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Introduction 

Hibiscus sabdariffa L. belongs to the Malvaceae family and is 

known by several common names, including red artichoke, roselle, sour 

hibiscus, Japanese jute, and lac te quy. The flower calyx is commonly 

used medicinally.1,2 According to traditional medicine, the calyx has a 

sour taste and a cooling nature and is associated with the liver and large 

intestine meridians.3 The primary constituents of the calyx include 

organic acids, phenolic acids, and flavonoids, with anthocyanidins 

predominating.4,5 The phenolic acids and flavonoids extracted from the 

calyx are classified as polyphenols, and PCA is a key phenolic acid 

contributing significantly to the valuable biological activities of H. 

sabdariffa.2,6,7 PCA is a gray crystalline solid that is soluble in water at 

a ratio of 1:50, as well as in alcohol and ether. It has a mild phenolic 

odor, is stable in air, and exhibits weak acidity.7,8 H. sabdariffa’s 

biological activities reportedly include lipid-lowering and anti-

atherosclerotic effects.2-4 Calyx extracts reduce the levels of 

triglycerides (TG), cholesterol, and low-density lipoprotein cholesterol 

(LDL-C) in the serum of rabbits with experimentally induced 

atherosclerosis.9 In addition, they inhibit foam cell formation and 

prevent the migration and calcification of vascular smooth muscle cells 

in rabbits.10,11  
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Hibiscus anthocyanins’ antioxidative activity was defined as the 

relative electrophoretic mobility of oxLDL, fragmentation of Apo B, 

and thiobarbituric acid reactive substances assay in Cu2+-mediated 

oxidized LDL. In addition, Hibiscus anthocyanins could scavenge over 

95% of free 2,2-diphenyl-1-picrylhydrazyl radicals and showed strong 

potential for inhibiting copper-induced LDL oxidation, indicating their 

potential utility to inhibit LDL oxidation and oxLDL-mediated 

macrophage apoptosis by serving as chemopreventive agents.12 H. 

sabdariffa extract showed promising results in reducing hypertension 

and improving lipid profiles in patients with chronic kidney disease.13 

The hydroethanolic extract of H. sabdariffa calyces has shown potential 

as an effective antioxidant and antibacterial treatment. It contains 

volatile aromatic compounds that can modulate select multidrug-

resistant Gram-negative clinical bacterial isolates.14  

H. sabdariffa extracts offer reported anti-cancer effects, due to the 

presence of numerous phytochemicals that have been isolated from 

various parts of the plant, including anthocyanins, flavonoids, saponins, 

tannins, polyphenols, organic acids, caffeic acids, citric acids, and PCA. 

These compounds reduce cancer cell proliferation, induce apoptosis, 

and cause cell cycle arrest. They also increase the expression of cell 

cycle inhibitors (such as p53, p21, and p27) and pro-apoptotic proteins 

(such as B-cell lymphoma 2-associated agonist of cell death, B-cell 

lymphoma 2-associated x-protein, and caspases).15 Some main 

components, such as naringenin, luteolin, myricetin, and PCA, 

identified in H. sabdariffa flowers showed antibacterial activity against 

clinical Helicobacter pylori and had no significant toxicity to human 

cell lines.16 Among these active compounds, PCA is a key active 

compound responsible for H. sabdariffa’s lipid-lowering and anti-

atherosclerotic effects.3,4,9 Moreover, PCA exhibits antioxidant, 

hypoglycemic, antihypertensive, anticancer, diuretic, hepatoprotective, 

antibacterial, antifungal, and antiparasitic activities.17-20 

Although widely reported worldwide,21-26 research on this medicinal 

plant in Vietnam remains limited. Therefore, this study sought to 
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establish a standardized H. sabdariffa extract based on its PCA content, 

laying the groundwork for its inclusion in the Vietnamese 

Pharmacopoeia. This is the first study to quantify the PCA in 

Vietnamese H. sabdariffa. The HPLC system, a PDA detector, and 

Empower software were used for the chromatographic analysis. The 

quantification method used to assess PCA in H. sabdariffa calyx extract 

was validated according to the International Council for Harmonisation 

of Technical Requirements for Pharmaceuticals for Human Use 

Guidelines.  

