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CHOLESTEROL DETERMINATION  
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ABSTRACT 
The present study was carried out to compare two different analytical methods (HPLC and spectrophotometric) for 

determination of cholesterol content in milk while cholesterol in food is important not only for the nutritional value setting 

of foods but also due to the validation of a fast, reliable and economical method for studying the possible mechanism of its 

reduction. Spectrophotometric determination of cholesterol content was based on the Liebermann-Burchard (LB) reaction 

among cholesterol, ethyl acetate, acetic anhydride, plus concentrated H2SO4 and measuring absorbance of formed color at 

625 nm. HPLC method was performed by column chromatography on reverse phase C18 with DAD detection at 205 nm. 

The methods were applied to the milk sample. The achieved LOD and LOQ for HPLC were 2.13 mg.kg
-1

 and 6.45 mg.kg
-1

, 

respectively, while for spectrophotometric method were 12.55 and 38.04 mg.kg
-1

. The difference between cholesterol 

content determined by both methods was statistically insignificant at p <0.05. Therefore, it can be concluded that both 

methods are suitable for determination of cholesterol content in milk, however, HPLC method exhibited higher sensitivity 

and lower limits of detection or quantification, respectively.  
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INTRODUCTION 
 Cholesterol is a key compound in most biological 

systems. It is an essential compound in cellular membrane 

functions of animals and the precursor of important 

endogenous substances. In humans, cholesterol is obtained 

from two sources: endogenous synthesis and exogenous 

ingestion from food (Ramalho, Casal and Oliveira, 

2011). 
 From a nutritional point of view, cholesterol is not found 

in significant amounts in plant sources, is mostly present in 

foods of animal origin, namely cheese, egg, beef, pork, 

poultry, fish, and shrimp. High levels of low-density 

lipoprotein cholesterol are a major cardiovascular risk 

factor. Once dietary cholesterol intake is increasing, the 

plasma cholesterol levels rise and consequently increases 

the risk of cardiovascular diseases and atherosclerosis 

(Albuquerque et al., 2016).  

 Multiple methods have been developed for cholesterol 

levels determination. According to Li et al. (2019) the 

methods can be divided into three major categories: 1. 

classical chemical methods based on the Abell-Kendall 

protocol, 2. fluorometric and colorimetric enzymatic 

assays, and 3. analytical instrumental approaches. 

Cholesterol determination procedures in foods usually 

involve lipid extraction, separation of cholesterol from 

interfering components or liberation of cholesterol into the 

free form, and measurement of isolated cholesterol. A 

mixture of polar and nonpolar solvents has been suggested 

to give better cholesterol extraction from food materials 

because cholesterol in these samples is usually bound by 

many other biological compounds such as lipoproteins, 

proteins, and phospholipids, and a multiple extraction 

approach was thought to be more suitable to remove 

membrane cholesterol (Dinh et al., 2011). Gas and liquid 

chromatography are the most suitable methods for 

cholesterol determination, due to their ability to separate 

and quantify this compound from other similar ones 

(Albuquerque et al., 2016). The foremost colorimetric 

test for the identification of cholesterol is probably the 

Liebermann-Burchard (LB) reaction, which was first 

described in 1885 (Xiong, Wilson and Pang, 2007). It 

includes saponification of cholesterol ester with alcoholic 

potassium hydroxide, extraction of hydrolyzed cholesterol 

with hexane followed by evaporation of the solvent, and 

finally color development with acetic anhydride and 

concentrated sulfuric acid. However, its use is not accepted 

for routine tests nowadays since highly corrosive reagents 

are used (Li et al., 2019). High-performance liquid 

chromatography (HPLC) has the main advantage of being 

carried out at relatively low temperatures, thus preventing 

cholesterol oxidation (Ramalho, Casal and Oliveira, 

2011; Albuquerque et al., 2016). In spite of some 
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drawbacks, such as elevated volumes of solvents and 

limits of detection and quantification, sample preparation 

is simple and required a small number of steps 

(saponification and the choice of extraction solvents are 

needed for adequate separation and quantification of 

analytes by HPLC) (Bauer et al., 2014). 

 

Scientific hypothesis  
 Both HPLC and spectrophotometric method could be 

acceptable for the determination of cholesterol content in 

milk. 

