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Ö Z

Genel olarak nar olarak bilinen Punica granatum L., kardiyovasküler hastalık, artrit, diyabet ve kanser gibi önemli biyolojik 
özellikleri nedeniyle geleneksel Çin bitkisel ilaçları olarak yaygın olarak kullanılan biyoaktif polifenolik bileşiklerin iyi bir 

kaynağına sahiptir. Ticari nar suyu genellikle bütün nar ve kabuklarını presleyerek elde edilir. Daha sonra, en bol miktarda 
madde olan punikalajin, meyve suyundan ekstre edilebilir. Ancak, punikalajin içeriği ticari nar suyunda farklılık gösterebilir 
ve 0.017 ila 2 g/L arasında değişebilir. Bu çalışmada, UPLC-MS yöntemini kullanarak altı farklı marka nar suyunun punikalajin 
içeriğini analiz ettik. İlk olarak, punikalajin standartları, tampon A’da (su içinde% 0.1 formik asit) 50 µM’den 5 µM’e uzanan 
derişim aralığında hazırlandı ve standart kalibrasyon eğrisi oluşturuldu. Daha sonra, iyonlaşma voltajı, desolvasyon sıcaklığı 
ve ESI kaynağının kaynak sıcaklığı dahil olmak üzere üç kütle ayar parametresi, daha iyi pik şekilleri elde etmek ve punikalajin 
a- ve β- izomer piklerinde doğru nicel analiz yapmak için optimize edildi. Altı farklı marka nar suyunun analizinden sonra 
farklı meyve suyu örneklerinden alınan punikalajin seviyelerinin 0.007 ila 0.3 g/L arasında değiştiği görülmüştür.
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A B S T R A C T

Punica granatum L., commonly known as pomegranate, has a good source of bioactive polyphenolic compounds that 
has been widely used as a traditional Chinese herbal medicine owing to their important biological properties including 

cardiovascular disease, arthritis, diabetes, and cancer. Commercial pomegranate juice is generally obtained via pressing 
whole pomegranate and its peels. Then, the most abundant ingredient, punicalagin, can be extracted into the juice. Ho-
wever, punicalagin levels may vary in commercial pomegranate juice and it can range from 0.017 to 2 g/L. In this study, we 
analyzed punicalagin content from six different brands of pomegranate juices by using UPLC-MS method. First, punicalagin 
standards were prepared from 50 µM to 5 µM in buffer A (0.1% formic acid in water) and standard calibration curve was 
created. After that, three mass tune parameters including ionization voltage, desolvation temperature and source tempera-
ture of ESI source were optimized to obtain better peak shapes and correct quantification of the α- and β- isomer peaks of 
punicalagin. After analysis of six different brands of pomegranate juices, it was seen that punicalagin levels from different 
juice samples varied from 0.007 to 0.3 g/L.
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INTRODUCTION

Punica granatum L., commonly known as pomegra-
nate, have become increasing popular because of 

their important biological actions including cardiovas-
cular protection, cancer, Alzheimer disease, obesity, 
and diabetes [1-4]. Pomegranate flower extract was 
reported to improve cardiac lipid metabolism and di-
minish cardiac fibrosis in diabetic rats [5]. It was also 
shown that pomegranate extracts could be effective 
in the treatment and in particular prevention of type 2 
diabetes [6].  

Of the polyphenols found in pomegranate, punicalagin, 
the most abundant ellagitannin with the highest mole-
cular weight, has been shown to have antioxidant and 
anti-inflammatory bioactivities [7,8]. Punicalagin is a 
high molecular weight polyphenolic compound which 
may produce beneficial effects by scavenging free radi-
cals. Due to these properties, there has been an increa-
sing interest in determining of such antioxidant sources 
[9,10]. 

Commercial pomegranate juice compared to the other 
red fruit juices such as cranberry, blackberry and grape 
has the highest antioxidant activities [11,12]. This can 
be due to its high content of polyphenolic compounds 
including ellagic acid, gallic acid and other flavonoids 
[13,14]. More than 70 compounds (Phenolic acids, fla-
vonoids, anthocyanins, and ellagitannins) have been 
detected [15,16]. Among these, punicalagin is the most 
abundant as indicated above. Commercial pomegrana-
te juice is generally obtained via pressing whole pomeg-
ranate and its peels. Then, the most abundant ingredi-
ent, punicalagin, can be extracted into pomegranate ju-
ice. However, punicalagin levels may vary in commercial 
pomegranate juice due to fruit juice adulteration such 
as dilution, substitution and mislabeling [17] and it can 
range from 0.017 to 2 g/L of pomegranate juice [18,19]. 

