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INTRODUCTION
Morus alba Linn., a deciduous tree in the family 
Moraceae, is commonly known as a white 
mulberry. M. alba leaves are usually cultivated to 
use as feed of silkworms and produced as a food for 
livestock. Additionally, M. alba leaves have been 
widely used as herbal medicine in many countries 
such as China, Thailand, Korea, India, etc., and its 
leaves are famous to make an oriental herbal tea.1, 2 
Fresh and dried M. alba leaves are medicinally used 
to treat various common illnesses such as cough, 
asthma, bronchitis, fever, sore throat, headache, 
dizziness and vertigo, beriberi and constipation.3 
The pharmacological studies of M. alba leaf extracts 
and their bioactive compounds have shown a 
variety of biological activities such as  antioxidant 
activity4, antimicrobial activity5, antidiabetic 
activity6-8, anti-obesity activity9, neuroprotective 
activity10, hepatoprotective activity11, anti-
melanogenesis activity12 and cytotoxic activity.13 
Many potential phenolic compounds are isolated 
from leaf extracts of M. alba such as quercetin, 
rutin, apigenin, chlorogenic acid and quercetin-
3-O-glycoside (Figure 1).14 A chlorogenic acid, a 
natural phenolic compound containing an ester 
bond of caffeic acid and quinic acid, is one of main 
bioactive ingredients found in M. alba leaves. 
The chlorogenic acid shows several biological 
activities such as antioxidant, cardioprotective, 
antibacterial, hepatoprotective, anti-inflammatory, 
antipyretic, anti-obesity, neuroprotective, antiviral, 

antimicrobial, anti-hypertension activities as well as 
central nervous system (CNS) stimulator.15,16 

Although herbal medicine has been widely used; 
however, the pharmacognostic study is still 
required to determine the quality and purity 
of herbal materials to ensure substances with 
therapeutic effects by using various parameters 
like morphological-, microscopic-, physical-, 
chemical examinations, etc.17 However, the study of 
pharmacognostic specification and quantification of 
the chlorogenic acid content of M. alba leaves have 
been never established. Thus, this study focused on 
the investigation of pharmacognostic parameters to 
authenticate M. alba leaves as well as quantitative 
analysis of chlorogenic acid content. Additionally, 
phytochemical analysis, total phenolic content, total 
flavonoid content, and antioxidant activity of the 
ethanolic leaf extracts of M. alba were evaluated. 

MATERIALS AND METHODS

Plant materials 

M. alba leaves were collected from 15 different sources 
throughout Thailand and authenticated by Associate 
Professor Nijsiri Ruangrugsi as an expert in the field 
of Pharmaceutical Botany and Pharmacognosy. The 
specimens were deposited at the College of Public 
Health Sciences, Chulalongkorn University in 
Bangkok, Thailand. Fresh leaf samples were cleaned 
by removing foreign matters, subsequently dried 
by a hot air oven and pulverized into finely ground 
powders before using.
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Determination of pharmacognostic specifications
The pharmacognostic specifications involving macroscopic and 
microscopic evaluations, determination of the water content, 
ethanol- and water-soluble extractive values, loss on drying, total 
ash, acid-insoluble ash and thin layer chromatography (TLC) 
fingerprint were followed using World Health Organization (WHO) 
guideline, 2011.17

Macroscopic and microscopic evaluations
Macroscopic examination is a process used for identification of 
medicinal plant materials. The morphological description of M. alba 
leaves was determined by size, shape, color, surface characteristics, 
texture, and other visible inspections.

Microscopic evaluation of M. alba. leaves with transverse sections 
and powder analysis were examined under a microscope to determine 
their anatomical and histological characteristics. Leaf measurement 
using mature leaves from different 3 sources was investigated for leaf 
constant numbers. The chlorophyll pigment was removed by soaking 
in a mixture of haiter® (6% sodium hypochlorite) and water (1:1, v/v) 
for 1–2 d. After that, the prepared leaves, which were soaked in a 
mixture of chloral hydrate:water (4:1, w/v), were heated on a water-
bath at 60°C for 2 d. The average of leaf constant numbers, using three 
selected sources of collected leaves, was carried out with a total of 90 
fields (30 fields for each source). For powder analysis, dried powders 
of M. alba leaves were mixed with a solution of chloral hydrate and 
further examined under the microscope with magnification of 5×, 10×, 
20× and 40× objective lens. 

