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Abstract: In  this study, simultaneous quantification of allantoin, uric acid, xanthine, and hypoxanthine in cow milk 
by  solid phase extraction (SPE) and high performance liquid chromatography-diode array detection (HPLC-DAD) 
method was perform. Five different SPE cartridges were tested in order to evaluate the isolation of purine derivatives 
(PD) from cow milk. Chromatography was carried out on ODS-2 Hypersil column and 0.05 M (NH4)2HPO4 buffer 
solution (pH = 7.76) as mobile phase. The HPLC-DAD validated method showed a  linearity with regression coeffi-
cients higher than 0.999 and the  limits of  detection and quantification with values in  the range 0.09–0.74  µg  mL–1 
and 0.27–2.24  µg  mL–1, respectively. The  method showed good precision with a  relative standard deviation (RSD) 
below 4.48%, while the accuracy ranged from 95.34 to 104.47% for all analytes. The best recovery degree of PD by SPE 
were obtained on Strata SCX cartridge for xanthine (87.79%) and hypoxanthine (89.02%); on Strata NH2 for allantoin 
(35.09%) and on Strata C8 for uric acid (101.08%). Finally, the HPLC-DAD method with SPE on SCX cartridges was 
applied to quantify the PD in a batch of thirty cow milk samples.

Keywords: solid phase extraction; high performance liquid chromatography-diode array detection; ruminant milk; PD; 
method validation

Purine derivatives (PD) in  urine or  milk are bio-
markers of  the microbial protein synthesis in  rumen, 
an  important factor of  the feeding efficiency in  ru-
minants (Kazemi-Bonchenari et  al. 2011). PD, inclu-
ding allantoin, uric acid, xanthine, and hypoxanthine, 
are found in  urine and milk to  varying extents (Tie-
meyer  et  al. 1984). Many studies have suggested that 
urinary and mammary excretion of PD by ruminants 
could be used as an index of rumen microbial protein 
yield in  dairy cows (Tas and Susenbeth 2007; Larsen 
and Moyes 2010). According to Timmermans Jr. et al. 
(2000), the excretion of allantoin and uric acid in milk 

ranged from 15.7  to  2.1  mmol  day–1. Contribution 
of  PD in  urine and milk to  total PD  excretion is  ap-
proximatively constant in  lactating Holstein cows 
(Kazemi-Bonchenari et al. 2011). Beside the use of PD 
as  markers of  microbial protein synthesis in  rumen, 
uric acid in milk is believed to  increase the oxidative 
stability of milk and dairy products (Østdal et al. 2000).

Reversed-phase high performance liquid chromato-
graphy (HPLC) is  currently the  most commonly used 
technique for the  analysis of  PD in  various biological 
fluids (e.g. milk, urine, human serum) (Indyk and Wo-
ollard 2004; Cooper et al. 2006; Zuo et al. 2008, 2015).



123

Czech Journal of Food Sciences, 39, 2021 (2): 122–130 Original Paper

https://doi.org/10.17221/297/2020-CJFS

HPLC-diode array detection (HPLC-DAD) methods 
were used for the estimation of ruminal microbial pro-
tein supply in sheep based on the purine concentrations 
in  urine and blood (Czauderna and Kowalczyk 2004; 
Remane et al. 2015). Recently, ultra-high performance 
liquid chromatography tandem mass spectrometry 
(UHPLC-MS/MS) method was used to  monitoring 
allantoin as a biomarker of oxidative stress in humans 
(Kozlik et al. 2020) and for analysis of 12 endogenous 
purine in rat plasma (Lu et al. 2016).

It is well known that monitoring of compounds that 
are present in trace levels, such as PD in milk, usually 
requires a preliminary step of isolation and/or enrich-
ment of analytes. Thus, solid phase extraction (SPE) te-
chnique plays a crucial role in samples pre-treatment for 
the purification and enrichment of analytes of interest 
from complex matrices (Płotka-Wasylka et al. 2016).