The identification and quantification of phenolic com-
pounds from plant and food matrices are a very crucial 
step when it comes to assess their biological functions. 
However, the full characterization of these compounds 
in fruits usually requires time consuming, expensive, 
and difficult methods owing to their complex structu-
res. Instead, we thought monitoring punicalagin con-
tent as the most abundant and biologically important 
component of pomegranate juice would be relatively 
easy and effective way to determine authenticity of the 
juice samples for routine analysis.

In this study, we analyzed punicalagin amount from six 
different brands of pomegranate juices by using UPLC-
MS. First, punicalagin standards were prepared from 
50 µM to 5 µM in buffer A (0.1% formic acid in water) 
and standard calibration curve was created. After that, 
three ionization parameters including ionization volta-
ge, desolvation temperature and source temperature 
of electrospray ionization (ESI) source were optimized 
to obtain better peak shapes and accurate quantifica-
tion of the α- and β- isomer peaks of punicalagin. After 
analysis of 6 different brands of pomegranate juices, 
it was shown that punicalagin levels from six different 
brand of pomegranate juices varied from 0.007 to 0.3 
g/L.

MATERIALS and METHODS

Apparatus and Reagents
Acetonitrile (HPLC grade), methanol (HPLC grade) and 
formic acid (USP grade) were purchased from Fisher-
Scientific (Pittsburgh, PA). HPLC-grade water was from 
Burdick and Jackson (Morristown, NJ). Punicalagin stan-
dard was purchased from Sigma-Aldrich (St. Louis, MO). 
All high pressure chromatographic separations were 
performed with a 2.1 mm × 150 mm Acquity™ UPLC 
BEH C18 column with 1.7 μm particles (Waters Corpora-
tion, MA). A guard column with an identical packing was 
used prior to the analytical column. Total ion chroma-
tograms (TICs) were collected using a Micromass Q-TOF 
micro™ ESI quadrupole time-of-flight mass spectrome-
ter (Waters Corporation, Milford, MA). Data acquisition 
was accomplished using MassLynx 4.1 software.

Preparation of Samples and the Standard Curve:
Quantification was based on the external standard met-
hod. Reference standard stock solution of punicalagin 
were prepared by dissolving the accurately weighed 
reference compounds in 0.1% formic acid in water to 
give a final concentration of 100 µM. The solution was 
then serially diluted with buffer A (0.1% formic acid in 
water) to obtain standard solutions from 50 µM to 5 
µM. Peak areas were recorded for all the solutions. In 
order to prepare juice samples, six different brand of 
pomegranate juices were taken and centrifuged for 4 
min. at 10,000 rpm. Then supernatant part was taken, 
diluted 15-times with buffer A, and then it was filtered 
through a 0.22 µm membrane filter prior to injection.

UPLC-ESI/MS analysis
In order to provide the highest ionization efficiency, a 
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punicalagin standard sample was infused directly to 
mass spectrometry. Mass method conditions were 
developed by optimizing the MS tune parameters for 
punicalagin analysis. After acquiring series of mass 
spectra under different experimental conditions, the 
best results were obtained by using following MS tune 
parameters in negative mode: The source voltage was 
3000 V, the desolvation temperature was 275oC and so-
urce temperature was 120oC. The mass scan range was 
m/z 100-1200. 

The punicalagin standards were analyzed using Waters 
BEH C18 column, 1.7 µm particle size (50 x 2.1 mm). The 
mobile phase A was 0.1% formic acid in water and the 
mobile phase B was 0.1% formic acid in acetonitrile. The 
flow rate was set at 0.5 ml/min. The total separation 
took 20 min including post equilibration of the column. 
The gradient started with 98% A for 3 min, and then 
95% A at 5 min followed by 5-min linear gradient from 
95% A to 90% A. From 10 to 13 min mobile phase A tur-
ned down to 70%, followed to 1 min of 70% A. From 14 
to 16 min, mobile phase A moved from 70% to 98% and 
then 4 min at the start conditions to re-equilibrate the 
column. The column temperature was set to 35oC.

The Method Validation
Parameters including linearity, precision, accuracy, limit 
of detection and limit of quantification were investiga-
ted according to the ICH (Guidance for Industry: Bioa-
nalytical Method Validation) [20].  

Linearity:
Linearity should be evaluated by visual inspection of a 
plot of signals as a function of analyte concentration or 

content [20]. The linearity of punicalagin standards was 
studied between 5-50 μM concentration range. The ca-
libration curve was evaluated by its correlation coeffi-
cient. The calibration equation and correlation coeffici-
ent are y=8.4354x-1.0265 and (r2 = 0.9941), respectively, 
which demonstrated linearity of the method over the 
concentration range analyzed.