Stomatal number and stomatal index
The stomata cell was counted in the area of one square millimeter 
(mm²) of the lower epidermis of the leaf. The cells on the four edges 
were only counted on top and left sides. The percentage proportion of 
stomatal index was calculated using the following Equation 1:

Stomatal index =   100                                                    (1)

E = the number of epidermal cells in the same unit area

S = the number of stomata per one square millimeter of lower epidermis

Trichome number and trichome index
The trichome cell was counted on the area of one square millimeter 
(mm²) of the upper epidermis of the leaf. The cells on the four edges 

were only counted on top and left sides. The percentage proportion of 
stomatal index was calculated using the following Equation 2:

Trichome =   100                  (2)

E = the number of epidermal cells in the same unit area

T = the number of trichome or cicatrix per one square millimeter of 
upper epidermis

Physicochemical determination
Determination of the water content of leaf powders (50.0 g) was 
conducted by azeotropic distillation method using water-saturated 
toluene (300 mL). Determination of extractive matters was conducted 
by maceration of dried and ground leaf powders (5.0 g) with 95% 
ethanol or water (70 mL) under conditions of shaking for 6 hr. and 
standing for 18 hr. The marc was then filtered and washed. The filtrate 
was adjusted to 100 mL with ethanol or water, after that the filtrate 
(20 mL) was transferred to a pre-weighed small beaker which was 
dried on a water bath and subsequently dried at 105°C for 6 hr. before 
weighing. Determination of loss on drying, total ash and acid-insoluble 
ash contents was continuously investigated. The loss on drying was 
conducted by drying a crucible containing leaf powders (3.0 g) at 105°C 
for 6 hr., and a percentage of the loss of weight was calculated. Then, 
the crucible, which contained the solid matters from loss on drying, 
was incinerated at 500°C for 5 hr., until it became white to yield the 
carbonless total ash. The content of the total ash was calculated in a 
percentage. After that, the ash was boiled with 25 mL of ~2 M HCl 
(70 g/L) for 5 min, filtered through the ashless filter paper and further 
incinerated at 500°C for 5 hr., yielding the percentage of the acid-
insoluble ash. All aforementioned experiments of leaf samples were 
done in triplicate. 

For determination of TLC fingerprint, the ethanolic extract was spotted 
on a TLC silica gel 60 GF254 plate as a stationary phase and further 
developed in a TLC chamber pre-saturated with a mixture of ethyl 
acetate: methanol: water: formic acid (16.8:1.2:1.2:0.4, v/v/v/v) as a 
mobile phase. The developed plate was air-dried and examined under 
visible light, ultraviolet (UV) light at wavelengths of 254 and 366 nm 
and detected by a sulfuric acid reagent. 

Preparation of ethanol leaf extracts of M. alba
Dried powders of M. alba leaves (5.0 g) from 15 sources throughout 
Thailand were exhaustively extracted with 95% ethanol (300 mL) using 
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Figure 1: Structures of bioactive phenolic compounds isolated from M. alba leaf extracts.
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a Soxhlet apparatus. The ethanolic extract was filtered and evaporated 
under reduced pressure in a rotary evaporator. The percentage yield 
of each extract was calculated by comparing with its dry weight. The 
ethanolic extracts were stored at -20°C for further manipulations. 

Phytochemical screening tests
Phytochemical screening of the ethanolic leaf extract of M. alba was 
studied to analyze a group of secondary metabolites. The phytochemical 
screening tests involved analysis of phenolic compounds (Ferric chloride 
test), analysis of flavonoids (Shinoda and Alkaline tests), analysis 
of alkaloids (Dragendorff's, Wagner’s and Hager’s tests), analysis of 
steroids and triterpenes (Salkowski and Liebermann Burchard tests) 
and analysis of saponins (Foam test).18, 19 The measurement was carried 
out by comparing with an original color of the leaf extract sample. 

Quantitative analysis of chlorogenic acid contents by 
RP-HPLC
A standard solution of chlorogenic acid in methanol (conc. 10 mg/mL) 
was prepared in a volumetric flask. The solution was filtered through a 
0.45 µm polytetrafluoroethylene (PTFE) membrane syringe filter. The 
stock solution was diluted to obtain a series of six working standard 
solutions with concentrations of 0.005, 0.01, 0.02, 0.03, 0.04 and 0.05 
mg/mL, respectively. 