 

MATERIAL AND METHODOLOGY 
 All reagents and standards were of analytical grade. 

Cholesterol standard was from Sigma-Aldrich with  

a purity ≥99%. Potassium hydroxide (KOH), concentrated 

sulfuric acid (H2SO4), and acetic anhydride were 

purchased from Mikrochem (Pezinok, Slovakia). Ethyl 

acetate, n-hexane, and sodium sulphate anhydrous were 

purchased from Centralchem s.r.o. (Bratislava, Slovakia). 

Methanol, HPLC grade was purchased from Fisher 

Chemical (Loughborough, UK). The cow´s milk (3.5% fat, 

Tatranská mliekareň a.s., Kežmarok, Slovakia) was bought 

in a local market.   

 

Sample preparation 
HPLC analysis 

 The samples were prepared according to the modified 

method of Borkovcová et al. (2009). To the 5.0 g of the 

sample methanolic solution of KOH (1 mol.L
-1

) was added 

and refluxed for 30 min. After cooling, 10 mL of n-hexane 

and 5 mL of deionized water were added and intensively 

shaken in a separating funnel. The organic layer was 

separated into the beaker with 2.0 g of sodium sulphate. 

The water layer was further washing 2 more times. The 

hexane solution was evaporated, and the residue was 

dissolved in 3 mL of ethyl acetate. The solution was 

filtered using syringe filters with PVDF membrane and 

particle size 0.45 μm (Agilent Captiva, USA). The 

prepared solution was directly analyzed by HPLC 

chromatograph. The calibration curve was performed 

using seven standard concentrations. A stock solution of 

cholesterol (1 mg.mL
-1

) was diluted in methanol to prepare 

calibration standards at 25, 40, 50, 75, 100, 300, and  

350 μg.mL
-1

. 

 

Spectrophotometric determination 

 The samples for spectrophotometric determination of 

cholesterol were prepared similarly to HPLC analysis. The 

LB color reagent was prepared according to the modified 

method of Xiong et al. (2007). Ethyl acetate (75 mL), 

acetic anhydride (60 mL), and concentrated H2SO4  

(12 mL) were pipetted to the volumetric flask at 0 °C, 

stirring for 10 min, and storage in the fridge for 3 hours. 

To the prepared LB reagent 1 mL sample solution was 

added. After 5 min the absorbance value was recorded at 

625 nm for 20 min. The concentration of cholesterol in the 

sample was calculated from the calibration curve, which 

was performed using calibration standards. The calibration 

standards were prepared by dilution of cholesterol in ethyl 

acetate at 0.1 to 1 mg. 

 

Instrument and chromatographic conditions 
HPLC 

 Chromatography analysis was performed using an 

Agilent Technologies 1260 infinity system (USA) 

equipped with a vacuum degasser, a quarterly pump, an 

autosampler, and the UV-DAD detector. Cholesterol was 

detected at UV wavelength of 205 nm. Isocratic elution 

was performed at a flow rate of 1.2 mL.min
-1

 using the 

mobile phase consisted of water/methanol 5:95 (v/v). The 

injection volume was 10 μL and the temperature was set at 

35 °C. As a stationary phase, a Poroshell 120 EC-C18 

column (4.6 x 50 mm, 2.7 μm particle size) was used with 

the guard column Poroshell 120 EC-C18 (4.6 x 5 mm,  

2.7 μm particle size). The results were recorded using the 

OpenLab CDS software, ChemStation Edition for LC and 

LC/MS systems (product version A.01.08.108). 

 

Spectrophotometric determination 

 Spectrophotometric determination was performed using  

a spectrophotometer Cary 300 UV-Vis (Agilent 

Technologies, USA). The detection wavelength was 625 

nm. The results were determined with Cary WinUV 

software (software version 4.20(468).  

 

Statistical analysis  
 Results are expressed as mean ±standard deviation or as 

percentage. Statistical analysis was performed using 

Microsoft Exel version 2010. The data were subjected to 

the Student´s test and the values were considered 

significantly different when p <0.05.  

