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ABSTRACT 

SIMULTANEOUS ANALYSIS OF PHENOLIC COMPOUNDS 

FROM BIOLOGICAL MATRICES AND DIETARY 

SUPPLEMENTS BY (U)HPLC METHOD  

 
                                               AL-KHIDHRI, Athar Sadeq Mohammed Hasan Al-Khıdhrı 

     M.Sc., Biomedical Sciences, Altınbaş University, 

Supervisor: Asst. Prof. Dr. Fatma Tuba GÖZET 

Date: April / 2023 

Pages: 87 

Medicinal plants containing pharmacological active compounds are used often in the 

treatment and prevention of the degenerative diseases such as cancers and neurological 

disorders because of their antioxidant properties. As the interest to natural sources increases, 

the type and number of the commercial products in the form of extracts of the capsules has 

also been increased. On the other hand, the safety and bioactive content of these products 

are questioned because they are regulated under the category of dietary supplements which 

is not as strict as the synthetic drugs. Therefore, establishment of the chemical analysis 

techniques for the determination of amount of the bioactive compounds are necessary for the 

quality control and assurance, especially since the type and amount of the bioactive 

compounds depends on the species, environmental conditions and growth in the addition to 

the extraction technique.  

The aim of this thesis is method development and validation for the simultaneous 

quantitative analysis of the phenolic compound in commercial sage (Salvia officinalis L.) 

capsules by Ultra High-Performance Liquid Chromatography (UHPLC) using diode array 

detector (DAD). 7 phenolic compounds namely chlorogenic acid (CGA), caffeic acid (CA), 

syringic acid (SYR), p-coumaric acid (PCA), ferulic acid (FA), luteolin 7 O glucoside (L7O) 

and rosmarinic acid (ROS) determined as the most abundant phenolic compounds in salvia 

species based on the literature research are going to be used as the biomarker for the quality 

indicator of the commercial capsules. Since targeted analysis has been aimed, standard 

solutions generated from the pure standards of the compounds have been used throughout 



 viii 

the experiments. Method developed in terms of the instrumental conditions such as type of 

mobile phase, mobile phase gradient program, mobile phase flow rate, column type and 

temperature and injection volume have been optimized for the chromatographic separation 

of the analyte molecules in simultaneous manner. In this thesis, method development for the 

analysis have been continued with optimization of the sample preparation of the extraction 

procedure of the capsule and powder samples. The most effective extraction procedure in 

terms of solvent types and ratios and duration of the extraction are optimized. The linear 

range of quantitation has been determined based on extracted amounts and absorbances.  

Method validation has been done based on the FDA (food and drug administration), EPA 

(environmental protection agency), ICH (international conference on harmonization). 

System suitability experiments have also been done and presented. The method validation 

parameters of selectivity, precision, accuracy, linearity, limit of detection and quantitation 

have been determined. Also, recovery has been done based on the matrices of sage capsules, 

powders and maltrodextrase and magnesium streate that is potentially used in the tablet 

formulations. Eventually, the analysis of real samples has been done to show the 

applicability of the method. The sample preparation for the method development and 

validation here in this thesis poses challenges due to optimization of the conditions for 

multicomponent analysis.  

Keywords: Phenolic Compounds, Extraction, (U)HPLC, Sage, Method Development and 

Validation.   
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1. INTRODUCTION

The class of biologically active substances found in plant-based diets is called polyphenols 

[1,2] Polyphenolic composition of the salvia species has been analyzed because of the 

antioxidant compounds [3]. Quantitation of phenolic compounds in sage has been done to 

reveal their content accurately and determine content according to the standards and 

regulations of the food and pharmaceutical industry. Analysis of phenolic compounds from 

the salvia by HPLC has been for simply determining the phenolic content of the sage, 

comparison of the different sage species, the comparison of the phenolic content of the sage 

in other lamiacae family plants such as thyme, basil, mint, oregano and etc. In some studies, 

the extraction method on the content of the polyphenolic compounds have been compared. 

Method of extraction and quantitation of by HPLC have been aimed in some studies [4]. 

Conditions such as solvent type and amount is optimized. Polyphenols chemicals are 

category of organic molecules with phenolic structural properties. There are thousands of 

phenolic compounds with identified structures. Depending on their location of origin, 

biological purpose, and chemical make-up, polyphenols have been categorized, because of 

their variety and widespread distribution in plants. Also, because of their important role on 

human health, like the avoidance of degenerative illnesses, especially cancer, heart disease, 

also diabetes mellitus, osteoporosis and neurological disorders, polyphenols have received 

the attention of many scientists and nutrition experts. Antioxidants molecules work together 

against antioxidant stress by reactive oxygen species. Polyphenols are antioxidants in the 

human diet, antioxidants in the human diet, and growing evidence suggests they may work 

in ways that extend their antioxidant capabilities in vivo [1,2]. Fruits consumed on daily 

basis, contain high percentage of antioxidants and phytochemicals [1]. 

1.1 CLASSIFICATION OF POLYPHENOLS 

Polyphenols contain a phenolic ring and structurally there are subtypes as phenolic acids, 

phenolic acids, flavonoids, stiblins and lignans [1,2]:  

1.1.1 Phenolic Acids 

There are two types of phenolic acids, which are benzoic acids and cinnamic acids [1,2]. It 

is not recommended that Hydroxybenzoic substances have any impact on human health due 
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to the rarity of it in human diets [1]. Phenolic acids are present in fruits and vegetables 

including blackberries, some of the red fruits, grains, hull and bran [1,2]. 

1.1.2 Flavonoids 

Subgroups of flavonoids are flavanones, flavanols, flavonols, isoflavons, flavons, 

anthocyanidins and chalcones. Specifically, catechin and epicatechin are found in many 

plants [2]  and generally flavonoids are found in leeks, broccoli, and onions, and there are 

more than 4000 flavonoids derived from component in plants [1]. 

The major type of plant that isoflavons found in is the leguminous plant family, which have 

a great impact on health, especially in some countries that rely on them in their diets. The 

soy is the primary source of isoflavones contain genistein, daidzein and glycetein [1,2]. 

Fruit peels and skin contain a lot of flavones. For example, Mandarin contains a high 

percentage of flavones and flavone derivatives 6.5 g/L [1,2]. 

Because light activates their synthesis, flavonols are abundant in fruit peels, so flavonol 

ratios will be different on the same plant and even on the same bit of fruit [1,2]. The most 

popular type of it: aglycones, quercetin and kaempferol, and just the last one has minimum 

279 and 347 various glycosidic combinations respectively [2].   

Also known catechins. Epicatechin has a cis structure, whereas catechin has a trans structure 

and they have (+) and (–) stereoisomers. Catechins and epicatechins are present in fruits such 

as grapes, apple, blueberries, tea and cocoa bean. When brewed, tea flavanols can create 

distinct dimmers like theaflavin. When brewed, tea flavanols can create distinct dimmers 

like theaflavin. Catechin and epicatechin can combine to create polymers, also known as 

proanthocyanidins, which are broken down into anthocyanidins by an acid catalyst [2].    

Flavanones are mainly found in citrus fruits, such as orange with a high amount of 

hesperidin. The solid outer layer of fruits and in covers is rich of the flavonones, juices have 

content more than foods. From citrus fruits, it is known that flavanonol is taxifolin [2,1].  

Most widespread anthocyanins are anthocyanidins, cyanidin, delphinidin and pelargonidin, 

which are found in red, blue and purple fruits, vegetables and grains [1,2]. 
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1.1.3 Other Polyphenols 

Other polyphenols important for human health that found in food are resveratrol, present in 

grapes; ellagic acids present in berries and skins of some nuts; curcumin found in turmeric; 

caffeic acid, gallic acid and rosmarinic acids [2]. 

1.2 CHROMATOGRAPHIC TECHNIQUES 

Chromatography is a word used to refer to a broad range of separation methods that divide 

or distribute a sample (solute) between a mobile and stationary phase. Mobile phase could 

be gas, liquid and supercritical, and stationary phase is fixed solid or liquid. Solute partitions 

between mobile phase and stationary phase. The ratio of the concentration of solute between 

stationary phase and the mobile phase is called distribution coefficient. Analysis techniques 

are progressing in a large way, and among the factors that have had a great impact is 

chromatography, which appeared at the end of the nineteenth century by David Mikhail 

Tsvet and Mikhail Tsvet. Tsvet is typically given the credit for discovering chromatography 

since he observed and correctly understood the chromatographic processes.  Gas 

chromatography (GC), which uses gas mobile phase is used in the petroleum industry since 

1960s. On the other hand, field of liquid chromatography has been expanded by HPLC into 

a useful and complex technique at the same time. Currently, chromatographic instruments 

or systems are being frequently used for the purpose in multiple fields including 

pharmaceutical, food, environmental, chemical, clinical, biomedical research and industries 

[5]. 

1.2.1 Liquid Chromatography 

In liquid chromatography mobile phase is a liquid and the stationary phase is liquid or solid. 

Types of liquid chromatography are thin layer chromatography (TLC) and column 

chromatography[5].  

1.2.2 Column Liquid Chromatography 

Column liquid chromatography is very useful in the separation of the compounds in the 

mixture using stationary phase, which is also called resin, gel or packing material, packed 

into a column depending on the dimensions of the column and amount of the sample to be 

loaded, separation mode, and desired resolution. Packing could be dry or wet and wet 
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columns are prepared by making slurry of the adsorbent, which is poured into the column. 

Then sample dissolved in the mobile phase added to the top of the column and mobile phase 

is added for the separation takes place gravitational forces. Sometimes, low pressure pump 

is utilized to speed up the elution, i.e. process of movement. There are two types of elution 

as isocratic and gradient. While the mobile phase composition is constant in isocratic elution, 

it changes in gradient elution over the run. Column eluate, i.e. the separated sample is 

detector offline using a detector [5]. 

1.2.3 Mechanisms of Chromatographic Separation: Adsorption 

Adsorption is one of the most used mechanisms used in chromatography that the separation 

depends on the intermolecular forces (electrostatic forces, van der Waals forces, hydrogen 

bonds, hydrophobic interactions). The stationary phase is silica, alumina, or a few other 

materials.  Mobile phase and stationary phase compete to bind to solute [5,6].  

There are two modes of adsorption chromatography as normal phase and reverse phase 

depending on the polarities of the mobile phase and stationary phase. In normal phase 

chromatography, the stationary phase is polar and the mobile phase is nonpolar and reverse 

phase chromatography stationary phase is nonpolar and mobile phase is polar. The most 

polar component elutes first in reversed-phase chromatography, and the elution duration 

increases when the mobile phase polarity is increased. It is opposite in normal phase 

chromatography [6]. 

1.3 CHROMATOGRAPHIC PARAMETERS 

Dead time(to): The components' retention time was insufficient; it is the point at which the 

mobile phase (solvent) enters the column. 

Retention time(tr):  it is associated time for eluting a chemical from an LC column, it means 

(the duration of time a compound remains on the column after being injected).  

Resolution: the separation of the peaks  

Resolution is defined as: 

𝑅𝑠 =
2(𝑡𝑟2−𝑡𝑟2) 

𝑤2+𝑤1
 (1.1) 
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Where: 

RS: resolution 

w1 and w2: width of peak 1 and 2, respectively 

tr1 and tr2: retention time of the first and second peak, respectively 

Selectivity: Selectivity is the separation between two peaks. Mathematically it is expressed 

as: 

𝛼 =
𝑡𝑅2 −𝑡𝑜

𝑡𝑅1−𝑡𝑜
=

𝑡՛𝑅2

𝑡՛𝑅1 
=  

𝑘2

𝑘1
(1.2) 

Where: 

a : separation factor 

t′Rl and t′R2 = adjusted retention times of components 1 and 2, respectively 

K1 and K2 = distribution coefficients of components 1 and 2, respectively 

Capacity Factor (k ՛): Capacity factor is a measurement of how much time a solute spends 

on the stationary phase. The equation below shows a relation between chromatographic 

retention and capacity factors: 

𝑘՛ =
𝒕"𝑹

𝒕𝟎 
=

𝒕𝑹−𝒕𝒐

𝒕𝒐
(1.3) 

Theoretical Plate Number (N): This chromatographic parameter gives idea about the 

efficiency of the column, which is divided in the theoretical plates (N) and in each of them 

would experience one equilibration. Efficiency is calculated as follows: 

𝑁 (
𝑡𝑅

𝛼
)

2

= 16 (
𝑡𝑅

ꞷ
)

2

= 5.5 (
𝑡𝑅

ꞷ1
2

)

2

(1.4) 

where, 

w: peak width  

w1/2 : peak width at half height 

Theoretical Plate Height: There is an inverse relationship between the values of H and N. 

Good efficiency of separation refers to small plate height values, while reducing the N results 

in poor separation [5]. 
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Theoretical plate height is given by the following equation: 

HETP =  
𝐿

𝑁
(1.5) 

Where, 

L: length of the col 

1.4 HIGH PERFORMANCE LIQUID CHROMATOGRAPHY  

High performance liquid chromatography (HPLC) typically uses equipment that is both 

more complex than that used in other types of chromatography. Samples are separated while 

pumping through a pressurized fluid and particles of stationary phase at a few micrometer 

size. Higher operating pressures (50 bar to 350 bar) are applied. [7,6].  

For the most of HPLC separations, reversed-phase, bonded, octyl- or octyl decyl silane 

packings are used and such ingredients result in a brush-like, nonpolar hydrocarbon surface. 

As a mobile phase solvent such as acetonitrile, methanol, tetrahydrofuran and their mixtures 

with water are used [6]. Qualitative analysis has been done by comparison of the retention 

time, t′R, when comparing chromatograms produced by two various systems or columns. 

The retention time of many substances could be the same, this means, even though a 

standards and an unknown’s retention times are same, the two compounds may not be the 

same. So, additional methods are required to verify peak identification such a diode array 

detector giving full absorption spectrum of the peaks and mass spectrometry distinguishes 

separated compounds according to m/z. 

Quantitative analysis is done by taking measurements of the peak height or area, which is 

compared with the known concentrations of the standard solutions. Data analysis software 

is now used by almost all chromatography systems. Relative peak areas and relative retention 

times are provided. Calibration curve, i.e. the peak areas versus concentration are generated 

by the instrument software [5].  

1.4.1 Instrumentation 

The main parts of the HPLC system are injector or autosampler, pump, column and detector. 
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1.4.1.1 Pump 

Mobile phase is pushed by the pump to the column. HPLC pumps provides constant flow 

rate, which does not change by the composition of the mobile phase. Binary HPLC systems 

contain two pumps for the delivery of two mobile phases. There are also pumps which one 

switch between up to four mobile phases to provide gradient elution. Pumps are also 

equipped with the degassing unit to remove the gasses before column [6].  

1.4.1.2 Injectors 

 It is generally utilized to inject liquid samples. The two different types of injectors are 

manual and automatic. 

1.4.1.3 Columns 

In HPLC, the column is a crucial element and made of silica-based packing most commonly. 

HPLC columns are made of stainless steel, glass, or polymer such as polyetheretherketone 

(PEEK). Length of the columns is in the range of 30 - 250 mm with a diameter of 2.1 - 4.6 

mm. The particle sizes of the columns are 3µm or 5 µm [6,7].

Columns are run at room temperature for some applications therefore precise temperature 

control of the column is not required, however, keeping the column temperature constant 

often results in better, more accurate chromatograms. Temperature management is seen by 

many chromatographers as crucial for repeatable separations. The majority of current 

commercial instruments have heaters that provide column temperature between room 

temperature and 150 0C.  