Each stock solution of ethanolic extracts in methanol (conc. 10 mg/
mL) was diluted to obtain an appropriate concentration for further RP-
HPLC analysis. Each prepared solution was filtered through a 0.45 µm 
PTFE membrane syringe filter.

RP-HPLC analysis of the chlorogenic acid content in crude ethanolic 
leaf extracts was monitored by Shimadzu HPLC LL-20A system 
(Shimadzu, Japan) consisting of a controller (CMB-20A), an auto-
sampler (SIL-20A), an online degassing unit (DGU-20A3), a solvent 
delivery unit (LC-20A) and a photo-diode array detector (SPD- 
M20A). The chromatographic separation was performed with a C18 
column (4.6 × 250 mm) and coupled with C18 guard column (4.6 × 10 
mm) as a stationary phase. The prepared samples of crude ethanolic 
extracts were injected and analyzed by eluting with 0.2% phosphoric 
acid in water (solvent A) and methanol (solvent B) as a mobile phase. 
Both solvents were filtered through 0.45 µm PTFE membrane filter 
(methanol) and 0.45 µm nylon membrane filters (0.2% phosphoric acid 
in water), and subsequently degassed by the ultrasonic bath. The elution 
program was set at 45% methanol in an isocratic mode for 50 min at 
a flow rate of 0.5 mL/min. The column temperature was maintained 
at 30°C and the injection volume of a standard and/or samples was 10 
µL. The chromatographic profile was monitored at a wavelength of 330 
nm. The measurement was carried out in triplicate.

Method validation
According to the ICH guideline (Q2R1), the analytical method for 
chlorogenic acid contents in M. alba leaves was validated for linearity, 
accuracy, precision, specificity, limit of detection (LOD), limit of 
quantitation (LOQ) and robustness.20 The measurement was carried 
out in triplicate. 

Determination of the total phenolic content 
The total phenolic content of crude ethanolic leaf extracts of M. 
alba was determined by the Folin-Ciocalteu assay.21 In brief, each 
stock solution of a gallic acid (100 µg/mL) as a standard and samples 
(100 µg/mL) was prepared in methanol. All stock solutions were 
diluted by twofold serial dilution to obtain a series of solutions with 
concentrations of 50.0, 25.0, 12.5, 6.25, 3.12 and 1.56 µg/mL. Both 
prepared standard and sample solutions (50 µL) were mixed with 10% 

Folin-Ciocalteu reagent (50 µL) in a 96-well microplate which was 
incubated in dark for 20 min. A solution of 7.5% sodium carbonate 
(50 µL) was added and further incubated at room temperature in dark 
for 20 min. Absorbance was measured at a wavelength of 765 nm using 
UV-visible spectrophotometer, and determination of the total phenolic 
content was performed using gallic acid as a standard calibration curve. 
The result of the total phenolic content was expressed as mg gallic acid 
equivalents (GAE) /g extract. The measurement was carried out in 
triplicate.

Determination of the total flavonoid content
The total flavonoid content of crude ethanolic leaf extracts of M. alba 
was determined by aluminium chloride colorimetric assay.21 In brief, 
each stock solution of a quercetin (100 µg/mL) as a standard and 
samples (100 µg/mL) was prepared in methanol. All stock solutions 
were diluted by twofold serial dilution to obtain a series of solutions 
with concentrations of 50.0, 25.0, 12.5, 6.25, 3.12 and 1.56 µg/mL. 
Both prepared standard and sample solutions (50 µL) were mixed 
with 10% aluminium chloride solution (10 µL) in a 96-well microplate, 
and then added ethanol (150 µL) and 1 M sodium acetate solution (10 
µL) and further incubated at room temperature in dark for 40 min. 
Absorbance was measured at a wavelength of 415 nm using UV-visible 
spectrophotometer, and determination of the total flavonoid content 
was performed using quercetin as a standard calibration curve. The 
result of the total flavonoid content was expressed as mg quercetin 
equivalents (QE) /g extract. The measurement was carried out in 
triplicate.