For example, the  hypercrosslinked strong cation-
exchange polymer (HXLPP-SCX) sorbents enabled 
the selective extraction of three major purine metabo-
lites in human serum followed by HPLC quantification 
(Xu et al. 2016). Another SPE sorbent based on micro-
spheres of poly(glycidyl methacrylate-divinylbenzene) 
was used in  analysis HPLC-MS/MS of  three alkyla-
ted-purine adducts in  human urine (Hu et al. 2018). 
Also, simultaneous determination of  23  purines and 
pyrimidines in  biological samples was developed 
on SPE-UHPLC-MS/MS (Liu et al. 2019). Cu2+ functio-
nalized Fe3O4@polydopamine core-shell microspheres 
used as adsorbent in magnetic SPE-HPLC is applicable 
for rapid extraction and determination of purines from 
biological samples (Zhou et al. 2019).

The aim of this paper was to simultaneous quantifica-
tion of allantoin, uric acid, xanthine, and hypoxanthine 
(Figure  1) in  cow milk by  using a  SPE procedure 
followed the HPLC-DAD analysis. This implies testing 
of  five different SPE cartridges in  order to  evaluate 
their applicability for the  isolation of  PD from cow 
milk. Then, a batch of thirty milk samples was HPLC 

analysed in  order to  evaluate the  PD biomarkers. 
The  PD quantification in  cow milk allows their use 
as reliable biomarkers of the microbial protein synthe-
sis in rumen, an important factor of the feeding effici-
ency in ruminants, with strong implications on farms 
profitability and their environmental fingerprint.

MATERIAL AND METHODS

Chemicals and materials. The PD standards (allan-
toin, uric acid, xanthine, and hypoxanthine) were 
purchased from Acros Organics (Thermo Fisher Scien-
tific  Inc., USA). Acetonitrile (ACN, HPLC-grade) was 
purchased from Merck (Germany) and (NH4)2HPO4 
was purchased from Chimopar (Romania). Deionised 
HPLC grade water (18.2 MΩ cm) was prepared by Sim-
plicity UV (Millipore, USA). The SPE Strata cartridges, 
SCX, Strata-X; NH2, C18-E, and C8, were purchased 
from Phenomenex (Muso, Romania).

Milk samples collection. The  milk samples were 
collected from multiparous dairy cows, with a  milk 
yield of  ~25  L  day–1, using an  autosampler included 
in  the  milking parlour equipment. The  milk aliquots 
were kept on ice (in refrigerator) during the handling, 
and then stored at –20 °C until analyses.

Preparation of  standard solution. Stock solution 
of standard mixture of PD (1 mg mL–1 each) was pre-
pared in water at pH = 7.76, adjusted with 1 N NaOH 
solution. The solution was kept in the refrigerator at 4 °C, 
and were stable for three weeks. Working standard 
solutions were prepared as needed by  appropriate 
dilution of the concentrated stock solution in water.

SPE Method. The extraction procedure was perfor-
med on  SPE System (Phenomenex, Muso, Romania). 
The  SPE cartridges were priorly conditioned with 
2 × 1 mL of ACN and equilibrated with 2 × 1 mL of wa-
ter. Prior to being applied to the extraction cartridge, 
equal volumes of the milk sample, buffer solution and 
ACN (for protein precipitation) were mixed thorou-

Parameters Allantoin Uric acid Xanthine Hypoxanthine

Structure

Chemical formula C4H6N4O3 C5H4N4O3 C5H4N4O2 C5H4N4O
Molar mass (g mol–1) 158.117 168.112 152.110 136.112
Acidity (pKa) 8.48 5.60 7.53 8.70
LogP –3.14 –1.107 –0.73 –1.10

Figure 1. Structure and properties of studied purine derivatives (PD)
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ghly in  a  centrifuge tube, and left still for 5  min and 
centrifuged for 20 min at 4 400 rpm. The supernatant 
(2  mL) was loaded onto a  SPE cartridge and drawn 
through on SPE System. Then the SPE cartridge with 
samples was washed with 2 × 1 mL of water and dried 
in air flow for two minutes. PD retained on cartridges 
were eluted with 2  ×  500  µL of  0.05  M (NH4)2HPO4 
buffer solution, filtered and injected in HPLC.

