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Abstract Coenzyme Q10, a component of the mitochondrial energy metabolism, plays
a key role in maintaining the cellular redox state. The aim of this work was to develop a
chromatographic method for rapid determination of coenzyme Q10 in cheeses. Samples
were subjected to alkaline digestion (70 °C for 40 min) and extracted with hexane/ethyl
acetate (9:1 v/v). Coenzyme Q10 was separated by a Phenomenex Kromasil 5 μm Si
250×4.6 mm column and UV/Vis detector (275 nm) and eluted with an isocratic
mobile phase (2-propanol 1% in n-hexane, flow rate 1.5 mL.min−1). The linearity
test was described by the equation y=13786x−258.91, with a good correlation
(R2=0.9985). The limit of detection was 0.024 μg.mL−1, the limit of quantitation
was 0.069 μg.mL−1, and retention time was 3.90 min. The developed HPLC method
is simple, rapid and cheap, and allows a reliable quantitation of coenzyme Q10 in
cheeses.
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1 Introduction

Coenzyme Q10 (2,3-dimethoxy-5-methyl-6-polipropenyl-1,4-benzoquinone), also
known as ubiquinone 10, is a lipid compound, in the specific, a benzoquinone with
10 isoprene units in the aliphatic chain. In the human body, coenzyme Q10 (CoQ10)
originates from endogenous biosynthesis as well as from dietary intake. It is widely
distributed in human tissues, especially, in inner membranes of mitochondria where it
affects their fluidity and permeability.

Various and sometimes controversial biological functions of ubiquinone are
documented (Nohl et al. 2003; Bentinger et al. 2007). CoQ10 is an indispensable
electron carrier and is well known for its role in the mitochondrial electron
transport chain and oxidative phosphorylation to produce ATP (Crane 2007). It
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plays a key role in maintaining the cellular redox state and acts as an antioxi-
dant, inhibiting free radicals and showing synergism with other antioxidants
(Bentinger et al. 2007).

CoQ10 deficiencies can be divided in primary deficiency, caused by mutations in
genes involved in its biosynthesis, and secondary deficiency, caused by mutations in
genes not directly involved in the CoQ10 biosynthesis (Potgieter et al. 2013; Wang and
Hekimi 2013). Several reviews confirmed that CoQ10 deficiency can also be associated
to a high risk of development of chronic diseases (Quinzii et al. 2007; Ahmadvand and
Ghasemi-Dehnoo 2014), such as heart failure, hypertension (Pepe et al. 2007;
Rosenfeldt et al. 2007; Bentinger et al. 2010), neurodegenerative disorders, and
diabetes (Ates et al. 2013).

CoQ10 can be supplied by diet, and its content is higher in animal products than in
plant products (Mattila and Kumpullainen 2001; Pravst et al. 2010). Meat, fish, and
vegetable oils are good sources of CoQ10, while vegetables, fruits, and cereals are a
very poor source of CoQ10. Differences in CoQ10 content in food items may be
possibly due to different food processing, such as boiling, frying, etc.

Milk and dairy products are not generally considered a good source of this
molecule, although they are of animal origin, and a remarkable review (Pravst
et al. 2010) actually highlighted that dairy products are much poorer in coenzyme
CoQ10 than other foods e.g., meat, fish, nuts, or vegetable oils. Many innovative
applications in food fortification with CoQ10 were nevertheless studied (Stratulat
et al. 2013), and milk and dairy products proved to be very suitable for this purpose
(Stratulat et al. 2014). CoQ10 can be incorporated into a cheese and preserve its
bioactivity.

So far, several analytical methods have been developed to determine CoQ10 and are
based on spectrophotometric, coulometric (Tang et al. 2002), electrochemical (Galinier
et al. 2004; Niklowitz et al. 2005), and/or mass spectrometric detectors (Rodríguez-
Acuna et al. 2008). They showed to be nevertheless expensive and affected by food
matrix.

The aim of this work was therefore the development of a simple chromatographic
method, using a conventional HPLC system with normal-phase column, to obtain a
sensitive and accurate, as well as simple and rapid determination of CoQ10 in dairy
products. The choice of normal-phase HPLC is due to the fact that silica, a non-bonded
phase, provides very high selectivity for many applications, such as determination of
geometric and positional isomers or hydrophobic compounds. Moreover, the use of
non-polar solvents in the mobile phase guarantees the HPLC system does not operate at
very high pressure.

