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Abstract 

 

This research was successful in creating a polyphenolic profile of the leaves of 100 

Rhododendron species, which belong to the six subgenera: Azaleastrum, Hymenanthes, 

Rhododendron, Pentanthera, Tsutsusi and Mumeazalea. The polyphenolic profile of the fruits 

and flowers of a few Rhododendron species was also studied. This was achieved by using the 

technique of liquid chromatography coupled to mass spectrometry. Compounds were identified 

based on their retention time, UV absorption, fragmentation pattern and high resolution mass 

data. A few authentic standards were used for comparison purposes. 

 

The leaves of Rhododendron species were determined to be a good source of polyphenolic 

secondary metabolites with a total of 348 polyphenols identified. Out of the 348 identified 

compounds, 221 compounds were novel in Rhododendron species and 7 compounds were novel 

in nature. The most abundant compounds included quercetin derivatives, protocatechuic acid-O-

hexoside, catechin, epicatechin, procyanidin A and B dimers, kaempferol-O-rhamnoside, p-

coumaric acid-O-hexoside, 3-O-caffeoylquinic acid and 5-O-caffeoylquinic acid.  

 

The actual function of secondary metabolites in Rhododendron species is mostly unknown. From 

the identified secondary metabolites in Rhododendron species, a few marker compounds were 

identified for some individual Rhododendron species and also for the six subgenera. The use of 

polyphenolic secondary metabolites as chemotaxonomic markers needs to be assessed. 

 

Multivariate statistical analysis was carried out to investigate whether phytochemistry, phylogeny 

and biological activity showed any correlation. The relative quantities of polyphenolic 

compounds were compared using box plots. Some compounds were found in higher intensity in 

certain subgenus. Some isomers of these compounds were found to be relatively more abundant 

than others. PCA plots and hierarchical clustering plot were generated using LC-TOF-MS data 

and it was determined that the genetically similar Rhododendron species produces a diverse 

variety of secondary metabolites. The number of compounds present in Rhododendron species 

was found to have no correlation to the ploidy level or their anti-bacterial activity against Bacillus 

subtilis.  
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1. Introduction 

 

 Rhododendron Park Bremen (Germany) & Rhododendron Project 1.1.

The Rhododendron Park is located in Deliusweg 40, Bremen, Germany. It covers a total of 46 

hectares and is cultivating more than 1000 varieties of Rhododendron species. It has an open park 

as well as a botanical garden. The botanical garden was created in 1905 by businessman Ernst 

Franz Schütte. However, the park was created in 1933 with the help of German Rhododendron 

Society and was later opened to public from 1937. 

 

With the availability of a wide variety of Rhododendron species in the Rhododendron Park, the 

Rhododendron Project was initiated with the vision to combine the different fields of research in 

order to investigate the Rhododendron species in detail from different perspectives. The project 

has been divided into the following three parts: 

 

a. Genetic Research (Jennifer Nolzen under the supervision of Prof. Dr. Dirk Albach): The 

phylogenetic studies were conducted on Rhododendron species using different gene 

markers such as trnK, trnL-F, and ITS. The markers were used to create a maximum 

likelihood tree, which was used to compare the different subgenera of Rhododendron 

species. 

 

b. Microbiology and Cell Biology Research (Dr. Ahmed Rezk under the supervision of Prof. 

Dr. Matthias S. Ullrich and Prof. Dr. Klaudia Brix): The extracts of Rhododendron 

species were tested against different bacterial strains to test for anti-microbial activity. 

The same extracts were also tested against HaCaT (skin) cells and intestinal epithelial 

cells to test for cytotoxic effects. 

 
c. Chemical Research (Abhinandan Shrestha under the supervision of Prof. Dr. Nikolai 

Kuhnert): The extracts of Rhododendron species were analyzed for the secondary 

metabolites present in them to generate a phytochemical profile. Some species were also 

selected for activity guided fractionation to identify the compounds producing anti-

microbial effects. 
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 The genus Rhododendron 1.2.

The genus Rhododendron L. belongs to the Ericaceae family of flowering plants. It is one of the 

largest and diverse genera of vascular plants that are distributed mostly in the Northern 

hemisphere. The genus consists of more than 1000 species, which are divided further into 8 

subgenera, namely Rhododendron, Hymenanthes, Pentanthera, Tsutsusi, Azaleastrum, 

Candidastrum, Mumeazalea and Therorhodion.[1, 2] They are mostly found in the Himalayan 

region (Bhutan, China, India, Myanmar, Nepal, Sri Lanka and Thailand), South-East Asia and 

Malesia.[3, 4] A minority of species are found in Europe and North America and only two 

species in North-East Australia.[5] 

 
The Rhododendron species vary in size and shape, ranging from shrubs to trees.[5] They are 

mostly evergreen and can grow in diverse climatic conditions.[6] A few species are known to be 

deciduous. There is also variation in the size and shape of the entire margined leaves, ranging 

from linear to orbicular. The colorful flowers are found in a raceme or corymb cluster and are 

used for decorative purposes. The fruits are found as capsule-shaped while the seeds are found as 

flattened or spindle-shaped to ellipsoid.[5] 

 

 Traditional uses of Rhododendron species 1.3.

Rhododendron species have been traditionally used in the treatment of different ailments and 

disorders.[5, 6] In China, Rhododendron species have been used for treating arthritis, asthma and 

bronchitis.[5, 7-11] Rhododendron brachycarpum has been employed in Korea for treating 

diabetes, headache, arthritis and hypertension.[5, 12] The flowers and leaves of Rhododendron 

anthopogon and Rhododendron anthopogonoides have been used in Tibetan herbalism to treat 

inflammation and skin and lung ailments.[5, 13, 14] In Nepal, Rhododendron lepidotum, 

Rhododendron anthopogon and Rhododendron campanulatum are used to treat different 

ailments.[5, 15, 16] The Ayurvedic medical system in India have used 12 Rhododendron species 

(Rhododendron abroberum, Rhododendron lepidotum, Rhododendron campanulatum) for 

treating altitude sickness, diarrhea, dyspepsia, nose bleeding and headaches.[5, 17, 18] 
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Rhododendron hirsutum and Rhododendron ferrugineum flowers have been used in Austria for 

the treatment of cardio-vascular, gastro-intestinal, urinary and respiratory tract ailments.[5, 19] In 

Germany, Rhododendron ferrugineum leaves have been employed to treat rheumatism, muscle 

pain, hypertension and metabolic disease.[5, 20, 21] Rhododendron kotschyi has been used in 

Romania to treat cough, rheumatism and lung ailments.[5] In Turkey, Rhododendron ponticum 

and Rhododendron luteum have been employed for the treatment of rheumatism, inflammation 

and fungal infections.[5, 22-24] 

 

The Native Americans have used Rhododendron calendulaceum, Rhododendron maximum and 

Rhododendron albiflorum to treat rheumatism, women’s ailments, sore throats common cold, 

gastro-intestinal disorders and swelling.[5, 25] Rhododendron groenlandicum has been used in 

Northern Canada against diabetes.[5, 26, 27] 

 

Besides traditionally being used to treat human illnesses, Rhododendron species have also been 

used as psychoactive ritual incense[28] (Rhododendron tomentosum, Rhododendron aureum, 

Rhododendron lepidotum and Rhododendron caucasicum) in Asia and Europe, narcotic 

(Rhododendron viscosum) in North America, diaphoretic (Rhododendron caucasicum) in 

Caucasus, to preserve fruits (Rhododendron albiflorum) by Native Americans and as an insect 

repellent (Rhododendron tomentosum) in Siberia.[5] 

 

 Pharmacological studies of Rhododendron species 1.4.

Different parts of Rhododendron species have been tested in numerous studies to find out the 

beneficial effects on human health. From these studies, it has been observed that some 

Rhododendron species have anti-inflammatory activity[24], analgesic activity[29, 30], anti-

microbial activity[31, 32], anti-fungal activity[33], anti-protozoal activity[34], anti-viral 

activity[35-39], immuno-modulatory activity[40, 41], anti-oxidant activity[42, 43], anti-diabetic 

activity[12, 27, 44], anti-spasmodic activity[30], hepato-protective activity[45], cardio-protective 

activity[46], tyrosinase (pigmentation enzyme of mammalian skin and hair) inhibitory 

activity[47] and acetylcholinestherase (enzyme that prevents acetyl-choline breakdown, which is 

used to treat Alzheimer’s disease) inhibitory activity[48].[5] The list of Rhododendron species 
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that have displayed such activities are shown in Table 1.1. Most of the pharmacological activity 

of Rhododendron species has been linked to their flavonoid composition.[5, 24, 29] 

 

In anti-microbial studies, some Rhododendron species were found to be active against 

Escherichia coli, Staphylococcus aureus, Enterococcus fecalis and Bacillus subtilis.[2, 5, 31, 32] 

In anti-protozoal studies, a few Rhododendron species were observed to be active against 

Leishmania donovani and Plasmodium falciparum.[34] From anti-viral studies, it was determined 

that some Rhododendron species were active against herpes simplex virus type-1 (HSV-1)[38, 

39] and type-2 (HSV-1)[35], HIV[37] and Autographa californica nuclear polyhedrosis virus 

(AcNPV)[36].[5] 

 

Table 1.1: Pharmacological activities of Rhododendron species 

Biological Activity Species 

Anti-inflammatory activity 

Rhododendron arboretum 

Rhododendron ponticum 

Rhododendron spinuliferum 

Rhododendron dauricum 

Rhododendron anthopogon 

Rhododendron aureum 

Rhododendron mucronulatum 

Analgesic activity 

Rhododendron micranthum 

Rhododendron ponticum 

Rhododendron collettianum 

Rhododendron arboretum 

Anti-microbial activity 

Rhododendron setosum 

Rhododendron lepidotum 

Rhododendron anthopogon 

Rhododendron arboretum 

Rhododendron brachycarpum 

Rhododendron luteum 

Anti-fungal activity Rhododendron tomentosum 

Anti-protozoal activity 

Rhododendron luteum 

Rhododendron ponticum 

Rhododendron simrnowii 

Rhododendron ungenii 
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Biological Activity Species 

Anti-viral activity 

Rhododendron dauricum (Anti-HIV) 
Rhododendron simsii (Anti-HSV-2) 

Rhododendron caucasicum (Anti-AcNPV) 
Rhododendron ungernii (Anti-HSV-1) 

Rhododendron ferrugineum (Anti-HSV-1) 

Immunomodulatory activity Rhododendron spiciferum 

Anti-oxidant activity 

Rhododendron simsii 

Rhododendron dauricum 

Rhododendron yedoense var. poukhanense 

Rhododendron griffithianum 

Rhododendron lepidotum 

Rhododendron virgatum 

Anti-diabetic activity 

Rhododendron arboretum 

Rhododendron tomentosum 

Rhododendron groenlandicum 

Rhododendron brachycarpum 

Rhododendron schlippenbachii 

Anti-spasmodic activity Rhododendron collettianum 

Tyrosinase inhibitory activity Rhododendron collettianum 

Hepatoprotective activity Rhododendron arboreum 

Cardioprotective activity Rhododendron arboreum 

Acetylcholinestherase inhibitory 
activity 

Rhododendron ponticum 

Rhododendron luteum 

 

 Toxicological studies of Rhododendron species 1.5.

Rhododendron species have been known to be toxic mostly due to the presence of grayanotoxins 

(Figure 1.1), which belong to the terpenoid class of compounds.[5, 6] In India, Rhododendron 

arboretum, Rhododendron campanulatum and Rhododendron cinnabarinum have been known to 

be poisonous to humans or livestock. The Rhododendron species have also been used as an 

insecticide in India (Rhododendron thomsonii) and additionally as fish poison in India 

(Rhododendron barbatum and Rhododendron falconeri), Siberia (Rhododendron aureum) and 

Caucasus (Rhododendron caucasicum).[5] 
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Figure 1.1 Grayanotoxins found in Rhododendron species 

Some Rhododendron species have been used to produce honey. They are sometimes referred to 

as “toxic honey” or “mad honey”.[49] In Turkey, Rhododendron ponticum and Rhododendron 

luteum growing in the Black Sea region is the major source of honey.[5, 49] Besides Turkey, 

Rhododendron honey is also produced in Nepal, Japan, Brazil and a few regions of Europe and 

North America.[49] The honey poisoning at lower doses can cause bradycardia, dizziness, 

hypotension and gastro-intestinal discomfort. At higher doses, it can case seizures, consciousness 

disorder and blockage of the atria and ventricles of the heart.[5, 50, 51] Intoxications caused by 

Rhododendron honey have been reported in Turkey, Austria and Nepal.[5] 

 

Rhododendron poisoning in animals (sheep, lamps, goats, kangaroos and cattle) were observed 

after ingestion of the Rhododendron plants.[5, 52-54] The effects of this poisoning include 

spasm, bloating, diarrhea, salivation, loss of energy and lactating potential and even death.[5, 55] 

A few Rhododendron species (Rhododendron anthopogon, Rhododendron brachycarpum and 

Rhododendron metternichii var. pentamerum) were tested against mice, which resulted in minor 

liver lesions and increased respiratory, locomotive and stimulant activity.[5, 56, 57] 

 

Rhododendron ferrugineum was observed to have cytotoxic activity against human 

promyelocytic leukemia HL-60 cells.[5, 58] Rhododendron brachycarpum was found to be 

cytotoxic against human cancer cell lines (A549, AGS, Hep3B and MCF7).[5, 59] Rhododendron 

mucronatum displayed cytotoxic activity against HaCaT keratinocyte cell line.[5, 60] 

 

 Phytochemical studies of Rhododendron species 1.6.

There have been some phytochemical studies on the secondary metabolites of Rhododendron 

species. They are known to be a good source of flavonoids and terpenoids.[5, 61] They are also 

known to consist of essential oils, iridoids, steroids, coumarins, β-diketones, chromones, 



   

   
Page  |  21 

 

chromanes and chromenes and other phenol derivatives.[6, 61] Diterpenoids, triterpenoids and 

sesquiterpenoids are the types of terpenoids identified in Rhododendron species. The flavonoids 

identified in Rhododendron species belonged to the group of chromones, flavones, flavanones, 

flavonols, flavan-3-ols, dihydrochalcones and proanthocyanidins.[6, 61] However, there has been 

limited number of studies in the polyphenolic profile of Rhododendron species. 

 

 Polyphenols 1.7.

Polyphenols are secondary metabolites produced by plants that facilitate the growth of plants and 

also help in their defense mechanism against pests and herbivores. The structure of polyphenols 

consists of a single or multiple aromatic rings and hydroxyl groups. The diversely structured 

polyphenols are responsible for different characteristics such as color and flavor of the plant parts 

(roots, leaves, fruits, flowers). They are divided into four major categories, namely phenolic 

acids, flavonoids, lignans and stilbenes as shown in Figure 1.2.[62] The extensive studies on 

polyphenols have resulted in the identification of over 8000 phenolic structures from natural 

sources, of which more than 4000 are flavonoids.[63] In plants, the polyphenols are usually found 

as glycosides with different associated sugar moieties, which may be acylated.[62] 

 

Polyphenols are a major part of the human diet in the form of fruits (apples, strawberries, grapes 

and peaches), beverages (tea, coffee, juices, wine, cider and beer), vegetables, leguminous plants, 

chocolate and cereals. They are known to contribute to beneficial effects towards human 

health.[62] The anti-oxidant effect of polyphenols was considered to be responsible for this 

effect; however recent studies have indicated that anti-oxidant effect is grossly overestimated and 

should be marginalized in the search of other mechanisms of action.[62, 64] They are also known 

to have anti-mutagenic, anti-carcinogenic, anti-microbial and metal-chelating properties.[62] In 

addition, they have protective effects against wounds, skin diseases, cardiovascular diseases, drug 

toxicity and UV radiations.[65] 
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Figure 1.2: Classification of polyphenols and their basic structures 

 

 Phenolic acids 1.7.1.

Phenolic acids are aromatic acids found in plants, which consist of a phenol ring and a carboxylic 

functional group. They are divided into two groups: hydroxybenzoic acid derivatives and 

hydroxycinnamic acid derivatives, which have backbone structures of C1-C6 and C3-C6 

respectively. 
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Hydroxybenzoic acids 

Hydroxybenzoic acid derivatives include acids such as gallic acid, ellagic acid, protocatechuic 

acid, vanillic acid, salicylic acid and syringic acid. They are found in fruits (strawberries, 

raspberries and blackberries), vegetables (onion and radish), beverages (tea, juice, wine, stout, ale 

and lager) and cereals. They are usually found in the free or esterified or glycosylated form. 

There have been extensive studies conducted for gallic acid and ellagic acid and they are known 

to be a part of hydrolysable tannins. Gallic acid, found in black tea is also known to be esterified 

to condensed or derived tannins and quinic acid.[62, 66] 

 

Figure 1.3: Hydroxybenzoic acids 

 

Hydroxycinnamic acids 

Hydroxycinnamic acid derivatives include acids such as caffeic, ferulic, sinapic and p-coumaric 

acids. They are found in fruits (kiwi, cherries, plums and apples), beverages (coffee and beer) and 

cereals. They are usually found in glycosylated form or esterified form with quinic acid, shikimic 

acid and tartaric acid, however their free form is found only in processed foods. Caffeic acid is 

abundantly found in fruits and coffee, while ferulic acid is found mostly in cereals such as wheat, 

rice, oat and maize. The hydroxycinnamic acids (caffeic, ferulic, and p-coumaric acid) form 

esters with quinic acid, which are commonly referred to as chlorogenic acids. Coffee is a rich 

source of chlorogenic acids with concentrations ranging from 70-350 mg per 200 mL cup.[62] 

There has been a considerable amount of research conducted on hydroxycinnamic acids, which 

have displayed beneficial properties such as anti-oxidant, anti-mutagenic, anti-inflammatory, 

anti-diabetic and anti-carcinogenic activities.[67] 
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Figure 1.4: Hydroxycinnamic acids 

 

 Flavonoids 1.7.2.

Flavonoids are compounds found in plants with a backbone structure of C6-C3-C6 in which both 

C6 units (Ring A and Ring B) are phenolic in nature. The variations in the chromane ring (Ring 

C) and hydroxylation patterns leads to further classification of flavonoids into sub-groups such as 

flavonols, flavones, flavanones, isoflavones, flavan-3-ols and anthocyanidins. In most of the 

flavonoid structures, Ring B is attached to Ring C via the C2 position. However, in some 

flavonoids such as isoflavones and neoflavonoids, Ring B is attached to Ring C via the C3 and 

C4 position respectively. Another exception is chalcones, which lack Ring C in their 

structures.[62] 

 

Figure 1.5: Backbone structures of flavonoids 

 
Flavonols 

Flavonols such as quercetin and kaempferol derivatives are commonly found in plants, and in 

human diet they are found in fruits (blueberries), vegetables (broccoli and onions) and beverages 
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(tea and wine). Myricetin, laricitrin, azaleatin and fisetin are other examples of flavonols. They 

are generally found in the glycosylated form. Glucose or rhamnose are the most common sugar 

units attached to them followed by galactose, arabinose, xylose and glucuronic acid. The 

biosynthesis of flavonols is stimulated by light and thus they are present in higher quantities in 

outer aerial tissues (leaves and fruit skin).[62] Quercetin has been extensively researched upon 

and is known to have anti-oxidant and anti-inflammatory effects in vitro and in vivo. However, 

some in vitro studies have shown its toxic effects, most probably due to the formation of 

quinones (after oxidation), which reacts with glutathione or protein sulfhydryl groups and 

consequently impairs enzyme functions.[68] Kaempferol is known to have anti-oxidant and anti-

cancer properties[69] and myricetin is known to have anti-diabetic properties.[70] 

 

Figure 1.6: Flavonols [71] 

 

Flavones 

Flavones are usually found in fruits, vegetables (celery and parsley) and cereals (wheat and 

millet). The most common flavones identified are the glycosylated derivatives of apigenin and 

luteolin. The skin of citrus fruits is a major source of polymethoxylated flavones (tangeretin, 

nobiletin and sinensetin), which are hydrophobic in nature.[62] Apigenin is known to have anti-
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cancer properties[72] and luteolin is known to have anti-inflammatory and neuro-protective 

properties.[73] 

 

Figure 1.7: Flavones [71] 

 

Flavanones 

Flavanones are found prevalently in citrus fruits and relatively smaller amounts in tomatoes and 

aromatic plants (mint). Naringenin, hesperetin and eriodictyol are found in their free form and 

glycosylated form in grapefruits, oranges and lemons respectively. The glycosylated derivatives 

can influence the taste of the fruits.[62] Many different substituted derivatives have been 

identified for flavanones. For example, taxifolin, which is a compound found in citrus fruits and 

is further classified as a flavanonol as it consists of an additional hydroxyl group in Ring C.[63] 

Naringenin is known to have anti-cancer and anti-atherogenic properties[74], hesperetin and 

eriodictyol are known to have anti-inflammatory and anti-atherogenic properties.[75, 76] 
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Taxifolin is known to have anti-inflammatory, anti-cancer, anti-microbial and metal-chelating (it 

chelates to Cadmium and thus reduces its toxicity) properties.[77] 

 

Figure 1.8: Flavanones [71] 

 

Isoflavones 

Isoflavones are found mostly in leguminous plants. The structure of isoflavones are similar to 

estrogen, hence they are classified as phytoestrogens. The amount of isoflavones in soybean is 

around 580-3800 mg/kg fresh weight. In soybean, genistein and daidzein are found in relatively 

large quantities, while glycitein, biochanin A and formononetin are found in relatively small 

quantities. They are found in free form and glycosylated form (which may consist of additional 

acetyl or malonyl units). The glycosylated derivatives consisting of malonyl group are 

responsible for a bitter taste.[62, 63] 
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Figure 1.9: Isoflavones [71] 

 

Flavan-3-ols and Proanthocyanidins 

Flavan-3-ols are found in plants in the form of monomers and polymers, which are commonly 

known as catechins and proanthocyanidins respectively. In human diet, they are found in fruits 

(apricots, grapes, apples, peaches and pears), beverages (tea, beer, cider and wine) and chocolate. 

They are usually found in the aglycone form. Catechin and epicatechin are mainly present in 

fruits, while galloylated catechin derivatives such as gallocatechin and epigallocatechin are 

present in tea, grapes and leguminous plants. Green tea is known to have more catechins (up to 

200 mg per cup), while black tea is known to have more theaflavins and thearubigins due to 

fermentation.[62] 

 

Proanthocyanidins, also known as condensed tannins are produced from the oligomerization, 

dimerization and polymerization of flavan-3-ol units such as afzelechin, epiafzelechin, catechin, 

epicatechin, gallocatechin and epigallocatechin.[6] The B-type proanthocyanidins are linked 

together via C4-C8 or C4-C6 bonds and the A-type proanthocyanidins are linked together via C2-

O-C7 or C2-O-C5 bonds.[63] The dimers and trimers of catechins are the most abundant 

proanthocyanidins found in nature. Proanthocyanidins react with salivary proteins to form 
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complexes that are responsible for the bitter taste of chocolate and astringent taste of fruits and 

beverages.[62] They have been reported to have anti-oxidant, anti-diabetic, anti-inflammatory 

and anti-mutagenic and cardio-protective properties.[6] 

 

Figure 1.10: Flavan-3-ols and Proanthocyanidins [71] 

 

Anthocyanidins 

Anthocyanidins are fundamental parts of different color (blue, purple and red) pigments found in 

flowers, fruits and vegetables. They are also found in a substantial amount in wines (~200-300 

mg/L). The aglycone form of anthocyanidins is unstable and thus they are generally glycosylated 

or esterified with organic and phenolic acids. The glycosylated anthocyanidins are known as 

anthocyanins. They are known to form complexes with other flavonoid groups, which results in 

copigmentation. The most abundant anthocyanins are cyanidin, delphinidin and pelargonidin. The 

color of anthocyanidins is dependent on hydroxylation, glycosylation and methylation patterns 



   

   
Page  |  30 

 

and pH conditions. They are known to be stable in acidic conditions.[62, 63] Anthocyanidins are 

known to have anti-oxidant, anti-inflammatory and anti-cancer properties.[78] 

 

Figure 1.11: Anthocyanidins [71] 

 

 Lignans 1.7.3.

Lignans consist of two phenylpropane units and are known to have protective effects in plants. 

The major source of lignans in human diet is oleaginous seeds (linseed), which contains a high 

amount of secoisolariciresinol and low amount of matairesinol. Lignans are also found in small 

quantities in some fruits (prunes and pears), vegetables (asparagus, carrots and garlic), 

leguminous plants (lentils) and cereals.[62] They are known to have anti-cancer and chemo-

protective properties and have been used in treatments for cancer, lymphoma and leukemia.[79] 
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Figure 1.12: Lignans [71] 

 

 Stilbenes 1.7.4.

Stilbenes (C6-C2-C6) such as resveratrol, piceid and viniferin are found in small quantities in 

Vitaceae plant family, which includes grapes. They aid in the defense mechanism of such plants. 

Resveratrol is known to have anti-carcinogenic and coronary-protective properties; however the 

effect is insignificant due to its low concentration in a normal dietary intake.[62, 80, 81] 

 

Figure 1.13: Stilbenes [71] 

  



   

   
Page  |  32 

 

 Polyphenols – Biosynthesis 1.8.

The biosynthesis of polyphenols occurs inside the plant through different pathways such as 

shikimate, mevalonic acid, pentose phosphate and phenylpropanoid pathways. The shikimate 

pathway is known to produce phenylalanine, gallic acid and cinnamic acid as metabolites. The 

three units of malonyl-CoA are considered to generate Ring A, while phenylalanine is considered 

to generate Ring B and chromane ring of the flavonoids. The transformation of phenylalanine to 

cinnamate is catalyzed by phenylalanine ammonia lyase. The cinnamate produces p-coumaroyl-

CoA, which subsequently reacts with three malonyl-CoA molecules to produce naringenin 

chalcone through a condensation reaction. Naringenin chalcone is the first flavonoid structure 

generated in the biosynthetic pathway, which reacts with different enzymes to generate different 

types of flavonoids. The enzyme glucosyltransferase is responsible for the glucosylation of 

flavonoids. The study of polyphenol biosynthesis can aid in the field of designer food production 

(polyphenol-rich food for healthy diets).[63] 

 

The speculated biosynthetic pathway of flavonoids is shown in Figure 1.14.[82-85] 
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Figure 1.14: Presumed biosynthetic pathway of flavonoids [82-85] 
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 Polyphenols – Bioavailability 1.9.

Polyphenols have demonstrated many beneficial health effects in different studies. However, an 

important aspect to consider is bioavailability, since the compounds need to be absorbed by the 

human body in order to generate any desired effect on human health. 

