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[ABSTRACT] Phenolic compounds, the most abundant secondary metabolites in plants, have received more and more attention in
recent years because of their distinct bioactivities. This review summarizes different types of phenolic compounds and their extraction
and analytical methods used in the recent reports, involving 59 phenolic compounds from 52 kinds of plants. The extraction methods
include solid–liquid extraction, ultrasound-assisted extractions, microwave-assisted extractions, supercritical fluid extraction, and other
methods. The analysis methods include spectrophotometry, gas chromatography, liquid chromatography, thin-layer chromatography,
capillary electrophoresis, and near-infrared spectroscopy. After illustrating the specific conditions of the analytical methods, the advantages and disadvantages of each method are also summarized, pointing out their respective suitability. This review provides valuable
reference for identification and/or quantification of phenolic compounds from natural products.
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Introduction
Phenolic compounds (PCs), the most abundant secondary
metabolites in plants, are found ubiquitously in our life. Many
medicinal herbs have been found to be abundant in PCs.
These plants include Boehmeria nivea (L.) Gaudich. [1], Salvia miltiorrhiza Bge. [2-3], Ginkgo biloba L. [4], Acanthopanax
senticosus (Rupr. et Maxim.) Harms [5], Myristica fragrans
Houtt. [6], and Cimicifuga foetida L. [7]. Furthermore, fruits
[8-10]
, vegetables [11], spices [12], and cereals [13] are also common sources of PCs, especially polyphenols, in our daily diets
[14]
. PCs possess a common chemical structure comprising an
aromatic ring with one or more hydroxyl substituents that can
be divided into several classes, and the main groups of PCs
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include flavonoids, phenolic acids, tannins, stilbenes, and
lignans [15].
In recent years, with the increasing recognition for their
medicinal values, PCs have been found to help reduce the risk of
many chronic diseases [16]. As numerous studies reported, PCs
exert various effects such as antioxidant [17], anti-microbial [18],
anti-carcinogenic [19], anti-inflammatory [20-21], and estrogenrelated [22] prevention of cardiovascular diseases [23-25], cancers [1],
diabetes [26], and diseases associated with oxidative stress [27].
For example, vanillic acid, a kind of phenolic acid obtained
from Angelica sinensis (Oliv.) Diels (Apiaceae), exhibits reducing activity in acetylcholinesterase (AChE), tumor necrosis factor (TNF-α), and corticosterone with improved antioxidants that contribute to neuroprotection [28]. Resveratrol, a
kind of stilbene, may contribute to the prevention of retinal
pigment epithelium degeneration induced by oxidative stress [29].
Therefore, these recently discovered properties of PCs have
been exploited in the development of cosmetics [30], nutraceuticals [8], or functional foods [31].
In the research or development of PCs, exploring qualitative or quantitative approaches to analyzing these bioactive
substances should be prioritized in abundant different natural
sources, which contribute to developing rapid, sensitive, and
reliable methods. Many different methods have been explored
or improved in the past years. General approaches allow the
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quantitation of a global estimation of PC content (e.g., “total
flavonoids” or “total phenolic”), which are mainly achieved
by spectrophotometry methods. However, more specific
analyses are based on the identification of individual phenolic
classes, typically by high-performance liquid chromatography
(HPLC) or gas chromatography (GC) and their detection by
sensitive detectors, such as mass spectrometry (MS) [32-34].
Some advanced techniques are also applied to quantify PCs,
including capillary electrophoresis [35] and near-infrared (NIR)
spectroscopy. Before the analysis processes, extraction methods should also be selected and optimized along with the
corresponding analytical techniques, including the used sol-

vents, the sources, and the properties of the compound itself.
Therefore, developing an optimized and proper method
for extraction and quantification of PCs is essential for
achieving higher accuracy in results. To the best of our
knowledge, although some articles have been published on
relevant fields, the studies are relatively outdated and scattered. This review summarizes some aspects of different types
of PCs, their extraction procedures, and related analytical methods
for quantification in the last 5 years. The main advantages as
well as the limitation of each method are compared to profile
useful information for the determination of PCs in plant materials.
The structure diagram of the methods is shown in Fig. 1.

Fig. 1 Structure diagram of methods for analysis of PCs

Types of PCs
Flavonoids
Flavonoids constitute the largest group of PCs from
plants. To date, more than 8000 PCs, including over 4000
flavonoids, have been identified, and the number continues
growing [36]. The flavonoid consists of 15 carbon atoms arranged in three rings (C6–C3–C6) labeled as A, B, and C,
respectively; A and B are two aromatic rings, and C is a
three-carbon bridge, usually in the form of a heterocyclic ring.
On the basis of saturation degree and C-ring substituents,
flavonoids are divided into six subgroups, including flavonols,
flavones, flavanones, isoflavones, flavanonols, and anthocyanins. For example, rutin and quercetin exist in herbs, such
as Flos sophorae Immaturus, Crateagus pinnatifida Bunge,
Hypericum japonicum Thunb, and Folium Mori [37]. Epicatechin, a flavonoid isolated from the Mexican medicinal plant
Geranium mexicanum HBK, could affect virulence properties
of human pathogen [39]. Another major flavonoid, kaempferol,
which is obtained from Kalanchoe blossfeldiana Poelln., has
anti-herpes potential [41].
Isoflavones, a subclass of flavonoids, hold structural
similarity to estrogens. Some biological functions are attributed to their structural similarities to β-estradiol [22], and

therefore isoflavones are sometimes referred to as “phytoestrogens”, which are especially abundant in soybeans. Studies
have shown that they can be used to prevent some prevalent
diseases, such as atherosclerosis [42] and cancer [43], and ameliorate muscle wasting [44].
Anthocyanins, the most important group of water-soluble
vacuolar pigments, appear as red, blue, or purple and occur in
all plant tissues, including flowers, stems, leaves, roots, and
fruits. These substances are abundant in berry fruits (such as
black currant, raspberry, and blueberry). Anthocyanins may
have anti-inflammatory and antimicrobial effects [45]. Furthermore, anthocyanins (cyanidin-3-O-beta-glucoside chloride or cyanidin chloride) exert protective effects in diabetic
nephropathy by inhibiting the liver X receptor alpha pathway-induced inflammatory response [46].
Phenolic acids
Phenolic acids belong to a major class of PCs in plants
and present in free and bound forms. Phenolic acids can be
divided into two subgroups: hydroxybenzoic acid (HBA) and
hydroxycinnamic acid (HCA). HBAs are based on a C6–C1
structure and include p-hydroxybenzoic acid, protocatechuic,
vanillic, gallic, and syringic acids. However, HCAs are aromatic compounds with a three-carbon side chain (C6–C3),
including coumaric, caffeic, ferulic, and sinapic acids [47].
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Studies have shown that phenolic acids have various biological functions. For instance, caffeic acid can dramatically increase the proportion of the mucin-degrading bacterium Akkermansia in colitis by dextran sulfate sodium, and thus ameliorate colonic pathology and inflammation [48]. Gallic acid
can reduce neural damage and brain amyloid neuropathology
and improve cognitive function by scavenging free radicals
and inhibiting β-amyloid oligomerization [49] and salvianolic
acid B, a polyphenol from S. miltiorrhiza Bge., may prevent
meningococcal infections by inhibiting meningococcal binding
and may thus affect the number of nasopharyngeal carriers of
Neisseria meningitides [50]. Vanillic acid, obtained naturally
from the plant A. sinensis (Oliv.) Diels (Apiaceae), can be an
effective therapeutic agent for treating neurodegenerative disorders [28].
Tannins
Tannins are a kind of compounds with a relatively high
molecular weight, which comprise another major group of
PCs in the plant kingdom. Tannins can be divided into two
subgroups, including hydrolysable tannins (HT) [51] and condensed tannins (CT). Given the products of hydrolysis reaction, most HTs are subdivided to gallotannins and ellagitannins. CTs are oligomers or polymers of flavan-3-ol monomers,
most frequently linked by an interflavan carbon bond. Tannins
have been reported to contain potential metal ion chelators [52],
protein-precipitating agents [53], and biological antioxidants [54]
with various biological functions. However, predicting an
accurate mechanism in biological systems is difficult because
of enormous structural variations. In the future, we must focus on the study of structure and function relationships so that
biological functions can be predicted.
Stilbenes
Stilbenes are minor compounds composed of a 1,
2-diphenylethylene nucleus with some hydroxyls. Studies