 To obtain validation parameters, the linearity, limit of 

detection (LOD), limit of quantification (LOQ), accuracy, 

precision, and selectivity were determined. The linearity 

was evaluated according to the correlation coefficient by 

Pearson (R
2
) for linear regression. The LOD and LOQ 

were calculated considering the signal-to-noise ratio 

accepted for each limit and the parameters estimated for 

the analytical curve, according to equations 1 and 2: 

𝐿𝑂𝐷 = 3.3 ×
𝑠

𝑆
                                                                    (1) 

 

𝐿𝑂𝑄 = 10 ×
𝑠

𝑆
                                                                     (2) 

 Where s is the estimate of the standard deviation of the 

equation’s linear coefficient, and S is the angular 

coefficient of the analytical curve (Bauer et al., 2014). 

 The precision was assessed by the Horrat test, which is 

the ratio of the method standard deviation and the Horwitz 

relative standard deviation (equation 3): 

 

𝑅𝑆𝐷𝐻𝑜𝑟𝑤𝑖𝑡𝑧 = 2(1−0.5𝑙𝑜𝑔𝐶)                                                     (3) 
 

 Where C is the analyte concentration in mass percentage 

(Ribeiro and Brandäo, 2017).  

 The accuracy was evaluated by recovery studies at one 

standard concentration level of cholesterol (1 mg.mL
-1

). 

Recoveries were evaluated by adding to milk sample 

aliquots standard solutions of the analytes. After the 

quantification of the analytes in the fortified samples and 

in the control, the recovery percentage (% REC) was 

calculated according to equation 4 (Bauer et al., 2014): 

%𝑅𝐸𝐶 = (
𝑂𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑐𝑜𝑛𝑐. −𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑐𝑜𝑛𝑐.

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑐𝑜𝑛𝑐.
) × 100   (4)  
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 Selectivity was evaluated by using the spectra provided 

by the DAD detector by comparison of the peaks present 

in the chromatograms of the products with those peaks in 

the chromatograms of the standards, as described by 

Bauer et al. (2014). 

 In order to evaluate the conformity of the results obtained 

by HPLC and spectrophotometric determination, Moore´s 

test was used according to Eckschlager, Horsák and 

Kodejš (1980). The test is applicable if nA ≠ nB and the 

range of RA and RB is used as a measure of variance. 

Conformity is tested according to Moore´s criterion (U). 

Moore´s criterion is calculated according to the equation 5: 

𝑈 =
|𝑥𝐴̅̅ ̅ − �̅�𝐵|

𝑅𝐴 + 𝑅𝐵

                                                                     (5) 

Where xA is an average value obtained from the first 

method, xB is the average value obtained from the second 

method, and RA, RB are the values of variance. The 

calculated U is compared with the critical value Uα. If U 

≥Uα, the difference is statistically significant at p <0.05. If 

U <Uα, the difference is not significant and we accept the 

null hypothesis about the consistency of the results 

(Eckschlager, Horsák and Kodejš, 1980). 

 

RESULTS AND DISCUSSION 

Optimization of the spectrophotometric 

determination and chromatographic conditions  
 In color-based methods, the application of the LB 

reaction is usually the key step after the extraction 

procedure (Dinh et al., 2011). Cholesterol in the presence 

of concentrated sulphuric acid and acetic anhydride is 

oxidized to a conjugated pentaene known as 

cholestapolyene carbonium ion and this undergoes further 

reaction to form cholestahexaene sulphonic acid, with a 

wavelength of absorption of 410 nm (Adu et al., 2019). 

The LB reaction depends, however, on various factors, 

such as temperature, time, proportions of reactant, 

wavelength or exposure of light as described by Kenny 

(1952) or Essaka (2007). Firstly, our study thus 

investigated the kinetics of LB reaction. We monitored the 

dependence between the time of reaction and the 

absorbance of the solution. The results are shown in  

Figure 1. The absorbance maximum at 625 nm is stable for 

20 to 30 min and there is little difference in the measured 

absorbances. With the increasing time, the absorbance 

maximum is moving to higher wavelength values (665 to 

670 nm), where is also stable. However, a longer time 

interval is less suitable regarding total analysis time. From 

the Student´s test, it was observed that the difference 

between the absorbance values at 625 nm in 20 and 30 min 

was not significant at p <0.05. The spectrophotometric 

measurement was thus optimized regarding these results. 