1.4.1.4. Detector 

HPLC detector generates an electrical signal of the eluted compounds and intensity of the 

signal is proportional with the concentration. Ideal HPLC detectors should have small 

internal volume to reduce the extra-column band spread and narrow temperature range, 

compact and provide a suitable flow rate. However, there is not a global detector for every 

compound, and choice of detectors depends on the physiochemical properties of the analyte 

molecules.  
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UV-Vis (absorption of ultraviolet or visible light) is usually used as an HPLC detector. The 

mercury lamps with 254 and 280 nm wavelength are frequently used by photometers for so 

many organic functional groups absorb in that range. Absorption is also provided by 

deuterium sources or tungsten-filament sources. Advanced instruments incorporate diode-

array detectors that can show the full spectrum. Other detectors include electrochemical, 

electrical conductivity, fluorescence, refractive index and mass spectrometry with varying 

sensitivities [6,7]. A signal from the detector is transformed into an electrical signal by an 

amplifier and recorded as data points to produce chromatogram [7].  

1.5 ULTRA-HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY (UHPLC) 

Ultra high-performance liquid chromatography (UHPLC) is same as HPLC, only differs in 

particle size of the column. Particle size of UHPLC is < 2 µm, which improves the resolving 

power. Columns with smaller particle size require more pressure >400 bar and pump of the 

instruments are also improved for generation of high pressures. Dimension of the UHPLC 

columns is also smaller, therefore, mobile phase consumption is less. Generally, 

performance of the UHPLC is better because of less band broadening. The analysis time is 

10 times shorter in UHPLC, so they are high throughput. In UHPLC, UV-Vis, fluorescence, 

DAD and mass spectrometric detectors could be used. Dead time is reduced. In UHPLC, 

mobile phase should be filtered well, and clean solvents should be used [8,9]. 

1.6 EXTRACTION AND ANALYSIS OF POLYPHENOLIC COMPOUNDS 

Samples containing polyphenols must be acquired, stored, and correctly prepared prior to 

extraction. To avoid the oxidation of polyphenols is used hydroxytoluene and ascorbic acid. 

Both filtering, and centrifugation can be used to pre-treat samples. Due to high wetness or 

water content promotes the enzyme activity, samples are frequently dried, it is better to stay 

well away of high-temperature drying because it may impact the content of polyphenols, or 

lyophilized before extraction to prevent degradation of natural polyphenols [2]. The most 

used extraction methods of plants in the laboratory are liquid-liquid or solid-liquid 

extraction. Rely on the solubility of the specific polyphenols, the liquid extracts may usually 

be partitioned using solvents like ethyl acetate [1,2]. Polyphenols are hydrophilic, therefore 

they are usually extracted using polar solvents such as methanol, acetonitrile, ethanol, 

acetone and water. Polyphenols are stable at low pH, therefore acid could be added to the 
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medium of extraction solvent. Phenolic compounds are released from natural sources by acid 

or alkaline hydrolysis [2]. Phenolic compounds are extracted from plants and food by using 

matrix solid-phase extraction (MSPD), supercritical fluid extraction (SFE), solid-phase 

microextraction (SMPE) and accelerated solvent extraction /pressurized liquid extraction 

(ASE/PLE).  

Phenolic compounds are analyzed by HPLC using DAD and mass spectrometry (MS) or 

tandem mass spectrometry (MS/MS) detectors. Separation of the phenolic compounds could 

be improved by using U(H)PLC (Ultra-high performance liquid chromatography) faster 

compared to HPLC. Identification of the polyphenols are done by comparison of the 

retention time of the analyte with the specific chemical. UV-Vis spectrum is obtained by 

using DAD detectors. Otherwise, MS or MS/MS detectors in the configuration of 

LC/MS/MS are used for the identification of the polyphenols [2]. 

1.7 ANALYSIS OF PLANTS 

Metabolites produced from plants are extremely diverse lead to the generation of different 

species and medicinal plants containing pharmacological active compounds for the treatment 

of diseases [10]. The chemical analysis of the plants is also necessary for the their 

identification and knowing the chemical species for the generation of the experiments and 

accurate conclusions [11], to ensure safety of botanical dietary supplements, evaluation of 

the genetically modified crops and to reveal their nutritional value [10] and efficacies 

[10,12]. In addition, the determination of the medicinal plants is important since their 

complex composition may be affected by environmental factors such as harvesting, climate, 

season and processing conditions, traditional preparation is made by a combination of 

different herbs [12,13]. 

Dietary botanical products are chemically analyzed in terms their chemical composition for 

the purpose of quality control since adulteration is possible and content is affected by 

geographical origin and handling [14]. 

The chemical analysis of the herbal products has gained attention because of the inefficient 

quality control [15]. As well as the analysis of medicinal plants, the chemical analysis of 

dietary supplements derived from medicinal plants is done to for the purpose of quality 

control and safety since the herbs may contain carcinogenic ingredients present [16] during 
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manufacturing which is not done under good manufacturing practices [17]. Quality control 

of the commercial herbal products is made by determination of the bioactive ingredients, 

which are chemical markers. On the other hand, it has been reported that the most of the 

products analyzed do not contain the bioactive compounds indicated on the label and 

therefore do not meet the quality standards [17] . Furthermore, the chemical composition of 

the dietary supplements is necessary to adjust the doses of these medicines self-prescribed 

by the patients to avoid inefficiencies and more importantly overdosing, toxic and adverse 

effects [17]. The quality of herbal products may be varied since the regulations may be 

different in different countries. If the herbal products are not strictly regulated, they may not 

contain the bioactive compounds. The bioactive content of commercial herbal products may 

be variably since they are prepared by a combination of more than one herb in addition to 

variation contributed by the effects of the environmental factors, processing and extraction 

conditions, therefore, the analysis is necessary in multiple stages of production to ensure 

quality. Furthermore, analysis of herbal products is necessary for standardization of the 

materials used in clinical studies for the purpose of toxicological and pharmacological 

studies [13]. 

1.8 ANALYSIS OF PHENOLIC COMPOUNDS IN SAGE 

Sage is one of the herbal products which contain phenolic compounds. Analysis of sage are 

done to compare the efficiency of the extraction on the phenolic compounds, comparison of 

the content of different species, processing and instrumental conditions. 

1.8.1 Comparison of The Species 

Motivation of the studies was to compare the Salvia L. species in terms of their phenolic 

composition. In a study, five bioactive phenolic compounds: ROS, CAR, CA, and salvianolic 

acids A and B in the 41 populations of 27 wild Salvia species of Iran, were identified by 

HPLC-UV method [18]. Phenolic profiles of different salvia species have also been studied 

by HPLC-UV and their antioxidant properties are compared. Such as in a paper published in 

2011, phenolic profiles of the dalmatian sage in terms of the content of the phenolic 

compounds and the antioxidant potential are revealed [19]. In another study, seasonal 

variations on the phenolic compound composition of the sage has been studied using HPLC-

UV. Leaves of the Dalmatian sage (Salvia officinalis L.) has been collected at various stages 
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of the growth and content of the phenolic compounds are determined [20]. Similarly, content 

of phenolic acids namely, FA, CA and ROS of Salvia species grown in China have been 

determined by HPLC [21]. Major phenolic compounds including gallic, vanillic, caffeic, 

ferulic, syringic, chlorogenic, rosmarinic, protocatechuic, and sinapic acids in sage and some 

other herbs such as basil, lemon, thyme, mint, oregano, rosemary were identified and 

quantified by HPLC [22].  Determination of the phenolic compounds including gallic acid, 

CGA, vanillic acid, catechin, protocatechuic acid, gentisic acid, CA, SYR, epicatechin and 

benzoic acid of sage and some other Mediterranean plant species grown in Jordan have been 

done by HPLC [23]. Phenolic compounds such as rosmarinic acid, methyl rosmarenate, 

caffeic acid, cinnamic acid, chlorogenic acid, and quinic acid, as well as flavonoids such as 

ferulic acid, apigenin, luteolin, and quercetin in methanolic extracts of thyme (Thymus 

vulgaris L.), sage (Salvia officinalis L.), and marjoram (Origanum majorana L.) were also 

determined by HPLC in a comparative manner [24]. Concentration of the phenolic 

compounds in leaves sage (Salviae officinalis folium) peppermint leaf (Menthae piperitae 

folium), Melissa leaf (Melissae folium) has been done by HPLC [25]. Phenolic compounds 

in sage have been identified using both DAD and MS detectors [4]. Phenolic compounds in 

sage and plants in the same family namely ices, rosemary, oregano, sage, basil, and thyme 

were identified by using LC-MS/MS. The retention times and the mass spectra of the 

samples are compared with the reference standards [26]. In a study published in 2017, 

phenolic compounds in Italian sage leaf were determined by LC-MS/MS [27].   

1.8.2 Extraction of Sage 

The Compounds: Eriocitrin, Luteolin 7-O-rutinoside, Luteolin 7-O-β-glucuronide, 

Lithospermic acid, Rosmarinic acid, Methyl rosmarinate, Carnosic acid, Caffeic acid, 

Salvianolic acids A and B were obtained from the extraction of Sage (Salviae officinalis 

folium) from its leaves in a study of 2007 by used (MeOH) for the extraction [25,18]. (Table 

1.1.) While in 2011, Leaves of Sage (Salvia officinalis L.) have been extracted with alcoholic 

solvent EtOH/W and EtOH, the compounds recorded from extraction were: Gallic acid, 

Caffeic acid, Syringic acid, P-Coumaric acid, Trans-Ferulic acid, Rosmarinic acid, (+)-

Catechin, (-)-Epi catechin, Rutin, Quercetin-40-glucoside, Quercetin, Kaempferol, 

Rosmarinic acid, Quercetin, Apigenin, Luteolin [19,28]. In 2012, a study used MeOH for 

extraction from aerial parts of Sage (Salvia officinalis L.) and the compounds observed were: 
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Gallic chlorogenic, Caffeic acid, Syringic acid P-coumaric acid, Luteolin acid, Quercetine 

acid, Ferulic acid, Rosmarinic acid, Carnosic acid.  Caffeic acid, Chlorogenic acid, Carnosic 

acid, Ferulic acid, Gallic acid, P-coumaric acid, Quercetin, Rosmarinic acid and Syringic 

acid, these compounds were recorded in a study in 2010 from the extraction the Whole plant 

of Sage (officinalis L.) with MeOH (80%) [26,29]. Also in 2015, noticed these compounds: 

Rosmarinic a. ferulic a., caffeic a., apigenin-7-OG, quercetin-3-O-glucoside with MeOH and 

MeOH/W those components have been extracted from flowers, leaves and aerial parts of 

Sage (Salvia miltiorrhiza, Salvia przewalskii, Salvia officinalis and Salvia deserta) [21,30]. 

EtOH/W and EtOH were used to extract the phenolics from Sage (Salvia officinalis L.) and 

lemon balm, thyme, peppermint and oregano used the whole plant in 2014 and 2017 and the 

compounds noticed were: vanillin, gallic a., rosmarinic a., carnosic a. vanillic a. and syringic 

a., caffeic a., luteolin-7-O-glycoside [31,32]. The aerial parts of Sage (Salvia officinalis L.)  

extracted with Chlf and MeOH and the following compounds have been detected: quercetin, 

rosmarinic a., caffeic a., carnosic acid luteolin-7-glucoside and apigenin [27]. While in 2011, 

sage, whole plant has been extracted but with MeOH and that study recorded the compounds: 

chlorogenic a., rosmarinic a., gallic a., syringic a., vanillic a., caffeic a., ferulic a. and 

protocatechualdehyde [22]. Sage (Salvia officinalis L.) leaves and different parts of 9 

different common edible plant species for extraction process with MeOH, the study obtained 

these compounds: Gallic acid, Protocatechuic acid, Chlorogenic acid, Vanillic acid, Syringic 

acid, Caffeic acid, Epicatechin [23]. In 2013, a study observed these compounds: rosmarinic 

a., caffeic a., chlorogenic a., cinnamic a., ferulic a., apigenin, luteolin, quercetin by extracting 

Sage (Salvia officinalis L.) leaves and other type of plant such as thyme and marjoram with 

used MeOH, EtOH, DEE, and Hx as extraction solvents [24]. Caffeic a. has been detected 

in MeOH extract of the leaves, stems, blossoms and roots of Sage (Salvia officinalis, Salvia 

discolor and Salvia sclarea) [33]. Ferulic acid, Rosmarinic acid and P-coumaric acid were 

recorded in 2017 from extracting the whole Salvia officinalis L. with EtOH as extraction 

solvent in two techniques [34].  For extraction phenolics from sage, boiling water has been 

used to extract from leaves of salvia or tea bag in 2011, caffeic acid, rosmarinic acid, 

luteolin-7-Oglucoside and carnosic acid, those are the compounds obtained from the 

extraction [35]. Phenolic compounds from sage have been extracted using various 

methodologies. Dried sample is homogenized and then put in organic solvent and then 

filtered [29]. Infusion is also applied by adding sample in h [1  ,2]. Polyphenolic compossible 
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[35] or alcoholic solvent [36,37,25, 18, 19, 28,21,32,22,23,33,34]. Extraction is facilitated

using a shaker [36]. Ultrasonic extraction in an organic solvent has been extracted in less 

than an hour at room temperature and higher temperatures [4,21,32,34]. In microwave 

extraction sample is added to organic solvent [4,37,34]. While in some studies extraction is 

done around 1 hr [36,37,25,19,20, 28,31,23,34,35] in some other studies it is waited 

overnight [18,29,26,21,24,33]. When an alcoholic solvent is used, the extraction may be 

done at room temperature or at higher temperatures [36,37,19,20,31,34]. After adding 

solvents, all extracts are filtered using filters with 0.22 mm polytetra-fluoroethylene (PTFE) 

filters, Whatman no. 4 filter paper, 0.45 μm membrane filter, Whatman filter paper (No. 42) 

or a disposable polyester filter with 0.20 µm filter paper [29,4,36,25,28,26,23,24,35]. Some 

studies used more than one technique for extraction of plant such as [4], the methodologies 

that used were: Infusion (IE) which extraction was done using hot water, the second one was 

Ultrasound-assisted extraction (USE) as different solvents were used for extraction (W, 

MeOH, EtOH, Ace), while the third one was Microwave extraction (MWE), MeOH was 

used for extraction. Static extraction, ultrasound extraction, microwave radiation and 

dynamic extraction under heating and pressure with aqueous alcoholic solvents have been 

used for the extraction [32]. Moreover, ultrasound-assisted extraction (UAE) using EtOH as 

a solvent has been applied for the extraction of the phenolic compounds [34]. 

1.8.3 Processing and Instrumental Conditions 

In studies, different extraction techniques, different species have been compared in terms of 

the phenolic compounds [4]. Extraction conditions such as extraction solvents (EtOH:W, 

MeCN:W and W), temperature and duration of the extraction on the composition of the 

phenolic compounds in extracts of Dalmatian wild sage (Salvia officinalis L.) have been 

investigated by HPLC-DAD [36]. In another study, microwave-assisted extraction is applied 

and microwave power in addition to the extraction solvent (W, EtOH or Acetone) and 

extraction time have been optimized and the phenolic compounds rosmarinic acid, caffeic 

and glycoside derivatizes of the luteolin and apigenin of dry sage (Salvia officinalis L.) were 

identified and quantified using HPLC/DAD [37]. Methanol/water (owns lowest 

concentration of phenolic compounds) (80:20, v/v) extracts of Salvia officinalis L. using 

HPLC-UV have been investigated [30]. Phenolic compounds in extracts of Lamiaceae 

medicinal plants, namely garden sage (Salvia officinalis L.), creeping thyme (Thymus 
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serpyllum L.), wild marjoram (Origanum vulgare L.), and common balm (Melissa officinalis 

L.) were identified and quantified using HPLC-DAD/MS/MS[32]. Polyphenol content of the 

extractions from sage, basil, and thyme have been determined by HPLV-UV [29]. 

