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A B S T R A C T   

The global nutraceutical industry is growing each year with the introduction of new products. Ficus deltoidea 
Jack, Cinnamomum cassia and Nigella sativa plants are well acknowledged for their high nutritional and medicinal 
values worldwide, nevertheless quality control of their herbal extracts and co-formulated nutraceutical products 
have yet to be fully reported. In this work, a simple and cost-effective high performance liquid chromatographic 
method coupled with diode array detection was developed. The major biomarker constituents, namely, vitexin, 
cinnamaldehyde and thymoquinone were simultaneously determined without the need for preceding separation 
or sample clean-up processes. The liquid chromatographic separation was achieved using a Microsorb-MV C18 

column (4.6 × 250 mm, 5.0 µm). Gradient elution program was performed using a mixture of solvent A 
(phosphate buffer, pH 4.5) and solvent B (acetonitrile), at a flow rate of 1.0 mL/min. The detection wavelength 
was optimized, displaying higher sensitivity of the separated peaks. Successful separation was attained within a 
reasonable run time ≈10 min without any interference from the matrix co-extractives. The developed method 
was optimized and validated as per the ICH guidelines. In addition, the identity authentication of the bioactive 
components was further confirmed using mass spectrometry. Clearly, the proposed and validated method pro-
vides an efficient and economic tool of improved selectivity and sensitivity for routine analysis and quality 
control, to ensure the safety and efficacy, of a complex matrix of nutraceutical preparation.   

1. Introduction 

Nowadays, nutraceuticals are viewed as one of the quickest devel-
oping areas of interest for human wellbeing and disease anticipation. 
Yet, nutraceuticals have a necessity for more evidence-based use. For all 
nutraceuticals, the compositional quality and safety must be monitored 
to track contamination, adulteration, product consistency, and to en-
sure regulatory compliance [1]. 

Correct identification of herbal products and their active con-
stituents is considered as a significant advance in demonstrating the 
adequacy of therapeutic herbs. Quality control of such preparations 
requires the availability of analysis protocols of improved selectivity 
and sensitivity. This is mostly important in order to ensure that the 
manufacturing process meet the basic standards and beneficial products 
entering the market [2,3]. 

Ficus deltoidea Jack, Cinnamomum cassia and Nigella sativa are highly 
esteemed in many cultures and traditional systems of medicine for their 
nutritive and beneficial health effects. Various studies have reported the 
potential medicinal welfares and pharmacological properties of these 
herbs such as anti-diabetic, anti-inflammatory, antibacterial, anti- 
cancer, anti-pyretic, hepato-protectve and anti-oxidant effects [4–6]. 
Most of the therapeutic properties of these plants are attributed to 
presence of vitexin (VIT) [4], cinnamaldehyde (CIN) [7] and thymo-
quinone (THY) [8] as major bioactive components, respectively, Fig. 1. 

Literature survey revealed that several number of researches fo-
cusing on analytical methods that only quantify the studied bioactive 
markers in different single herbal extracts are reported [9–15], even 
though no relevant information exists about quality control of their co- 
formulated nutraceutical products. 

The major goal of this study is directed towards traceability, 
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authenticity assessment and standardization of Ficus deltoidea Jack, 
Cinnamomum cassia and Nigella sativa herbal extracts. In addition to, 
monitoring and quality control of manufacturing processes of a com-
mercially avaliable co-formulated nutraceutical product (NW Low-glu® 
capsules) as a pre-requisite step for clinical trials. Three of the most 
commonly reported bioactive compounds, namely, VIT, CIN and THY 
were simultaneously quantified via a novel, simple, and low-cost HPLC- 
DAD method coupled to mass spectrometry as a confirmatory analytical 
tool. 

2. Experimental 

2.1. Instrumentation 

Analysis was performed on HPLC Agilent 1260 infinity II LC system, 
equipped with a quaternary pneumatic pumping system (model 
G7111B), auto-sampler (model G7129A) and a photodiode array de-
tector (model G7115A) (Agilent, Waldbronn, Germany). A Powersonic® 
ultrasonic cleaner (Crest Ultrasonics, Malaysia) was used for extraction 
of the studied biomarkers from nutraceutical formulations. 

Mass spectrometer; Waters Acquity UPLC system equipped with 
Mass lynx V4.1 software-data acquisition and TQ detector (Waters, 
USA) was used. 