have shown that the number of stilbenes is low, and the main
representative compound is resveratrol, which exists in both
cis and trans isomeric forms [55]. Resveratrol has been detected
in many plant species, including grapes [56], almonds [57],
Gnetum parvifolium [58], and Polygonum cuspidatum Sieb.
et Zucc. [59]. Given antioxidant and anti-inflammatory properties, stilbenes hold a potential for preventing different diseases, such as cancer and those associated with oxidative
stress [29].
Lignans
Lignans are produced by the oxidative dimerization of
two phenyl-propane units and can be found in a wide variety
of plants, such as Arctium lappa L. [60] and Schisandra
chinensis (Turcz.) Baill. [61], oil seeds [62], and cereal grains [63].
In particular, the flax seed is a rich source of lignans. In recent
years, focus of research has been on their potential applications of antioxidant, anti-inflammatory, and cancer chemopreventive properties [64].

Extractions Methods
Extraction procedure is a primary step in identifying
and/or quantifying the process of chemical compounds. Numerous reports focus on the extraction and analysis of PCs
from plant materials, including herbs, fruits, and vegetables.
Many conventional means can be used to extract PCs, such as
solid–liquid extraction (SLE) and heated reflux extraction. In
addition, a number of advanced methods, such as ultrasound-assisted extraction (UAE), microwave-assisted extraction (MAE), supercritical fluid extraction (SFE), accelerated
solvent extraction (ASE), or high hydrostatic pressure extraction (HHPE), are also applied in the extraction of PCs
from plant materials. Different extraction methods of PCs
were illustrated and compared in Table 1, with applicability
description.

Table 1 Comparison of different extraction methods of PCs
Extraction
method
SLE

UAE

MAE

SFE

ASE
HHPE

Advantages

Applicable
to

Disadvantages

Inapplicable
to

the need to use substantial amounts /
of hazardous organic reagents;
long extraction time; low efficiency
unsuitable for industrial
/
production

Example

Ref

simple and easy to operate;
wide adaptability.

general
used

simple and easy to operate;
efficient;
economical;
wide adaptability.

general
used

consumes less extraction solvent
and extraction time;
increases the content of extracted
antioxidants

thermally degradation and oxidation will
stable PCs occur under such conditions

increase safety and selectivity;
avoid sample oxidization in the
presence of air.

non-polar
PCs

require small amounts of solvents;
provides faster extraction processes.

thermally the need of high temperature
stable PCs and pressure

thermolabile quercetin-3-O-glucuronide [68]
PCs
flavonol-3-O-glycosides

efficient;
consumes less extraction solvent
and extraction time.

general
used

/

unsuitable for the extraction of
polar PCs;
high requirement of capital
investments

the need of high pressure and
expensive equipment
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catechins

[65]

caffeic acid
isoferulic acid
ferulic acid

[7]

PCs with
more -OH,
thermolabile
PCs

caffeic acid
5-O-caffeoylquinic acid
quercetin-7-O-glucoside
4, 5-Dicaffeoylquinic acid
3, 5-Dicaffeoylquinic acid

[66]

polar PCs

gallic acid
protocatechuic acid
p-hydroxybenzoic acid

[67]

polyphenol

[69]
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Solid–liquid extraction (SLE)
SLE is the simplest and the most commonly used method
for extracting PCs from various plants. In general, SLE of
PCs consists of direct extraction of fresh or freeze-dried plant
materials with different solvents, such as methanol, ethanol,
acetone, or the aqueous phase of solvent mixtures [65, 70], and
then requires additional operation, such as subsequent column
chromatography or solid-phase extraction, to remove these
unwanted substances. Tomaz et al. have developed a SLE
method to extract flavonoids (anthocyanins, flavonols, and
flavan-3-ols) from red grape skins [71]. Hadaruga et al. have
extracted Ficaria verna Huds. flowers and leaves by
semi-continuous SLE [72]. Several parameters may influence
the PC yield, including extraction time, temperature, solvent-to-sample ratio, solvent type and polarity, and the number of repeat extractions of the sample [73]. These differences
could be attributed to the different properties of PCs in plants.
In addition, different hydrolysis methods are usually used
in the extraction of PCs. Lu et al. [74] have developed a new
method for the analysis of 20 phenolic compounds, where the
samples are prepared by hydrochloric acid hydrolysis. It is
found that hydrochloric acid hydrolysis is of similar effectiveness to, but much cheaper than, the enzymatic method. In
addition, to obtain the best yield of PCs, researchers have also
added formic acid and sulfuric acid [75-76]. Furthermore, researchers can obtain best results with the addition of an alkaline catalyst (sodium hydroxide) [77] and enzyme (cellulase,
tannase, beta-glucosidase, and pectinases) [78]. A novel ethanol-alkaline extraction method is designed for the extraction
and purification of aglycone isoflavones from soybean. The
cellulase is used instead of traditional beta-glucosidase to
hydrolyze the glycoside isoflavones resulting in excellent
conversion efficiency [79]. Addition of a catalyst is an effective
method for gaining the best yield of PCs extraction; however,
special attentions should be paid to the amount of acid to be
added, since excess acid or alkaline could hydrolyze labile
substances during extraction process.
SLE is simple and easy-operating, but several disadvantages exist, including: (1) the need to use substantial amounts
of hazardous organic reagents; (2) long extraction time; and
(3) low efficiency. Therefore, some advanced techniques are
required to overcome these problems.
Ultrasound-assisted extractions (UAE)
UAE is a useful and economic technology because expensive instruments are not required for its use. Sonication is
the production of sound waves that create cavitation bubbles
near the sample tissue, which disrupt plant cell walls, thereby
releasing cell contents [80]. Extracting efficiency is influenced
not only by sonication time, temperature, and ultrasonic wave
frequency, but also by the property of solvent and sample.
Dashi et al. [81] have developed a UAE method for extracting
the PCs (caffeic acid, tannic acid, quercetin, transferulic acid,
and rosmarinic acid) from Stachys parviflora L., which applies a 4-min treatment time, 74.5% high-intensity (UP 200Ht,