Limit of detection (LOD) and quantification (LOQ):
The limit of detection (LOD) of an individual analytical 
procedure is the lowest amount of analyte in the samp-
le which can be detected but not necessarily quantified 
as an exact value. The limit of quantification (LOQ) is 
the lowest amount of analyte which can be quantita-
tively determined with suitable precision. The lowest 
detection assayed where the signal/noise ratio was at 
least 3:1, which is regarded as LOD. The LOQ was de-
termined as a signal/noise ratio of 10:1. LOD and LOQ 
values were found for punicalagin as 0.4 and 1.2 μM, 
respectively.

Precision and Accuracy:
Precision of an analytical method expresses the close-
ness of agreement between a series of measurements 
obtained from the same sample under the defined con-
ditions. The precision of the method was determined 
by repeatability which can be assessed by preparing 
three samples at three different concentrations in trip-
licates covering the specified range for the procedure. 
The precision data is expressed in the form of standard 
deviation and relative standard deviation (RSD) (Table 
1). The accuracy of this analytic method was assessed as 
the percentage relative error (% relative error: (found-
added)/added x100).

Figure 1. Two isomer structures of punicalagin. β-punicalagin is on the left and α-punicalagin is on the right.
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RESULTS and DISCUSSION

Punicalagin (2,3-(S)-hexahydroxydiphenoyl-4,6-(S,S)-
gallagyl-D-glucose) is an ellagitannin, a type of  and is 
phenolic compound found in forms of alpha (α) and 
beta (β) in pomegranates (Punica gratum-L) (Figure 1). 
It is a polyphenol compound which can donate multip-
le hydrogen atoms to free radicals such as peroxynitri-
tes. As one can assume from its structure, punicalagin 
is water soluble and therefore the body has no trouble 
breaking it down. Recent researchers have shown that 
punicalagin has shown many biological activities rela-
ted to the prevention and treatment of a wide range 
of diseases including heart attack and stroke, diabetes 
and obesity, Alzheimer and brain ischemia due to its an-
ti-oxidant, anti-inflammatory, anti-carcinogenic and an-
ti-hyperglycemic properties. Thus, pomegranate juice 

as a good source of significant biologically active poly-
phenolic compounds has gained an increased amount 
of demand which often exceeding supply. Then, adul-
terating pomegranate juice with other types, usually lo-
wer anti-oxidant quality, juices have become a common 
practice.

In this study, a simple and fast method for the analysis 
and quantification of punicalagin, the most abundant 
phenolic compound, from six different brands of po-
megranate juices was investigated. Punicalagin identi-
fication relied primarily on UPLC/MS method. Efficient 
chromatographic separation and high performance 
mass spectrometry are significant to efficiently resolve 
(α) and (β) signals of punicalagin. Replicate injections 
of the pomegranate sample and punicalagin standards 
were employed to ensure that any experimental trends 

Figure 2. Total ion chromatogram (TIC) of all six pomegranate juice samples (S1-S6) by UPLC-ESI/MS. # indicates a potential marker for 
pomegranate juice while * shows a peak pattern that can be used as a potential marker for cranbery juices. 
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monitored were directly associated to the samples rat-
her than.  Figure 2 shows the total ion chromatogram 
(TIC) of six different brand of pomegranate juices by 
UPLC/MS analysis. Two juice samples (S2 and S3) are 
mixture of pomegranate and cranberry juices. As it can 
be seen in their TIC chromatogram, the peak at around 
11 min. seems to be a potential pomegranate marker. 
In TIC chromatogram of S2 and S3, there seems to be 
pattern of peaks around 11-13 min. which can be uti-
lized as a potential marker for cranberry juice. A wide 
array of different peaks emerged from phenolic acids, 

anthocyanins, flavonoids, and ellagitannins can be ob-
served in TIC chromatogram, however, this study was 
aimed to determine and quantify punicalagin content of 
different brands of pomegranate juices by a simple and 
fast UPLC/MS method.

First, we have used punicalagin standards to not only 
optimize separation conditions for α and β isomers of 
punicalagin but also create a calibration curve that wo-
uld be used for the quantification of punicalagin content 
from commercial pomegranate juices. Punicalagin stan-

Figure 3. Extracted ion chromatogram (m/z 541) of punicalagin standards.
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dards were prepared from 50 µM to 5 µM in buffer A 
(0.1% formic acid in water) were analyzed using Waters 
BEH C18 column, 1.7 µm particle size (50 x 2.1 mm). In 
order to provide the highest ionization efficiency, a pu-
nicalagin standard sample was infused directly to mass 
spectrometry. Mass method conditions were develo-
ped by optimizing the MS tune parameters for punicala-
gin analysis. Initially, standard curve of the punicalagin 
standards was not ideal with correlation coefficient (R2) 
value of 0.8736 (data not shown). In particular, when we 
increased the concentration of punicalagin standards 
up to 30 µM, the curve started to diverge from ideal 
linearity. The unideal standard curve might arise from 
MS detector saturation, suppression of electropspray 
ionization and/or possible chemical reactions at higher 
concentrations. Then we have optimized MS tune para-
meters by increasing the source ionization voltage from 
2.5 kV to 3.0 kV, desolvation temperature from 250oC to 
275oC and the source temperature from 100oC to 120oC. 

