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สะระแหน่ (Mentha cordifolia Opiz ex Fresen.) เป็นสมุนไพรคู่ครวัไทย ทีม่ีกลิน่

หอม และมีฤทธใินกำรรกัษำโรค เชน่ ชว่ยลดไข ้ลดอำกำรกระสบักระส่ำย ขบัเหงือ่ และชว่ย

ย่อยอำหำร  กำรศึกษำนี้มีวตัถุประสงคใ์นกำรระบุเกณฑม์ำตรฐำนคุณภำพและเป็นเกณฑ ์

อำ้งอิงปรมิำณกรดโรสมำรนิิกของใบและล ำตน้พืชสมุนไพรสะระแหน่แหง้  โดยจัดท ำ

ขอ้ก ำหนดทำงเภสชัเวทประกอบดว้ยลกัษณะทำงจลุทรรศนข์องภำคตดัขวำงของใบและล ำตน้

รวมทัง้คำ่คงทีข่องใบ วเิครำะหข์อ้ก ำหนดทำงกำยภำพและเคมขีองเคร ือ่งยำ ไดแ้ก ่ปรมิำณเถำ้

ทีไ่ม่ละลำยในกรด ปรมิำณเถำ้รวม น ้ำหนักทีห่ำยไปเมือ่ท ำใหแ้หง้ ปรมิำณควำมชืน้ ปรมิำณ

สิ่งสกดั และปรมิำณน ้ำมันระเหย วิเครำะหอ์งคป์ระกอบทำงเคมีของน ้ำมันระเหยโดยวิธ ี

GC/MS จดัท ำลำยพิมพท์ำงเคมีโดยวธิี TLC วเิครำะหป์รมิำณกรดโรสมำรนิิกโดยเตรยีมสิง่

สกดัในเอธำนอลดว้ยเคร ือ่งสกดัซอ็กหเ์ล็ต แยกและหำปรมิำณโดยวธิ ีRP-HPLC ใชค้อลมัน ์

intentsil® ODS-3 เป็นวฏัภำคคงที่ และใชส้ำรเมทำนอล: กรดฟอสโฟรกิ 0.2% (45% : 

55%)เป็นวฏัภำคเคลื่อนที่  ผลกำรศึกษำแสดงลักษณะกำยวิภำคของใบและล ำตน้พืช

สะระแหน่ พบปำกใบชนิดไดอะไซตกิ ทัง้ 2 ดำ้นของใบ มีค่ำดชันีของปำกใบดำ้นบน 2.85 ± 

0.64 ดชันีของปำกใบดำ้นล่ำง 19.08 ± 2.65 พืน้ที่เซลลผ์ิวดำ้นบนและดำ้นล่ำง 2128.64 ± 

182.80 และ 1293.52 ± 262.45 ตำรำงไมโครเมตร ตำมล ำดบั ค่ำดชันีของขนดำ้นบน 0.45 

± 0.44 ค่ำดชันีของขนดำ้นล่ำง 0.46 ± 0.33 มีต่อมน ้ำมนัมนักระจำยอยู่ท ั่วผิวใบดำ้นบนและ

ดำ้นล่ำง ค่ำดชันีของต่อมน ้ำมนัดำ้นบน 3.09 ± 0.89 ดชันีของต่อมไขมนัดำ้นล่ำง 5.97 ± 

1.75 ค่ำดชันีของเซลลร์ ัว้ 4.63 ± 0.35 ขอ้ก ำหนดทำงกำยภำพและเคมขีองใบสะระแหน่พบว่ำ

ปรมิำณเถำ้ที่ไม่ละลำยในกรด ปรมิำณเถำ้รวม น ้ำหนักที่หำยไปเมื่อท ำใหแ้หง้ และปรมิำณ

ควำมชืน้ ไม่มำกกว่ำรอ้ยละ 1.98, 9.41, 7.06 และ 10.50 โดยน ้ำหนักตำมล ำดบั ปรมิำณสิง่

สกดัดว้ยเอธำนอล ปรมิำณสิง่สกดัดว้ยน ้ำ และปรมิำณน ้ำมนัระเหย ไม่นอ้ยกว่ำรอ้ยละ 5.04, 

15.23 และ 0.36 โดยน ้ำหนักตำมล ำดบั ผลกำรศึกษำองคป์ระกอบทำงเคมีของน ้ำมนัระเหย

พบว่ำรอ้ยละ 73.22 คือ piperitenone oxide ขอ้ก ำหนดทำงกำยภำพและเคมีของล ำตน้

สะระแหน่พบว่ำปรมิำณเถำ้ทีไ่ม่ละลำยในกรด ปรมิำณเถำ้รวม น ้ำหนักทีห่ำยไปเมือ่ท ำใหแ้หง้ 

และปรมิำณควำมชืน้ ไม่มำกกว่ำรอ้ยละ 1.63, 8.41, 7.04 และ 10.01 โดยน ้ำหนักตำมล ำดบั 

ปรมิำณสิง่สกดัดว้ยเอธำนอล และปรมิำณสิง่สกดัดว้ยน ้ำ ไม่นอ้ยกว่ำ 5.20 และ 16.63 โดย

น ้ำหนักตำมล ำดบั ผลกำรวเิครำะหก์รดโรสมำรนิิกโดยวธิี RP-HPLC พบว่ำ ปรมิำณกรดโร

สมำรนิิกในใบและล ำตน้สะระแหน่เท่ำกบัรอ้ยละ 1.92 ± 1.26 และ 0.99 ± 0.41 โดยน ้ำหนัก

ตำมล ำดบั 
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ABSTRACT (ENGLISH) # # 6178951553 : MAJOR PUBLIC HEALTH SCIENCES 

KEYWOR

D: 

Mentha cordifolia, ROSMARINIC ACID, PHARMACOGNOSTIC 

SPECIFICATION, RP-HPLC 

 Ploychat Chamnanthongpiwan : PHARMACOGNOSTIC 

SPECIFICATION AND ROSMARINIC ACID CONTENT OF MENTHA 

CORDIFOLIA LEAVES AND STEMS IN THAILAND. Advisor: 

ANCHALEE PRASANSUKLAB Co-advisor: CHANIDA PALANUVEJ 

  

Mentha cordifolia Opiz ex Fresen. is one of the popular Thai kitchen herbs 

due to its unique aroma and benefits to human health such as helping to relieve 

colds, fever, motion sickness and poor digestion problems. This study aimed to 

specify the quality parameters of M. cordifolia dried leaves and stems with special 

reference to rosmarinic acid (RA) contents. The pharmacognostic specifications of 

leaf and stem crude drugs were investigated including microscopic cross-sectioning 

of leaf and stem as well as leaf constant numbers; physico-chemical contents i.e. 

acid-insoluble ash, total ash, loss on drying, moisture, extractive matters and 

volatile oil. The chemical constituents of the volatile oil were analyzed by GC/MS. 

TLC fingerprints of these crude drugs were demonstrated. The ethanolic extracts 

were prepared exhaustively using Soxhlet apparatus. RA quantitative analysis was 

made by reverse phased high performance liquid chromatography (RP-HPLC) 

using intentsil® ODS-3 column as stationary phase and methanol: 0.2% phosphoric 

acid (45% : 55%) as mobile phase. The results demonstrated the anatomical 

characters of leaf and stem cross-sections. The stomata (diacytic type) were found 

in upper and lower sides of leaf. The microscopic leaf constant numbers were found 

to be as follows: upper stomatal index 2.85 ± 0.64, upper trichome index 045 ± 

0.44, upper oil gland index 3.09 ± 0.89, upper epidermal cell area 2128.64 ± 182.80 

µm2, palisade ratio 4.63 ± 0.35; lower stomatal index 19.95 ± 2.65, lower trichome 

index 0.46 ± 0.33, lower oil gland index 5.97 ± 1.75 and lower epidermal cell area 

1793.52 ±262.45 µm2. The physico-chemical specification demonstrated the 

contents of acid-insoluble ash, total ash, loss on drying and moisture in leaf should 

not be more than 1.98, 9.41, 7.06 and 10.50 % by weight respectively; the ethanol-

soluble extractive matter, water-soluble extractive matter and volatile oil in leaf 

should not be less than 5.04, 15.23 and 0.36 % by weight respectively. The main 

chemical compound in the volatile oil was piperitenone oxide (73.22%). The 

specification contents of acid-insoluble ash, total ash, loss on drying and moisture 

in stem should not be more than 1.63, 8.41, 7.04, 10.01 % by weight respectively; 

the ethanol-soluble extractive matter and water-soluble extractive matter in stem 

should not be less than 5.20 and 16.60 % by weight respectively. RP-HPLC 

analysis revealed the RA content in leaf as 1.92 ± 1.26 and in stem as 0.99 ± 0.41 

g/100 g by dry weight. 
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CHAPTER I 

INTRODUCTION 

 

1.1 Background and rationale 

Mentha cordifolia Opiz ex Fresen. (สะระแหน่) is one of the popular Thai kitchen 

herbs in Mentha species that emerged due to hybridization of Mentha suaveolens 

Ehrh. and Mentha spicata L.(Lawrence B. M., 2007) It was in the famous herbal 

preparation such as Ya Lueat Ngam (ยำเลือดงำม) (GPO, 2013), which was treated as a 

blood tonic in menstrual disorders and leucorrhea use. (Chotchoungchatchai et al., 

2012) A major component of M. cordifolia is rosmarinic acid (RA); a phenolic 

compound and ester of caffeic acid, which is naturally occurring in several plants of 

the Lamiaceae family.  

RA is the second most common ester of caffeic acid in the plant kingdom, 

especially in Lamiaceae and Boraginaceae. It is biosynthesized via shikimic acid 

pathway from phenylalanine and tyrosine. (Ellis and Towers, 1970) Many in vitro and 

in vivo pharmacological activities of RA have been studied and reported such as 

antioxidative, anti-inflammatory, antiproliferative, antimutagenic, cytoprotective and 

immunomodulation properties. Clinical studies with RA showed atopical dermatitis-

mitigating and seasonal allergic rhinoconjunctivitis effects. (Amoah et al., 2015) 

A system of standardization is very important to ensure the quality of medicinal 

plant materials in the market. World Health Organization (WHO) is continuously 

emphasizing in quality control of medicinal plant products especially using modern 

techniques for chemical marker analysis. (WHO, 2011)  

High performance liquid chromatography (HPLC) is a chromatographic 

technique that can separate a mixture of compounds and is used in phytochemical and 

analytical chemistry to identify, quantify and purify the individual components of the 

mixture. (Boligon and Athayde, 2014.) The characterization of HPLC is to force a 

mobile phase solution through a column; stationary phase, the differences of their 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2 

partition and adsorption behaviors between the mobile phase and the stationary phase 

allow separation of complex mixture by the use of high pressure. The aim of the 

present study was to evaluate pharmacognostic specification of M. cordifolia in 

Thailand and to determine the rosmarinic acid contents by high performance liquid 

chromatography (HPLC) for used as a tool for quality control of this Thai herbal 

crude drug. 

 

1.2 Research gap 

Standardization of M. cordifolia and its RA content have not been reported in 

Thailand. 

 

1.3 Objectives of the study 

1.3.1 To evaluate pharmacognostic specification of M. cordifolia leaf and stem 

crude drugs in Thailand. 

1.3.2 To evaluate rosmarinic acid contents of M. cordifolia leaf and stem crude 

drugs in Thailand. 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3 

1.5 Conceptual framework 

 

   

Macroscopic evaluation 

 

Microscopic evaluation 

▪ Transverse section 

▪ Leaf measurement 

- Stomatal number and stomatal index 

- Trichome number and trichome index 

- Oil gland number and oil gland index 

- Palisade ratio 

- Epidermal cell number and epidermal cell 

index 

 

Physicochemical parameters 

▪ Determination of total ash 

▪ Determination of acid in soluble ash 

▪ Determination of loss on drying 

▪ Determination of water content 

▪ Determination of water extractive matter 

▪ Determination of ethanol extractive matter 

▪ Determination of volatile oil content 

▪ Determination of its volatile oil chemical composition 

by GC/MS 

▪ TLC fingerprint 

 

Ethanolic extraction by Soxhlet 

apparatus 

 

Rosmarinic acid content analysis 

 

Method validation 

Pharmacogenetic specification RA content analysis by 

HPLC 

Plant collection and authentication of M. cordifolia leaf and stem 

(From 15 habitats throughout Thailand) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER II 

LITERATURE REVIEWS 

 

Part I : Overview of Mentha cordifolia Opiz. ex Frezen.  