Evaluation of antioxidant activity by DPPH assay
1,1-Diphenyl-2-picryl-hydrazyl (DPPH) radical scavenging activity 
of crude ethanolic leaf extracts of M. alba was determined.21 In brief, 
each stock solution of an ascorbic acid (100 µg/mL) as a positive 
control, chlorogenic acid (100 µg/mL) and samples (100 µg/mL) was 
prepared in methanol. All stock solutions were diluted by twofold serial 
dilution to obtain a series of solutions with concentrations of 50.0, 25.0, 
12.5, 6.25, 3.12 and 1.56 µg/mL. Both prepared standard and sample 
solutions (20 µL) were mixed with a solution of DPPH in methanol 
(180 µL) in a 96-well microplate, and further incubated at 37°C in dark 
for 30 min. Absorbance was measured at a wavelength of 517 nm using 
UV-visible spectrophotometer. The percentage of radical scavenging 
activity (RSA) was calculated by following Equation 3:

%RSA =                  (3)

Abscontrol = the absorbance of a negative control

Abssample = the absorbance of a crude extract solution or a positive 
control

The results were expressed as a half-maximal inhibitory concentration 
(IC50) value which was determined by a plot of the crude extract sample 
concentrations versus percentages of radical scavenging activity. The 
measurement was carried out in triplicate and represented as IC50 value 
± standard deviation (SD). 

Statistical analysis

The data were represented as mean ± SD of the results obtained 
from the experiments in triplicate. The physicochemical parameters 
were calculated using grand mean and pooled SD. Determination 
of significant levels was tested using one-way analysis of variance 
(ANOVA) with the SPSS software (version 22; SPSS Inc.; Chicago, IL, 
USA). Statistically significance was considered at p < 0.05.
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RESULTS

Macroscopic and microscopic evaluations 
M. alba leaves collected from 15 sources throughout Thailand 
were identified by macroscopic and microscopic evaluations. The 
fresh mature leaves of M. alba were green on both upper and lower 
epidermis sides, heart-shaped, thin, 10-15 cm wide, and 20-25 cm 
long. The color of dried leaf powders was green to dark green. The 
results of microscopic evaluation of the midrib cross-section showed 
the presence of epidermis cells and non-glandular trichome at the 
outer epidermis surface, and chlorenchyma cells and vascular bundles 
(xylem and phloem) at the inner layer (Figure 2). 

The leaf constant values of M. alba leaves including epidermal cell 
number, epidermal cell area, stomatal number, stomatal index, trichome 
number, trichome index, and palisade ratio were shown in Table 1. 
Powder analysis of M. alba leaves under the microscope showed the 
presence of trichome, epidermal cell, parenchyma, anomocytic stoma 
and non-glandular trichome (Figure 3). 

Physicochemical determination
The contents of physicochemical parameters of M. alba leaves 
including water content, water-extractive value, ethanol-extractive 
value, loss on drying, total ash and acid insoluble ash were shown in 
Table 2. The water content and loss on drying were averaged at 7.97 ± 
0.35% and 4.55 ± 0.21% of dry weight, respectively. The total ash and 
acid-insoluble ash contents were averaged at 14.38 ± 0.25% and 6.21 

± 0.37% of dry weight, respectively. The water-extractive and ethanol-
extractive values were averaged at 16.14 ± 0.50% and 8.61 ± 0.39% of 
dry weight, respectively. 

For the TLC fingerprint, the ethanolic leaf extract of M. alba was 
observed under visible light, UV at the wavelength of 254 and 366 
nm and subsequently sprayed with 10% sulfuric acid in ethanol for 
the detection of phenolic compounds (Figure 4). The results of the 
TLC fingerprint under visible light showed approximately 6 bands, 
but their observation under UV radiation at 254 and 366 nm showed 
approximately 8 –9 bands. Additionally, the TLC fingerprint detected 
with 10% sulfuric acid in ethanol showed approximately 10 bands. 

Quantitative analysis of chlorogenic acid contents by 
RP-HPLC 
All percentage yields of crude ethanolic extracts of M. alba leaves from 
15 sources in Thailand were found to be averaged at 26.54 ± 3.98%, and 
their chlorogenic acid contents were found to be averaged at 0.4159 
± 0.1958 g/100g dry weight (Table 3). The quantitative analysis of 
chlorogenic acid contents of all ethanolic leaf extracts of M. alba were 
determined by RP-HPLC analysis together with use of a standard curve 
of chlorogenic acid (Figures 5 and 6). 