Polyphenolic compounds by both ultrasound-assisted and microwave-assisted extractions of 

Sage (Salvia officinalis L.)  dust were determined by HPLC-UV and the recovery of the 

extraction were compared with the those of traditional extraction techniques [34].   

Instrumental conditions for the HPLC analyses have been given in (Table 1.1). C18 column 

with various lengths and dimension such as 150 mm × 4.6 mm, 100 mm × 4.6 mm and 250 

x 4.6 mm are utilized in the analysis of multiple phenolic compounds. Particle sizes are 

mostly 5 um, but columns with particle size of 2.6 µm, 3 μm, 4 μm, 7 µm are also used. 

Gradient elution is applied using water with 1% FA, 3 % FA, 5 % FA, MeCN, AA, TFA and 

MeCN, MeOH, TFA, AA, 5% FA, 3% FA as the organic solvent. Flow rate was in the range 

of 0.25 – 2.5 ml/min. The run time of the analyses was 5 – 97 min.  

The fastest separation is achieved in 5 min using the column C18 (50 mm × 2 mm) and flow 

rate 1.5 mL/min for the separation of caffeic acid derivative, rosmarinic acid, apigenin-7-

OG, Salvianolic acid H, Salvianolic acid I and luteolin derivatives of 7-O-rutinoside and 7-

O-glucoronide. In each literature different number and sets of phenolic compounds are 

separated, therefore the run time has varied. While in some literature single wavelength was 

applied [36,25,18,20,28,21], maximum absorbances are determined in other literature 

[4,37,19,30,33,34].  
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Table 1.1: Instrumental Conditions In Analysis Of Phenolic Compounds In Sage by HPLC-UV. 

 

Lit. Extraction solvent / 

Specie / Part of the 

plant 

Compounds Detector Wavelength 

(nm) 

Mobile phase / Run 

time/ Injection volume / 

Column 

[36] EtOH 

Ace 

W 

Salvia officinalis L. 

Dry leaves 

CA 

ROS 

SYR 

L7O 

Vanillic a. 

Salvianolic K a. 

Salvianolic I a. 

Luteolin 7G 

Apigenin 7G 

Apigenin 7G  

Luteolin 3G 

278  A: 3 % FA in MeCN 

B: 3 % FA in W  

35 min. 

Flow rate: 0.9 mL/min.  

20 µL 

C18 (250x4.6 mm, i.d. 5 

um) 

20 °C 

[37] W 

EtOH 

Ace 

Salvia officinalis L. 

Leaves 

 

CA 

ROS 

ROS derivatives 

Luteolin 

Apigenin-glycosides 

Luteolin glycosides 

278  

340  

 

A: 3 % FA in W  

B: 3 % FA in MeCN   

35 min. 

Flow rate: 0.9 mL/min 

20 µL 

C18 (250x4.6mm i.d., 5 

µm)  

20 °C 

[25] MeOH 

Salvia officinalis L. 

Leaves 

ROS 

Eriocitrin 

Luteolin 7OR 

Luteolin 7OG 

Lithospermic a. 

Methyl rosmarinate 

280  A: 5% FA in MeCN  

B: 5% FA in W  

30 min. 

Flow rate: 0.9 mL/min  

20 µL 

C18 (250 × 4.6 mm, 5 

μm) 

20 °C 

[25] MeOH 

Salvia officinalis L. 

Leaves 

ROS 

Eriocitrin 

Luteolin 7OR 

Luteolin 7OG 

Lithospermic a. 

Methyl rosmarinate 

280  A: 5% FA in MeCN 

B: 5% FA in W  

27 min. 

Flow rate : 0.9 mL/min  

20 µL 

C18 (250 × 4.6 mm , 5 

μm)  

20 °C 

[25] MeOH 

Salvia officinalis L. 

Leaves 

ROS 

Eriocitrin 

Luteolin 7OR 

Luteolin 7OG 

Lithospermic a. 

Methyl rosmarinate 

280  C: 0.2% FA in MeCN  

D: 0.2% FA in W  

19 min. 

Flow rate : 0.9 mL/min  

20 µL 

C18 (100 × 4.6 mm, 5 

μm)  

[18] MeOH 

Salvia officinalis L. 

Leaves 

ROS 

CAR 

CA 

Salvianolic a. A  

Salvianolic a. B 

280  A:  0.2% (v/v) AA in W  

B: MeCN 

55 min 

Flow rate: 1 ml/min 

20 µL 

C18 (125 × 4 mm, 5 

μm,) 
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Table 1.1: Instrumental Conditions In Analysis Of Phenolic Compounds In Sage By HPLC-UV 

(Table Continued). 

[19] EtOH/W 

Salvia officinalis L. 

Leaves 

CA 

SYR 

PCA 

FA 

ROS 

Gallic a. 

(+)-Catechin 

(_)-Epicatechin 

Rutin 

Quercetin 

Kaempferol 

239.28, 320.60 

230.10, 272.73 

232.37, 307.04 

236.51, 320.12 

228.55, 269.38 

235.45, 326.43 

230.17, 276.49 

229.98, 275.36 

254.22, 350.25 

223.29, 251.34, 361.77 

228.38, 253.30, 367.13 

228.03, 265.08, 333.06 

A: MeCN 

B: (W/AA, 99:1, v/v) 

75 min. 

Flow rate: 1.0 mL min 

20 µL 

C18 (250 x 4.6 mm, 5 

µm) 

30 °C 

[20] EtOH 

Gallic a. 

Salvia officinalis L. 

Leaves 

ROS 

SYR 

PCA 

CA 

Trans-resveratrol 

Cis-resveratrol 

Astringin 

(+)-catechin 

(_)-epicatechin 

Kaempferol  

Quercetin 

Quercetin 4GS 

Luteolin 

Apigenin 

280 A: (W/AcOH 98: 2 

(v/v))  

B: (MeCN/AcOH 98: 2 

(v/v)) 

60 min  

Flow rate: 1.0 ml/min 

20 µL 

C18 (250x4.6 mm, 5 

µm) 

30°C 

[20] EtOH 

Salvia officinalis L. 

Leaves 

ROS 

SYR 

PCA 

CA 

Trans-resveratrol; 

Cis-resveratrol 

Astringin 

(+)-catechin 

(_)-epicatechin 

Kaempferol  

Quercetin 

Quercetin 4GS 

Luteolin 

Apigenin 

280 A: MeCN 

B:  W/AcOH 99: 1 (v/v) 

75 min  

Flow rate: 1.0 ml/min 

20 µL 

C18 (250x4.6 mm, 5 

µm) 

30°C 
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Table 1.1: Instrumental Conditions In Analysis Of Phenolic Compounds In Sage By HPLC-UV 

(Table Continued). 

[28] MeOH 

Salvia officinalis L. 

Aerial parts 

CGA 

CA 

SYR 

FA 

PCA 

ROS 

CAR 

Vanilic a. 

Luteolin 

Kaempferol 

Apigenin 

Coumarine 

Carnosol 

Salycilic a. 

Naringin 

Gallic acid  

Resorcinol 

Protocatechuic  a. 

Trans-cinnamic a. 

Quercetin dehydrate 

Trans-hydroxycinnamic a. 

Catechin hydrate 

Rutine trihydrate  

Quercetine-3-rhamnoside 

Naphtoresorcinol 

280 A: MeCN 

B: W with 0.2 % SA 

28 min  

Flow rate: 0.5 ml/min 

20 µL  

C18 (250×4.6-mm, 4 

μm) 

Room temperature 

[29] MeOH 

Salvia officinalis L. 

whole plant 

ROS 

CA 

FA 

CAR 

L7O 

Gallic a. 

Lactic a. 

Apigenin 7OG 

320 

320 

280 

A: 6% AA in 2 mM SA 

(final pH 2.55, v/v) 

B:  MeCN 

80 min. 

Flow rate: 1.0 mL/min  

10 µL 

C18 (150 * 4.6 mm, 5 

µm) 

[21] MeOH 

Salvia miltiorrhiza 

Salvia przewalskii 

Salvia officinalis 

Salvia deserta 

Flowers, leaves, aerial 

parts 

FA 

CA 

ROS 

288 A: MeCN 

B: W contained PA 

(0.02%) 

45 min. 

Flow rate: 1 mL/min 

1 µL 

C18 (250×4.6mm, 5µm) 

[30] MeOH/W 

Salvia officinalis L. 

Flowering and aerial 

parts  

CA 

ROS 

L7O 

Apigenin 7OG  

Isorhamnetin 

3ORutinoside 

Quercetin 3OGS 

328 

328 

336 

348 
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Table 1.1: Instrumental Conditions In Analysis Of Phenolic Compounds In Sage By HPLC-UV 

(Table Continued). 

[31] EtOH/W (80:20) 

Salvia officinalis L. 

Thymus serpyllum L. 

Melissa officinalis L. 

Mentha piperita L.  

Origanum vulgare L. 

Whole plant 

SYR 

ROS 

Gallic a. 

Vanillic 

Hydroxybenzoic a. 

M-hydroxybenzoic a. 

P-hydroxybenzoic a. 

Protocatechuic a. 

 

 

280  For: rosmarinic acid, 

stilbenes, 

catechins, flavonols and 

flavones 

 

A: (W/AA, 98:2, v/v)  

B: (MeCN/AA, 98:2, 

v/v) 

60 min. 

Flow rate: 1.0 mL/min 

C18 (250×4.6 mm, 5 

mm) 

20 °C 

[31] EtOH/W (80:20) 

Salvia officinalis L. 

Thymus serpyllum L. 

Melissa officinalis L. 

Mentha piperita L. 

Origanum vulgare L. 

Whole plant 

SYR 

ROS 

Gallic a. 

Vanillic a. 

Hydroxybenzoic a. 

M-hydroxybenzoic a. 

P-hydroxybenzoic a. 

Protocatechuic a. 

 

280  For: Vanillin and 

monomeric phenolic 

acids  

A: MeCN  

B: W/AA =99:1, by 

volume) 

C: MeOH  

75 min  

Flow rate: 1.0 mL/min 

No mention   

C18 column (250×4.6 

mm, 5 mm) 

25°C 

[32] 

 

EtOH 

Salvia officinalis L. 

Thymus serpyllum L. 

Origanum vulgare L. 

Melissa officinalis L. 

Whole plant 

CA 

ROS 

CAR 

L7O 

Luteolin 7OGR 

5-О-Caffeoylquinic a. 

3-О-Caffeoylquinic a. 

Protocatechuic a. 

 35 min  

C18 (250 × 2.0 mm, 5 

µm) 

 

[23] MeOH 

Salvia officinalis L.) 

9 different common 

edible plant species 

Leaves and different 

parts 

for others 

 

CA 

CGA 

SYR 

Gallic a.  

Protocatechuic a. 

Catechin 

Gentisic a. 

Vanillic a. 

Epicatechin 

Benzoic a. 

234 A: W: MeCN: TFA (50: 

50: 0.1) 

B: MeCN: W: TFA 

(10: 90: 0.1) 

85 min 

Flow rate: 1mL /min 

20 µL 

C18 (250 x 4.6 mm) 

Room temperature 

 

 

 

 



 19 

Table 1.1: Instrumental Conditions In Analysis Of Phenolic Compounds In Sage By HPLC-UV 

(Table Continued). 

 

1.9 HPLC ANALYSIS OF COMMERCIAL PRODUCTS   

HPLC-UV analysis of bioactive compounds in commercial herbal supplements were 

demonstrated in the literature. In addition to capsules, tablets, tinctures, raw plant material, 

herbal formulas, extract powders that are sold in herbal drug stores are analyzed [38,39,40, 

41, 42, 43, 44, 45, 46, 47,48,49,50,51,52]. 

1.9.1 Extraction Solvents and Extraction Procedure 

Most solvents that have been used for extraction procedure: MeOH, EtOH, W, AA, 

MeOH/W mixture with different techniques [38,44,45,53,46,43]. Sample preparation and 

extraction in the analysis of phenolic compounds from tablet and capsules are done by adding 

extraction solvent [38,39,45,53,49,40,54,55], followed by shaking at room temperature 

and/or sonication around1 hr [38,45,53,49,40,55], diluting with extraction solvent 

[38,39,45,53,49,40,55]. In some studies, the sonication process took time between 15 min-2 

[24] MeOH 

EtOH 

DEE 

hX 

Salvia officinalis L. 

Thyme and marjoram 

Leaves 

 

ROS 

CA 

FA 

CGA 

Cinnamic a. 

Quinic a. 

Apigenin 

Luteolin 

Quercetin 

Methyl rosmarenate 

280  95% W containing 

0.05% FA v/v and 5% 

MeOH 

10 min. 

Flow rate: 0.8 ml/min 

50 µl 

C18 (250 × 4.6 mm, 5 

µm) 

30 ◦C 

[33] 

 

MeOH 

Salvia officinalis 

Salvia discolor and 

Salvia sclarea 

Leaves, stems, blossoms 

and roots 

CA 

PCA 

ROS 

220, 254, 280 

320, 350  

 

MeCN and 0.1% FA 

50 min. 

Flow rate: 1.0 mL/min  

No mention  

C18 (250*4 mm, 5um) 

30 ◦C 

[34] 

 

60%  EtOH 

40% 60%, 80% EtOH 

Salvia officinalis L. 

Whole plant 

FA 

ROS 

PCA 

CA  

Gallic a. 

 

256  

256  

308  

 

256 

A: W/FA (98/2, v/v) 

B: MeCN/W/FA 

(80/18/2, v/v/v)  

97 min. 

Flow rate: 0.5 mL/min 

No mention  

C18 (250 × 4.6 mm, 7  

µm) 

30◦C 
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hours with extraction solvent [43].  After the extraction process is completed, solutions are 

generally cooled at room temperature [43,38,45,53,54,55,43]. For some extractions water 

has been used as extraction solvent in some studies [54,42,43]. In some studies, the refluxing 

with extraction solvent is applied [39,54]. Centrifugation is applied for separation of the 

supernatant [45,49,42] and/or followed by extraction by filter membrane 

[39,38,45,49,53,40,54,42,55]. According to a literature sample added with extraction solvent 

is also boiled before filtration [54]. Used MeOH, EtOH, W or MeOH/W mixture as 

extraction solvents, samples extracted by the ultrasonic technique at a range between 15 min-

1 h, then the solutions have been cooled [45,53,49,55].   

1.9.2 HPLC Conditions 

Since high performance liquid chromatography is a technique used for separating 

substances, so for doing this procedure there are some conditions it should be suitable such 

as mobile phases, type of column used, run time and flow rate. The value of these parameters 

was different from some literature to another, as it varies according to the type of compounds 

to be separated. Mobile phase has two sections A, B, MeCN was the most widely used as a 

mobile phase B [38,49,55,40,48], While in other studies MeCN was used for mobile phase 

A [44,53]. Also, mobile phase A was containing AA [38,39,43,48,43], additionally FA has 

been used for mobile phase A [45,49]. Among the solutions that were used for mobile phase 

A [46,42], and B [56] was MeOH. W, also has been utilized as mobile phases A and B 

[38,49,42]. In a study, used Na2H2PO4
–) for mobile phase A and B MeCN/EtOH absolute/3% 

PA [40]. About column, C18 is most commonly used in various sizes (1-5 µm) [38,39, 48,44, 

45,47, 49,40, 46,55,42, 43, 56, 53, 50,51,52]. As for the wavelengths that were used, single 

wavelength [47,46,42,43,53,50,51,52] and maximum wavelength [38,39,44,45,49,40,55,48] 

have been used. Simultaneous quantitation of bioactive compounds, including rosmarinic a. 

and salvianolic a. B in biological fluids upon administration of raw or commercial herbal 

supplements have also been done by HPLC-UV for pharmacokinetic or various clinical 

investigations [57,54,58]. Instrumental conditions did not vary after the proper sample 

preparation and extraction considering the biological fluids such as serum. Basically, reverse 

phase column, typically C18 with various dimensions and water and acetonitrile as mobile 

phase in gradient elution has been applied. The wavelengths selected was either at the 

maximum absorbance of the individual compounds [57] or at the single wavelength that all 
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the compounds absorb well [54]. Wavelength at high value of 413 nm have been selected 

for the analysis of around two dozen bioactive compounds including rosmarnic acid, 

salvionic acids A, B, C, D, daidzin and genistin [58]. 