2.1 Mentha cordifolia Opiz ex Fresen.  

2.1.1 Classification of M. cordifolia (GBIF, 2019) 

Kingdom: Plantae 

    Phylum: Trecheophyta 

       Class: Magnoliopsida 

 Order: Lamiales 

              Family: Lamiaceae 

                 Genus: Mentha 

                      Species: Mentha cordifolia Opiz ex Fresen. 

2.1.2 Synonyms: Mentha × villosa Huds.  

2.1.3 Vernacular names  

Bowles mint, Apple mint, Mojito mint, Mash mint, Kitchen mint and 

Saranae 

2.1.4 Plants description (Soares, 2010)  

M. cordifolia is an herbaceous, low growing plant with erect branches, 

opposite and short petiolate oval leaves, with strong and characteristic aroma.  

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 5 

2.1.5 Distribution of M. cordifolia (Bezerra et al., 2019) 

M. cordifolia is a plant from subtropical climate susceptible to intense 

winter. 

 

2.1.6 Traditional use 

Its leaves are also being used empirically in traditional medicine in 

Cameroon to treat insomnia and muscle relaxant. (Bum et al., 2011) In Thailand M. 

cordifolia is not simply a famous kitchen herb due to its tantalizing aroma, in fact due 

to its unique aroma and benefits to human health such as helping to relieve colds, flu, 

fever, motion sickness and poor digestion problems. (Başer et al., 2012) It also was in 

the famous herbal preparation such as Ya Lueat Ngam (ยาเลือดงาม) (GPO, 2013), which 

was treated as a blood tonic in menstrual disorders and leucorrhea use. 

(Chotchoungchatchai et al, 2012) 

 

2.1.7 Pharmacological activities of M. cordifolia  

Bum E.N. et al., 2011 found the extracts of M. cordifolia increased in a 

dose-dependent manner the sleeping time induced by sodium thiopental or diazepam. 

The decoctions of plants multiplied by a factor of 2 the sleeping time of their control 

group: M.cordifolia (from 10 ± 2 to 24 ± 3 min at a dose of 140 mg/kg) protected 

mice against strychnine- induced convulsions,  protected against convulsions induced 

by pentylenetetrazol and protected mice against convulsions induced by 

picrotoxine  These sedative properties could be related to the presence of some 

components in the extracts activating the benzodiazepine, barbiturate and/or GABA 

receptors in the GABAA receptor complex. The antagonism of pentylenetetrazol- and 

picrotoxine -induced seizures suggests the interaction of these plants with the GABA-

ergic neurotransmission. The antagonism of strychnine -induced convulsions suggests 

the presence of anticonvulsant effect through glycine- strychnine -sensitive receptors. 
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Amaral et al., 2015 studied the cytotoxic and antitumor effects of the 

essential oil from M. cordifolia (EOMC). The results show that non-polar hexane 

extract is analgesic, anti-intestinal parasitic and central nervous system depressant. 

The essential oil from leaves has reported that possesses significant cytotoxic and 

antitumor activity with low systemic toxicity. It is possible that these actions of the 

essential oil are related to the synergistic action of its minor constituents.  According 

to many studies have demonstrated that several constituents found in EOMC, 

including sabinene, β-pinene, myrcene, limonene and germacrene D show cytotoxic 

and anticancer activity justifying the in-vitro effect shown by EOMC and its possible 

action in vivo. 

Fialovaa et al., 2015 reported confirmation of high antioxidant activity of 

this phenolic-rich water extract in vitro by DPPH and ABTS tests. They also tested ex 

vivo in the ischemia-reperfusion injured rat superior mesenteric artery. The result 

showed that antioxidant activity of the water extract of M. cordifolia leaves possible 

to prevent oxidative stress tissue injury.  

Lahlou et al., 2002 investigated the effected of EOMC by intravenous 

injection in chronic treatment with deoxycorticosterone-acetate (DOCA)-salt on 

cardiovascular conscious rats. The results showed that both of DOCA-salt-

hypertensive and uninephrectomized control and bolus injections of EOMC (1 to 20 

mg/kg body weight), conscious rats, decreased mean aortic pressure, heart rate and 

decreases blood pressure in conscious DOCA-salt-hypertensive rats dose-

dependently. These actions could be related to an increase in EOMC-induced vascular 

smooth muscle relaxation, rather than to enhanced sympathetic nervous system 

activity in this hypertensive model.  

 

2.1.8 Phytochemical 

The main phenolic compounds in mint are phenolic acids and flavonoids 

(Fialová et al., 2015). M. cordifolia.is one of the mint species. The chemical 

constituent of M. cordifolia has been reported in some previous studies which were 

shown in the Table 1.  
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Table  1 Compounds in M. cordifolia plants. 

Compound Plant part References 

3β-O-acetylolean-12-en-28-

oate 
Aerial parts Monte et al., 2001 

Methyl 3β- O-acetylurs-12-

en-28-oate 
Aerial parts Monte et al., 2001 

Methyl 2α,3α-di-O-acetylurs-

12-en-28-oate 
Aerial parts Monte et al., 2001 

Methyl 2cz,3r acetylolean-

12-en-28-oate 
Aerial parts Monte et al., 2001 

Methyl 3β,24-di-O-acetylurs-

12-en-28-oate 
Aerial parts Monte et al., 2001 

2α,3α-di-O-acetylolean-12-

en-28-oate; 
Aerial parts Monte et al., 2001 

Methyl 2α,3β,24-tri-O-

acetylurs-12-en-28-oate 
Aerial parts Monte et al., 2001 

Methyl 2α,3β,24-tri-

Oacetylolean-12-en-28-oate 
Aerial parts Monte et al., 2001 

2α,3β,24-tri-O-acetylolean-

12-chloro-28-13-olide 
Aerial parts Monte et al., 2001 

6,7-bis-(2,2-

dimethoxyethene)- 2,11-

dimethoxy-2Z,4E,8E,10Z-

dodecatetraendioic acid. 

Leaf 
Villaseñor and Sanchez, 

2009 

β-Sitosterol Leaf Villaseñor et al., 2002 

β-sitosteryl-β-D-glucoside Leaf Villaseñor et al., 2002 
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Compound Plant part References 

Menthalactone Leaf 
Villaseñor and Sanchez, 

2009 

Eriodictyol-7-O-rutinoside Leaf Fialova et al., 2015 

Luteolin-7-O-glucuronide Leaf Fialova et al., 2015 

Hesperetin-7-O-rutinoside Leaf Fialova et al., 2015 

Quinic acid Leaf Fialova et al., 2015 

Chlorogenic acid Leaf Fialova et al., 2015 

p-coumaroyl-hexoside Leaf Fialova et al., 2015 

Coumarolyquinic acid Leaf Fialova et al., 2015 

Apigenin-glucuronide Leaf Fialova et al., 2015 

Kaempferol-3-O-glucuride Leaf Fialova et al., 2015 

Rosmarinic acid Leaf, underground part 

Tekeľová et al.,2016; 

Fialova et al., 2015; 

Fialova et al., 2020 

Lithospermic acid Leaf, underground part 
Fialova et al., 2015; 

Fialova S. et al., 2020 

Salvianolic acid A Leaf, underground part 
Fialova et al., 2015; 

Fialova et al., 2020 

Lutenolin-7-O-rutinoside Leaf, underground part 
Fialova et al., 2015; 

Fialova et al., 2020 

Luteolin Leaf, rhizome 
Tekeľová et al.,2016;; 

Fialova et al., 2013 

Photocatechuic aldehyde Underground part Fialova et al., 2020 
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Compound Plant part References 

Caffeic acid Underground part 
Fialova et al, 2015; 

Fialova et al, 2020 

Eriodictyol-7-O-rutinoside Underground part Fialova et al., 2020 

2-(3,4-dihydroxyphenyl) 

ethyl ester of Salvianolic acid 

D 

Underground part Fialova et al., 2020 

Hesperetin-7-O-rutinoside Underground part Fialova et al., 2020 

Salvianolic acid B Underground part Fialova et al., 2020 

Caffeic acid tetramer Underground part Fialova et al., 2020 

Ursolic acid - 
Villaseñor and Sanchez, 

2009 

Sitosterol - Villaseñor et al., 2002 

Stigmasterol - Villaseñor et al., 2002 

 

In M. cordifolia essential oil also has reported the chemical identification. 

Previous study identified and compared the chemical in essential oil obtained from 

plants cultivated in north eastern Brazil, Greece and USA which shown in the Table 2 

below. The oil was found to be rich in piperitenone oxide (55.4 %) and γ-muurolene 

(13.1%). (Matos et al, 1999) 

Table  2 Percentage composition of oil of M. cordifolia from Northeastern Brazil, 

Greece and USA. (Matos et al, 1999) 

Compound RI Northeastern Brazil 

Greece 

USA 

1 2 

α - pinene 926 0.7 0.32 0.51 0.4 – 0.8 
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Compound RI Northeastern Brazil 

Greece 

USA 

1 2 

Camphene - - 0.01 0.01 - 

β - pinene 957 1.1 1.38 1.85 0.3 – 0.8 

Sabinene 955 0.8 0.12 0.21 0.1 – 0.6 

Myrcene 976 3.2 0.50 0.35 0.1 – 1.2 

3 – octanol - - - - 0.1 – 0.3 

ρ - cymene - - 0.05 0.02 0.0 – 0.2 

α - terpinene - - - - 0.0 – 0.3 

Limonene 1009 2.5 1.18 2.02 1.0 – 6.8 

1, 8 - cineole 1005 2.1 5.93 7.31 0.2 – 4.3 

(Z) – β - ocimene 1020 3.5 - - 0.0 – 0.6 

(E) – β - ocimene 1030 0.4 - - 0.0 – 0.2 

γ - terpinene - - 0.21 0.15 0.0 – 0.2 

Cis – sabinene hydrate - - - - 0.0 – 1.5 

Terpinolene - - 0.01 0.01 0.0 – 0.2 

Linalool 1078 0.4 <0.01 <0.01 0.7 – 2.5 

Trans – sabinene hydrate - - - - 0.0 – 1.5 

Octyl acetate 1108 0.7 - - - 

Borneol 1138 0.3 - - - 

3 – octyl acetate - - 0.21 0.38 0.0 – 0.3 

1 – octen – 3 - ol - - - - 0.0 – 9.1 
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Compound RI Northeastern Brazil 

Greece 

USA 

1 2 

Menthone - - 0.10 1.02 0.0 – 2.1 

Isomenthone - - - - 0.1 – 0.3 

Terpinene – 4 - ol - - 0.19 0.28 0.0 – 1.8 

β - copaene - - - - Tr – 0.4 

Cis - dihydrocavone - - - - 5.4 – 14.1 

Trans - dihydrocarvone - - - - 0.0 – 1.4 

α - terpineol - - - - 0.2 – 1.8 

Trans - carveol - - - - 0.4 – 0.8 

Cis – carveol. - - - - 0.6 – 1.4 

Pulegone - - 0.18 0.30 0.0 – 0.4 

Dihydrocarvyl acetate - - - - 1.7 – 18.0 

Neodihydrocarveol - - - - Tr – 0.6 

Piperitenone oxide 1342 55.4 0.15 61.18 - 

β - bourbonene 1382 0.3 0.15 0.24 0.7 – 2.6 

β - elemene 1390 0.5 - - - 

Caryophyllene 1414 3.4 2.95 4.51 0.6 – 1.2 

Cis – muurola – 4(14), 5 - 

diene 
1440 1.3 - - - 

α - humulene 1445 0.6 - - - 

Trans -  muurola – 4(14), 5 

- diene 
1454 1.4 - - - 
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Compound RI Northeastern Brazil 

Greece 

USA 

1 2 

(E) – β - farnesene 1458 1.4 - - - 

γ - muurolene 1474 13.1 - - - 

Bicyclogermacrene 1486 1.1 - - - 

Germacrene A 1493 0.6 - - - 

Cis - calamenene 1505 0.3 - - - 

δ - cadinene 1513 0.3 1.53 0.95 - 

1, 10 – di -epi -cubenol 1590 0.5 - - - 

T - muurolol 1621 0.44 - - - 

Total 80.4  - - - 
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Part II Description, biosynthesis and biological activities of rosmarinic acid 

2.2 Rosmarinic acid (Pubchem, 2004) 

 

Table  3 Structure of RA molecule 

2.2.1 Description 

IUPAC Name: (2R)-3-(3,4-Dihydroxyphenyl)-2-{[(2E)-3-(3,4-

dihydroxyphenyl)-2-propenoyl]oxy}propanoic acid 

Molecular 

formula: 

C18H16O8 

Molecular weight: 360.318 g/mol 

Melting point: 171-175 °C 

RA is an ester of caffeic acid and 3,4-dihydroxyphenyllactic acid, one of the 

polyphenolic substances contained in culinary herbs. It was first isolated and purified 

from the plant, Rosmary (Rosmarinus officinalis) in the family Lamiaceae. These 

herbs are commonly grown in the garden as kitchen herbs, and while used to add 

flavor in cooking, are also known to have several potent physiological effects. 

