,  

: y = a + b x  y = , x = , a 

=  y  b =  [28].  

 

  (calibration curve) 

 

.  

;  

 ( );  

 

;  



 
 

 

76 
 

 

;  

 

(univariate regression),  

 ( )  ,   

.  

 

 (Least Squares Method) 

 

   

(estimates)  a   b.  

a  b  (  ei) 

 :   

e2  0  

 ei   : ei = yi -    ,  

ei =  (residual)   ,yi =   , 

 =  = a + bxi  :  

ei = yi - a - bxi   

 a  b  

, 

R:  R = e2
i =  (yi - a - bxi)2  

 (normal equations).  

:  

 

 

 

 

 

i i
ii

i i i
iiii

i
i

i
i

i

xxn

yxyxn

xx

yyxx
b 222 )()(

))((

i
i

i
i

i i
iii

i
i

i
i

xxn

yxxxy
xby 22

2

)(
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4.3.   

 

    

OLITECN   (IOOC).  

  . 

 n=2 ,  

 .  

 

   

  

  OLITECN  

04 2,30 2,45 

11 6,53 6,94 

82 8,67 9,14 

 18.   

 

4.4.   [28] 

 

          

 

 t  F test o Microsoft Office Excel 2007  

 95%. 

 

4.4.1.  

 

 ,  
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.  23  

 19  .  5  R=0,9998  

 .  

 

 
 

 

 

 

 0 0 

05 1,22 1,29 

04 2,45 2,41 

03 4,89 4,76 

88 6,89 6,75 

41 6,94 6,87 

11 6,94 6,97 

89 7,06 6,99 

86 7,22 7,26 

21 8,07 8,02 

82 9,14 9,17 

85 9,49 9,53 

97 9,88 9,76 

80 10,59 10,49 

28 11,66 11,54 

56 12,23 12,15 

70 12,66 12,45 

45 13,03 12,97 

94 13,74 13,56 

08 15,07 15,01 

36 16,4 16,32 

07 20,35 20,39 

71 24,3 24,23 
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 19.  ,  ( ) ,                                

 ( ). 

 

 

 

 12.  

 

.  

 

 

4.4.2.   F test 

 

 F test  

 .  F   

    ,  

. 

2
2

2
1

s
sF                       

R= 0,9998

y = (1,002±0,04)x - 0,04±0,003

-5

0

5

10

15

20

25

30

0 5 10 15 20 25 30
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 3. 

 2
2

2
1 ss     1 2  

-1 . 

  F   (  3)    

 21  ,    

 .                     

          

 20.  F = (s1) 2 / (s2) 2  95% 
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F-Test Two-Sample for Variances 
 

   
  

 
 

                
 

Mean…………………….. 10,01 9,95 
Variance………………… 33,01 32,82 
Observations…………… 23 23 
df…………………………… 22 22 
F……………………………. 1,01 

 P(F<=f) one-tail……… 0,49 
 F Critical one-tail…….. 2,04   

P(F<=f) one-tail   F Critical one-tail 

 

4.4.3.   t test 

 

 Student  t     

   

, ,  

. ,  

 

.  

t       

 (  21).   

 t    t,  

.  

 t  ,  

.  

.  

 t . 

 t   

. ,   

 

.  ,   t   

 ,  
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,   D   

 D , sd. 

 t  (  4) . 

 

N
sd
Dt

2

     
1

)( 2

N
DDSd i  

 

 4 .  t 

 

 

 D ,  D  

. 

 

t-Test: Paired Two Sample for Means 
 

   
  

  
 

 
 

Mean………………………………………. 10,01 9,95 
Variance…………………………………. 33,01 32,82 
Observations………………………….. 23 23 
Pearson Correlation………………. 0,99 

 Hypothesized Mean Difference 0 
 df………………………………………………… 22 
 t Stat………………………………………….. 3,67 
 P(T<=t) one-tail………………………….. 6,62x10-4 

 t Critical one-tail………………………… 1,717144 
 P(T<=t) two-tail…………………………. 1,3x10-3 

 t Critical two-tail 2,07   

    P(T<=t) one-tail     t Critical one-tail  &  

 P(T<=t) two-tail   t Critical two-tail 
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 21.  t  
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 5   

5.1.    [31-32]  

 

5.1.1  Accuracy 

 (  ,  error   bias)  mean, 

,  

 .  

. 

 

5.1.2.   Repeatability  

 ( inter-day)  

 ,  

 ,   ,   ,   ,   

 . 

 

,  

 1, 1,5  2  

 0,5, 1  1,5 .  

- .  

- .  

- .  

- ,  

 (%) .  

- . -  

 CV . 
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5.1.3.   Reproducibility 

 

-  (Within run) 

 

 ,    

 . 

 : 

-  (  

),  (- ) . -  

.  

-  

  

- .  

- .  