 

Materials and Methods 

Chemicals  

The PCA standard (98% purity) was purchased from Sigma, USA. 

The solvents and chemicals used in the formulation and analytical 

procedures included ethanol (50, 70, and 90%) sourced from Vietnam 

and compliant with pharmaceutical standards; trifluoroacetic acid, 

acetonitrile, and methanol from Merck (HPLC-grade); ethyl acetate, 

chloroform, n-hexane, and methanol from China (analytical reagent 

grade); and double-distilled water prepared at the Faculty of Pharmacy, 

Military Hospital 103. Additional reagents such as FeCl₃, NaOH, HCl, 

and H2SO4 were of analytical purity and sourced from China. 

 

Plant Material 

The H. sabdariffa calyx was collected in Ho Chi Minh City 

(latitude 10.83470, longitude 106.64287), Vietnam, in October 2019 

and identified by Dr. QB Nguyen, Vietnam National Museum of 

Nature, Vietnam Academy of Science and Technology. The specimen 

sample (LTHH-QY001) is stored at the Botany Department, Institute of 

Ecology and Biological Resources. The herbal material was provided 

by Thang Long Traditional Medicine Company and met internal quality 

standards. It was dried, ground into a fine powder, packaged, and stored 

in sealed plastic bags in a cool, dry place for use in the study. 

 

Instrumentation and Apparatus 

An HPLC system (Waters 2695D, USA) equipped with a 

Phenomenex Gemini C18 column ((250 mm  4.6 mm; 5 µm), an 

autosampler (model 700001247, Waters, USA), a PDA detector (model 

2998, Waters, USA), and Empower software (EmpowerTM 3, 2010) was 

used for chromatographic analysis. The ultrasound-assisted extraction 

was performed using a Taiwan Supercritical Technologies ultrasonic 

extractor with a 100-liter capacity (Taiwan). 

 

Standard and Sample Preparation 

Accurately weigh approximately 5.0 mg of PCA standard and 

dissolve in methanol in a 100 ml volumetric flask. Then, methanol was 

added to obtain a stock solution of 50 µg/ml. Next, accurately weigh 

about 2.0 g of dried H. sabdariffa calyx, place it in a 100 ml Erlenmeyer 

flask with approximately 25 ml of methanol, and extract using 

ultrasound for about 60 minutes. The extraction was repeated four 

times. All extract solutions were combined in a 100 ml volumetric flask, 

and methanol was added to achieve volume. The resulting solution was 

mixed thoroughly, filtered through a 0.45 µm membrane, and injected 

into the HPLC system for analysis. 

 

Optimization of Analytical Conditions and Flow Rate 

Based on the findings of the literature review and preliminary 

experiments, the following chromatographic conditions were selected: 

a Phenomenex Gemini C18 column at 250 mm × 4.6 mm and 5 μm; a 

PDA detector; a column temperature of 30°C; an injection volume of 

10 µL; and a detection wavelength of 260 nm.27 The two mobile phase 

systems were system 1: A–formic acid (0.1%) and B–acetonitrile; and 

system 2: A–trifluoroacetic acid (0.1%) and B–acetonitrile. 

The gradient conditions for both systems are detailed in Table 1. 

Table 1 describes the gradient elution program applied in the HPLC 

method, utilizing two mobile phase components: solvent A (water 

containing 0.1% trifluoroacetic acid) and solvent B (acetonitrile). 

During the first 19 minutes, the system maintained an isocratic elution 

with 85% solvent A and 15% solvent B, facilitating the elution of highly 

polar compounds. From minute 19 to 20, a gradual shift in the mobile 

phase composition was introduced by decreasing A to 80% and 

increasing B to 20%, enabling the separation of moderately polar 

analytes.  

Table 1: HPLC solvent system. 