 

The bioavailability studies of polyphenols mainly involve the interaction of polyphenols with the 

stomach, intestines (duodenum), colon and the micro-flora present in them. The polyphenols 

suffer from poor absorption, high metabolism and swift elimination in the human body. The 

small intestine can readily absorb aglycones. But, food polyphenols are found in the form of 

esters, polymers or glycosides, which cannot be absorbed by the intestine.[62] 

 

It is speculated that the flavonoids and their glycosides pass through into the duodenum from the 

stomach unscathed. The intestinal enzymes and micro-flora interact with the polyphenols after 

they enter the duodenum. The intestinal enzymes are responsible for the hydrolysis of food 

polyphenols. The micro-flora present in the duodenum and colon are responsible for breaking 

down the aglycones (glycosides) into different aromatic acids. The resulting products from these 

processes are easily absorbed by the intestine.[62] 

 

During absorption, the polyphenols undergo conjugation through sulfation, methylation or 

glucuronidation in the small intestine and liver. The effectiveness of the conjugation process 

results in the aglycones being found in low amounts or being completely absent in blood. The 

elimination of polyphenols from the human body occurs mainly through urine and bile.[62] 

 

From numerous studies, it was observed that gallic acid, flavanones and isoflavones are the most 

readily absorbed polyphenols. The absorption rate of quercetin glucosides, catechins and 

flavanones was quite good. However, the absorption rate of anthocyanins, esters of 

hydroxycinnamates (chlorogenic acids), proanthocyanidins and galloylated catechins was 

relatively poor. Further research is required to comprehensively study the polyphenol 

bioavailability in humans.[62] 
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 Polyphenols – Analysis 1.10.

Polyphenols are present in a vast diversity in plants with different structures and properties. Even 

though there has been rapid development of new technologies, the analysis of polyphenols along 

with their extraction, isolation and characterization still remains a challenge.[63] 

 

A homogenous mixture of the representative samples must be used for the analysis. The sample 

must be carefully transported and preserved prior to the analysis in order to prevent the loss of 

compounds. The samples are pre-treated before extraction usually by drying, freezing of 

lyophilizing in order to prevent compound degradation and moisture-enhanced enzymatic 

activities. The samples should not be treated with high-temperature or excessive light 

exposure.[63] 

 

Depending upon the type of samples, different extraction methods such as liquid-liquid or solid-

liquid extraction are employed. The polyphenols are quite hydrophilic in nature and are generally 

extracted using a mixture of water and organic solvents such as methanol, ethanol, acetonitrile 

and acetone. Since polyphenols are more stable at low pH conditions, a weak acid or a small 

concentration of strong acid may be used for extractions. Sometimes, due to lack of authentic 

standards and to perform quantification studies and structural studies (glycosylation patterns), the 

polyphenols are deliberately hydrolyzed to aglycones using a strong acid or hydrolyzing enzymes 

such as β-glucosidase.[63] 

 

The total phenolic content can be measured using spectrophotometric methods; however they are 

unable to analyze individual compounds in the mixture and may also have interferences from 

other non-phenolic compounds. The most commonly used method for analyzing polyphenols is a 

reversed phase high performance liquid chromatography combined with a diode array detector 

and/or mass spectrometer. Other methods that have been used for polyphenol studies are capillary 

electrophoresis (coupled with UV detector and/or mass spectrometer) and gas chromatography 

(coupled with FID, ECD and/or mass spectrometer).[63] 

 

HPLC is a powerful technique used to separate and characterize the polyphenolic compounds as 

it can simultaneously separate compounds from an extracted mixture. The most commonly used 



   

   
Page  |  36 

 

column is the RP C18 column, however other columns such as diphenyl columns have also been 

used.[65, 86] The columns are generally 100-250 mm in length and have 3.9-4.6 mm internal 

diameter and particle size of 3-10 µm. The columns are usually used at ambient temperatures and 

maintaining the column temperature helps in generating reproducible retention time of 

compounds. Two-dimensional LC is achieved by using two columns serially and has been used to 

analyze complex samples like beer and wine. The major development in this technology was 

UPLC, which uses a reduced particle size of 2.5 µm. The reduction in particle size enabled higher 

efficiency of separation as higher flow rates of solvents could be used to achieve better separation 

of peaks in a reduced time and with better sensitivity.[86] 

 

Isocratic and gradient elution methods have been used for the analyses of polyphenols. Simple 

isocratic methods are used to analyze free phenolic acids while complex gradient methods are 

used to analyze polyphenols with diverse chemical structures and polarity. In gradient methods, a 

binary solvent system is used with an aqueous phase (water) and an organic phase. Methanol and 

acetonitrile are the most common organic solvents used as the organic phase. The aqueous phase 

is generally acidified with weak acids such as formic, phosphoric or acetic acid in order to 

prevent the ionization of analytes in the HPLC system and enhance the peak resolution and 

retention time reproducibility.[86] 

 

The widely used detectors for polyphenols are ultraviolet/visible, photodiode array and 

ultraviolet/fluorescence detectors. They can also be detected using a mass spectrometer, nuclear 

magnetic resonance, electrochemical coulometric array, electroarray and chemical reaction 

detectors. Due to the presence of conjugated double bonds and aromatic bonds, polyphenols 

exhibit absorption in the UV or UV/VIS range. The benzoic acid derivatives have maximum 

absorption in the range of 200-290 nm while the cinnamic acid derivatives have maximum 

absorption in the range of 270-360 nm due to additional conjugation. The flavonoids usually have 

first and second maxima in the range of 240-280 nm (A-ring) and 300-550 nm (C-ring) 

respectively. Thus, taking into account all the absorption ranges, a UV detector at 280 nm is 

mostly used to identify polyphenols and if available, a combination of 254 and 280 nm, or 280 

and 320 nm is used.[86] 
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For mass spectrometers used for polyphenolic studies, the most universally used ionization 

method is the electrospray ionization followed by atmospheric pressure chemical ionization. 

[HPLC] The tandem mass spectrometer is used to generate characteristic fragment ions of 

compounds by employing collision-induced dissociation. It is observed that similar building units 

produce similar fragment ions, which is used to identify new derivatives of specific polyphenolic 

groups. With the help of the pre-cursor ion and the fragment ions, the neutral losses can be 

studied and with the combined information the structure of the compound can be tentatively 

assigned. In the case of polyphenols, the fragment ions and neutral losses provide information on 

the aglycone part and glycone (glycosyl) part respectively. The fragmentation sequence can also 

provide information on the aglycone-glycone bonds and interglycosidic bonds. The use of a 

tandem mass spectra library composed of fragmentation data of standards can aid in identifying 

the compounds. To identify the vast variety of compounds found in nature, scientists have been 

trying to construct a virtual mass spectra library by developing algorithms for the prediction of 

fragment ions and their intensities. However, the algorithms have so far not been successful in 

simulating peak intensities similar to the experimental values.[86, 87] 

 

The time of flight mass spectrometer is used to determine the high resolution molecular weight of 

the compounds. The resolution is high enough to detect many elemental mass defects (difference 

between the mass of the individual nucleons (neutrons and protons) and the mass of the combined 

nucleus). The molecular weight is used to generate the molecular formulas of compounds, which 

are influenced by the parameters chosen in the software (number of carbons, hydrogen, oxygen, 

nitrogen atoms). The molecular formulas are filtered through various chemical rules, isotopic 

patterns and elemental ratios to determine the best possible fit to the respective polyphenolic 

peak. Specific target libraries (metabolites, pesticides, drugs) can be used to aid identification of 

compounds. The mass spectra can be visualized using van Krevelen plots, Kendrik plots and 

principal component analysis plots to investigate complex samples. Due to the complexity and 

diversity of chromatograms, further software functions are required to handle the processing of 

the large amount of data generated.[87, 88] 
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In this study, the combination of RP-HPLC-DAD-ESI-MS was used to study the polyphenols and 

characterize them based on their specific retention time, UV absorption, fragmentation pattern 

and high resolution mass data. 
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 Plant metabolomics and Chemotaxonomy 1.11.

 

Plants produce a wide variety of metabolites that serve different functions important for their 

survival. The metabolites are divided into two groups, namely primary metabolites and secondary 

metabolites. The primary metabolites are responsible for the physiological functions such as 

growth and reproduction. The secondary metabolites are apparently responsible for signal 

mechanisms that promote pollination and defense mechanisms against microbes, herbivores and 

viruses.[89] The scientific study of plant metabolites is known as plant metabolomics. 

 

Plants produce different types of secondary metabolites as a result of exposure to different 

environmental factors. The secondary metabolite distribution is dependent on the age of the plant, 

the part of the plant, geographical location and ecological habitat of the plant.[89, 90] 

 

Chemotaxonomy is established on the assumption that organisms can be biologically classified 

according to the similarities and dissimilarities of specific compounds present in them. The use of 

plant secondary metabolites in the field of chemotaxonomy has received mixed reviews.[89, 90] 

 

Individual or specific classes of secondary plant metabolites have been used to aid the field of 

chemotaxonomy. Marker compounds have been identified for individual plant species such as 

morphine in Papaver somniforum and, sinapoyl quinic acids in Coffea canephora, stevioside in 

Stevia rebaudiana.[90-92] Some classes of compounds have been found to be exclusive for 

certain plant families such as tropane and steroidal alkaloids in Solanaceae and quinolizidine 

alkaloids in Fabaceae.[89] 

 

In this study, a large variety of polyphenols, which belong to different groups were studied in the 

Rhododendron leaf extracts in order to determine if marker compounds could be identified for a 

specific Rhododendron species or a specific subgenus. The question whether polyphenolic 

secondary metabolites serve as useful chemotaxonomic markers should be addressed. 
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2. Motivation for the Project 

 

The Rhododendron Project was a collaborative project between the Rhododendron Park Bremen, 

University of Oldenburg and Jacobs University Bremen. The main objective of this project was to 

determine the relationship between the phylogenetic, phytochemical, anti-bacterial and cytotoxic 

properties of Rhododendron species. In the phytochemical analysis, the main aim was to identify 

the polyphenols and other novel secondary metabolites present in the species. Liquid 

chromatography coupled to the ion trap and micro-TOF were the techniques used for the 

identification of the compounds. In this study, 100 Rhododendron species were analyzed, which 

belonged to one of the following six subgenera: Azaleastrum, Hymenanthes, Rhododendron, 

Pentanthera, Tsutsusi and Mumeazalea. 

 

An additional objective of the project was to determine the biologically active compounds by 

activity based fractionation. The crude extracts of Rhododendron species were tested against 

Gram-positive bacteria (Bacillus subtilis) using the agar diffusion assay. An inhibition zone of 

more than 0.4 cm was considered to be active against the bacteria. The species Rhododendron 

ambiguum was one of the highly active species with an inhibition zone of 1.0 cm. Preparative-

HPLC was used to isolate the bioactive compounds present in the crude extract of Rhododendron 

ambiguum. LC-MS and NMR were used to identify the bioactive compounds. 

 

The objective of the genetic study was to generate a phylogenetic tree of Rhododendron species, 

which belong to different subgenera with the help of three genetic markers, namely trnK, trnL-F, 

and ITS. The phytochemical profile would be compared from different Rhododendron species in 

order to determine if the genetically similar Rhododendron species produced similar secondary 

metabolites. 
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A few hypotheses of the Rhododendron project, which were tested within this thesis, are given 

below: 

 

• Rhododendron species have significantly high anti-bacterial activity and low cytotoxicity. 

• The natural products from Rhododendron species will provide lead structures for potential 

antibiotics. 

• Bioinformatics is a useful tool for differentiating Rhododendron species based on their 

secondary metabolite profile. 

• Bioinformatics is useful for predicting the anti-bacterial activity of Rhododendron 

species. 

• Phylogenetically similar Rhododendron species have a similar secondary metabolite 

profile. 

• Rhododendron species or their subgenera have marker compounds that aid in their 

chemotaxonomy. 

• The total number of compounds present in Rhododendron leaf extracts is dependent on 

the polyploidy level. 

• The total number of compounds present in Rhododendron leaf extracts influences the 

anti-bacterial activity. 

• A specific subgenus of Rhododendron species produces high number of compounds 

compared to others. 

• Some compounds are present in a higher relative quantity in certain subgenus of 

Rhododendron species. 

• Frost influences the secondary metabolite profile of Rhododendron species. 

• Different plant organs produce different phytochemical profiles with altering bioactivity. 
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3. Materials and Methods 

 

 Liquid Chromatography-Tandem Mass Spectrometry (LC-Ion Trap-MS)  3.1.

The LC equipment (Agilent 1100 series, Bremen, Germany) consisted of a binary pump, an auto-

sampler with 100 µL loop and a diode array detector with a light-pipe flow cell. The detector can 

record at 254, 280 and 320 nm and scan from the range of 200-600 nm. The 5 µm diphenyl 

column having 250 x 3 mm inner diameter (Varian, Darmstadt, Germany) was used for 

separation. This was connected to the ion-trap mass spectrometer equipped with an electrospray 

ionization source (Bruker Daltonics HCT Ultra, Bremen, Germany). It was operated in full-scan 

mode and auto-MSn mode was used to acquire the fragments. Tandem mass spectra were 

achieved by using a ramping of the collision energy.[93] 

 

Water/formic acid (1000:0.05 v/v) and methanol were used as solvent A and B respectively. The 

flow rate of the solvents was adjusted to 0.5 mL/min. A linear gradient was used from 10% B to 

80% B in 70 min and a further 10 min was assigned for the gradient to equilibrate from 80% B to 

10% B for the next run.[93] 

 

 Liquid Chromatography-Time of Flight Mass Spectrometry (LC-TOF-MS) 3.2.

The LC equipment (Agilent 1200 series, Bremen, Germany) consisted of a binary pump, an auto-

sampler with 100 µL loop and a UV-Vis detector with a light-pipe flow cell. The UV detector 

was used at 280 nm to measure the polyphenols. The 5 µm Diphenyl column having 250 x 3 mm 

inner diameter (Varian, Darmstadt, Germany) was used for separation. This was connected to the 

microTOF mass spectrometer (Bruker Daltonics, Bremen, Germany) equipped with an 

electrospray ionization source. The internal calibration was achieved by using 0.1 M sodium 

formate solution at 30 µL/min, which was injected through the six-port valve. The calibration 

was achieved by using the enhanced quadratic mode.[93] 

 

Water/formic acid (1000:0.05 v/v) and methanol were used as solvent A and B respectively. The 

flow rate of the solvents was adjusted to 0.5 mL/min. A linear gradient was used from 10% B to 

80% B in 70 min and a further 10 min was assigned for the gradient to equilibrate from 80% B to 

10% B for the next run.[93] 
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 SPE 3.3.

The C18 ec SPE cartridges were purchased from Macherey-Nagel. The stationary phase consisted 

of octadecyl-modificed silica (endcapped). The size of the cartridges varied from 6 – 15 mL and 

the amount of silica varied from 1000 – 2000 mg. 

 

 Preparative High Performance Liquid Chromatography (Prep-HPLC) 3.4.

The Preparative LC equipment (Varian Prep Star Model 218, USA) consisted of two pumps, a six 

port manual injector with 500 µL loop. The VP 250/10 NUCLEODUR Sphinx RP (5µm) fitted 

with an 8 mm guard column (Macherey-Nagel, Germany) was used for separation. It was 

connected to the UV-Vis detector (Varian Pro Star, USA) followed by the fraction collector 

(Varian Pro Star Model 701, USA). The UV detector was used at 280 nm to measure 

polyphenols. 

 

Water/formic acid (1000:0.05 v/v) and acetonitrile were used as solvent A and B respectively. 

The flow rate of the solvents was adjusted to 4 mL/min. A linear gradient was used from 10% B 

to 80% B in 40 min followed by an isocratic at 80% B until 50 min and a further 15 min was 

assigned for the gradient to equilibrate from 80% B to 10% B for the next run. The method 

development is discussed in the results. 

 

 NMR 3.5.

A 400 MHz NMR (Oxford, United Kingdom) machine was used to determine the structure of the 

compounds separated by using Prep-HPLC. The magnets have an extremely low B0 drift and 

outstanding field homogeneity and provide high resolution and non-spinning line shape. 

 

 Chemicals 3.6.

The chemicals (analytical grade) were purchased from Carl ROTH (Karlsruhe, Germany). 
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 Extraction 3.7.

The Rhododendron leaves were freeze dried using liquid nitrogen. A mortar and pestle was used 

to crush the dried brittle leaves. The leaves were then powdered using a grinder and stored at -

80°C until further use. 2 g of the powdered leaves were dissolved in 10 mL of aqueous methanol 

(80%) and left in the fridge at 0°C for 24 h. The mixture was then sonicated for 15 min and 

centrifuged at 4400 RPM for 10 min. The aliquot was then separated and stored at -23°C until 

further analyses.[2] 

 

 Bruker Software 3.8.

Bruker Data Analysis was the software used extensively for analyzing the data produced by LC-

MS. The data generated by the ion trap MS and TOF MS were both analyzed using Bruker 

software. The total and extracted ion chromatograms and tandem mass spectra present in this 

thesis are all generated from this software. The Smart Formula function was used to generate 

molecular formula for compounds using high resolution data. It was also used to convert the “.d” 

files to “.mzxml” files, which could be analyzed using other software such as XCMS and 

MZMine. The Bruker Library Editor was used to prepare the Polyphenol library, which was 

compared with the Rhododendron species for identification and assignment of compounds and 

their derivatives. Bruker Profile Analysis was used to perform PCA analysis on the 

Rhododendron data generated by LC-TOF-MS. The Bruker Data Analysis Method Editor as the 

name suggests was used to edit methods and scripts used for a group of samples. Automation 

Engine was used to process a group of samples with the same method. 

 

 XCMS, RStudio and Metaboanalyst 3.9.

The converted “.mzxml” files were combined into a big “.csv” file, which included peaks 

grouped together based on their m/z value and retention time. This conversion was performed 

using the XCMS package for R or RStudio, which are conventionally used for statistical analysis. 

RStudio was also used for generating box plots for some compounds. The “.csv” file with 

compounds was analyzed using Metaboanalyst, which is free online software available at 

http://www.metaboanalyst.ca. It was used for PCA analysis and to generate hierarchical 

clustering of Rhododendron species.[94-96] 
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 Rhododendron Samples 3.10.

The Rhododendron plant material, along with their detailed information was obtained from 

Rhododendron Park, Bremen, Germany. The plant species were verified according to the German 

Gene bank Rhododendron Database, which is provided by the Bundessortenamt 

(www.bundessortenamt.de/rhodo). The herbarium number for most species is provided by 

University of Oldenburg. The samples included Rhododendron species from six subgenera, 

namely Rhododendron, Hymenanthes, Tsutsusi, Azaleastrum, Mumeazalea and Pentanthera. The 

Rhododendron species were assigned an internal lab number in order to simplify the reference 

number used during experiments. 

 

The Rhododendron species obtained from the Rhododendron Park, their gene bank number, 

herbarium number, lab number and subgenus are given in Table 3.1. Not all species were 

analyzed with LC-MS. 

 

Table 3.1: Rhododendron samples from Rhododendron Park (Bremen) 

Lab 

No. 

Gene bank 

No. 

Herbarium 

No. 
Species Name Subgenus 

1 100.467_A_LE OLD00698 
Rhododendron macabeanum, WATT EX 

BALF. F. (1920) 
Hymenanthes 

2 100.463_A_LE OLD00676 Rhododendron arboreum ssp. arboreum Hymenanthes 

3 100.007_A_LE OLD00801 Rhododendron ambiguum, HEMSL. (1911) Rhododendron 

4 100.750_A_LE OLD00783 Rhododendron maddenii ssp. maddenii Rhododendron 

5 100.403_A_LE OLD00894 
Rhododendron mucronatum var. ripense, 

(Makino) E.H. Wilson (1921) Tsutsusi 

6 100.426_A_LE OLD00778 
Rhododendron tomentosum, HARMAJA 

(1990) 
Rhododendron 

7 100.799_A_LE OLD00723 
Rhododendron wasonii, HEMSL. & E.H. 

WILSON (1910) 
Hymenanthes 

8 100.368_A_LE OLD00785 Rhododendron micranthum, TURCZ. (1937) Rhododendron 

9 100.353_A_LE OLD00771 
Rhododendron hippophaeoides var. 

hippophaeoides 
Rhododendron 

10 100.370_A_LE OLD00756 Rhododendron minus, MICHX. (1792) Rhododendron 

11 100.891_A_LE OLD00692 
Rhododendron decorum ssp. diaprepes, 

(BALF.F. & W.W. SM.) T.L. MING (1984) 
Hymenanthes 

12 100.812_A_LE OLD00679 
Rhododendron argyrophyllum ssp. 

nankingense, (COWAN) D.F. CHAMB. 
(1979) 

Hymenanthes 

13 100.393_A_LE OLD00714 Rhododendron ponticum, L. (1762) Hymenanthes 
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Lab 

No. 

Gene bank 

No. 

Herbarium 

No. 
Species Name Subgenus 

14 100404_B_LE OLD00768 
Rhododendron rubiginosum, FRANCH. 

(1974) 
Rhododendron 

15 100322_B_LE OLD00757 Rhododendron cinnabarinum, HOOK. (1849) Rhododendron 

16 100016_B_LE OLD00683 Rhododendron auriculatum, HEMSL. (1899) Hymenanthes 

17 100784_B_LE OLD00686 
Rhododendron campanulatum ssp. 

aeruginosum, (HOOK.F.) D.F. CHAMB. 
(1979) 

Hymenanthes 

18 100470_B_LE OLD00670 
Rhododendron hongkongense, HUTCH. 

(1930) 
Azaleastrum 

19 100468_B_LE OLD00754 Rhododendron leucaspis, TAGG (1929) Rhododendron 

20 100345_B_LE OLD00788 Rhododendron ferrugineum, L. (1753) Rhododendron 

21 100420_B_LE OLD00704 
Rhododendron strigillosum, FRANCH. 

(1886) 
Hymenanthes 

22 100491_B_LE OLD00728 Rhododendron thomsonii ssp. lopsangianum Hymenanthes 

23 100349_B_LE OLD00691 
Rhododendron galactinum, BALF. F. EX 

TAGG (1926) 
Hymenanthes 

24 100794_B_LE OLD00702 Rhododendron annae, FRANCH. (1898) Hymenanthes 

25 100374_B_LE OLD00787 
Rhododendron moupinense, FRANCH. 

(1886) 
Rhododendron 

26 100496_B_LE OLD00708 
Rhododendron elliottii, WATT EX 

BRANDIS (1906) 
Hymenanthes 

27 100483_B_LE OLD00701 
Rhododendron griersonianum, BALF. F. & 

FORREST (1919) 
Hymenanthes 

28 100338_B_LE OLD00712 
Rhododendron degronianum ssp. 

yakushimanum, (NAKAI) H. HARA (1986) 
Hymenanthes 

29 100417_C_LE OLD00715 Rhododendron smirnowii, TRAUTV. (1885) Hymenanthes 

30 100329_C_LE OLD00809 
Rhododendron davidsonianum, REHDER & 

E.H. WILSON (1913) 
Rhododendron 

31 101054_C_LE OLD00776 
Rhododendron tapetiforme, BALF.F. & 

KINGDON-WARD 
Rhododendron 

32 100384_C_LE OLD00774 
Rhododendron russatum, BALF.F. & 

FORREST (1919) 
Rhododendron 

33 100803_C_LE OLD00818 Rhododendron trichanthum, REHDER (1934) Rhododendron 

34 100882_C_LE OLD00790 Rhododendron ledebourii, POJARK. (1952) Rhododendron 

35 100377_C_LE OLD00772 
Rhododendron nitidulum var. omeiense, M.N. 

PHILIPSON & PHILIPSON (1975) 
Rhododendron 

36 100392_C_LE OLD00773 
Rhododendron polycladum, FRANCH. 

(1886) 
Rhododendron 

37 100449_C_LE OLD00822 
Rhododendron yunnanense, FRANCH. 

(1886) 
Rhododendron 

38 100343_C_LE OLD00770 Rhododendron fastigiatum, FRANCH. (1886) Rhododendron 

39 100362_C_LE OLD00811 Rhododendron lutescens, FRANCH. (1886) Rhododendron 



   

   
Page  |  47 

 

Lab 

No. 

Gene bank 

No. 

Herbarium 

No. 
Species Name Subgenus 

40 100886_D_LE OLD00673 
Rhododendron moulmainense, HOOK.F. 

(1856) 
Azaleastrum 

41 100464_D_LE OLD00797 
Rhododendron spinuliferum, FRANCH. 

(1974) 
Rhododendron 

42 100326_D_LE OLD00807 Rhododendron concinnum, HEMSL. (1889) Rhododendron 

43 100441_D_LE OLD00730 
Rhododendron williamsianum, REHDER & 

E.H. WILSON (1913) 
Hymenanthes 

44 100484_D_LE OLD00761 
Rhododendron genestierianum, FORREST 

(1920) 
Rhododendron 

45 100412_D_LE OLD00716 
Rhododendron selense ssp. jucundum, 

(BALF.F. & W.W. SM.) D.F. CHAMB. 
(1978) 

Hymenanthes 

46 100498_D_LE OLD00814 Rhododendron rigidum, FRANCH. (1886) Rhododendron 

47 100477_D_LE OLD00796 
Rhododendron scabrifolium var. spiciferum, 

(FRANCH) CULLEN (1978) Rhododendron 

48 100495_D_LE OLD00813 Rhododendron polylepis, FRANCH. (1886) Rhododendron 

49 100906_D_LE - 
Rhododendron anthopogon ssp.hypenanthum,  

Annapurna Form 
Rhododendron 

50 100474_D_LE OLD00799 
Rhododendron xanthostephanum, MERRILL 

(1941) 
Rhododendron 

51 100439_D_LE OLD00688 
Rhododendron wardii var. puralbum, 

(BALF.F. & W.W. SM.) D.F. CHAMB. 
(1978) 

Hymenanthes 

52 100880_E_LE OLD00700 
Rhododendron protistum, BALF.F. & 

FORREST (1920) 
Hymenanthes 

53 100874_E_LE OLD00689 Rhododendron coriaceum, FRANCH. (1898) Hymenanthes 

54 100748_E_LE OLD00758 Rhododendron keysii, NUTT. (1853) Rhododendron 

55 100003_E_LE OLD00717 Rhododendron adenogynum, DIELS (1912) Hymenanthes 

56 100887_E_LE OLD00678 Rhododendron adenopodum, FRANCH. 
(1895) 

Hymenanthes 

57 100821_E_LE OLD00719 
Rhododendron alutaceum var. iodes, 

(BALF.F. & FORR.) D.C. CHAMB. (1982) 
Hymenanthes 

58 100830_E_LE OLD00718 
Rhododendron aganniphum var. flavorufum, 

(BALF.F. & FORREST) D.F. CHAMB. 
(1978) 

Hymenanthes 

59 100456_E_LE OLD00735 
Rhododendron austrinum, (SMALL) 

REHDER (1917) 
Pentanthera 

60 100824_E_LE OLD00720 Rhododendron beesianum, DIELS (1912) Hymenanthes 

61 100848_E_LE OLD00766 
Rhododendron bracteatum, REHD.& WILS. 

(1913) 
Rhododendron 

62 100791_E_LE OLD00721 Rhododendron bureavii, FRANCH. (1887) Hymenanthes 

63 100457_E_LE OLD00703 
Rhododendron longesquamatum, C.K. 

SCHNEID. (1909) 
Hymenanthes 
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Lab 

No. 

Gene bank 

No. 

Herbarium 

No. 
Species Name Subgenus 

64 100363_E_LE OLD00738 Rhododendron luteum, SWEET (1830) Pentanthera 

65 100431_E_LE OLD00745 Rhododendron vaseyi, GRAY (1879) Pentanthera 

66 100408_E_LE OLD00750 
Rhododendron schlippenbachii, MAXIM. 