Atinafu and Bedemo (2011) used quite a similar 

wavelength (640 nm) for the determination of cholesterol 

in some commercial edible oils. According to Burke et al. 

(1974), a 30 min reaction time is optimum for 

spectrophotometric measurement. According to Kim and 

Goldberg (1969), maximum color development occurs 

after 15 – 18 min incubation at 30 °C. The other important 

factor, which has to be considered, is the stability of LB 

color reagent. Kim and Goldberg (1969) stated that the 

LB reagent is not unstable and it need not be used within a 

few hours. According to these authors, the reagent is stable 

for 6 months when stored at 4 °C. On the other hand, some 

authors using the LB reagent, which was prepared freshly 

(Sperry and Brand, 1943; Xiong et al., 2007; Adu et al., 

2019). Firstly, the stability of LB reagent was measured 

after 7 hours. After this time the new calibration standards 

curve was recorded. Based on the Student´s test the 

differences were statistically insignificant at p <0.05. 

Statistically insignificant differences were also noticed 

after 24 and 48 hours. From the results, it was thus obvious 

that LB color reagent is stable. The reaction is also 

influenced by the stability of cholesterol solution. The 

difference between the results obtained with the freshly 

prepared cholesterol solution and after 21 days was 

statistically significant at p <0.05 thus the solution was not 

stable, and the use of freshly prepared solution is 

recommended. 

 Because of the slight polarity caused by the hydroxyl 

group, either normal-phase (NP) or reversed-phase (RP) 

HPLC can be used for the analysis of cholesterol (Dinh et 

al., 2011). In our study, we worked with non-polar C18 

stationary phase and polar mobile phase.  

 

 
 

 Figure 1 Absorbance spectrum of Liebermann-Burchard reaction.  
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In literature, there is described a lot of different types of 

mobile phase composition. For example, Borkovcová et 

al. (2009) used water with methanol 5:95, Oh, Shin and 

Chang (2001) acetonitrile: methanol: isopropanol 7:3:1 or 

Bauer et al. (2014) acetonitrile with isopropanol 95:5. In 

this work, several mobile phases were tested but the best 

results were obtained using deionized water with methanol 

(5:95, v/v). The same conditions were described by 

Borkovcová et al. (2009). After the optimization 

procedure, the retention time of cholesterol peak was  

5.2 min. The absorbance spectrum (Figure 2) showed that 

the maximum is obtained at 201 nm, but to avoid the 

interferences caused by impurities, we used the absorption 

at 205 nm, because the differences were not statistically 

significant p <0.05.  

 

Sample analysis and validation 
 The sample saponification and extraction of cholesterol to 

non-polar solvent were crucial steps for the analysis of this 

compound in milk by both methods. The saponification of 

the lipids has the primordial objectives of removing 

acylglycerols from the extract of the lipids and 

hydrolyzing the esters of cholesterol. The reaction can be 

done after the extraction of the lipids, or by direct 

saponification (Bauer et al. 2014). These authors also 

suggested that direct saponification is preferably due to a 

significantly lower quantity of solvents and shorter 

preparation time. In our work, we thus used direct 

saponification followed by the extraction. According to 

Ahn et al. (2012), three important factors must be 

considered when selecting a cholesterol extraction solvent: 

a high solubility of cholesterol, a low efficiency for fat 

extraction, and hydrophilicity. The most widely used 

solvents are n-hexane or toluene. Especially hexane has 

some advantages, such as it is less toxic than other 

solvents and does not form emulsions as toluene does 

(Fletouris et al., 1998). The extraction with hexane was 

performed three times due to increased efficiency, as 

described Oh, Shin and Chang (2001). Based on these 

authors, the chromatogram of method, which used hexane 

as the extraction solvent, had an excellent baseline and no 

interference was detected. The efficiency of extraction 

with hexane is also influenced by the presence of water 

(Fletouris et al., 1998). Therefore, a small amount of 

water was added to the extraction solvent. The water was 

then removed by the filtration through anhydrous sodium 

sulphate. Almost the same steps were also described by 

Borkovcová et al. (2009). 