Time 

(mins) 

Trifluoroacetic acid 

(solvent A) (%) 

Acetonitrile 

(solvent B) (%) 

0 85 15 

19 85 15 

20 80 20 

24 80 20 

25 60 40 

29 60 40 

30 85 15 

35 85 15 

 

This elution composition was held constant until minute 24. 

Subsequently, from minute 24 to 25, the proportion of A was rapidly 

reduced to 60%, while B was increased to 40%, enabling the elution of 

less polar compounds. This composition was maintained until minute 

29. From minute 29 to 30, the system was returned to the initial ratio of 

85% A and 15% B to allow the re-equilibration of the column, which 

was maintained for an additional 5 minutes to ensure system stability 

before the next injection. After the mobile phase system and analytical 

conditions were selected, flow rates of 1.0 ml/min and 0.6 ml/min were 

investigated. The standard and sample solutions were prepared as 

follows: accurately weigh approximately 5.0 mg of PCA standard and 

dissolve it in methanol in a 100 mL volumetric flask, then make up to 

volume with methanol to obtain a stock solution at a concentration of 

50 µg/mL. For the sample, accurately weigh about 2.0 g of dried H. 

sabdariffa calyx, place in a 100 mL Erlenmeyer flask, add 

approximately 25 mL of methanol, and extract using ultrasound for 

about 60 minutes (repeating this step four times). Combine all extract 

solutions in a 100 ml volumetric flask, add methanol to volume, mix 

thoroughly, filter through a 0.45 µm membrane, and inject into the 

HPLC system for analysis. 

 

Method Validation for Quantification 

The method used to quantify the PCA in the H. sabdariffa calyx 

extract was validated according to the International Council for 

Harmonisation of Technical Requirements for Pharmaceuticals for 

Human Use Guidelines.28 

 

Establishment of Raw Material Standards for H. sabdariffa 

As the dried calyx of H. sabdariffa is not yet included in the 

Vietnamese Pharmacopoeia or other international pharmacopoeias, this 

study was designed to evaluate several quality parameters to establish a 

preliminary standard. The evaluation criteria included its macroscopic 

characteristics; a microscopic examination of powder under an electron 

microscope; the determination of moisture content using a moisture 

analyzer (1.0 g of powdered H. sabdariffa measured until a constant 

weight was recorded, measurement time approximately 7–10 minutes; 

moisture content must not exceed 10% according to the Vietnamese 

Pharmacopoeia [5th Edition]); and a qualitative analysis. For the 

qualitative analysis, about 0.5 g of extract was dissolved in 10 ml of 

solvent under heat and filtered while hot. The filtrate was subjected to 

characteristic reactions with cyanidin and FeCl3, and the PCA content 

was quantified using HPLC.28 

 

Development of a Standardized H. sabdariffa Extract Preparation 

Process 

Fresh H. sabdariffa calyces were washed and dried until the 

moisture content was below 5%, then ground and sieved through a 1 

mm mesh. The ground material was packed in airtight containers until 

use. Various parameters were investigated to optimize the extraction 

process, including solvent type, extraction method, and the solvent-to-

herbal material ratio. Three batches of the dry extract powder were used 
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to develop quality standards based on criteria including its organoleptic 

properties, moisture content, particle size, heavy metal contamination, 

and microbial contamination (per the Vietnamese Pharmacopoeia, 5th 

Edition). To quantify PCA, the sample chromatogram was required to 

show a peak with the same retention time as the PCA standard peak 

under the established HPLC method.27,28 

 

Data Analysis 

The chromatographic parameters and peak areas were processed 

using Empower software (EmpowerTM 3, 2010). The final data analysis 

and calculations were performed using Microsoft Excel. 

 

 

 

Results and Discussion 
HPLC PCA Analysis Results  

Based on the findings of the literature review and practical 

experimentation, the chromatographic conditions were optimized by 

comparing two mobile phase programs using different solvent systems 

(system 1 and system 2), as illustrated in Figure 1.  