(1870) 
Pentanthera 

67 100005_E_LE OLD00746 
Rhododendron albrechtii, (LINDL.) 

MAXIM. (1871) 
Pentanthera 

68 101044_E_LE OLD00732 
Rhododendron arborescens, (PURSH) 

TORREY (1824) 
Pentanthera 

69 100012_E_LE OLD00733 Rhododendron atlanticum, (ASHE) REHDER 
(1921) 

Pentanthera 

70 101046_E_LE OLD00742 
Rhododendron prunifolium, (SMALL) 

MILLAIS (1917) 
Pentanthera 

71 100391_E_LE OLD00740 
Rhododendron periclymenoides, 
(MICHAUX) SHINNERS (1962) 

Pentanthera 

72 101045_E_LE OLD00737 
Rhododendron cumberlandense, E.L. 

BRAUN (1941) 
Pentanthera 

73 100250_E_LE OLD00736 
Rhododendron calendulaceum, (MICHX.) 

TORR. (1824) 
Pentanthera 

74 100380_E_LE OLD00739 
Rhododendron occidentale, (TORR. & A. 

GRAY) A. GRAY (1876) 
Pentanthera 

75 100015_E_LE OLD00709 Rhododendron aureum, GEORGI (1775) Hymenanthes 

76 2006/232 OLD00751 Rhododendron anthopogon ssp. anthopogon Rhododendron 

77 
without Gene 
bank-No.** 

OLD00802 Rhododendron ambiguum, Hemsl. (1911) Rhododendron 

78 100009_F_LE OLD00803 
Rhododendron amesiae, Rehder & E.H. 

Wilson (1913) 
Rhododendron 

79 100654_F_LE OLD00805 
Rhododendron augustinii ssp. chasmanthum, 

Cullen (1978) 
Rhododendron 

80 
without Gene 

bank-No. 
2008/375_F_LE 

OLD00808 
Rhododendron concinnum, Hemsl. (1898) 

Pseudoyanthinum Grp. 
Rhododendron 

81 
without Gene 
bank-No.** 

OLD00789 Rhododendron hirsutum, L. Rhododendron 

82 101358_F_LE OLD00810 Rhododendron keiskei, Miq. (1866) Rhododendron 

83 100471_F_LE OLD00812 
Rhododendron pleistanthum, Balf.f. ex 

Wilding (1923) 
Rhododendron 

84 100796_F_LE OLD00675 
Rhododendron purdomii, Rehder & E.H. 

Wilson (1913) 
Hymenanthes 

85 100889_F_LE OLD00681 
Rhododendron ririei, Hemsl. & E.H. Wilson 

(1910) 
Hymenanthes 

86 100422_F_LE OLD00896 Rhododendron tashiroi, Maxim. (1887) Tsutsusi 

87 100424_F_LE OLD00817 Rhododendron tatsienense, Franch. (1895) Rhododendron 
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Lab 

No. 

Gene bank 

No. 

Herbarium 

No. 
Species Name Subgenus 

88 
without Gene 

bank-No. 
xxxx/1470_F_LE 

OLD00819 Rhododendron triflorum, Hook. F. (1849) Rhododendron 

89 
without Gene 

bank-No. 
xxxx/1266_F_LE 

OLD00748 Rhododendron pilosum, Craven (2011) Pentanthera 

90 
without Gene 
bank-No.** 

OLD00747 
Rhododendron multiflorum var. purpureum, 

(Makino) Craven (2011) 
Pentanthera 

91 100904_G_LE OLD00889 Rhododendron dilatatum, MIQ. (1863) Tsutsusi 

92 101066_G_LE OLD00722 Rhododendron faberi, Hemsl. (1889) Hymenanthes 

93 100018_G_LE OLD00697 Rhododendron balangense, FANG (1983) Hymenanthes 

94 100466_G_LE OLD00677 
Rhododendron arboreum ssp. delavayi, 

(FRANCH.) D.F. CHAMB. (1979) 
Hymenanthes 

95 100856_G_LE OLD00682 
Rhododendron thayerianum, REHDER & 

E.H. WILSON (1913) Hymenanthes 

96 100390_G_LE OLD00671 
Rhododendron ovatum, (LINDL.) MAXIM. 

(1870) Azaleastrum 

97 100357_G_LE OLD00893 Rhododendron kaempferi, PLANCH. (1854) Tsutsusi 

98 101118_G_LE - 
Rhododendron campanulatum, D. DON 

(1821) 
Hymenanthes 

99 100376_G_LE OLD00791 
Rhododendron mucronulatum, TURCZ. 

(1837) 
Rhododendron 

100 
without Gene 

bank-no 
2010/384_G_LE 

OLD00775 Rhododendron setosum Rhododendron 

101 100397_G_LE OLD00741 
Rhododendron prinophyllum, (SMALL) 

MILLAIS (1917) 
Pentanthera 

102 100872_G_LE OLD00895 Rhododendron oldhamii, MAXIM. (1870) Tsutsusi 

103 
without Gene 

bank-no 
2002/1084_G_LE 

OLD00784 Rhododendron scopulorum Rhododendron 

104 101115_G_LE OLD00744 Rhododendron canadense, (L.) Torr. (1814) Pentanthera 

105 100795_G_LE OLD00726 Rhododendron sherriffii, COWAN (1937) Hymenanthes 

106 1999/259 OLD00707 Rhododendron neriiflorum, FRANCH. (1886) Hymenanthes 

107 100315_G_LE OLD00687 
Rhododendron campylocarpum ssp. 

caloxanthum, (BALF.F. & FARR.) D.F. 
CHAMB. (1978) Telopeum Grp. 

Hymenanthes 

108 101047_G_LE OLD00777 
Rhododendron neoglandulosum, HARMAJA 

(1990) 
Rhododendron 

109 100249_G_LE OLD00711 
Rhododendron brachycarpum ssp. fauriei, 

(FRANCH.) D.F. CHAMB. (1979) 
Hymenanthes 

110 100248_G_LE OLD00710 
Rhododendron brachycarpum, D.Don ex G. 

Don (1834) ssp. brachycarpum 
Hymenanthes 
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Lab 

No. 

Gene bank 

No. 

Herbarium 

No. 
Species Name Subgenus 

111 100860_G_LE OLD00724 
Rhododendron wasonii, HEMSL. & E.H. 

WILSON (1910) Rhododactylum Grp. 
Hymenanthes 

112 100473_G_LE OLD00690 
Rhododendron falconeri ssp. eximium, 

(NUTT.) D.F. CHAMB. (1979) 
Hymenanthes 

113 100881_G_LE OLD00792 Rhododendron sichotense, POJARK. (1952) Rhododendron 

114 without number OLD00795 
Rhododendron racemosum, FRANCH. 

(1886) 
Rhododendron 

115 100394_G_LE OLD00693 Rhododendron praevernum, HUTCH. (1920) Hymenanthes 

116 100489_G_LE OLD00725 Rhododendron hylaeum, BALF. F. & 
FARRER (1922) 

Hymenanthes 

117 101052_G_LE OLD00798 Rhododendron auritum, TAGG (1931) Rhododendron 

118 100884_G_LE OLD00699 
Rhododendron montroseanum, DAVIDIAN 

(1979) 
Hymenanthes 

119 100650_G_LE OLD00892 
Rhododendron eriocarpum, (HAYATA) 

NAKAI (1922) 
Tsutsusi 

120 100837_G_LE OLD00713 
Rhododendron macrophyllum, D. DON EX 

G. DON (1834) 
Hymenanthes 

121 100355_G_LE OLD00680 
Rhododendron insigne, HEMSL. & E.H. 

WILSON (1910) 
Hymenanthes 

122 101048_H_LE - Rhododendron myrtifolium, SCHOTT & 
KOTSCHY (1851) 

Rhododendron 

123 100436_J_LE OLD00891 Rhododendron wadanum, MAKINO (1917) Tsutsusi 

124 100781_J_LE OLD00731 Rhododendron semibarbatum, Maxim. (1870) Mumeazalea 
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4. Data Analysis 

 

The data analysis for all the Rhododendron species was a challenging task. Each species had two 

sets of data, namely LC-Ion Trap-MS and LC-TOF-MS data. Bruker Data Analysis was the main 

software used for data analysis. The use of different functions like scripting, methods, using a 

compound library was explored in order to efficiently analyze the data in a consistent way. 

Selected authentic standards were run so that they could be compared in terms of retention time 

and fragmentation pattern with the analyzed compounds. 

 

 Scripting in Bruker Data Analysis 4.1.

The field of scripting in Bruker Data Analysis software was explored. The programming 

commands were studied and the most useful command was 

“val = Analysis.Chromatograms.Add(daEIC, daAllMS, "n", daNegative”  

where n was the m/z value of the desired compound. This command was used to make the 

extracted ion chromatogram of the required m/z value. A script was generated with a list of m/z 

values of compounds reported in literature. This script could be used independently for the 

generation of the EIC of the interested compounds. It could also be saved in a method and run 

after the method has been loaded. 

 

 Methods in Bruker Data Analysis 4.2.

All the parameters required for the LC-MS data analysis such as mass precision, internal 

calibration values, AutoMS(n) limits, scripts could be saved in a method and loaded for each 

analysis. This saved time by eliminating the need to enter the parameters every time when a new 

set of data was loaded. It also eliminated the possibility of human error. 

 

 Library 4.3.

There were many compounds which were identified in more than one Rhododendron species. To 

make this identification more efficient a library was generated using the LC-MSn data of 

identified compounds in the Rhododendron species. The MSn spectra were saved in a user-

defined library called “Polyphenols” using the Identify � Add to Library function. Using the 
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Bruker Compass Library Editor, the MS1 spectra were cleaned up by removing all the unwanted 

peaks with the exception of the precursor ion peak. The structures of these compounds were 

created using ChemDraw and saved as “.mol” files. The structures could be incorporated with the 

MSn data by using Compound � Import Structure. The visual advantage of using structures was 

that when the compounds were identified in the spectra, they had a corresponding structure to the 

match. The personal library was created using 80 identified compounds. The main advantage of 

using the library is that it reduces the time required to identify known compounds and it also 

produces matches for new derivatives of these compounds. This library can be used not only to 

identify compounds in Rhododendron species, but also in other plant samples. 

 

 AutoMS(n) and Identify functions in Bruker Data Analysis 4.4.

The AutoMS(n) function is used to create compound spectra for each peak in the chromatogram. 

The parameters can be changed according to the desired result. The Rhododendron species were 

analyzed in both polarities (positive and negative) using the LC-Ion Trap-MS data. In order to 

generate compound spectra only in negative mode from this data, the following parameters were 

used for AutoMS(n) mode: 

Intensity threshold positive: 1000000000 

Intensity threshold negative: 1000 

Maximum number of compounds: 1000 

Retention time window [min]: 0.5 

The Identify function is used to match the spectra generated by the AutoMS(n) function with the 

spectra present in the library. This function can be used to match the spectra by the MSn 

fragmentation and retention time. However, a lot of compounds were present as isomers. To 

identify the isomers, the retention time was disregarded. This was achieved by using retention 

time matching of 70 min, which included the complete run time of the LC-MSn analysis. When a 

match occurs, this function copies the library spectra along with the compound structure below 

the spectra generated in the data. In the case of new derivatives, the identify function identifies 

the fragments based on the library data. The high resolution data of these compounds can be used 

to identify their molecular formula, which can be searched in the scifinder database for possible 

matches. In this way, the compounds can be identified in the Rhododendron species. 
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5. Neutral Losses 

 

Plants produce a variety of secondary metabolites. These compounds are derivatives of a certain 

classes of compounds. To identify and assign the derivative, their retention time, molecular 

formula from high resolution data and fragmentation are studied. Characteristic fragmentation 

patterns are observed for a specific group of compounds. In fragmentation, besides the pattern, 

the other important parameter is the neutral loss. The Ion Trap mass spectrometer can only detect 

charged ions, while neutral fragments are discarded into the waste and cannot be detected. This 

can be circumvented using software where the neutral losses can be calculated by the difference 

between the pre-cursor ion and the fragment ions. A constant neutral loss chromatogram can also 

be generated using Bruker software for specific neural losses. In Figure 5.1, a constant neutral 

loss chromatogram of 162 Da is shown for Rhododendron davidsonianum. The peaks in the 

chromatogram represent fragment ions generated from precursor ions with a loss of 162 Da, 

which can be generally attributed to a loss of hexoside or a caffeoyl moiety. 

 

 

Figure 5.1: Constant neutral loss chromatogram of 162 Da in Rhododendron davidsonianum 

 

Some common neutral losses are observed for specific functional groups or substituents. For 

example, a neutral loss of 44 Da (CO2) is observed for the carboxyl functional group. This is 

observed usually for hydroxycinnamic and hydroxybenzoic acids, which carry a carboxylic acid. 

 

Rhododendron davidsonianum - Constant Neutral Loss - MSn 162 Da

0.00

0.25

0.50

0.75

1.00

1.25

x107

Intens.

10 20 30 40 50 60 Time [min]



   

   
Page  |  54 

 

Glycosides are compounds commonly found in plants. In glycosides, a sugar moiety is connected 

to a functional group via a glycosidic linkage. Pentose, hexose and rhamnose are the most 

common sugar molecules found attached to groups like flavonoids (quercetin, myricetin, 

kaempferol), phenolic acids (vanillic acid, p-coumaric acid) and other groups. The neutral loss 

observed for attached groups are 18 Da (H2O) less than the original molecular weight due to the 

linkage formed by the loss of a water molecule. For example, a neutral loss of 162 Da (C6H10O5) 

is observed for hexoside, which is originally 180 Da (C6H12O6) as a hexose. Similarly, a neutral 

loss of 132 Da (C5H8O4) and 146 Da (C6H10O4) are observed for pentoside and rhamnoside 

respectively. 

 

Similarly, different classes of compounds can be attached to each other. The neutral loss is 

observed similarly as that of sugars, with 18 Da (H2O) less than the original molecular weight. A 

good example would be the class of chlorogenic acids consisting of caffeoylquinic acids, 

coumaroylquinic acids and ferruloylquinic acids. In caffeoyl quinic acids, quinic acid is attached 

to caffeic acid. In this case, a neutral loss of 162 Da (C9H6O3) is observed for the caffeoyl group, 

which is originally 180 Da (C9H8O4) as caffeic acid. In coumaroylquinic acids, quinic acid is 

attached to coumaric acid. In this case, a neutral loss of 146 Da (C9H6O2) is observed for the 

coumaroyl group, which is originally 164 Da (C9H8O3) as coumaric acid. In ferruloylquinic acids, 

quinic acid is attached to ferulic acid. In this case, a neutral loss of 174 Da (C7H10O5) is observed 

for the quinoyl group, which is originally 192 Da (C7H12O6) as quinic acid. 

 

Neutral losses can be also useful to assign derivatives having more than one sugar moiety 

attached to it. For example, quercetin-O-pentoside-O-hexoside consists of a pentoside and a 

hexoside. The most common linkage is the 3-O-glycosidic bond, followed by 7-O-glycosidic 

bond. However with the presence of multiple sugar moieties they can be either connected via 3-

O-glycosidic bond or 7-O-glycosidic bond or connected only with one with the presence of 

interglycosidic linkage between the sugar moieties. In previous studies in our group, it has been 

observed that the sugar moiety attached via the 7-O-glycosidic bond is lost before the one 

attached via the 3-O-glycosidic bond. Also, the connection of the sugar moieties to the hydryoxyl 

groups at position 5 of the A-ring or positions 3, 4 and 5 of the B-ring is usually uncommon. 
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The fragmentation of quercetin-O-pentoside-O-hexoside can follow two different paths 

depending upon the linkage of the sugar moieties to quercetin. If the sugar moieties are connected 

to each other, fragmentation occurs with the loss of 294 Da (C11H18O9) in one step, which is a 

combination of 132 Da (C5H8O4) pentoside and 162 Da (C6H10O5) hexoside. 

 

If the sugar moieties are not connected to each other and are attached to quercetin through two 

different glycosidic bonds, then the fragmentation occurs in two steps. If the neutral loss of 132 

Da (C5H8O4) is observed in the first step followed by 162 Da (C6H10O5) in the second step, then 

the pentoside and hexoside are connected via 7-O-glycosidic bond and 3-O-glycosidic bond 

respectively and vice versa. 

 

An extensive library of neutral losses will help in assigning novel compounds found in different 

samples. A small list of neutral losses has been compiled in Table 5.1. An additional list in Table 

5.2 consists of neutral loss combinations. 

 

Table 5.1: Common neutral losses 

Neutral loss 

(Da) 
Group 

Molecular 

Formula 

15 methyl CH3 

42 acetyl group C2H2O 

44 carbon dioxide CO2 

56 propanoyl  C3H4O 

72 oxaloyl C2O3 

86 maloyl C3H2O3 

98 fumaroyl C4H2O3 

100 succinoyl C4H4O3 

104 benzoyl C7H4O 

108 benzyl alcohol C7H8O 

110 benzenediol C6H6O2 

114 glutaryl C5H6O3 

118 threonate (Thr) C4H6O4 

120 hydroxybenzoyl C7H4O2 

132 pentose (Xyl) C5H8O4 
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Neutral loss 

(Da) 
Group 

Molecular 

Formula 

132 tartaroyl C4H4O5 

136 dihydroxy-phenyl-ethanol C8H8O2 

136 protocatechuoyl C7H4O3 

146 coumaroyl C9H6O2 

146 rhamnose (Rha) C6H10O4 

152 galloyl C7H4O4 

156 shikimoyl  C7H8O4 

162 hexose (Glc) C6H10O5 

162 caffeoyl C9H6O3 

166 methyl-gallate C8H6O4 

166 oleuropeoyl C10H14O2 

174 quinoyl C7H10O5 

176 glucuronide (Glu) C6H8O6 

176 feruloyl C10H8O3 

178 trihydroxycinnamate C9H6O4 

180 dimethylgallate C9H8O4 

194 trimethoxybenzoate C10H10O4 

206 sinapoyl C11H10O4 
 

Table 5.2: Common combinations of neutral losses 

Neutral loss 

(Da) 
Combination 

Molecular 

Formula 

174 acetyl + pentose C7H10O5 

188 acetyl + rhamnose C8H12O5 

194 acetyl + gallose C9H6O5 

248 maloyl + hexose C9H12O8 

204 acetyl + hexose C8H12O6 

246 diacetyl + hexose C10H14O7 

264 pentose + pentose C10H16O8 

266 benzoyl + hexose C13H14O6 

278 rhamnose + pentose C11H18O8 

282 hydroxybenzoyl + hexose C13H14O7 

284 galloyl + pentose C12H12O8 
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Neutral loss 

(Da) 
Combination 

Molecular 

Formula 

292 rhamnose + rhamnose C12H20O8 

292 coumaroyl + rhamnose C15H16O6 

294 pentose + hexose C11H18O9 

298 galloyl + rhamnose C13H14O8 

308 rutinoside (rhamnose + hexose) C12H20O9 

308 coumaroyl + hexose C15H16O7 

314 galloyl + hexose C13H14O9 

322 rhamnose + glucuronoide C12H18O10 

322 feruloyl + rhamnose C16H18O7 

324 hexose + hexose C12H20O10 

324 trihydroxycinnamate + rhamnose C15H16O8 

338 feruloyl + hexose C16H18O8 

368 sinapoyl + hexose C17H20O9 
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6. Data Interpretation 

 

The following chapters deal with the identification of polyphenolic compounds in the 

Rhododendron leaf extracts using the LC-Ion Trap-MS and LC-TOF-MS data. The chapters are 

divided by the different classes of polyphenols identified (hydroxycinnamic acid derivatives, 

hydroxybenzoic acid derivatives, flavan-3-ols, flavanones and flavonols). The different classes 

are further sub-divided into derivatives from a specific group for example derivatives of caffeic 

acid, p-coumaric acid and ferulic acid in the case of hydroxycinnamic acid derivatives. The 

chapters are not classified based on individual Rhododendron species due to the large number of 

data set in terms of samples and identified compounds. 

 

The extracts are injected into the LC-MS system where the diphenyl column and the binary 

solvent gradient system of water (0.005% formic acid) and methanol are responsible for eluting 

compounds at different solvent concentrations, which generates different retention times for 

compounds. The compounds are then injected into the MS system. All the data discussed here 

have been analyzed in the negative mode in the MS system. In an Ion Trap mass spectrometer, 

the pre-cursor ions of compounds are fragmented into daughter ions and neutral losses. The 

neutral losses are useful to identify the substituents attached to an aglycon. The daughter ions can 

be further fragmented depending upon the experimental conditions. The first, second and third 

step of fragmentation are called MS2, MS3 and MS4 respectively. The fragmentation is 

characteristic to the compounds and can be used for the complete or partial identification of the 

compound structure. The authentic standards are used for comparing the retention time and the 

fragmentation of aglycone part of the derivatives. In a TOF mass spectrometer, the high 

resolution molecular weight of the compounds can be calculated by using their detected time of 

flight at a set kinetic energy. The molecular weight is accurate up to 4 digits after the decimal 

(Bruker micro-TOF system) and is used to generate the molecular formula of the compounds 

using the Bruker software.  
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In the chapters, each compound discussed consists of its name (3-O-p-coumaroylquinic acid), its 

unique identification number in bold and inside brackets (1), molecular formula obtained by 

TOF-MS (C16H18O8), the mass to charge ratio or m/z ratio observed in Ion Trap-MS for the 

molecular ion after a loss of hydrogen [M-H]- (m/z 337) and retention time (tR 18.0 min). The 

fragmentation of the compounds is discussed in MS2, MS3 and MS4 mode, wherever applicable. 

The major fragment ion of the pre-cursor ion is represented by the base peak, while the other 

fragments are represented by secondary peaks. The m/z values of peaks along with the moieties 

lost during fragmentation are described within rectangular brackets. For example, in the base 

peak of compound 1, m/z 191 [M-H-coumaroyl]- was observed, which is formed after a loss of 

hydrogen and coumaroyl group. 

 

The extract ion chromatogram of some m/z values are shown for selected compounds in 

randomly chosen Rhododendron leaf extracts. The compounds are labelled in the extract ion 

chromatograms using their unique identification number. The tandem MS spectra are shown for 

these selected compounds and their compound structures are shown besides it. The proposed 

fragmentation schemes are also shown for some compounds. 

 

The additional information including literature references, the experimental and theoretical 

molecular weight of compounds, the error observed, the fragmentation and relative intensity of 

ions along with the name, unique identification number, molecular formula and retention time are 

mentioned in the Appendix section (Fragmentation pattern of identified compounds and 

Fragmentation pattern of derivatives). The structures of all the identified compounds can also be 

found in the Appendix section (Compound Structures).  
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7. Hydroxycinnamic acid derivatives 

 

 Chlorogenic acids 7.1.

The chlorogenic acid isomers were previously identified by our Group with the help of 

fragmentation data, retention time and UV spectra. The hydroxycinnamic acids of selected 

Rhododendron species have been used in a manuscript to be submitted soon. 

 

 Characterization of coumaroylquinic acids (Mr 338) 7.1.1.

Five isomers of coumaroylquinic acid (1-5) with C16H18O8 and m/z 337 were identified. They 

were assigned as 3-O-p-coumaroylquinic acid (1) at tR 18.0 min, cis-3-O-p-coumaroylquinic acid 

(2) at tR 19.4 min, 5-O-p-coumaroylquinic acid (3) at tR 24.6 min, 4-O-p-coumaroylquinic acid 

(4) at tR 26.6 min and cis-5-O-p-coumaroylquinic acid (5) at tR 28.4 min. Compounds 1 and 2 

produced a base peak of m/z 163 [p-CouA-H]-, which further fragmented to m/z 119 [p-CouA-H-

CO2]
-. Compounds 3 and 5 produced a base peak of m/z 191 [M-H-coumaroyl]-. Compound 4 

produced a base peak of m/z 173 [M-H-coumaroyl-H2O]-. The EIC of m/z 337 in Rhododendron 

micranthum in negative mode is shown in Figure 7.1, along with the MSn spectra of compounds 1 

and 3 in Figure 7.2 and Figure 7.3 respectively. The proposed fragmentation of compound 3 is 

shown in Figure 7.4. The EIC of m/z 337 in Rhododendron trigillosum in negative mode is shown 

in Figure 7.5, along with the MSn spectra of compound 4 in Figure 7.6. 

 

Figure 7.1: EIC of m/z 337 in Rhododendron micranthum in negative mode 
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Figure 7.2: MSn spectra of 3-O-p-coumaroylquinic acid 

 

Figure 7.3: MSn spectra of 5-O-p-coumaroylquinic acid 
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Figure 7.4: Proposed fragmentation of 5-O-p-coumaroylquinic acid 
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Figure 7.5: EIC of m/z 337 in Rhododendron trigillosum in negative mode 

 

Figure 7.6: MSn spectra of 4-O-p-coumaroylquinic acid 

 

 Characterization of caffeoylquinic acids (Mr 354) 7.1.2.

Six isomers of caffeoylquinic acid (6-11) with m/z 353 and molecular formula of C16H18O9 were 

identified. They were assigned as 3-O-caffeoylquinic acid (6) at tR 13.0 min, cis-3-O-

caffeoylquinic acid (7) at tR 14.0 min, 5-O-caffeoylquinic acid (8) at tR 18.2 min, cis-4-O-

caffeoylquinic acid (9) at tR 20.6 min, 4-O-caffeoylquinic acid (10) at tR 23.0 min, and cis-5-O-

caffeoylquinic acid (11) at tR 24.1 min. All of the caffeoylquinic acids with the exception of 

compounds 9 and 10 produced a base peak of m/z 191 [QA-H]-. Compounds 9 and 10 produced a 

base peak of m/z 173 [QA-H-H2O]-. Compounds 6, 7, 9 and 10 also consisted of the secondary 

peak of m/z 179 [CA-H]-. The EIC of m/z 353 in Rhododendron hippophaeoides in negative 

mode is shown in Figure 7.7, along with the MSn spectra of compounds 6, 8 and 10 in Figure 7.8, 

Figure 7.9 and Figure 7.11 respectively. The proposed fragmentation of compound 8 is shown in 

Figure 7.10. 
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Figure 7.7: EIC of m/z 353 in Rhododendron hippophaeoides in negative mode 

 

Figure 7.8: MSn spectra of 3-O-caffeoylquinic acid 
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Figure 7.10: Proposed fragmentation of 5-O-caffeoylquinic acid 

 

Figure 7.11: MSn spectra of 4-O-caffeoylquinic acid 

 

 Characterization of feruloylquinic acids (Mr 368) 7.1.3.