The precursors from primary metabolism for the biosynthesis of RA have been 

identified by feeding radioactive amino acids to plants of Mentha. Phenylalanine was 

mainly incorporated into the caffeic acid part of the molecule, whereas tyrosine and 

DOPA gave rise to the 3,4-dihydroxyphenyllactic acid moiety (Ellis and Towers, 

1970). The sample of Biosynthetic pathway for RA as found in suspension cultures of 

Coleus blumei was shown in Figure 2. 
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Table  4 Biosynthetic pathway for RA as found in suspension cultures of Coleus 

blumei. PAL=phenylalanine ammonia-lyase, CAH= cinnamic acid 4-hydroxylase, 

4CL=hydroxycinnamate:coenzyme A ligase, TAT=tyrosine aminotransferase, 

HPPR=hydroxyphenylpyruva (Petersen and Simmonds, 2002.) 

 

2.2.2 Biological and pharmacological activities of RA 

The biosynthesis of RA, a phenolic ester has been widely investigated. This 

compound has shown many remarkable biological and pharmacological activities, 

which have led to its pharmaceutical and analytical development  
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RA has a range of biological activities, making it an interesting material 

for the pharmaceutical, food, and cosmetics industries. In the Table 3 was shown its 

biological and pharmacological activities. 

Table  5 Some biological and pharmacological activities of RA 

Biological and 

pharmacological activities 
Potential usage References 

Antioxidant and anti-

inflammatory effects 

Prevented the diabetes-induced 

aortic disorder 

Sotnikova et al., 

2013 

Inhibit activation of the 

nuclear factor- kappa B 

pathway by inhibiting 

IkappaB kinase activity 

Inactivate inflammatory 

response in sepsis 
Jiang et al., 2009 

Inhibited the enhanced protein 

expression of IL‐4 and IL‐5, 

and eotaxin in the lungs of 

sensitized mice 

Intervention for allergic asthma 
Sanbongi et al., 

2004 

Inhibition of the inflammatory 

response and scavenging of 

ROS 

An effective intervention for 

patients with seasonal allergic 

rhinoconjunctivitis 

Osakabe et al., 

2004; Osakabe et 

al., 2008 

Reducing numbers of 

leukocytes/eosinophils in 

bronchoalveolar lavage (BAL) 

Therapeutic potential in this 

murine model of respiratory 

allergy 

Costa et al., 2012 

Inhibition of RA on ADR-

induced apoptosis in H9c2 

cardiac muscle cells at a 

mechanistic level 

Inhibitory effect on 

cardiotoxicity in tumor patients 
Kim et al., 2005 

Inhibit the viability of 

pterygium epithelial cells 

(PECs) through regulation of 

A therapeutic medication for 

pterygium 
Chen et al., 2017 
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Biological and 

pharmacological activities 
Potential usage References 

extrinsic and intrinsic 

apoptosis pathways 

RA-mediated neuroprotection 

in SH-SY5Y cells was 

involved in the attenuation of 

apoptotic cell death and 

modulation of antioxidative 

molecule heme oxygenase-1 

(HO-1) 

The prevention of 

neurodegenerative diseases 
Lee et al., 2008 

Antioxidant activity and 

membrane stabilization 

Prevention against chemically 

induced chromosome breakage 

and primary DNA damage 

Perez-Fons et al., 

2010 

Reduction of the frequency of 

micronuclei and the extent of 

DNA damage induced by 

doxorubicin 

Panya et al., 2010 

Increase of the physical and 

oxidative stability of 

liposomes 

Furtado et al., 2009 

Suppression of UVB-induced 

alterations to human 

keratinocytes 

Skin protection against UVB 

light 

Vostalova et al., 

2010 

Reduction of IFN-ɣ and IL-4 

production by activated T 

cells 

Skin protection against atopic 

dermatitis 
Jang et al., 2011 

Inhibiting NF-kB activation, 

and inducing PPARg 

RA is a promising 

neuroprotective compound of 

Fallarini et al., 

2009 
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Biological and 

pharmacological activities 
Potential usage References 

expression potential use at the 

nutritional/pharmaceutical 

interface 
Cognitive-enhancing effect Park et al., 2010 

RA reduced both Aβ 

deposition and rabbit amyloid -

positive oligomers 

Hamaguchi et al., 

2009 

RA imparted a prominent 

effect on motor performance, 

body weight loss, morphology 

of motor neurons, and clinical 

scoring as well as the survival 

of ALS model mice 

Shimojo et al., 

2010 

RA down-regulates the LPS-

induced production of 

monocyte chemoattractant 

protein-1 (MCP-1) and 

macrophage inflammatory 

Protein-1α via the MAPK 

Pathway in bone-marrow 

derived dendritic cells 

The development of 

therapeutic drugs for the 

treatment of dendritic cells-

related acute and chronic 

diseases 

Kim et al., 2008 

Inhibition of TNF-a-induced 

ROS generation and NF-kB 

activation and activation of 

TNF-a-induced apoptosis 

Promising for cancer 

prevention and treatment of 

variety of human cancer that 

are resistant to chemotherapy 

Moon et al., 2010 

Inhibition of bone metastasis 

from breast carcinomas 
Xu et al., 2010 

Antifibrotic activity Drug candidate for Li et al., 2010 
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Biological and 

pharmacological activities 
Potential usage References 

ameliorating liver fibrosis 

Dramatic apoptotic activity on 

potentially pathogenic CD4 

CD45RO effector T cells 

Treatment of rheumatoid 

arthritis 
Hur et al., 2006 

Inhibiting the ROS–NLRP3 

inflammasome–CRP axial 

Protective role of RA in 

nicotine‐induced 

atherosclerosis 

Yao et al., 2018 

 

 

2.2.3 Quantitative analysis of RA in M. cordifolia by HPLC 

Various chromatographic methods are used for RA content analysis such as 

High-Performance Liquid Chromatographic (HPLC), Capillary Zone Electrophoresis. 

This study used HPLC.  

High performances liquid chromatography (HPLC) 

HPLC is an extremely versatile technique where analytes are separated by 

passage through a column packed with micrometer-sized particles. It is the most 

accurate analytical methods widely used for the quantitative. In the modern 

pharmaceutical industry, HPLC is the major and integral analytical tool applied in all 

stages of drug discovery, development, and production. This technique depends on 

difference rate of a mixture moves through a porous medium i.e. stationary phase 

under the influence of some solvent i.e. mobile phase under high pressure. (S.L. et al., 

2015) The results in the separation of components will show that the molecules in the 

sample will have distinct affinities for the stationary phase. The component of sample 

which shows strong interactions with the stationary phase will move slowly through 

the column than the component shows weaker interactions. (Kupiec, 2004) 
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Reversed-phase HPLC (RP-HPLC) is the most commonly used mode of 

HPLC. Generally, RP-HPLC has a nonpolar stationary phase, e.g., C8 silica (Table 4), 

and a moderately polar aqueous mobile. 

Table  6 Commonly used stationary phases and their associated modes in HPLC 

Stationary phases Modes 

Stationary phases Modes 

C6 silica Reversed-phase 

C8 silica Reversed-phase 

C18 silica Reversed-phase 

Silica Normal phase 

Diol Normal and reversed-phase 

Cyano (CN) Normal and reversed-phase 

Benzene sulphonic acid Strong cation exchange 

Polystyrene Size exclusion 

 

The mobile phase used for eluent in RP-HPLC is usually composed of a 

mixture of water and miscible organic solvents, usually acetonitrile, MeOH, or 

tetrahydrofuran (Table 5). Sometimes, buffers, acids, or bases are also added to 

suppress compound ionization or to control the degree of ionization of free unreacted 

silanol groups to reduce peak tailing and improve chromatography. (Latif and Sarker, 

2012)  

Table  7Commonly used mobile phases in RP-HPLC 

Mobile phases Polarity index (Snyder) UV-cutoff (nm) 

Acetonitrile 6.2 190 

Isopropanol 4.3 210 

Methanol 6.6 205 

Tetrahydrofuran 4.2 212 - 230 

Water 9.0 180 
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In RP-HPLC there is strong attraction between the polar solvent and polar 

molecules in the mixture being passed through the column, but there is not much 

attraction between the hydrocarbon chains attached to the stationary phase and the 

polar molecules in the solution. Therefore, polar molecules in the mixture spend most 

of their time moving with the solvent. Nonpolar compounds in the mixture tend to 

form attractions with the hydrocarbon groups because of van der Waals dispersion 

forces. They are less soluble in the solvent because of the need to break hydrogen 

bonds as they squeeze in between the water or methanol molecules. They spend less 

time in solution in the solvent, and this slows them down on their way through the 

column, which means longer retention time. In RP-HPLC the polar molecules travel 

through the column more quickly. RP-HPLC allows purification of most classes of 

compounds, including compounds present in various herbal products, and is often the 

most preferable choice when analyzing and attempting to separate and identify 

compounds from a complex mixture (Snyder et al, 1997) 

 

Part III : Quality control methods for herbal materials 

Current Regulations for Standardization of Crude Drugs Internationally several 

pharmacopoeias have provided monographs stating parameter and standard of many 

herbs and some product made from these herbs. Several pharmacopoeias such as 

Pharmacopoeia Committee, Chinese Herbal Pharmacopoeia, United States Herbal 

Pharmacopoeia, British Herbal Pharmacopoeia, British Herbal Compendium, 

Japanese Standards for Herbal Medicine, The Ayurvedic Pharmacopoeia of India 

(API) and so on contain information including plant name (both Russian and Latin), 

plant part, recommended collection time, macroscopic evaluation for whole and 

pulverized plant material, microscopic observation, quantitative data (loss of material 

on drying, concentration of chemical constituents or biological activity, ash content, 

acid in soluble ash, broken parts, organic and mineral contamination). HPLC traces 

and TLC chromatograms of adulterants, qualitative assay (chemical reactions or 

chromatography) fraction sieve analysis (for pulverised material), packaging, storage 

conditions, shelf life, and pharmacological group. (Shikov et al., 2014; Mehta et al., 

2011) 
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   Standardization is the gathering of complete data on medicinal plants including 

the qualitative and quantitative parts of analysis. Qualitative analysis covers the 

identification of the compound, performed by measuring the level of a chemical in a 

crude drug extract. The standardization will help in authentication of the plants and 

ensures reproducible quality of herbal medicines which will lead to safety and 

efficacy. 

  Authentication is one of the most important step of identification methods for 

Identification of right variety and search of adulterants. 

2.3.1 Macroscopic evaluation 

The macroscopic characteristics are useful for determining the identity and 

purity of the herbal drug including shape, size, color, texture, fracture aspects and 

characteristics of the cut surface. These techniques may be used to discriminate 

between the desired plant species or plant part and morphologically similar, yet 

distinguishable species that could occur as potential adulterants (Abu-Hamdah et al., 

2008) 

2.3.2 Microscopic evaluation  

The microscopic characteristics helps to identify the herbal drug and may be 

crucial in the identification of adulterants. This analysis is necessary for powdered or 

fragmented drugs. Using microscope detecting various cellular tissues, trichrome, 

stomata, starch granules, calcium oxalate crystals are some of important parameters 

which play important role in identification of certain crude drug. The measurement 

contains many parameters such as stomatal number, stomatal index, epidermal cell 

number, epidermal cell area and palisade ratio. (Indian Pharmacopoeia, 2010) 

Crude drug can also be identified microscopically by cutting the thin 

transverse section or longitudinal section. Some of the chemicals which are used in 

obtaining clear sections are phloroglucinol, chloral hydrate, etc. The microscopic 

characters are usually described by words or coupled with pictures drawn by hands or 

photos of both transverse sections and powder characteristics. The microscopic 
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analysis should be supplemented with data from chemical and physico-chemical 

analysis (Thomas et al., 2008). 