 Table 1.2: HPLC Conditions For The Analysis Of The Commercial Supplements Of Sage And 

Extraction Solvents. 

Lit. 
Formulation / 

Herb / Extraction Solvent 
Compounds λ (nm) Mobile Phase / Run time/ 

Flow rate / Column  

[38] Gegen–Danshen 

Capsules 

 

Pueraria lobata 

Salvia miltiorrhiza 

 

MeOH /W /AA 

Salvianolic acid B 

Danshensu  

Protocatechuic 

aldehyde 

Cryptotanshinone 

Tanshi-none I  

Tanshi-none II 

Puerarin 

Daidzin 

Daidzein 

 

 

270 

270 

270 

270 

270  

250 

250 

250 

250 

A: W, 0.1% AA   

B: MeCN, 0.1% AA 

 

C18  

(250 × 4.6 mm i.d.; 5 μm 

particle size) 

 

[39] Compound Danshen Tablets 

 

Radix Salviae Miltiorrhizae 

Radix Notoginseng 

Borneolum syntheticum 

 

MeOH 

Caffeic a. 

Lithospermic a. 

Protocatechuic a.  

Protocatechualdehyde  

Rosmarinic a. 

Salvianolic a. 

Salvianolic a. B 

Salvianic a. 

270 

280 

290 

326  

 

A: 0.1% AA in MeCN  

B: 5 mmol/L CA and 10 

mmol/L NaH2PO4 W 

 

C18 (250 ×4.6 mm, 5.0 μm) 

[44] Xueshuantong capsule  

 

Panax notoginseng  

Radix astragali  

Salvia miltiorrhizae  

Radix scrophulariaceae  

 

EtOH  

Panaxytriol 

Ginsenoside Rb1 

Angoroside C 

Protocatechualdehyde  

Ginsenoside Rd 

Calycosin-7-O-b-D-

GS 

270   

203   

203   

270   

203  

203  

 

 

A: MeCN  

B: 0.05% OA 

 

C18 (150 x 4.6 mm, 3 µm) 

25⁰C 

[45] Fufang Danshen Tablet 

 

Radix Salvia miltiorrhiza  

Panax notoginseng 

 

MeOH  

Danshensu  

Protocatechuic 

aldehyde  

Salvianolic acid B  

Cryptotanshinone  

Tanshinone I  

Tanshinone IIA  

Notoginsenoside  

Ginsenoside Rg1  

Ginsenoside Rb1 

 

 

280  

 

254  

254  

 

A: 0.1% FA:W (v/v)  

B: 0.1% FA: MeCN (v/v)  

 

C18 (250 x 4.6 mm, 5 µm) 

30 ⁰ C 

[47] Microencapsulated 

 

Juglans regia L.  

Salvia hispanica L.  

 

Chlf  

Carnosic a.  

Rosmarinic a. 

Carnosol 

Rosmanol 

Rosmariq-uinone  

Rosmarid-iphenol 

232   
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Table 1.2: HPLC Conditions For The Analysis Of The Commercial Supplements Of Sage And 

Extraction Solvents (Table Continued). 

[49] Qing-Hua-Yu-Re-Formula 

 

Radix rehmanniae recen 

Salvia miltiorrhiza Bge Cortex 

moutan 

Rhizoma coptidis 

Radix paeoniae rubra 

Euonymus alatus 

Danshensu  

Paeoniflorin 

Acteoside 

Lithospermic a. 

Salvianolic a. B 

Salvianolic a. C 

280  

254  

320  

254  

254  

280  

A: W containing 0.1% FA 

B: MeCN 

 

C18 

(4.6 ×150 mm, 5 μm)  

35°C 

[40] Danshen Tablet 

 

Radix Salviae miltiorrhizae 

Radix Notoginseng 

Borneolum syntheticum 

 

MeOH 

Lithospermic a. 

Salvianolic a. A 

Salvianolic a. B 

Salvianic a.A sodium 

Rosmarinic a. 

Notoginsenoside R1  

Ginsenoside Rb1  

Ginsenoside Rg1 

203  

228  

254  

270  

286  

 

A: aqueous phase composed 

of 30 mmol/L H3PO4 and 30 

mmol/L Na2H2PO4
 

B: MeCN/EtOH absolute/3% 

PA 

(123:15:12, v/v/v) 

 

C18 

(250×4.6 mm, 5 μm) 

35°C 

[46] Raw plant material (Chinese 

herbal drug store) 

 

Radix salvia miltiorrhiza 

 

W 

Tanshinone 270  Mixture of 

MeOH and W (75:25, v/v) 

 

C18 

(150 mm×4.6 mm id, 5 μm) 

25 °C 

[55] Fufang Danshen Tablet 

 

Salvia miltiorrhiza  

Panax notoginseng 

 

MeOH 

Protocatechuic 

aldehyde 

Notoginsenoside R1 

Ginsenoside Rg1 

Salvianolic a. B  

Ginsenoside Rb1 

Cryptotanshinone 

Tanshinone IIA 

281  

203  

203  

281  

203  

270  

270  

A: aqueous PA (0.1%, v/v)  

B: MeCN 

 

C18 

(250 × 4.6 mm, 5um)  

30°C 

[42] Fufang Danshen Pian Tablet 

 

Salvia miltiorrhiza  

 

EtOH 

Danshensu 

Protocatechualdehyde 

Salvianolic acid B 

500  

500  

500  

A: MeOH  

B: W containing 

0.01% H3PO4 at pH 2.6 

 

C18 

(250 x 4.6 mm, 5 µm) 

 30⁰ C 

 

 

 

 

 



23 

Table 1.2: HPLC Conditions For The Analysis Of The Commercial Supplements Of Sage And 

Extraction Solvents (Table Continued). 

[43] Fufang Danshen Dripping Pill 

Fufang Danshen Tablets 

Salvia miltiorrhiza 

Panax notoginseng 

Cinnamomum caphora 

MeOH / W 

Cryptotanshinone 

Tanshinone I 

Tanshinone IIA 

Protocatechuic 

aldehyde 

Salvianolic a. B 

280 

280 

280 

280 

280 

A: 0.5% AA in MeCN 

B: 0.5% AA in W 

C18(100 cm×8mm, 4µm) 

Room temperature 

[48] whole V. agnus-castus L. fruits 

Vitex agnus-castus 

Lamiaceae fruits 

MeOH 

Agnuside isovitexin 

casticin 

5-hydroxykaempferol-

3,6,7,4_-

tetramethylether

Vitetrifolin D

210 

260 

A: 0.5% AA:W(v/v) 

B: MeCN 

C18 (50 × 2.1 mm, 1.8 µm) 

[50] Tinctures 

Salvia officinalis L. 

Valeriana officinalis L. 

EtOH/W (Mixture) 

Cineole 

Borneol 

α and β_thujones 

254 

254 

254 

MeCN/W 

C18 (250 × 4 mm, 5 µm) 

[51] Salvia miltiorrhiza extract 

powder 

Salvia miltiorrhiza 

MeOH 

Cryptotanshinone 

Tanshinone I  

Tanshinone IIA 

270 

270 

270 

MeCN/W (45:55 v/v%) 

C18 

(5 µm, 4.6 × 100 mm) 

30⁰ C 

[52] Compound salvia tablets  

Compound salvia dropping pills 

Salvia miltiorrhiza 

MeOH 

Tanshinol 

Protocatechualdehyde 

Salvianolic acid B 

Cryptotanshinone 

Tanshinone 

Ginsenoside Rgl 

Ginsenoside Rbl 

281 

281 

281 

281 

281 

281 

281 

A: 0.1% PA aqueous 

solution  

B: MeCN  

C18   

(5µm, 250mm × 4.6mm) 

30°C 
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1.10 AIM of THE STUDY 

The aim of the study is: 

a. Develop and UHPLC method for the separation of the phenolic compounds: rosmarinic 

acid (ROS), caffeic acid (CA), chlorogenic acid (CGA), syringic acid (SYR), ferulic 

acid (FA), p-coumaric acid (PCA), luteolin-7-O-glucoside (L7O) that are found in sage 

(Salvia officinalis), 

b. Optimize the instrumental conditions such as column type, column temperature, mobile 

phase type, and gradient and etc., 

c. Do the quantitative analysis of the separated compounds using DAD detector at specific 

wavelengths for each of the phenolic compounds, 

d. Method validation of the quantitation method in terms of selectivity, linearity, limit of 

detection, limit of quantitation, precision and accuracy, 

e. Optimize the sample preparation/extraction of the commercial products as capsule and 

powder of sage, 

f. Apply the method in analysis of commercial sage products. 
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2. MATERIALS AND METHODS

This chapter involves the description of materials used with their specifications, in addition, 

the methods used for extracting of the samples, the conditions of the experiment will be 

explained in detail. All of the experiments are performed at Altinbas University Central 

Research Laboratory (AÜ-MERLAB). 

2.1 MATERIALS 

Gallic acid, Maltodextrin, Quercetin (grade for pharmaceutical secondary standard), 

Chlorogenic acid, Ferulic acid, p-Coumaric acid (grade for primary reference standard), 

were purchased from Sigma-Aldrich. (+)-Catechin (≥99.0%) (grade for analytical standard), 

Butylhydroxytoluene (≥ 99.0%) (pharmaceutical primary standard), Acetaldehyde diethyl 

acetal ((≥99.0%), Carnosic acid (≥95.0% (HPLC) (grade for analytical standard), Luteolin 

7-glucoside, Syringic acid, Rosmarinic acid were (grade for analytical standard) and purity

≥98% (HPLC), MAGNESIUM STEARATE EXTRA PURE DAB, PH. E UR., B. P., PH. 

FRANC.( ≥40% stearic acid basis (GC), ≥90% stearic and palmitic acid basis, 4.0-5.0% Mg 

basis (calc on dry sub.)  also obtained from Sigma-Aldrich. Rutin trihydrate (≥94.0% 

(HPLC) (grade for analytical standard), manufacture was MilliporeSigma™ Supelco™. 

While Methanol, TRIFLUOROACETIC acid, Acetonitrile, Ethanol, Methanol, purity: 

(≥99.0%) and Ethyl acetate, Ph. Eur., BP, NF (≥ 99.5%) were purchased from ISOLAB. 

Also, CHROMAFIL® syringe filters (Filter diam.: 13mm, Pore size: 0.45 µm) was gained 

from CHROMAFIL Xtra. As for ELDIVEN NITRILE, the material was made from: Nitrile, 

while the powder Content was powder free. 

Various brands of commercial sage capsules and powder are obtained from pharmacies and 

natural product suppliers in Turkey. Identification of the plant are based on the contents 

determined by the producers. The content of some products contain salvia and extracts of 

other plants. All of the test materials were kept at room temperature. The content of the brand 

name product is listed as extracts of sage, plantago media, oregano, st. John's Wort, 

cordyceps and grape. Ingredient of Brand 2 is given as salvia extract, bitter melon extract, 

myrtle extract and senna. Brand 3 is given as sage/salvia officinalis, lady's mantle /alchemilla 

vulgaris and fumeroot/fumaria officinalis. Content of the sage powder is given as sage 

extract. All these products are sold as sage mixture. Latin name of sage is salvia officinalis. 

https://tureng.com/tr/turkce-ingilizce/cordyceps
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Instrument composed of Agilent 1290 Infinity II Vial Sampler, 1260 Infinity II DAD, 

Agilent Infinity 1260 MCT and 1290 Infinity II Flexible Pump modules present in Altinbas 

University Central Research Laboratory. Maximum UV absorbances of the molecules are 

determined by DAD of the HPLC Instrument. HPLC data are collected and analyzed by 

using the Agilent Open Lab CDS software system.  

Figure 2.1: HPLC Instrument Used For The Experiment. 

2.2 PREPERATION OF SOLUTIONS AND SAMPLES 

Solutions which are equivalent or similar to real samples are used in method validation 

experiments. In this section, solution preparation is covered. 

2.2.1 Pure Standards 

Pure standards of the phenolic compounds are stored at appropriate temperatures (room 

temp., -4 0C and -20 0C) recommended by the chemical company and away from light.  

2.2.2 Stock Solution Preparation 

Stock solutions of phenolic compounds have been prepared by dissolving pure standards of 

phenolic compounds in 100% EtOH, MeOH:H2O (6:4, v/v) or MeOH:H2O ( 1:1, v/v). The 

stock solution concentration has been adjusted according to the sample available and signal 

generated based their absorptivity and their presence in the sample determined during 
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method development. Butylhydroxytolune (BHT) is used an internal standard (IS) and 

prepared by dissolving BHT in 100% EtOH. Stock solutions have been portioned into 1.5 

ml centrifuge tubes and stored at -80 0C until use for the long term. Samples used daily are 

stored at - 20 0C away from sunlight.  

2.2.3 Preparation of Calibration Solutions 

Preparation of the calibration curve solutions are optimized. Stock solutions are mixed and 

then diluted to generate the calibration curve solutions with MeOH:H2O (v/v, 2:1). The 

volume of the mixture stock solution has been optimized based on the concentration of each 

analyte and number of levels generation. Volume of the calibration solutions have also been 

optimized according to volume of the HPLC vials and for leading the minimal loss of 

chemicals. Stock solutions and calibration solutions are kept at -200C and protected from 

light by covering aluminum folio [59]. 

2.3 RESOLUTION AND SYSTEM SUITABILITY TESTS 

Resolution test has been done by application of the different column temperatures 30, 35 and 

40, TFA acid concentration of the mobile phase 0.1% and 0.05% and fixed flow rate of 0.5 

ml/min or variant flow rate that has changed between 0.5 ml/min to 0.6 ml/min has been 

applied as indicated in Table 2.3. When one parameter has changed the other parameters are 

kept constant. 

Capacity factor (k’), N (theoretical plate number), T(tailing) and Asy (Asymmetry factor) 

are evaluated for the system suitability tastings by injecting one of the calibration standard 

solution. Solutions are injected into the HPLC system after the equilibration (i.e. constant 

pump pressure conditions and background signals are obtained). 

2.4 METHOD VALIDATION 

Method validation is done by following the guidelines from AOAC (Association of Official 

Analytical Chemists) [60], USP (United States Pharmacopeia) [61], IUPAC (International 

Union of Pure and Applied Chemistry) [62], EPA (Environmental Protection Agency) [63] 

and FDA (Food and Drug Administration) [64].  
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2.5 SELECTIVITY 

Selectivity has been done by comparing the mixture of pure standard solution, extracted 

capsule and extracted capsule spiked with the pure standard have been run. Capsule is 

extracted using the procedure in Table 2.1. Capsule is spiked with the pure standard is 

prepared by mixing the capsule extraction the pure standard mixture in equal volumes.  

2.6 LINEARITY 

Best concentration level for each of the compounds and the dilutions have been determined 

based on the extracts, peak areas and the limit of quantitation values. The calibration curve 

of each phenolic compounds are expressed be expressed by an equation of linear Curve: 

y=ax+b, where y: peak area (ratio of the peak areas of analyte to internal standard), x: 

concentration, b: intersection. All calculations are done according to the Agilent Open Lab 

CDS software program. Calibration by direct calibration and internal standard addition are 

evaluated. Calibration solutions are prepared on the different days and run on different days, 

solutions are also injected on different days and the same day to validate the linearity. 