Three isomers of feruloylquinic acid (12-14) with C17H20O9 and m/z 367 were identified. They 

were assigned as 3-O-feruloylquinic acid (12) at tR 21.7 min, 5-O-feruloylquinic acid (13) at tR 

27.5 min and 4-O-feruloylquinic acid (14) at tR 31.6 min. Compound 12 produced a base peak of 

m/z 193 [FA-H]-, which fragmented into m/z 134 [FA-H-CH3-CO2]
-. Compound 13 produced a 

base peak of m/z 191 [QA-H]-, which fragmented into m/z 127 and 173 [QA-H-H2O]-. Compound 

14 produced a base peak of m/z 173 [QA-H-H2O]- and secondary peak of m/z 193. In MS3, it 

further fragmented to give a base peak of m/z 93 and secondary peaks of m/z 111 and 155. The 

EIC of m/z 367 in Rhododendron hippophaeoides in negative mode is shown in Figure 7.12, 

along with the MSn spectra of compound 12 in Figure 7.13. 
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Figure 7.12: EIC of m/z 367 in Rhododendron hippophaeoides in negative mode 

 

Figure 7.13: MSn spectra of 3-O-feruloylquinic acid 
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 Caffeic acid derivatives 7.2.

The caffeic acid derivatives were identified based on their characteristic fragmentation peaks. 

The caffeic acid aglycon can be identified in MSn by comparison with an authentic standard. In 

negative mode, caffeic acid at m/z 179 (after a loss of hydrogen) fragments to give m/z 135 (after 

a loss of hydrogen and carbon dioxide). 

 

 Characterization of caffeoylthreonates (Mr 298) 7.2.1.

Two isomers of caffeoylthreonates (20-21) at tR 15.5 and 23.7 min were assigned to the peaks 

with C13H14O8 and m/z 297. The compounds produced an MS2 base and secondary peak of m/z 

135 [M-H-Thr-CO2]
- and 179 [M-H-Thr]- respectively. 

 

 Characterization of teucrol (Mr 316) 7.2.2.

A peak at tR 51.0 min with m/z 315 and C17H16O6 was speculated to be teucrol (22). Teucrol 

produced MS2 and MS3 base peaks of m/z 179 and 135 respectively. The neutral loss of 136 Da 

could be attributed to dihydroxy-phenyl-ethanol. 

 

 Characterization of caffeoylshikimic acid (Mr 336) 7.2.3.

A peak at tR 24.6 min with m/z 335 and C16H16O8 was assigned as caffeoylshikimic acid (23). It 

produced MS2 and MS3 base peaks of m/z 179 [M-H-shikimoyl]- and 135 [M-H-shikimoyl-CO2]
- 

respectively. 

 

 Characterization of caffeic acid-O-hexoside (Mr 342) 7.2.4.

Eight isomers of caffeic acid-O-hexoside (24-31) at tR 8.1, 9.2, 10.9, 12.5, 13.9, 15.1, 17.6 and 

19.2 min were assigned to the peaks with C15H18O9 and m/z 341. Compounds 24, 25 and 29 

produced a base peak of m/z 135 [M-H-Glc-CO2]
-, which further fragmented to m/z 107 [M-H-

Glc-CO2-CO]- and a secondary peak of m/z 179 [M-H-Glc]-. Compounds 26, 27, 28, 30 and 31 

produced a base peak of m/z 179 [M-H-Glc]-, which fragmented into m/z 135 [M-H-Glc-CO2]
-. 

The EIC of m/z 341 in Rhododendron campylocarpum ssp. caloxanthum in negative mode is 

shown in Figure 7.14, along with the MSn spectra of compound 26 in Figure 7.15. The proposed 

fragmentation of compounds 24-31 is shown in Figure 7.16. 
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Figure 7.14: EIC of m/z 341 in Rhododendron campylocarpum ssp. caloxanthum in negative 

mode 

 

Figure 7.15: MSn spectra of caffeic acid-O-hexoside 
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Figure 7.16: Proposed fragmentation of caffeic acid-O-hexoside 
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 p-Coumaric acid derivatives 7.3.

The p-coumaric acid derivatives were identified based on their characteristic fragmentation 

peaks. The p-coumaric acid aglycon can be identified in MSn by comparison with an authentic 

standard. In negative mode, p-coumaric acid at m/z 163 (after a loss of hydrogen) fragments to 

give m/z 119 (after a loss of hydrogen and carbon dioxide). 

 

 Characterization of p-coumaric acid-O-shikimate (Mr 320) 7.3.1.

A peak at tR 42.0 min with m/z 319 and C16H16O7 was assigned as p-coumaric acid-O-shikimate 

(33). It produced MS2 and MS3 base peaks of m/z 163 [M-H-shikimoyl]- and 119 [M-H-

shikimoyl-CO2]
- respectively. 

 

 Characterization of p-coumaric acid-O-hexoside (Mr 326) 7.3.2.

Four isomers of p-coumaric-O-hexoside (34-37) were assigned to the peaks at tR 15.7, 16.5, 24.1 

and 26.2 min with C15H18O8 and m/z 325. The compounds produced MS2 and MS3 base peaks of 

m/z 163 [M-H-Glc]- and 119 [M-H-Glc-CO2]
- respectively. The EIC of m/z 325 in Rhododendron 

thayerianum in negative mode is shown in Figure 7.17, along with the MSn spectra of compound 

34 in Figure 7.18. The proposed fragmentation of compounds 34-37 is shown in Figure 7.19. 

 

Figure 7.17: EIC of m/z 325 in Rhododendron thayerianum in negative mode 

Rhododendron thayerianum EIC 325.0 -All MS

0.00

0.25

0.50

0.75

1.00

1.25

x106

Intens.

2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 Time [min]

34 



   

   
Page  |  69 

 

 

Figure 7.18: MSn spectra of p-coumaric acid-O-hexoside 
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Figure 7.19: Proposed fragmentation of p-coumaric acid-O-hexoside 

 

 Characterization of p-coumaric acid-O-glucosyl ester (Mr 326) 7.3.3.

Two isomers of p-coumaric acid-O-glucosyl ester (38 and 39) were assigned to the peaks at tR 

17.5 and 18.7 min with C15H18O8 and m/z 325. The compounds produced MS2 and MS3 base 

peaks of m/z 163 [M-H-Glc]- and 119 [M-H-Glc-CO2]
- respectively. In MS2 fragmentation, they 

also produced secondary peaks of m/z 265 [M-H-60 Da]-, 235 [M-H-90 Da]- and 205 [M-H-120 

Da]-. 
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tR 17.6 and 19.2 min with C20H26O12 and m/z 457. Both the compounds produced a base peak of 
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explained that the hexose and pentose were interconnected. 
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 Characterization of Everlastoside M (Mr 482) 7.3.5.

A peak at tR 27.0 min with m/z 481 and C22H26O12 was speculated to be an isomer of 

Everlastoside M (42) with MS2, MS3 and MS4 base peaks of m/z 367, 163 and 119 respectively. 

 

 Characterization of p-coumaric acid-O-dihexoside (Mr 488) 7.3.6.

Two isomers of p-coumaric acid-O-dihexoside (43-44) were assigned to the peaks at tR 14.4 and 

20.0 min with C21H28O13 and m/z 487. They produced a base peak of m/z 163 [M-H-Glc-Glc]-, 

which fragmented into m/z 119 [M-H-Glc-Glc-CO2]
- and secondary peak of m/z 325 [M-H-Glc]-. 

 

 Dihydrocoumaric acid derivatives 7.4.

The dihydrocoumaric acid derivatives were identified based on their characteristic fragmentation 

peaks. In negative mode, the aglycon of dihydrocoumaric acid at m/z 165 (after a loss of 

hydrogen) fragments to give m/z 121 (after a loss of hydrogen and carbon dioxide). 

 

 Characterization of dihydrocoumaric acid-O-hexoside (Mr 328) 7.4.1.

Two isomers of dihydrocoumaric acid-O-hexoside (45-46) were assigned to the peaks at tR 15.5 

and 20.4 min with C15H20O8 and m/z 327. Both compounds produced an MS2 base peak of m/z 

165 [M-H-Glc]- and MS3 base peak of m/z 121 [M-H-Glc-CO2]
-. 

 

 Ferulic acid derivatives 7.5.

The ferulic acid derivatives were identified based on their characteristic fragmentation peaks. The 

ferulic acid aglycon can be identified in MSn by comparison with an authentic standard. In 

negative mode, ferulic acid at m/z 193 (after a loss of hydrogen) fragments to give m/z 149 (after 

a loss of hydrogen and carbon dioxide) and 134 (after a loss of hydrogen, carbon dioxide and a 

methyl group). 

 

 Characterization of ferulic acid-O-hexoside (Mr 356) 7.5.1.

Three isomers of ferulic acid-O-hexoside (47-49) at tR 19.0, 21.2 and 28.9 min were assigned to 

the peaks with C16H20O9 and m/z 355. All the isomers produced an MS2 and MS3 base peak of 

m/z 193 [M-H-Glc]- and m/z 149 [M-H-Glc-CO2]
- respectively with the exception of compound 
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43, which produced m/z 134 [M-H-Glc-CO2-CH3]
-. The EIC of m/z 355 in Rhododendron 

macabeanum in negative mode is shown in Figure 7.20, along with the MSn spectra of compound 

47 in Figure 7.21. The proposed fragmentation of compounds 47-49 is shown in Figure 7.22. 

 

 

Figure 7.20: EIC of m/z 355 in Rhododendron macabeanum in negative mode 
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Figure 7.22: Proposed fragmentation of ferulic acid-O-hexoside 
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 Characterization of ferulic acid-O-glucosyl ester (Mr 356) 7.5.2.

A peak at tR 20.4 min with m/z 355 and C16H20O9 was assigned as ferulic acid-O-glucosyl ester 

(50). The peak produced MS2 and MS3 base peaks of m/z 193 [M-H-Glc]- and 134 [M-H-Glc-

CO2-CH3]
- respectively. In MS2 fragmentation, it also produced secondary peaks of m/z 295 [M-

H-60 Da]-, 265 [M-H-90 Da]- and 235 [M-H-120 Da]-. And in MS3 fragmentation, it produced a 

secondary peak of m/z 149 [M-H-Glc-CO2]
-. 

 

 Characterization of ferulic acid-O-dihexoside (Mr 518) 7.5.3.

A peak at tR 17.2 min with m/z 517 and C22H30O14 was assigned as ferulic acid-O-dihexoside 

(51). The compound produced an MS2 and MS3 base peak of m/z 193 [M-H-Glc-Glc]- and m/z 

149 [M-H-Glc-Glc-CO2]
- respectively. The neutral loss of 324 Da could be attributed to two 

hexoses. The absence of intermediate fragment ions explained that the two hexoses were 

interconnected. 
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8. Hydroxybenzoic acid derivatives 

 

 Gallic acid derivatives 8.1.

The gallic acid derivatives were identified based on their characteristic fragmentation peaks. The 

gallic acid aglycon can be identified in MSn by comparison with an authentic standard. In 

negative mode, gallic acid at m/z 169 (after a loss of hydrogen) fragments to give m/z 125 (after a 

loss of hydrogen and carbon dioxide). 

 

 Characterization of gallic acid-O-pentoside (Mr 302) 8.1.1.

A peak at tR 6.6 min with m/z 301 and C12H14O9 was assigned as gallic acid-O-pentoside (52). It 

produced MS2 and MS3 base peaks of m/z 169 [M-H-Xyl]- and 125 [M-H-Xyl-CO2]
- respectively. 

 

 Characterization of gallic shikimic acid (Mr 326) 8.1.2.

Two isomers of galloyl shikimic acid (53-54) were identified at tR 8.9 and 9.6 min with C14H14O9 

and m/z 325. Both the peaks produced a base peak of m/z 169 [M-H-shikimoyl]-, which 

fragmented to m/z 125 [M-H-shikimoyl-CO2]
-. 

 

 Characterization of gallic acid-O-hexoside (Mr 332) 8.1.3.

Two isomers of gallic acid-O-hexoside (55-56) were identified at tR 4.6 and 7.9 min with 

C13H16O10 and m/z 331. Both the peaks produced a base peak of m/z 169 [M-H-Glc]-, which 

fragmented to m/z 125 [M-H-Glc-CO2]
-. The EIC of m/z 331 in Rhododendron strigillosum in 

negative mode is shown in Figure 8.1, along with the MSn spectra of compound 55 in Figure 8.2. 

The proposed fragmentation of compounds 55-56 is shown in Figure 8.3. 

 

Figure 8.1: EIC of m/z 331 in Rhododendron strigillosum in negative mode 
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Figure 8.2: MSn spectra of gallic acid-O-hexoside 
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Figure 8.3: Proposed fragmentation of gallic acid-O-hexoside 

 

 Characterization of gallic acid-O-glucosyl ester (Mr 332) 8.1.4.

A peak at tR 3.7 min with m/z 331 and C13H16O10 was assigned as gallic acid-O-glucosyl ester 
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 Characterization of gallic acid-O-acetyl-hexoside (Mr 374) 8.1.6.

A peak at tR 13.9 min with m/z 373 and C15H18O11 was assigned as gallic acid-O-acetyl-hexoside 

(61). It produced MS2 and MS3 base peaks of m/z 169 [M-H-acetyl-Glc]- and 125 [M-H-acetyl-

Glc-CO2]
- respectively. 

 

 Characterization of benzyl-6'-O-galloyl-β-D-hexoside (Mr 422) 8.1.7.

A peak at tR 32.1 min with m/z 421 and C20H22O10 was assigned as benzyl-6'-O-galloyl-β-D-

hexoside (62). It produced MS2 peaks of m/z 313 and base peak of 169, which fragmented into 

m/z 125 in MS3. The neutral loss of 252 Da was assumed to be the loss of a benzyl group attached 

to a hexose. 

 

 Characterization of galloyl arbutin (Mr 424) 8.1.8.

Two isomers of galloyl arbutin (63-64) were identified at tR 11.7 and 17.7 min with C19H20O11 

and m/z 423. It produced MS2, MS3 and MS4 base peaks of m/z 313, 169 and 125 respectively. 

The neutral loss of 254 Da was assumed to be the loss of a benzenediol group attached to a 

hexose. 

 

 Characterization of 6-galloyl-1-O-(phloroglucinol)-hexoside (Mr 440) 8.1.9.

A peak at tR 15.0 min with m/z 439 and C19H20O12 was assigned as 6-galloyl-1-O-

(phloroglucinol)-hexoside (65). It produced MS2, MS3 and MS4 base peaks of m/z 313, 169 and 

125 respectively. The neutral loss of 270 Da was assumed to be the loss of a benzenetriol group 

attached to a hexose. 

 

 Characterization of gallic acid-3-O-hexoside-4-O-pentoside (Mr 464) 8.1.10.

A peak at tR 7.9 min with m/z 463 and C18H24O14 was assigned as gallic acid-3-O-hexoside-4-O-

pentoside (66). It produced MS2, MS3 and MS4 base peaks of m/z 301 [M-H-Glc]-, 169 [M-H-

Glc-Xyl]- and 125 [M-H-Glc-Xyl-CO2]
- respectively. 
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 Characterization of p-hydroxyphenethyl alcohol-1-O-β-D-(6"-O-galloyl)-8.1.11.

hexoside (Mr 468) 

A peak at tR 22.3 min with m/z 467 and C21H24O12 was assigned as p-hydroxyphenethyl alcohol-

1-O-β-D-(6"-O-galloyl)-hexoside (67). It produced MS2, MS3 and MS4 base peaks of m/z 313, 

169 and 125 respectively. The neutral loss of 298 Da was assumed to be the loss of a 

dihydroxyphenyethanol group attached to a hexose. 

 

 Characterization of gallic acid-O-galloyl-rhamnoside (Mr 468) 8.1.12.

A peak at tR 36.6 min with m/z 467 and C20H20O13 was assigned as gallic acid-O-galloyl-

rhamnoside (68). It produced MS2, MS3 and MS4 base peaks of m/z 423, 313 and 169 

respectively. The neutral loss of 298 Da was attributed to the loss of galloyl-rhamnose. 

 

 Characterization of gallic acid-O-rutinoside (Mr 478) 8.1.13.

A peak at tR 6.6 min with m/z 477 and C19H26O14 was assigned as gallic acid-O-rutinoside (69). It 

produced MS2 and MS3 base peaks of m/z 169 [M-H-Glc-Rha]- and 125 [M-H-Glc-Rha-CO2]
- 

respectively. 

 

 Characterization of gallic acid-O-coumaroyl-hexoside (Mr 478) 8.1.14.

Three isomers of gallic acid-O-coumaroyl-hexoside (70-72) were identified at tR 31.0, 32.6 and 

35.9 min with C22H22O12 and m/z 477. The peaks produced MS2, MS3 and MS4 base peaks of m/z 

313, 169 and 125 respectively. The neutral loss of 308 Da was attributed to the loss of a 

coumaroyl group attached to a hexose. 

 

 Characterization of querglanin (Mr 480) 8.1.15.

A peak at tR 31.9 min with m/z 479 and C23H28O11 was tentatively assigned as querglanin (73). It 

produced MS2 and MS3 base peaks of m/z 169 and 125 respectively. 

 

 Characterization of galloyl-O-vanilloyl-O-hexoside (Mr 482) 8.1.16.

Two isomers of galloyl-O-vanilloyl-O-hexoside were identified at tR 27.1 and 30.1 min with m/z 

481 and C21H22O13 (74-75). The compound 74 produced MS2, MS3 and MS4 base peaks of m/z 

313, 169 and 125 respectively. The neutral loss of 312 Da was attributed to vanilloyl group 
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attached to a hexose. The compound 75 produced MS2, MS3 and MS4 base peaks of m/z 437, 313 

and 169 respectively and a secondary MS4 base peak of m/z 125. 

 

 Characterization of gallic acid-3-O-(6'-O-galloyl)-β-D-hexoside (Mr 484) 8.1.17.

A peak at tR 22.5 min with m/z 483 and C20H20O14 was assigned as gallic acid-3-O-(6'-O-galloyl)-

β-D-hexoside (76). It produced MS2, MS3 and MS4 base peaks of m/z 439 [M-H-CO2]
-, 287 [M-

H-CO2-galloyl]- and 125 [M-H-CO2-galloyl-CO2]
- respectively. 

 

 Characterization of gallic acid-O-dihexoside (Mr 494) 8.1.18.

Three isomers of gallic acid-O-dihexoside (77-79) were identified at tR 3.2, 5.2 and 6.7 min with 

C19H26O15 and m/z 493. The compounds 77 and 78 produced MS2, MS3 and MS4 base peaks of 

m/z 331 [M-H-Glc]-, 169 [M-H-Glc-Glc]- and 125 [M-H-Glc-Glc-CO2]
- respectively. The 

presence of an intermediate fragment of m/z 331 suggested the absence of interglycosidic linkage. 

Compound 79 on the other hand produced MS2 and MS3 base peaks of m/z 169 [M-H-Glc-Glc]- 

and 125 [M-H-Glc-Glc-CO2]
- respectively and the absence of an intermediate fragment suggested 

the presence of interglycosidic linkage. 

 

 Characterization of gallic acid-O-feruloyl-hexoside (Mr 508) 8.1.19.

A peak at tR 36.2 min with m/z 507 and C23H24O13 was speculated to be gallic acid-O-feruloyl-

hexoside (80). It produced MS2, MS3 and MS4 base peaks of m/z 331 [M-H-feruloyl]-, 169 [M-H-

feruloyl-Glc]- and 125 [M-H-feruloyl-Glc-CO2]
- respectively. 

 

 Characterization of Hyemaloside B or Guavinoside A (Mr 544) 8.1.20.

A peak at tR 30.9 min with m/z 543 and C26H24O13 was tentatively assigned as an isomer of 

Hyemaloside B or Guavinoside A (81). It produced MS2 and MS3 base peaks of 169 and 125 

respectively. 

 

 Characterization of galloylalbiflorin (Mr 632) 8.1.21.

A peak at tR 42.8 min with m/z 631 and C30H32O15 was tentatively assigned as galloylalbiflorin 

(82). It produced MS2, MS3 and MS4 base peaks of m/z 479, 169 and 125 respectively. 
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 Protocatechuic acid derivatives 8.2.

The protocatechuic acid derivatives were identified based on their characteristic fragmentation 

peaks. The protocatechuic acid aglycon can be identified in MSn by comparison with an authentic 

standard. In negative mode, protocatechuic acid at m/z 153 (after a loss of hydrogen) fragments to 

give m/z 109 (after a loss of hydrogen and carbon dioxide). 

 

 Characterization of protocatechuic acid-O-pentoside (Mr 286) 8.2.1.

A peak at tR 15.1 min with m/z 285 and C12H14O8 was assigned as protocatechuic acid-O-

pentoside (83). It produced MS2 and MS3 base peaks of m/z 153 [M-H-Xyl]- and 109 [M-H-Xyl-

CO2]
- respectively. 

 

 Characterization of protocatechuic acid-O-hexoside (Mr 316) 8.2.2.

Two isomers of protocatechuic acid-O-hexoside (84-85) were identified at tR 5.9 and 10.5 min 

with C13H16O9 and m/z 315. Both the peaks produced a base peak of m/z 153 [M-H-Glc]-, which 

fragmented to m/z 109 [M-H-Glc-CO2]
-. The EIC of m/z 315 in Rhododendron maddenii in 

negative mode is shown in Figure 8.4, along with the MSn spectra of compound 84 in Figure 8.5. 

The proposed fragmentation of compounds 84-85 is shown in Figure 8.6. 

 

Figure 8.4: EIC of m/z 315 in Rhododendron maddenii in negative mode 
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Figure 8.5: MSn spectra of protocatechuic acid-O-hexoside 
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Figure 8.6: Proposed fragmentation of protocatechuic acid-O-hexoside 

 

 Characterization of protocatechuic acid-O-benzoyl-hexoside (Mr 420) 8.2.3.

A peak at tR 51.8 min with m/z 419 and C20H20O10 was tentatively assigned as protocatechuic 

acid-O-benzoyl-hexoside (86). It produced MS2 and MS3 base peaks of m/z 153 [M-H-benzoyl-

Glc]- and 109 [M-H-benzoyl-Glc-CO2]
- respectively. The absence of an intermediate fragment 

suggested the presence of linkage between the benzoyl group and hexose. 

 

 Characterization of protocatechuic acid-O-feruloyl-hexoside (Mr 492) 8.2.4.

A peak at tR 51.1 min with m/z 491 and C23H24O12 was speculated to be protocatechuic acid-O-

feruloyl-hexoside (87). It produced MS2, MS3 and MS4 base peaks of m/z 315 [M-H-feruloyl]-, 

153 [M-H-feruloyl-Glc]- and 109 [M-H-feruloyl-Glc-CO2]
- respectively. The presence of an 

intermediate fragment of m/z 315 suggested the absence of linkage between the feruloyl group 

and hexose. 
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 Salicylic acid derivatives 8.3.

The salicylic acid derivatives were identified based on their characteristic fragmentation peaks. 

The salicylic acid aglycon can be identified in MSn by comparison with an authentic standard. In 

negative mode, salicylic acid at m/z 137 (after a loss of hydrogen) fragments to give m/z 93 (after 

a loss of hydrogen and carbon dioxide). 

 

 Characterization of salicylic acid-O-hexoside (Mr 300) 8.3.1.

Two isomers of salicylic acid-O-hexoside (88-89) were identified at tR 6.3 and 13.0 min with 

C13H16O8 and m/z 299. The compounds produced a base peak of m/z 137 [M-H-Glc]-, which 

fragmented to m/z 93 [M-H-Glc-CO2]
-. The EIC of m/z 299 in Rhododendron macabeanum in 

negative mode is shown in Figure 8.7, along with the MSn spectra of compound 88 in Figure 8.8. 

The proposed fragmentation of compounds 88-89 is shown in Figure 8.9. 

 

Figure 8.7: EIC of m/z 299 in Rhododendron macabeanum in negative mode 

 

Figure 8.8: MSn spectra of salicylic acid-O-hexoside 
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Figure 8.9: Proposed fragmentation of salicylic acid-O-hexoside 

 

 Characterization of salicylic acid-O-glucosyl ester (Mr 300) 8.3.2.

A peak at tR 8.5 min with m/z 299 and C13H16O8 was assigned as salicylic acid-O-glucosyl ester 

(90). The peak produced MS2 and MS3 base peaks of m/z 137 [M-H-Glc]- and 93 [M-H-Glc-

CO2]
- respectively. In MS2 fragmentation, it also produced secondary peaks of m/z 239 [M-H-60 

Da]-, 209 [M-H-90 Da]- and 179 [M-H-120 Da]-. 

 

 Characterization of salicyloylsalicin (Mr 406) 8.3.3.

A peak at tR 36.6 min with m/z 405 and C20H22O9 was assigned as salicyloylsalicin (91). It 

produced MS2, MS3 and MS4 base peaks of m/z 281, 137 and 93 respectively. The neutral loss of 

268 Da was attributed to the loss of a hydroxybenzyl alcohol group attached to a hexose. 

 

 Characterization of salicylic acid-O-coumaroyl-hexoside (Mr 446) 8.3.4.

Two peaks at tR 42.4 and 46.2 min with m/z 445 and C22H22O10 were tentatively assigned as 

salicylic acid-O-coumaroyl-hexoside (92-93). The compounds produced MS2, MS3 and MS4 base 

peaks of m/z 281, 137 and 93 respectively. The neutral loss of 308 Da was attributed to the loss of 

a coumaroyl group attached to a hexose. 

 

 Characterization of salicylic acid-O-dihexoside (Mr 462) 8.3.5.

A peak at tR 7.0 min with m/z 461 and C19H26O13 was assigned as salicylic acid-O-dihexoside 

(94). It produced MS2 and MS3 base peaks of m/z 137 [M-H-Glc-Glc]- and 93 [M-H-Glc-Glc-

CO2]
- respectively and the absence of an intermediate fragment suggested the presence of 

interglycosidic linkage. 
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 Vanillic acid derivatives 8.4.

The vanillic acid derivatives were identified based on their characteristic fragmentation peaks. 

The vanillic acid aglycon can be identified in MSn by comparison with an authentic standard. In 

negative mode, vanillic acid at m/z 167 (after a loss of hydrogen) fragments to give m/z 152 

(hydrogen and methyl group), 149 (after a loss of hydrogen and water) and 123 (after a loss of 

hydrogen and carbon dioxide). 

 

 Characterization of vanillic acid-O-hexoside (Mr 330) 8.4.1.

Four isomers of vanillic acid-O-hexoside (95-98) were identified at tR 7.7, 10.2, 11.7 and 13.9 

min with C14H18O9 and m/z 329. The compounds produced an MS2 base peak of m/z 167 [M-H-

Glc]-. Compounds 95 and 98 produced an MS3 base peak of m/z 123 [M-H-Glc-CO2]
-, while 

compounds 96 and 97 produced an MS3 base peak of m/z 152 [M-H-Glc-CH3]
- and 149 [M-H-

Glc-H2O]- respectively. The EIC of m/z 329 in Rhododendron minus in negative mode is shown 

in Figure 8.10, along with the MSn spectra of compound 98 in Figure 8.11. The proposed 

fragmentation of compounds 95-98 is shown in Figure 8.12. 

 

Figure 8.10: EIC of m/z 329 in Rhododendron minus in negative mode 
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Figure 8.11: MSn spectra of vanillic acid-O-hexoside 
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Figure 8.12: Proposed fragmentation of vanillic acid-O-hexoside 

 

 Characterization of Amburoside B (Mr 436) 8.4.2.

A peak at tR 36.3 min with m/z 435 and C21H24O10 was assigned as Amburoside B (99). It 

produced MS2, MS3 and MS4 base peaks of m/z 273, 167 and 123 respectively. The neutral loss 

of 268 Da was attributed to the loss of a hydroxybenzyl alcohol group attached to a hexose. 

