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Abstract - Lonicera japonica Thunb. or Japanese honeysuckle has been widely used in traditional medicine to treat many 
ailments. Chlorogenic acid is a main active compound in this plant. Dried L. japonica flowering buds were purchased from 15 
various herbal drugstores throughout Thailand. Chlorogenic acid contents were quantitatively analysed by TLC‑densitometry 
with winCATS software compared to TLC-image analysis with ImageJ software. The mobile phase for TLC development 
consisted of ethyl acetate : formic acid : acetic acid : water (10:1.1:1.1:2.6). Chlorogenic acid content was found to be 
2.24±0.50 and 2.09±0.44 g/100 g of crude drug by TLC‑densitometry and TLC-image analysis respectively. There was not 
statistically significantly difference between these methods. Consequently, TLC-image analysis could be used as an 
alternative method in place of TLC-densitometry.  
 
Index Terms - Chlorogenic acid, Lonicera japonica, quantitative analysis, thin-layer chromatography  
 
I. INTRODUCTION 
 
Lonicera japonica Thunb. (Caprifoliaceae), 
commonly known in English as “Japanese 
Honeysuckle” and called “Sai Nam Phueng” in Thai, 
is native to the Eastern Asia and become naturalized 
throughout the world. The pharmacological studies of 
L. japonica flowering bud have shown a wide 
biological activity, such as antibacterial, 
antiendotoxin, antiviral, anti-inflammatory and other 
activities [1].  In traditional Thai medicine, the plant 
is used for antipyretic, diuretic and antidiarrheal 
effects [2]. Chlorogenic acid (Fig. 1) is an ester of 
caffeic acid and quinic acid. It is a kind of polyphenol 
derivative which wide distribution in plants, fruits and 
vegetables. Chlorogenic acid has been shown its 
biological and physiological activities such as 
antioxidant, neuroprotective effects, protective effect 
against cardiovascular disease, alpha-glucosidase 
inhibitors, and so on [3]. 
 

 
Fig. 1: Structure of chlorogenic acid 

 
Thin layer chromatography (TLC) is one of liquid 
chromatography type which the stationary phase, 
usually silica gel, was layered on supporters such as 
glass, aluminum, or plastic. TLC is frequently used for 
both qualitative and quantitative purposes. For 

qualitative analysis, it can be determined by the 
number of compounds in a mixture and identified 
substances. On the other hand, TLC is used for content 
determination of required testing substances in 
quantitative evaluation. Quantitative analysis can be 
performed with data from scanning densitometry and 
image analysis method. The aim of present study was 
to determine chlorogenic acid content in L. japonica 
flowering bud by TLC-densitometry compared to 
TLC-image analysis using ImageJ software. 
 
II. MATERIALS AND METHODS 
 
A. Plant material and chemicals 
Fifteen samples of dried L. japonica flowering bud 
were purchased from 15 various herbal drugstores 
throughout Thailand during July-September 2014. All 
plant materials were authenticated by one of the 
authors, Ruangrungsi N., and voucher specimens were 
deposited at College of Public Health Sciences, 
Chulalongkorn University. After removal of any 
foreign matter, crude drugs were grounded into coarse 
powders before use. 
The standard chlorogenic acid (CAS no. 327-97-9) 
was purchased from Sigma-Aldrich, USA. The 
chemicals used were of analytical grade.  
 
B. Sample extraction 
Five grams of dried powdered L. japonica flowering 
bud were exhaustively extracted with 95% ethanol 
using a Soxhlet apparatus. The ethanolic extract was 
filtered and evaporated to dryness under reduced 
pressure by rotary evaporator. The yield was recorded. 
The extract was re-dissolved in 95% ethanol to obtain 
a concentration of 10 mg/ml for further analysis of 
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chlorogenic acid by TLC-densitometry and 
TLC-image analysis. 
C. Preparation of chlorogenic acid standard 
solutions 
Standard chlorogenic acid was dissolved in 95% 
ethanol and diluted to obtain the concentration of 0.6, 
1.2, 1.8, 2.4 and 3.0 mg/ml as stock solutions. These 
standard solutions were stored in refrigerator at 4 °C. 
D. Thin‑layer chromatography‑densitometry 
Three microliters of L. japonica flowering bud 
ethanolic extract and standard chlorogenic acid 
solutions were applied on the silica gel 60 GF254 20 × 
10 cm TLC plate, and developed in the saturated TLC 
chamber using a mixture of ethyl acetate : formic acid : 
acetic acid : water (10:1.1:1.1:2.6) as mobile phase 
solvent. The developed TLC plate was scanned for the 
chlorogenic acid spot by CAMAG TLC Scanner 4 at 
the wavelength of 325 nm (maximum absorbance) and 
expressed as chromatographic peak by winCATS 
software. The calibration curve of chlorogenic acid 
was performed by plotting peak areas versus 
concentrations of chlorogenic acid in µg/spot. The test 
was done in triplicate. 
E. Thin‑layer chromatography-image analysis by 
ImageJ software 
The developed TLC plate from above was observed 
under short wave (254 nm) ultraviolet light in UV 
viewing cabinet and photographed using digital 
camera. Quantitative analysis of the chlorogenic acid 
spot on TLC plate was analysed by ImageJ software. 
The calibration curve of chlorogenic acid was 
performed by plotting peak areas versus 
concentrations of chlorogenic acid in µg/spot. The test 
was done in triplicate. 
F. Method validation 
According to the ICH guideline [4]: calibration range, 
specificity, accuracy, repeatability, intermediate 
precision, limit of detection (LOD), limit of 
quantitation (LOQ) and robustness of chlorogenic 
acid quantitative analysis in L. japonica flowering bud 
were validated. 
G. Data analysis 
The chlorogenic acid contents between 
TLC-densitometry and TLC-image analysis were 
compared by paired t-test statistical analysis. 
 