Stomata 

There are four types of stomata, distinguished by the forms and arrangement 

of the surrounding cells. (Patil et al., 2013) 

(a) Anomocytic (Ranunculaceous) irregular cell 

(b) Anisoytic (Cruciferous) unequal cell 

(c) Diacytic (Caryophyllaceous) cross cell  

(d) Paracytic (Rubiaceous) parallel cell 

Palisade ratio 

Palisade ratio is another criteria for identification and evaluation of herbal 

drugs. The palisade cell present beneath upper epidermal cell. It can be found in fine 

powders. This value remains constant within a range for a given plant species and is 

of diagnostic value in differentiating the species. It is very useful diagnostic feature 

for characterization and identification of different plant species. The palisade ratio is 

the average number of the palisade cells under one epidermal cell. The palisade ratio 

values were calcurated follow divided the number of palisade cells counted in four 

epidermal cells by four. The procedure was repeated and the mean palisade ratio 

values were found out (Mukherjee P.K., 2002). 

Palisade ratio is a reliable taxonomic character, which is constant for a taxon 

and it will not vary with environment (Simon, 2018).  
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Table  8 Palisade cell under four epidermal cells 

 

 

Trichomes  

Trichomes are divided and subdivided as follows (Patil et al., 2013) 

Covering Trichomes  

(a) Unicellular trichomes 

(b) Uniseriate multicellular unbranched trichomes 

(c) Biseriate multicellular unbranched trichomes 

(d) Multiseriate multicellular unbranched trichomes 

(e) Multicellular branched trichomes 

Glandular Trichomes  

(a) Unicellular glandular trichomes 

(b) Multicellular glandular trichomes 
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Table  9 Type of trichome 

 

2.3.3 Physiochemical evaluation 

This specification is criteria to judge the identity and purity of crude drug  

2.3.3.1 Determination of total ash and acid insoluble ash (Leung, 2006; 

Kim, 2012) 

     The total ash is the amount of inorganic elements in plant. It is the 

residue remaining after complete combustion of the organic matters. Total ash content 

reveals how many minerals are physiologically contained in the medicinal plant 

material.  

    The acid insoluble ash content is another index to demonstrate the 

quality of herbal material. Acid insoluble ash is the residue obtained after boiling the 

total ash with dilute hydrochloric acid and re-incinerating that acid insoluble matters. 

Acid-insoluble ash consists of indigestible mineral components, such as silicon in cell 

wall. Contamination or adulteration from non-physiological silicon material such as 

sand and soil affect this ash contents. Therefore, the total ash and acid-insoluble ash 

contents serve as another supplementary piece of evidence to illustrate the quality of 

the plant materials. . 
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 2.3.4 Determination of loss on drying (Kim, 2012) 

This gravimetric method is wildly used to determine and control the 

moisture content of herbal drugs by heating the sample until no further weight loss 

The moisture in medicinal plants affect quality due to toxigenic fungi and damage 

from insects if the herbs are poorly dried and stored. This method compares the 

weight of an herbal drug before and after it is oven dried, However, the weight loss is 

not only from water but also from volatile matters as well.  

2.3.5 Determination of water content (WHO, 2011) 

The water content determination is commonly measured properties of plant 

materials. The presence of excessive amounts of water in plant drugs is responsible 

for the growth of bacteria, fungi, insects an as well as the hydrolysis of constituents. 

The pharmacopoeia monographs limit the water content, especially in drugs that have 

the facility to absorb it, or in which the excessive amounts of water cause 

deterioration. The azeotropic method may be applied, which consists of distilling the 

crude drug with toluene or xylene, which should be saturated with water before using, 

as if the solvent is anhydrous, and not yet saturated, water containing in plant 

materials may combine together with solvent, which can lead to inaccurate result. 

This method requires special equipment. The water and the solvent are distilled 

together and separated in the receiving tube on cooling. 
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Table  10 Azeotropic apparatus of water content (dimentions in mm), (A) a glass 

flask, (B) a cylindrical tube, (C) a reflux condenser, (D) a receiving tube, a graduated 

receiving tube 
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2.3.6 Determination of volatile oil (WHO, 2011) 

The determination of volatile oils is characterized by their odor, appearance 

and capability to volatilize at room temperature. Volatile oils are composed of a 

mixture of chemical compounds especially aromatic compounds such as terpenes and 

terpenoids. Volatile oils are considered to be the fragrance of the medicinal herbs. 

This method is applied by hydro distillation using Clevenger equipment. 

 

Table  11 Clevenger apparatus for determination of volatile oil content 
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2.3.7 Determination of solvent extractive matters (WHO, 2011) 

The determination of extractable matters refers to the amount of active 

constituents in a plant material when extracted with a specific solvent such as water 

and ethanol. Ethanol is used for the slightly non-polar substances whereas water was 

used for the polar substances. The method is based on the solubility of active 

substances in a given solvent. This value provides an indication of the extent of non-

polar, medium polar and polar components present in the plant material.  

 

2.3.8 Thin layer chromatographic identification (TLC fingerprint) (Tistaert 

et al., 2010) 

Chromatographic technique is valuable additional information to establish 

the identity of plant material. This method is effective and convenient to perform, and 

the equipment required is inexpensive. TLC fingerprint is the important key for herbal 

medicines made up of the complex mixture of chemical constituents such as. The 

basic parameter used to describe migration in TLC is the retention factor (Rf). The Rf 

is defined as the distance traveled by the compound divided by the distance traveled 

by the solvent. 

hRf =
Distance traveled by the compound

Distance traveled by the solvent front
×100 

The Rf for a compound is a constant from one experiment to the next only if 

the chromatography conditions are also constant such as solvent system, adsorbent, 

thickness of the adsorbent, amount of material spotted and temperature. It is 

frequently used for evaluating medicinal plant materials and their preparations. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER III 

MATERIALS AND METHODS 

 

3.1 Materials 

Cover glasses (24 × 50 mm), Menzel Glâser Thermo Scientific, Brunswick, 

Germany 

Filter paper No.4 Whatman, England 

Filter paper No.40, Ashless Whatman, England 

Inersil® ODS-3 HPLC column 

(5 µm × 4.6 mm × 250 mm) 

GL Sciences, Tokyo, Japan 

Microscope slides (25.4 × 76.2 mm) Sail Brand, China 

Nylon membrane syringe filters 

(46 mm ×  0.45 µm) 

National Scientific, Tennessee, 

USA 

PTFE membrane syringe filters 

(13 mm × 0.45 µm) 

ANPEL Laboratory Technology 

(Shanghai), Shanghai, China 

ReproSil®-Pur ODS-3 HPLC guard column 

(5 µm × 4.0 mm × 10 mm) 

Dr. Maisch GmbH, Ammerbuch, 

Germany 

Syringe Nipro, Phra Nakhon Si 

Ayutthaya, Thailand 

TLC aluminum sheet, silica gel 60 GF254 Merck, Darmstadt, Germany 

 

 

 

3.2 Chemicals and reagents 
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Ethanol (Analytical grade) RCI Labscan Limited, Bangkok, 

Thailand 

Ethyl acetate (Analytical grade) RCI Labscan Limited, Bangkok, 

Thailand 

Formic acid 98-100% (Analytical grade) Merck, Darmstadt, Germany 

Methanol, HPLC grade RCI Labscan Limited, Bangkok, 

Thailand 

Rosmarinic acid 

(CAS No. 20283-92-5, purity 96%) 

Sigma-Aldrich., St. Louis, 

Missouri, USA 

Toluene (Analytical grade) RCI Labscan Limited, Bangkok, 

Thailand 

Ultra-pure water NW20VF, Heal Force, China 

    

3.3 Equipment and instruments 

Ashing Furnace (AAF 11/18) Carbolite, Hope Valley, 

England 

CAMAG TLC Chamber CAMAG, Muttenz, 

Switzerland 

CAMAG TLC Scanner 4  CAMAG, Muttenz, 

Switzerland 

CAMAG Visualizer CAMAG, Muttenz, 

Switzerland 

Centifuge (Model: SIGMA 1-14) Sartorius, GÖttingen, Germany 

Digital camera (Canon Power Shot A650 IS) Canon Marketing Co. Ltd., 

Thailand 
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3.3 Equipment and instruments (cont.)  

Digital Orbital Shaker (Model: SHO-2D) Daihan Scientific, Gangwon-

do, Korea 

Gas chromatography / mass spectrometry Thermo Finnian model Trace 

GC Ultra equipped with 

Finnigan DSQ MS detector, 

USA 

Hot air oven WTC Binder, Tuttlingen, 

Germany 

Laminar hood (Model: Class II BSC) ESCO, Singapore 

Microscope (Axio Imager. A2) Carl Zeiss, Jena, Germany 

Rotary evapolator (Model: B-210) Buchi, Flawil, Switzerland 

Ultraviolet fluorescence analysis cabinet Spectronics Corporation, USA 

Ultra-pure water purification (Model: NW20VF) Heal Force, China 

Ultrosonic bath (Model : CC-80) Analytical Lab Science, 

Bangkok, Thailand 

Ultraviolet viewing cabinet  Spectronics Corpolation,  

New York, USA 

Water bath (Model: SC/48 R)  Brinkmann, USA 

winCAT software (version: 1.4.6.2002) CAMAG, Switzerland 

        

 

 

3.4 Methods 

3.4.1 Plant sample 
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3.4.1.1 Plant sample collection 

Fresh M. cordifolia samples were collected from 15 different locations 

of Thailand. The sample was authenticated by specialist, Associate Professor 

Dr.Nijsiri Ruangrungsi, The herbarium specimens was prepared and deposited at 

College of Public Health Sciences, Chulalongkorn University. 

3.4.1.2 Crude drug preparation 

The plant samples were cleaned, the leaves and stems were separated 

and dried in a hot air oven at 45 °C. 

 

3.4.2 Pharmacognostic specification 

Pharmacognostic parameters such as microscopically morphological 

characters, microscopic leaf measurement, physicochemical properties including 

ethanol soluble extractive matter, water soluble extractive matter, moisture, loss on 

drying, total ash, acid in soluble ash and volatile oil as well as and TLC fingerprint 

was performed following World Health Organization (WHO) guideline with some 

modifications. 

3.4.2.1 Morphological character 

Whole plant of M. cordifolia was demonstrated botanically by hand 

drawing. M. cordifolia samples were identified with shape, color, texture and other by 

visual inspection. 

Morphological characters of leaf and stem crude drugs were 

demonstrated. 

 

 

3.4.2.2 Microscopic evaluation 

Transverse section 
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Fresh and mature midrib and stem of M. cordifolia were transversely 

sectioned. The cross section was done by hand with a razor as thin as possible and 

investigated with the aid of microscope. All plant photos were taken by digital camera 

and illustrated by hand drawing with dimensions of a specific ratio to actual size. 

Quantitation of leaf constant numbers  

Fresh and mature laminae of M. cordifolia from 3 different sources 

were investigated for microscopic leaf constant number i.e. stomatal number, stomatal 

index, trichome number, trichome index, oil gland number, oil gland index, epidermal 

cell area and palisade ratio. Chlorophyll was clearly removed by soaking in Haiter 

(containing 6% sodium hypochloride) : water (1 : 1 v/v) for 24-48 hours. The lamina 

section was heated in chloral hydrate : water (4 : 1 w/v) on water bath for 48 hours, 

then transferred to slide and observed the cells under microscope. The image was 

recorded using an AxioVision software. The 40X power was used for the 

magnification. Both sides of the lamina were examined for 30 fields per location. The 

average of 90 fields from 3 locations were demonstrated. 

Stomatal number and stomatal index 

The stomatal number is an average number of stomata per 

square millimeters (mm2) of epidermis of the leaf.  

The stomatal index is the ratio of the number of stomata to the 

total number of ordinary epidermal cells in the same area.  

Stomatal index =
𝑆

𝐸 + 𝑂 + 𝑇 + 𝑆
× 100 

Trichome number and trichome index 

Trichome number is an average number of trichomes or 

cicatrices per 1 mm2 of epidermis. Trichome index is a percentage proportion of 

trichome number to all epidermal cell number in one square millimeter. 