 

 Characterization of vanillic acid-O-hydroxybenzoyl-hexoside (Mr 450) 8.4.3.

Two isomers of vanillic acid-O-hydroxybenzoyl-hexoside (100-101) were identified at tR 17.5 

and 40.8 min with C21H22O11 and m/z 449. Compound 100 produced MS2, MS3 and MS4 base 

peaks of m/z 329, 301 and 167 respectively and the presence of an intermediate fragment at m/z 

329 [M-H-hydroxybenzoyl]- suggested the absence of linkage between the hydroxybenzoyl group 

and hexose. Compound 101 produced MS2 and MS3 base peaks of m/z 167 and 123 respectively 

and the absence of an intermediate fragment suggested the presence of linkage between the 

hydroxybenzoyl group and hexose. 
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 Characterization of vanillic acid-O-hexoside-O-pentoside (Mr 462) 8.4.4.

Two isomers of vanillic acid-O-hexoside-O-pentoside or 6-O-[5-O-(4-hydroxy, 3-

methoxybenzoyl)]-β-apiofuranosyl]-α/β-glucopyranoside (102-103) were identified at tR 14.9 and 

19.1 min with C19H26O13 and m/z 461. Both the isomers produced MS2 and MS3 base peaks of 

m/z 167 [M-H-Glc-Xyl]- and 123 [M-H-Glc-Xyl-CO2]
-. The absence of an intermediate fragment 

suggested the presence of linkage between the hexose and pentose. 

 

 Characterization of vanillic acid-O-rutinoside (Mr 476) 8.4.5.

Two isomers of vanillic acid-O-rutinoside (104-105) were identified at tR 12.5 and 18.9 min with 

C20H28O13 and m/z 475. Both the isomers produced MS2 and MS3 base peaks of m/z 167 [M-H-

Glc-Rha]-  and 123 [M-H-Glc-Rha-CO2]
-. The absence of an intermediate fragment suggested the 

presence of linkage between the hexose and rhamnose. 

 

 Characterization of vanillic acid-O-coumaroyl-hexoside (Mr 476) 8.4.6.

A peak at tR 47.8 min with m/z 475 and C23H24O11 was assigned as vanillic acid-O-coumaroyl-

hexoside (106). It produced MS2, MS3 and MS4 base peaks of m/z 311, 167 and 123 respectively. 

The neutral loss of 308 Da was assumed to be the loss of a coumaroyl group attached to a hexose. 

 

 Characterization of vanillic acid-O-dihexoside (Mr 492) 8.4.7.

Three isomers of vanillic acid-O-dihexoside (107-109) were identified at tR 4.6, 5.3 and 8.5 min 

with C20H28O14 and m/z 491. The compounds 107 and 108 produced MS2, MS3 and MS4 base 

peaks of m/z 329 [M-H-Glc]-, 167 [M-H-Glc-Glc]- and 123 [M-H-Glc-Glc-CO2]
- respectively. 

The presence of an intermediate fragment of m/z 329 suggested the absence of interglycosidic 

linkage. Compound 109 on the other hand produced MS2 and MS3 base peaks of m/z 167 [M-H-

Glc-Glc]- and 123 [M-H-Glc-Glc-CO2]
- respectively and the absence of an intermediate fragment 

suggested the presence of interglycosidic linkage. 

 

 Characterization of Litseaefoloside A (Mr 494) 8.4.8.

A peak at tR 47.0 min with m/z 493 and C23H26O12 was assigned as Litseaefoloside A (110). It 

produced an MS2 base peak of m/z 167, which fragmented into 152 and 123 in MS3. 
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 Methyl gallate derivatives 8.5.

The methyl gallate derivatives were identified based on their characteristic fragmentation peaks. 

The methyl gallate aglycon can be identified in MSn by comparison with an authentic standard. In 

negative mode, methyl gallate at m/z 183 (after a loss of hydrogen) fragments to give m/z 168 

(after a loss of hydrogen and a methyl group) and 124 (after a loss of hydrogen, a methyl group 

and carbon dioxide). 

 

 Characterization of methyl gallate-O-hexoside (Mr 346) 8.5.1.

Three isomers of methyl gallate-O-hexoside (111-113) were identified at tR 7.4, 8.5 and 11.8 min 

with C14H18O10 and m/z 345. It produced MS2, MS3 and MS4 base peaks of m/z 183 [M-H-Glc]-, 

168 [M-H-Glc-CH3]
-  and 124 [M-H-Glc-CH3-CO2]

- respectively. The EIC of m/z 337 in 

Rhododendron moulmainense in negative mode is shown in Figure 8.13, along with the MSn 

spectra of compound 111 in Figure 8.14. 

 

Figure 8.13: EIC of m/z 345 in Rhododendron moulmainense in negative mode 

 

Figure 8.14: MSn spectra of methyl-gallate-O-hexoside 
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 Characterization of methyl gallate-O-coumaroyl-hexoside (Mr 492) 8.5.2.

A peak at tR 42.1 min with m/z 491 and C23H24O12 was tentatively assigned as methyl gallate-O-

coumaroyl-hexoside (114). It produced MS2, MS3 and MS4 base peaks of m/z 327, 183 and 168 

respectively. The neutral loss of 308 Da was attributed to the loss of a coumaroyl group attached 

to a hexose. 

 Characterization of methyl gallate-O-dihexoside (Mr 508) 8.5.3.

A peak at tR 8.0 min with m/z 507 and C20H28O15 was assigned as methyl gallate-O-dihexoside 

(115). It produced MS2, MS3 and MS4 base peaks of m/z 345 [M-H-Glc]-, 183 [M-H-Glc-Glc]- 

and 168 [M-H-Glc-Glc-CH3]
- respectively. The presence of an intermediate fragment of m/z 345 

suggested the absence of interglycosidic linkage. 
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9. Flavan-3-ols 

 

The fragmentation of flavan-3-ols involves three fragmentation pathways, namely Retro Diels 

Alder (RDA) reaction, Heterocyclic Ring Fission (HRF) and Quinone Methide (QM) fission. 

RDA reaction as the name suggests is the opposite reaction of a Diels Alder reaction, which is the 

reaction between a conjugated diene and an alkene (commonly referred as dienophile) that 

produces a cyclohexene product. In RDA, the cyclohexene ring of flavan-3-ols separates into a 

conjugated diene and alkene. HRF on the other hand is the breakage of the heterocyclic ring in 

flavan-3-ols. In QM fission, the breakage of flavan-3-ols forms a quinone methide, which is a 

conjugated fragment consisting of cyclohexadiene with a carbonyl group and an exocyclic 

methylene group.[97] In addition, a characteristic loss of 44 Da (C2H4O) is observed for flavan-3-

ols consisting of (epi)catechin units. 

 

 (Epi)catechin derivatives 9.1.

The flavan-3-ols identified in Rhododendron species were the derivatives of (epi)catechin units. 

With the available MS data, it was not possible to distinguish between catechin and (epi)catechin 

units in the fragmentation of their derivatives as they produced the same fragments. 

 

 Characterization of catechin and epicatechin (Mr 290) 9.1.1.

Two peaks at tR 16.0 and 23.0 min with m/z 289 and C15H14O6 were identified as catechin (116) 

and epicatechin (117) respectively. They were assigned by comparing the retention time to 

standards. The peaks were compared with the retention time, fragmentation and UV data of 

commercially available standards. Both peaks produced an MS2 base peak of m/z 245 and 

secondary peaks of m/z 205 and 179. This fragmentation occurred due to RDA and QM. The m/z 

245 peak further fragmented in MS3 to give a base peak of 203 and secondary peaks of m/z 227, 

187 and 161. The EIC of m/z 289 in Rhododendron moulmainense in negative mode is shown in 

Figure 9.1, along with the MSn spectra of compounds 116 and 117 in Figure 9.2 and Figure 9.3 

respectively. The proposed fragmentation of compounds 116-117 is shown in Figure 9.4. 
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Figure 9.1: EIC of m/z 289 in Rhododendron moulmainense in negative mode 

 

Figure 9.2: MSn spectra of catechin 

 

Figure 9.3: MSn spectra of epicatechin 
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Figure 9.4: Proposed fragmentation of (epi)catechin 

 

 Characterization of gallocatechin and epigallocatechin (Mr 306) 9.1.2.

Two peaks at tR 8.5 and 15.4 min with m/z 305 and C15H14O7 were identified as gallocatechin 

(118) and epigallocatechin (119) respectively. The peaks were compared with the retention time, 

fragmentation and UV data of authentic standards. Both peaks produced an MS2 base peak of m/z 

179 and secondary peaks of m/z 221 and 261. This fragmentation occurred due to RDA and QM. 

The m/z 179 peak further fragmented in MS3 to give a base peak of 164 and secondary peaks of 

m/z 151 and 135. The EIC of m/z 305 in Rhododendron minus in negative mode is shown in 

Figure 9.5, along with the MSn spectra of compounds 118 and 119 in Figure 9.6 and Figure 9.7 

respectively. 

 

Figure 9.5: EIC of m/z 305 in Rhododendron minus in negative mode 
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Figure 9.6: MSn spectra of gallocatechin 

 

Figure 9.7: MSn spectra of epigallocatechin 

 

 Characterization of (epi)catechin-O-hydroxybenzoate (Mr 410) 9.1.3.

A peak at tR 35.8 min with m/z 409 and C22H18O8 was assigned as (epi)catechin-O-

hydroxybenzoate (120). The peak produced an MS2 base peak of m/z 289, which fragmented into 

m/z 245 and 205 in MS3 after RDA and QM. 

 

 Characterization of (epi)catechin-O-rhamnoside (Mr 436) 9.1.4.

A peak at tR 22.5 min with m/z 435 and C21H24O10 was assigned as (epi)catechin-O-rhamnoside 

(121). The peak produced an MS2 base peak of m/z 289, which fragmented into m/z 245 and 205 

in MS3 after RDA and QM. 
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 Characterization of Malaferin B (Mr 436) 9.1.5.

A peak at tR 40.1 min with m/z 435 and C24H20O8 was assigned as Malaferin B, which is an 

isomer of (epi)catechin-O-coumarate (122). The peak produced an MS2 base peak of m/z 289, 

which fragmented into m/z 245 and 205 in MS3 after RDA and QM. 

 

 Characterization of (epi)catechin gallate (Mr 442) 9.1.6.

Four isomers of (epi)catechin gallate (123-126) were identified at tR 28.1, 29.6, 31.8 and 36.8 min 

with C22H18O10 and m/z 441. The peaks produced an MS2 base peak of m/z 289, which 

fragmented into m/z 245 and 205 in MS3 after RDA and QM. 

 

 Characterization of (epi)catechin-O-hexoside (Mr 452) 9.1.7.

A peak at tR 10.5 min with m/z 451 and C21H24O11 was assigned as (epi)catechin-O-hexoside 

(127). The peak produced an MS2 base peak of m/z 289, which fragmented into m/z 245 and 205 

in MS3 after RDA and QM. 

 

 Characterization of (epi)catechin-O-methyl-gallate (Mr 456) 9.1.8.

A peak at tR 34.4 min with m/z 455 and C23H20O10 was tentatively assigned as (epi)catechin-O-

methyl-gallate (128). The peak produced an MS2 base peak of m/z 289, which fragmented into 

m/z 245 and 205 in MS3 after RDA and QM. 

 

 Characterization of (epi)gallocatechin gallate (Mr 458) 9.1.9.

Three peaks were identified with m/z 457 and C22H18O11. One peak at tR 22.7 min (130) was 

identified as epigallocatechin gallate. It was confirmed by comparing it with the fragmentation 

and retention time of an authentic standard. Two peaks at tR 19.8 and 26.6 min (129 and 131) 

were assigned as isomers of (epi)gallocatechin gallate. Compound 129 produced an MS2 base 

peak of m/z 305 [M-H-galloyl]-, which further fragmented into m/z 179 due to RDA. Compound 

130 and 131 produced MS2 and MS3 base peaks of m/z 169 and 125, which are similar to the 

fragments of gallic acid. They also produced a secondary fragment of m/z 305 in MS2. 
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 Characterization of Malaferin C (Mr 466) 9.1.10.

A peak at tR 41.2 min with m/z 465 and C25H22O9 was assigned as malaferin C (132). The peak 

produced an MS2 base peak of m/z 289, which fragmented into m/z 245 and 205 in MS3 after 

RDA and QM. 

 

 Characterization of (epi)catechin-O-dimethyl-gallate (Mr 470) 9.1.11.

A peak at tR 38.9 min with m/z 469 and C24H22O10 was assigned as (epi)catechin-O-dimethyl-

gallate (133). The peak produced an MS2 base peak of m/z 289, which fragmented into m/z 245 

and 205 in MS3 after RDA and QM. 

 

 Characterization of (epi)catechin-O-trimethoxybenzoate (Mr 484) 9.1.12.

Two peaks at tR 29.5 and 32.9 min with m/z 483 were tentatively assigned as (epi)catechin-O-

trimethoxybenzoate (134-135). Both peaks produced an MS2 base peak of m/z 289, which 

fragmented into m/z 245 and 205 in MS3 after RDA and QM. 

 

Proanthocyanidins 

The oligomerization, dimerization and polymerization of flavan-3-ol units such as catechin, 

epicatechin, gallocatechin and epigallocatechin results in the formation of condensed tannins, 

which are known as proanthocyanidins. Dimerization proceeds via oxidation of the A-ring 

followed by the nucleophilic attack of a catechin onto the electrophilic quinone methide. Several 

regioisomers and stereoisomers can be formed. The A-type proanthocyanidins are connected by 

C2-O-C7 or C2-O-C5 bonds and the B-type proanthocyanidins are connected by C4-C8 or C4-C6 

bonds. 

 

 Characterization of (epi)catechin-(4,8/2,6)-(epi)catechin [A-type 9.1.13.

procyanidin dimer] (Mr 576) 

Nine isomers of (epi)catechin-(4,8/2,6)-(epi)catechin or A-type dimer of (epi)catechin were 

identified at tR 5.5, 8.7, 10.1, 12.0, 14.0, 18.1, 27.2, 32.4 and 34.8 min with m/z 575 and 

C30H24O12. Compounds 136-140, 143 and 144 produced an MS2 base peak of m/z 423 and 

secondary MS2 peaks of m/z 449 and 407. Compound 141 produced an MS2 base peak of m/z 407 

and secondary MS2 peaks of m/z 449 and 423. Compound 142 produced an MS2 base peak of m/z 
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449 and secondary MS2 peaks of m/z 423 and 407. The fragment m/z 449 was formed by HRF 

while fragments m/z 423 and 407 were formed by RDA. 

 

 Characterization of (epi)catechin-(epi)catechin [B-type procyanidin dimer] 9.1.14.

(Mr 578) 

Six isomers of (epi)catechin-(epi)catechin (145-150) or  (epi)catechin dimer or commonly known 

as procyanidin B were identified at tR 13.4, 14.3, 18.6, 20.3, 23.1 and 32.8 min with m/z 577 and 

C30H26O12. Although 16 dimers of (epi)catechin are theoretically viable, only 8 are naturally 

occurring as only 3-4 trans stereochemistry is found in nature.[6] Compounds 145 and 147 

produced an MS2 base peak of m/z 407 and secondary MS2 peaks of m/z 451, 425 and 289. The 

fragment m/z 407 further fragmented into m/z 285 in MS3. Compound 146 produced an MS2 base 

peak of m/z 425 and secondary MS2 peaks of m/z 451, 407 and 289. The fragment m/z 407 further 

fragmented into m/z 285 in MS3. Compounds 148 and 150 produced MS2, MS3 and MS4 base 

peaks of 425, 407, and 285 respectively. They also produced secondary peaks of m/z 451, 407 

and 289 in MS2. All the isomers produced similar fragment ions. The fragment m/z 451 was 

formed by HRF, fragments m/z 425 and 407 were formed by RDA and fragments m/z 289 and 

285 were formed by QM fission. Compounds 145 and 148 at tR 13.4 and 20.3 min were assigned 

as procyanidin B1 and B2 respectively by comparing it with the fragmentation and retention time 

of a reference standard. The EIC of m/z 577 in Rhododendron wasonii in negative mode is shown 

in Figure 9.8, along with the MSn spectra of compound 145 in Figure 9.9. The proposed 

fragmentation of compounds 145-150 is shown in Figure 9.10. 

 

Figure 9.8: EIC of m/z 577 in Rhododendron wasonii in negative mode 
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Figure 9.9: MSn spectra of procyanidin B 
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 Characterization of (epi)gallocatechin-(epi)catechin (Mr 594) 9.1.16.

Eight isomers of (epi)gallocatechin-(epi)catechin (152-159) were identified at tR 7.7, 9.7, 10.5, 

12.6, 13.7, 15.2, 16.5 and 18.2 min with m/z 593 and C30H26O13. Compounds 152, 153, 155, 156 

and 159 produced MS2, MS3 and MS4 base peaks of 425, 407, and 285 respectively. They also 

produced secondary peaks of m/z 407 and 289 in MS2. Compound 154 produced an MS2 base 

peak of m/z 423 and secondary MS2 peaks of m/z 467, 441 and 305. The fragment m/z 423 further 

fragmented into m/z 283 and 297 in MS3. Compounds 157 and 158 produced an MS2 base peak 

of m/z 423 and secondary MS2 peaks of m/z 575, 441 and 305. The fragment m/z 423 further 

fragmented into m/z 297 and 283 in MS3. The fragment m/z 575 was formed by the loss of water, 

m/z 467 was formed by HRF, fragments m/z 425, 423 and 407 were formed by RDA and 

fragments m/z 305, 289 and 285 were formed by QM fission. The RDA fragmentation of the top 

unit was compared to that of the base unit. The top unit produced a fragment ion with a larger π-π 

hyperconjugated system, which is more favorable than the fragment from the base unit 

energetically. With this argument, compounds 152, 153, 155, 156 and 159 produced a secondary 

peak of m/z 289, which suggests that (epi)catechin was the base unit and (epi)gallocatechin was 

the top unit. Similarly, compounds 154, 157 and 158 produced a secondary peak of m/z 305, 

which suggests that (epi)gallocatechin was the base unit and (epi)catechin was the top unit. 

 

 Characterization of (epi)gallocatechin-(epi)gallocatechin (Mr 610) 9.1.17.

Four isomers of (epi)gallocatechin-(epi)gallocatechin (160-164) were identified at tR 4.5, 6.5, 7.5, 

10.2 and 13.1 min with m/z 609 and C30H26O14. All the compound peaks produced an MS2 base 

peak of m/z 423 and secondary peaks of m/z 441 and 305. The fragment m/z 423 produced a base 

peak of either m/z 283 or 297 in MS3 and secondary peak of m/z 255. The fragments m/z 441 and 

423 were formed by RDA and the fragment m/z 305 was formed by QM fission. Since all the 

compounds produced a secondary peak of m/z 305, it implied that (epi)gallocatechin was the top 

and base unit. 

 

 Characterization of (epi)catechin-O-dihexoside (Mr 614) 9.1.18.

Three peaks at tR 9.6, 11.8 and 13.2 min with m/z 613 and C27H34O16 were assigned as 

(epi)catechin-O-dihexoside or (epi)catechin-3-O-hexoside-7-O-hexoside (165-167). It produced 
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MS2, MS3 and MS4 base peaks of m/z 451 [M-H-Glc]-, 289 [M-H-Glc-Glc]- and 245 respectively. 

The presence of an intermediate fragment of m/z 451 suggested the absence of interglycosidic 

linkage. 

 

 Characterization of 3-O-galloyl(epi)catechin-(4,8/2,6)-(epi)catechin (Mr 9.1.19.

728) 

A peak at tR 36.6 min with m/z 727 and C37H28O16 was assigned as 3-O-galloyl(epi)catechin-

(4,8/2,6)-(epi)catechin (168). It produced an MS2 base peak of m/z 575 and secondary peak of 

m/z 423. The fragment m/z 575 produced a base peak of m/z 449 in MS3 and secondary peak of 

m/z 289. The fragment m/z 449 was formed by HRF, fragments m/z 575 and 423 were formed by 

RDA and fragment m/z 289 was formed by QM fission. 

 

 Characterization of 3-O-galloyl(epi)catechin-(4,8/2,6)-(epi)catechin and 9.1.20.

(epi)catechin-(4,8′)-3′-O-galloyl-(epi)catechin (Mr 730) 

Three peaks at tR 20.3, 23.6 and 27.9 min with m/z 729 and C37H30O16 were assigned as gallates 

of dimeric (epi)catechin (169-171). Compounds 169 and 171 at tR 20.3 and 27.9 min produced an 

MS2 base peak of m/z 577 and secondary peak of m/z 559. The fragment m/z 577 produced a base 

peak of m/z 407 in MS3 and secondary peaks of m/z 407, 451, 425 and 289. Compound 170 at tR 

23.6 min produced an MS2 base peak of m/z 407 and secondary peaks of m/z 577, 559, 451, 441 

and 289. The fragment m/z 407 produced a base peak of m/z 285 in MS3. The fragment m/z 577 

was formed by the loss of gallic acid, the fragment m/z 451 was formed by HRF, fragments m/z 

559, 441 and 425 were formed by RDA and fragments m/z 289 and 285 were formed by QM 

fission. The galloyl residue is either attached to the C3 of the top unit or the base unit. If it is 

attached to the base unit, the loss of gallic acid is favored over the RDA fragmentation of the top 

unit with m/z 425. Since the fragment m/z 425 was not found in compound 170, it was determined 

that the galloyl group was connected to the base unit and thus it was named (epi)catechin-(4,8′)-

3′-O-galloyl-(epi)catechin. The fragment m/z 425 was found in compounds 169 and 171, so it 

was determined that the galloyl group was connected to the top unit and it was named 3-O-

galloyl(epi)catechin-(4,8)-(epi)catechin. 
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 Characterization of (epi)gallocatechin-(4,8′)-3′-O-galloyl-(epi)catechin (Mr 9.1.21.

746) 

A peak at tR 20.6 min with m/z 745 with C37H30O17 was assigned as (epi)gallocatechin-(4,8′)-3′-

O-galloyl-(epi)catechin (172). It produced an MS2 base peak of m/z 407 and secondary peaks of 

m/z 727, 593, 441 and 289. The fragment m/z 407 produced a base peak of m/z 285 in MS3. The 

fragment m/z 593 was formed by the loss of a galloyl group, the fragment m/z 451 was formed by 

HRF, fragment m/z 441 was formed by RDA and fragments m/z 289 and 285 were formed by 

QM fission. The presence of the fragment m/z 289 implied that the base unit is (epi)catechin and 

top unit is (epi)gallocatechin. The presence of fragment m/z 407 as the base peak implied that the 

galloyl group was connected to the base unit. 

 

 Characterization of (epi)gallocatechin-(4,8)-3′-O-galloyl(epi)gallocatechin 9.1.22.

(Mr 762) 

Two peaks at tR 13.7 and 25.7 min with m/z 761 with C37H30O18 were assigned as 

(epi)gallocatechin-(4,8)-3′-O-galloyl(epi)gallocatechin (173-174). Both compounds produced an 

MS2 base peak of m/z 423 and secondary peaks of m/z 609, 575 and 305. The fragment m/z 423 

produced a base peak of m/z 283 in MS3. The fragment m/z 609 was formed by the loss of a 

galloyl group, the fragment m/z 575 was formed by HRF, fragment m/z 423 was formed by RDA 

and fragments m/z 305 and 283 were formed by QM fission. The fragment m/z 305 implied the 

presence of (epi)gallocatechin-(4,8)-(epi)gallocatechin. The presence of fragment m/z 423 as the 

base peak implied that the galloyl group was connected to the base unit. 

 

 Characterization of A-type procyanidin trimer (Mr 864) 9.1.23.

Four peaks at tR 22.6, 23.2, 26.7 and 33.7 min with m/z 863 with C45H36O18 were assigned as A-

type (epi)catechin trimers (175-178). Compounds 175 and 176 produced an MS2 base peak of m/z 

711 and secondary peaks of m/z 693, 559, 541, 451, 411 and 289. The fragment m/z 711 

produced a base peak of m/z 693 in MS3 and secondary peaks of m/z 559, 541 and 407. The 

fragments m/z 451 and 411 were formed by HRF, fragments m/z 711 and 693 were formed by 

RDA and fragment m/z 289 was formed by QM fission. The presence of fragments m/z 451, 411 

and 289 implied that the top and middle units were connected via an A-type linkage. Thus, 
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compounds 175 and 176 were assigned as (epi)catechin-(4,8′/2,7′)-(epi)catechin-(4′,8′′)-

(epi)catechin. 

 

Compound 177 produced an MS2 base peak of m/z 575 and secondary peaks of m/z 711, 693, and 

559. The fragment m/z 575 produced a base peak of m/z 449 in MS3 and secondary peaks of m/z 

539 and 289. Compound 178 produced an MS2 base peak of m/z 693 and secondary peaks of m/z 

575 and 449. The fragment m/z 693 produced a base peak of m/z 657 in MS3 and secondary peaks 

of m/z 541, 449 and 403. The fragment m/z 449 was formed by HRF, fragments m/z 711 and 693 

were formed by RDA and fragments m/z 575 and 289 were formed by QM fission. The presence 

of fragment m/z 575 implied that the bottom and middle units were connected via an A-type 

linkage. Thus, compounds 177 and 178 were assigned as (epi)catechin-(4,8′)-(epi)catechin-

(4′,8′′/2′,7′′)-(epi)catechin. 

 

 Characterization of B-type procyanidin trimer (Mr 866) 9.1.24.

Seven peaks at tR 5.6, 14.9, 15.6, 16.6, 19.2, 22.2 and 25.6 min with m/z 865 with C45H38O18 were 

assigned as (epi)catechin trimers or procyanidin C (179-185). The seven compounds had similar 

fragmentation. Compounds 179, 181, 182, 183 and 185 produced an MS2 base peak of m/z 695 

and secondary peaks of m/z 577, 575, 543, 451, 425, 407 and 287. The fragment m/z 695 

produced a base peak of either m/z 243 or 543 in MS3 and secondary peaks of m/z 525, 451, 405 

and 289. Compound 180 produced an MS2 base peak of m/z 745 and secondary peaks of m/z 695, 

577, 575, 451 and 407. Compound 184 produced an MS2 base peak of m/z 711 and secondary 

peaks of m/z 695, 577, 575, 543, 451, 425, 407 and 287. The fragment m/z 711 produced a base 

peak of m/z 693 in MS3 and secondary peaks of m/z 559, 541, 407 and 285. The fragment m/z 695 

was formed by RDA and fragments m/z 577 and 575 were formed by QM fission. The EIC of m/z 

865 in Rhododendron neriiflorum in negative mode is shown in Figure 9.11, along with the MSn 

spectra of compound 180 in Figure 9.12. 
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Figure 9.11: EIC of m/z 865 in Rhododendron neriiflorum in negative mode 

 

Figure 9.12: MSn spectra of procyanidin C 
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Compound 187 produced an MS2 base peak of m/z 711 and secondary peaks of m/z 695, 593, 

543, 425, 407 and 289. The fragment m/z 711 produced a base peak of m/z 543 in MS3 and 

secondary peaks of m/z 525, 407 and 289. The fragment m/z 711 was formed by RDA and 

fragments m/z 593 and 289 were formed by QM fission. The presence of fragments m/z 289 and 

593 implied that the base unit was (epi)catechin, the middle unit was (epi)gallocatechin and top 

unit was (epi)catechin. Thus, compound 187 at tR 12.1 min was assigned as (epi)catechin-(4,8′)-

(epi)gallocatechin-(4′,8′′)-(epi)catechin. 