Under the conditions of mobile phase program 1, the 

chromatogram of the PCA standard showed an asymmetric peak with 

noticeable tailing. In contrast, mobile phase program 2 produced a 

sharp, symmetrical PCA peak at approximately 8.3–8.4 minutes; 

therefore, this program was selected for further investigation at a 1.0 

ml/min flow rate. However, when this program was applied to the H. 

sabdariffa extract sample, the PCA peak overlapped with interfering 

peaks, compromising specificity. 

 

 
 

Figure 1. HPLC analysis results for PCA. (A) analytical conditions 1 and (B) analytical conditions 2 
 

Chromatograms of H. sabdariffa Extract  

As shown in Figure 2, reducing the flow rate to 0.6 ml/min resulted 

in the complete separation of the PCA peak from adjacent peaks, with 

a retention time of approximately 9.1 minutes. The reduced flow rate 

also reduced solvent consumption. Therefore, mobile phase program 2 

with a 0.6 ml/min flow rate was selected for all subsequent analyses. 

The final HPLC conditions were a Phenomenex Gemini C18 column at 

250 mm × 4.6 mm and 5 μm; a PDA detector; a column temperature of 

30°C; an injection volume of 10 µL; a detection wavelength of 260 nm; 

a mobile phase comprising 0.1% trifluoroacetic acid (A) and 

acetonitrile (B); and a flow rate of 0.6 ml/min. 

System Suitability 

The system suitability parameters are presented in Table 2. The 

relative standard deviations (RSD) for retention time and PCA peak 

area (six replicates) were 0.83% and 1.11%, respectively, well within 

the acceptable limit (<2%). The PCA peak showed good symmetry with 

an asymmetry factor of 1.10 and a theoretical plate number of 6172 ± 

97.27, confirming the system’s reliability for PCA quantification. 

 

 

Chromatograms of the Test Extract from H. sabdariffa 

Methanol (blank), PCA standard, and H. sabdariffa extract 

samples were successively injected into the HPLC system (Figure 3). 

No peak corresponding to PCA’s retention time (~9.128 min) was 

observed in the blank chromatogram.  

The sample chromatogram exhibited a distinct peak at ~9.190 min, 

matching the PCA standard and confirming the method’s specificity. 

Using a PCA standard of 98% purity and a weighed amount of 

0.0052 g, the linearity results are shown in Table 3. A strong linear 

relationship was observed between peak area and analyte concentration 

in the range of 1.02–20.40 µg/ml. The regression equation was 

y = 42772x + 49616 with R² = 0.9984. All deviation values (∆i) were 

within 15%, satisfying the criteria for HPLC quantification. 

 

Repeatability 

Table 4 presents the repeatability data. The method demonstrated high 

repeatability with an RSD of 0.7631%. The average PCA content in H. 

sabdariffa samples was 0.0135%, equivalent to 135.33 µg/g. 
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Figure 2: Chromatograms of H. sabdariffa extract using mobile phase program 2. (A) flow rate of 1.0 ml/min and (B) flow rate of 0.6 

ml/min 
 

 
Figure 3: Chromatograms of the test extract from H. sabdariffa. (A) blank, (B) chromatogram of PCA standard solution at a 

concentration of 10 µg/ml, and (C) chromatogram of the H. sabdariffa extract 
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Table 2: Results of system suitability test 

Samples 
PCA concentration 

(µg/ml) 
Peak area (µV*s) 

Retention time 

(min) 
Theoretical plates Asymmetry factor 

1 10.2 489250 9.128 6254 1.09 

2 10.2 481365 9.135 6130 1.11 

3 10.2 476050 9.212 6224 1.12 

4 10.2 483612 9.324 5998 1.08 

5 10.2 487714 9.236 6180 1.09 

6 10.2 489935 9.268 6248 1.10 

X ± SD 484654 ± 5372.3 9.217 ± 0.076 6172 ± 97.27 1.10 ± 0.01 

RSD (%) 1.11 0.83 1.58 1.34 

SD: standard deviation; RSD: relative standard deviation. 