Trichome index =
𝑇

𝐸 + 𝑆 + 𝑂 + 𝑇
× 100 

Oil gland number and oil gland index 
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Oil gland number is an average number of oil gland cells per 

square millimeter of epidermis. Oil gland index is a percentage proportion of oil gland 

number to all ordinary epidermal cell number in one square millimeter. 

Oil gland index =
𝑂

𝐸 + 𝑇 + 𝑆 + 𝑂
× 100 

O = Number of oil gland in a given area of the leaf  

E = Number of epidermal cells in the same area of leaf 

T = Number of trichome and cicatrix in the same area of leaf 

S = Number of stomata in the same area of leaf 

Palisade ratio 

Palisade ratio is the average number of palisade cells under one 

epidermal cell of the leaf. The palisade cells under four continuous epidermal cells 

were counted the divided by four to obtain the palisade ratio. 

Epidermal cell number and epidermal cell area 

Epidermal cell number per square millimeters of epidermis was 

counted both sides of leaf. The epidermal cell area was calculated by dividing one 

square millimeter by the epidermal cell numbers. 

3.4.3 Physiochemical evaluation 

The leaf and stem crude drugs from 15 locations were evaluated. All the 

tests of physicochemical parameters were done in triplicate. 

 

 

 

3.4.3.1 Determination of loss on drying 
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Three grams of dried powder of M. cordifolia leaves and stems were 

put in pre-weighed crucible and carried into an oven at 105ᵒC until constant weight. 

The loss of weight was calculated in percentage of dried sample.  

3.4.3.2 Determination of total ash and acid insoluble ash 

The aforementioned crucible was incinerated to ash at 500ᵒC in a 

furnace until it become white color indicating the absence of carbon, cooled in a 

desiccator and weighed. The content of total ash was calculated in percentage of dried 

sample. 

Twenty-five milliliters of hydrochloric acid (70g/l) was added to the 

crucible containing the total ash and boiled gently for 5 minutes and filtered through 

ashless filter paper Whatman #40. The insoluble matters were transferred to the 

original crucible, dried on a hot-plate an incinerated to ash again. After cooling down 

in desiccator, the content of acid insoluble as was weighted and calculated in 

percentage of dried sample. 

3.4.3.3 Determination of water and ethanol extractive matters 

Five grams of dried powdered samples were macerated with 70 ml of 

water or 95% ethanol in closed flask for 24 hours (the first 6 hours by shaking bath 

and 18 hours allow standing). After filtration through filter paper Whatman No.4, the 

marc was washed by water or ethanol and final volume was adjusted to 100 ml. 

Twenty milliliters of the filtrate were transferred to a pre-weighed beaker, evaporated 

to dryness on hot plate and dried in oven at 105ºC for 6 hours. After cooling the 

beaker in a desiccator, the contents of water and ethanol soluble extractable matters 

were calculated in percentage.     

3.4.3.4 Determination of moisture content 

The water content was determined using azeotropic method. Thirty 

grams of dried powdered samples were added with 300 ml of water-saturated toluene 

in a round bottom flask. The flask was boiled until the water and toluene were 

distilled over. The condenser tube was allowed to cool and the toluene and water in 
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receiving tube was separated completely, the volume of water distilled over were 

recorded and report in percentage. 

3.4.3.5 Determination of volatile oil content 

Ground samples (50 g) were added with 550 ml water in a round 

bottom flask and distilled in Clevenger apparatus. The oil was received and the 

volume of oil was measured and reported in percentage. 

3.4.3.6 Thin layer chromatographic fingerprint 

 The ethanolic extract from maceration (3.4.3.3 Determination of 

ethanolic extractive matter) were dried and re-dissolved in ethanol to 10 mg/ml. Three 

milliliters were applied to the TLC plate coat with silica gel G60 F254. The TLC plate 

was developed in the chamber with the suitable solvent system of toluene: ethyl 

acetate: formic acid (5:4:1.2 v/v/v). After development, the TLC plate was removed 

after that the produced spots were observed, under ultraviolet light at 254 and 365 nm. 

Then the plate was spray with ρ-anisaldehyde reagent and heated at 105 ℃ for 10 

minutes on TLC-plate heater. 

3.4.3.7 Gas Chromatography / Mass Spectrometry (GC/MS) 

The essential oil from determination of volatile oil content was 

analyzed by a Finnigan Trace GC Ultra with DSQ Quadrupole detector. Zebron ZC-5 

MS fuse silica column (30 m × 0.25 µm, 0.25 µm film thicknesses) was used as 

stationary phase. The oven temperature started from 60 °C up to 240 °C with the rate 

of 3°C/min. The carrier gas was helium with the flow rate of 1 ml/min. One microliter 

of M. cordifolia essential oil solution (1:100 in hexane) with injected by Finnigan 

Autoinjector A3000 with split ratio of 100:1. MS was performed by EI positive mode 

at 70 eV ionization. The chemical constituents of oil were identified by matching 

mass spectra and retention indices with Adams R.P. essential oil database and 

NIST05.  

 

3.4.4 Quantitative analysis of rosmarinic acid 

3.4.4.1 Preparation of the ethanoic extract of M. cordifolia  
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The dried powders (5 g) of M. cordifolia leaves and stems were 

exhaustively extracted with 300 ml of 95% ethanol in a Soxhlet apparatus. The 

prepared extract was filtered and evaporated till dryness. 

3.4.4.2 Preparation of rosmarinic acid solution 

One milligram of standard rosmarinic acid was dissolved in 1 ml of 

methanol and filtered through a 0.45 µm PTFE membrane syringe filter. This stock 

solution was diluted serially for calibration curves. (0.1, 0.2, 0.3, 0.4, 0.5 mg/ml) 

3.4.4.3 Preparation of sample solutions 

 One milligram of each sample extracts was dissolved in 1 ml of 

methanol and filtered through a 0.45 µm PTFE membrane syringe filter.  

3.4.4.4 HPLC analysis 

HPLC system and data analysis were processed with Shimadzu LC 

solution software. Shimadzu HPLC LC-20A system (Shimadzu, Japan) consists of a 

system controller (CMB-20A), a column (CTO-20A), an auto-sampler (SIL-20A), an 

on-line degassing unit (DGU-20A3), two solvent delivery units (LC-20A) and photo-

diode array detector (SPD-M20A). The mobile phase was filtered through 0.45 nylon 

membrane filters and degassed using an ultrasonic bath 10 minutes before analysis. 

The column temperature was maintained at 30 ᵒc and injection volume was 5 µl. 

Chromatographic separation was conducted using the reversed-phased C18 and 

coupled with C18 guard column. The sample were analyzed using 0.2% phosphoric 

acid in water (solvent A) and methanol (solvent B) as mobile phase. The program was 

set in isocratic mode at 55% solvent A for 20 minutes at flow rate of 1 ml/min. The 

wavelength was set at 330 nm for monitory chromatographic profile. The 

measurement was done in triplicate. 

 

 

3.4.5 Method validation 

3.4.5.1 Calibration curve 
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Calibration curve was created by plotting peak area compared five 

different levels of standard RA. Linear regression and coefficient of determination 

were analyzed by Microsoft Excel program. 

3.4.5.2 Accuracy  

The accuracy of an analytical procedure was analyzed by adding three 

different concentrations of standard RA (low, medium and high levels) into sample. 

All tests were done in triplicate. The accuracy was calculated as percentage recovery 

of RA. 

% Recovery =
A

B+C
×100 

A = the amount of rosmarinic acid found after spiking standard 

solution 

B = the amount of rosmarinic acid found before spiking standard 

solution 

C = the amount of standard rosmarinic acid actually added  

3.4.5.3 Precision 

The precisions of the HPLC method were evaluated by repeatability 

and intermediate precision. The samples with three different concentrations of 

rosmarinic acid were analyzed on the same day and three different days respectively. 

All sample tests were done in triplicate. The precision was evaluated as the relative 

standard deviation (RSD). 

% RSD = 
SD

Mean
×100 
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3.4.5.4 Limit of detection (LOD) and limit of quantitation (LOQ) 

LOD and LOQ were evaluated based on calibration curve using the 

formula: 

Limit of detection (LOD) = 
3.3×SD res

S
 

Limit of detection (LOQ) = 
10×SD res

S
 

S = Slope of regression line 

SD res = Standard deviation of the regression line 

3.4.5.5 Specificity 

The specificity was evaluated by complete separation of RA peak from 

other peaks in the sample extract. The peak purity index of the analyte was processed 

with Shimadzu LC Solution software.  

3.4.5.7 Robustness 

Temperature in the system was varied for evaluation of the robustness 

and expressed as %RSD. 

 

3.4.6 Data analysis 

The parameters due to physicochemical evaluation were express as grand 

mean ± pooled standard deviation.  

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER IV 

RESULTS 

 

4.1 Macroscopic characteristics 

Arial part of Sa-ra-nae or Marsh mint, Kitchen mint was illustrated in Figure 

7.  

 

Table  12 M. cordifolia Opiz ex Fresen. (A) and inflorescence (B) 

 

The dried leaf crude drug was brownish-green while the dried stem crude drug 

was light grayish-brown.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2 

 

Table  13 M. cordifolia leaf crude drug 

 

Table  14 M. cordifolia stem crude drug 

 

4.3 Microscopic characteristics  

Anatomical characters of M. cordifolia leaf and stem 

The midrib characteristics were illustrated in Figure 10 presenting vascular 

bundle, glandular trichome, non-glandular trichomes and oil glands. 
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Table  15 Midrib cross section of M. cordifolia 

The anatomy of stem was quadrangular shape with four main vascular bundles as 

demonstrated in Figure 11. 

 

Table  16 Stem cross section of M. cordifolia 

Glandular trichome 
Oil gland 

Epidermis 

Vascular bundle 

100 µm 
100 

Non-glandular trichome 

Pith 

Epidermis 

Vascular bundle Endrodermis 

Parenchyma 

Collenchyma 

100 µm 
1



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4 

Quantitative and qualitative microscopic characters of leaf 

Stomatal cell 

The diacytic stomatal cells were found both upper and lower sides of the leaf 

surface. The photographs of stomatal cells under 40X microscope were shown in 

Figure 12, 13. The stomatal number and stomatal index values were shown in Table 6.    

 

Table  17 Stomatal cells of upper leaf of M. cordifolia 

 

Table  18 Stomatal cells of lower leaf of M. cordifolia 

100 µm 

100 µm 
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Palisade cells 

Palisade cells formed as layer below the upper epidermis. The photograph of 

palisade cells was presented in Figure 14. The palisade ratio was shown in Table 7. 

 

Table  19 Palisade cells of M. cordifolia 

Epidermal cell 

The epidermal cells which form wavy cell wall were presented in Figure 15. The 

epidermal cell area was shown in Table 7. 

 

Table  20 Epidermal cells of M. cordifolia 

 

100 µm 

100 µm 
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Trichome 

The uniseriate non-glandular and uniseriate glandular trichomes were found both 

upper and lower sides of the leaf blade (Figure 16). The midrib also showed non-

glandular and uniseriate glandular trichomes (Figure 17). Trichome number and 

trichome index were shown in Table 8. 

 

Table  21 The uniseriate non-glandular trichomes and cicatrices on the lower leaf of 

M. cordifolia 

  

100 µm 

100 µm 
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Table  22 The uniseriate glandular trichome on the midrib of M. cordifolia 

 

Oil gland 

The oil glands were found both of upper and lower sides of the leaf blades. 

The oil gland number and oil gland index were shown in Table 9. The photograph of 

oil gland was shown in Figure 18. 

 

Table  23 Oil glands found on the M. cordifolia leaf 

100 µm 
450 µm 

100 µm 
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Leaf constant number  

Microscopic leaf measurement was performed on the lamina of fresh and 

mature leaves collected from 3 different locations. Ninety fields (30 field from each 

location) were measured and mean, SD, min, max were shown in Table 6, 7, 8, 9. 