 

 Characterization of (epi)gallocatechin-(4,8′/2,7′)-(epi)gallocatechin-(4′,8′′)-9.1.26.

(epi)catechin (Mr 896) 

One peak at tR 15.9 min with m/z 895 with C45H36O20 was assigned as trimeric A-type 

proanthocyanidins with one unit of (epi)catechin and two units of (epi)gallocatechin (189). It 

produced an MS2 base peak of m/z 727 and secondary peaks of m/z 709, 575, 467, 427 and 289. 

The fragment m/z 727 produced a base peak of m/z 575 in MS3 and secondary peaks of m/z 525 

and 407. The fragments m/z 467 and 427 were formed by HRF, the fragments m/z 727, 709 and 

575 were formed by RDA and fragment m/z 289 was formed by QM fission. The presence of 

fragments m/z 289, 427 and 467 implied that the base unit was (epi)catechin and top and middle 

units were (epi)gallocatechin connected by an A-type linkage. Thus, compound 189 was assigned 

as (epi)gallocatechin-(4,8′/2,7′)-(epi)gallocatechin-(4′,8′′)-(epi)catechin. 

 

 Characterization of (epi)gallocatechin-(4,8′)-(epi)gallocatechin-(4′,8′′)-9.1.27.

(epi)catechin (Mr 898) 

One peak at tR 9.1 min with m/z 897 with C45H38O20 was assigned as trimeric B-type 

proanthocyanidin with one unit of (epi)catechin and two units of (epi)gallocatechin (190). It 

produced an MS2 base peak of m/z 711 and secondary peaks of m/z 771, 543, 467, 423, 407 and 

289. The fragment m/z 711 produced a base peak of m/z 283 in MS3 and secondary peaks of m/z 

297 and 243. The fragments m/z 467 was formed by HRF, the fragments m/z 711 and 543 were 

formed by RDA and fragment m/z 289 was formed by QM fission. The presence of fragments m/z 

289 and 467 implied that the bottom unit was (epi)catechin and middle unit was 
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(epi)gallocatechin. Thus, compound 190 was assigned as (epi)gallocatechin-(4,8′)-

(epi)gallocatechin-(4′,8′′)-(epi)catechin. 

 

 Characterization of B-type procyanidin trimer gallate (Mr 1018) 9.1.28.

Two doubly charged peaks at tR 13.1 and 18.3 min with m/z 508 with C52H42O22 were assigned as 

gallates of trimeric B-type proanthocyanidins with three units of (epi)catechin (191-192). 

Compound 191 produced an MS2 base peak of m/z 695 and secondary peaks of m/z 727, 577, 303 

and 289. The fragment m/z 695 produced a base peak of m/z 525 in MS3 and secondary peaks of 

m/z 451, 289 and 243. Compound 192 produced an MS2 base peak of m/z 423 and secondary 

peaks of m/z 727, 695, 303 and 289. The fragment m/z 423 produced a base peak of m/z 243 in 

MS3 and secondary peak of m/z 289. The compounds produced different fragmentation than the 

compounds identified by our group previously. 

 

 Characterization of A-type procyanidin tetramer (Mr 1152) 9.1.29.

Four doubly charged peaks at tR 12.9, 19.5, 24.5 and 25.9 min with m/z 575 with C60H48O24 were 

assigned as tetrameric A-type proanthocyanidins with four units of (epi)catechin (193-196). 

Compound 193 produced an MS2 base peak of m/z 863 and secondary peaks of m/z 711, 499, 

490, 451, 289 and 245. The fragment m/z 863 produced a base peak of m/z 411 in MS3 and 

secondary peaks of m/z 711, 693, 573, 559, 451 and 289. Compounds 194 and 195 produced an 

MS2 base peak of m/z 861 and secondary peaks of m/z 739, 451, 411, 289 and 245. The fragment 

m/z 861 produced a base peak of m/z 411 in MS3 and secondary peaks of m/z 691, 449 and 287. 

Compound 196 produced an MS2 base peak of m/z 863 and secondary peaks of m/z 739, 693, 

491, 451, 423, 407, 289 and 245. The fragment m/z 863 produced a base peak of m/z 575 in MS3 

and secondary peaks of m/z 449, 287 and 245. The fragment ions m/z 863 and 575 correspond to 

the loss of one and two units of (epi)catechin respectively. 

 

 Characterization of B-type procyanidin tetramer (Mr 1154) 9.1.30.

Six doubly charged peaks at tR 17.7, 21.3, 22.2, 24.5, 26.2 and 30.5 min with m/z 576 with 

C60H50O24 were assigned as tetrameric B-type proanthocyanidins with four units of (epi)catechin 

(197-202). All the six compounds consisted of similar fragmentation peaks with a few 

differences. Compound 197 produced an MS2 base peak of m/z 865 and secondary peaks of m/z 
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739, 693, 491, 451, 407, 289 and 287. The fragment m/z 865 produced a base peak of m/z 695 in 

MS3 and secondary peaks of m/z 543, 451 and 245. Compounds 198, 199 and 201 produced an 

MS2 base peak of m/z 863 and secondary peaks of m/z 739, 693, 491, 451, 407, 289, 287 and 245. 

The fragment m/z 863 produced a base peak of either m/z 575 or 695 in MS3 and secondary peak 

of m/z 449. Compound 200 produced an MS2 base peak of m/z 407 and secondary peaks of m/z 

863, 739, 693, 491, 451, 425, 289, 287 and 245. The fragment m/z 407 produced a base peak of 

m/z 285 in MS3 and secondary peak of m/z 243. Compound 202 produced an MS2 base peak of 

m/z 863 and secondary peaks of m/z 739, 693, 491, 451, 425, 407, 289, 287 and 243. The 

fragment m/z 863 produced a base peak of m/z 413 in MS3 and secondary peaks of m/z 693, 575 

and 287. The fragment ions m/z 865, 863 and 575 correspond to the loss of one and two units of 

(epi)catechin respectively. 
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10. Flavanones 

 

The only flavanones and flavanone derivatives found in Rhododendron species were naringenin 

and taxifolin and their derivatives. 

 

 Naringenin and its derivatives 10.1.

Naringenin derivatives were identified based on their characteristic fragmentation peaks. The 

aglycon of naringenin can be identified in MSn by comparison with an authentic standard. In 

negative mode, naringenin at m/z 271 (after a loss of hydrogen) fragments to give m/z 151 and 

107. 

 

 Characterization of naringenin (Mr 272) 10.1.1.

A peak at tR 47.9 min with m/z 271 and C15H12O5 was assigned as naringenin (203). It produced 

MS2 base peak of m/z 151 and secondary peak of m/z 177. The fragment m/z 151 produced a base 

peak of m/z 107 in MS3. The EIC of m/z 271 in Rhododendron ambiguum in negative mode is 

shown in Figure 10.1, along with the MSn spectra of compound 203 in Figure 10.2. 

  

Figure 10.1: EIC of m/z 271 in Rhododendron ambiguum in negative mode 
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Figure 10.2: MSn spectra of naringenin 

 

 Characterization of naringenin-O-hexoside (Mr 434) 10.1.2.

A peak at tR 38.3 min with m/z 433 and C21H22O10 was assigned as naringenin-O-hexoside (204). 

It produced MS2 MS3 and MS4 base peaks of m/z 271 [M-H-Glc]-, 151 and 107 respectively. The 

EIC of m/z 433 in Rhododendron alutaceum in negative mode is shown in Figure 10.3, along 

with the MSn spectra of compound 204 in Figure 10.4. The proposed fragmentation of compound 

204 is shown in Figure 10.5. 

   

Figure 10.3: EIC of m/z 433 in Rhododendron alutaceum in negative mode 
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Figure 10.4: MSn spectra of naringenin-O-hexoside 
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 Characterization of naringenin-O-hexoside-O-pentoside (Mr 566) 10.1.3.

A peak at tR 38 min with m/z 565 and C26H30O14 was assigned as naringenin-O-hexoside-O-

pentoside (205), which is an isomer of naringenin-O-hexoside-O-pentoside. It produced MS2 base 
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Taxifolin derivatives were identified based on their characteristic fragmentation peaks. The 

aglycon of taxifolin can be identified in MSn by comparison with an authentic standard. In 

negative mode, taxifolin at m/z 303 (after a loss of hydrogen) fragments to give m/z 285, 241 and 

175. The fragment m/z 285 was found to be present in a higher intensity usually compared to m/z 

303, which can be explained by the loss of water being favorable under these MS conditions. 

 

432.9

150.7

270.8

150.7

0

50

100

Intens.

0

50

100

0

50

100

100 150 200 250 300 350 400 450 m/z

[%]

[%]

[%]

MS2

MS3

MS

OO

OH O

OH

O
HO

HO

OH

OH

204

Naringenin-O-hexoside

433, tR 38.3 min 



   

   
Page  |  106 

 

 Characterization of taxifolin (Mr 304) 10.2.1.

A peak at tR 29.1 min with m/z 303 and C15H12O7 was assigned as taxifolin (206). It produced an 

MS2 base peak of m/z 285 [M-H-H2O]- and secondary peaks of m/z 177 and 125. The fragment 

m/z 285 further fragmented to give an MS3 base peak of m/z 241. 

 

 Characterization of taxifolin-O-pentoside (Mr 436) 10.2.2.

Five isomers of taxifolin-O-pentoside (207-211) were identified at tR 27.8, 31.1, 32.4, 33.6 and 

35.5 min with C20H20O11 and m/z 435. The three isomers produced an MS2 base peak of either 

m/z 303 [M-H-Xyl]- or 285 [M-H-Xyl-H2O]-, which further fragmented to give an MS3 base peak 

of m/z 241 and secondary peak of m/z 175. 

 

 Characterization of taxifolin-O-rhamnoside (Mr 450) 10.2.3.

Three isomers of taxifolin-O-rhamnoside (212-214) were identified at tR 36.2, 36.6 and 37.4 min 

C21H22O11 and m/z 449. It produced MS2 and MS3 base peaks of m/z 285 [M-H-Rha-H2O]- and 

241 respectively and a secondary peak of m/z 303 [M-H-Rha]- in MS2. 

 

 Characterization of taxifolin-O-hexoside (Mr 466) 10.2.4.

Seven isomers of taxifolin-O-hexoside (215-221) were identified at tR 15.1, 19.3, 22.8, 24.8, 26.2, 

27.9 and 30.0 min with C21H22O12 and m/z 465. The compounds produced similar fragments. 

Compounds 215 and 216 produced MS2, MS3 and MS4 base peaks of m/z 303 [M-H-Glc]-, 285 

[M-H-Glc-H2O]- and 241 respectively and a secondary peak of m/z 175 in MS4. Compounds 217, 

218, 219 and 220 produced an MS2 base peak of m/z 285 [M-H-Glc-H2O]- and a secondary peak 

of m/z 303 [M-H-Glc]-. In MS3, m/z 285 further fragmented to give a base peak of m/z 241 and a 

secondary peak of m/z 175. Compound 221 produced an MS2 base peak of m/z 303 [M-H-Glc]- 

and secondary peak of m/z 285 [M-H-Glc-H2O]-. It further fragmented in MS3 to give a base peak 

of m/z 151. The EIC of m/z 465 in Rhododendron tapetiforme in negative mode is shown in 

Figure 10.6, along with the MSn spectra of compound 219 in Figure 10.7. The proposed 

fragmentation of compounds 215-221 is shown in Figure 10.8. 
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Figure 10.6: EIC of m/z 465 in Rhododendron tapetiforme in negative mode 

 

Figure 10.7: MSn spectra of taxifolin-O-hexoside 
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Figure 10.8: Proposed fragmentation of taxifolin-O-hexoside 
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fragmented to give a base peak of m/z 241. The absence of an intermediate peak implied that the 

acetyl group was connected to the rhamnoside. 

 

 Characterization of taxifolin-O-acetyl-hexoside (Mr 508) 10.2.6.

Two isomers of taxifolin-O-acetyl-hexoside (224-225) were identified at tR 46.7 and 48.1 min 

with C23H24O13 and m/z 507. Both compounds produced an MS2 base peak of m/z 285 [M-H-

acetyl-Glc-H2O]- and a secondary peak of m/z 303 [M-H-acetyl-Glc]-. In MS3, m/z 285 further 

fragmented to give a base peak of m/z 241 and secondary peaks of m/z 175 and 151. The absence 

of an intermediate peak implied that the acetyl group was connected to the hexoside. 

 

 Characterization of taxifolin-O-pentoside-O-hexoside (Mr 598) 10.2.7.

A peak at tR 17.7 min with m/z 597 and C26H30O16 was assigned as taxifolin-O-pentoside-O-

hexoside (226). It produced MS2, MS3 and MS4 base peaks of m/z 435 [M-H-Glc]-, 285 [M-H-

Glc-Xyl-H2O]- and 241 respectively and a secondary peak of m/z 303 [M-H-Glc-Xyl]-. The 

presence of an intermediate peak m/z 435 implied that there was no linkage between pentoside 

and hexoside. 

 

 Characterization of taxifolin-O-rhamnoside-O-hexoside (Mr 612) 10.2.8.

Two isomers of taxifolin-O-rhamnoside-O-hexoside (227-228) were identified at tR 20.1 and 32.8 

min with C27H32O16 and m/z 611. Both compounds produced MS2, MS3 and MS4 base peaks of 

m/z 449 [M-H-Glc]-, 285 [M-H-Glc-Rha-H2O]- and 241 respectively and a secondary peak of m/z 

303 [M-H-Glc-Rha]-. The presence of an intermediate fragment m/z 449 implied that there was 

no linkage between rhamnoside and hexoside. 
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11. Flavonols 

 

The flavonols and their derivatives were identified with their characteristic fragmentation 

patterns. According to previous studies, the 7-O-glycosylated flavonoid elutes before the 3-O-

glycosylated flavonoid. Also, if flavonoids have both 3-O-glycosulated and 7-O-glycosylated 

bonds, then the 7-O-glycosylated bond is fragmented before the 3-O-glycosulated bond. 

 

 Myricetin and its derivatives 11.1.

Myricetin derivatives were identified based on their characteristic fragmentation peaks. The 

aglycon of myricetin can be identified in MSn by comparison with an authentic standard. In 

negative mode, myricetin at m/z 317 (after a loss of hydrogen) fragments to give m/z 316, 271, 

179 and 151. 

 

 Characterization of myricetin (Mr 318) 11.1.1.

A peak at tR 38.9 min with m/z 317 and C15H10O8 was assigned as myricetin (229). It produced 

the characteristic MS2 base peak of m/z 179, which produced a base peak of m/z 151 in MS3. 

 

 Characterization of myricetin-O-pentoside (Mr 450) 11.1.2.

Three isomers of myricetin-O-pentoside (230-232) were identified at tR 32.1, 37.8 and 39.1 min 

with C20H18O12 and m/z 449. The compounds produced an MS2 base peak of either m/z 317 [M-

H-Xyl]- or 316, which produced fragments of m/z 271, 179 and 151. 

 

 Characterization of myricetin-O-rhamnoside (Mr 464) 11.1.3.

A peak at tR 33.0 min with m/z 463 and C21H20O12 was assigned as myricetin-O-rhamnoside 

(233). It produced the characteristic MS2 base peak of either m/z 317 [M-H-Rha]- or 316, which 

produced a base peak of m/z 271 and secondary peaks of m/z 179 and 151 in MS3. 

 

 Characterization of myricetin-O-hexoside (Mr 480) 11.1.4.

Three isomers of myricetin-O-hexoside (234-236) were identified at tR 30.8, 31.2 and 35.3 min 

with C21H20O13 and m/z 479. The compounds produced an MS2 base peak of either m/z 317 [M-

H-Glc]- or 316, which produced fragments of m/z 271, 179 and 151. The EIC of m/z 479 in 
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Rhododendron decorum in negative mode is shown in Figure 11.1, along with the MSn spectra of 

compound 234 in Figure 11.2. The proposed fragmentation of compounds 234-236 is shown in 

Figure 11.3. 

 

 

Figure 11.1: EIC of m/z 479 in Rhododendron decorum in negative mode 

 

Figure 11.2: MSn spectra of myricetin-O-hexoside 
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Figure 11.3: Proposed fragmentation of myricetin-O-hexoside 
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 Characterization of myricetin-O-glucuronide (Mr 494) 11.1.5.

A peak at tR 36.5 min with m/z 493 and C21H18O14 was assigned as myricetin-O-glucuronide 

(237). It produced the characteristic MS2, MS3 and MS4 base peak of m/z 317 [M-H-Glu]-, 179 

and 151 respectively. 

 

 Characterization of myricetin-O-acetyl-rhamnoside (Mr 506) 11.1.6.

A peak at tR 37.6 min with m/z 505 and C23H22O13 was assigned as myricetin-O-acetyl-

rhamnoside (238). It produced an MS2 base peak of m/z 316 and secondary peak of m/z 317. The 

fragment m/z 316 produced a base peak of m/z 271 in MS3 and secondary peaks of m/z 179 and 

151. 

 

 Characterization of myricetin-O-dipentoside (Mr 582) 11.1.7.

Two isomers of myricetin-O-dipentoside (239-240) were identified at tR 41.4 and 42.5 min with 

C25H26O16 and m/z 581. Compound 239 produced MS2, MS3 and MS4 base peaks of m/z 449 [M-

H-Xyl]-, 317 [M-H-Xyl-Xyl]- and 179 respectively. The presence of an intermediate fragment of 

m/z 449 suggested the absence of linkage between the two pentosides. Compound 240 on the 

other hand produced MS2 and MS3 base peaks of m/z 317 [M-H-Xyl-Xyl]- and 179 respectively 

and the absence of an intermediate fragment suggested the presence of linkage between the two 

pentosides. 

 

 Characterization of myricetin-O-benzoyl-hexoside (Mr 584) 11.1.8.

A peak at tR 45.7 min with m/z 583 and C28H24O14 was assigned as myricetin-O-benzoyl-hexoside 

(241). It produced an MS2 base peak of m/z 316 and secondary peak of m/z 317 [M-H-benzoyl-

Glc]-. The fragment m/z 316 produced a base peak of m/z 271 in MS3 and secondary peaks of m/z 

179 and 151. 

 

 Characterization of myricetin-O-galloyl-rhamnoside (Mr 616) 11.1.9.

Two isomers of myricetin-O-galloyl-rhamnoside (242-243) were identified at tR 38.5 and 39.2 

min with C28H24O16 and m/z 615. Both compounds produced an MS2 base peak of m/z 317 [M-H-

galloyl-Rha]- and secondary peak of m/z 463 [M-H-galloyl]-. The fragment m/z 317 produced a 



   

   
Page  |  112 

 

base peak of m/z 179 and 151 in MS3 and MS4 respectively. The presence of an intermediate 

fragment m/z 463 as a secondary peak suggested the presence of linkage between the galloyl 

group and rhamnose. 

 

 Characterization of myricetin-O-hexoside-O-rhamnoside (Mr 626) 11.1.10.

Two isomers of myricetin-O-hexoside-O-rhamnoside (244-245) were identified at tR 31.4 and 

35.4 min with C27H30O17 and m/z 625. Compound 244 produced an MS2 base peak of m/z 317 

[M-H-Glc-Rha]- and secondary peak of m/z 316. The fragment m/z 317 produced a base peak of 

m/z 271 and secondary peaks of m/z 179 and 151. The absence of an intermediate fragment 

suggested the presence of linkage between the rhamnose and hexose. Thus, compound 244 at tR 

31.4 min was assigned as myricetin-O-rutinoside. Compound 245 on the other hand produced an 

MS2 base peak of m/z 463 [M-H-Glc]-, which fragmented into 316 and 317 [M-H-Glc-Rha]- in 

MS3. In MS4, the fragment m/z 316 further fragmented into m/z 271 as the base peak and m/z 179 

and 151 as secondary peaks. The presence of an intermediate fragment of m/z 463 suggested the 

absence of linkage between the rhamnose and hexose and that hexose was 3-O-glycosylated to 

myricetin. Thus, compound 244 at tR 35.4 min was assigned as myricetin-3-O-hexoside-7-O-

rhamnoside. 

 

 Characterization of myricetin-O-galloyl-hexose (Mr 632) 11.1.11.

Two isomers of myricetin-O-galloyl-hexose (246-247) were identified at tR 30.5 and 32.5 min 

with C28H24O17 and m/z 631. Compound 246 at tR 30.5 min produced an MS2 base peak of m/z 

316 and secondary peak of m/z 317 [M-H-galloyl-Glc]-. The fragment m/z 316 produced a base 

peak of m/z 271 and secondary peaks of m/z 179 and 151. The absence of an intermediate 

fragment suggested the presence of linkage between the galloyl group and hexose. Compound 

247 on the other hand produced an MS2 base peak of m/z 479 [M-H-galloyl]-, which fragmented 

into 316 and 317 [M-H-galloyl-Glc]- in MS3. In MS4, the fragment m/z 316 further fragmented 

into m/z 271 as the base peak and m/z 179 and 151 as secondary peaks. The presence of an 

intermediate fragment of m/z 479 suggested the absence of linkage between the galloyl group and 

hexose and that hexose was 3-O-glycosylated to myricetin. Thus, compound 247 at tR 32.5 min 

was assigned as myricetin-7-O-galloyl-3-O-hexoside. 

 



   

   
Page  |  113 

 

 Quercetin and its derivatives 11.2.

Quercetin derivatives were identified based on their characteristic fragmentation peaks. The 

aglycon of quercetin can be identified in MSn by comparison with an authentic standard. In 

negative mode, quercetin at m/z 301 (after a loss of hydrogen) fragments to give m/z 300, 179 and 

151. 

 

 Characterization of quercetin (Mr 302) 11.2.1.

A peak at tR 44.4 min with m/z 301 and C15H10O7 was assigned as quercetin (248). It produced 

the characteristic MS2 base peak of m/z 179, which produced a base peak of m/z 151 in MS3. 

 

 Characterization of quercetin-O-pentoside (Mr 434) 11.2.2.

Four isomers of quercetin-O-pentoside (249-252) were identified at tR 36.6, 37.4, 39.6 and 41.2 

min with C20H18O11 and m/z 433. The compounds produced an MS2 base peak of m/z 301 [M-H-

Xyl]-, which produced fragments of m/z 179 and 151. 

 

 Characterization of quercetin-O-rhamnoside (Mr 448) 11.2.3.

A peak at tR 38.7 min with m/z 447 and C21H20O11 was assigned as quercetin-O-rhamnoside 

(253). It produced the characteristic MS2 base peak of m/z 301 [M-H-Rha]-, which produced a 

base peak of m/z 179 and secondary peak of m/z 151 in MS3. 

 

 Characterization of quercetin-O-hexoside (Mr 464) 11.2.4.

Three isomers of quercetin-O-hexoside (254-256) were identified at tR 34.2, 35.5 and 40.7 min 

with C21H20O12 and m/z 463. The compounds produced an MS2 base peak of m/z 301 [M-H-Glc]-, 

which produced fragments of m/z 271, 179 and 151. The EIC of m/z 463 in Rhododendron 

concinnum in negative mode is shown in Figure 11.4, along with the MSn spectra of compound 

254 in Figure 11.5. The proposed fragmentation of compounds 254-256 is shown in Figure 11.6. 
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Figure 11.4: EIC of m/z 463 in Rhododendron concinnum in negative mode 

 

Figure 11.5: MSn spectra of quercetin-O-hexoside 
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Figure 11.6: Proposed fragmentation of quercetin-O-hexoside 
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or 301 [M-H-acetyl-Xyl]-, which produced fragments of m/z 271, 179 and 151. The absence of an 

intermediate peak implied that there was linkage between the acetyl group and pentoside. 

 

 Characterization of quercetin-O-glucuronide (Mr 478) 11.2.6.

A peak at tR 40.8 min with m/z 477 and C21H18O13 was assigned as quercetin-O-glucuronide 

(260). It produced an MS2 base peak of m/z 301 [M-H-Glu]-, which produced fragments of m/z 

179 and 151. 

 

 Characterization of quercetin-O-acetyl-rhamnoside (Mr 490) 11.2.7.

Three isomers of quercetin-O-acetyl-rhamnoside (261-263) were identified at tR 43.5, 45.5 and 

47.6 min with C23H22O12 and m/z 489. The compounds produced an MS2 base peak of either m/z 

300 or 301 [M-H-acetyl-Rha]-. In MS3, the fragment m/z 300 further fragmented into m/z 271 as 

the base peak and m/z 179 and 151 as secondary peaks. The absence of an intermediate peak 

implied that there was linkage between the acetyl group and rhamnoside. 

 

 Characterization of quercetin-O-acetyl-hexoside (Mr 506) 11.2.8.

Eight isomers of quercetin-O-acetyl-hexoside (264-271) were identified at tR 38.0, 40.0, 42.0, 

42.8, 43.4, 44.0, 45.6 and 46.5 min with C23H22O13 and m/z 505. The compounds produced an 

MS2 base peak of m/z 301 [M-H-acetyl-Glc]- and secondary peak of 463. In MS3, the fragment 

m/z 301 further fragmented into m/z 271 as the base peak and m/z 179 and 151 as secondary 

peaks. The presence of m/z 301 as the base peak and m/z 463 as the secondary peak implied there 

was linkage between the acetyl group and hexoside. 

 

 Characterization of quercetin-O-diacetyl-hexoside (Mr 548) 11.2.9.

A peak at tR 51.5 min with m/z 547 and C25H24O14 was assigned as quercetin-O-diacetyl-hexoside 

(272). It produced an MS2 base peak of either m/z 300 or 301 [M-H-acetyl-acetyl-Glc]-. In MS3, 

the fragment m/z 300 further fragmented into m/z 271 as the base peak and m/z 179 and 151 as 

secondary peaks. 
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 Characterization of quercetin-O-dipentoside (Mr 566) 11.2.10.

Two isomers of quercetin-O-dipentoside (273-274) were identified at tR 33.8 and 36.3 min with 

C25H26O15 and m/z 565. Both compounds produced an MS2 base peak of either m/z 300 or 301 

[M-H-Xyl-Xyl]-. The fragment 300 further fragmented in MS3 to give a base peak of m/z 271 and 

secondary peaks of 179 and 151. The absence of an intermediate fragment suggested the presence 

of linkage between the two pentosides. 

 

 Characterization of quercetin-O-benzoyl-hexoside (Mr 568) 11.2.11.

A peak at tR 49.7 min with m/z 567 and C28H24O13 was assigned as quercetin-O-benzoyl-hexoside 

(275). It produced an MS2 base peak of m/z 301 [M-H-benzoyl-Glc]-. The fragment m/z 301 

further fragmented in MS3 to give a base peak of m/z 271 and secondary peaks of 179 and 151. 