 Based on these modified methods the cholesterol content 

in milk was analyzed by both techniques. By HPLC the 

mean content of cholesterol in milk was determined on 

92.78 ±9.57 mg.kg
-1

 and by spectrophotometric 

determination on 84.57 ±10.95 mg.kg
-1

. The 3D record of 

cholesterol peak in the milk sample is showed in Figure 3.  

 Ramalho, Casal and Oliveira (2011) determined the 

mean content of cholesterol in commercial milk samples 

on 11.6 ±0.2 mg.100 mL
-1

 by HPLC. According to Faye et 

al. (2015), the mean values of cholesterol in cow milk are 

8.51 ±9.07 mg.100 g
-1

, which is close to our results.  

 From the results of Manzi, Di Costanzo and Mattera 

(2013), the average cholesterol content in Italian cow´s 

milk is 12.8 ±0.4 mg.100 g
-1

. Thus, on average, the 

cholesterol content of whole milk is 12 mg.100 g
-1

. The 

variations of values can be attributed to variations in the 

processing of the milk as well as to differences in the 

animal breeds, individual characteristics, and intervals 

between milking, lactation phase, the composition of the 

animal´s diet, etc. (Bauer et al., 2014).  

 To obtain the validation parameters, the linearity of both 

methods was performed by the calibration curves. The 

linearity is the ability of a method to demonstrate that its 

results are directly proportional to the concentration of the 

analyte in the sample, within the linear working range 

(Ribeiro and Brandäo, 2017). In spectrophotometric 

determination, the linear range was obtained in the range 

of cholesterol content 0.1 to 1 mg with the correlation 

coefficient of 0.9992. In HPLC the linear range was 

achieved at the cholesterol concentrations at 25 to  

350 mg.L
-1

 with the correlation coefficient at 0.9999. This 

result agrees with Albuquerque et al. (2016), where the 

linearity was obtained over the range of 0.07-0.4 mg.mL
-1

.  

The obtained LOD and LOQ for HPLC were 2.13 mg.kg
-1

 

and 6.45 mg.kg
-1

, respectively, while for the 

spectrophotometric method were 12.55 and 38.04 mg.kg
-1

. 

Thus, from the results, it can be stated that HPLC has 

better sensitivity than spectrophotometric determination. 

The almost similar values of LOD and LOQ are reported 

by Ahn et al. (2012) with LOD 2.27 mg.kg
-1

 and LOQ 

7.56 mg.kg
-1

. The other important validation parameters 

are accuracy and precision.  

 
 Figure 2 Absorbance spectrum of cholesterol in methanol obtained by UV-VIS spectrophotometer. 
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The precision refers to the degree of agreement among 

repeated measurements. Precision is approved when 

Horrat parameter is less or equal 2 (Ribeiro and Brandäo, 

2017). Both methods showed good precision with Horrat 

value less than 2. Accuracy was obtained by the standard 

addition method at one concentration level of cholesterol. 

The recoveries were 85.34% and 91.05% for 

spectrophotometric determination and HPLC, respectively. 

Analyte recoveries close to 100% are ideal, but smaller 

values are admitted if the precision is good (Bauer et al., 

2014), and in this case, it is proved by the Horrat values. 

The selectivity of chromatographic method was proven by 

the adequate separation of cholesterol with good resolution 

of the peaks and without co-elution of other compounds in 

the sample.  

 

The comparison of the propose methods 
 The comparison of the results obtained from the analysis 

of cholesterol content in milk by HPLC and 

spectrophotometric determination is shown in Table 1. For 

the testing of conformity of the results obtained from both 

methods, Moore´s test was used according to 

Eckschlager, Horsák and Kodejš (1980). Based on 

Moore´s test, the difference between cholesterol content in 

milk by HPLC and spectrophotometric determination is 

statistically insignificant at p <0.05 and the null hypothesis 

of consistency of results is accepted. The resulting mean 

cholesterol contents in milk determined by these two 

methods are thus relatively identical. The results showed 

an 8.8% difference. The cholesterol level in milk can be 

thus determined by either HPLC or spectrophotometric 

method. The same conclusion is described by Essaka 

(2007). Based on his research, the agreement of the values 

obtained by HPLC and LB reaction with a 16% difference 

showed that the proposed method was indeed reliable.  