- ,  

 (%) . 
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n=6 , S1 n=6 , S2 n=6 , S3 n=6 , S4 n=6 , S5 

23,35±0,18 11,3±0,23 10,2±0,20 9,02±0,11 5,56±0,15 

23,09±0,18 10,86±0,23 9,87±0,20 9,01±0,11 5,59±0,15 

23,53±0,18 11,03±0,23 9,94±0,20 8,95±0,11 5,63±0,15 

23,55±0,18 10,82±0,23 9,72±0,20 8,91±0,11 5,78±0,15 

23,49±0,18 11,31±0,23 9,88±0,20 9,01±0,11 5,87±0,15 

23,54±0,18 10,82±0,23 9,62±0,20 9,24±0,11 5,45±0,15 

SD 0,18 0,23 0,20 0,11 0,15 

MEAN 23,43 11,02 9,87 9,02 5,65 

CV 0,77 2,10 2,02 1,27 2,71 

 

 (Within run) n=6. &    (between run) 1 . 

 

 

 CV < 2,8 %  , n = 6 ,   . 

-  (between run) : 

 

 

 , .  

   

 .  22,23,24,25  . 
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 2    

       meq O2/kg . 

n=6 , S1 n=6 , S2 n=6 , S3 n=6 , S4 n=6 , S5 

23,02±0,20 10,76±0,16 9,54±0,23 8,74±0,23 5,27±0,14 

23,34±0,20 10,57±0,16 9,76±0,23 8,91±0,23 5,32±0,14 

23,12±0,20 10,79±0,16 9,65±0,23 8,67±0,23 5,41±0,14 

23,09±0,20 10,87±0,16 9,33±0,23 8,78±0,23 5,23±0,14 

23,45±0,20 10,45±0,16 9,22±0,23 8,72±0,23 5,37±0,14 

23,49±0,20 10,65±0,16 9,78±0,23 8,45±0,23 5,23±0,14 

SD 0,20 0,16 0,23 0,15 0,14 

MEAN 23,25 10,68 9,55 8,71 5,31 

CV 0,86 1,45 2,41 1,74 1,41 

 

 23.   (between run) 2 . 

 

 3    

       meq O2/kg . 

n=6 , S1 n=6 , S2 n=6 , S3 n=6 , S4 n=6 , S5 

22,65±0,15 10,45±0,14 9,43±0,15 8,65±0,24 4,99±0,13 

23,03±0,15 10,52±0,14 9,65±0,15 8,53±0,24 4,74±0,13 

22,87±0,15 10,32±0,14 9,32±0,15 8,24±0,24 5,06±0,13 

22,91±0,15 10,49±0,14 9,51±0,15 8,95±0,24 4,87±0,13 

22,77±0,15 10,39±0,14 9,31±0,15 8,72±0,24 4,83±0,13 

23,02±0,15 10,74±0,14 9,27±0,15 8,49±0,24 5,05±0,13 

SD 0,15 0,14 0,15 0,24 0,13 

MEAN 22,88 10,49 9,42 8,60 4,92 

CV 0,64 1,37 1,54 2,78 2,64 

 
 24.   (between run) 3 . 

 meq O2/kg . 
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 between run  , 3  ,  n = 6  , 

n=6 , 

S1 

n=6 , 

S2 

n=6 , 

S3 

n=6 , 

S4 

n=6 , 

S5 

1   

 23,43 11,02 9,87 9,02 5,65 

2   

 23,25 10,68 9,55 8,71 5,31 

3   

 22,88 10,49 9,42 8,6 4,92 

SD 0,28 0,27 0,23 0,22 0,36 

MEAN 23,19 10,73 9,61 8,78 5,29 

CV 1,22 2,52 2,44 2,49 6,87 

 

 25.   (between run).  
 meq O2/kg . 

 

 

 

 5.1.4.    Detectability 

 

 /   

. 

 (LOD) 

   

   

 

     .  
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 .  

 N ,  (IUPAC)  

=20  

 LOD . 

 LOD  

 n= 10 .  (  26 )  

 

LOD = 0,01 meq O2/kg. 

 

 

n=10 

0,31±0,1 

0,25±0,1 

0,40±0,1 

0,36±0,1 

0,15±0,1 

0,29±0,1 

0,18±0,1 

0,12±0,1 

0,24±0,1 

0,15±0,1 

sd 0,01 

mean 0,25 

cv 4,07 

 26.     n=10  

-  (LOQ).  

 

  LOD  . 
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   LOD,   ,  

  LOQ  .  

 

 10  . 

 , LOD  

LOQ  

  . 

LOQ = LOD x10  LOQ = 0,01 x10  LOQ = 0,10  meq O2/kg. 

 

 

 

 6 

 

 

6.1.   

 

 .   

 

. 

 

6.2.   

 

 ,  

 . 
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  LOD = 0,25 meq O2/kg.   

. 

 

6.3.   

  

 

 

    .  

   –  – 

 ,  .  

 .  
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A     Absorbance                         

SD     Standard Deviation                          

RSD %   Relative standard deviation    

nm     Nanometers                                       

    Official method                                 

                                   Photometer out of range         

              Low  mix     

                                       Medium mix                             M   

                                         Robust  mix                              I   

A ± SD     Absorbance ± Standard Deviation   

A ± SD                                                                       ±   . 

                                

                                    Peroxide Value                           

LOD                                Limit of Detection     

LOQ                  Limit of Quantification    

 