Dr. Hielscher GmbH, Germany) and 74.2% methanol as the
optimal extracting conditions, with the yield of total phenolic
content as 20.89% and total flavonoid as 6.22%. Furthermore,
UAE has been also developed for the extraction of PCs from
the leaves of native specimens of Myrcia amazonica DC. [82],
Cimicifugae foetida L. [7], Urtica fissa E. Pritz [83], and Polygonum cuspidatum Sieb. et Zucc. [84]. In addition, Gonzales et
al. [85] have combined alkaline hydrolysis and UAE for the
release of nonextractable phenolics from Brassica oleracea
var. botrytis Waste to enhance efficiency. In summary, UAE
is a simple, efficient, and economical method in laboratory.
Microwave-assisted extraction (MAE)
MAE is a mature technique used for PC extraction from
various plant materials. MAE utilizes the direct effect of microwave energy to facilitate partition analytes from the sample into the solvent. The major physical parameters important
for MAE include microwave power, extraction time, solubility, dielectric constant, and solvent property. Solvent property
is an important factor because solvents with high dielectric
constants can absorb more microwave energy; methanol, ethanol, and water are commonly used to extract PCs from plants [66].
Dahmoune et al. [86] have developed MAE to extract PCs
from Myrtus communis L. instead of UAE and conventional
solvent extractions. They have also observed that the antioxidant activities of tannins and total flavonoids in MAE extracts
are higher than that of the products extracted by other extraction methods [86]. These findings suggest that extraction of
bioactive phytochemicals from plant materials using MAE
method consumes less extraction solvent and extraction time
and increases the content of extracted antioxidants. In addition, MAE has been successfully used for the extraction of
PCs from other plant materials, such as Glycyrrhiza uralensis
Fisch [87], Eclipta prostrata L. [66], Urtica fissa E. Pritz, and
Rosmarinus officinalis [88]. However, PCs with higher number
of hydroxyl-type substituents [89] and those that are sensitive
to temperature [90] may not be suitable for extraction by MAE
because of the degradation and oxidation that occur under
such conditions.
Supercritical fluid extraction (SFE)
SFE is an environmentally friendly extraction technique,
which can be an alternative efficient extraction method for
PCs. The most commonly used supercritical fluid is supercritical CO2. A number of other supercritical fluids, such as
ethane, butane, pentane, nitrous oxide, ammonia, trifluoromethane, and water are also used. Ghafoor et al. have developed SFE to extract the PCs from grape seeds, and the grape
seeds extracts are also analyzed for HBAs, including gallic
acid, protocatechuic acid, and p-hydroxybenzoic acid [67].
Compared with other methods, SFE may consume less toxic
organic reagents and extraction times, increase safety and
selectivity, and avoid sample oxidization in the presence of air [11].
However, CO2 is non-polar and hence unsuitable for the extraction of polar PCs. Moreover, the major weakness of this
method is the high requirement of capital investment.
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ELSE extraction methods
Accelerated solvent extraction (ASE) is an advanced
technique that extracts PCs from plant materials under high
temperature and pressure. High temperature and pressure
contribute to rapid solvent penetration into plant cells and
prevent PC degradation. Compared with conventional methods, such an approach provides faster extraction processes
that require small amounts of solvents [91]. Monschein et al. [68]
have applied ASE to extract flavonoids from Epilobium angustifolium L.
High hydrostatic pressure extraction (HHPE) is another
recent technique that can be applied to extract PCs from
plants. The high hydrostatic pressure promotes rapid solvent
penetration into plant cells and causes leakage of cell components. Lee et al. have used HHPE to extract polyphenol
from Panax ginseng. C. A. Mey [69]. However, the main
disadvantage of the method is the need for expensive
equipment.

Analytical Methods
PC quantification depends on different parameters, such
as the chemical nature of compounds, extraction method used,
particle size, standard selection, and interfering substances
and impurities. With the advancement of analytical science,
numerous methods have been used for quantifying PCs from
plant materials, such as spectrophotometry, HPLC, GC, and
their combinations.
Spectrophotometry
Spectrophotometry is a simple and fast technique for
quantifying PCs from plant materials, which is mainly based
on different principles for measuring the various structures
present in the PCs. The Folin–Ciocalteu assay has been widely used to detect PCs in plants for many years. This assay is
based on a chemical reduction involving reagents containing
tungsten and molybdenum [92]. The Folin–Ciocalteu method is
a modified method of the Folin–Denis assay, which slightly
changes the composition of reagent used. In general, the flavonoid
content is often measured with spectrophotometry [93-94]. Pezzini et al. have developed spectrophotometric method to determine the total flavonoid content in leaves of Ocimum basilicum (herbal material) [95]. In addition, total phenolic quantification [96] and the condensed tannin content [97] can also be
estimated by spectrophotometry. Spectroscopy is the common
technique used for quantifying different classes of PCs
because of its simplicity and low cost. However, the main
disadvantage of the spectrophotometric assays is that such
assays estimate the PC content without a separation process
and accurate quantitative results of individual PCs. Moreover,
the reagents used in these methods (Folin–Ciocalteu method)
do not react specifically with only PCs, but also with other
substances, such as ascorbic acid.
Gas chromatography (GC)
GC is a useful technique utilized for the separation, identification, and quantification of some PCs in plants, such as

tannins, flavonoids, and anthocyanins [98-99]. The derivatization and volatility of PCs are the main components detected
by GC. GC combined with a flame ionization detector [64] is
the most common method for measuring PCs [100]. Vaiciulyte
et al. [101] have applied GC-FID to detect carvacrol obtained
from Thymus pulegioides L.
In recent years, GC coupled with mass spectroscopy (MS)
detector has become widespread in measuring complex compounds because of its high selectivity and sensitivity in quantitation. For example, the low-molar-mass fraction of hydrophilic extracts in Norway spruce knotwood, which are mainly
lignans, has been characterized by GC–MS [102]. GC–MS has
also been used in specific lignan fingerprint profiles and
quantitation of characteristic compounds in Schisandra
chinensis (Turcz.) Baill. [103]. However, the main concern with
this method is the low volatility of PCs. PCs are usually
transformed into more volatile derivatives by methylation or
converted into trimethylsilyl derivatives [104]. GC offers better
capability for compound identification, however, there are
still many challenges remaining in the course of analyzing
phenolic compounds, when detecting compounds have low
volatility, since their analysis requires transformation in derivatives to enhance volatility.
Liquid chromatography (LC)
HPLC is the most used technique for the separation and
detection of PCs. Some factors affect HPLC analysis of PCs,
such as column types, applied detectors, mobile phase, and
the properties of the tested compounds. Some application
cases of LC and hyphenated conditions in analysis of PCs are
presented in Table 2.
HPLC–UV detector (HPLC–UVD)
The most used HPLC detection system for measuring
PCs is based on UV absorption. Zhang et al. have developed a
HPLC–UVD procedure for determining multiple flavonoids
and phenolics from A. senticosus (Rupr. et. Maxim.) Harms [5].
Al-Rimawi et al. have developed and validated a HPLC–
UVD method for determining eight phenolic acids (gallic acid,
p-hydroxybenzoic acid, vanillic acid, caffeic acid, syringic
acid, p-coumaric acid, ferulic acid, and sinapic acid) in date
palms [105].
HPLC–diode array detector (HPLC-DAD)
HPLC coupled with DAD is another common method for
analyzing the PCs in plants [51, 106]. Generally, the principles
underlying the DAD and UVD are the same; however, some
differences exist in other aspects. For example, DADs are used
to simultaneously measure multichannel absorption wavelengths. Meanwhile, UVDs are used to measure single-absorption wavelength in known samples. Silva Siqueira et
al. have developed HPLC–DAD to determine the PCs (chlorogenic acid, caffeic acid, rutin, and isoquercitrin) from Spondias
tuberosa [106]. Majid et al. have developed HPLC–DAD to determine the PCs (rutin, catechin, caffeic acid, and myricetin)
in Euphorbia dracunculoides [107]. Some phenol substituting
compounds are considered as highly toxic compounds
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Table 2 Application of LC and hyphenated conditions in analysis of PCs
Source