 

Table 3: Correlation between peak area and PCA concentration 

No PCA (µg/ml) Peak areas (µV*s) PCA concentration ∆i (%) 

1 1.02 75487 0.87 −14.71 

2 2.55 170733 2.83 11.05 

3 5.10 267099 5.08 −0.3 

4 10.20 499520 10.51 3.12 

5 20.40 914891 20.23 −8.34 

 

Table 4: Repeatability 

No 
H. sabdariffa raw material 

weight (g) 
Peak areas (µV*s) PCA content in the raw material (%) 

PCA content in the raw material 

(µg/g) 

1 2.0122 274460 0.0135 135.00 

2 2.0109 272352 0.0134 134.00 

3 2.0117 274752 0.0135 135.00 

4 2.0118 274176 0.0135 135.00 

5 2.0126 276896 0.0136 136.00 

6 2.0149 278656 0.0137 137.00 

X ± SD 275215 0.0135 ± 0.0001 135.33 ± 1.0328 

RSD (%) 0.7631 0.7631 

 

Accuracy Results 

Accuracy testing results are summarized in Table 5. The 

recovery ranged from 98.56% to 101.77%, with an average of 99.80% 

and an RSD of 1.26%. These values meet the Association of Official 

Analytical Chemists’ requirement for analytes of <0.1% (acceptable 

recovery range: 90–108%), confirming the method’s high accuracy. 

 

LOD and LOQ Results 

The average retention time for the 10.2 µg/ml PCA standard was 

9.219 minutes. The baseline noise in the blank chromatogram (8.50 to 

9.90 minutes) yielded a signal value of 754 µV*s. Serial dilution was 

used to determine the limit of detection (LOD) and limit of 

quantification (LOQ) based on signal-to-noise ratios of 3:1 and 10:1, 

respectively (Table 6). This revealed an LOD of 0.03 µg/ml and an LOQ 

of 0.10 µg/ml, indicating the method’s excellent sensitivity for trace-

level detection and quantification. 

As shown in Table 4, with the calibration curve established as y 

= 42772x + 49616 and R² = 0.9984, the PCA content in H. sabdariffa 

samples was quantified at an average of 0.0135% or 135.33 µg/g. 

In Vietnam, H. sabdariffa has been traditionally used for its sour 

taste and cooling properties, with documented applications in managing 

hypertension, hyperlipidemia, liver disorders, and oxidative stress-

related diseases.9,12,13 Phytochemical investigations have revealed that 

H. sabdariffa is rich in bioactive constituents, particularly phenolic 

acids, flavonoids (particularly anthocyanins), and organic acids.15 

PCA is recognized as a key pharmacologically active compound 

due to its potent antioxidant, anti-inflammatory, and cardioprotective 

effects.17-20  
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Table 5: Accuracy results 

No 

Amount of 

standard added 

(µg) 

Peak area (standard + 

sample) (µV*s) 

Peak area of standard 

recovery (µV*s) 

Amount of standard 

recovery (µg) % Recovery 

1 51 495198 219983 50.54 99.10 

2 51 494261 219046 50.26 98.56 

3 51 498328 223113 51.47 100.92 

4 51 499790 224575 51.90 101.77 

5 51 495224 220009 50.55 99.12 

6 51 495583 220368 50.66 99.32 

X ± SD 99.80 ± 1.25 

RSD (%) 1.26 

SD: standard deviation; RSD: relative standard deviations. 

Table 6: LOD and LOQ results 

Targets Baseline noise area (µV*s) PCA standard concentration (µg/ml) Peak area (µV*s) 

LOD 2262 

0.04 2473 

0.03 2267 

0.02 2041 

LOQ 7540 

0.09 7510 

0.10 7548 

0.11 7598 

 

Modern pharmacological studies have confirmed that PCA and 

other polyphenols in H. sabdariffa exert significant lipid-lowering 

activity, improve endothelial function, and exhibit anti-atherosclerotic 

properties.3,4,9 

Additionally, extracts from H. sabdariffa calyces exhibit 

antimicrobial, hepatoprotective, antidiabetic, and anticancer 

properties.17-20 Given its broad spectrum of biological activity and 

increasing evidence-based support, H. sabdariffa is increasingly 

regarded as a promising candidate for developing functional foods, 

standardized phytopharmaceuticals, and adjunctive therapies in chronic 

disease management. Therefore, robust analytical methods and 

comprehensive quality standards for H. sabdariffa are needed to ensure 

consistent, safe, and efficacious clinical and commercial applications. 