After acquiring series of mass spectra under different 
experimental conditions, the best results were obtai-
ned by using following MS tune parameters in negative 
mode: The source voltage was 3000 V, the desolvation 
temperature was 275oC and source temperature was 
120oC. The mass scan range was m/z 100-1200. Thus, 
MS conditions were optimized to obtain best resolution 
and the highest sensitivity for both α- and β-punicalagin 

by using punicalagin standards. Also, Separation of α 
and β isomers of punicalagin was improved by shorter 
UPLC column (Waters BEH C18 column, 1.7 µm par-
ticle size, 50 x 2.1 mm). Figure 3 shows extracted ion 
chromatograms of punicalagin standards ranged from 
5 to 50 µM (EIC, m/z 541). The punicalagin content was 
calculated using a standard curve created based on the 
total peak areas of the  and  isomers of punicalagin 
standards (Figure 4).

Method validation parameters including linearity, preci-
sion, accuracy, limit of detection and limit of quantifica-
tion were investigated according to the ICH (Guidance 
for Industry: Bioanalytical Method Validation) [20]. The 
calibration equation and correlation coefficient are 
y=8.4354x-1.0265 and (r2 = 0.9941), respectively, which 
demonstrated linearity of the method over the con-
centration range analyzed. LOD and LOQ values were 
found for punicalagin as 0.4 and 1.2 μM, respectively. 
Table 1 shows the summary of precision and accuracy 
of the analytic method.

Punicalagin content of six different brands of commer-
cial pomegranate juices was analyzed by UPLC-ESI/MS 
method described above. Peak assignments of punica-
lagin from commercial pomegranate juices were made 
by comparing retention times and m/z values with the 
standards. The predominance of a molecular ion, the 

Figure 4. The standard curve of punicalagin standards.
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doubly-charged m/z 541, in a determined ionization 
mode is shown in Figure 5. Punicalagin peaks from dif-
ferent brand of pomegranate juices studied by UPLC 
method seem to show very similar phenolic qualitative 
profile but their relative abundances were utterly diffe-
rent. EICs of the juice samples used in this study showed 
it to be observed in all pomegranate samples, however, 
their concentrations varied (Figure 6). In particular, S2 
and S3 juice samples (S2 and S3 samples are cranberry/
pomegranate juice blends) showed the lowest content 

of punicalagin. For the authentic juices, the levels were 
much higher, to be more precise 43-fold, with the hig-
hest levels found in the authentic pomegranate juice 
sample (S1). The punicalagin levels in authentic samples 
S5 and S6 were very much similar to S1 sample; howe-
ver, S4 sample indicated very low amount of punicala-
gin content though it is labeled as an authentic juice 
sample.
Epidemiological studies recommend that consumption 
of antioxidant rich fruit or vegetables such as pomeg-

Figure 5. Extracted ion chromatogram (EIC) of punicalagin (m/z 541) from six different commercially available juice samples 
(S1-S6) by UPLC-ESI/MS.

Added (µM) Found ± SD % RSD % relative error

10 9.8 ± 0.474 4.84 2.00

30 30.5 ± 1.022 3.35 1.66

40 40.3 ± 0.787 1.95 0.75

Table 1. Precision and accuracy of punicalagin.
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ranate could possibly reduce the risk of cancer. This 
study represents a contribution to the investigation of 
punicalagin from commercially available authentic and 
adulterated juice samples by a fast and repeatable UPLC 
method. The separation and accurate quantification of 
the  and  isomers of punicalagin was improved uti-
lizing a shorter column. Three mass tune parameters 
including ionization voltage, desolvation temperature 
and source temperature of ESI source were optimized 
to obtain better peak shapes and correct quantificati-
on of the α- and β- isomer peaks of punicalagin. The 
punicalagin content from six different juice samples 
was analyzed and it was shown that punicalagin levels 
from six different brand of pomegranate juices varied 
from 0.007 to 0.3 g/L which seems to be lower than 
what it was reported previously (0.017 to 2 g/L). These 
results might indicate that some newer juices that are 
now available in stores might require easy but accurate 
testing methods. The proposed study may be useful to 
determine this anti-oxidant compound during shelf life 
of juices with fast and effective manner. Besides, some 
peaks could be valuable marker for the quality of po-
megranate juice authenticity; however, additional expe-
riments are required to identify these compounds.
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