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Abstract: In this study, mass fractions of paclitaxel, cephalomannine, 10-DAB III and baccatin III in hazelnut 
were measured with new and validated LC-MS/MS method. Green outer nut husk and nutshell of Turkish hazelnut 
(Corylus colurna L.) were collected from Düzce, Trabzon, Adapazarı and Samsun at several altitudes during 
August and September in 2014. The target analytes were prepared using solid-liquid extraction and analysed by 
LC-MS/MS.  High amount of baccatin III, used for synthesizing semi-synthetic paclitaxel, was found in the 
nutshells collected at 250-500 m altitude in Cumayeri district of Duzce. In the husk samples from Vakfıkebir 
district of Trabzon, the highest amount of baccatin III was obtained. The mass fractions of baccatin III in nutshell 
and husks were between 164.38-1020.85 μgkg-1 and 166.12-923.64 μgkg-1, respectively. 
 
Keywords: Taxanes; baccatin III; hazelnut; LC-MS/MS; method validation. © 2018 ACG Publications. All 
rights reserved. 

 

1. Introduction 

Taxol, an anticancer drug having high importance, is used for treatment of ovarian, breast, lung 
and skin cancers. It can be administered directly or together with some chemotherapeutic agents [1]. 
Although total synthesis of taxol has now been realized by different groups [2-5], their approaches are 
expensive. Therefore, currently, various studies have been concentrated on determination of taxol in 
different sources. For instance, in one of the studies, a high proportion (0.1%) of 10-deacetylbaccatin 
III (10-DAB III) was obtained from renewable foliage of the yew (Taxus baccata L.) without damaging 
the tree. Also, in Turkey, paclitaxel (Taxol A) from Taxus baccata L. trees was used in treatment of 
ovarian and breast cancers. On the other hand, disappointingly, because of its complex structure, low 
amount of taxol exists in trees. Therefore, alternative sources for supplying the drug should be 
investigated [6]. 

Semi synthesis of taxol is the other way of obtaining taxol, which involves derivation of taxol 
via biotransformation of baccatin III and 10-DAB III in Taxus baccata leaves [7,8]. These compounds 
were then used in the preparation of medicaments [9]. 
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Moreover, applying a solid-phase extraction method using 30% methanol, 10-DAB III was 
detected as 0.0566% and 0.0695% in Taxus baccata leaves (needles) and twigs, respectively [10]. 
Ballero et al. collected samples from 11 different regions in Italy during the summer season to perform 
a study for determination of taxane and 10-DAB III in foliage of Taxus baccata L. Although paclitaxel 
was not detected, 10-DAB III and taxane were determined in the range of 243-1665 mg/kg and 0-300 
mg/kg, respectively [11,12]. 

This study presents new sources of paclitaxel and its derivatives from performing measurements 
on nutshells and husks. In order to analyze hazelnut samples, a reliable sample preparation and LC-
MS/MS method were developed and validated herein. All validation and uncertainty calculation steps 
of developed method were assessed. 

 
2. Material and Method  

2.1. Chemicals 

Cephalomannine analytical standard (4), baccatin III (3) (≥ 95%), 10-deacetylbaccatin III (2) (≥ 
95%), paclitaxel reference standard (1) and erythromycin neat materials (Figure 1) were obtained from 
Sigma Aldrich (USA). Methanol, ethanol, acetone and dichloromethane, all HPLC grade, >99.9%, were 
purchased from Merck (Darmstadt, Germany).  

2.2. Plant Material 

Green outer nut husk and nutshell samples of Turkish hazelnut (Corylus colurna L.) were 
collected from different regions (Trabzon, Adapazarı, Samsun and Düzce) (Figure 2) from several 
altitudes such as 0-250 m, 250-500 m, 500+ m (Table 1) during August and September 2014 and. The 
samples were dried under sun. The dried samples were milled and sieved by passing through 80-mesh 
sieves. The finalized powder samples were filled into amber glass bottles and kept at +4 °C to prevent 
decomposition of the analytes by light and heat untill measurement time .  

2.3. Preparation of calibration and working solutions  

Two stock solutions containing cephalomannine, baccatin III, 10-deacetylbaccatin III and 
paclitaxel were prepared at 1000 mg/kg and 1 mg/kg mass fraction levels in methanol. Internal standard 
stock solutions were also prepared at 1000 mg/kg and 1 mg/kg mass fraction levels in methanol. 
Erythromycin was used as an internal standard. While the native stock solution at 1000 mg/kg level was 
used to prepare 1 mg/kg  stock solution, the 1 mg/kg stock solution was used to prepare calibration 
solutions at six mass fraction levels between 10 and 1000 μg/kg. The mass fraction of internal standard 
was kept constant at each level 100 μg/kg. 