Stationary phase

Mobile phase

Vaccinium myrtillus L.(leaves)
XB-C18
Vaccinium vitis-idaea L. (leaves) (3.6 μm, 150 mm × 4.60 mm)
Poroshell 120, SB-C18
Psidium guajava L. (leaves)
(3.0 mm × 100 mm, 2.7µm)

A: formic acid–water
B: formic acid–acetonitrile
A: water–acetic acid
B: acetonitrile

Salvia miltiorrhiza Bge
(leaves and stems)

RP -C18
(150 mm × 3 mm, 5µm)

Eclipta prostrata L.
(overground part)

Detector

Ref

DAD-ELS-MS/MS

[100]

DAD-ESI-QTOF-MS

[10]

A: formic acid–water
B: acetonitrile

DAD-MS

[3]

MS-C18
(50 mm × 2.1 mm, 2.1µm)

A: methanol
B: aqueous formic acid

DAD–ESI–MS/MS

[66]

Spondias tuberosa (leaves)

Luna C18
(4.6 mm × 250 mm, 5µm)

A: acetonitrile
B: water–acetic acid

DAD/MS

[106]

Centella asiatica (L.) Urb
(overground part)

RP-C18
(250 mm × 4.6 mm, 5µm)

A: phosphoric acid–water
B: acetonitrile

UV

[51]

Euphorbia dracunculoides
(overground part)

Sorbex RX C8
(25 mL capacity, 5µm)

A: acetonitrile–methanol–water–acetic acid
B: acetonitrile–methanol–acetic acid

DAD

[107]

Helianthus tuberosus L. (leaves)

Eclipse XDB-C18
(250 mm × 4.6 mm, 5µm)

A: methanol
B: formic acid–water

MS

[110]

Haplophyllum tuberculatum
(overground part)

Nova-Pak C18
(300 mm × 3.9 mm, 4 µm).

A: water–acetic acid
B: water–acetonitrile–acetic acid

MS

[27]

Schisandra chinensis (Turcz.)
Baill (leaves and fruits)

Zorbax SB-C18
(100 mm × 3.0 mm , 3.5 μm)

A: methanol
B: acetic acid–water

UV-MS

[109]

Welch ultimate XB-C18
(4.6 mm × 250 mm, 5 µm).
RP-C18
(250 mm × 4 mm, 5µm)
Zorbax SB-C18
(100 mm × 3.0 mm, 3.5 μm)

A: phosphate–water
B: acetonitrile
A: water–trifluoroacetic acid
B: acetonitrile-trifluoroacetic acid
A: methanol
B: acetic acid–water

UV

[113]

DAD/ESI-MS/MS

[17]

UV-MS

[18]

Agrimonia pilosa Ledeb
Malaysian cocoa powder
Lycium barbarum L. (leaves)
Lyciu chinense Mill. (leaves)

usually found in environmental water samples, especially in
urban wastewaters. Villar–Navarro et al. have detected
2,4-dichlorophenol, 2,5-dichlorophenol, 2,6-dichlorophenol,
pentachlorophenol, 2,4-dinitrophenol, 2,5-dinitrophenol,
2,6-dinitriphenol tert-butylphenol, and sec-butylphenol in
water samples by HPLC-DAD [108]. In summary, UVD and
DAD are applicative to the tested compounds with a suitable
chromophore.
HPLC-MS
PCs can be analyzed by LC combined with tandem MS.
HPLC assisted by MS detection is an advance analytical
technique that exhibits high sensitivity and selectivity. This
approach can measure structural information about unknown
compounds from crude or partially purified samples of natural
sources [109]. Recently, numerous studies on PC analyses have
been focused on the assessment of methods that involve different couplings between LC and MS. Chen et al. have analyzed the PCs in Jerusalem artichoke (Helianthus tuberosus L.)
responding to salt stress by LC/tandem MS [110]. Eissa et al.
have developed the polyphenols (benzoic acids, cinnamic
acids, flavones, and flavanones) from the aerial parts of Mentha longifolia L. by HPLC–MS [111]. In recent years, MS is
usually used for the analysis of PCs because of its high sensitivity and selectivity; in addition, it could provide structural
information about unknown compounds.
HPLC-fluorescence detector (HPLC-FLD)
HPLC coupled with FLD is also used to analyze PCs.
Curcumin and bisdemethoxycurcumin from Curcuma longa L.

extracts [112] could be detected by HPLC-FLD. Godoy–Caballero et al. have applied LC-DAD-FLD to analyze some
important PCs, such as gallic acid, caffeic acid, luteolin, syringic acid, gentisic acid, vanillic acid, and ferulic acid in
virgin olive oil samples. In addition, HPLC-FLD has also
been used to measure some phenol substituting compounds,
such as tert-butylphenol and sec-butylphenol [108]. HPLC coupled with FLD can be used to detect the substance which
emits fluorescent or emit fluorescent after proper derivations,
although it doesn’t obtain a suitable fluorescent group.
ELSE analytical methods
Thin-layer chromatography (TLC) is a chromatographic
technique with relatively low cost. Through this process PCs
in crude plant extracts can be separated and detected for multiple substances on the same TLC plate within a short analysis
time. Males, Z et al. [114] have used TLC to quantify the flavonoids and chlorogenic acid in the leaves of Arbutus unedo
L. The determination and quantification of PCs can be carried
out by TLC, if one wants to detect multiple substances in a
short analysis time.
In addition, capillary electrophoresis [35] is an advanced
analysis technique for measuring PCs in plants. CE is a
high-resolution technique conducted with a solution of ions in
a narrow capillary column, which is especially suitable for
separating and quantifying those polar and charged compounds with low to medium molecular weight. For example,
rutin contained in germinated buckwheat can be analyzed by
CE [115]. Boiteux et al. have developed a CE method for de-
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termining catechin, naringenin, cinnamic acid, syringic acid,
chlorogenic acid, apigenin, vanillic acid, luteolin, quercetin,
and caffeic acid in Thymus mongolicus Ronn, Origanum vulgare, and Matricaria recutita [9]. The largest disadvantage of
CE is that it lacks the ability to discriminate compounds with
close charge-to-mass ratios. Therefore, one can add organic
solvents to enhance the separation capability of CE.
Moreover, near-infrared (NIR) spectroscopy is an advanced, accurate, and non-destructive analytical technique for
analyzing PCs from natural sources. The NIR region of the
electromagnetic spectrum covers the visible and infrared regions with a known wavelength range of 780–2 500 nm.
Krahmer et al. have applied NIR spectroscopy to predict the
PC contents or organic acids, as well as individual substances,
such as epicatechin or lactic acid [116].