 As seen from validation parametres, HPLC has some 

advantages over spectrophotometry. Firstly, LOD and 

LOQ values are lower thus HPLC is more sensitive. Better 

sensitivity of HPLC can be seen also from the slope of the 

calibration curve, where the value is much higher than in 

spectrophotometric determination. The recoveries were 

lower in spectrophotometric determination, which can be 

caused by the different approaches in sample preparation. 

After saponification and extraction, the sample before 

spectrophotometry must be reacted with LB reagent, which 

could lower the recovery. Besides that, the color stability, 

the issue of temperature dependency, and the turbidity of 

the final color-developed solution have made colorimetric 

methods subject to significant concern regarding accuracy 

(Dinh et al., 2011). According to Osman and Chin 

(2006) HPLC was considered as the method of choice for 

 
 Figure 3 The 3D record of cholesterol peak in milk sample.  

 

 

 Table 1 Comparison of the results obtained from the analysis of cholesterol content in milk by HPLC (Method A) and 

spectrophotometric determination (Method B). 

 Method A
a
 Method B

b
 

Cholesterol content (mg.kg
-1 

±SD) 92.78 ±9.57 84.57 ±10.95 

LOD (mg.kg
-1

) 2.13 12.55 

LOQ (mg.kg
-1

) 6.45 38.04 

Recoveries (%) 91.05 85.34 

Horrat 1.3 1.45 

Slope of calibration curve (b) 433 0.558 

Correlation coefficient (R
2
) 0.9999 0.9992 

Note: 
a
n = 6, 

b
n = 3, LOD – limit of detection, LOQ – limit of quantification. 
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cholesterol determination with the lowest LOD and LOQ 

compare to spectrophotometry and gas chromatography. 

The performance of spectrophotometer was better than gas 

chromatography in terms of reproducibility.   

 

CONCLUSION 
 This study was focused on the comparison of HPLC and 

spectrophotometric determination of cholesterol content in 

milk. From the results, the following conclusions can be 

postulated: 

1. The spectrophotometric determination is 

influenced by the stability and absorbance 

characteristics of LB reagent. 

2. The results obtained from HPLC and 

spectrophotometric determination differed only in 

8.8% thus both methods are suitable for analysis 

of cholesterol in milk products. 

3. HPLC analysis has some advantages over 

spectrophotometry, mainly higher sensitivity and 

lower LOD and LOQ values, which makes it 

more favorable in cholesterol determination in 

milk. 

 

REFERENCES 
Adu, J. K., Amengor, C. D. K., Kabiri, N., Orman, E., 

Patamia, S. A. G., Okrah, B. K. 2019. Validation of a Simple 

and Robust Liebermann-Burchard Colorimetric Method for 

the Assay of Cholesterol in Selected Milk Products in Ghana. 

International Journal of Food Science, vol. 2019, p. 1-7. 

https://doi.org/10.1155/2019/9045938 

Ahn, J. H., Jeong, I. S., Kwak, B. M., Leem, D., Yoon, T., 

Yoon, Ch., Jeong, J., Park, J. M., Kim, J. M. 2012. Rapid 

determination of cholesterol in milk containing emulsified 

foods. Food Chemistry, vol. 135, no. 4, p. 2411-2417. 

https://doi.org/10.1016/j.foodchem.2012.07.060 

Albuquerque, T. G., Oliveira, M. B. P. P., Sanches-Silva, 

A., Costa, H. S. 2016. Cholesterol determination in foods: 

Comparison between high performance and ultra-high 

performance liquid chromatography. Food Chemistry, vol. 

193, p. 18-25. 

https://doi.org/10.1016/j.foodchem.2014.09.109 

Atinafu, D. G., Bedemo, B. 2011. Estimation of total free 

fatty acid and cholesterol content in some commercial edible 

oils in Ethiopia, Bahir DAR. Journal of Cereals and Oil 

seeds, vol. 2, no. 6, p. 71-76. 

https://doi.org/10.5897/JCO11.025 

Bauer, L. C., Santana, D. A., Macedo, M. S., Torres, A. G., 

de Souza, N. E., Simionato, I. 2014. Method Validation for 

Simultaneous Determination of Cholesterol and Cholesterol 

Oxides in Milk by RP-HPLC-DAD. Journal of the Brazilian 

Chemical Society, vol. 25, no. 1, p. 161-168. 