Table  24 Microscopic leaf constant number of M. cordifolia based on stomatal 

number and stomatal index 

 

Stomatal number 

Mean ± SD 

(Min – Max) 

Epidermal cell number 

Mean ± SD 

(Min – Max) 

Stomatal index 

Mean ± SD 

(Min – Max) 

Upper 

epidermis 

14.58 ± 3.41 

(8 -24) 

480.71 ± 42.44 

(408 -588) 

2.85 ± 0.64 

(1.39 - 4.24) 

Lower 

epidermis 

174.04 ± 54.44 

(88 - 300) 

665.02 ± 134.53 

(424 - 924) 

19.08 ± 2.65 

(12.77 - 26.22) 
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Table  25 Microscopic leaf constant number of M. cordifolia base on epidermal cell 

number, epidermal cell area and palisade ratio 

 

 

Table  26 Microscopic leaf constant number of M. cordifolia base on trichome 

number, epidermal cell number and trichome index 

 

Trichome number 

Mean ± SD 

(Min – Max) 

Epidermal cell number 

Mean ± SD 

(Min – Max) 

Trichome index 

Mean ± SD 

(Min – Max) 

Upper 

epidermis 

2.31 ± 2.24 

(0 – 8) 

480.71 ± 42.44 

(408 -588) 

0.45 ± 0.44 

(0 – 1.63) 

Lower 

epidermis 

4.00 ± 2.68 

(0 - 12) 

665.02 ± 134.53 

(424 - 924) 

0.46 ± 0.33 

(0 – 1.95) 

 

Epidermal cell number 

(/mm2) 

Mean ± SD 

(Min – Max) 

Epidermal cell area 

(µm2) 

Mean ± SD 

(Min – Max) 

Palisade ratio 

Mean ± SD 

(Min – Max) 

Upper 

epidermis 

480.71 ± 42.44 

(408 -588) 

2128.64 ± 182.80 

(1724.68 – 2482.98) 

4.63 ± 0.35 

(3.75 – 5.25) 

Lower 

epidermis 

665.02 ± 134.53 

(424 - 924) 

1793.52 ± 262.45 

(1370.25 – 2502.49) 

- 
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Table  27 Microscopic leaf constant number of M. cordifolia base on oil gland 

number, lower epidermal cell number and oil gland index 

 

Oil grand number 

Mean ± SD 

(Min – Max) 

Epidermal cell number 

Mean ± SD 

(Min – Max) 

Oil gland index 

Mean ± SD 

(Min – Max) 

Upper 

epidermis 

15.69 ± 4.29 

(8 – 24) 

480.71 ± 42.44 

(408 -588) 

3.09 ± 0.89 

(1.40 – 4.92) 

Lower 

epidermis 

50.80 ± 8.84 

(28 - 80) 

665.02 ± 134.53 

(424 - 924) 

5.97 ± 1.75 

(2.56 – 9.89) 

 

4.5 Physicochemical parameters  

All the contents of physicochemical parameters of M. cordifolia leaf and stem 

were shown in Table 10, 22. The specification for quality control of M. cordifolia leaf 

crude drug indicated that the acid-insoluble ash, total ash, loss on drying and moisture 

contents should not be more than 1.98, 9.41, 7.06 and 10.50 % of dried weight. 

Conversely, ethanol-soluble extractive, water-soluble extractive matters and volatile 

content should not be less than 5.04, 15.23 and 0.36 of dried weight respectively. 

The specification for quality control of M. cordifolia stem crude drug 

indicated that acid-insoluble ash, total ash, loss on drying and moisture content should 

not be more than 1.63, 8.04, 7.04 and 10.01% of dried weight. In the other hand, 

ethanol-soluble extractive and water-soluble extractive matters should not be less than 

5.20 and 16.60 % of dried weight respectively. 
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Table  28 Physico-chemical content of M. cordifolia leaf and stem (% by weight) 

from 15 sources throughout of Thailand. 

Parameter 

Leaf Stem 

*Content (% of dry weight) 

Acid-insoluble ash 1.98 ± 0.07 1.63 ± 0.05 

Total ash 9.41 ± 0.18 8.40 ± 0.18 

Loss on drying 7.06 ± 0.14 7.04 ± 0.14 

Ethanol-soluble extractive 

matter 
5.04 ± 0.18 5.20 ± 0.20 

Water-soluble extractive matter 15.23 ± 0.42 16.60 ± 0.48 

Moisture content 10.50 ± 0.41 10.01 ± 0.38 

Volatile oil content 0.36 ± 0.02 0 

*The content was shown as grand mean ± pooled SD.  

 

4.5 Thin layer chromatographic fingerprint 

The TLC fingerprint plate of M. cordifolia leaf and stem ethanolic extracts 

were observed under ultraviolet light at 254, 365 nm and detection with p-

anisaldehyde reagent (Figure19, 20). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 12 

 

Table  29 TLC fingerprint of M. cordifolia leaf ethanolic extract 
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Stationary phase  Silica gel 60 GF254 TLC plate 

Mobile phase  Toluene: ethyl acetate: formic acid (5:4:1.2 v/v) 

Detection  I = detection under UV 254 nm 

   II = detection under UV 365 nm 

   III = detection with ρ-anisaldehyde reagent 

  

Table  30 TLC fingerprint of M. cordifolia stem ethanolic extract 
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4.6 Chemical constituents of M. cordifolia leaf volatile oil by GC/MS 

The main component in M. cordifolia leaf volatile oil was piperitenone oxide 

(73.22%). The other compounds were shown in Table 11. 

Table  31 Chemical constituent in M. cordifolia leaf volatile oil  

Compound name RT (min) *Peak area % KI 

α-Pinene 6.20 0.74 ± 0.19 939 

Sabinene 7.40 0.25 ± 0.20 975 

β-Pinene 7.59 0.89 ± 0.23 979 

Myrcene 7.88 0.75 ± 0.37 990 

3-Octano 8.21 0.30 ± 0.24 991 

Sylvestrene 9.37 2.16 ± 1.20 1030 

1,8-Cineole 9.55 2.04 ± 0.61 1031 

p-Cymenene 11.81 0.12 ± 0.47 1091 

3-Octanol acetate 12.93 0.15 ± 0.19 1123 

z-isopropyldenecyclohexanone 13.72 0.27 ± 0.24 - 

Borneol 15.36 0.04 ± 0.12 1169 

p-Cymen-9-ol 16.04 1.12 ± 0.54 1024 

Coahuilensol, methyl ether 17.24 0.95 ± 0.40 1221 

Carvone 18.53 1.61 ± 3.06 1249 

Nonanal <dimethyl acetal> 19.19 0.03 ± 0.11 1279 

dihydroedulan 1 20.51 0.14 ± 0.20 - 

Piperitenone 22.65 0.53 ± 0.22 1343 

Eugenol 23.12 0.04 ± 0.17 1359 
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Compound name RT (min) *Peak area % KI 

Piperitenone oxide 23.58 73.22 ± 7.62 1368 

Cinerolon 24.99 4.74 ± 1.70 - 

(E)-Caryophyllene 25.79 0.87 ± 0.19 1419 

(E)-β-Farnesene 27.18 0.02 ± 0.05 1456 

cis-Muurola-4(14),5-diene 27.56 0.37 ± 0.13 1466 

γ-cadinene 28.34 2.72 ± 0.56 1513 

trans-Calamenene 29.94 0.39 ± 0.32 1522 

chlorothymol 31.88 5.15 ± 4.63 1486 

α-Cadinol 35.20 0.15 ± 0.20 1654 

*The percentage of peak area calculated from 15 locations by GC/MS 

 

Quatitative analysis of rosmarinic acid content in M. cordifolia leaf and stem 

ethanolic extracts by RP-HPLC 

The dried powders of M. cordifolia leaves and stems from 15 different sources 

throughout Thailand were exhaustively extracted with 95% ethanol in a Soxhlet 

apparatus. The yield of leaf and stem ethanolic extract were 24.31 ± 3.77 (Table 12) 

and 20.92 ± 8.86 % by weight respectively (Table 13).  

Table  32 The yield of M. cordifolia leaf ethanolic extracts from 15 different sources 

throughout Thailand 

Source Weight of 

sample 

(g) 

Weight of extractive matter 

(g) 

Yield 

(g/100g) 

Ratchaburi 5.00 1.25 24.99 
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Source Weight of 

sample 

(g) 

Weight of extractive matter 

(g) 

Yield 

(g/100g) 

Petchabun 5.00 1.34 26.78 

Si sa ket 5.03 1.36 27.00 

Lopburi 5.04 0.94 18.69 

Nakhon Sawan 5.02 1.44 28.76 

Kanchanaburi 5.01 1.48 29.54 

Suphanburi 5.03 1.49 29.66 

Prachinburi 5.02 1.41 28.07 

Chachoengsao 5.01 0.96 19.08 

Samutprakan 5.01 1.04 20.84 

Nakornpathom 5.00 1.11 22.24 

Bangkok 5.01 1.11 22.11 

Saraburi 5.00 1.16 23.12 

Nakhon Ratchasima 5.01 1.04 20.80 

Petchaburi 5.00 1.15 22.89 

  Average 24.31 

  Min 18.69 

  Max 29.66 

  SD 3.77 
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Table  33 The yield of M. cordifolia stem ethanolic extracts from 15 differnt sources 

throughout Thailand 

Source Weight of sample 

(g) 

Weight of extractive matter 

(g) 

Yield 

(g/100g) 

Ratchaburi 5.06 1.97 38.93 

Petchabun 5.00 2.18 43.60 

Si sa ket 5.02 0.95 19.00 

Lopburi 5.04 1.23 24.35 

Nakhon Sawan 5.03 1.07 21.24 

Kanchanaburi 5.00 1.02 20.31 

Suphanburi 5.05 0.84 16.68 

Prachinburi 5.04 1.00 19.92 

Chachoengsao 5.00 0.82 16.45 

Samutprakan 5.00 0.81 16.09 

Nakornpathom 5.00 0.90 17.93 

Bangkok 5.00 0.91 18.10 

Saraburi 5.01 0.81 16.13 

Nakhon Ratchasima 5.00 0.69 13.84 

Petchaburi 5.00 0.56 11.27 

  Average 20.92 

  Min 11.27 

  Max  43.60 

  SD 8.86 
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RA contents in leaf and stem of M. cordifolia were quantitated by HPLC, the 

results were shown in Table 13. The average RA content in leaf and stem among 15 

sources were 1.92 ± 1.27 and 0.99 ± 0.41 g/100g by dry weight of crude drug 

respectively.  

Table  34 RA content of M. cordifolia leaf and stem from 15 different sources 

throughout Thailand 

  Leaf Stem 

No. Sources 
Rosmarinic acid 

content (g/100g) 

Rosmarinic acid 

content (g/100g) 

1 Ratchaburi 0.84 0.88 

2 Petchabun 0.73 0.87 

3 Si sa ket 1.43 0.38 

4 Lopburi 0.96 0.83 

5 Nakhon Sawan 2.26 1.31 

6 Kanchanaburi 1.57 0.29 

7 Suphanburi 3.56 1.82 

8 Prachinburi 5.57 1.08 

9 Chachoengsao 2.19 1.60 

10 Samutprakan 0.83 0.65 

11 Nakornpathom 1.51 1.07 

12 Bangkok 1.21 1.22 

13 Saraburi 2.47 0.83 

14 Nakhon Ratchasima 1.57 1.07 

15 Petchaburi 2.06 1.92 
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  Leaf Stem 

No. Sources 
Rosmarinic acid 

content (g/100g) 

Rosmarinic acid 

content (g/100g) 

 Average 1.92 0.99 

 SD 1.27 0.41 

 

4.8. Method validation 

4.8.1. Calibration curve 

Calibration curve was linear in the range of 100-500 µg/ml (Figure 21). 

The chromatogram was shown in Figure 22. 

 

Table  35 The calibration curve of standard RA 
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Table  36 The chromatogram of RA in M. cordifolia leaf and stem ethanolic extract 

 

 

4.8.2 LOD and LOQ  

LOD and LOQ were obtained from the calculation based on the slope of 

calibration curve and the standard deviation of regression line. The lowest 

concentration for analyte in a sample that could be detected was 0.006 mg/ml, 

whereas the lowest concentration for analyte in the sample that could be quantitatively 

defined was 0.019 mg/ml. 

 

4.8.3 Accuracy  

The accuracy of an analytical procedure was analyzed by adding three 

different concentrations of standard RA (low, medium and high levels) into sample. 