Conclusion
This review presented some advanced techniques utilized
in the extraction and analysis of PCs. The advanced extraction
methods include SLE, UAE, MAE, SFE, ASE, and HHPE.
Among these procedures, SLE is the simplest method and has
wide adaptability, but it requires substantial chemical reagents
and has relatively low extraction efficiency. UAE is a simple,
efficient, and economical method that is usually used in laboratory. Compared with other methods, MAE consumes less
extraction solvents and extraction time, and its efficiency is
relatively high, but may not be suitable for extraction of some
thermolabile PCs. SFE is an environmentally friendly technique, but it requires high capital investment and may be unsuitable for extracting polar PCs. Among analytical methods,
HPLC has major advantages, especially when coupled with
highly sensitive sophisticated detectors (e.g., MS). The diversification of the detectors enhances the sensitivity and specificity of analysis of the tested compounds. With proper derivatization method, GC is more suitable for PCs when the PC
volatility is increased. Moreover, TLC and CE can also be
developed for analyzing PCs. TLC provides more information
about the samples than the other methods, whereas CE is
adequate for charged low- to medium-molecular-weight
compounds. Based on the full consideration on the property
of the tested compounds and actual analysis conditions, appropriate analytical methods should be selected. This review
offers valuable reference for the identification and/or quantification of PCs from natural products.
Non-standard abbreviations
Abbreviation
Full name
PCs

Phenolic compounds

AChE

Acetylcholinesterase

MG

Methyl gallate

NIR

Near infrared spectroscopy

ALPL

Alkaline phosphatase

HBA

Hydroxybenzoic acid

HCA

Hydroxycinnamic acid

HT

Hydrolysable tannins

CT

Condensed tannins

SLE

Solid-liquid extraction

ASE

FID

Accelerated solvent extraction
High hydrostatic pressure extraction
Flame ionization detector

UVD

Ultraviolet detector

HHPE

DAD

Diode array detector

FLD

Fluorescence detector

References
[1]

Chen Y, Wang G, Wang H, et al. Phytochemical profiles and
antioxidant activities in six species of ramie leaves [J]. PLoS
One, 2014, 9(9): e108140.
[2] Ma XH, Ma Y, Tang JF, et al. The biosynthetic pathways of
tanshinones and phenolic acids in Salvia miltiorrhiza [J]. Molecules, 2015, 20(9): 16235-16254.
[3] Wu CF, Karioti A, Rohr D, et al. Production of rosmarinic acid
and salvianolic acid B from callus culture of Salvia miltiorrhiza with cytotoxicity towards acute lymphoblastic leukemia
cells [J]. Food Chem, 2016, 201: 292-297.
[4] Kaur P, Chaudhary A, Singh B, et al. An efficient microwave
assisted extraction of phenolic compounds and antioxidant potential of Ginkgo biloba [J]. Nat Prod Commun, 2012, 7(2):
203-206.
[5] Zhang X, Zhou X, Liu X, et al. Development and application
of an HPLC-UV procedure to determine multiple flavonoids
and phenolics in acanthopanax leaf extracts [J]. J Chromatogr
Sci, 2016, 54(4): 574-582.
[6] Chiu S, Wang T, Belski M, et al. HPLC-guided isolation, purification and characterization of phenylpropanoid and phenolic
constituents of nutmeg kernel (Myristica fragrans) [J]. Nat
Prod Commun, 2016, 11(4): 483-488.
[7] Liu L, Shen BJ, Xie DH, et al. Optimization of ultrasound-assisted extraction of phenolic compounds from Cimicifugae rhizoma with response surface methodology [J].
Pharmacogn Mag, 2015, 11(44): 682-689.
[8] Rana S, Bhushan S. Apple phenolics as nutraceuticals: assessment, analysis and application [J]. J Food Sci Technol, 2016,
53(4): 1727-1738.
[9] Boiteux J, Soto Vargas C, Pizzuolo P, et al. Phenolic characterization and antimicrobial activity of folk medicinal plant extracts for their applications in olive production [J]. Electrophoresis, 2014, 35(11): 1709-1718.
[10] Diaz-de-Cerio E, Verardo V, Gomez-Caravaca AM, et al. Exploratory characterization of phenolic compounds with demonstrated anti-diabetic activity in guava leaves at different oxidation states [J]. Int J Mol Sci, 2016, 17(5): 699.
[11] Jaime L, Vazquez E, Fornari T, et al. Extraction of functional
ingredients from spinach (Spinacia oleracea L.) using liquid
solvent and supercritical CO(2) extraction [J]. J Sci Food Agric,
2015, 95(4): 722-729.
[12] Cejudo-Bastante MJ, Duran-Guerrero E, Natera-Marin R, et al.
Characterisation of commercial aromatised vinegars: phenolic
compounds, volatile composition and antioxidant activity [J]. J

– 727 –

XU Cong-Cong, et al. / Chin J Nat Med, 2017, 15(10): 721731

Sci Food Agric, 2013, 93(6): 1284-1302.
[13] Casassa LF, Harbertson JF. Extraction, evolution, and sensory
impact of phenolic compounds during red wine maceration [J].
Annu Rev Food Sci Technol, 2014, 5: 83-109.
[14] Granato D, Santos JS, Maciel LG, et al. Chemical perspective
and criticism on selected analytical methods used to estimate
the total content of phenolic compounds in food matrices [J].
Trac-Trends In Anal Chem, 2016, 80: 266-279.
[15] Alu'datt MH, Rababah T, Alhamad MN, et al. A review of
phenolic compounds in oil-bearing plants: Distribution, identification and occurrence of phenolic compounds [J]. Food
Chem, 2017, 218: 99-106.
[16] Lin D, Xiao M, Zhao J, et al. An overview of plant phenolic
compounds and their importance in human nutrition and management of type 2 diabetes [J]. Molecules, 2016, 21(10): 1374.
[17] Ali F, Ranneh Y, Ismail A, et al. Identification of phenolic
compounds in polyphenols-rich extract of Malaysian cocoa
powder using the HPLC-UV-ESI-MS/MS and probing their antioxidant properties [J]. J Food Sci Technol, 2015, 52(4):
2103-2111.
[18] Mocan A, Vlase L, Vodnar DC, et al. Polyphenolic content,
antioxidant and antimicrobial activities of Lycium barbarum L.
and Lycium chinense Mill. leaves [J]. Molecules, 2014, 19(7):
10056-10073.
[19] Zhang L, Shamaladevi N, Jayaprakasha GK, et al. Polyphenol-rich extract of Pimenta dioica berries (Allspice) kills breast
cancer cells by autophagy and delays growth of triple negative
breast cancer in athymic mice [J]. Oncotarget, 2015, 6(18):
16379-16395.
[20] Correa LB, Padua TA, Seito LN, et al. Anti-inflammatory
effect of methyl gallate on experimental arthritis: inhibition of
neutrophil recruitment, production of inflammatory mediators,
and activation of macrophages [J]. J Nat Prod, 2016, 79(6):
1554-1566.
[21] Zhang M, Lin JM, Li XS, et al. Quercetin ameliorates
LPS-induced inflammation in human peripheral blood mononuclear cells by inhibition of the TLR2-NF-kappaB pathway
[J]. Genet Mol Res, 2016, 15(2): 15028297.
[22] Fan J, Zhang B, Li L, et al. Effect of soyabean isoflavones
exposure on onset of puberty, serum hormone concentration
and gene expression in hypothalamus, pituitary gland and ovary of female bama miniature pigs [J]. Asian-Australas J Anim
Sci, 2015, 28(11): 1573-1582.
[23] Raj P, Louis XL, Thandapilly SJ, et al. Potential of resveratrol
in the treatment of heart failure [J]. Life Sci, 2014, 95(2):
63-71.
[24] Mazue F, Delmas D, Murillo G, et al. Differential protective
effects of red wine polyphenol extracts (RWEs) on colon carcinogenesis [J]. Food Funct, 2014, 5(4): 663-670.
[25] Louis XL, Thandapilly SJ, Kalt W, et al. Blueberry polyphenols prevent cardiomyocyte death by preventing calpain activation and oxidative stress [J]. Food Funct, 2014, 5(8): 17851794.
[26] Casado-Diaz A, Anter J, Dorado G, et al. Effects of quercetin, a
natural phenolic compound, in the differentiation of human
mesenchymal stem cells (MSC) into adipocytes and osteoblasts
[J]. J Nutr Biochem, 2016, 32: 151-162.
[27] Eissa TF, Gonzalez-Burgos E, Carretero ME, et al. Biological
activity of HPLC-characterized ethanol extract from the aerial
parts of Haplophyllum tuberculatum [J]. Pharm Biol, 2014,