2.4. Sample preparation 

10 g grinded sample was placed into a volumetric flask and 100 mg of 1 mg/kg  internal stock 
solution was added. Acetone at 1:10 (g/mL) ratio was mixed with sample and solid-liquid extraction 
was performed by shaking the sample on a shaker for 72 hours for nutshell and 48 hours for nut husk. 
Then, the sample was filtered by double-layer filter paper into the amber glass vial and the solvent part 
was removed under gentle stream of nitrogen. 50 mg of the extract was dissolved in 1 g of MeOH:H2O 
(70:30, v/v) in a volumetric flask and kept in an ultrasonic bath for 1h. Then, it was centrifuged at 4800 
g for 30 minutes. An aliquot of methanol extract was purified by filtering through a 0.2 m filter before 
being measured in LC-MS/MS.  

2.5. Chromatographic Conditions 

A HPLC (Zivak®) and Zivak® Tandem Gold Triple quadrupole (Istanbul, Turkey) mass 
spectrometer, having a Phenomenex Synergi 4u Max-RP 80A column (150 x 2.0 mm i.d., 4m particle 
size) was used to analyze the hazelnut samples. The mobile phase A was prepared as 0.1% formic acid 
in methanol-water (70:30, v/v) mixture and an isocratic program was applied by using 100% of mobile 
phase A for 0-10.00 minutes long.  Flow rate of the mobile phase was 0.30 mL/min and the temperature 
of column was set to 30 °C. The volume of the injection was 20 L. The chromatograms of the analytes 
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are given in Figure 3. The optimum ESI parameters were determined as 2.40 mTorr CID for gas pressure, 
5000.00 V ESI for needle voltage, 600.00 V ESI for shield voltage, 300 °C for drying gas temperature, 
50 °C for API housing temperature, 55 psi for Nebulizer gas pressure and 40 psi for drying gas pressure.  
The parent, daughter ions and collision energy values are included in Table 2. 

2.6. Method Validation 

In validation process linearity, limit of detection (LOD), limit of quantification (LOQ) and 
repeatability (in a day and intra days) and recovery parameters were evaluated [13-15]. 

2.6.1.  Linearity 

The linearity of method was evaluated by preparing calibration solutions at six mass fraction 
levels between 10 and 1000 μgkg-1 values and based on the matrix matched and internal standard 
calibration techniques. The mass fraction value of internal standard erythromycin was kept constant at 
each level at 100 μgkg-1. Also the same amount of blank matrix extract was added to all calibration 
solutions to perform matrix matching calibration technique. Calibration graph was drawn as the ratio of 
peak area of native and internal standard compounds versus the ratio of mass fraction of native and 
internal standard compounds. The correlation coefficients, R2, and linear equations were determined and 
presented in Table 3.  

2.6.2.  LOD and LOQ 

In order to calculate LOD and LOQ values, the mass fraction of the sample was divided by 
signal to noise (S/N) ratio and then obtained value was multiplied by 3 and 10 to obtain LOD and LOQ, 
respectively [14-16]. The values are presented in Table 4 in μgkg-1 unit. 

2.6.3. Repeatability 

The repeatability was evaluated by applying the method in triplicate at three different 
concentration levels in a day and in three different days. The mean of relative standard deviations of all 
concentration levels were calculated. The value of relative standard deviation is presented in Table 4.  

2.6.4. Recovery 

For recovery tests, the blank nut samples were spiked by standard solution at three concentration 
levels in the working range and method was applied in triplicate for each level. The recovery values 
were calculated by Equation 1. and is presented in Table 4.  
 

eq.1 

 R%    : Percentage of recovery 
Cobs      : Concentration observed by method application 
Cblank   : Concentration of analyte in the blank sample 
Cspk  : Theoretical concentration of spiked sample  

2.7. Evaluation of Uncertainty 

The uncertainty parameters were determined as weighing of sample intake, final sample and 
addition of internal stock solution, preparation of native stock solution, repeatability, recovery and 
calibration curve [16]. 