https://doi.org/10.5935/0103-5053.20130283 

Borkovcová, I., Janoušková, E., Dračková, M., Janštová, B., 

Vorlová, L. 2009. Determination of Sterols in Diary Products 

and Vegetable Fats by HPLC and GC Methods. Czech 

Journal of Food Sciences, vol. 27, no. 1, p. 217-219. 

https://doi.org/10.17221/1073-CJFS 

Burke, R. W., Diamondstone, B. I., Velapoldi, R. A., Menis, 

O. 1974. Mechanisms of the Liebermann-Burchard and Zak 

Color Reactions for Cholesterol. Clinical Chemistry, vol. 20, 

no. 7, p. 794-801. https://doi.org/10.1093/clinchem/20.7.794 

Dinh, T. T. N., Thompson, L. D., Galyean, M. L., Brooks, J. 

Ch., Patterson, Y., Boylan, L. M. 2011. Cholesterol Content 

and Methods for Cholesterol Determination in Meat and 

Poultry. Comprehensive Reviews in Food Science and Food 

Safety, vol. 10, p. 269-289. https://doi.org/10.1111/j.1541-

4337.2011.00158.x 

Eckschlager, K., Horsák, I., Kodejš, Z. 1980. 

Vyhodnocování analytických výsledků a metod (Evaluation of 

analytical results and methods). 1
st
 ed. PRAHA ČESKÁ 

REPUBLIKA : Státní nakladatelství technické literatúry, 224 

p. (In Czech language) 

Essaka, D. C. 2007. Reversed-Phase HPLC Determination 

of Cholesterol in Food Items. Electronic Theses and 

Dissertations. Available at: https://dc.etsu.edu/etd/2034. 

Faye, B., Bengoumi, M., Al-Masaud, A., Konuspayeva, G. 

2015. Comparative milk and serum cholesterol content in 

dairy cow and camel. Journal of King Saud University – 

Science, vol. 25, no. 2, p. 168-175. 

https://doi.org/10.1016/j.jksus.2014.11.003 

Fletouris, D. J., Botsoglou, N. A., Psomas, I. E., Mantis, A. 

I. 1998. Rapid Determination of Cholesterol in Milk and Milk 

Products by Direct Saponification and Capillary Gas 

Chromatography. Journal of Dairy Science, vol. 81, no. 11, p. 

2833-2840. https://doi.org/10.3168/jds.S0022-

0302(98)75842-4 

Kenny, A. P. 1952. The Determination of Cholesterol by the 

Liebermann-Burchard Reaction. The Biochemical Journal, 

vol. 52, no. 4, p. 611-619. https://doi.org/10.1042/bj0520611  

Kim, E., Goldberg, M. 1969. Serum Cholesterol Assay 

Using a Stable Liebermann-Burchard Reagent. Clinical 

Chemistry, vol. 15, no. 12. p. 1171-1179.  

https://doi.org/10.1093/clinchem/15.12.1171 

Li, L. H., Dutkiewicz, P., Huang, Y. C., Zhou, H. B., Hsu, 

C. C. 2019. Analytical methods for cholesterol quantification. 

Journal of Food and Drug Analysis, vol. 27, no. 2, p. 375-

386. https://doi.org/10.1016/j.jfda.2018.09.001 

Manzi, P., Di Costanzo, M. G., Mattera, M. 2013. Updating 

Nutritional Data and Evaluation of Technological Parameters 

of Italian Milk. Foods, vol. 2, no. 2, p. 254-273. 

https://doi.org/10.3390/foods2020254 

Oh, H. I., Shin, T. S., Chang, E. J. 2001. Determination of 

Cholesterol in Milk and Dairy Products by High Performance 

Liquid Chromatography. Asian-Australian Journal of Animal 

Sciences, vol. 14, no. 10, p. 1465-1469.  

https://doi.org/10.5713/ajas.2001.1465 

Osman, H., Chin, Y. K. 2006. Comparative Sensitivities of 

Cholesterol Analysis Using GC, HPLC and 

Spectrophotometric Methods. The Malaysian Journal of 

Analytical Sciences, vol. 10 , no. 2, p. 205-210. 