52(2): 151-156.
[28] Singh JC, Kakalij RM, Kshirsagar RP, et al. Cognitive effects
of vanillic acid against streptozotocin-induced neurodegeneration in mice [J]. Pharm Biol, 2015, 53(5): 630-636.
[29] Sheu SJ, Liu NC, Ou CC, et al. Resveratrol stimulates mitochondrial bioenergetics to protect retinal pigment epithelial
cells from oxidative damage [J]. Invest Ophthalmol Vis Sci,
2013, 54(9): 6426-6438.
[30] Roh HJ, Noh HJ, Na CS, et al. Phenolic compounds from the
leaves of Stewartia pseudocamellia Maxim. and their whitening activities [J]. Biomol Ther (Seoul), 2015, 23(3): 283-289.
[31] Ribeiro A, Caleja C, Barros L, et al. Rosemary extracts in
functional foods: extraction, chemical characterization and incorporation of free and microencapsulated forms in cottage
cheese [J]. Food Funct, 2016, 7(5): 2185-2196.
[32] Ciulu M, Spano N, Pilo MI, et al. Recent Advances in the
analysis of phenolic compounds in unifloral honeys [J]. Molecules, 2016, 21(4): 451.
[33] Capriotti AL, Cavaliere C, Foglia P, et al. Chromatographic
methods coupled to mass spectrometry detection for the determination of phenolic acids in plants and fruits [J]. J Liq Chromatogr Relat Technol, 2015, 38(3): 353-370.
[34] Lorrain B, Ky I, Pechamat L, et al. Evolution of analysis of
polyhenols from grapes, wines, and extracts [J]. Molecules,
2013, 18(1): 1076-1100.
[35] Roubal Z, Grimova J, Nemecek O, et al. Effects of nonsteroid
anti-inflammatory agents and some dicoumarol derivatives on
platelet aggregation, fibrinolysis and stabilization of cell membrane in vitro [J]. Acta Univ Carol Med Monogr, 1972, 53:
229-235.
[36] Harborne, Harborne JB, Baxter H, et al. Phytochemical dictionary: a handbook of bioactive compounds from plants (2nd
ed.) [M]. CRC Press, Boca Raton, USA, 1999: 976.
[37] Wu H, Chen M, Fan Y, et al. Determination of rutin and
quercetin in Chinese herbal medicine by ionic liquid-based
pressurized liquid extraction-liquid chromatography-chemiluminescence detection [J]. Talanta, 2012, 88: 222-229.
[38] Wang X, Zhang Z, Wu G, et al. Green tea extract catechin
improves internal cardiac muscle relaxation in RCM mice [J]. J
Biomed Sci, 2016, 23(1): 51.
[39] Bolanos V, Diaz-Martinez A, Soto J, et al. The flavonoid
(–)-epicatechin affects cytoskeleton proteins and functions in
Entamoeba histolytica [J]. J Proteomics, 2014, 111: 74-85.
[40] Pu LP, Chen HP, Cao MA, et al. The antiangiogenic activity of
Kushecarpin D, a novel flavonoid isolated from Sophora flavescens Ait [J]. Life Sci, 2013, 93(21): 791-797.
[41] Urmenyi FG, Saraiva GD, Casanova LM, et al. Anti-HSV-1
and HSV-2 flavonoids and a new kaempferol triglycoside from
the medicinal plant Kalanchoe daigremontiana [J]. Chem Biodivers, 2016, 13(12): 1707-1714.
[42] Liu J, Sun LL, He LP, et al. Soy food consumption, cardiometabolic alterations and carotid intima-media thickness in Chinese adults [J]. Nutr Metab Cardiovasc Dis, 2014, 24(10):
1097-1104.
[43] Tan Y, Chang SK, Zhang Y. Innovative soaking and grinding
methods and cooking affect the retention of isoflavones, antioxidant and antiproliferative properties in soymilk prepared
from black soybean [J]. J Food Sci, 2016, 81(4): H1016-1023.
[44] Hirasaka K, Saito S, Yamaguchi S, et al. Dietary supplementation with isoflavones prevents muscle wasting in tumor-bearing

– 728 –

XU Cong-Cong, et al. / Chin J Nat Med, 2017, 15(10): 721731

mice [J]. J Nutr Sci Vitaminol (Tokyo), 2016, 62(3): 178-184.
[45] Yoon BI, Bae WJ, Choi YS, et al. The anti-inflammatory and
antimicrobial effects of anthocyanin extracted from black soybean on chronic bacterial prostatitis rat model [J]. Chin J Integr Med, 2013, 10(2): 1-6.
[46] Du C, Shi Y, Ren Y, et al. Anthocyanins inhibit high-glucoseinduced cholesterol accumulation and inflammation by activating LXRalpha pathway in HK-2 cells [J]. Drug Des Devel
Ther, 2015, 9: 5099-5113.
[47] de Araujo KM, de Lima A, Silva Jdo N, et al. Identification of
phenolic compounds and evaluation of antioxidant and antimicrobial properties of Euphorbia tirucalli L. [J]. Antioxidants
(Basel), 2014, 3(1): 159-175.
[48] Zhang Z, Wu X, Cao S, et al. Caffeic acid ameliorates colitis in
association with increased Akkermansia population in the gut
microbiota of mice [J]. Oncotarget, 2016, 7(22): 31790-31799.
[49] Hajipour S, Sarkaki A, Farbood Y, et al. Effect of gallic acid on
dementia type of alzheimer disease in rats: electrophysiological
and histological studies [J]. Basic Clin Neurosci, 2016, 7(2):
97-106.
[50] Huttunen S, Toivanen M, Liu C, et al. Novel anti-infective
potential of salvianolic acid B against human serious pathogen
Neisseria meningitidis [J]. BMC Res Notes, 2016, 9: 25.
[51] Alqahtani A, Tongkao-on W, Li KM, et al. Seasonal variation
of triterpenes and phenolic compounds in Australian Centella
asiatica (L.) Urb [J]. Phytochem Anal, 2015, 26(6): 436-443.
[52] Kumar S, Gupta A, Pandey AK. Calotropis procera root extract
has the capability to combat free radical mediated damage [J].
ISRN Pharmacol, 2013, 2013: 691372.
[53] Liu XL, Hao YQ, Jin L, et al. Anti-Escherichia coli O157: H7
properties of purple prairie clover and sainfoin condensed tannins [J]. Molecules, 2013, 18(2): 2183-2199.
[54] Lopez-Andres P, Luciano G, Vasta V, et al. Dietary quebracho
tannins are not absorbed, but increase the antioxidant capacity
of liver and plasma in sheep [J]. Br J Nutr, 2013, 110(4): 632639.
[55] Chalal M, Delmas D, Meunier P, et al. Inhibition of cancer
derived cell lines proliferation by synthesized hydroxylated
stilbenes and new ferrocenyl-stilbene analogs. Comparison
with resveratrol [J]. Molecules, 2014, 19(6): 7850-7868.
[56] Pineiro Z, Marrufo-Curtido A, Serrano MJ, et al. Ultrasound-assisted extraction of stilbenes from grape canes [J].
Molecules, 2016, 21(6): 784.
[57] Xie L, Bolling BW. Characterisation of stilbenes in California
almonds (Prunus dulcis) by UHPLC-MS [J]. Food Chem, 2014,
148: 300-306.
[58] Deng N, Chang E, Li M, et al. Transcriptome characterization
of gnetum parvifolium reveals candidate genes involved in
important secondary metabolic pathways of flavonoids and
stilbenoids [J]. Front Plant Sci, 2016, 7: 174.
[59] Hao D, Ma P, Mu J, et al. De novo characterization of the root
transcriptome of a traditional Chinese medicinal plant Polygonum cuspidatum [J]. Sci China Life Sci, 2012, 55(5):
452-466.
[60] Su S, Wink M. Natural lignans from Arctium lappa as antiaging agents in Caenorhabditis elegans [J]. Phytochemistry, 2015,
117: 340-350.
[61] Yan T, Shang L, Wang M, et al. Lignans from Schisandra
chinensis ameliorate cognition deficits and attenuate brain oxidative damage induced by D-galactose in rats [J]. Metab Brain