2.7 LOD (LIMIT OF DETECTION) AND LOQ (LIMIT OF QUANTITATION) 

LOD is the minimum amount of analyte that can give a signal but cannot measured. LOQ is 

the minimum amount of analyte which can be quantified by precision and accuracy. LOD 

and LOQ are obtained by measurement of standard solutions with lowest concentrations 7 

times according to the method validation of environmental protection agency (EPA) [59]. 

Standard deviation is calculated for each of the analyte in the standard mix. LOD is 3 times 

the standard deviation and LOQ is 10 times the standard deviation. 

2.8 PRECISION 

Precision is the consistency of the measured values in the presence of uncertainties in the 

laboratory. Accuracy in analytical method validation is how close the measured value to the 

accepted or true value. Within-day (repeatability) and between day (intermediate), precision 

and accuracy experiments have been done. Pure standard solutions of the phenolic 

compounds at three levels are measured in 3 days.  
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2.9 RECOVERY 

In this study, the recovery (R) is also validated. Recovery has been evaluated by comparison 

of the sample, sample spiked with the pure standards and pure standards. Extractions are 

performed according to Table 2.1 upon the results of the extraction. 

2.10 APPARATUS 

The devices that have been used in this project are centrifuge—Cryste Separation Technology 

/  Varispin 12R Multi Centrifuge, orbital shaker—Maxi Lab Biotechnology / MS3-MaxiOrbit 

300, ultrasonic bath—ISOLAB Laborgerate GmbH, Rotator—Biosan Multi Bio RS-24, 

Vortex mixer—DAIHAN Scientific, Water distiller—Sartorius Arium Comfort in AÜ- 

MERLAB. 

2.11 EXTRACTION 

Extraction of the commercial capsules have been done following a similar procedure as 

described in literature [59]. 10-20 capsule are mixed for the generation of homogenous 

mixture. Capsule mixture is transferred to 50 ml conical centrifugal tubes and added with 

extraction solvent. The desolvation of the samples are facilitated by using rotator and the 

orbital shaker. Supernatant is separated by using centrifuge. Supernatant is filtered using the 

filter membrane (Figure 2.2).  
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Figure 2.2: Sample Preparation And Extraction. 

Type of extraction solvent, ratio of organic solvent to water, volume of the solvent, duration 

of shaking on the efficiency of extraction are determined. 25 mg sample was used at 

centrifugal force of 4000 rpm 5 minutes and 30 minutes mixed using rotational mixer. 

Extraction solvents of MeOH, W or EtOH and their mixtures are varied. Duration of 

rotational mixing, shaker and ultrasonic bath has also been varied. The conditions of the 

experimented extraction conditions are given in Table 2.1. The extraction of the phenolic 

compounds is enabled using the shaker and ultrasonic bath at varying durations.  

mix 10-20 capsule

weight  

transfer conical tube

add solvent

rotator/orbital shaker/ 
ultrasonification

vorteks + centrifuge

obtain supernatant
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Table 2.1: Extraction Procedure. 

extraction 

procedure 

solvent V 

(ml) 
MeOH % H2O % EtOH % 

shaker time 

(min) 

Ultr. bath time 

(min) 

1 5 60 40 0 30 0 

2 5 70 30 0 30 0 

3 5 30 70 0 30 0 

4 5 40 60 0 30 0 

5 5 90 10 0 30 0 

6 5 30 40 30 30 0 

7 5 40 20 40 30 0 

8 5 0 60 40 30 0 

9 5 60 40 0 30 0 

10 4 60 40 0 30 0 

11 3 60 40 0 30 0 

12 2 60 40 0 30 0 

13 1 60 40 0 30 0 

14 5 60 40 0 0 30 

15 5 60 40 0 60 0 

16 5 60 40 0 0 60 

17 5 60 40 0 120 0 

18 5 60 40 0 0 120 
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3. RESULT AND DISCUSSION

3.1 METHOD DEVELOPMENT 

HPLC method development for the analysis of the phenolic compounds have been done by 

following the separation of the compounds in the literature. Initially, the UV/Vis spectrum 

of the compounds are taken without a chromatographic separation on DAD detector of 

HPLC find out the maximum absorbance to be used quantitation. The pure standards are run 

in MeCN or MeCN:H2O mixture. DAD spectra are given in Figure 3.1. The maximum 

absorbance of BHT, CGA, L7O, ROS, CA, FA, PCA, SYR and CAR are found at 278, 322, 

336, 330, 324, 324, 310, 276 and 286 nm, respectively. 

A. B. C. 

D. E. F. 

G. H. I. 

Figure 3.1: UV/Vis Spectra Of The Pure Standards Solutions A)BHT(IS) B)CA C)CAR D)CGA 

E)FA F)L7O G)PCA H)ROS I)SYR.

Initially, C18 column with dimensions of 250 x 4.6 mm, 5 µm was used. Then, column of 

C18 2.1x50 mm, 1.8 µm was examined for faster elution. 10 µl of injection volume results 

in overload of the column so the injection volume of 1ul is used which gave symmetrical 

well-defined peaks and used through the method development and validation. As a mobile 
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phase MeCN and H2O has been used. Generic composition of the mobile phase as 50% 

MeCN and 50% H2O initially was used to determine the relative retention times of the 

compounds. Only after the addition of ~0.1% TFA peaks are formed. Therefore, throughout 

the rest of the experiments mobile phase contained ~0.1% TFA. Then, the effect of the 

different composition of the mobile phase on the separation of the compounds have been 

explored for the separation of the analytes. Initially, H2O:MeCN (90:10, v/v) and 

MeCN:H2O (90:10, v/v) were used as mobile phase A and B, respectively. Gradient program 

is as follows applied: 0 min 100% A, increased to 95% B in 4 minutes and kept there up to 

5 minutes, then increased to 75%B until 9 minutes and then increased up 100% B and kept 

constant until 12 minutes and decreased to initial conditions which is 100% A up to 12.1 

minutes and flushed until 16 minutes for the stabilization of the pressure. Overlapped 

chromatograms taken at 278, 322, 336, 330, 324, 324, 310, 276 and 286 nm are given in 

Figure 3.2. The separation at two areas of the chromatograms were not efficient at these 

settings.  One is the elution region between 2.4 - 5 min, where CGA, CA, and SYR were not 

separated. The second area is where the CAR and BHT peaks eluted at retention time of 

~10.2 and ~10.6 minutes, respectively. Generally, the peak of presumable CAR was neither 

well separated nor with efficient intensity in further attempts. Other compounds namely, 

PCA, FA, L7O and ROS are resolved well when mobile phase B increased gradually. There 

is an impurity around 9.2 min. at absorption <300 nm generally and did not pose an 

interference for compounds at close retention times such as ROS and L7O, which have 

quantified at higher wavelengths. However, the peak ~9.2 min should be able to be separated 

either from CAR or BHT which has detection wavelength of 286 nm and 278 nm, 

respectively. In a further method development that is taken into consideration. 
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Figure 3.2: Chromatogram Of Mixtures Of Standard Solutions With Mobile Phase A H2O:Mecn 

(90:10, V/V) And Mobile Phase B Mecn:H2O (10:90, V/V), Both Have ~ 0.1%TFA. Continuous 

Line Shows The % Mobile Phase B. 

Mobile phase A of  H2O:MeCN (95:5, v/v) and mobile phase B of MeCN:H2O (95:5, v/v) 

with 0.1% TFA were used to separate CGA, CA and SYR. Gradient elution is as follows: 

started with 100% mobile phase A and kept there 5 minutes and then increased to 10% 

mobile phase B up from 5 minutes to 6 minutes and kept constant at 10% B up to 7 minutes, 

and increased to 80% B up to 12 minutes and then increased to 100% B from 12 minutes to 

12.1 minutes and kept constant at 100% B from 12.1 minutes to 14 minutes and decreased 

to 0% B from 14 minutes to 14.1 minutes and run at initial conditions until 16 minutes. 

Elution graph is given in Figure 3.3 which differs from the elution graph in Figure 3.2. in 

two ways. Generally, aqueous mobile phase is run longer initially for elution of CGA, CA 

and SYR and organic solvent increased more slowly for better separation of CAR and BHT. 

While SYR is separated from CGA an CA, CGA and CA are not resolved. Other peaks are 

resolved. 
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Figure 3.3: Chromatogram Of Mixtures Of Standard Solutions With Mobile Phase A Mecn:H2O 

(95:5, V/V) And Mobile Phase B Mecn:H2O (5:95, V/V), Both Have ~ 0.1%TFA. Continuous Line 

Shows The % Mobile Phase B. 

Table 3.1: Methods For The Resolution Of CA, CGA, SYR And Other Compounds. 

Time %A %B Flow Time %A %B Flow Time %A %B Flow 

0 96 4 0.5 0 96 4 0.7 0 96 4 0.7 

8 96 4 0.5 5 96 4  0.7 5 96 4 0.7 

8.1 85 15 0.5 5.1 96 4  0.6 5.1 96 4 0.6 

12 75 25 0.5 8 85 15  0.6 8 85 15 0.6 

13 75 25 0.5 8.1 85 15  0.6 8.1 85 15 0.6 

13.1 0 100 0.5 12 75 25  0.6 12 75 25 0.6 

16 0 100 0.5 13 75 25  0.5 13 75 25 0.6 

16.1 96 4 0.5 13.1 0 100  0.5 13.1 0 100 0.6 

18 96 4 0.5 16 0 100  0.5 16 0 100 0.6 

16.1 96 4  0.7 16.1 96 4 0.7 

18 96 4  0.7 18 96 4 0.7 

Mobile phase A      100% H2O, ~0.1%TFA 

Mobile phase B      95%MeCN, 5% W, ~0.1%TFA     

Injection volume    1 µL 

Column        2.1x50mm, 1.8 um     

Column Temp.       30 0C 
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Figure 3.4: Chromatograms Of The Methods 276, 278, 286, 300, 310, 322, 324 And 336 Nm 

For A) Method 1 B) Method 2 C) Method 3 Given In Table 3.1. Continuous Lines Represent 

The Change In % Mobile Phase B. 

HPLC-UV or HPLC-DAD methods have been demonstrated in the literature. The variation 

of the methods is due the combination of the different phenolic compounds and the run time 

was very high. For example, in a study, which demonstrate the analysis of phenolic 

compounds, CA, SYR, PCA, FA, ROS and 6 other phenolic compounds were separated in 

75 minutes [19]. Similarly, ROS, CA, SYR, PCA and CA (plus 6 other phenolic compounds) 
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[20]; ROS, CA, FA, CAR (plus 6 other phenolic compounds) [29]; ROS, CA and FA[21]; 

SYR (plus 6 other phenolic compounds) [31]; ROS and CA (plus 6 phenolic compounds) 

[32]; CA, CGA and SYR (plus 7 other phenolic compounds) [23]; CA, CGA and SYR (plus 

7 other phenolic compounds); ROS, CA and PCA [28]; ROS, CA, FA, PCA (plus one other 

phenolic compound), ROS, CA, CGA, FA(plus 6 other phenolic compounds) [24] were 

separated in 60 minutes [20], 80 minutes [29], 45 minutes [21], 60 minutes [31]; 35 minutes 

[32]; 85 minutes [23];  50 minute [33], 97 minutes [34] and 65 minutes [24], respectively.  

General characteristics of the methods developed in the literature is the high retention times 

in spite of the number of phenolic compounds separated using the columns with dimensions 

typical to most of the HPLC analysis of  100-250 mm length, 4.6 mm diameter and 5 um 

particle size.  In the method presented in this thesis total run time was 18 minutes for the 

separation of 7 phenolic compounds and internal standard. Columns with smaller particle 

size are also utilized in literature and generated smaller run times. Such as ROS (plus 6 other 

phenolic compound) were separated in 12 minutes and 5 minutes  using two different 

columns with smaller particle sizes [4]. Rather more significant  method has been developed 

separation of over 20 phenolic compounds including CGA, CA, SYR, FA, PCA, ROS, CAR 

has been done in 28 minutes [28]. However, the resolution was not reported that 5 

compounds were separated in less than 5 minutes [28]. 

The detection of the multiple compounds has been by monitoring one wavelength namely 

278 nm [36], 280 nm [18,20,24,25,28,31], 288 nm [21], 234 nm [28] which varied depending 

on the number and type of phenolic compounds. In some studies multiple wavelengths as 

278 nm and 340 nm [37], 280 and 320 nm [29], 336 nm, 328 nm and 348 nm [30] have been 

used. Compound specific wavelengths have been used in limited number of studies 

[4,19,34,33].  Therefore, the method presented in this thesis is also distinguished from other 

methods in literature not only the short run time but also maximum absorbances for each 

compound which improves the selectivity. 

3.2 RESOLUTION TEST 

Resolution of each compound for the experimental parameters of the column temperature 

(30 0C, 35 0C and 40 0C), mobile phase acid percentage (0.01%, 0.05% and 0.1%) and the a 

flow rate conditions of fixed flow rate of 0.5 ml/min and varying flow rate starting with flow 

rate of 0.7 and lowered up to 0.5 ml/min have been determined. Peak resolution between 
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each analyte are going to be calculated using the equation, Rs = 2x (tR2 − tR1) / (W2 - W1).  t2 

and W2 are the retention time and width of the second eluting peaks respectively.  

Rs = 2x (tR2 − tR1) / (W2 - W1). The results are given in Table 3.2 Varying flow rate conditions 

have been used when changing the conditions of the temperature and mobile phase acid 

percentage. Mobile phase acid composition of 0.1% has been used when changing 

temperature and flow rate. 30 0C of the column temperature has been used when changing 

the acid composition and the gradient flow rate.  

Table 3.2: Resolution Values For Changing Conditions Of Column Temperature, Flow Rate And 

% TFA Composition Of Mobile Phase. 

Conditions 
Resolution 

CGA/CFC SYR/CGA PCA/SYR FLC/PCA L7O/FLC ROS/L7O IS/ROS 

Column 

Temperature 

(0C) 

30 0.89 0.83 1.64 2.17 2.25 3.00 4.85 

35 0.88 0.68 1.24 2.82 2.87 1.94 3.99 

40 0.84 1.02 1.34 2.43 2.66 1.71 3.85 

%TFA 

0.01% 0.48 1.53 1.82 1.74 2.18 2.15 4.50 

0.05% 0.67 1.09 1.55 1.67 2.46 2.26 4.04 

0.1% 0.89 0.83 1.64 2.17 2.25 3.00 4.85 

Flow rate 

(ml/min) 

0.5 0.80 1.14 2.08 0.87 0.71 1.29 1.84 

0.5 - 07 0.89 0.83 1.64 2.17 2.25 3.00 4.85 

The conditions have been evaluated altogether generating the optimum resolution for all the 

parameters. There was not significant difference of resolution at different temperatures. 

Separation of early elution compounds CGA and CA was a problem demonstrated the best 

resolution at 30 0C. Separation of SYR and CGA was improved at 40 0C compared to 30 0C 

with resolutions of 1.02 and 0.83 respectively.  Separation of the PCA from SYR is better at 

30 0C compared to 40 0C, with resolutions of 1.64 and 1.34. The resolutions for the late 

eluting compounds FER, L7O, ROS and IS are greater than 1.5 at all column temperatures. 

As a result, the optimum temperature was determined as 30 0C which generated better 

resolution for the separation of the CGA and CA, which most challenging compared to other 

compounds, especially at elevated concentration ranges. In addition, the around the ROS and 

L7O there were unknown compounds from the sample and the amounts of the ROS and L7O 

were greatest in the sample, and at high concentration, the peaks may penetrate so resolution 
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of 3 has been preferred. In terms of the % TFA in mobile phase, both 0.01% and 0.05% of 

acid was not generated resolutions 0.48 and 0.67, respectively for the separation of CA from 

CGA, and there was significant overlapping of the peaks, therefore, addition of 0.1% TFA 

was preferred. The resolution of the other compounds for 0.1% TFA were also acceptable. 