2.2. Materials and chemicals 

Thymoquinone and vitexin analytical standards were obtained from 
Sigma-Aldrich (Steinheim, Germany) with certified traceable purites of 
≥98.5% and ≥95%, in order. Cinnamaledhyde analytical standard was 
obtained from ALB Technology Limited (Mongkok Kowloon, Hong 
Kong) with certified purity of 98%. All chemicals used were of analy-
tical grade, and the solvents were of HPLC grade. Acetonitrile and 
methanol of HPLC grade were purchased from Sigma-Aldrich 
(Steinheim, Germany). Double distilled water was prepared in-house 
using Aquatron® water purification unit (A4000D, UK). 

NW Low-Glu® capsules (Batch No. 18NWLG035), were kindly sup-
plied by Natural Wellness, Malaysia and stored at room temperature 
prior to analysis. 

2.3. Preparation of standard solutions 

Standard stock solutions of VIT (1.0 mg/mL), CIN (1.0 µg/mL) and 
THY (200.0 µg/mL) were, separately, prepared by accurately weighing 
and dissolving of appropriate amounts of the chromatographic stan-
dards in methanol. The working solutions for calibration curve were 
prepared by diluting the standard stock solutions with methanol. All 
standard solutions were stored refrigerated and protected from light. 

2.4. Sample preparation and extraction procedure 

A single step extraction with methanol was applied. Based on the 
estimated levels of biomarker constituents and the midlevel of the 

calibration curve, the amount to weigh for each sample and dilutions 
were adjusted. For dry single herbal extracts, samples were mixed 
thoroughly until homogenized, accurately weighted and transferred 
into a 20-mL vial. For NW Low-Glu® capsules, 10 capsules were com-
posited (after removing the shell), grinded, homogenized and quanti-
tatively transferred into a 20-mL vial. Methanolic extracts were pre-
pared by diluting each sample with methanol (10 mL) and sonicating 
for 15 min at room temperature. The collected methanolic extracts were 
then filtered through 0.45-μm membrane filters into an amber auto- 
sampler vials for future analysis. 

2.5. Chromatographic conditions for HPLC/DAD/ESI–MS analysis 

HPLC-DAD chromatographic separations and quantitation were 
performed on a reversed-phase column, Microsorb-MV C18 column 
(4.6 × 250 mm, 5 μm particle size). The mobile phase composed of 
buffer (A) and acetonitrile (B). The buffer was a 10.0 mM potassium 
dihydrogen orthophosphate (pH 4.5  ±  0.1). The gradient elution 
program was optimized as follows: 0–1.2 min 70:30, v/v, 1.3–3.6 min 
40:60, v/v, 4.0–4.5 min 15:85 v/v, 6–10 min 70:30, v/v. The flow rate 
was 1.0 mL/min. The mobile phase was filtered using 0.45 μm nylon 
membrane filter and degassed by ultra-sonication prior to use. Prior to 
injection, the samples were also filtered using 0.45 μm disposable fil-
ters. All determinations were performed at ambient temperature. The 
injecting sample volume was 5 μL. UV detection was carried out at 
335.0 nm, 285.0 nm and 254.0 nm for vitexin, cinnamaldehyde and 
thymoquinone, respectively. 

Typical mass spectrometric operated conditions: ion source ESI, in 
the positive mode for CIN and in the negative mode for VIT and THY; 
source temperature, 120◦C; desolvation temperature, 250◦C; capillary 
voltage 3 Kv; cone voltage, 25 V; desolvation gas flow 600 L/hr and the 
injection volume was 5 μL. 

2.6. Method validation 

2.6.1. Linearity and construction of calibration curves 
Different aliquots of VIT, CIN and THY were accurately transferred 

from their corresponding standard stock solutions into a series of 10-mL 
volumetric flasks and diluted to volume with methanol, to prepare so-
lutions in the concentration range of 33.00–333.00, 0.0166–0.3333 and 
6.60–66.60 μg/mL for VIT, CIN and THY, respectively. Six concentra-
tions of solution were analyzed in triplicate 5-μL injections using the 
previously mentioned chromatographic conditions. The average peak 
area obtained for each concentration was plotted versus the corre-
sponding concentration to obtain the calibration curves from which the 
regression equations were computed. 