Brain Dis, 2016, 31(3): 653-661.
[62] Gornas P, Siger A, Pugajeva I, et al. Sesamin and sesamolin as
unexpected contaminants in various cold-pressed plant oils:
NP-HPLC/FLD/DAD and RP-UPLC-ESI/MS(n) study [J].
Food Addit Contam Part A Chem Anal Control Expo Risk Assess, 2014, 31(4): 567-573.
[63] Bolvig AK, Adlercreutz H, Theil PK, et al. Absorption of plant
lignans from cereals in an experimental pig model [J]. Br J
Nutr, 2016, 115(10): 1711-1720.
[64] Pietrofesa RA, Velalopoulou A, Arguiri E, et al. Flaxseed lignans enriched in secoisolariciresinol diglucoside prevent acute
asbestos-induced peritoneal inflammation in mice [J]. Carcinogenesis, 2016, 37(2): 177-187.
[65] Gadkari PV, Kadimi US, Balaraman M. Catechin concentrates
of garden tea leaves (Camellia sinensis L.): extraction/isolation
and evaluation of chemical composition [J]. J Sci Food Agric,
2014, 94(14): 2921-2928.
[66] Fang X, Wang J, Hao J, et al. Simultaneous extraction, identification and quantification of phenolic compounds in Eclipta
prostrata using microwave-assisted extraction combined with
HPLC-DAD-ESI-MS/MS [J]. Food Chem, 2015, 188: 527536.
[67] Ghafoor K, Al-Juhaimi FY, Choi YH. Supercritical fluid extraction of phenolic compounds and antioxidants from grape
(Vitis labrusca B.) seeds [J]. Plant Foods Hum Nutr, 2012,
67(4): 407-414.
[68] Monschein M, Jaindl K, Buzimkic S, et al. Content of phenolic
compounds in wild populations of Epilobium angustifolium
growing at different altitudes [J]. Pharm Biol, 2015, 53(11):
1576-1582.
[69] Lee HS, Lee HJ, Yu HJ, et al. A comparison between high
hydrostatic pressure extraction and heat extraction of ginsenosides from ginseng (Panax ginseng CA Meyer) [J]. J Sci
Food Agric, 2011, 91(8): 1466-1473.
[70] Taamalli A, Abaza L, Arraez Roman D, et al. Characterisation
of phenolic compounds by HPLC-TOF/IT/MS in buds and
open flowers of 'Chemlali' olive cultivar [J]. Phytochem Anal,
2013, 24(5): 504-512.
[71] Tomaz I, Maslov L, Stupic D, et al. Solid-liquid extraction of
phenolics from red grape skins [J]. Acta Chim Slov, 2016,
63(2): 287-297.
[72] Hadaruga NG. Ficaria verna Huds. extracts and their betacyclodextrin supramolecular systems [J]. Chem Cent J, 2012,
6(1): 16.
[73] Fan R, Yuan F, Wang N, et al. Extraction and analysis of antioxidant compounds from the residues of Asparagus officinalis
L. [J]. J Food Sci Technol, 2015, 52(5): 2690-2700.
[74] Lu D, Feng C, Wang D, et al. Analysis of twenty phenolic
compounds in human urine: hydrochloric acid hydrolysis, solid-phase extraction based on K2CO3-treated silica, and gas
chromatography tandem mass spectrometry [J]. Anal Bioanal
Chem, 2015, 407(14): 4131-4141.
[75] Bianchi S, Koch G, Janzon R, et al. Hot water extraction of
Norway spruce (Picea abies Karst.) bark: analyses of the influence of bark aging and process parameters on the extract
composition [J]. Holzforschung, 2016, 70(7): 619-631.
[76] Muller N, Romero R, Grandon H, et al. Selective production of
formic acid by wet oxidation of aqueous-phase bio-oil [J]. Energy Fuels, 2016, 30(12): 10417-10424.
[77] Ares-Peon IA, Garrote G, Dominguez H, et al. Phenolics pro-

– 729 –

XU Cong-Cong, et al. / Chin J Nat Med, 2017, 15(10): 721731

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

duction from alkaline hydrolysis of autohydrolysis liquors [J].
Cyta-J Food, 2016, 14(2): 255-265.
Fernandez K, Vega M, Aspe E. An enzymatic extraction of
proanthocyanidins from Pais grape seeds and skins [J]. Food
Chemistry, 2015, 168: 7-13.
Wang M, Guo J, Qi W, et al. An effective and green method for
the extraction and purification of aglycone isoflavones from
soybean [J]. Food Sci Biotech, 2013, 22(3): 705-712.
Cheng X, Zhang M, Xu B, et al. The principles of ultrasound
and its application in freezing related processes of food materials: A review [J]. Ultrason Sonochem, 2015, 27: 576-585.
Bashi DS, Dowom SA, Bazzaz BS, et al. Evaluation, prediction and optimization the ultrasound-assisted extraction method
using response surface methodology: antioxidant and biological properties of Stachys parviflora L. [J]. Iran J Basic Med Sci,
2016, 19(5): 529-541.
de Morais Rodrigues MC, Borges LL, Martins FS, et al. Optimization of ultrasound-assisted extraction of phenolic compounds from Myrcia amazonica DC. (Myrtaceae) leaves [J].
Pharmacogn Mag, 2016, 12(45): 9-12.
Ince AE, Sahin S, Sumnu G. Comparison of microwave and
ultrasound-assisted extraction techniques for leaching of phenolic compounds from nettle [J]. J Food Sci Technol, 2014,
51(10): 2776-2782.
Kuo CH, Chen BY, Liu YC, et al. Optimized ultrasound-assisted extraction of phenolic compounds from Polygonum cuspidatum [J]. Molecules, 2013, 19(1): 67-77.
Gonzales GB, Smagghe G, Raes K, et al. Combined alkaline
hydrolysis and ultrasound-assisted extraction for the release of
nonextractable phenolics from cauliflower (Brassica oleracea
var. botrytis) waste [J]. J Agri Food Chem, 2014, 62(15): 3371-3376.
Dahmoune F, Nayak B, Moussi K, et al. Optimization of microwave-assisted extraction of polyphenols from Myrtus communis L. leaves [J]. Food Chem, 2015, 166: 585-595.
Karami Z, Emam-Djomeh Z, Mirzaee HA, et al. Optimization
of microwave assisted extraction (MAE) and soxhlet extraction
of phenolic compound from licorice root [J]. J Food Sci Technol, 2015, 52(6): 3242-3253.
Borras-Linares I, Stojanovic Z, Quirantes-Pine R, et al. Rosmarinus officinalis leaves as a natural source of bioactive
compounds [J]. Int J Mol Sci, 2014, 15(11): 20585-20606.
Liazid A, Palma M, Brigui J, et al. Investigation on phenolic
compounds stability during microwave-assisted extraction [J].
J Chromatogr A, 2007, 1140(1-2): 29-34.
Biesaga M, Pyrzynska K. Stability of bioactive polyphenols
from honey during different extraction methods [J]. Food
Chem, 2013, 136(1): 46-54.
Rodriguez-Solana R, Salgado JM, Dominguez JM, et al.
Comparison of Soxhlet, accelerated solvent and supercritical
fluid extraction techniques for volatile (GC-MS and GC/FID)
and phenolic compounds (HPLC-ESI/MS/MS) from Lamiaceae species [J]. Phytochem Anal, 2015, 26(1): 61-71.
Gogia N, Gongadze M, Bukia Z, et al. Total polyphenols and
antioxidant activity in different species of apples grown in
Georgia [J]. Georgian Med News, 2014(232-233): 107-112.
Pouraboli I, Nazari S, Sabet N, et al. Antidiabetic, antioxidant,
and antilipid peroxidative activities of Dracocephalum polychaetum shoot extract in streptozotocin-induced diabetic rats:
In vivo and in vitro studies [J]. Pharm Biol, 2016, 54(2):
272-278.