III. RESULTS AND DISCUSSION 
 
H. Quantitative analysis of chlorogenic acid 
The average percent yield of L. japonica flowering bud 
ethanolic extract was 39.44 ± 5.83 g/100 g by dry 
weight. The chlorogenic acid contents in flowering 
bud by TLC-densitometry compared to TLC-image 
analysis were found to be 2.24 ± 0.50 and 2.09 ± 0.44 
g/100 g respectively as shown in Table I. The 
chlorogenic acid contents by two methods were not 
significantly different (P > 0.05) using paired t-test. 

Consequently, TLC-image analysis could be used as 
an alternative method in place of TLC-densitometry. 
The previous study reported that chlorogenic acid 
content in crude drug was 2.62 - 3.66% by dry weight 
[5]. In addition, according to Chinese Pharmacopoeia, 
the content of chlorogenic acid in flowering bud 
should not be less than 1.5% [6]. The variations of 
chemical content may depend on environmental 
conditions such as geography, temperature, type of 
soil and etc. [7]. 
 
I. Method validation 
The method validation consisted of specificity, 
accuracy, precision, LOD, LOQ, and robustness was 
demonstrated in Table II. The calibration ranges of 
standard chlorogenic acid were polynomial ranged 
from 0.6 to 3.0 μg/ml. For TLC-densitometry, the 
equation was y = -2681.5x2 + 17419x + 3.699.2 (Fig. 
2) while the equation of TLC-image analysis was y = 
-1787x2 + 1.4904x - 3015.4 (Fig. 3) where y is peak 
area and x is concentration. Although the calibration 
curves of chlorogenic acid by both methods were 
polynomial, the coefficient of determination were 
shown to be more than 0.999. The specificity was 
established by comparing light absorbance spectra of 
all samples and standard chlorogenic acid for peak 
identity as shown in Fig. 4, and the peak purity was 
performed by comparison of spectra at up-slope, apex 
and down-slope of the peak as demonstrated in Fig. 5. 
The spectra showed the maximum absorbance at the 
wavelength of 325 nm (Fig. 4). The recovery was 
determined to evaluate the accuracy of the method by 
spiking known three concentrations of standard 
chlorogenic acid in a sample extract. The percent 
recovery values of TLC-densitometry and TLC-image 
analysis were 94.10 ± 4.09 and 97.13 ± 11.42 
respectively. The results 
 

Table I: The chlorogenic acid content in dried L. japonica 
flowering bud by TLC-densitometry and TLC-image analysis 

 
Table II: The validity of TLC-densitometry and TLC-image analysis 
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of chlorogenic acid content in L. japonica flowering bud 

 
TLC: Thin‑layer chromatography, RSD: Relative 
standard deviation 
 

 
Fig. 2: The calibration curve of standard chlorogenic acid by 

TLC-densitometry 

 
Fig. 3: The calibration curve of standard chlorogenic acid by 

TLC-image analysis 

 
Fig. 4: The ultraviolet absorbance spectra of chlorogenic acid in 

samples and standard chlorogenic acid bands 

 
Fig. 5: Peak purity determination using up-slope, apex and 

down-slope of the peak 
 

were accepted in range of 80 - 120% [4], thus these 
methods were accurate. The repeatability and the 
intermediate precision were determined on the same 
day and in three different days. The repeatability and 
the intermediate precision of TLC-densitometry and 
TLC-image analysis were 1.17, 3.73 and 9.66, 10.27 
%RSD respectively, that were not more than 15 
%RSD of standard criteria [8]. The LOD and LOQ of 
TLC-densitometry and TLC-image analysis were 
calculated by the residual standard deviation of a 
regression line and were found to be 0.07, 0.21 and 
0.03, 0.09 µg/spot respectively. The robustness of 
TLC-densitometry and TLC-image analysis 
performed by varying the mobile phase ratio showed 
the values of 8.59 and 9.17 %RSD. Thus, varying 
mobile phase composition was not affected in both 
methods. 
 
The validation results of TLC-densitometry were close 
to previous study which reported that the accuracy, 
repeatability, intermediate precision, LOD and LOQ 
were 99.66-101.59 %recovery, 1.01-1.32 %RSD, 3.21 
%RSD, 0.12 µg/spot and 0.20 µg/spot respectively [5]. 
Thus, these methods were suitable, reliable and 
efficient to evaluate the quantitative analysis of 
chlorogenic acid content in L. japonica flowering bud. 
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