2.7.1. Uncertainty of weighing of sample intake, final sample and addition of internal stock 
solution 
Combined standard measurement uncertainty of weighing the first and last samples and internal 

stock solution added to the sample were calculated separately using Equation 2, where ucal was obtained 
from the manufacturer’s certificate of the balance. This value was used for both sample and tare. 
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where, 
u(W): Combined standard measurement uncertainty of weighing   
uCal-sample: Standard measurement uncertainty, calibration of balance, sample 
uCal-tare: Standard measurement uncertainty, calibration of balance, tare 
 

2.7.2. Uncertainty of preparation of native stock solution 

Combined standard measurement uncertainty of native stock solution, which were prepared 
gravimetrically, was calculated using Equation 3, where u(P) was obtained from manufacturer’s 
certificate of the standard solution.  
 

eq.3 

 

where, 
u(CSS): Combined standard measurement uncertainty of standard stock solution 
u(P): Standard measurement uncertainty, purity, standard solution 
u(W): Standard measurement uncertainty, weighing standard solution (Eq. 4) 
CSS: Concentration of standard stock solution 
P   : Purity of standard stock solution 
W : Weight of standard stock solution 
 

 

eq.4 

where, 
u(W): Combined standard measurement uncertainty, weighing  
uCal-sample: Standard measurement uncertainty, calibration of balance, sample  
uCal-solvent: Standard measurement uncertainty, calibration of balance, solvent 
uCal-tare: Standard measurement uncertainty, calibration of balance, tare 
 

2.7.3. Uncertainty of calibration graph 

The combined standard measurement uncertainty from calibration graph was calculated using 
Equation 5 [17]. 
 

eq.5 

 

where, 
u(c0): Combined standard measurement uncertainty of calibration curve  
S: Residual standard deviation 
B1: Slope 
p: Number of measurement to determine c0 
n: Number of measurement for calibration 
c0: Determined concentration of the sample by using calibration curve 
c: Average value of the different calibration solution concentrations 
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2.7.4. Uncertainty of repeatability 

The standard measurement uncertainty from repeatability of the method was calculated by using 
Equation 6.  
 

eq.6 

where, 
u(r): Standard measurement uncertainty of repeatability 
RSD: Relative standard deviation 
n: Number of sample 
 

2.7.5. Uncertainty of recovery 

The standard measurement uncertainty from recovery of the method was calculated by using 
Equation 7.  
 

eq.7 

 

 

where, 
u(Rm): Combined Standard measurement uncertainty of recovery 
u(Cobs): Standard measurement uncertainty of analysis of spiked sample  
u(Ccert): Standard measurement uncertainty spiked sample 
Rm: Mean recovery  
Cobs: Obtained concentration by analysis spiked sample  
Ccert: Spiked concentration  
 

2.7.6. Combined and expanded measurement uncertainty of the method  

Consequently, the combined standard measurement uncertainty of the method was calculated 
by Equation 8. In order to obtain expanded uncertainty, combined standard measurement uncertainty 
has to be multiplied by 2 (coverage factor) at 95% confidence level. Relative measurement uncertainty 
values are given in Table 4. 
 

 

eq.8 

 

where, 
uc(A): Combined standard measurement uncertainty of analyte  
CA: Concentration of analyte 
u(WSI): Combined standard measurement uncertainty of weighing sample intake 
WSI: Weight of sample intake 
u(WFS): Combined standard measurement uncertainty of weighing final sample 
WFS: Weight of final sample 
u(CNSS): Combined standard measurement uncertainty of native stock solution 
CNSS: Concentration of native stock solution 
u(c0): Combined standard measurement uncertainty of calibration curve 
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c0: Determined concentration of the sample by using calibration curve  
u(r): Standard measurement uncertainty of repeatability 
u(Rm): Combined Standard measurement uncertainty of recovery 

  
3. Application of the method on hazelnut samples 

The samples of hazelnut shells and husks were collected at various altitudes from 19 sites in 
five different provinces and their methanol solution extracts were analyzed using LC-MS\MS technique. 
The amounts of paclitaxel, baccatin III, cephalomannine and 10-DAB III were determined from 
secondary plant metabolites of taxane class components. The results are presented in Table 5.  
 

4. Results and discussion  

4.1. Method development 

This study presents a reliable LC-MS/MS method for the quantification of taxanes in hazelnut 
shells and husks. During method development, different conditions were examined to obtain high 
efficiency on extraction. Different type of solvents like ethanol, methanol, acetone and dichloromethane 
at different conditions were applied. Since the extraction performed with acetone at the ratio of 1:10 
(g/mL) for 72 h in hazelnut shells was resulted with higher efficiency, it was concluded that, this 
extraction way is suitable for determination of paclitaxel in the hazelnut. The application of 
dichloromethane did not produce any result for hazelnut shells. In case of nut husks, only the usage of 
methanol at the ratio of 1:15 (gm/L) for 72 h was efficient on determination of paclitaxel and 
cephalomannie. The biggest amount of baccatin III was obtained when the acetone has been applied at 
the ratio of 1:10 (gm/L) for 48 h. 