2.6.2. Accuracy and precision 
To demonstrate the accuracy of the proposed method, the spike 

recovery experiment was performed by spiking a placebo of nu-
traceutical capsules with known amounts of VIT, CIN and THY stan-
dards at three different levels. Sample preparation was conducted and 

Fig. 1. Chemical structures of Vitexin (a), Cinnamldehyde (b) and Thymoquinone (c).  
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analyzed using the method described above. 
Intra- and inter-day precision of the assay were examined. For intra- 

day variability test, three different concentrations of mixed standards 
solutions covering the specified range for the procedure were analyzed 
in triplicates within the same day, while for inter-day variability test, 
the same solutions were examined in triplicates for three consecutive 
days. Variations were expressed as the %RSD. 

2.6.3. Specificity 
Method selectivity was demonstrated by analyzing placebo samples 

expected to be free of the bioactive constituents and tested to evaluate 
potential chromatographic interferences from the excipients commonly 
used in nutraceutical products. 

2.6.4. Robustness 
Robustness of the proposed method was established by deliberately 

varying different experimental parameters, one at a time including 
changing the column temperature  ±  1 °C, flow rate  ±  0.1 mL/min 
and buffer pH  ±  0.1. Robustness was expressed as %RSD. 

3. Results and discussion 

In nutraceuticals research, the ultimate goal for development of a 
successful analytical method is its capacity to accurately quantify the 
target bioactive compounds in different natural matrices. Additionally, 
the performance of the method should be verified in terms of se-
lectivity, linearity, accuracy, precision and robustness to ensure that the 
proposed method is best fit for nutraceutical manufacturing process and 
quantification/testing as well as simple enough for routine use in the 
quality control laboratories as well [2,16]. 

3.1. Development and optimization of the proposed HPLC-DAD method 

Several trials were carried out for simultaneous separation of the 
target analytes in an inherently complex matrix of poly-formulated 
nutraceutical product without prior sample clean-up. Critical chroma-
tographic parameters including type of organic modifier, pH of the 
aqueous solution and organic modifier to aqueous ratio were in-
vestigated. UV detection wavelengths (254.0, 285.0 and 335.0 nm) 
were also evaluated. The parameters were optimized in order to achieve 
the best peak intensity, peak symmetry and resolution of the separated 
analytes without any interference from the matrix co-extractives. 

Different mobile phases of variable compositions and ratios in an 

isocratic elution mode were tried including water with different organic 
solvents but no clear separation was obtained. Also, 0.1% phosphoric 
acid and 10.0 mM acetic acid were tried as the aqueous phase with 
either methanol or acetonitrile in different ratios but no satisfactory 
separation with poor peak symmetry was obtained. 

Reasonable results were obtained upon using 10.0 mM potassium 
dihydrogen orthophosphate buffer (pH 4.5  ±  0.1)-acetonitrile system, 
in different ratios using isocratic elution. To overcome some separation 
problems related to the physico-chemical properties of separated ana-
lytes, different time-solvent ratios programs were tried to obtain the 
best conditions. Optimal separation with good resolution, sharp sym-
metric peaks and suitable analysis time were achieved using phosphate 
buffer (pH 4.5  ±  0.1) and acetonitrile in a gradient program: 
0–1.2 min 70:30, v/v, 1.3–3.6 min 40:60, v/v, 4.0–4.5 min 15:85 v/v, 
6–10 min 70:30, v/v at a flow rate of 1.0 mL/min. 

Low concentration of buffer (5.0–10.0 mM) is found satisfactory for 
most chromatographic applications. Moreover, buffer 
concentration ≤ 25.0 mM, is low enough to keep away from issues of 
precipitation when the buffer and substantial amounts of organic sol-
vents are utilized in the mobile phase. To consistently achieve high- 
quality results, washing out the buffer by switching to water/organic 
mobile phase through the HPLC system should be carried out, regularly, 
to avoid buffer precipitation or microbial growth within the pump or 
other components [17]. 

The wavelength selection was designated for maximum detection of 
the separated compounds and negligible interference from matrix co- 
extractives. It was started with 335.0 nm to detect vitexin and to 
eliminate the noise peaks found in the nutraceutical product’s matrix. A 
wavelength 285.0 nm was selected to determine CIN. The maximum 
wavelength for detection of THY was 254.0 nm. 

Typical chromatogram corresponding to a standard laboratory 
prepared mixture of the three biomarker constituents VIT, CIN and THY 
is shown in Fig. 2. Moreover, chromatogram at the LLOQ is displayed,  
Supplementary Fig. S1. 