The absence of an intermediate fragment suggested the presence of linkage between the benzoyl 

group and hexoside. 

 

 Characterization of quercetin-O-pentoside-O-rhamnoside (Mr 580) 11.2.12.

A peak at tR 37.2 min with m/z 579 and C26H28O15 was assigned as quercetin-O-pentoside-O-

rhamnoside (276). It produced an MS2 base peak of m/z 301 [M-H-Xyl-Rha]-. In MS3, the 

fragment m/z 301 further fragmented in MS3 to give a base peak of m/z 179 and secondary peaks 

of 271 and 151. The absence of an intermediate fragment suggested the presence of linkage 

between the benzoyl group and hexoside. 

 

 Characterization of quercetin-O-(p-hydroxy)-benzoyl-hexoside (Mr 584) 11.2.13.

Three isomers of quercetin-O-(p-hydroxy)-benzoyl-hexoside (277-279) were identified at tR 41.7, 

44.0 and 49.8 min with C28H24O14 and m/z 583. All three compounds produced an MS2, MS3 and 

MS4 base peak of m/z 463 [M-H-hydroxybenzoyl]-, 301 [M-H-hydroxybenzoyl-Glc]- and 179 

respectively and a secondary peak of 151 in MS4. The presence of an intermediate fragment of 

m/z 463 suggested the absence of linkage between the hydroxybenzoyl group and hexoside and 

that hexose was 3-O-glycosylated to quercetin. 
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 Characterization of quercetin-O-galloyl-pentoside (Mr 586) 11.2.14.

Two isomers of quercetin-O-galloyl-pentoside (280-281) were identified at tR 39.1 and 42.9 min 

with C27H22O15 and m/z 585. Compound 280 produced MS2, MS3 and MS4 base peaks of m/z 433 

[M-H-galloyl]-, 301 [M-H-galloyl-Xyl]- and 179 respectively and a secondary peak of 151 in 

MS4. The presence of an intermediate fragment of m/z 433 suggested the absence of linkage 

between the galloyl group and pentoside. Compound 281 on the other hand produced MS2 and 

MS3 base peaks of m/z 301 [M-H-galloyl-Xyl]- and 179 respectively and a secondary peak of 151 

in MS4. The absence of an intermediate fragment suggested the presence of linkage between the 

galloyl group and pentoside. 

 

 Characterization of quercetin-3-O-(4"-3-hydroxy-3-methylglutaryl)-α-11.2.15.

rhamnoside (Mr 592) 

A peak at tR 44.9 min with m/z 591 and C27H28O15 was assigned as quercetin-3-O-(4"-3-hydroxy-

3-methylglutaryl)-α-rhamnoside (282). It produced MS2, MS3 and MS4 base peaks of m/z 301, 

463 and 179 respectively. 

 

 Characterization of quercetin-O-coumaroyl-rhamnoside (Mr 594) 11.2.16.

Two isomers of quercetin-O-coumaroyl-rhamnoside (283-284) were identified at tR 52.0 and 55.1 

min with C30H26O13 and m/z 593. Both compounds produced similar fragmentation with an MS2 

base peak of m/z 301 [M-H-coumaroyl-Rha]- and other fragments of m/z 179 and 151. The 

absence of an intermediate fragment suggested the presence of linkage between the coumaroyl 

group and rhamnoside. 

 

 Characterization of quercetin-O-pentoside-O-hexoside (Mr 596) 11.2.17.

Two isomers of quercetin-O-pentoside-O-hexoside (285-286) were identified at tR 24.7 and 30.4 

min with C26H28O16 and m/z 595. Compound 285 at tR 24.7 min produced MS2 and MS3 base 

peaks of m/z 463 [M-H-Xyl]- and 301 [M-H-Xyl-Glc]- respectively. The presence of an 

intermediate fragment of m/z 463 suggested the absence of linkage between the pentoside and 

hexoside and that hexose was 3-O-glycosylated to quercetin. Compound 286 at tR 30.4 min on the 

other hand produced MS2 base peaks of either m/z 300 and 301[M-H-Xyl-Glc]-. In MS3, the 

fragment m/z 300 further fragmented in MS3 to give a base peak of m/z 271 and secondary peaks 
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of 179 and 151. The absence of an intermediate fragment suggested the presence of linkage 

between the pentoside and hexoside. 

 

 Characterization of quercetin-O-protocatechuoyl-hexoside and quercetin-O-11.2.18.

galloyl-rhamnoside (Mr 600) 

Two peaks were detected with C28H24O15 and m/z 599. Compound 287 at tR 40.6 min produced 

MS2, MS3 and MS4 base peaks of m/z 463 [M-H-protocatechuoyl]-, 301 [M-H-protocatechuoyl-

Glc]- and 179 respectively and a secondary peak of 151 in MS4. It was assigned as quercetin-O-

protocatechuoyl-hexoside. Compound 288 at tR 43.4 min on the other hand produced MS2, MS3 

and MS4 base peaks of m/z 301 [M-galloyl-Rha]-, 179 and 151 respectively. The absence of an 

intermediate fragment suggested the presence of linkage between the galloyl group and rhamnose 

and thus it was assigned as quercetin-O-galloyl-rhamnoside. 

 

 Characterization of quercetin-O-rhamnoside-O-hexoside (Mr 610) 11.2.19.

Six isomers of quercetin-O-rhamnoside-O-hexoside (289-294) were identified at tR 25.7, 28.8, 

30.3, 31.5, 34.3 and 35.0 min with C27H30O16 and m/z 609. Compounds 289 and 292 produced an 

MS2 base peak of m/z 447 [M-H-Glc]- and secondary peak of m/z 463 [M-H-Rha]-. The fragment 

m/z 447 further fragmented into m/z 300 or 301 and 271, 179 and 151. The presence of 

intermediate fragments m/z 447 as base peak and m/z 463 implied that there was absence of 

linkage between rhamnoside and hexoside. Compounds 290, 291, 293 and 294 produced an MS2 

base peak of either 300 or 301 [M-H-Rha-Glc]-. It further fragmented into m/z 271, 179 and 151 

in MS3. The absence of intermediate fragments implied that there was presence of linkage 

between rhamnoside and hexoside. 

 

 Characterization of quercetin-O-coumaroyl-hexoside (Mr 610) 11.2.20.

Three isomers of quercetin-O-coumaroyl-hexoside (295-297) were identified at tR 46.4, 47.8 and 

49.5 min with C30H26O14 and m/z 609. Compounds 295 and 297 at tR 46.4 and 49.5 min produced 

MS2, MS3 and MS4 base peaks of m/z 463 [M-H-coumaroyl]-, 301 [M-H-coumaroyl-Glc]- and 

179 respectively and a secondary peak of 151 in MS4. The presence of an intermediate fragment 

m/z 463 implied that there was absence of linkage between the coumaroyl group and hexoside. 

Compound 296 at tR 47.8 min produced an MS2 base peak of either 301 [M-H-coumaroyl-Glc]- 
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and a secondary peak of m/z 463 [M-H-coumaroyl]-. In MS3, the fragment m/z 301 further 

fragmented into m/z 179 as the base peak and m/z 151 as the secondary peak. The presence of an 

intermediate fragment m/z 463 as a secondary peak implied that there was presence of linkage 

between the coumaroyl group and hexoside. 

 

 Characterization of quercetin-O-galloyl-hexoside (Mr 616) 11.2.21.

Two isomers of quercetin-O-galloyl-hexoside (298-299) were identified at tR 34.5 and 35.5 min 

with C28H24O16 and m/z 615. Both compounds produced MS2, MS3 and MS4 base peaks of m/z 

463 [M-H-galloyl]-, 301 [M-H-galloyl-Glc]- and 179 respectively and a secondary peak of 151 in 

MS4. The presence of an intermediate fragment m/z 463 implied that there was absence of linkage 

between the galloyl group and hexoside. 

 

 Characterization of quercetin-O-feruloyl-rhamnoside (Mr 624) 11.2.22.

A peak at tR 56.5 min with m/z 623 and C31H28O14 was assigned as quercetin-O-feruloyl-

rhamnoside (300). It produced an MS2 base peak of m/z 301 [M-H-Xyl-Rha]-. In MS3, the 

fragment m/z 301 further fragmented in MS3 to give a base peak of m/z 271 and secondary peaks 

of 179 and 151. The absence of an intermediate fragment suggested the presence of linkage 

between the feruloyl group and rhamnoside. 

 

 Characterization of cypellogin A/B or quercetin-O-oleuropeoyl-hexoside (Mr 11.2.23.

630) 

Three isomers of quercetin-O-oleuropeoyl-hexoside or commonly referred to as cypellogin A/B 

(301, 302 and 303) were identified at tR 48.7, 50.6 and 51.7 min with C31H34O14 and m/z 629. 

Compounds 301 and 303 at tR 48.7 and 51.7 min produced MS2, MS3 and MS4 base peaks of m/z 

463 [M-H-oleuropeoyl]-, 301 [M-H-oleuropeoyl-Glc]- and 179 or 271 respectively and as 

secondary peak of 151 in MS4. The presence of an intermediate fragment m/z 463 implied that 

there was no linkage between the oleuropeoyl group and hexoside. Compound 302 at tR 50.6 min 

produced MS2, MS3 and MS4 base peaks of m/z 301 [M-H-oleuropeoyl-Glc]-, 179 and 151 

respectively and a secondary peak of 271 in MS3. The absence of an intermediate fragment m/z 

463 implied that there was linkage between the oleuropeoyl group and hexoside. 

 



   

   
Page  |  120 

 

 Characterization of cypellogin C (Mr 632) 11.2.24.

A peak at tR 52.6 min with m/z 631 and C31H36O14 was assigned as cypellogin C (304). It 

produced MS2, MS3 and MS4 base peaks of m/z 301, 179 and 151 respectively and a secondary 

peak of 463 in MS2. 

 

 Characterization of quercetin-3-(4"-O-acetyl)-O-rhamnoside-7-O-11.2.25.

rhamnoside (Mr 636) 

A peak at tR 40.7 min with m/z 635 and C29H32O16 was assigned as quercetin-3-(4"-O-acetyl)-O-

rhamnoside-7-O-rhamnoside (305). It produced MS2, MS3 and MS4 base peaks of m/z 489 [M-H-

Rha]-, 300 [M-H-Rha-acetyl-Rha]- and 271 respectively and a secondary peaks of 179 and 151 in 

MS2. The presence of an intermediate fragment of m/z 489 suggested the absence of linkage 

between the two rhamnosides and that the acetylated rhamnoside was 3-O-glycosylated to 

quercetin. 

 

 Characterization of quercetin-O-feruloyl-hexoside (Mr 640) 11.2.26.

Two isomers of quercetin-O-feruloyl-hexoside (306-307) were identified at tR 47.4 and 50.9 min 

with C31H28O15 and m/z 639. Both compounds produced an MS2 base peak of m/z 463 [M-H-

feruloyl]- and secondary peak of m/z 477 [M-H-Glc]-. The fragment m/z 463 further fragmented 

into m/z 301 [M-H-feruloyl-Glc]- in MS3 and m/z 179 and 151 in MS4. The presence of an 

intermediate fragment of m/z 463 suggested the absence of linkage between the feruloyl group 

and hexoside and that the hexoside was 3-O-glycosulated to quercetin. 

 

 Characterization of quercetin-3-O-acetyl-hexoside-rhamnoside (Mr 652) 11.2.27.

A peak at tR 42.7 min with m/z 651 and C29H32O17 was assigned as quercetin-3-O-acetyl-

hexoside-rhamnoside (308). It produced an MS2 base peak of m/z 591 and secondary peak of m/z 

609. The fragment m/z 591 further fragmented into either m/z 300 or 301 [M-H-acetyl-Glc-Rha]- 

in MS3 and m/z 271, 179 and 151 in MS4. 

 

 Characterization of quercetin-O-sinapoyl-hexoside (Mr 670) 11.2.28.

A peak at tR 51.7 min with m/z 669 and C32H30O16 was assigned as quercetin-O-sinapoyl-

hexoside (309). It produced MS2, MS3 and MS4 base peaks of m/z 300 or 301 [M-H-sinapoyl-
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Glc]-, 271 and 151 respectively and secondary peaks of 271 and 179 in MS4. The absence of an 

intermediate fragment suggested that the sinapoyl group was attached to the hexoside. 

 

 Kaempferol and its derivatives 11.3.

Kaempferol derivatives were identified based on their characteristic fragmentation peaks. The 

aglycon of kaempferol can be identified in MSn by comparison with an authentic standard. In 

negative mode, kaempferol at m/z 285 (after a loss of hydrogen) fragments to give m/z 284, 257, 

255 and 151. 

 

 Characterization of kaempferol (Mr 286) 11.3.1.

A peak at tR 49.5 min with m/z 285 and C15H10O6 was assigned as kaempferol (310). It produced 

an MS2 base peak of m/z 151 and secondary peak of 257 [M-H-CO]-. 

 

 Characterization of kaempferol-O-pentoside (Mr 418) 11.3.2.

Two isomers of kaempferol-O-pentoside (311-312) were identified at tR 41.0 and 43.9 min with 

C20H18O10 and m/z 417. The compounds produced an MS2 base peak of either m/z 285 [M-H-

Xyl]- or 284 [M-H-Xyl]-·, which further fragmented to give an MS3 base peak of m/z 255 [M-H-

Xyl-HCOH]-. 

 

 Characterization of kaempferol-O-rhamnoside (Mr 432) 11.3.3.

A peak at tR 43.6 min with m/z 431 and C21H20O10 was assigned as kaempferol-O-rhamnoside 

(313). It produced an MS2 base peak of m/z 285 [M-H-Rha]- and secondary peak of m/z 284 [M-

H-Rha]-·, The fragment m/z 285 further fragmented to give an MS3 base peak of m/z 255 [M-H-

Rha-HCOH]-. 

 

 Characterization of kaempferol-O-hexoside (Mr 448) 11.3.4.

Two isomers of kaempferol-O-hexoside (314-315) were identified at tR 37.5 and 39.0 min with 

C21H20O11 and m/z 447. The compounds produced an MS2 base peak of either m/z 285 [M-H-

Glc]- or 284 [M-H-Glu]-·, which further fragmented to give an MS3 base peak of m/z 255 [M-H-

Glc-HCOH]-. The EIC of m/z 447 in Rhododendron micranthum in negative mode is shown in 

Figure 11.7, along with the MSn spectra of compound 314 in Figure 11.8. 
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Figure 11.7: EIC of m/z 447 in Rhododendron micranthum in negative mode 

 

Figure 11.8: MSn spectra of kaempferol-O-hexoside 

 

 Characterization of kaempferol-O-acetyl-pentoside (Mr 460) 11.3.5.

Two isomers of kaempferol-O-acetyl-pentoside (316-317) were identified at tR 47.6 and 50.1 min 

with C22H20O11 and m/z 459. The compounds produced an MS2 base peak of m/z 284 [M-H-

acetyl-Xyl]-·, which further fragmented to give an MS3 base peak of m/z 255 [M-H-acetyl-Xyl-

HCOH]-. The absence of an intermediate peak implied that there was linkage between the acetyl 

group and pentoside. 

 

 Characterization of kaempferol-O-glucuronide (Mr 462) 11.3.6.

A peak at tR 43.6 min with m/z 461 and C21H18O12 was assigned as kaempferol-O-glucuronide 

(318). It produced an MS2 base peak of m/z 285 [M-H-Glu]-, which produced fragments of m/z 

257 [M-H-Glu-CO]- and 151. 
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 Characterization of kaempferol-O-acetyl-rhamnoside (Mr 474) 11.3.7.

Two isomers of kaempferol-O-acetyl-rhamnoside (319-320) were identified at tR 48.2 and 52.3 

min with C23H22O11 and m/z 473. The compounds produced an MS2 base peak of m/z 285 [M-H-

acetyl-Rha]-, which further fragmented to give an MS3 base peak of m/z 255 [M-H-acetyl-Rha-

HCOH]-. The absence of an intermediate peak implied that there was linkage between the acetyl 

group and rhamnoside. 

 

 Characterization of kaempferol-O-acetyl-hexoside (Mr 490) 11.3.8.

Three isomers of kaempferol-O-acetyl-hexoside (321-323) were identified at tR 44.5, 46.4 and 

47.7 min with C23H22O12 and m/z 489. The compounds produced an MS2 base peak of m/z 285 

[M-H-acetyl-Glc]-, which further fragmented to give an MS3 base peak of either m/z 257 [M-H-

acetyl-Glc-CO]- or 255 [M-H-acetyl-Glc-HCOH]-. The absence of an intermediate fragment 

implied there was linkage between the acetyl group and hexoside. 

 

 Characterization of kaempferol-O-diacetyl-hexoside (Mr 532) 11.3.9.

A peak at tR 55.0 min with m/z 531 and C25H24O13 was assigned as kaempferol-O-diacetyl-

hexoside (324). It produced an MS2 base peak of m/z 285 [M-H-diacetyl-Glc]-, which further 

fragmented to give an MS3 base peak of m/z 255 [M-H-diacetyl-Glc-HCOH]-. The absence of an 

intermediate fragment implied there was linkage between the diacetyl group and hexoside. 

 

 Characterization of kaempferol-O-rhamnoside-O-pentoside (Mr 564) 11.3.10.

Three isomers of kaempferol-O-rhamnoside-O-pentoside (325-327) were identified at tR 38.4, 

41.0 and 43.4 min with C26H28O14 and m/z 563. The compounds produced an MS2 base peak of 

either m/z 285 [M-H-Rha-Xyl]- or 284 [M-H-Rha-Xyl]-·, which further fragmented into m/z 257 

[M-H-Rha-Xyl-CO]- or 255 [M-H-Rha-Xyl-HCOH]-. The presence of m/z 285 or 284 implied 

that there was linkage between the rhamnoside and pentoside. 

 

 Characterization of kaempferol-O-hydroxybenzoyl-hexoside (Mr 568) 11.3.11.

A peak at tR 45.7 min with m/z 567 and C28H24O13 was assigned as kaempferol-O-

hydroxybenzoyl-hexoside, which is an isomer of rugosaflavonoid C (328). It produced an MS2 

base peak of m/z 285 [M-H-hydroxybenzoyl-Glc]-, which further fragmented to give an MS3 base 
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peak of m/z 151 and secondary peak of 255 [M-H- hydroxybenzoyl-Glc-HCOH]-. The absence of 

an intermediate fragment implied there was linkage between the hydroxybenzoyl group and 

hexoside. 

 

 Characterization of kaempferol-O-galloyl-pentoside (Mr 570) 11.3.12.

A peak at tR 47.1 min with m/z 569 and C27H22O14 was assigned as kaempferol-O-galloyl-

pentoside (329). It produced an MS2 base peak of m/z 285 [M-H-galloyl-Xyl]-, which further 

fragmented to give an MS3 base peak of m/z 283 and secondary peak of m/z 257 [M-H-galloyl-

Xyl-CO]-. The absence of an intermediate fragment implied there was linkage between the 

galloyl group and pentoside. 

 

 Characterization of kaempferol-O-galloyl-rhamnoside (Mr 584) 11.3.13.

A peak at tR 47.9 min with m/z 583 and C28H24O14 was assigned as kaempferol-O-galloyl-

rhamnoside (330). It produced an MS2 base peak of m/z 285 [M-H-galloyl-Rha]-, which further 

fragmented to give an MS3 base peak of m/z 257 [M-H-galloyl-Rha-CO]- and secondary peak of 

m/z 151. The absence of an intermediate fragment implied there was linkage between the galloyl 

group and rhamnoside. 

 

 Characterization of kaempferol-O-rhamnoside-O-hexoside (Mr 594) 11.3.14.

Two isomers of kaempferol-O-rhamnoside-O-hexoside or kaempferol-O-rutinoside (331-332) 

were identified at tR 33.5 and 38.9 min with C27H30O15 and m/z 593. The compounds produced an 

MS2 base peak of either m/z 285 [M-H-Rha-Glc]- or 284 [M-H-Rha-Glc]-·, which further 

fragmented into m/z 257 [M-H-Rha-Glc-CO]- or 255 [M-H-Rha-Glc-HCOH]-. The presence of 

m/z 285 or 284 implied that there was linkage between the rhamnoside and hexoside. 

 

 Characterization of kaempferol-O-oleuropeoyl-hexoside or resinoside A/B 11.3.15.

(Mr 614) 

A peak at tR 51.9 min with m/z 613 and C31H34O13 was tentatively assigned as kaempferol-O-

oleuropeoyl-hexoside or commonly referred to as resinoside A/B (333). It produced an MS2 base 

peak of m/z 285 [M-H-oleuropeoyl-Glc]-, which further fragmented into m/z 257 [M-H-
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oleuropeoyl-Glc-CO]-. The absence of an intermediate fragment implied that there was linkage 

between the oleuropeoyl group and hexoside. 

 

 Characterization of kaempferol-3-O-(6''-acetyl-hexoside)-7-O-rhamnoside 11.3.16.

(Mr 636) 

A peak at tR 46.1 min with m/z 635 and C29H32O16 was tentatively assigned as kaempferol-3-O-

(6''-acetyl-hexoside)-7-O-rhamnoside (334). It produced MS2, MS3 and MS4 base peaks of m/z 

575, 285 [M-H-acetyl-Glc-Rha]- and 255 [M-H-acetyl-Glc-Rha-HCOH]- respectively. 

 

 Laricitrin and its derivatives 11.4.

Laricitrin derivatives were identified based on their characteristic fragmentation peaks. In 

negative mode, the aglycon of laricitrin at m/z 331 (after a loss of hydrogen) fragments to give 

m/z 316, 271 and 151. 

 

 Characterization of laricitrin (Mr 332) 11.4.1.

A peak at tR 46.1 min with m/z 331 and C16H12O8 was assigned as laricitrin (335). It produced an 

MS2 base peak of m/z 316 [M-H-CH3]
-, which fragmented into m/z 179 and 151. 

 

 Characterization of laricitrin-O-pentoside (Mr 464) 11.4.2.

Three isomers of laricitrin-O-pentoside (336-338) were identified at tR 39.7, 43.1 and 44.6 min 

with C21H20O12 and m/z 463. The three isomers produced MS2, MS3 and MS4 base peaks of m/z 

331 [M-H-Xyl]-, 316 [M-H-Xyl-CH3]
- and 271 respectively and secondary peaks of 179 and 151 

in MS4. 

 

 Characterization of laricitrin-O-rhamnoside (Mr 478) 11.4.3.

A peak at tR 40.6 min with m/z 477 and C22H22O12 was assigned as laricitrin-O-rhamnoside (339). 

It produced MS2, MS3 and MS4 base peaks of m/z 331 [M-H-Rha]-, 316 [M-H-Rha-CH3]
- and 287 

respectively and secondary peak of 271 in MS4. 
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 Characterization of laricitrin-O-hexoside (Mr 494) 11.4.4.

Three isomers of laricitrin-O-hexoside (340-342) were identified at tR 36.8, 40.1 and 46.2 min 

with C22H22O13 and m/z 493. The compounds produced MS2, MS3 and MS4 base peaks of m/z 331 

[M-H-Glc]-, 316 [M-H-Glc-CH3]
- and either 287 or 271 respectively. The EIC of m/z 493 in 

Rhododendron annae in negative mode is shown in Figure 11.9, along with the MSn spectra of 

compound 342 in Figure 11.10. 

 

Figure 11.9: EIC of m/z 493 in Rhododendron annae in negative mode 

 

Figure 11.10: MSn spectra of laricitrin-O-hexoside 

 

 Characterization of laricitrin-O-glucuronide (Mr 508) 11.4.5.

A peak at tR 42.7 min with m/z 507 and C22H20O14 was assigned as laricitrin-O-glucuronide (343). 

It produced MS2, MS3 and MS4 base peaks of m/z 331 [M-H-Glu]-, 316 [M-H-Glu-CH3]
- and 179 

respectively and secondary peaks of 271 and 151 in MS4. 
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 Characterization of laricitrin-O-coumaroyl-rhamnoside (Mr 624) 11.4.6.

A peak at tR 55.5 min with m/z 623 and C31H28O14 was assigned as laricitrin-O-coumaroyl-

rhamnoside (344). It produced MS2, MS3 and MS4 base peaks of m/z 331 [M-H-coumaroyl-Rha]-, 

316 [M-H-coumaroyl-Rha-CH3]
- and 271 respectively. The absence of an intermediate fragment 

implied that the coumaroyl group was attached to rhamnoside. 

 

 Characterization of laricitrin-O-rhamnoside-O-hexoside (Mr 640) 11.4.7.

A peak at tR 36.8 min with m/z 639 and C28H32O17 was assigned as laricitrin-O-rhamnoside-O-

hexoside or laricitrin-O-rutinoside (345). It produced MS2, MS3 and MS4 base peaks of m/z 331 

[M-H-Rha-Glc]-, 316 [M-H-Rha-Glc-CH3]
- and 271 respectively and secondary peaks of 179 and 

151 in MS3. The absence of an intermediate fragment implied that rhamnoside was linked to 

hexoside. 

 

 Characterization of laricitrin-O-coumaroyl-hexoside (Mr 640) 11.4.8.

Two isomers of laricitrin-O-coumaroyl-hexoside (346-347) were identified at tR 48.2 and 50.4 

min with C31H28O15 and m/z 639. Compound 346 at tR 48.2 min produced MS2 and MS3 base 

peaks of m/z 331 [M-H-coumaroyl-Glc]- and 316 [M-H-coumaroyl-Glc-CH3]
- respectively and a 

secondary peak of 493 in MS2. The presence of an intermediate fragment m/z 493 as a secondary 

peak implied that there was presence of linkage between the coumaroyl group and hexoside. 

Compound 347 at tR 50.4 min produced MS2, MS3 and MS4 base peaks of m/z 493 [M-H-

coumaroyl]-, 331 [M-H-coumaroyl-Glc]- and 316 [M-H-coumaroyl-Glc-CH3]
- respectively. The 

presence of an intermediate fragment m/z 493 implied that there was absence of linkage between 

the coumaroyl group and hexoside. 

 

 Isorhamnetin and its derivatives 11.5.

Isorhamnetin derivatives were identified based on their characteristic fragmentation peaks. The 

aglycon of isorhamnetin can be identified in MSn by comparison with an authentic standard. In 

negative mode, isorhamnetin at m/z 315 (after a loss of hydrogen) fragments to give m/z 300, 271 

and 255. 
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 Characterization of isorhamnetin-O-glucuronide (Mr 492) 11.5.1.

A peak at tR 45.2 min with m/z 491 and C22H20O13 was assigned as isorhamnetin-O-glucuronide 

(348). It produced MS2, MS3 and MS4 base peaks of m/z 315 [M-H-Glu]-, 300 [M-H-Glu-CH3]
- 

and 271 respectively and a secondary peak of 255 in MS4. The EIC of m/z 491 in Rhododendron 

beesianum in negative mode is shown in Figure 11.11, along with the MSn spectra of compound 

348 in Figure 11.12. 

 

Figure 11.11: EIC of m/z 491 in Rhododendron beesianum in negative mode 

 

Figure 11.12 MSn spectra of isorhamnetin-O-glucuronide 
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12. Derivatives 

 

Some novel compounds were observed in Rhododendron leaves, which were not identified in 

literature. Since the complete assignment of the compound structures could not be determined 

based on MS data only, they are assigned as derivatives of specific groups and substituents. 