Ramalho, H. M. M., Casal, S., Oliveira, M. B. P. P. 2011. 

Total Cholesterol and Desmosterol Contents in Raw, UHT, 

Infant Formula Powder and Human Milks Determined by a 

New Fast Micro-HPLC Method. Food Analytical Methods, 

vol. 4, no. 3, p. 424-430. https://doi.org/10.1007/s12161-010-

9182-0 

Ribeiro, T. M., Brandäo, P. R. G. 2017. Development and 

Validation of Graphitic Carbon Analysis of Graphite Ore 

Samples. Tecnologia em Metalurgia Materiais e Mineração, 

vol. 14, no. 2, p. 183-189. https://doi.org/10.4322/2176-

1523.1198 

Sperry, W. M., Brand, F. C. 1943. The Colorimetric 

Determination of Cholesterol. The Journal of Biological 

Chemistry, vol. 150, p. 315-324.  

Xiong, Q., Wilson, W. K., Pang, J. 2007. The Liebermann-

Burchard Reaction: Sulfonation, Desaturation, and 

Rearrangment of Cholesterol in Acid. Lipids, vol. 42, no. 1, p. 

87-96. https://doi.org/10.1007/s11745-006-3013-5 

 

 

https://doi.org/10.1155/2019/9045938
https://doi.org/10.1016/j.foodchem.2012.07.060
https://doi.org/10.1016/j.foodchem.2014.09.109
https://doi.org/10.5897/JCO11.025
https://doi.org/10.5935/0103-5053.20130283
https://doi.org/10.17221/1073-CJFS
https://doi.org/10.1093/clinchem/20.7.794
https://doi.org/10.1111/j.1541-4337.2011.00158.x
https://doi.org/10.1111/j.1541-4337.2011.00158.x
https://doi.org/10.1016/j.jksus.2014.11.003
https://doi.org/10.3168/jds.S0022-0302%2898%2975842-4
https://doi.org/10.3168/jds.S0022-0302%2898%2975842-4
https://doi.org/10.1042/bj0520611
https://doi.org/10.1093/clinchem/15.12.1171
https://doi.org/10.1016/j.jfda.2018.09.001
https://doi.org/10.3390/foods2020254
https://doi.org/10.5713/ajas.2001.1465
https://doi.org/10.1007/s12161-010-9182-0
https://doi.org/10.1007/s12161-010-9182-0
https://doi.org/10.4322/2176-1523.1198
https://doi.org/10.4322/2176-1523.1198
https://doi.org/10.1007/s11745-006-3013-5


Potravinarstvo Slovak Journal of Food Sciences 

Volume 14 124 2020 

Acknowledgments: 

The authors would like to thank Ing. Anna Korená and Ing. 

Zuzana Ciesarová, PhD. for technical assistance and valuable 

comments. This work is the result of the project 

implementation “Building Infrastructure for Modern Research 

of Civilization's Diseases” (ITMS 26230120009) financially 

supported by the Research & Development Operational 

Programme funded by the ERDF and grant APVV- 061-2018. 

 

 

 

 

 

 

 

 

 

 

 

Contact address:  

 *Ing. Lukáš Kolarič, Slovak University of Technology in 

Bratislava, Faculty of Chemical and Food Technology, 

Institute of Food Science and Nutrition, Department of 

Food Technology, Radlinského 9, 812 37 Bratislava, 

Slovakia, Tel.: +421 2 593 25 555,  
E-mail: lukas.kolaric@stuba.sk 

ORCID: https://orcid.org/0000-0003-1137-9717 

 prof. Ing. Peter Šimko, DrSc., Slovak University of 

Technology in Bratislava, Faculty of Chemical and Food 

Technology, Institute of Food Science and Nutrition, 

Department of Food Technology, Radlinského 9, 812 37 

Bratislava, Slovakia, Tel.: +421 2 593 25 558,  
E-mail: qsimko@stuba.sk 

ORCID: https://orcid.org/0000-0003-1549-1319 

  

Corresponding author: *  

 

mailto:lukas.kolaric@stuba.sk
https://orcid.org/0000-0003-1137-9717
mailto:qsimko@stuba.sk
https://orcid.org/0000-0003-1549-1319