To demonstrate the overall chromatographic system suitability, 
system suitability parameters of the proposed HPLC-DAD method were 
calculated in accordance to the USP [18]; showing resolution, se-
lectivity, column efficiency and peaks symmetry within the acceptable 
limits [19], Table 1. 

3.2. Extraction procedure optimization 

The extraction procedure has been carefully evaluated for dried 

Fig. 2. High performance liquid chromatogram of a laboratory prepared mixture of standard vitexin (200.0 µg/mL), cinnamaldehyde (0.1667 μg/mL), and thy-
moquinone (33.3 µg/mL). 
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Ficus deltoidea Jack, Cinnamomum cassia and Nigella sativa herbal ex-
tracts and co-formulated nutraceutical capsules. The yields of ex-
tractable components are intensely influenced by polarity of the ex-
traction solvent and the procedure employed, in addition to the 
chemical nature of the targeted bioactive constituents. Extracting sol-
vents including water, methanol, methanol–water (50:50, v/v), me-
thanol–water (80:20, v/v), ethanol (70%) and acetonitrile were tested 
for the extraction efficiency. A single step extraction with methanol for 
a 15 min sonication time was found to be the most efficient based on 
the analytes’ extracting recoveries without interference from other 
matrix co-extractives. 

3.3. Method validation 

The developed HPLC-DAD method was validated in accordance to 
the ICH guidelines [20] to evaluate adequate validation characteristics. 
The validty of the proposed method was evaluated in terms of linearity, 
LOD, LOQ, specificity, accuracy, precision and robustness. 

Under the specified experimental conditions, linear relationship was 
obtained between the average peak areas of the target analytes at the 
selected wavelength and their corresponding concentrations in the 
range of 33.0–333.00, 0.0166–0.3333 and 6.60–66.60 μg/mL for VIT, 
CIN and THY, respectively. The characteristic parameters for the re-
gression equations of the proposed method are displayed in Table 2. 

Limit of detection (LOD) and limit of quantification (LOQ) of 

targeted analytes were estimated from their corresponding linearity 
ranges and standard calibration curves. The residual standard deviation 
of regression lines and the slope of calibration curves were used for 
calculation as shown in Table 2. 

Specificity of the method was evaluated in presence of excipients 
(placebo samples). The resulted blank chromatogram showed no 
chromatographic interference peaks from the excipients at the retention 
time of Low-Glu® biomarkers constituents, Fig. 3. 

As a part of method specificity evaluation, the use of a diode array 
detector assisted the peak purity check and monitoring of the UV 
spectrum for each analyte in each sample. 

Spiked recovery results are summarized (Supplementary Table S1). 
The low, medium and high level of analytical ranges for the three target 
analytes were tested. The mean extraction recoveries obtained among 
different spiked levels ranged from 98.52 to 98.99%, 99.31–101.01% 
and 99.53–100.74% of VIT, CIN and THY, respectively, confirming that 
there was negligible loss during sample extraction. 

Repeatability and intermediate precision results expressed as %RSD 
showed that all of the three target analytes at three different standard 
concentrations analyzed using the optimized analytical procedure met 
the acceptable criteria (%RSD ≤ 2), (Supplementary Table S2). 

Small deliberated changes in chromatographic parameters was car-
ried out to evaluate robustness of the proposed method. No significant 
changes regarding system suitability parameters (i.e. within accepted 
range) and %RSD of the response and retention time were less than 2%, 
which assured the method robustness (Supplementary Table S3). 

3.4. Application to sample 

The proposed and validated HPLC-DAD method was employed as 
check point and quality control testing of both raw materials and fin-
ished nutraceutical products. Firstly, a variety of individual herbal ex-
tracts were analyzed. Then, samples of NW Low-Glu® capsules were 
extracted and screened for targeted biomarker compounds using the 
proposed HPLC-DAD method. Results are displayed in Table 3. UV 
detection wavelengths were evaluated in the initial stages of method 
development keeping in concern minimal matrix interference while 
screening samples. Accordingly, wavelengths 335.0, 285.0 and 
254.0 nm were selected for determination of VIT, CIN and THY, in 
order, provided higher signal to noise ratio and better peak resolution. 
Absence of some of the biomarker constituents in the investigated 
batches may indicate the existence of exhausted respective herbal ex-
tracts in the nutraceutical product capsules. Accordingly, this batch has 
to be rejected in terms of chemical quality. To evaluate the matrix in-
terference, standard addition technique is applied. The recovery results 
are presented in Supplementary Table S4. 