The method validation parameters for the RP-HPLC quantitative 
analysis of chlorogenic acid contents were evaluated and shown in 
Table 4. The analytical method for chlorogenic acid contents in M. 
alba leaves was validated to be accurate (94.84%) and specific (1.00) 
for identification of peak purity index. Additionally, the method 

Leaf constant values
Upper epidermis Lower epidermis

Min – max Mean ± SD Min – max Mean ± SD
Epidermal cell number 
(per mm2) 1008–1540 1216.53 ± 141.65 284–588 438.89 ± 81.88

Epidermal cell area
(µm2) 649.35–992.06 832.68 ± 93.16 1700.68–3521.13 2361.30 ± 456.31

Stomatal number
(per mm2) - - 140–280 193.56 ± 33.63

Stomatal index
(per mm2) - - 22.35–37.57 30.80 ± 3.82

Trichome number 12–28 15.87 ± 4.00 - - 
Trichome index 0.80–2.19 1.29 ± 0.30 - - 
Palisade ratio 13.25–17.75 15.10 ± 1.17 - - 

Table 1: Microscopic evaluation of leaf constant numbers (mean ± SD) of M. alba leaves throughout Thailand.

- = not found. 

Figure 2: Midrib cross section of M. alba leaves: (A) non-granular trichome; (B) xylem; (C) phloem; (D) epidermis; (E) chlorenchyma.
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validation showed both LOD (0.0028 mg/mL) and LOQ (0.0086 mg/
mL). Intermediate precision measured at concentrations of 5, 20 and 
40 µg/mL for the method validation was 0.73%, 1.06% and 3.01% 
respectively, but its repeatability with same concentrations was 1.10%, 
0.24% and 0.14% respectively. 

Phytochemical screening tests
The phytochemical screening of the selected crude ethanolic leaf extract 
of M. alba (source from Mahasarakham) showed the detection of 

Figure 3: Powder analysis of M. alba leaves: (A) trichome; (B) epidermal 
cell; (C) parenchyma cell; (D) anomocytic stomata; (E) non-glandular 
trichome.

(A) 
(B) 

(D) 

(C) 

(E) 

 

 

 

 

 

Figure 4: TLC fingerprint of ethanolic leaf extract of M. alba: (A) under 
visible light; (B) under UV (254 nm); (C) under UV (366 nm); (D) sprayed 
with 10 % sulfuric acid in methanol. 

Parameter Content (% of dry weight)
(Grand mean ± pooled SD)

Water content 7.97 ± 0.35
Loss on drying 4.55 ± 0.21
Total ash 14.38 ± 0.25 
Acid-insoluble ash 6.21 ± 0.37
Water-extractive value  16.14 ± 0.50
Ethanol-extractive value 8.61 ± 0.39

Table 2: Physicochemical parameters (grand mean ± pooled SD) of M. 
alba leaves from 15 sources throughout Thailand.

Source

Weight of 
extractive 

matter 
(g/5.00 g 

dried leaf)

The percentage 
yield by Soxhlet 
extraction (%)

Chlorogenic acid 
content

(g/100 g dry 
weight)

Ratchaburi 1.63 32.48 0.8756 ± 0.0011n

Yasothon 1.18 23.23 0.6095 ± 0.0016m

Prachinburi 1.32 26.34 0.5785 ± 0.0014l

Nakhon Pathom 1.56 31.07 0.5601 ± 0.0001k

Phetchabun 1.49 29.88 0.5032 ± 0.0053j

Phitsanulok 0.95 18.93 0.4615 ± 0.0002i

Mahasarakham 1.20 23.88 0.4583 ± 0.0029i

Buriram 1.52 30.22 0.4475 ± 0.0015h

Suphanburi 1.15 22.76 0.3561 ± 0.0006g

Nakhon Ratchasima 1.41 28.21 0.3272 ± 0.0005f

Khon Kaen 1.54 30.59 0.3122 ± 0.0007e

Roiet 1.31 26.29 0.2766 ± 0.0005d

Rayong 1.16 23.08 0.2070 ± 0.0006c

Chanthaburi 1.13 22.61 0.1946 ± 0.0001b

Nakhon Phanom 1.43 28.49 0.0703 ± 0.0054a

Mean ± SD 1.33 ± 0.20 26.54 ± 3.98 0.4159 ± 0.1958

Table 3: Percentage yields by Soxhlet extraction and chlorogenic acid 
contents by RP-HPLC analysis (mean ± SD; n =3) of M. alba leaves from 15 
sources throughout Thailand.