All tests were done in triplicate. The accuracy of HPLC for RA quantitation of M. 

cordifolia leaf and stem ethanolic extract which calculated as percentage recovery of 

RA were shown on Table 15. 
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Table  37 Accuracy of HPLC for RA quantitation of M. cordifolia ethanolic extract 

Rosmarinic acid 

added (µg/ml) 

Leaf Stem 

Rosmarinic acid 

content found 

(µg/ml) 

% 

Recovery 

Rosmarinic 

acid content 

found (µg/ml) 

% 

Recovery 

- 61.26 100.00 90.48 100.00 

50 112.73 101.32 139.27 99.15 

200 289.19 110.70 304.32 104.77 

400 468.91 101.66 491.07 100.12 

Average - 103.42 - 101.01 

 

4.8.4 Precision 

The repeatability and intermediate precision was evaluated with three 

different concentrations of RA was analyzed on the same day and three different days 

respectively. The values were shown as %RSD in Table 16. 

Table  38 Repeatability and intermediate precision of RA in M. cordifolia leaf by 

HPLC 

 M. cordifolia leaf extract M. cordifolia stem extract 

Rosmarinic 

acid added 

(µg/ml) 

Repeatability 

precision 

Intermediate 

precision 

Repeatability 

precision 

Intermediate 

precision 

- 2.93 0.37 2.24 0.15 

50 1.91 0.42 1.14 0.26 

200 0.66 0.97 0.55 0.50 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 22 

 M. cordifolia leaf extract M. cordifolia stem extract 

Rosmarinic 

acid added 

(µg/ml) 

Repeatability 

precision 

Intermediate 

precision 

Repeatability 

precision 

Intermediate 

precision 

400 0.68 0.59 0.51 0.75 

Average 1.54 0.59 1.11 0.42 

 

4.8.1.5 Specificity 

The specificity was evaluated by peak purity test which processed with 

Shimadzu LC Solution software. The peak purity test confirmed that analyte 

chromatographic peak is not attributable with another compound. The peak purity 

index of RA of leaf (Figure 23) and stem (Figure 24) were 1.00. 

 Table  39 Peak purity of rosmarinic acid of M. cordifolia leaf extract (Peak purity index: 

1.00) 
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Table  40 Peak purity of rosmarinic acid of M. cordifolia stem extract (Peak purity 

index: 1.00) 

 

4.7.1.6 Robustness 

The robustness was evaluated during the analysis of HPLC method 

when the temperature was varied from 34-36 °C. The results showed that in the area 

under the peak and retention time as present on the Table 17. 

Table  41 Robustness of HPLC for RA quantitation in M. cordifolia leaf and stem 

 M. cordifolia leaf extract M. cordifolia stem extract 

 

Peak 

area 

(AU) 

RA in 

extract 

(mg/ml) 

Retention 

time 

(min) 

Peak 

area 

(AU) 

RA in 

extract 

(mg/ml) 

Retention 

time 

(min) 

Temperature 

34 °C 
4466848 0.28 12.86 4704711 0.29 12.83 

Temperature 

35 °C 
4500368 0.30 12.19 4698719 0.31 12.20 
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 M. cordifolia leaf extract M. cordifolia stem extract 

 

Peak 

area 

(AU) 

RA in 

extract 

(mg/ml) 

Retention 

time 

(min) 

Peak 

area 

(AU) 

RA in 

extract 

(mg/ml) 

Retention 

time 

(min) 

Temperature 

36 °C 
4506857 0.28 12.08 4625134 0.29 12.05 

Mean 4491358 0.29 12.38 4676188 0.30 12.36 

SD 21472.53 0.01 0.421 44315.43 0.01 0.414 

%RSD 0.48 3.50 3.40 0.95 2.87 3.35 
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CHAPTER V 

DISCUSSION AND CONCLUSION 

 

 The quality control of herbal plant can provide to guarantee the standard of 

raw material for manufacture traditional medicines, food, beverages, dietary 

suppletory as well as cosmetic products. 

Plant morphological character is very important for plant authentication. For 

differentiation, characteristics of flower, leaf, stalk, seed and root forms were used as 

the keys. The genus Mentha belongs to the family Lamiaceae consisting of 

about 25-30 species have a subcosmopolitan distribution mainly found across 

regions of Eurasia, Africa, Asia, Australia, South Africa and North America 

(Brickell and J.D., 1997). Mentha is a taxonomically difficult genus because of 

extensive hybridization, vegetative propagation, polyploidization and cultivation 

(Šaric-Kundalic et al., 2009).  

The plant morphology was described in the Flora of Java Vol. II Groningen 

that is a herbaceous aroma perennial plant growing 10–30 cm high with square stalk, 

propagating mostly by underground stolons. The leaves, which are arranged in 

opposite pairs are serrate 0.75–7.5 cm long and 0.75–7.5 cm wide, ovate or peltate 

shape. The small bell-shaped flowers; are generally in light-purple, crowded into 

spikes at the leaf axils. The fruits are small dry capsule and abort (Backer and Brink, 

1965). 

The dried leaf crude drug was brownish-green while the dried stem crude 

drug was light grayish-brown. (Backer and Brink, 1965) 

The layer of epidermis was performed by sinuous ordinary epidermal cells 

i.e. wavy cell walls (Šaric-Kundalic et al., 2009). These features were observed only 

on the abaxial surface of leaves and were invariable for all mints. Diacytic stomata are 

most common in Lamiaceae (Naidu and Shah, 1980). 

A transverse section of the leaf midrib presented non-glandular and uniseriate 

glandular trichomes. Midrib is performed by a large vascular bundle, with xylem 
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facing the adaxial surface and phloem facing the abaxial surface. Palisade and lacunar 

parenchyma and uniseriate epidermis cells are performed to a symmetric mesophyll. 

One or two elongated cells on the adaxial surface of the leaf performed to palisade 

parenchyma while varying sizes of three to five cells layer are performed as lacunar 

parenchyma. The outer periclinal walls of the epidermal cells are thick and are 

covered by cuticles. (Bezerra et al., 2019).  

The stem presented uniseriate epidermis can be found one or two layers of 

collenchyma. The vascular bundle consisted of four main xylem points, and externally 

to it was found the phloem, which gives the quadrangular shape to the stem (Bezara et 

al., 2019) as already reported in other species of Lamiaceae.  

The trichomes are found both upper and lower sheath of the leaf. The 

uniseriate non-glandular and uniseriate glandular trichomes were found. The vesical 

of glandular trichome may secreted the chemical defense of a plant by possessing 

glands such as essential oil, terpenes, gums and tannins, which in contact with 

predators can trigger several reactions, repelling, provoking limb immobility or even 

toxicity and death which exude terpenes, phenolics, alkaloids or other substances 

which are olfactory or gustatory repellent (Naidu. and Shah, 1980). 

Essential oils are lipophilic substances produced by specialized secreting 

tissues called glandular trichomes. glandular trichomes secreting essential oils are the 

base for the economic importance of several plant families, including the Lamiaceae. 

Anatomical taxonomy of Mentha specie is reported that contain both capitate and 

peltate glandular trichomes like other members of the Labiatae family (Maffei et al., 

1986). 

However, M. cordifolia has a larger number of cell layers in the lacunar 

parenchyma, which is an important characteristic for the differentiation of species 

(Bezzara et al., 2019). 

Quantitation of microscopic leaf constant number is often used for medicinal 

plant samples. Leaf constant numbers were used to identify between some closely 

species which cannot differentiated by general microscopy (Evans et al., 2009). It 

could be the first step to identify the plant (Thitikornpong et al., 2018).  
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The stomatal type is one of histological characteristic evaluation which used 

to differentiate plants species. The stomatal type is classified by their form and 

arrangement in the surrounding cells. Marsh mint leaves with stomata above and 

below, few above; diacytic type. The diacytic type is one of common stomata which 

can found in Lamiaceae. Most tree species have stomata only on 

the lower leaf surface. M. cordifolia leaf is amphistomatous, the stomatal were found 

on both side of the leaf. The lower epidermis contained more stomata than the upper 

epidermis.  

Palisade cells are found in the mesophyll under the upper epidermis layer. 

The trichome is formed on both sides by the lower surface has more.  

The quality specification due to the physico-chemical parameters indicated 

that the contents of acid-insoluble ash, total ash, loss on drying and moisture content 

of leaf crude drug should not be more than 1.98, 9.41, 7.06 and 10.50, and the 

contents of stem should not be more than 1.63, 8.40 ,7.04 and 10.01 % of dry weight, 

respectively. Ash values is the one parameter useful to reflex the purity and quality of 

crude drugs. It’s useful to determine the inorganic substance; such as Ca, Na, K, Cl 

etc., in plant material after complete incineration. The acid insoluble ash was 

evaluated by boiling the total ash with 70g/l hydrochloric acid which could evaluate 

aluminum and silicon. Ash value is used as the parameter indicates the adulteration, 

contamination or substitutions in plant crude drug. To evaluate loss on drying content, 

both of water and volatile mater were came out, while the water content evaluation 

can carry out only water which is in the plant crude drug. The moisture in the 

environment of storage can affect to the plant crude drug quality. In the other hand, 

the excessive of water content in plant crude drug can be the suitable condition for 

growth of bacteria, fungi or activate enzyme which induce chemical degradation or 

microbial contamination. Thus, the limit of moisture content should be set for stability 

of plant crude drug. The ethanol-soluble extractive and water-soluble extractive 

values of leaf should not be less than 5.04 and 15.23 % of dry weight and stem should 

not be less than 5.20 and 16.60 % of dry weight, respectively. The evaluation of 

soluble extractive matter is used to determine the amount of active components when 

extract with specified solvent. The result presented that water soluble extractive value 
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was higher than ethanol soluble extractive value which indicated the high content of 

polar compounds. Ethanol and water are common solvents used for traditional 

medicine preparation. The volatile oil content found only in leaf should not less than 

0.36 % of dry weight. The quality control of medicinal plant material also requires the 

determination of the phytochemical compound for ensuring the quality reliability of 

natural product obtained from plant sourced (Mukherjee et al, 2002). TLC fingerprint, 

the solvent system consisting toluene : ethyl acetate : formic acid (5 : 4 :1.2 v/v/v) and 

silica gel GFR254 were demonstrated for chemical fingerprints in standardization of 

M. cordifolia leaf and stem crude drug.  

GC/MS analysis was used to separate the mixture of compounds in volatile 

oil. This method has high resolute power and high reproducibility. Two separate 

techniques; gas chromatography (GC) and mass spectrometry (MS), are successfully 

combined to form gas chromatography‐mass spectrometry (GC‐MS), the advantages 

become obvious. GC separate the compound mixture that are naturally volatile oil or 

that can be converted to volatile derivative. The molecules that have low molecular 

weight will elute out earlier while the molecules that have high molecule weight will 

elute out late due to the boiling point of substances. MS is detector instrument which 

each molecule was ionized by electron beam (70 eV) to produce the characteristic 

mass spectrum (Sneddon et al., 2007).   

Piperitenone oxide is the main chemical constituent in M. cordifolia leaf 

essential oil (73.22%). The previous study also reported that the peperitenone oxide 

content was also be the highest in arial part essential oil M. cordifolia (69%) of 

Turkey (Başer et al., 2012). 

HPLC is a chromatographic technique which is adaptable, robust and widely 

used for the identification, quantification and purification of natural products. Reverse 

phase chromatography is the most commonly used in separation technique in HPLC. 

It is estimated that over 65% of all HPLC separations are carried out in the reversed 

phase mode (Boligon et al, 2014). RP-HPLC is suitable simplicity, versatility, and 

scope to handle compound of a diverse polarity and molecular mass such as plant 

secondary plant metabolites. RA is a phenolic compound containing conjugated 

double bonds which have strong UV absorbtion; thus, PDA is suitable detector for 
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analysis. The reverse phase HPLC column is widely used to separate phenolic 

compounds in plant extracts. Octadecilsilane (ODS or simply C18) column is preferred 

for polar compound analysis. The highly polar substances may be irreversibly retained 

in the column and gradually changing the separation characteristics of the column. 