The recoveries of SPE extraction of the PD (Equation 1) 
were determined by the analysis of the standards mix-
ture of PD at concentrations of 3.125 and 12.5 µg mL–1, 
due to it is not known the initial amount of PD in milk.

HPLC-DAD method. Chromatography was perfor-
med on  a  HPLC (Agilent Technologies 1200 Series, 
USA), equipped with quaternary gradient pump, auto-
sampler, degasser, column thermostat, DAD detector. 
The system and data were controlled by ChemStation 
software (B.03.01, 2007).

Separation of PD were carried out on ODS-2 Hypersil 
column (250 × 4.6 mm, I.D., 5 µm) (Thermo Scientific, 
USA) at 25 °C. Mobile phase was 0.05 M (NH4)2HPO4 
buffer solution, pH = 7.76. Flow rate was 1 mL min–1 and 
injection volume was 20 μL. The UV detection wavelen-
gths for allantoin, uric acid, xanthine, and hypoxanthine 
were 218, 292, 276, and 255 nm, respectively.

The HPLC-DAD method was validated for selecti-
vity/specificity, sensitivity, linearity, precision accuracy, 
and robustness according to the ICH (2005).

Selectivity/specificity was assessed by  evaluating 
the  potential interference with endogenous compo-
unds. Limit of detection (LOD) and limit of quantifica-
tion (LOQ) were calculated using the ratio of standard 
deviation (SD) of  response and slope of  calibration 
curve, of  three and ten times respectively. Linearity 
calibration curves was assessed based on plot of analy-
te peak area against analyte concentration. Calibration 
range was between 3.125–100 µg mL–1 from each PD. 
The precision and accuracy of method were evaluated 
on milk samples after SPE extraction and spiked with 
three concentration levels of  PD. Intra-day precision 
was estimated on six replicates of same sample, spiked 
with 3.125, 12.5, and 50 µg mL–1 concentration during 
the  same day. Inter-day precision was determined 
by analysis of three replicates spiked with three diffe-

rent concentrations levels for three consecutive days. 
Both parameters were evaluated by  the relative stan-
dard deviations (RSDs). The  accuracy of  the HPLC 
method was determined by recovery test (Equation 2) 
(Marson et  al. 2020). The  milk sample (after SPE ex-
traction) were spiked with standard mixture of 3.125, 
12.5, and 50 µg mL–1 of PD.

Robustness of  the method was determined by  ob-
serving the  changes in  different experimental con-
ditions, in  the  pH of  mobile phase (±  0.1), flow rate 
(± 0.1 mL min–1), and column temperature (± 2 °C) for 
each PD and evaluated from the RSD of the peak area 
for each PD.

Statistical analyses. The overall statistical differen-
ces among recovery values corresponding to  the five 
cartridges were tested using the General Linear Model  
(GLM) procedure of  Minitab (Minitab 16, UK), with 
the  analysed concentration (3.125  and 12.5  µg  mL–1) 
and the analysed individual PD as  controlled factors. 
Tuckey post-hoc test was used in  order to  compare 
the recovery value of each cartridge with every other car-
tridge. Statistical significance was declared at P < 0.05; 
when P  ranged between 0.05  and 0.1  the  differences 
were declared as tendencies.

RESULTS AND DISCUSSION

SPE procedure of milk samples. SPE is a powerful 
and effective technique for the  removal the  interfe-
ring matrix components, the  isolation of  the analytes 
of  interest, and the  concentration of  samples, prior 
to HPLC or gas chromatography  (GC) analysis. With 
the well-selected sorbent, the octanol/water coefficient 
(logP) and acidity constants (pKa) of studied analytes, 
must be taken into account for selection of an appro-
priate extraction solvent (Mitra et al. 2018).