Mean values with different superscript letters in the same column denote 
significant (p < 0.05) different between groups.

Parameter Validation

Linearity y = 55074x - 135166 
(R² = 0.9981)

Accuracy (%recovery) 94.84
Limit of detection (mg/mL) 0.0028
Limit of quantitation (mg/mL) 0.0086
Repeatability (%RSD: 5, 20, 40 µg/mL) 1.10, 0.24, 0.14
Intermediate precision (%RSD: 5, 20, 40 µg/mL) 0.73, 1.06, 3.01
Robustness (%RSD) 0.17
Specificity (Peak purity index) 1.00

Table 4: The method validation of RP-HPLC quantitative analysis of 
chlorogenic acid contents in M. alba leaves.

RSD = relative standard deviation.
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Phytochemical test Ethanolic 
extract*

Phenolics Ferric chloride test +

Flavonoids
Shinoda test +
Alkaline test +

Steroids and Triterpenes
Salkowski test +

Liebermann-Burchard test +

Alkaloids
Dragendorff ’s test -

Wagner’s test -
Hager’s test -

Saponin Form test -

Table 5: Phytochemical screening of the ethanolic leaf extract of M. alba (source from Mahasarakham). 

*+ = present; - = absent.

Ethanolic extract Total phenolic content 
(mg GAE/g extract)

Total flavonoid content
(mg QE/g extract)

IC50 value
(µg/mL)

Ratchaburi 67.70 ± 2.93c 67.20 ± 3.41c 388.22 ± 15.69b

Khon Kaen 60.54 ± 2.59b 58.51 ± 2.24b 326.09 ± 38.38a

Mahasarakham 49.79 ± 2.77a 49.70 ± 4.50a 467.55 ± 13.50c

Chlorogenic acid ND ND 24.53 ± 0.30
Ascorbic acid* ND ND 16.89 ± 0.42

Table 6: The total phenolic content (mean ± SD; n = 3), the total flavonoid content (mean ± SD; n = 3) 
and DPPH radical scavenging activity (mean IC50 value ± SD; n = 3) of ethanolic extracts of M. alba leaves 
from 3 representative sources.

*Positive control; ND = not determined; mean values with different superscript letters in the same column 
denote significant (p < 0.05) different between groups. 

Figure 5: RP-HPLC quantitative analysis of chlorogenic acid content in the ethanolic leaf extract of M. alba: (A) RP-HPLC profile of 
chlorogenic acid (standard); (B) RP-HPLC profile of the ethanolic leaf extract of M. alba (source from Khon Kean). 

(A) 

(B) 
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various bioactive compounds including phenolics, flavonoids, steroids, 
and triterpenes (Table 5). 

Total phenolic content, total flavonoid content, and 
antioxidant activity 
Both total phenolic and total flavonoid contents of ethanolic leaf 
extracts of M. alba from 3 representative sources were found to be 
49.79–67.70 mg GAE/g extract and 49.70–67.20 mg QE/g extract, 
respectively (Table 6). Additionally, the antioxidant activity of three 
ethanolic leaf extracts were evaluated by comparing with chlorogenic 
acid as a main phenolic compound and ascorbic acid as a positive 
control (Table 6). Results showed the relatively moderate antioxidant 
activity with IC50 values ranging from 326.09 to 467.55 µg/mL. 

DISCUSSION
Pharmacognostic specifications involving macroscopic and 
microscopic characteristics of medicinal plants are important to 
determine the quality and purity of crude drugs. Microscopic and 
microscopic evaluations of M. alba leaves were described. The stoma of 
M. alba leaves was found to be an anomocytic type which had a same 
size and shape guard cell arrangement as the rest of the epidermis cells, 
and the non-glandular trichome was round, oval, and short tip. The 
findings correlated with the previous study of M. alba leaves cultivars 
from Poland.22 