 
4.2. Application of method on hazelnut sample  

Hazelnut shell and husk samples were collected at various altitudes from 19 sites in five different 
provinces, extracts of the samples were analyzed by LC-MS\MS technique.  
The analyses indicated that while paclitaxel, cephalomannine and 10-DAB III were not present in 
nutshells, the highest amount of baccatin III, was found in the nutshell, collected at 250-500 m in the 
Cumayeri district of Düzce Province (Figure 6). The amount of Baccatin III in the nutshells was found 
to be more than in the husks samples (Table 5).  

It can be concluded based on the Figure 4 and 5 that the concentration of analyte increases while 
the altitude value decreases. The highest amount of baccatin III was obtained in nutshells from regions, 
having the altitudes between 250-500 m. Similar output was obtained in a study carried out in Italy. The 
regional variation in taxanes of Taxus species, the taxane in the European species of Taxus was analyzed, 
and the amounts of paclitaxel, 10-DAB III and taxane were detected in samples collected from 11 
different locations. Although the paclitaxel was not detected, the highest amount of 10-DAB III was 
measured as 2277 mg/kg at 700 m altitude, whereas only 284 mg/kg taxane was measured at 1200 m 
altitude [11]. 

In case of husk samples, paclitaxel, cephalomannine and 10-DAB III were not detected but the 
high amount of baccatin III was obtained as well in those obtained in Vakfıkebir district of Trabzon 
Province (Figure 5). Also the higher amount of baccatin III was detected in husk samples, region 13 at 
0-250 m altitude as 923.64 µg/kg (Table 5). As a result, baccatin III was obtained in between 166.12-
923.64 µg/kg in husk samples. Hoffmann et al. collected the tombul hazelnuts from Giresun, Turkey 
and made quantification of 10-DAB III, paclitaxel, cephalomannine and baccatin III in nutshell and 
husk. and they only reported the baccatin III in husk samples in between 1.10-67.7 µg/g [18]. The 
difference between the mass fraction levels of baccatin III obtained in these two studies can originate 
from the difference of the region of hazelnuts.  

Since the importance of  baccatin III as precursor compound has been described in a number of 
studies [12, 18-21]  detection and quantification of baccatin III in hazelnut was accomplished in this 
study. The hundred thousand tons of hazelnut were produced in every year in Turkey and so these 
products can be used as an alternative source of the paclitaxel precursor baccatin III. 
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5. Conclusion 

This study presents a new and reliable LC-MS/MS method for the quantification of taxanes in 
hazelnut shells and husks. The extraction performed with acetone at the ratio of 1:10 (gmL-1) for 72 h 
in hazelnut shells was resulted with higher efficiency. After optimization, the reliability of the method 
was evaluated by method validation and uncertainty calculations. In validation process linearity, limit 
of detection (LOD), limit of quantification (LOQ) and repeatability (in a day and intra days) and 
recovery parameters were evaluated. The limit of detection values were obtained in between 0.94-2.14 
µg/kg. The method has linear response in between 10-1000 µg/kg concentration levels. In evaluation of 
measurement uncertainty bottom-up approach was used. Each uncertainty sources were identified and 
evaluated. The relative measurement uncertainty values of the developed method were obtained between 
2.1-7.6 %.  

The method was applied on real sample which were collected in 19 different regions and 
altitudes. In nutshell and husk samples paclitaxel, cephalomannine and 10-DAB III were not detected. 
The highest amount of baccatin III, was found in the shells of nuts, collected at 250-500 m in the 
Cumayeri district of Düzce Province, it was also determined in husk samples collected at Vakfıkebir 
district of Trabzon Province. The amount of taxane in the nutshells was determined to be more than in 
the husks samples.  

Although the amounts of taxanes looks like in low level, these compounds acquired from natural 
products should be considered in light of the annual production efficiency exchange. The quantity of 
taxanes in hazelnut was determined in a very low level but the production of hazelnut shells and husks 
in hundred thousand tons each year can compensate that low concentration. In the industrial aspect, 
hazelnut shells and husks may be used as good and alternative sources of taxol if an efficient extraction 
process develops.  
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