2 Materials and methods

2.1 Samples

Italian cheeses such as Provola, Bagoss, and Pecorino from an organic farm (1 month
ripening) and Pecorino from a conventional farm (2 month ripening) were collected
from different Italian farms. All dairy products were sampled, grated, and analyzed in
triplicate.
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2.2 Chemicals and standards

All solvents were of HPLC or Optima grade, and coenzyme Q10 standard was
purchased from Sigma-Aldrich (St Louis, MO, USA). Ultrapure water was prepared
by ion exchange system to >18 mΩ resistivity (Millipore, MA, USA).

2.3 Equipments

The following equipments were used: a spectrophotometer (Shimadzu, Model 1800,
Tokyo, Japan) and an HPLC analytical system, Alliance (Waters model 2695, Milford,
MA, USA), with a UV/Vis detector (Waters model 2487, Milford, MA, USA). Results
were processed by means of Waters Empower Chromatography System.

2.4 Preparation of standard solutions

Stock solution of coenzyme Q10 was prepared in 2-propanol, stored at −20 °C, and
protected from light. The standard concentration was confirmed spectrophotometrically
by measuring absorbance at 290 nm wavelength, and the molar extinction coefficient of
coenzyme Q10 (molecular weight 863.37 g.mol−1; maximum wavelength 290 nm;
molar ε in 2-propanol 3510) was taken according to Adrian et al. (2010). Stock solution
showed good stability when stored at −40 °C (1 month). Daily working solutions were
prepared to obtain the calibration curve by diluting stock solutions in 2-propanol 1% in
n-hexane: the ranges of working solutions were from 0.810 to 2.025 μg.mL−1.

2.5 Sample treatments and chromatographic conditions

Coenzyme Q10 in cheese samples was extracted according to Panfili et al. (1994), that
is, 0.5 g of cheese were subjected to alkaline digestion in a screw-capped tube with 2 mL
KOH (60%), 5 mL of ethanolic pyrogallic solution (6%), 2 mL ethanol (96%), and 1 mL
NaCl (1%). All tubes were flushed with nitrogen. After saponification (30 min at 70 °C),
samples were cooled in an ice bath, added with 15 mL of NaCl 1%, and extracted twice
with 15 mL hexane/ethyl acetate (9:1 v/v). The organic phase was collected and
evaporated to dryness. The residue was dissolved in 2 mL mobile phase (2-propanol
1% in n-hexane), injected (20 μL), and analyzed by normal-phase HPLC.

The chromatographic procedures were performed by a back pressure regulator
system that guaranteed a 500 psi pressure increase during the chromatographic run
(Upchurch Scientific, Oak Harbor, WA), a Security Guard Cartridge (Phenomenex,
Torrance, CA, USA) precolumn (with silica phase), a Kromasil 5 μm 250×4.6 mm
silica column (Phenomenex), and UV/Vis detector (275 nm). The mobile phase was 2-
propanol 1% in n-hexane with an isocratic flow rate (1.5 mL.min−1).

2.6 Statistical analysis

All analyses were performed in triplicate. Data were reported as mean value with
standard deviation (SD). The results of HPLC column validation procedure were
subjected to ANOVA coupled with Tukey’s post hoc test. Statistical treatment was
performed using the KaleidaGraph 3.6 software (Synergy Software, Reading PA).
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3 Results and discussion

3.1 Calibration, reproducibility, and recovery

Figure 1 shows the HPLC chromatogram of CoQ10 standard and a HPLC chromatogram
of Provola cheese obtained under chromatographic conditions reported in Section 2.

The linearity test for the quantification of CoQ10was carried out over the range 0.810–
2.025μg.mL−1 and the plot of the area response (y) versus concentration (x) was described
by the linear equation y=13786x−258.91, with a good correlation (R2=0.9985).

According to the obtained results, the limit of detection (LOD), the lowest concen-
tration of the analyte that can be confidently detected by this method, was
0.024 μg.mL−1; the limit of quantitation (LOQ), the lowest concentration of analyte
that can be determined with an acceptable level of repeatability precision and trueness
(Eurachem Guide 2014), was 0.069 μg.mL−1 with a retention time of 3.90 min.