In this study, ACN, buffer solution, and its mixtures 
were tested as extraction solvents. It has been found that 
by using ACN (solvent stronger than the mobile phase) 
the peaks of uric acid and allantoin were splits. Thus, the 
elution with buffer on the cartridges was chosen.

Five types of SPE cartridges were tested for PD ex-
traction from milk. Thus, for two standard solutions 
of 3.125 and 12.5 µg mL–1 were calculated the recovery 

Amount of analyte after SPE extractionSPE recovery  100 (%)
Initial amount of analyte

= ×

Detected amount – original amountHPLC recovery =  100 (%)
Added amount

×

(1)

(2)
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degrees (Figure 2). Because it is not known the initial 
amount of  PD in  milk, we  chose to  study the  de-
gree of recovery by SPE using two standard mixtures 
of PD of different concentrations.

The results show that the best recoveries of PD from 
milk on Strata SCX cartridge were of 86.87 and 86.87% 
for xanthine and 87.66 and 89.02% for hypoxanthine. 
Similar results were obtained by  Xu  et  al. (2016) 
on HXLPP-SCX cartridges. Instead, the allantoin shows 
a  lowest recoveries comparative with the  other puri-
nes, with values of  34.7% and 35.09% on  Strata  NH2. 
At  the same time on  the others cartridges the  reco-
veries obtained is  much smaller. The  low recoveries 
of allantoin indicated that this was not retained on SPE 
because of  its high water solubility (logP  =  −3.14). 
Allantoin is not well retained on most SPE due to polar 
character, but by using strongly alkaline conditions can 
be  facilitate retention of  allantoin on anion-exchange 
matrices (Gruber et al. 2009). In our case, using buf-
fer solution (slightly alkaline) for the  allantoin elu-
tion on  Strata  NH2 anion-exchange cartridge, causes 
a higher recovery than on the other cartridges. For uric 
acid the  best recoveries of  99.65% and 101.08% were 
obtained on Strata C8 cartridge, that is specific to ex-
traction of  compounds with moderately polarity like 

uric acid (logP = −1.107; pKa = 5.6) and stable in basic 
solutions (Xinhua 2006).

Overall, for the simultaneous analysis of PD in milk, 
it was observed that higher recoveries were obtained 
on SCX cartridge for PD mixture compared to other 
cartridges (Figure  1). For this reason the  SCX car-
tridge was chosen for further analysis of batch of milk 
samples. The  mean of  recovery degree for each PD 
was applied to determine the amounts from selected 
milk samples.

The statistical analysis using GLM showed that 
the  recovery rates of  PD on  SPE cartridges varied 
upon  the  nature of  the  PD but also upon the  type 
of  cartridge (P  <  0.001). Figure  3 shows the  signifi-
cance differences among recoveries corresponding 
to the five cartridges (Tuckey post-hoc test). SCX car-
tridge had  the  highest mean recovery of  65.56% 
followed  of  C8 and  NH2  cartridges with an  average 
recovery of 47.08 and 45.93%, respectively. The lowest 
recoveries were obtained on Strata-X and C18-E car-
tridges of  ≤  22.41%. On  the  other hand, the  concen-
tration of  the  standard mixtures did not influence 
the recovery rates.

HPLC-DAD method validation. The  HPLC-DAD 
method, developed by  Vlassa et  al. (2009), was im-

Figure 2. SPE recovery degrees of 
PD standard mixtures of (A) 3.125 
and (B) 12.5 µg mL–1 (mean ± SD)

SPE – solid phase extraction; 
PD – purine derivatives; 
SCX – strong cation exchange
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proved, optimised and validated for analyses of  PD 
in  cow milk. For method validation, the  parameters 
like selectivity/specificity, linearity, sensitivity, accu-
racy, precision, and robustness were assessed accor-
ding to ICH (2005).

Selectivity/specificity was tested by  comparing 
the  retention times of  chromatograms of  PD  stan-
dard solution, the milk sample (Figure 4), and standard 
solution added in  milk sample. A  good separation 
of  each PD can be  observed, whereas no  interferen-
ces occurred.