This study successfully developed and validated a robust HPLC 

method for the precise, specific, and reliable quantification of PCA in 

H. sabdariffa calyces. Utilizing a Phenomenex Gemini C18 column, 

PDA detection at 260 nm, and a mobile phase of 0.1% trifluoroacetic 

acid and acetonitrile produced sharp, symmetrical, and interference-free 

peaks. The system suitability parameters met all acceptance criteria, and 

the method demonstrated outstanding linearity (R² = 0.9984), high 

repeatability (RSD = 0.76%), and excellent recovery (99.80%). The 

linearity value (R² = 0.9984) indicates an almost perfect correlation 

between the detector response and standard concentration across the 

tested range.28 The RSD of 0.76% and recovery of 99.8% are superior 

or comparable to previously reported quantification methods for PCA 

and other phenolic compounds in H. sabdariffa, which typically show 

RSDs of 1 to 3% and recoveries of 95% to 105%. The high 

reproducibility (RSD <1% and recovery ≈ 100%) suggests that this 

method is suitable for quality control laboratories to use for batch 

evaluation and batch-to-batch comparisons.29 The LOD (0.03 µg/ml) 

and LOQ (0.10 µg/ml) confirm the method’s high sensitivity and are 

lower than some previously published values.30,31 This improvement 

may reflect the choice of column and matrix, the optimization of the 

mobile phase, the PDA detector settings, and the 10 µL injection 

volume. Such low LOD and LOQ values improve the test setup’s ability 

to detect PCA in low-concentration samples or after suboptimal 

extraction, which is particularly valuable in pharmacological studies 

requiring an accurate quantification of active residues.32 With an 

average PCA content of 135.33 µg/g in the tested sample, this result 

affirms PCA as a vital chemical marker for H. sabdariffa 

standardization and quality control. The method also demonstrates high 

potential for routine quality testing, standardized extract development, 

and further product research aligned with modernized traditional 

medicine approaches. The PCA content determined from this sample 

was 135.33 µg/g, higher than that in other regions.33,34 Since PCA is an 

important biomarker of H. sabdariffa, this method supports the quality 

assessment of raw medicinal materials, the selection of medicinal plant 

parts, and the guidance of good agricultural and collection practices 

(GACP) to ensure appropriate active ingredient content during 

harvesting and processing.35 Therefore, this could be a source for the 

extraction and isolation of this compound in standardized H. sabdariffa. 

 

Conclusion 

This study developed a simple, accurate, and robust HPLC method for 

quantifying the PCA in H. sabdariffa calyces collected in Vietnam. 

Chromatographic separation was achieved using a Phenomenex Gemini 

C18 column (250 mm × 4.6 mm; 5 μm) coupled with a PDA detector. 

The analytical conditions included a column temperature of 30°C, an 

injection volume of 10 µL, and detection at a wavelength of 260 nm. 

The mobile phase consisted of water containing 0.1% trifluoroacetic 

acid (solvent A) and acetonitrile (solvent B), delivered at a 0.6 ml/min 

flow rate. The validated method demonstrated high sensitivity, 

precision, and recovery, and effectively determined the PCA content in 

the tested H. sabdariffa calyces. The quantified PCA levels are 

considered a key quality indicator as this phenolic compound 

contributes significantly to H. sabdariffa’s therapeutic potential, 

chemical stability, and biological activity. The quantitative PCA 

method developed in this study can be applied to the comprehensive 

quality assessment of bioactive constituents, such as PCA, the selection 

of appropriate medicinal plant parts, and the implementation of GACP 

for H. sabdariffa. 
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