The usage of guard columns is necessary in the analysis of crude extract (Santos et al, 

2017). Many natural product materials contain significant level of strongly binding 

components, such as chlorophyll and other endogenous materials that may in the long 

term compromise the performance of analytical columns. Therefore, the guard 

columns will significantly protect the lifespan of the analytical columns. (Boligon and 

Athayde, 2014). The chromatographic condition optimization as mobile phase, 

gradient elution procedure, flow rate, column temperature and wavelength detection 

were performed the good separation. Formic acid, phosphoric acid and acetic acid 

were usually employed to the aqueous phase to enhance the resolution, restrain the 

ionization and reduced the peak tailing of compounds. The most suitable mobile 

phase following previous study showed good resolution and symmetric peak shape 

were performed by two parts as solvent A ;0.2% phosphoric acid in water and solvent 

B ; methanol with isocratic program. The column temperature was hold at 30 °C for 

the duration of analysis. Based on data from literature, in this study the optimal 

detection wavelength for detect RA was set to be 330 nm (Geller et al, 2010). The 

mainly component of M. cordifolia ;RA is a hydroxycinnamic acid derivatives, are 

synthesized by shikimate partway. The HPLC results demonstrated that RA contents 

of M. cordifolia leaf and stem crude drugs in Thailand were 1.917 and 0.990 g/100g.  

Pharmacognostic specification of M. cordifolia leaf and stem in Thailand 

were established. The chemical constituents of the volatile oil from M. cordifolia 

dried leaf were clearly revealed. For quantitative analysis, RP-HPLC of RA contents 

of M. cordifolia leaf and stem crude drugs were developed. 
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Table  45 Physico-chemical parameters of M. cordifolia leaf from 15 sources 

throughout Thailand 

sources 
No

. 

% by weight 

Moistur

e content 

Loss 

on 

dryin

g 

Total 

ash 

Acid 

insolubl

e ash 

Ethanol -

soluble 

extractiv

e 

Water -

soluble 

extractiv

e 

Volatil

e oil 

content 

Ratchaburi 

1 9.99 6.77 9.46 1.16 3.70 14.43 0.50 

2 9.98 6.70 9.56 1.10 3.44 14.25 0.51 

3 10.65 6.69 9.66 1.17 3.74 14.00 0.50 

Petchabun 

1 11.64 9.09 1.77 1.17 4.85 15.54 0.37 

2 11.65 9.25 1.76 1.22 4.78 15.23 0.36 

3 11.63 9.02 1.77 1.15 5.23 15.49 0.32 

Sri sa ket 

1 10.00 6.32 
13.0

5 
3.04 4.59 12.96 0.11 

2 9.98 6.22 
13.2

4 
3.17 4.57 12.33 0.12 

3 9.97 6.01 
13.7

1 
3.12 4.34 12.79 0.11 

Lopburi 

1 11.65 7.35 1.91 1.91 10.03 14.79 0.51 

2 11.65 7.71 1.85 1.85 9.53 14.07 0.52 

3 11.64 7.77 1.87 1.93 9.86 14.29 0.50 

Nakhon Sawan 

1 11.63 5.71 
14.0

4 
2.37 4.50 17.15 0.52 

2 11.63 5.88 
14.1

6 
2.36 4.40 16.63 0.50 

3 11.31 5.76 
14.1

7 
2.42 4.68 17.76 0.50 

Kanchanaburi 

1 8.65 6.29 1.85 1.85 4.76 14.42 0.18 

2 8.66 6.41 1.87 1.87 4.73 14.28 0.20 

3 9.31 6.36 1.78 1.81 5.07 14.89 0.19 

Suphan Buri 

1 9.98 8.20 1.51 1.41 6.52 14.93 0.50 

2 9.98 8.27 1.60 1.50 6.41 15.90 0.50 

3 10.64 8.10 1.65 1.38 6.97 15.15 0.45 
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sources 
No

. 

% by weight 

Moistur

e content 

Loss 

on 

dryin

g 

Total 

ash 

Acid 

insolubl

e ash 

Ethanol -

soluble 

extractiv

e 

Water -

soluble 

extractiv

e 

Volatil

e oil 

content 

Prachinburi 

1 10.65 7.40 1.70 1.70 4.15 15.95 0.29 

2 12.65 7.63 1.58 1.58 4.08 16.18 0.30 

3 11.64 7.70 1.66 1.71 4.22 16.99 0.31 

Chachoengsao 

1 9.97 7.00 
13.6

5 
2.27 3.76 15.46 0.25 

2 9.98 6.86 
13.8

3 
2.39 3.51 14.96 0.25 

3 10.63 6.66 
13.7

7 
2.49 3.77 14.92 0.22 

Samuthprakar

n 

1 9.98 6.16 
14.4

2 
2.34 5.33 14.52 0.28 

2 10.65 6.12 
14.6

7 
2.32 5.22 15.87 0.29 

3 10.63 6.11 
15.0

4 
2.24 5.18 15.13 0.30 

Nakhon 

Pathom 

1 11.64 7.04 2.68 2.64 3.85 16.58 0.36 

2 11.64 7.47 2.72 2.52 3.67 16.02 0.33 

3 11.64 7.19 2.56 2.42 3.90 16.89 0.36 

Bangkok 

1 9.31 6.28 
16.2

0 
2.67 4.42 16.19 0.31 

2 9.32 6.11 
15.3

3 
2.55 4.67 16.72 0.33 

3 8.65 6.11 
15.4

3 
2.66 4.68 16.75 0.30 

Saraburi 

1 9.97 7.25 1.88 1.54 5.03 16.01 0.31 

2 10.64 7.14 1.72 1.66 5.04 15.93 0.33 

3 10.66 6.88 1.78 1.56 5.35 15.78 0.30 

Nakhon 

Ratchasima 

1 9.32 6.54 1.36 1.47 4.85 12.95 0.44 

2 9.32 6.69 1.47 1.59 5.14 13.28 0.47 
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sources 
No

. 

% by weight 

Moistur

e content 

Loss 

on 

dryin

g 

Total 

ash 

Acid 

insolubl

e ash 

Ethanol -

soluble 

extractiv

e 

Water -

soluble 

extractiv

e 

Volatil

e oil 

content 

3 9.31 6.68 1.57 1.54 5.17 14.15 0.43 

Petchaburi 

1 9.99 7.60 2.03 1.97 4.82 15.45 0.53 

2 11.32 7.56 2.22 1.82 4.92 15.34 0.54 

3 10.64 7.23 2.04 1.98 5.16 15.87 0.53 

Grand mean 10.50 7.06 9.41 1.98 5.04 15.23 0.36 

Pooled SD. 0.41 0.14 0.18 0.07 0.18 0.42 0.02 
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Table  46 Physico-chemical parameters of M. cordifolia stem from 15 sources 

throughout Thailand 

sources No. 

% by weight 

Moisture 

content 

Loss 

on 

drying 

Total 

ash 

Acid 

insoluble 

ash 

Ethanol -

soluble 

extractive 

Water -

soluble 

extractive 

1 Ratchaburi 

1 11.63 9.09 1.77 1.17 4.23 15.76 

2 11.46 9.25 1.76 1.22 4.05 15.27 

3 11.63 9.02 1.77 1.15 4.37 15.82 

2 Petchabun 

1 8.30 6.32 13.05 3.04 3.87 15.81 

2 8.54 6.22 13.24 3.17 3.57 16.53 

3 8.33 6.01 13.71 3.12 3.81 16.36 

3 Sri sa ket 

1 8.29 7.35 1.91 1.91 4.57 12.27 

2 8.27 7.71 1.85 1.85 4.59 12.46 

3 7.98 7.77 1.87 1.93 4.92 12.74 

4 Lopburi 

1 9.96 5.71 14.04 2.37 4.24 17.46 

2 9.98 5.88 14.16 2.36 4.19 17.71 

3 10.64 5.76 14.17 2.42 4.52 17.70 

5 Nakhon Sawan 

1 8.29 6.29 1.85 1.85 3.39 16.70 

2 8.31 6.41 1.87 1.87 3.51 16.66 

3 8.33 6.36 1.78 1.81 3.25 16.52 

6 Kanchanaburi 

1 9.94 8.20 1.51 1.41 5.56 16.16 

2 9.96 8.27 1.60 1.50 5.29 16.37 

3 10.59 8.10 1.65 1.38 5.08 16.24 

7 Suphan Buri 

1 9.98 7.40 1.70 1.70 6.71 15.85 

2 10.65 7.63 1.58 1.58 6.78 16.57 

3 10.64 7.70 1.66 1.71 6.61 16.27 

8 Prachinburi 

1 8.32 7.00 13.65 2.27 5.52 21.10 

2 8.32 6.86 13.83 2.39 5.10 20.40 

3 7.98 6.66 13.77 2.49 5.13 19.20 

9 Chachoengsao 1 9.97 6.16 14.42 2.34 7.86 16.20 
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sources No. 

% by weight 

Moisture 

content 

Loss 

on 

drying 

Total 

ash 

Acid 

insoluble 

ash 

Ethanol -

soluble 

extractive 

Water -

soluble 

extractive 

2 9.98 6.12 14.67 2.32 7.68 17.24 

3 9.97 6.11 15.04 2.24 8.19 17.73 

10 Samuthprakarn 

1 15.00 7.04 2.68 2.64 4.43 17.04 

2 13.96 7.47 2.72 2.52 4.29 17.27 

3 14.99 7.19 2.56 2.42 4.55 16.84 

11 
Nakhon 

Pathom 

1 8.21 6.28 16.20 2.67 4.39 17.48 

2 8.31 6.11 15.33 2.55 4.84 18.09 

3 8.65 6.11 15.43 2.66 4.63 17.80 

12 Bangkok 

1 9.23 7.25 1.88 1.54 5.57 15.88 

2 9.98 7.14 1.72 1.66 5.67 14.54 

3 9.98 6.88 1.78 1.56 6.04 15.37 

13 Saraburi 

1 13.31 6.54 1.36 1.47 6.68 16.56 

2 11.66 6.69 1.47 1.59 6.15 16.27 

3 11.66 6.68 1.57 1.54 6.37 15.85 

13 
Nakhon 

Ratchasima 

1 9.27 7.60 2.03 1.97 4.66 16.98 

2 9.98 7.56 2.22 1.82 5.01 17.19 

3 9.96 7.23 2.04 1.98 5.04 17.71 

14 Petchaburi 

1 11.63 9.09 1.77 1.17 4.23 15.76 

2 11.46 9.25 1.76 1.22 4.05 15.27 

3 11.63 9.02 1.77 1.15 4.37 15.83 

 Grand mean 10.01 7.04 8.41 1.63 5.20 16.60 

 Pooled SD 0.38 0.14 0.18 0.05 0.20 0.49 

 

Formulas: 

𝐺𝑟𝑎𝑛𝑑 𝑚𝑒𝑎𝑛 =
�̅�1𝑛1 + �̅�2𝑛2 + ⋯ + �̅�𝑘𝑛𝑘

𝑛1 + 𝑛2 + ⋯ + 𝑛𝑘
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Pooled SD = √
((𝑛1−1)×𝑠𝐷1

2)+((𝑛2−1)×𝑆𝐷2
2)+⋯+((𝑛𝑘−1)×𝑆𝐷𝑘

2)

(𝑛1+𝑛2+⋯+𝑛𝑘)
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Table  47 Rosmarinic acid content in M. cordifolia in Thailand 

No. Sources 

Rosmarinic acid content (g/100g) 

Leaf Stem 

1 Ratchaburi 0.834 0.855 0.837 0.885 0.886 0.882 

2 Petchabun 0.726 0.742 0.715 0.879 0.876 0.868 

3 Si sa ket 1.406 1.431 1.441 0.381 0.383 0.382 

4 Lopburi 0.945 0.960 0.965 0.829 0.831 0.832 

5 
Nakhon 

Sawan 
2.260 2.253 2.260 1.311 1.309 1.315 

6 Kanchanaburi 1.563 1.570 1.577 0.285 0.286 0.286 

7 Suphanburi 3.550 3.557 3.573 1.833 1.812 1.807 

8 Prachinburi 5.556 5.581 5.581 1.082 1.082 1.088 

9 Chachoengsao 2.175 2.205 2.188 1.617 1.601 1.596 

10 Samutprakan 0.840 0.827 0.824 0.652 0.652 0.653 

11 Nakornpathom 1.517 1.505 1.511 1.071 1.069 1.070 

12 Bangkok 1.207 1.208 1.214 1.219 1.225 1.222 

13 Saraburi 2.471 2.471 2.470 0.833 0.834 0.834 

14 
Nakhon 

Ratchasima 
1.573 1.576 1.567 1.089 1.080 1.088 

15 Petchaburi 2.070 2.045 2.063 0.914 0.922 0.916 

Average 1.917 0.990 

SD 1.265 0.406 
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APPENDIX C 

Method validation 
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