Examination of the physicochemical parameters is required for the 
quality control of the herbal materials. According to the measurement 
of the water content in the plant material using the azeotropic 
distillation method, it showed that the water content of dried leaf 
powders should not be higher than 7.97 ± 0.35%. The higher water 
content may cause the microbial growth (e.g., bacteria and fungi). In a 
comparison between water and ethanol extractions, the result showed 
that the water-extractive value was higher than the ethanol-extractive 
value which indicated an enormous amount of highly water-soluble 
polar compounds in M. alba leaves. Both water-extractive and ethanol-
extractive values should not be less than 16.14 ± 0.50% and 8.61 ± 0.39%, 
respectively. Determination of the total ash was evaluated for inorganic 
substances in plant materials after incineration such as Na, Ca, K, etc., 
This parameter showing the indication of adulterants, contaminants or 
substitutes found in medicinal plants should not be higher than 14.38 
± 0.25%. Determination of acid-insoluble ash was a measurement 
of amounts of inorganic matters that they were not solubilized in a 
hydrochloric acid solution. The acid-insoluble ash in a form of silica 
or silicate were found in M. alba leaves, and this value should not be 
higher than 6.21 ± 0.37%. The TLC fingerprint of herbal materials 
shows characteristic appearance of organic compounds found in the 
crude extract. For the TLC fingerprint of the ethanolic leaf extract of M. 

alba, it showed some similar bands which were detected under UV at 
254 and 366 nm. According to the enrichment of phenolics in M. alba 
leaves, the TLC fingerprint of the ethanolic leaf extract was monitored 
by oxidation reactions of phenolics with a sulfuric acid to visualize 
bands of their oxidized forms. The investigation of physicochemical 
parameters and TLC fingerprints could be indicated as good markers 
for controlling the quality of M. alba leaves. 

The RP-HPLC is a reliable, accurate and precise technique which is widely 
used for qualitative and quantitative analysis of bioactive compounds 
derived from the crude extract. RP-HPLC profiles showed the detection 
of an individual peak of chlorogenic acid found in the ethanolic leaf 
extract at a retention time (Rt) of 8.936 min which was similar to a 
peak of the standard (Rt = 8.946 min) (Figure 5). Determination of the 
chlorogenic acid contents of ethanolic leaf extracts of M. alba showed 
that the highest content of chlorogenic acid was found in the ethanolic 
extract of M. alba leaves from Ratchaburi (0.8756 ± 0.0011 g/100 g 
dry weight); on the other hand, the lowest chlorogenic acid content 
of M. alba leaves was from Nakhon Phanom (0.0703 ± 0.0054 g/100 g 
dry weight). The findings showed that a variation of chlorogenic acids 
content of M. alba leaves possibly depended on geographical areas and 
environmental growth conditions. 

Evaluation of the total phenolic and total flavonoid contents with 
antioxidant activity of M. alba leaf extracts were described. According 
to the determination of total phenolic and total flavonoid contents, 
the ethanolic leaf extract from Ratchaburi had both the highest total 
phenolic content (67.70 ± 2.93 mg GAE/g extract) and the highest 
total flavonoid content (67.20 ± 3.41 mg QE/g extract). For the DPPH 
radical scavenging activity, the results showed that the ethanolic leaf 
extract from Khon Kaen had the highest antioxidant ability with an 
IC50 value of 326.09 ± 38.38 µg/mL; however, both chlorogenic acid 
and ascorbic acid as natural antioxidant compounds showed better 
DPPH radical scavenging activity with IC50 values of 24.53 ± 0.30 and 
16.89 ± 0.42 µg/mL, respectively). This study showed that the total 
phenolic and total flavonoid contents of these ethanolic leaf extracts 
and their IC50 values for DPPH radicals were significantly higher than 
the ethanolic extracts of M. alba leaves collected in Hebei, China.23 The 
phytochemical analysis of the crude ethanolic leaf extract showed the 
presence of phenolics and flavonoids as major bioactive compounds 
which correlated to the determination of both total phenolic and 
total flavonoid contents. Both steroids and triterpenes were also 
detected; however, alkaloids and saponins were undetectable in the 
crude ethanolic extract of M. alba leaves. This study showed that the 
phytochemical analysis results, for example, triterpenes, flavonoids, 
phenolics and alkaloids, were in accordance with the previous study.5 
The findings showed that ethanolic leaf extracts containing phenolics 
as major ingredients, i.e., chlorogenic acid, were active against DPPH 
radicals.

CONCLUSION
The pharmacognostic specifications of M. alba leaves from 15 sources 
throughout Thailand were established by investigating macroscopic 
and microscopic characteristics, physicochemical contents and RP-
HPLC analysis of chlorogenic acid contents in M. alba leaves. This 
study could be used as a reference for quality and purity of M. alba 
leaves which is applicable to the quality control and standardization.
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Figure 6: A standard calibration curve of chlorogenic acid. 
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