Mass spectrometry was used for further chemical screening and 
identity verification. The full MS1 scan was acquired in positive and 
negative ion mode by infusing the standard solutions of the bioactive 
constituents “for comparison purpose” and Low-Glu® capsule extract 
into electrospray ionization source. VIT and THY show molecular ions 
at m/z 431.12 and 163.92 under –ve ESI mode, respectively. Wheras, 
CIN shows molecular ion at m/z 132.93 under + ve ESI mode 
(Supplementary Fig. S2). 

4. Conclusion 

The use of advanced chromatographic techniques has recently be-
come mandatory for providing a broader understanding onto the fin-
gerprint profiling of herbal drugs and poly-formulated nutraceuticals 
research owing to its chemical complexity. The proposed HPLC-DAD 
method was successfully applied for determination of VIT, CIN and THY 
as major bioactive constituents in Ficus deltoidea Jack, Cinnamomum 
cassia and Nigella sativa herbal extracts and co-formulated nutraceutical 
product. A simple optimized single step extraction with methanol was 
employed without prior sample clean up steps. Moreover, mass 

Table 1 
System suitability parameters of the proposed HPLC-DAD method for de-
termination of vitexin, cinnamaldehyde and thymoquinone.        

Parametera Obtained value 

VIT  CIN  THY  

Retention time  
(min  ±  0.2) 

3.213  6.800  7.894 

Selectivity factor 
(α)  

3.967  1.228  

Resolution (Rs)  27.0  8.5  
Tailing factor (T) 1.244  0.980  1.125 
Column 

efficiency (N) 
9216  41,616  56,644 

Height equivalent 
to theoretical 
plates 
(HETP) 

2.713 × 10-3  6.007 × 10-4  4.414 × 10-4 

a Reference values for HPLC System suitability parameters: α  >  1, Rs ≥ 2, 
T ≤ 2 and N ≥ 2,000 [19].  

Table 2 
Regression equation parameters of the proposed HPLC-DAD method for the 
determination of vitexin, cinnamaldehyde, and thymoquinone.      

Method Parameter HPLC-DAD method 

VIT CIN THY  

Range (μg/mL) 33.30–333.00 0.0166–0.3333 6.60–66.60 
Regression equations parameters    
Slope (b)a 2.947 8614.351 182.359 
SE of slope 0.037 109.876 1.434 
Intercept (a)a −20.756 −31.498 −575.363 
SE of intercept 7.431 20.541 55.772 
Correlation Coefficient (r) 0.9997 0.9996 0.9999 
LODb 9.565 0.0023 1.143 
LOQb 28.985 0.0071 3.464 

a Regression equation for HPLC: A = a + bc, where ‘A’ is the area and ‘c’ is 
the concentration. 

b LOD and LOQ are calculated according to ICH guidelines, 3.3 × the re-
sidual SD of the regression line/slope and 10 × the residual SD of the regres-
sion line /slope, respectively.  
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spectrometry is used in a combined way for further confirmation and 
characterization of studied biomarker constituents. 

Evidently, the proposed and validated protocol has the potential to 
be applied for future routine analysis and quality control of new nu-
traceuticals; endorsing their composition from batch to batch. 
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Fig. 3. High performance liquid chromatogram of (a) Placebo, (b) capsule extract (Batch No. 18NWLG035) and (c) spiked capsule extract.  

Table 3 
Assay of vitexin, cinnamaldehyde and thymoquinone in studied single herbal 
extracts and NW Low-Glu® capsules.      

Biomarker Contents (Mean found,  
mg/g)  ±  SD 

Mean, found µg/Capsule ± %RSD 

Single herbal extractsa Low Glu® Capsules 
(Pilot Batch) 

Low Glu® Capsules 
(B.N. 18NWLG035)  

VIT 10.43  ±  0.43 3800.13  ±  0.62 34.490  ±  2.11 
CIN 0.25  ±  0.04 9.44  ±  3.35 NDb 

THY 0.24  ±  0.07 63.85  ±  3.06 NDb 

a Ficus delotica Jack leaves extract for VIT, Cinnamon cassia bark extract for 
CIN and Nigella sativa seeds extract for THY. 

b ND, not detected.  
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