Varying flow rate between 0.7 – 0.5 ml/min has generated better resolutions compared to 

fixed flow rate for all compounds except separation of SYR from PCA, however, there has 

been hardware related issues of the high flow rates, which generated high backpressure and 

caused loss of connections between tubing and column, where most robust fittings are 

required. Therefore, when varying flow rates are used repetitive experiments over the long 

term should be done considering day to day variations of the hardware conditions. Indeed, it 

has been shown in Figure 3.5, repetitive injections at varying flow rate demonstrated a 

precision, whereas there was a change in the retention times when the experiments are 

performed in another day and generated a slight change in the flow rate. Therefore, the flow 

rate was fixed throughout the experiments at 0.5 ml/min and we proceeded with the Method 

1 in Table 3.1. The repetitive chromatograms of Method 1 are shown in Figure 3.6. 

The resolution test has been done literature as part of the system suitability and rather for the 

method validation parameter of the selectivity [65,66,67,68,59,69,70,71]. While the 

resolution of ≥ 2 or ≥1.5 is the acceptance criteria, observed lower values are attributed to 

the complexity of the sample, which contain many secondary metabolites [66,72,65]. For 

example, resolution <1 was obtained in analysis of flavonolignans [65]. In here, the 

resolution test is done for determination of the column temperature, flow rate and % TFA in 

mobile phase. The resolution should be determined for selectivity by analyzing real samples 

which contain many other compounds present. 
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Figure 3.5: Chromatograms Of The Repetitive Runs Of The Mixture Of Standard 

Solutions With Gradient Flow Rate. 

Figure 3.6: Repetitive Chromatograms Of Method 1, When 0.5 Ml/Min Flow Rate Was 

Used. 

3.3 CHROMATOGRAPHIC SUITABILITY 

Capacity factor is k’ (k’) ≥ 2, resolution (Rs) ≥ 1.5, (tailing) T ≤ 2 and % relative standard 

deviation RSD ≤ 5 % is acceptance criteria. Chromatographic suitability experiments 

performed by 5 repetitive injections of the standard mixture has been determined for the k’ 

(capacity factor), T (tailing factor), N (theoretical plate number), asymmetry (Asy) have been 

calculated by using the following equations: 

k’ = (tr - t0) / t0 (3.1) 

T = (wa5 + wb5)/2wa5 (3.2) 

N = 16 (tr/w)2 (3.3) 

Asy = wb10/wa10 (3.4) 
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Where, 

tr: tr: retention time 

t0 :0: dead time 

w: w: width of the peak 

wa5: first half of the peak width at the 5% of the peak height 

wb5: second half of the peak width at the 5% of the peak height 

wa10: first half of the peak width at the 10% of the peak height 

wb10: second half of the peak width at the 10% of the peak height 

The results are given Table 3.3.  Capacity factor is k’ (k’) ≥ 2, (tailing) T ≤ 2  and % relative 

standard deviation RSD for the area ≤ 5 % are the acceptance criteria according to the method 

validation regulations [5]. 

Table 3.3:  Mean And % RSD For The System Suitability Parameters Of Asy, T, K' And N Of The 

Compounds. 

RT (min) W Area Asy T k’ N 

CCA 
mean 5.84 0.71 482.52 0.98 0.99 11.56 1098.67 

%RSD 0.08 10.12 0.55 1.18 0.89 0.09 18.63 

CGA 
mean 6.83 0.70 75.00 1.00 1.01 13.69 1531.95 

%RSD 0.09 1.55 0.74 1.39 1.16 0.10 3.08 

SYR 
mean 7.99 0.92 595.35 1.05 1.05 16.18 1202.57 

%RSD 0.09 2.30 0.59 3.91 3.56 0.10 5.02 

PCA 
mean 9.72 0.62 480.24 1.04 1.06 19.90 3887.98 

%RSD 0.02 2.12 0.52 4.57 4.32 0.02 4.17 

FA 
mean 10.44 0.48 692.08 1.04 1.04 21.45 7565.52 

%RSD 0.02 0.00 0.51 5.15 5.39 0.02 0.04 

L7O 
mean 11.20 0.76 433.95 1.04 1.10 23.08 3499.25 

%RSD 0.03 1.68 0.63 5.83 5.39 0.03 3.32 

ROS 
mean 12.41 0.52 485.24 1.00 1.01 25.69 9040.81 

%RSD 0.03 2.44 0.72 5.33 6.05 0.03 4.95 

IS 
mean 15.12 0.46 347.75 1.01 0.99 31.52 17600.60 

%RSD 0.01 1.90 1.27 4.37 4.90 0.01 3.96 

Compounds are eluted with the order of CA, CGA, SYR, PCA, FA, L7O, ROS and IS 

between 5.84 and 15.12 min. The %RSD of the retention time were < 0.09% is within the 

acceptance range and indicating the repeatability of the retention time which is important for 

the identification and quantification of the compounds accurately. The shift in the retention 
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time is mostly caused by the unconditioned mobile phase in gradient elution which is 

prevented by going back to initial conditions at the end of the run that the mobile phase is 

run at composition of 96 % A and 4% B (Table 3.2.). Both T and Asy were in the range of 

0.98 and 1.10 were also within the limit of the acceptance criteria. The value of the k’ for 

the CA, earliest eluted peak was 11. 56 is way higher than 2. As it is discussed in method 

development CGA and CA can not be separated when mobile phase, the organic solvent 

concentration is increased.  The only way to lower the capacity factor is to use higher flow 

rates by maintaining mobile phase A, aqueous phase as discussed in the Section 3.1. Method 

development party which can not be done since we did not have the hardware, the connection 

of the tubing to the column, which disintegrates at high flow rates, i.e. pressures.  Theoretical 

plates were > 2000 for PCA, FA, L7O, ROS and IS > 2000 for CA, CGA and SYR. 

According to the regulations this requirement for the N> 2000 [73,74] and even higher for 

the UHPLC column with small particle size [75]. Therefore, the method could be improved 

further using higher flow rates in suitable instrument settings so that peaks with smaller 

widths are generated. 

3.4 EXTRACTION  

Extraction procedure of both capsule and powder samples have been optimized. Total peak 

areas of the analyte peaks in chromatograms are determined and used as an indicator of the 

effective extraction of phenolic compounds. The results of the extractions for the capsules 

and powder are given in Figure 3.7. In both cases the extraction procedure 13 generated the 

highest peak area for both capsule and powder sample. According to extraction procedure 

13.25 mg sample is dissolved in 1 ml solvent and extracted 30 min using the orbital shaker. 

Solvent amount as 5 ml, 4 ml and 3 ml and 2 ml has also been used. The results show that 

the ratio of sample mass to volume of extraction solvent generated high concentration of the 

phenolic compounds. As the graphs of the total areas versus the extractions are investigated 

in close, the total peak areas increased as the volumes of the solvent decreased from 5 ml to 

1 ml. This may not directly indicate that the extraction is better when smaller amount of 

solvent is used but the sample is richer in terms of the phenolic compound and applying as 

little of as small volume generates higher peak areas. Effectiveness of the solvent type and 

ratios were investigated through extractions procedures 1 to 8, where the MeOH, H2O and 

EtOH were used in different ratios but significant difference was not noted according to the 
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Figure 3.7 The duration of the shaking and the effectiveness of the orbital shaking and 

ultrasonic bath were evaluated for extraction experiments from 14 to 18. The most 

significant change is the result of extraction procedure for both capsule and powder samples 

is the extraction number 17 where the duration using orbital shaker is 120 min. In this thesis 

extraction procedure of 13 where 25 mg sample is dissolved in 1 ml of MeOH: H2O and 

extracted in orbital shaker 30 min. On the other hand, the trends obtained are promising that 

further improvements are possible. Such as the different ratios and types and prolonged 

extraction durations using 1 ml of solvent may caught the differences which is not grabbed 

when high solvent volumes are used.  Considering that these experiments are done during 

HPLC method development before method validations, the extractions can be further 

improved with validated method. One more note is that 50 mg sample is dissolved in 2 ml 

solvent in further experiments, which generated suitable sample volume for the HPLC 

autosampler. It has been indicated that polyphenols are extracted using MeOH, EtOH and 

MeCN due to their hydrophilic nature, addition of acid is to the extraction medium is 

suggested to stabilize the phenolic compounds [1,2] may be considered to increase the 

extraction efficiency. The results are parallel with literature that MeOH and MeOH:W 

mixture is commonly used in extraction of the phenolic compounds from sage plants [4,21, 

27, 22, 23,24,25,26, 30,29,28,33]. 

A. B. 

Figure 3.7: Total Peak Area Versus The Extraction Procedures For A. Capsule Samples B. Powder 

Samples. 

3.5 METHOD VALIDATION 

Method validation for Method 1 has been according to the method validation guidelines 

published by AOAC (Association of Official Analytical Chemists) [76], USP (United States 

Pharmacopeia) [61], IUPAC (International Union of Pure and Applied Chemistry) [62], EPA 

(Environmental Protection Agency) [63] and FDA (Food and Drug Administration) [64]. 
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3.5.1 Selectivity 

Selectivity experiments performed by comparison of the chromatograms of the pure standard 

solution, extracted capsule sample, and spiked extracted capsule samples and shown in 

Figure 3.8 A-H for capsule for the molecules CA, CGA, SYA, PCA, FA, L7O and IS. Each 

of the compounds are shown at their maximum absorbance selected for the quantification. 

Similarly, the pure standard solution, extracted powder and extracted powder spiked with 

the pure standard are shown in Figure 3.9 A-H. There was not interfering peak in the vicinity 

of the peaks eluted less than 9 min. namely CA, CGA and SYR. The chromatogram of the 

capsule extract is crowded with small peaks between 9 to 15 min. Many peaks arising from 

the capsule samples other than analyte are observed at 278 nm (Figure 3.8.H). For powder, 

also there was not interfering peaks in the vicinity of the peaks eluted less than 9 min (CA, 

SYR), while noted that number of non-overlapping peaks are appeared between 9.5 to 15 

minutes Figure (3.9 A-H). At 278 nm, many peaks at 17.5 min, originating from 

powder samples and analyte are observed (Figure 3.9.H). The accuracy of the identification 

and quantification is enabled by narrowing the relative window and using signal specific 

identification using maximum absorbances of each peak which are above 300 nm for CA, 

FA, CGA, L7O, ROS and PCA.  
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A. B. 

C. D. 

E. F. 

G. H. 

Figure 3.8: The Chromatograms Of The Standard (Top), Capsule Extract (Middle) And Standard 

Spiked Capsule Extract (Bottom) Of A) CA B)CGA C)SYA D) PCA E)FA F)L7O G)ROS And 

H)IS.
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A. 

 

B. 

 

C. 

 

D. 

 

E. 

 

F. 

 

G. 

 

H. 

 

Figure 3.9: The Chromatograms Of Powder Extract (Top), Standard Spiked Powder Extract 

(Middle) And The Standard (Bottom), At The Absorbance Maximum Of The Compounds A)CA 

B)CGA C)SYA D)PCA E)FA F)L7O G)ROS And H) IS. 
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The selectivity of the plant samples has been done by comparison of the reference standards 

and the samples. Since, not all of the compounds may not present enough in the real samples 

[66], in this thesis, the real samples are also spiked with pure standards. The selectivity can 

not be tested by comparing with blank matrix, which does not exist of plants samples [69]. 

In some studies, the as a blank matrix another plant has been used [69]. However, it is 

difficult to obtain. 

3.5.2 LOD and LOQ 

In literature, LOD and LOQ values have been obtained using various approaches. According 

to USP, LOD is the concentration when S/N = 3, and LOQ is the concentration when S/N = 

10. According to AOAC/IUPAC approach, blank sample is measured 7 times and mean (𝑥̅)  

and standard deviation(s) are calculated [60]. LOD and LOQ are determined according to 

the equations below: 

LOD: (𝑥̅ + 3s)                                                      (3.5) 

LOQ: (𝑥̅ + 10s)                                                    (3.6) 

In literature as a blank matrix, powder of another plant is used as a blank. For example, 

alfalfa powder is used for the analysis of Echinacea samples [72]. Since, there is no available 

matrix for the sage capsule or powder, instead of approach by AOAC/IUPAC, determination 

of LOD and LOQ suggested by EPA can be used. According to EPA, solution with the lowest 

concentration of analyte has been measured 7 times and then the standard deviation(std) is 

calculated. LOD and LOQ are determined according to the equations below [70,65,66,63]. 

LOD = 3std                                                        (3.7) 

LOQ = 10std                                                      (3.8) 

It has been claimed that the USP method is not sufficient enough [77]. Indeed, we have found 

the values of LOD and LOQ irrationally low according to USP method. According to 

AOAC/IUPAC method, the blank signal may not generate a signal. 

In this thesis, LOD and LOQ values have been calculated according to the EPA guidelines 

[59]. Results of 8 replications of low level of standard mixture solution, standard deviation, 

3*std deviation and 10*std representing the LOD and LOQ values, respectively are given in 
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Table 3.4.  LOD values are ranged between 2.03 -18.03 ug/ml and LOQ values are ranged 

between 6.77 – 60.10 µg/ml. 

Table 3.4:  LOD And LOQ Values In Ug/Ml. N Is Corresponding To The Different Manual 

Preparations Of Standard Solution Mixtures. 

Compounds 1 2 3 4 5 6 7 8 LOD LOQ 

CA 3.77 4.35 4.96 5.27 3.2 4.49 4.73 4.31 1.97 6.58 

CGA 10.37 12.13 13.89 14.84 8.84 11.99 12.79 11.47 5.69 18.97 

SYR 7.99 9.24 10.61 11.44 6.87 9.29 9.83 8.8 4.31 14.36 

PCA 9.04 10.76 12.98 14.01 7.35 -1.23 1.15 -1.37 18.77 62.56

FA 4.98 5.63 6.53 6.93 4.15 5.97 6.38 5.7 2.68 8.95 

L7O 6.64 7.58 8.83 9.41 5.67 7.23 7.77 6.92 3.58 11.95 

ROS 11.83 13.32 15.48 16.49 9.82 13.42 14.42 12.85 6.26 20.87 

LOD and LOQ values of the bioactive compounds of some of the phenolic compounds either 

in raw plants or finished commercial products were generally lower than reported in this 

thesis [65,71,70]. Such as in analysis of phenolic compounds in tea samples, LOD for CGA, 

CA and SYR were determined to be less than 1 ug/ml [78]. In another study, the LOQ of 

CGA along with a few other phenolic compounds were < 1 ug/ml for Echinacea finished 

products and raw materials [70]. In UHPLC analysis of phenolic compounds in plant 

samples LOQ values of the CA, SYR and PCA were all < 1ug/ml [79]. In a study, LOQ 

values were 62.5 - 122 ug/ml for some phenolic compounds in Danshen extract [80].  

Similarly, the LOQ values of the bioactive compounds in Danshen tablets by HPLC were 

0.32 – 29.52 ug/ml [41].   

The values may depend on how the LOD and LOQ determination conducted. Determination 

of LOD and LOQ could be done based on the S/N approach by injecting very low 

concentration of the compounds. In addition, repeated preparations of the standard 1 could 

be done and injected, so that the outliers could be eliminated. Additionally, LOD and LOQ 

could be determined by following the ICH guidelines that uses the standard deviation of the 

response and intercept of 6 calibration curve by following the equations [81]: 

LOD = 3.3 σ/S  

LOQ = 10 σ/S (S = slope of calibration curve) 

In analysis of phenolic compounds from sage the LOQ values are not reported [19,20,21, 

23, 24, 29,34,33,31]. In UPLC analysis of phenolic compounds including CA, CGA, FA and 
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ROS in chia seeds (Salvia hispanica L.) LOD of the compound were reported to be <1 ng/ml 

[82]. There is not study in the literature covering the analysis of sage capsules of the 7 

phenolic compounds, CA, CGA, SYR, FA, PCA, L7O and ROS. 