Repeatability and reproducibility data for the proposed method are summarized in
Table 1. The intra-day procedure (repeatability) was analyzed by injecting five

Fig. 1 HPLC chromatogram of coenzyme Q10 standard and Provola cheese (dotted line) according to
chromatographic conditions reported in Section 2

Table 1 Replicate analyses of coenzyme Q10 standard

Coenzyme Q10 Replicates Day 1 Day 2 Day 3

μg.mL−1 N Peak area SD RSD% Peak area SD RSD% Peak area SD RSD%

2.025 5 27,715 154 0.56 27,947 238 0.85 27,740 241 0.87

1.620 5 21,604 237 1.10 21,845 102 0.47 21,769 60 0.28

1.215 5 16,849 145 0.86 16,676 54 0.32 16,679 228 1.37

0.810 5 10,993 119 1.09 10,679 221 2.07 10,901 43 0.39

Intra-day RSD% 0.90 0.93 0.73

Inter-days RSD% 0.85

Peak area is reported as a mean value of five replicates with standard deviation (SD) and relative standard
deviation (RSD%)
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replicates per day. The relevant relative standard deviation (RSD) ranged from 0.73 to
0.93%. The inter-day procedure (reproducibility) was calculated over 3 days, and
0.85% RSD value was obtained. No significant differences (P>0.05) were detected
in CoQ10 standard solutions in inter-day replicates.

The accuracy of the proposed method was examined, and results are shown in
Table 2. A recovery test was performed by analyzing six Provola cheese samples spiked
with different amounts of CoQ10 standard.

According to the obtained data, CoQ10 showed a recovery ranging from 97.1 to
100.9% that confirms the accuracy of this method.

3.2 Method validation

The proposed HPLCmethod was tested in some Italian cheeses, and relevant results are
shown in Table 3. The highest value (158 μg.100g-1) of CoQ10 was obtained in
Provola cheese, whereas Bagoss showed the lowest value (126 μg.100g-1).

Many studies reported the beneficial effects of CoQ10, but unfortunately, only a few
of them examined the amounts of this compound in foods, especially in cheese. As
regards the studies on dairy products, some authors (Mattila and Kumpullainen 2001)
reported the content of CoQ10 in Emmental and Edam cheeses (130–120 μg.100g-1).
Japanese researchers (Kubo et al. 2008) obtained comparable values for cheese

Table 2 Analytical recovery of coenzyme Q10 added in cheese samples

Spiked samples C1 founda

(μg.mL−1)
C2 theoreticalb

(μg.mL−1)
Recovery
(%)

Provola cheese 1 1.51 1.53 98.5

Provola cheese 2 1.54 1.53 100.9

Provola cheese 3 2.85 2.93 97.1

Provola cheese 4 2.90 2.93 98.9

Provola cheese 5 0.76 0.78 98.7

Provola cheese 6 0.77 0.78 97.8

Mean 98.6

a C1 is the amount of analyte found in the sample
b C2 is the theoretical amount of analyte in the sample obtained by summing concentration of analyte in cheese
(natural + added)

Table 3 Coenzyme Q10 (μg.100g-1) in Italian cheeses

Italian cheeses Mean SD RSD%

Provola 158.4 0.2 0.2

Pecorino (organic farm)—1 month ripening 139.1 0.7 0.5

Pecorino (conventional farm)—2 months ripening 149.4 0.9 0.6

Bagoss 125.6 2.0 1.6

Data are means of three replicate analyses with standard deviations (SD) and relative standard deviation
(RSD%)
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(141 μg.100g-1) consumed in the Japanese diet. The analytical data of cheeses,
obtained in this research, are therefore confirmed by data available in literature.

4 Conclusions

In this study, a sensitive and accurate, as well as rapid and cheap, HPLC method was
developed to quantify the content of CoQ10 in cheese by normal-phase chromatogra-
phy and spectrophotometric determination.

This research provides preliminary data of CoQ10 content in some Italian cheeses;
however, the proposed method is promising and could be of interest in the study of
dairy products such as milk, fermented milk, or PDO cheeses. Moreover, it could be of
paramount importance in the investigation of the effects of technological treatments or
cheese making procedures on CoQ10.

This proposed HPLC method could be useful both to quantify this bioactive
compound in other foods typical of the Mediterranean diet that are rich in antioxidant
compounds and to support the use of coenzyme Q10 in food fortification.
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