[94] Kremer D, Kosir IJ, Koncic MZ, et al. Antimicrobial and Antioxidant Properties of Satureja Montana L. and S. Subspicata
Vis. (Lamiaceae) [J]. Curr Drug Targets, 2015, 16(14): 1623-1633.
[95] da Silva LA, Pezzini BR, Soares L. Spectrophotometric determination of the total flavonoid content in Ocimum basilicum L.
(Lamiaceae) leaves [J]. Pharmacogn Mag, 2015, 11(41):
96-101.
[96] Sankhalkar S, Vernekar V. Quantitative and qualitative analysis
of phenolic and flavonoid Content in Moringa oleifera Lam.
and Ocimum tenuiflorum L. [J]. Pharmacognosy Res, 2016,
8(1): 16-21.
[97] Liu B, Liu J, Chen J, et al. A study on anticancer activity of
Caulis Spatholobi extract on human osteosarcoma Saos-2 cells [J].
Afr J Tradit Complement Altern Med, 2013, 10(5): 256-260.
[98] Ben Hassine D, Abderrabba M, Yvon Y, et al. Chemical composition and in vitro evaluation of the antioxidant and antimicrobial activities of Eucalyptus gillii essential oil and extracts [J].
Molecules, 2012, 17(8): 9540-9558.
[99] Nolvachai Y, Marriott PJ. GC for flavonoids analysis: Past,
current, and prospective trends [J]. J Sep Sci, 2013, 36(1):
20-36.
[100] Liu P, Lindstedt A, Markkinen N, et al. Characterization of
metabolite profiles of leaves of bilberry (Vaccinium myrtillus
L.) and lingonberry (Vaccinium vitis-idaea L.) [J]. J Agric
Food Chem, 2014, 62(49): 12015-12026.
[101] Vaiciulyte V, Butkiene R, Loziene K. Effects of meteorological
conditions and plant growth stage on the accumulation of carvacrol and its precursors in Thymus pulegioides [J]. Phytochemistry, 2016, 128: 20-26.
[102] Smeds AI, Eklund PC, Willfor SM. Chemical characterization
of high-molar-mass fractions in a Norway spruce knotwood
ethanol extract [J]. Phytochemistry, 2016, 130: 207-217.
[103] Xia YG, Yang BY, Liang J, et al. Quantitative analysis and
fingerprint profiles for quality control of Fructus Schisandrae
by gas chromatography: mass spectrometry [J]. Sci World J,
2014, 2014: 806759.
[104] Stalikas CD. Extraction, separation, and detection methods for
phenolic acids and flavonoids [J]. J Sep Sci, 2007, 30(18):
3268-3295.
[105] Al-Rimawi F, Odeh I. Development and validation of an
hplc-uv method for determination of eight phenolic compounds
in date palms [J]. J AOAC Int, 2015, 98(5): 1335-1339.
[106] da Silva Siqueira EM, Felix-Silva J, de Araujo LM, et al.
Spondias tuberosa (Anacardiaceae) leaves: profiling phenolic
compounds by HPLC-DAD and LC-MS/MS and in vivo anti-inflammatory activity [J]. Biomed Chromatogr, 2016, 30(10):
1656-1665.
[107] Majid M, Khan MR, Shah NA, et al. Studies on phytochemical,
antioxidant, anti-inflammatory and analgesic activities of Euphorbia dracunculoides [J]. BMC Complement Altern Med,
2015, 15: 349.
[108] Villar-Navarro M, Ramos-Payan M, Perez-Bernal JL, et al.
Application of three phase hollow fiber based liquid phase microextraction (HF-LPME) for the simultaneous HPLC determination of phenol substituting compounds (alkyl-, chloro- and
nitrophenols) [J]. Talanta, 2012, 99: 55-61.
[109] Mocan A, Crisan G, Vlase L, et al. Comparative studies on
polyphenolic composition, antioxidant and antimicrobial activities of Schisandra chinensis leaves and fruits [J]. Molecules,
2014, 19(9): 15162-15179.

– 730 –

XU Cong-Cong, et al. / Chin J Nat Med, 2017, 15(10): 721731

[110] Chen F, Long X, Liu Z, et al. Analysis of phenolic acids of
Jerusalem artichoke (Helianthus tuberosus L.) responding to
salt-stress by liquid chromatography/tandem mass spectrometry [J]. Sci World J, 2014, 2014: 568043.
[111] Eissa TF, Gonzalez-Burgos E, Carretero ME, et al. Phenolic
content, antioxidant and astroprotective response to oxidative
stress of ethanolic extracts of Mentha longifolia from Sinai [J].
Nat Prod Commun, 2014, 9(10): 1479-1482.
[112] Wulandari M, Urraca JL, Descalzo AB, et al. Molecularly
imprinted polymers for cleanup and selective extraction of
curcuminoids in medicinal herbal extracts [J]. Anal Bioanal
Chem, 2015, 407(3): 803-812.
[113] Liu X, Zhu L, Tan J, et al. Glucosidase inhibitory activity and

antioxidant activity of flavonoid compound and triterpenoid
compound from Agrimonia pilosa Ledeb [J]. BMC Complement Altern Med, 2014, 14: 12.
[114] Males Z, Saric D, Bojic M. Quantitative determination of flavonoids and chlorogenic acid in the leaves of Arbutus unedo L.
using thin layer chromatography [J]. J Anal Methods Chem,
2013, 2013: 385473.
[115] Koyama M, Nakamura C, Nakamura K. Changes in phenols
contents from buckwheat sprouts during growth stage [J]. J
Food Sci Technol, 2013, 50(1): 86-93.
[116] Krahmer A, Engel A, Kadow D, et al. Fast and neat—determination of biochemical quality parameters in cocoa using near
infrared spectroscopy [J]. Food Chem, 2015, 181: 152-159.

Cite this article as: XU Cong-Cong, WANG Bing, PU Yi-Qiong, TAO Jian-Sheng, ZHANG Tong. Advances in
extraction and analysis of phenolic compounds from plant materials [J]. Chin J Nat Med, 2017, 15(10): 721-731

– 731 –