Linearity and sensitivity of HPLC-DAD method are 
presented in Table 1. Calibration curves were construc-
ted from peak areas of  six standard solutions of  PD 
versus their concentrations and regression coeffici-

ents (R2) were higher than 0.9998. The obtained LOD 
(0.09–0.74 µg mL–1) and the LOQ (0.27–2.24 µg mL–1) 
show a good sensitivity of method.

The intra-day and inter-day precisions (Table  2) 
were expressed as RSD percentage. The precisi-
on data showed that RSD percentage varied betwe-
en 1.01 and 2.91  for intra-day precision and between 
1.57 and 4.48 for inter-day precision, respectively. This 
values are within the limits of acceptable variability 
in method analysis (ICH 2005).

The accuracy (recovery test; Table 2) of  the HPLC-
-DAD method was assessed on  three levels of  PD 
concentration and ranged from 95.34  to 104.47%. 
All  the  above data have shown that the  HPLC-DAD 
method has good accuracy and precision.

Mean Rd ± SD
Strata SCX  65.56a ± 31.56
Strata-X  22.41bc ± 16.15
Strata NH2  45.93abc ± 27.58
Strata C18-E  20.20c ± 14.80
Strata C8  47.08ab ± 34.07
SEM 6.541
P-value P < 0.001

Figure 3. Statistical parameters and residual plots for SPE recovery degree (Rd) of PD
a, b, cMean values which do not have a common superscript letter are significantly different (P < 0.05); PD – purine deriva-
tives; SPE – solid phase extraction; SEM – standard error of the mean; SCX – strong cation exchange

Figure 4. HPLC chromatograms of PD (A) standards mixture (12.5 µg mL–1 each) and (B) milk sample

HPLC – high performance liquid chromatography; PD – purine derivatives
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The results of robustness testing showed acceptable 
limits (RSD less than 2.0%) (Ravisankar et al. 2015) for 
a minor change of method conditions. Thus, the HPLC 
method is robust.

Application of  SPE HPLC-DAD method in  cow 
milk analysis. A milk sample was subjected of evalu-
ation extraction of PD on all SPE cartridges (Figure 5).

It can be  observed that on  SCX cartridge all four 
PD were quantified, while on  the others cartridges, 
the  xanthine it was not detectable. These results 
and SPE standards recoveries lead to  the selection 
of the SCX cartridge for PD analysis from thirty milk 
samples (Figure 6).

In order to  assess the  potential of  the optimised 
method to detect the effects of various feeding situati-
ons, milk samples from two groups of 15 cows each, fed 

two diets were collected. The diets were designed to in-
fluence the microbial protein synthesis in rumen, which 
can be  indirectly assessed through the  proportion 
of purine derivatives in milk.

The results showed that differences higher than 
10% could be  detected as being significant. Also, the 
method allowed the detection of concentration as low 
as 0.96–2.15 mg L–1 (for xanthine) and 0.7–1.49 mg L–1 
(for hypoxanthine).

In some studies, the  allantoin and uric acid was 
examined as indicator of  bacterial nitrogen flow 
through the  digestive system of  ruminants, the  main 
focus has been on for quantitative and analytical rea-
sons. The similar quantities of allantoin and uric acid 
in milk were found by some authors (Sikka et al. 2001; 
Indyk and Woollard 2004; Gruber et  al. 2009; Zuo 

Table 2. The precision and accuracy parameters of HPLC-DAD method

Analyte Amount spiked 
(µg mL–1)

Precision
Accuracy 
(recovery) 

(%)

intra-day 
(n = 6) 

RSD (%)

inter-day 
(n = 3) 

RSD (%)