3.5.3 Linearity 

Linearity has been evaluated by 6 calibration standards. Various concentration ranges for 

each compound have been tested to determine concentration range suitable for the generated 

signal at the maximum absorbance and the amount of the molecules presented in the 

extracted samples. Therefore, the extractions have been measured to get an idea about the 

amount of each compound. The concentration at low values is also skipped since they were 

not repeatable. In addition, the preparation of the calibration standards is optimized since 

more than one compound is measured. As a result, the concentration values given in Table 

3.5 is used. Calibration standard solutions are generated by serial dilution of the standard 

stock solution mixtures and then finally added with 80 µl IS. 

Table 3.5: Preparation Of Calibration Standards And Mixture Of Stock Solutions From Individual 

Stock Solutions. 

analytes conc. of 

stock 

(mg/ml) 

transferred 

volume 

from stock 

solution 

stock mix 

conc. 

(mg/ml) 

Calibration standards (µg/ml) 

std 6 std 5 std 4 std 3 std 2 std 1 

CA 1.16 200 0.0464 37.12 27.84 18.56 15.467 11.6 9.28 

CGA 1.705 420 0.1432 114.58 85.932 57.288 47.74 35.805 28.644 

FA 0.82 400 0.0656 52.48 39.36 26.24 21.867 16.4 13.12 

L7O 0.425 1000 0.085 68 51 34 28.333 21.25 17 

PCA 2 800 0.32 256 192 128 106.67 80 64 

ROS 2 400 0.16 128 96 64 53.333 40 32 

SYR 1.04 500 0.104 83.2 62.4 41.6 34.667 26 20.8 

Total volume transferred 

from stock solutions of 

each standards 

3720 

total volume 

transferred 

from stock 

solution (µl) 

960 720 480 400 300 240 

Volume of MeOH:H2O 

(60:40) to be added to 5 ml 

mixture  

1280 

Volume of 

MeOH:H2O 

(60:40) to 

be added for 

1.2 ml (µl) 

160 400 640 720 820 880 

IS 5000 

(µg/ml) 
80 80 80 80 80 80 
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Simple linear regression analysis has been performed to determine the equation y = ax + b.  

r2 is the correlation coefficient. Calibration solutions are prepared on the different days and 

run on different days, solutions are also injected on different days and the same day to 

validate the linearity. The results are given in the Tables 3.6, 3.7 and 3.8. When the 

calibration solutions are prepared and run on different days, r2 values are generally > 0.99 

and > 0.999 on the first day and the last day (Table 3.6). This could be attributed to the day-

to-day variation. Therefore, calibration solutions are prepared according to the table x from 

the stock solutions and kept at – 20 0C and run which is an adapted practice in quality control 

labs since whole sample preparations and the dilutions must be done precisely that one 

human error changes cause changes in concentration of all levels and the compounds. The 

amount of the pure standards is limited since they are expensive. Using calibration standard 

set on different days is also budget wise since only 1ul of the solution from 1.8 ml is used 

every time. The results of the calibration solutions that are run on different days are given in 

Table 3.7. The r2 > 0.9999 for day 1 and day 2. On the day 3, r2 > 0.99 except for ROS, the 

r2 of which > 0.9607. When the solutions are injected everyday, r2> 0.999 and repeatability 

was observed in the calibration curve equations (Table 3.8). 
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Figure 3.10: Representative Calibration Curves Of CA, CGA, SYR, PCA, FA, L7O And ROS. 
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Table 3.6:  Linearity Data For The Calibration Solutions Prepared And Run On Different Days. 

Analyte Day 1 Day2 Day 3 

CA r2 = 0.9999 r2 = 0.9981 r2 = 0.9995 

y = 0.0340x +0.0027 y = 0.0383x + 0.0100 y = 0.0355x + 0.0029 

CGA r2 = 0.9998 r2 = 0.9988 r2 = 0.9994 

y = 0.0161x + 0.0071 y = 0.0218x + 0.0143 y = 0.0182x + 0.0056 

FA r2 =0.9998 r2 = 0.99889 r2 = 0.99942 

y =0.0320x + 0.0064 y = 0.0426x + 0.0123 y = 0.0349x + 0.0063 

L7O r2 = 0.9998 r2 = 0.9992 r2 = 0.9996 

y = 0.017x + 0.0035 y = 0.0214x +0.0062 y = 0.0183x + 0.0029 

PCA r2 = 0.99926 r2 = 0.99857 r2 = 0.99932 

y = 0.0051x + 0.0147 y = 0.06312x + 0.132 y = 0.05022x + 0.07271 

ROS r2 = 0.9998 r2 = 0.9986 r2 = 0.9994 

y = 0.0177x +0.0092 y = 0.0237x + 0.0194 y = 0.0193x + 0,0089 

SYR r2 = 0.,9998 r2 = 0.9987 r2 = 0.9995 

y = 0.0191x + 0.0049 y = 0.0234x + 0.0130 y = 0.0197x + 0.0064 

Table 3.7: Linearity Data For The Calibration Standard Solutions Injected On Different Days. 

Analyte Day 1 Day 2 Day 3 

CFC 0.9999 0.9992 0.9958  
y=0.03403x +0.027 y = 0.03417x – 0.0107 y = 0.03474x – 0.0207 

CGA 0.9998 0.9999 0.9987  
y = 0.01612x + 0.00706 y = 0.01623x + b y = 0.01659x -0.0219 

FLC 0.9998 0.9997 0.9988  
y = 0.03199x + 0,00642 y = 0.03248x + 0.01209 y =0.03291x +0,0193 

L7O 0.9998 0.9998 0.9997  
y = 0.017x + 0,00353 y = 0.01749x + 0.00613 y = 0.01813x +0.00319 

PCA 0.9993 0.9989 0.9972  
y = 0.00514x + b y = 0.00521x + b y = 0.00524x +0.02733 

ROS 0.9998 0.9991 0.9607  
y = 0.01766x + 0,0092 y = 0.01733x + 0.01513 y = 0.01678x -0.1231 

SYR 0.9998 0.9998 0.9991  

y = 0.01909x + 0,00486 y = 0.01916x + 0.00355 y = 0.01939x -0.0141 



 53 

Tablo 3.8: Calibration Solutions Are Injected On The Same Day. 

Compounds Inj1 Inj2 Inj3 

CFC 0.9991 0.99921 0.99949  
y = 0.03417x – 0.00363 y = 0.03546x + 0.00779 y = 0.03546x + 0.00294 

CGA 0.99921 0.99915 0.99944  
y = 0.01755x -0.0026 y = 0.01813x + 0.01501 y = 0.01819x +0.00556 

FLC 0.99901 0.99915 0.99942  
y =0.03398x – 0.003 y = 0.03477x + 0.01448 y = 0.03491x +0.00629 

L7O 0.99889 0.9991 0.99956  
y = 0.01726x – 0.00406 y = 0.01818x + 0.0087 y = 0.01825x + 0.00293 

PCA 0.99914 0.99901 0.99932  
y = 0.04895x + 0.01254 y = 0.05006x +0.12978 y = 0.05022x + 0.07271 

ROS 0.9988 0.9991 0.99943  
y = 0.01851x – 0.01039 y =0.01909x + 0.01898 y = 0.01918x + 0.00879 

SYR 0.99905 0.99912 0.99945  
y = 0.01907x – 0.00122 y = 0.01958x + 0.01373 y = 0.01967x + 0.0064 

 

In this study, BHT is used as an internal standard and calibration with internal standard 

addition is adapted. IS is used to eliminate the variation in sample preparation and instrument 

conditions. However, it has been noted that direct calibration is also suitable. Even, in some 

measurements, direct calibration results are used rather than IS addition method. Peak of IS 

has been observed very late compared to other standards and relatively in more crowded area 

of the chromatogram. Therefore, there were difficulties in integration of the peak. Internal 

standard which elutes earlier may be more suitable.  In analysis of phenolic compounds by 

HPLC, baicalin [83] or chrysin [84] have been used as an IS other than BHT [13].  In here, 

IS is not added before extraction steps, therefore, it is also suitable to use direct calibration. 

In UPLC analysis of the phenolic compounds including CA, CGA, FA and ROS in sage chia 

seeds (Salvia hispanica L.)  were as low as 0.0004–0.1650 [82]. In analysis of phenolic 

compounds from sage the linearity was not reported [19,20, 21,23,24,29,34,33,31]. 

3.5.4 Accuracy & Precision 

Accuracy and precision have been evaluated by using the solutions of known concentrations 

of pure standard at three levels for each compound. Both within day and between day 

precisions have been validated and expressed in terms of the %RSD (relative standard 

deviation) and %RE (relative error) for precision and accuracy, respectively.  

% Relative Standard Deviation (% RSD) are calculated and acceptance criteria is ≤ %15. 

 

% 𝑅𝑆𝐷 =
𝑠

𝑥̅
× 100                                                   (3.9) 
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Where:  

s: standard deviation 

𝑥̅: mean 

Within day % RSD were in the ranges of 2.18- 4.47, 0.71-2.20 and 0.17-2.82 at low, medium 

and high levels, respectively for all compounds (Table 3.9.). Between day % RSD were 0.84-

2.25, 5.58- 8.25 and 2.72-6.97 for low, medium and high levels, respectively for all 

compounds.  

% RE is calculated to asses the accuracy according to the equation below: 

% 𝑅𝑆𝐷 =
(𝐶𝑆−𝐶𝑇)

𝐶𝑇
× 100                                            (3.10)

Between day %RE were 0.23 – 4.95, (-0.34) - (-7.74) and (-13.63) - (-4.72) for low, medium 

and high levels, respectively for all compounds (Table 3.10.). Between day % RE were (-

2.65) – 2.16, 2.13 - 6.60 and (-7.81) - (-1.91) for low, medium and high levels, respectively 

for all compounds. There was not any trend on both %RSD and % RE values depending on 

the levels, but generally all values are within acceptance criteria< 15%.  

Table 3.9: Within Day Precision And Accuracy. CT: Theoretical Concentration. 

Low CT 1 2 3 mean STD % RSD % RE 

CFC 5.80 5.86 5.91 5.67 5.81 0.13 2.18 0.23 

CGA 17.90 18.71 18.01 17.48 18.07 0.62 3.41 0.91 

SYR 13.00 14.07 13.81 13.15 13.68 0.47 3.47 4.95 

PCA 40.00 42.84 40.89 39.43 41.05 1.71 4.17 2.57 

FLC 8.20 8.60 8.34 8.05 8.33 0.28 3.30 1.56 

ROS 20.00 21.75 20.68 19.90 20.78 0.93 4.47 3.74 

Medium CT 1 2 3 mean STD % RSD % RE 

CFC 18.56 16.89 17.26 17.53 17.23 0.32 1.87 -7.74

CGA 57.288 54.11 52.4 53.42 53.31 0.86 1.61 -7.46

 SYR 41.6 41.56 41.13 41.69 41.46 0.29 0.71 -0.34

PCA 128 126.45 121.56 123.84 123.95 2.45 1.97 -3.27

FLC 
26QA,

24 
25.18 24.56 24.97 24.90 0.32 1.27 -5.37

ROS 64 63.39 60.69 61.69 61.92 1.37 2.20 -3.35

High CT 1 2 3 mean std % RSD % RE 

CFC 46.4 41.64 39.75 41.86 41.08 1.16 2.82 -12.94

CGA 143.22 126.23 125.8 126.08 126.04 0.22 0.17 -13.63

SYR 104 100.02 97.97 99.95 99.31 1.16 1.17 -4.72

PCA 320 296.94 297.15 295.07 296.39 1.15 0.39 -7.97

FLC 65.6 59.9 59.13 59.51 59.51 0.39 0.65 -10.23

ROS 160 147.47 148.38 146.33 147.39 1.03 0.70 -8.55
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Table 3.10:  Between Day Precision And Accuracy. 

Low CT 1 2 3 mean std % RSD % RE 

CFC 5.80 5.71 5.67 5.57 5.65 0.07 1.28 -2.65 

CGA 17.90 18.17 17.48 17.53 17.73 0.38 2.17 -0.99 

SYR 13.00 13.12 13.15 13.59 13.29 0.26 1.98 2.16 

PCA 40.00 39.16 39.43 40.83 39.81 0.90 2.25 -0.49 

FLC 8.20 8.15 8.05 8.18 8.13 0.07 0.84 -0.90 

ROS 20.00 19.92 19.90 20.67 20.16 0.44 2.18 0.81 

Medium CT 1 2 3 mean std % RSD % RE 

CFC 18.56 20.66 17.53 18.89 19.03 1.57 8.25 2.45 

CGA 57.288 63.1 53.42 59.09 58.54 4.86 8.31 2.13 

SYR 41.6 46.25 41.69 45.68 44.54 2.48 5.58 6.60 

PCA 128 142.5 123.84 137.05 134.46 9.60 7.14 4.81 

FLC 26.24 29.23 24.97 27.57 27.26 2.15 7.88 3.73 

ROS 64 71.15 61.69 69.62 67.49 5.08 7.52 5.17 

High CT 1 2 3 mean std % RSD % RE 

CFC 46.4 46.9 41.86 41.48 43.41 3.03 6.97 -6.88 

CGA 143.22 142.9 126.08 129.57 132.85 8.88 6.68 -7.81 

SYR 104 105.2 99.95 100.99 102.05 2.78 2.72 -1.91 

PCA 320 323.93 295.07 303.02 307.34 14.91 4.85 -4.12 

FLC 65.6 66.47 59.51 60.69 62.22 3.72 5.99 -5.43 

ROS 160 161.84 146.33 152.1 153.42 7.84 5.11 -4.29 

 

3.5.5 Recovery 

In validation of the recovery for herbal supplements of capsules and tablets, different 

procedures are available in the literature [85,70,72,70,59,71,86,66,67,65]. 

According to blank matrix is going the spiked with known concentration of analyte 

(theoretical concentration) and then extracted and measured (Figure 3.10.). The recovery is 

going the calculated as follows: 

                                                  (3.11) 

 

Where: 

% R: Percent recovery 

Cs: measured concentration 

CT: theoretical concentration 
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Figure 3.11: Determination Of The % R Following Blank Matrix Method. 

According to sample method blank matrix is not used. Sample is divided into two portions. 

One portion is added with analyte (analytical concentration) and the portion is analyzed as 

it is (Figure 3.11). Then the % Recovery is calculated as follows: 

(3.12) 

CS: sample is spiked with analyte 

CU: samples is not spiled with analyte 

CT: pure standard concentration (theoretical) 

In this study, % R is going to be calculated by using both blank matrix and sample method. 

Figure 3.12: Determination Of The % Recovery By Following Sample Method. 

Blank Matrix

+ 3 concentration 
levels of pure
standards (CT)

extraction + 
filtration

HPLC analysis (CS)

Samples

+ 3 concentration 
levels of pure 
standards (CT)

Extraction + filtation

HPLC Analysis (CS)

Samples

Extraction  + 
filtration

HPLC analysis (CU)
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It has been indicated that the sage capsules or tablets products may contain only pure extract 

or subsidiary chemicals such as sodium bicarbonate, magnesium stearate, silicon dioxide, 

boron, silicon, starch, zinc sulphate hepta hydrate, gum and/or chromium picolinate along 

with pure extracts. Blank matrix which does not contain the phenolic compounds are made 

by dissolving subsidiary chemicals magnesium stearate and maltodextrase in recovery 

validation of analysis of commercial ginseng extracts [87,88]. In some studies, dietary 

supplements which do not contain phenic compounds are used. For example, blank matrix 

in analysis of the green tea and ginkgo biloba supplement of pomegranate extracts have been 

used [89]. 