Allantoin
3.125 2.43 3.89 95.34

12.5 1.62 2.59 97.32
50.0 2.80 4.48 96.34

Uric acid
3.125 1.40 3.78 97.88

12.5 1.01 2.72 99.11
50.0 1.31 3.53 100.11

Xanthine
3.125 1.57 2.22 98.42

12.5 1.54 2.18 99.19
50.0 2.46 3.49 101.43

Hypoxanthine
3.125 1.13 2.73 99.89

12.5 1.45 1.57 100.54
50.0 2.91 3.16 104.47

HPLC-DAD – high performance liquid chromatography-diode array detection; n – number of HPLC replicates; RSD – rela-
tive standard deviation

Table 1. HPLC-DAD calibration curve parameters for standard PD

Parameters/compound Allantoin Uric acid Xanthine Hypoxanthine
Retention time (min) 3.25 4.36 8.61 11.81

Regression equation 
(N = 12 points) y = 11.250x + 2.8052 y = 7.2460x + 2.1924 y = 5.9878x – 1.828 84 y = 8.2441x – 4.3762

Regression 
coefficient (R2) 0.9998 0.9999 0.9999 0.9999

LOD (µg mL–1) 0.74 0.16 0.09 0.14
LOQ (µg mL–1) 2.24 0.47 0.27 0.44

HPLC-DAD – high performance liquid chromatography-diode array detection; PD – purine derivatives; LOD – limit 
of detection; LOQ – limit of quantification; y – the peak area; x – the concentration of reference compound (µg mL–1)
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PD T1–T15 
(mean ± SD)

T16–T30 
(mean ± SD) SEM P-value

Allantoin 28.65 ± 3.88 28.16 ± 3.96 0.7219 0.635
Uric acid 11.56a ± 2.37 13.59b ± 4.15 0.6218 0.025
Xanthine 0.6033 ± 0.78 0.6579 ± 0.85 0.1505 0.799
Hypoxanthine 0.9346a ± 0.42 1.1896b ± 0.29 0.0667 0.009

Figure 6. The PD content in studied milk samples (mean ± SD, mg L–1): (A) samples T1-T15 and (B) samples T16-T30
a, bMean values which do not have a common superscript letter are significantly different (P < 0.05); PD – purine deriva-
tives; SEM – standard error of the mean; T – sample (1–30)
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et al. 2015). Allantoin output (mmol day–1) increased 
with increased percentage of  concentrate in  the diet 
(Schager et al. 2003) and comparable results for uric 
acid were obtained by Larsen and Moyes (2010).

Thus, in a subsequent study, we will apply the deve-
loped method to evaluate the quantities of PD in cow 
milk as the effect of the feeding efficiency in ruminants. 
The  developed analytical method allows a  systematic 
and reliable check of the milk samples (easy to collect, 
store and analysed), thus offering a feed-back of the way 
the animals react to dietary changes, thus enabling the 
development of  feeding strategies that lead to  more 
efficient use of the dietary proteins and other nutrients.

CONCLUSION

The PD (allantoin, uric acid, xanthine, and  hypo-
xanthine) were determined in  cow milk by  SPE 
HPLC-DAD method. Five different SPE cartridges 
(Strata: SCX, NH2, C18-E, C8, Strata-X) were tested 
in  order to  evaluate the  SPE extraction of  PD from 
cow milk. The best SPE results for all studied PD were 
obtained on SCX cartridge.

HPLC-DAD method was developed and valida-
tion for simultaneous determination of  PD in  cow 
milk and was found reproductive, sensitive and ro-
bust. This HPLC-DAD validated method was applied 
to  quantitative assay of  PD in  thirty cow milk sam-
ples from a selected batch. The allantoin and uric acid 
were found in  the ranges of  21.46–37.23  mg  L–1 and 
7.95–22.56  mg  L–1 respectively. Also, small quantiti-
es of  xanthine (0.96–2.15  mg  L–1) and hypoxanthine 
(0.7–1.49  mg  L–1) or  not at  all were found in  milk 
samples. Therefore, the  SPE HPLC-DAD method 
has the  potential to  be  implemented in  laboratories 
as a routine test to monitor PD in cow milk.
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