In here, recovery experiments are presented through using sample matrix since the blank 

matrix for salvia is not possible and difficult to obtain. Therefore, recovery experiments are 

done at levels of LLOQ, MLQ and HLQ by spiking appropriate number of pure standards 

on mg capsule and powder and magnesium stearate and magnesium dextrose mixture (MM) 

and obtain the recovery after the sample preparation/extraction. The recovery experiments 

have been designed and optimized for capsule, powder and tablet matrices at 3 levels 3 days. 

Extracted matrix, matrix added with standard solution are measured and compared with 

theoretical concentrations and the results are compared. % R has been calculated by using 

the equation  

% R = (CS – CU) /CT*100 (3.13) 

Where, 

CS: extracted matrix spiked with standard solutions at L, M, H levels 

CU: extracted matrix unspiked matrix 

CT: theoretical concentration of L, M and H levels 

The acceptance criteria for the % R was 85-115% according to the regulations [5]. % R for 

the capsule samples were mostly within this range except a few cases (Table 3.11.). At low 

concentration level, FA, L7O and ROS and CA in day 2 demonstrated % R values greater or 

less than 85- 115%. This may be attributed to the low level of the concentration and loss of 

sample is significant. At medium concentration level % in FA is improved. % R for ROS in 

day 2 also suffers from loss of significant sample. % R of the L7O was variant and out of 

the desired range for the medium level which may attributed to the difficulty in desolvation 



 58 

of L7O to facilitate the solvation ultrasonic bath with heat is applied. At H level % R in FA 

has been improved with the values around 77 – 80%. % R in L7O at high L is out of the 

desired range and there was not any consistency between days. % R in ROS at high conc. 

level has been improved. These results suggest that more appropriate sample solvation must 

be adopted for L7O, amount of the sample dissolved must be increased for generation of 

better recoveries for FA and ROS. 

 

Table 3.11: % R Of Capsule Samples. 

   Day 1 Day 2 Day3 

low  CT CU CS     % R CS  % R CS  % R 

CA 5.8 11.02 17.62 113.91 17.82 117.36 17.48 111.49 

CGA 17.903 7.33 24.56 96.22 24.08 93.58 24.79 97.51 

SYR 13 2.82 16.06 101.82 14.43 89.26 17.12 109.95 

PCA 40 1.53 40.41 97.20 37.74 90.52 41.29 99.38 

FA 8.2 3.29 6.68 41.34 5.49 26.75 6.43 38.29 

L7O 10.625 140.02 158.54 174.31 161.13 198.65 146.60 61.96 

ROS 20 227.82 249.01 105.93 273.52 228.48 249.30 107.37 

 

medium CT CU CS  % R CS  % R CS  % R 

CA 18.56 11.02 29.38 98.96 26.94 85.78 29.05 97.16 

CGA 57.29 7.33 62.74 96.73 55.38 83.88 60.97 93.63 

SYR 41.60 2.82 43.94 98.85 40.34 90.19 45.66 102.96 

PCA 128.00 1.53 127.50 98.41 114.57 88.31 127.21 98.19 

FA 26.24 3.29 23.32 76.31 20.65 66.15 22.49 73.15 

L7O 34.00 140.02 180.62 119.41 137.58 -7.17 152.09 35.49 

ROS 64.00 227.82 293.28 102.28 262.74 54.56 292.57 101.16 

         

         

high CT CU CS  % R CS  % R CS  % R 

CA 52.73 11.02 46.40 89.91 53.48 91.52 52.46 89.31 

CGA 136.72 7.33 143.22 90.34 129.69 85.43 134.69 88.93 

SYR 97.77 2.82 104.00 91.29 99.72 93.17 98.91 92.39 

PCA 297.71 1.53 320.00 92.56 289.48 89.98 288.85 89.78 

FER 56.16 3.29 65.60 80.59 54.81 78.53 54.19 77.58 

L7O 226.92 140.02 85.00 102.23 155.11 17.76 152.93 15.19 

ROS 378.98 227.82 160.00 94.47 375.98 92.60 392.27 102.78 

 

% R of the powdered sample is given in Table 3.12. The % R for the powdered sample at 

low level is out of the range for most of the compounds. CA, CGA and PCA have shown 

most rational recoveries. Indeed, % R are all improved except for L7O at M and H levels, 

which could be reasoned same as capsule sample.  



 59 

Generally, overall recoveries are lower compared to that of capsule sample, which may be 

attributed to the complexity of the matrix. While the commercial capsules samples are 

obtained by extraction of the plant, powdered sample is cruder and contains more 

compounds which may interfere with analyte molecules. In analysis of powdered samples, 

pre-extraction stages in sample cleaning such as sample preparation could be included to 

eliminate interference molecules. 

 

 

Table 3.12: % R For The Powdered Sample On Different Days. 

   Day 1 Day 2 Day 3 

low CT CU CS  % R CS  % R CS  % R 

CA 5.80 3.77 8.26 77.41 8.00 72.87 7.11 57.47 

CGA 17.90 9.62 26.18 92.50 24.33 82.17 21.13 64.27 

SYR 13.00 30.26 61.36 239.21 38.48 63.26 51.71 165.00 

PCA 40.00 1.25 42.03 101.94 39.94 96.72 29.73 71.18 

FER 8.20 2.87 2.96 1.10 2.39 -5.81 2.05 -10.08 

L7O 10.63 153.90 160.02 57.66 161.54 71.91 177.49 222.02 

ROS 20.00 266.16 270.86 23.47 301.67 177.53 325.61 297.23 

         

medium CT CU CS  % R CS  % R CS  % R 

CA 18.56 3.77 19.91 86.93 17.85 75.86 18.10 77.17 

CGA 57.29 9.62 60.88 89.48 57.16 82.98 57.01 82.72 

SYR 41.60 30.26 72.43 101.36 77.06 112.51 76.92 112.16 

PCA 128.00 1.25 124.44 96.24 125.93 97.41 125.23 96.85 

FER 26.24 2.87 19.36 62.83 19.55 63.57 17.60 56.12 

L7O 34.00 153.90 187.40 98.54 149.75 -12.20 163.33 27.75 

ROS 64.00 266.16 351.87 133.91 332.80 104.13 355.52 139.62 

         

high CT CU CS  % R CS  % R CS  % R 

CA 46.40 3.77 43.65 85.95 40.62 79.42 41.36 81.00 

CGA 143.22 9.62 133.46 86.47 122.71 78.96 126.13 81.35 

SYR 104.00 30.26 128.60 94.55 127.31 93.32 138.36 103.94 

PCA 320.00 1.25 296.93 92.40 285.52 88.83 301.50 93.83 

FER 65.60 2.87 55.24 79.83 51.48 74.11 53.03 76.46 

L7O 85.00 153.90 217.26 74.55 135.59 -21.54 159.32 6.38 

ROS 160.00 266.16 449.86 114.81 415.10 93.09 460.21 121.28 

 

% R of the matrix containing maltodextrins and magnesium stearate represents the tablet. % 

R were generally in the range of 85 -11% except a few compounds. % R for FA was around 

11% for all levels only at day 1, which could be attributed the non-systematic error, since 

the %R are 90%-100% for other days (Table 3.13). Since L7O% standard stock solution has 

been consumed that can not repeated for the other two days. Overall, recovery for the MM 
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Matrix were better compared to capsule and the plant powder indicating that the interference 

hinders the recovery of the analytes. Other than the extraction procedure is suitable.  

Table 3.13: MM Recovery.CU Is Zero. 

Day 1 Day 2 Day 3 

low  CT CS % R   CS % R  CS % R 

CA 5.80 5.17 89.05 39.49 85.11 4.98 85.92 

CGA 17.90 14.63 81.69 124.43 86.88 15.36 85.78 

SYR 13.00 11.67 89.77 97.74 93.98 12.11 93.18 

PCA 40.00 4.47 11.18 295.11 92.22 36.57 91.43 

FER 8.20 7.01 85.49 59.05 90.02 7.36 89.72 

L7O 10.63 9.78 92.00 

ROS 20.00 16.96 84.78 147.31 92.07 18.52 92.60 

medium     CT   CS  % R  CS % R   CS % R 

CA 5.80 19.04 102.59 5.42 93.45 17.21 92.71 

CGA 17.90 54.09 94.42 16.35 91.35 53.29 93.02 

SYR 13.00 43.04 103.46 13.03 100.23 41.97 100.90 

PCA 40.00 14.48 11.31 38.56 96.41 126.18 98.58 

FER 8.20 25.72 98.00 7.82 95.37 25.34 96.56 

L7O 10.63 35.88 105.53 

ROS 20.00 62.11 97.05 19.26 96.32 63.73 99.57 

high   CT   CS % R   CS % R   CS % R 

CA 46.40 45.30 97.63 17.31 93.27 40.95 88.26 

CGA 143.22 129.34 90.31 52.69 91.97 125.52 87.64 

SYR 104.00 101.88 97.96 41.62 100.04 99.58 95.75 

PCA 320.00 33.26 10.39  122.28 95.53 298.18 93.18 

FER 65.60 60.87 92.79 24.88 94.82 60.01 91.47 

L7O 85.00 84.73 99.68 

ROS 160.00 147.55 92.22 61.26 95.71 149.42 93.39 

3.6 REAL SAMPLES 

The analysis of the real samples, three brands of capsule and powder have been done and the 

results are given in Table 3.14.  Mostly, L7O and ROS have been detected in relatively 

greatest amount in capsule and powder samples. There was variation in the amount of ROS 

among the capsule brands. Brand no 1 capsule has the highest amount of ROS. In addition, 

L7O has been detected higher in brand no1. While brand no 2 and 3 do not contain CA, 

significant amount of CA was detected in brand no1.  
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While there was significant amount of CGA in brand no 3, there was not CGA at all or 

significantly in brand no1 and 2. SYR was also not present in capsules. FA present in brand 

no 3 and there was low amount of FA in brand no and brand 2 does not contain FA at all. In 

terms of phenolic content, brand no 1 and 2 are richer. The amount of L7O and ROS were 

richer in powder similar to capsules. There was also appreciable amount of SYR in powder 

with concentration of 30.26ug/ml. CGA, CA, FA, PCA were present in powder under 

detection limits. As a result, the method is applicable in determination of the phenolic 

compounds in capsule and powder. The sample preparation with enrichment technique 

should be applied. These amounts could be converted in to µg/mg sample that 25 mg sample 

is extracted and analyzed in each case. 

 

Table 3.14: Analysis Of Real Samples Given In Ug/Ml. 

 brand no 1 brand no 2 brand no 3 powder     

Compound  day 1 day 1 day 2 day 1 day 2 

 

day 1 LOD LOQ 

CA 10.43   0.59  3.77 2.03 6.77 

CGA 1.5 1.64  11.66 5.5 9.62 5.81 19.38 

SYR 0.08     30.26 4.40 14.67 

PCA 
     1.25 18.03 60.10 

FA 1.19   7.24 4.58 2.87 2.74 9.14 

L7O 154.09 50.82 47.77 53.71 60.98 153.90 3.63 12.11 

ROS 240.03 136.72 133.49 79.77 80.3 266.16 6.37 21.25 

 

In literature there are not many examples studying the phenolic compounds in commercial 

capsules and powders of sage, while tablets and capsules of different plants have been 

analyzed [38,39,40,41,42,43,44,45,46,48,56]. Only in Salvia miltiorrhiza  [51,52] were 

anlyzed by HPLC in terms of phenolic compounds other than CA, CGA, SYR, FA, PCA, 

L7O and ROS. Therefore, this study represents the first study for the analysis of phenolic 

compounds in sage capsules and powders. 

 

 

 

 

 



62 

4. CONCLUSION AND FUTURE WORK

In this thesis, method development and the validation of the (U)PLC/DAD method for the 

analysis of seven phenolic compounds CA, CGA, SYR, FA, PCA, L7O and ROS have been 

done by following the international validation guidelines FDA (food and drug 

administration), EPA (environmental protection agency), ICH (international conference on 

harmonization). The method validation procedures were adapted, considering the absences 

of the blank sample and simultaneous analysis of multiple components. System suitability 

has also been done. The method presented in here is particular because of the type of 

phenolic compounds, short run time, system suitability, method development and 

application to sage capsules. Different combination of phenolic compounds in different sage 

species have been analyzed by HPLC using UV or DAD detector.  

Method development has been done by optimization of the instrumental conditions. Initially, 

maximum absorbances have been detected for each of the compounds and compound 

specific analysis has been done to improve the selectivity. Then the ideal conditions of the 

instrument parameters as the mobile phase composition, gradient program, injection volume, 

column temperature and flow rate of mobile phase. Gradient program was most difficult 

because of the similar polarities of the compounds, especially, CA and CGA. The total run 

time was 18 minutes, which is much less than the reported run time of the methods for 

simultaneous analysis of phenolic compounds reported in literature. 3 methods with different 

flow rate and gradient conditions have been developed and one is chosen for the method 

development.  

The sample preparation and extraction of the phenolic compounds in capsule and powder 

has also been determined and best solvent type and composition were determined. The areas 

of the peaks are evaluated in a comparative manner. The data are also used to determine the 

calibration range. The extraction is also optimized to use the minimum amount of sample 

and solvent to reduce the cost and waste management. Extraction could be improved by 

addition of the acid. 
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The system suitability parameters were efficient but could be improved in terms of 

theoretical plate number, and resolution of the early eluting peaks that is CA and CGA. 

Method validation for the selectivity was adjusted for the capsule samples that there is no 

blank sample and the real samples may not contain all the compounds present. The method 

linear range was determined based on the amount of the sample to be analyzed and so the 

LOQ and LOD values, which could be reviewed using other approaches in different 

guidelines. BHT is used as an internal standard, which is eluted latest in a region crowded 

with impurities, therefore, direct calibration without the internal standard may be considered. 

The recoveries are also presented for the first time for capsule, powder and magnesium 

streate/maltodextrose mixture representing tablet for the first time. Recoveries have been 

determined by measuring the sample, since blank matrix was not available for powder and 

capsule. 

Finally, the method has been applied for the analysis of capsule and powder. Commercial 

capsule samples are sold as salvia or sage which contains Salvia officinalis and other herbs. 

Powder is sold as organic sage, i.e. Salvia officinalis powder. Powder showed the presence 

ROS, L7O and SYR relatively higher compared to other compounds which were < LOQ. 

Capsules follow the same trends. There were significant changes among three brands in 

terms of the levels of CGA and CA. There was also variation in the levels of ROS and L7O. 

In the future, improvements of the study in three different dimensions could be done. One 

of them is to improvement of the method. CA and CGA, so the other compounds could be 

eluted earlier by application of the higher flow rates. Suitability of different IS should also 

be tested, especially to evaluate the matrix effect and recovery parameters. Comparison of 

the UHPLC method with LC-MS/MS method could also be made in terms of selectivity, 

accuracy, and limit of quantitation. Extraction efficiency could be improved by using higher 

amounts of sample and introduction of liqiud-liqiud or solid phase extractions using 

polymeric sorbents or advanced molecular extractions techniques such as magnetic sorbent 

extractions and molecular imprinted extraction techniques.  
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The method could also be extended to the analysis of different commercial products 

containing CA, CGA, PCA, SYR, FA, L7O and ROS in one batch. Especially since a few 

analyses are done, different materials could be easily extended that may include the extracts 

of different species, compounds studied at different geographical conditions, environment 

and agricultural practices used in cultivation of Salvia officinalis species at least in terms of 

the analytes measured in this study. 

Another important area is the application or modification of the method for the biological 

fluids such human serum or urine and introduction of the metabolites of the intense 

compounds such as ROS and L7O to the method which was found in plenty. Change of the 

matrix or extraction procedures requires full validation of the method.  
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