 

The derivatives of quinic acid and hydroxycinnamic acids of selected Rhododendron species 

have been used in a manuscript to be submitted soon. 

 

 Quinic acid derivatives 12.1.

Three derivatives of quinic acid (349-351) were observed. One peak was observed at m/z 329 

(C14H18O9 at tR 18.9 min) and m/z 371 (C16H20O10 at tR 6.4 min), while two peaks were observed 

for m/z 385 (C16H18O11 at tR 10.5 and 12.3 min). All of the compounds produced a base peak of 

m/z 191 in either MS2 or MS3, which is characteristic for a quinic acid. 

 

 Hydroxycinnamic acid derivatives 12.2.

 Caffeic acid derivatives 12.2.1.

Ten derivatives of caffeic acid (352-361) were observed. Two peaks were observed at m/z 299 

(C17H16O5 at tR 47.3 and 56.9 min) and at m/z 461 (C23H26O10 at tR 39.2 and 47.5 min), one peak 

at m/z 475 (C23H24O11 at tR 43.2 min), m/z 503 (C25H28O11 at tR 55.4 min), m/z 515 (C22H28O14 at 

tR 10.0 min), two peaks at m/z 551 (C25H28O14 at tR 28.0 and 29.8 min) and a peak at m/z 593 

(C28H34O14 at tR 46.2 min). The compounds produced an MS2 or MS3 base peak of m/z 179, 

which further fragmented into m/z 135. This is a typical fragmentation pattern for caffeic acid. 

 

 p-Coumaric acid derivatives 12.2.2.

Three p-coumaric acid derivatives (362-364) were observed. One peak was observed at m/z 329 

(C18H18O6 at tR 44.4 min), m/z 519 (C25H28O12 at tR 45.8 min) and m/z 663 (C31H36O16 at tR 37.7 

min). They produced an MS2 or MS3 base peak of m/z 163, which further fragmented into m/z 

119. This fragmentation pattern is observed for p-coumaric acid derivatives. 
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 Ferulic acid derivatives 12.2.3.

Two derivatives of ferulic acid (365-366) were observed. One peak was observed at m/z 313 

(C13H14O9 at tR 11.5 min) and m/z 431 (C21H20O10 at tR 50.5 min). Both derivatives produced MS2 

and MS3 base peak of m/z 193 and 149 respectively, which is usually observed in ferulic acid 

derivatives. 

 

 Dihydrocoumaric acid derivatives 12.2.4.

Three dihydrocoumaric acid derivatives (367-369) were observed based on their characteristic 

fragmentation pattern. Three peaks were observed at m/z 345 with C15H22O9 at tR 4.4, 9.0 and 

11.3 min. All three compounds produced MS2 and MS3 base peak of m/z 265 and 121 

respectively. 

 

 Hydroxybenzoic acid derivatives 12.3.

 Gallic acid derivatives 12.3.1.

Eleven derivatives of gallic acid (370-380) were observed. One peak was observed at m/z 305 

(C15H14O7 at tR 34.4 min), m/z 341 (C15H18O9 at tR 8.5 min), m/z 345 (C14H18O10 at tR 10.5 min), 

m/z 419 (C16H20O13 at tR 6.8 min), two peaks at m/z 451 (C21H24O11 at tR 23.9 min and C20H20O12 

at tR 26.6 min), and one peak at m/z 453 (C20H22O12 at tR 23.3 min), m/z 477 (C21H18O13 at tR 23.8 

min), m/z 497 (C21H22O14 at tR 25.3 min), m/z 609 (C30H26O14 at tR 10.2 min) and m/z 619 

(C28H28O16 at tR 22.1 min). All compounds produced an MS2 or MS3 base peak of m/z 169, which 

further fragmented into m/z 125. This is a fragmentation pattern observed for gallic acid 

derivatives. 

 

 Protocatechuic acid derivatives 12.3.2.

Three protocatechuic acid derivatives (381-383) were observed. Two peaks were observed at m/z 

313 (C13H14O9 at tR 12.0 and 15.2 min) and one peak was at m/z 487 (C21H28O13 at tR 46.3 min). 

The compounds produced an MS2 or MS3 base peak of m/z 153, which further fragmented into 

m/z 109. This fragmentation pattern is observed in protocatechuic acid derivatives. 
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 Salicylic acid derivatives 12.3.3.

Six derivatives of salicylic acid (384-389) were observed based on their characteristic 

fragmentation pattern. One peak was observed at m/z 301 (C13H18O8 at tR 6.0 min), m/z 343 

(C15H20O9 at tR 12.0 min), m/z 345 (C15H22O9 at tR 8.2 min), m/z 391 (C19H20O9 at tR 31.0 min), 

m/z 419 (C21H24O9 at tR 37.9 min) and m/z 447 (C21H36O10 at tR 41.1 min). The compounds 

produced an MS2 or MS3 base peak of m/z 137, which further fragmented into m/z 93. 

 

 Vanillic acid derivatives 12.3.4.

Three vanillic acid derivatives (390-392) were observed. One peak was observed at m/z 273 

(C15H14O5 at tR 47.5 min), m/z 327 (C14H16O9 at tR 17.8 min) and m/z 537 (C21H30O16 at tR 6.8 

min). They produced an MS2 or MS3 base peak of m/z 167, which further fragmented into either 

m/z 152, 149 or 123. This fragmentation pattern is usually observed for vanillic acid derivatives. 

 

 Methyl gallate derivatives 12.3.5.

Four derivatives of methyl gallate (393-396) were observed. Two peaks were observed at m/z 467 

(C21H24O12 at tR 30.2 and 31.0 min) and one peak was observed at m/z 471 (C23H20O11 at tR 28.4 

min) and m/z 509 (C23H26O13 at tR 46.0 min). The compounds produced an MS2 or MS3 base peak 

of m/z 183, which further fragmented into m/z 168, 139 and 124. This fragmentation is observed 

in methyl gallate derivatives. 

 

 Flavan-3-ol derivatives 12.4.

 (Epi)catechin derivatives 12.4.1.

Six (epi)catechin derivatives (397-402) were observed based on their fragmentation patter being 

similar to (epi)catechin or proanthocyanidins. Two peaks were observed at m/z 387 (C21H24O7 at 

tR 40.3 and 45.0 min) and one peak was observed at m/z 493 (C23H26O12 at tR 25.0 min), m/z 591 

(C30H24O13 at tR 23.8 min), m/z 697 (C37H30O14 at tR 29.0 min) and m/z 879 (C45H36O19 at tR 20.3 

min). Three compounds (396-398) produced an MS2 base peak of m/z 289, which further 

fragmented into m/z 245 and 205. The other three compounds produced fragments such as m/z 

575, 451, 407, 289 and 285, which are observed in the fragmentation of proanthocyanidins. 
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 Flavonol derivatives 12.5.

 Quercetin derivatives 12.5.1.

Six derivatives of quercetin (403-408) were observed. Two peaks were observed at m/z 547 

(C26H28O13 at tR 46.0 and 48.2 min), one peak at m/z 597 (C29H26O14 at tR 50.9 min), m/z 629 

(C29H26O16 at tR 39.5 min) and two peaks at m/z 643 (C30H28O16 at tR 45.0 and 46.9 min). The 

compounds produced an MS2 or MS3 base peak of either m/z 301 or 300, which further 

fragmented into m/z 271, 179 and 151. This fragmentation is characteristic for quercetin 

derivatives. 

 

 Other derivatives 12.6.

A peak with m/z 357 was observed at 19.7 min with C16H22O9. It was tentatively assigned as an 

isomer of glucoacetosyringone (409). 
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13. Polyphenol distribution in Rhododendron 

 

Different classes of polyphenols were identified in the Rhododendron leaf extracts using LC-Ion 

Trap-MS and LC-TOF-MS data in negative mode. The identification was based on the molecular 

formula generated from their high resolution mass data, fragmentation pattern, retention time and 

UV absorption. Authentic standards were used to compare retention time and fragmentation 

pattern. The number of individual Rhododendron species, in which the compounds were 

identified, was tallied based on their subgenera in order to study the polyphenol distribution over 

the different subgenera of Rhododendron species. 

 

The compounds identified in the Rhododendron species along with their molecular formula, 

parent ion in negative mode and retention time are shown in Table 13.1 along with the 

distribution among the different subgenera of Rhododendron. The detailed information of the 

compounds identified in individual Rhododendron species is given in the CD (Appendix: 

Additional Information on CD). 

 

The twenty compounds which were found in the most number of Rhododendron species from the 

LC-Ion Trap-MS and LC-TOF-MS data were quercetin-O-hexoside (tR 34.2 min), quercetin-O-

hexoside (tR 35.5 min), quercetin-O-pentoside (tR 41.2 min), quercetin-O-rhamnoside (tR 38.7 

min), protocatechuic acid-O-hexoside (tR 10.5 min), catechin (tR 16.0 min), procyanidin dimer B 

(tR 20.3 min), quercetin-O-pentoside (tR 37.4 min), kaempferol-O-rhamnoside (tR 43.6 min), 

procyanidin dimer B1 (tR 13.4 min), quercetin (tR 44.4 min), p-coumaric acid-O-hexoside (tR 16.5 

min), 3-O-caffeoylquinic acid (tR 13.0 min), epicatechin (tR 23.0 min), quercetin-O-pentoside (tR 

36.6 min), procyanidin dimer B (tR 14.3 min), 5-O-caffeoylquinic acid (tR 18.2 min), A-type 

procyanidin dimer (tR 32.4 min), quercetin-O-glucuronide (tR 40.8 min) and A-type procyanidin 

dimer (tR 27.2 min). 
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Table 13.1: Compounds identified in different Rhododendron subgenera 

 

No. 

Compounds found 

in the six 

subgenera 
R

ef
er

en
ce

 

Molecular 

Formula 

Parent 

Ion 

[M-H]
-
 

m/z 

RT 

 

min 

Subgenus / 

No. of species in which 

the compounds were 

identified 

T
o
ta

l 

R
h

o
d

o
d
en

d
ro

n
 

H
ym

en
a
n

th
es

 

P
en

ta
n

th
er

a
 

A
za

le
a
st

ru
m

 

T
su

ts
u

si
 

M
u

m
ea

za
le

a
 

 

Number of Species  
 

  
44 33 13 3 6 1 100 

Compound  

 
Hydroxycinnamic 

Acids 
           

 
1. Chlorogenic 

Acids 
           

1 

3-O-p-
Coumaroylquinic 

acid 
[98] C16H18O8 337.0923 18.0 22 13 4 0 4 0 43 

2 

cis-3-O-p-
Coumaroylquinic 

acid 
[98] C16H18O8 337.0915 19.4 14 8 5 0 3 0 30 

3 

5-O-p-
Coumaroylquinic 

acid 
[98] C16H18O8 337.0923 24.6 17 7 7 1 3 0 35 

4 

4-O-p-
Coumaroylquinic 

acid 
[98] C16H18O8 337.0917 26.6 8 2 4 0 2 0 16 

5 

cis-5-O-p-
Coumaroylquinic 

acid 
[98] C16H18O8 337.0928 28.4 17 8 7 0 5 0 37 

6 
3-O-Caffeoylquinic 

acid 
[98] C16H18O9 353.0876 13.0 33 17 5 0 6 0 61 

7 
cis-3-O-

Caffeoylquinic acid 
[98] C16H18O9 353.0861 14.0 16 2 3 0 2 0 23 

8 
5-O-Caffeoylquinic 

acid 
[98] C16H18O9 353.0877 18.2 31 11 6 1 5 0 54 

9 
cis-4-O-

Caffeoylquinic acid 
[98] C16H18O9 353.0861 20.6 9 0 3 0 0 0 12 

10 
4-O-Caffeoylquinic 

acid 
[98] C16H18O9 353.0865 23.0 22 1 5 0 3 0 31 

11 
cis-5-O-

Caffeoylquinic acid 
[98] C16H18O9 353.0862 24.1 6 0 2 0 1 0 9 
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No. 

Compounds found 

in the six 

subgenera 

R
ef

er
en

ce
 

Molecular 

Formula 

Parent 

Ion 

[M-H]
-
 

m/z 

RT 

 

min 

Subgenus / 

No. of species in which 

the compounds were 

identified 

T
o
ta

l 

R
h

o
d

o
d
en

d
ro

n
 

H
ym

en
a
n

th
es

 

P
en

ta
n

th
er

a
 

A
za

le
a
st

ru
m

 

T
su

ts
u

si
 

M
u

m
ea

za
le

a
 

 

Number of Species  
 

  
44 33 13 3 6 1 100 

Compound  

12 
3-O-Feruloylquinic 

acid 
[98] C17H20O9 367.1035 21.7 16 4 2 0 1 0 23 

13 
5-O-Feruloylquinic 

acid 
[98] C17H20O9 367.1017 27.5 3 0 1 0 2 0 6 

14 
4-O-Feruloylquinic 

acid 
[98] C17H20O9 367.1024 31.6 2 0 0 0 0 0 2 

15 

3-O-
hydroxydihydro-

Caffeoylquinic acid 
[99] C16H20O10 371.0987 5.9 0 0 1 0 0 0 1 

16 

5-O-
hydroxydihydro-

Caffeoylquinic acid 
[99] C16H20O10 371.1001 5.4 0 0 0 0 2 0 2 

17 

5-O-
hydroxydihydro-

Caffeoylquinic acid 
[99] C16H20O10 371.0999 7.0 5 0 1 0 1 0 7 

18 

4-O-
hydroxydihydro-

Caffeoylquinic acid 
[99] C16H20O10 371.0969 9.8 0 0 1 0 0 0 1 

19 

4-O-
hydroxydihydro-

Caffeoylquinic acid 
[99] C16H20O10 371.0974 10.8 0 0 1 0 0 0 1 

             

 
2. Caffeic acid 

derivatives 
           

20 Caffeoylthreonate [100] C13H14O8 297.0609 15.5 7 0 2 0 3 0 12 

21 Caffeoylthreonate [100] C13H14O8 297.0607 23.7 3 0 0 0 0 0 3 

22 Teucrol [101] C17H16O6 315.0861 51.0 0 0 1 0 0 0 1 

23 
Caffeoylshikimic 

acid 
[98] C16H16O8 335.0756 24.6 10 0 5 0 3 0 18 

24 
Caffeic acid-O-

hexoside 
[102] C15H18O9 341.0878 8.1 0 1 0 0 0 0 1 

25 
Caffeic acid-O-

hexoside 
[102] C15H18O9 341.0862 9.2 0 1 0 0 0 0 1 

26 
Caffeic acid-O-

hexoside 
[102] C15H18O9 341.0866 10.9 0 2 1 0 0 0 3 
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No. 

Compounds found 

in the six 

subgenera 

R
ef

er
en

ce
 

Molecular 

Formula 

Parent 

Ion 

[M-H]
-
 

m/z 

RT 

 

min 

Subgenus / 

No. of species in which 

the compounds were 

identified 

T
o
ta

l 

R
h

o
d

o
d
en

d
ro

n
 

H
ym

en
a
n

th
es

 

P
en

ta
n

th
er

a
 

A
za

le
a
st

ru
m

 

T
su

ts
u

si
 

M
u

m
ea

za
le

a
 

 

Number of Species  
 

  
44 33 13 3 6 1 100 

Compound  

27 
Caffeic acid-O-

hexoside 
[102] C15H18O9 341.0863 12.5 3 2 3 0 1 0 9 

28 
Caffeic acid-O-

hexoside 
[102] C15H18O9 341.0866 13.9 0 1 2 0 0 0 3 

29 
Caffeic acid-O-

hexoside 
[102] C15H18O9 341.0895 15.1 1 12 0 2 2 0 17 

30 
Caffeic acid-O-

hexoside [102] C15H18O9 341.0861 17.6 7 4 2 0 0 0 13 

31 
Caffeic acid-O-

hexoside 
[102] C15H18O9 341.0866 19.2 0 1 0 0 0 0 1 

32 
Teucrol-O-hexoside 

/ Plantainoside 
[103] C23H26O11 477.1409 42.0 0 0 1 0 0 0 1 

             

 
3. p-Coumaric 

acid derivatives 
           

33 
p-Coumaric acid-O-

shikimate [102] C16H16O7 319.0811 30.8 0 0 1 0 0 0 1 

34 
p-Coumaric acid-O-

hexoside [102] C15H18O8 325.0920 15.7 1 4 0 0 0 0 5 

35 
p-Coumaric acid-O-

hexoside 
[102] C15H18O8 325.0913 16.5 26 20 10 3 5 1 65 

36 
p-Coumaric acid-O-

hexoside 
[102] C15H18O8 325.0920 24.1 1 6 1 0 0 0 8 

37 
p-Coumaric acid-O-

hexoside 
[102] C15H18O8 325.0916 26.2 0 3 0 0 0 0 3 

38 
p-Coumaric acid-O-

glucosyl ester 
[104] C15H18O8 325.0922 17.5 2 0 1 0 0 0 3 

39 
p-Coumaric acid-O-

glucosyl ester 
[104] C15H18O8 325.0916 18.7 0 0 1 0 0 0 1 

40 

p-coumaric acid-O-
hexoside-O-

pentoside 
[105] C20H26O12 457.1352 17.6 0 0 0 0 0 1 1 
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No. 

Compounds found 

in the six 

subgenera 

R
ef

er
en

ce
 

Molecular 

Formula 

Parent 

Ion 

[M-H]
-
 

m/z 

RT 

 

min 

Subgenus / 

No. of species in which 

the compounds were 

identified 

T
o
ta

l 

R
h

o
d

o
d
en

d
ro

n
 

H
ym

en
a
n

th
es

 

P
en

ta
n

th
er

a
 

A
za
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a
st

ru
m

 

T
su

ts
u

si
 

M
u

m
ea

za
le

a
 

 

Number of Species  
 

  
44 33 13 3 6 1 100 

Compound  

41 

p-coumaric acid-O-
hexoside-O-

pentoside 
[105] C20H26O12 457.1364 19.2 1 0 0 0 0 0 1 

42 Everlastoside M [106] C22H26O12 481.1362 27.0 0 1 0 0 0 0 1 

43 
p-coumaric acid-O-

dihexoside [107] C21H28O13 487.1471 14.4 0 1 0 0 0 0 1 

44 
p-coumaric acid-O-

dihexoside [107] C21H28O13 487.1481 20.0 1 0 0 0 0 0 1 

             

 

4. Dihydro-

coumaric acid 

derivatives 

           

45 
Dihydrocoumaric 
acid-O-hexoside 

[108] C15H20O8 327.1069 15.5 3 0 0 0 0 0 3 

46 
Dihydrocoumaric 
acid-O-hexoside 

[108] C15H20O8 327.1076 20.4 1 3 0 0 0 0 4 

             

 
5. Ferulic acid 

derivatives 
           

47 
Ferulic acid-O-

hexoside 
[102] C16H20O9 355.1018 19.0 2 1 2 0 0 0 5 

48 
Ferulic acid-O-

hexoside 
[102] C16H20O9 355.1018 20.4 2 1 0 0 0 0 3 

49 
Ferulic acid-O-

hexoside 
[102] C16H20O9 355.1021 21.2 1 3 3 0 0 0 7 

50 
Ferulic acid-O-
glucosyl ester 

[102] C16H20O9 355.1019 28.9 1 0 0 0 0 0 1 

51 
Ferulic acid-O-

dihexoside 
[109] C22H30O14 517.1576 17.2 0 0 0 0 1 0 1 

             

 
Hydroxybenzoic 

Acids 
           

 
1. Gallic Acid 

derivatives 
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No. 

Compounds found 

in the six 

subgenera 

R
ef

er
en

ce
 

Molecular 

Formula 

Parent 

Ion 

[M-H]
-
 

m/z 

RT 

 

min 

Subgenus / 

No. of species in which 

the compounds were 

identified 

T
o
ta

l 

R
h

o
d

o
d
en

d
ro

n
 

H
ym

en
a
n

th
es

 

P
en

ta
n

th
er

a
 

A
za

le
a
st

ru
m

 

T
su

ts
u

si
 

M
u

m
ea

za
le

a
 

 

Number of Species  
 

  
44 33 13 3 6 1 100 

Compound  

52 
Gallic acid-O-

pentoside 
[110] C12H14O9 301.0570 6.6 5 2 0 2 0 0 9 

53 

3-O-
Galloylshikimic 

acid / 5-O-
Galloylshikimic 

acid 

[111] C14H14O9 325.0549 8.9 1 1 1 1 0 0 4 

54 

3-O-
Galloylshikimic 

acid / 5-O-
Galloylshikimic 

acid 

[111] C14H14O9 325.0557 9.6 1 3 0 1 0 0 5 

55 
Gallic acid-O-

hexoside 
[112] C13H16O10 331.0670 4.6 10 15 3 2 0 1 31 

56 
Gallic acid-O-

hexoside 
[112] C13H16O10 331.0668 7.9 11 14 2 0 0 0 27 

57 
Gallic acid-O-
glucosyl ester 

[112] C13H16O10 331.0677 3.7 4 6 2 0 0 0 12 

58 Galloylquinic acid 
[113, 
114] 

C14H16O10 343.0664 4.3 0 3 1 1 0 1 6 

59 Galloylquinic acid 
[113, 
114] 

C14H16O10 343.0656 5.8 0 2 1 1 0 0 4 

60 Galloylquinic acid 
[113, 
114] 

C14H16O10 343.0687 9.6 0 1 0 0 0 0 1 

61 
Gallic acid-O-

acetyl-hexoside [115] C15H18O11 373.0758 13.9 0 1 0 0 0 0 1 

62 

Benzyl-6'-O-
galloyl-β-D-

hexoside 
[116] C20H22O10 421.1138 32.1 0 1 0 0 0 0 1 

63 Galloylarbutin [117] C19H20O11 423.0926 11.7 0 0 0 1 0 0 1 

64 Galloylarbutin [117] C19H20O11 423.0946 17.7 0 3 0 0 0 0 3 

65 

6-galloyl-1-O-
(phloroglucinol)-

hexoside 
[118] C19H20O12 439.0890 15.0 0 1 0 0 0 0 1 
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No. 

Compounds found 

in the six 

subgenera 

R
ef

er
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ce
 

Molecular 

Formula 

Parent 

Ion 

[M-H]
-
 

m/z 

RT 

 

min 

Subgenus / 

No. of species in which 

the compounds were 

identified 

T
o
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l 

R
h

o
d

o
d
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d
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n
 

H
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n
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n
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A
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a
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m
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u
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M
u

m
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a
 

 

Number of Species  
 

  
44 33 13 3 6 1 100 

Compound  

66 

Gallic acid-3-O-
hexoside-4-O-

pentoside 
[119] C18H24O14 463.1072 7.9 1 0 0 1 0 0 2 

67 

p-hydroxyphenethyl 
alcohol-1-O-β-D-
(6"-O-galloyl)-

hexoside 

[120] C21H24O12 467.1197 22.3 0 3 0 1 0 0 4 

68 
Gallic acid-O-

galloyl-rhamnoside 
[121] C20H20O13 467.0845 36.6 0 1 0 0 0 0 1 

69 
Gallic acid-O-

rutinoside 
[122] C19H26O14 477.1267 6.6 1 0 0 0 0 0 1 

70 

Gallic acid-O-
coumaroyl-

hexoside 
[123] C22H22O12 477.1041 31.0 0 0 0 1 0 0 1 

71 

Gallic acid-O-
coumaroyl-

hexoside 
[123] C22H22O12 477.1057 32.6 0 0 0 1 0 0 1 

72 

Gallic acid-O-
coumaroyl-

hexoside 
[123] C22H22O12 477.1039 35.9 0 2 0 1 0 0 3 

73 Querglanin [124] C23H28O11 479.1571 31.9 0 3 0 0 0 0 3 

74 

Galloyl-O-
vanilloyl-O-

hexoside 
[111] C21H22O13 481.1012 27.1 0 1 0 0 0 0 1 

75 

Galloyl-O-
vanilloyl-O-

hexoside 
[111] C21H22O13 481.1004 30.1 1 0 0 0 0 0 1 

76 

Gallic acid-3-O-(6'-
O-galloyl)-β-D-

hexoside 
[125] C20H20O14 483.0798 22.5 1 0 0 0 0 0 1 

77 
Gallic acid-O-

dihexoside 
[126] C19H26O15 493.1223 3.2 0 1 0 0 0 0 1 

78 
Gallic acid-O-

dihexoside 
[126] C19H26O15 493.1209 5.2 0 10 1 0 0 1 12 
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Molecular 

Formula 
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Ion 

[M-H]
-
 

m/z 

RT 
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the compounds were 
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T
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l 
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Number of Species  
 

  
44 33 13 3 6 1 100 

Compound  

79 
Gallic acid-O-

dihexoside 
[122] C19H26O15 493.1202 6.7 0 2 0 0 0 0 2 

80 
Gallic acid-O-

feruloyl-hexoside 
- C23H24O13 507.1123 36.2 0 1 0 0 0 0 1 

81 
Hyemaloside B / 
Guavinoside A 

[127, 
128] 

C26H24O13 543.1163 30.9 0 0 0 1 0 0 1 

82 Galloylalbiflorin [129] C30H32O15 631.1655 42.8 0 1 0 0 0 0 1 

             

 
2. Protocatechuic 

acid derivatives 
           

83 
Protocatechuic 

acid-O-pentoside 
[130] C12H14O8 285.0606 15.1 4 4 0 1 2 0 11 

84 
Protocatechuic 

acid-O-hexoside 
[131] C13H16O9 315.0707 5.9 6 0 0 0 0 0 6 

85 
Protocatechuic 

acid-O-hexoside 
[131] C13H16O9 315.0732 10.5 37 28 13 3 3 0 84 

86 

Protocatechuic 
acid-O-benzoyl-

hexoside 
- C20H20O10 419.0974 51.8 0 1 0 0 0 0 1 

87 

Protocatechuic 
acid-O-feruloyl-

hexoside 
- C23H24O12 491.1202 51.1 0 1 0 0 0 0 1 

             

 
3. Salicylic acid 

derivatives 
           

88 
Salicylic acid-O-

hexoside 
[131] C13H16O8 299.0769 6.3 20 13 5 0 1 1 40 

89 
Salicylic acid-O-

hexoside 
[131] C13H16O8 299.0767 13.0 2 6 1 0 1 0 10 

90 
Salicylic acid-O-

glucosyl ester 
[131] C13H16O8 299.0765 8.5 4 1 1 0 1 0 7 

91 Salicyloylsalicin [132] C20H22O9 405.1188 36.6 1 0 0 0 0 0 1 
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Number of Species  
 

  
44 33 13 3 6 1 100 

Compound  

92 

Salicylic acid-O-
coumaroyl-

hexoside 
- C22H22O10 445.1122 42.4 0 1 0 0 0 0 1 

93 

Salicylic acid-O-
coumaroyl-

hexoside 
- C22H22O10 445.1122 46.2 1 4 0 0 0 0 5 

94 
Salicylic acid-O-

dihexoside 
[133] C19H26O13 461.1318 7.0 0 1 0 0 0 0 1 

             

 
4. Vanillic acid 

derivatives 
           

95 
Vanillic acid-O-

hexoside 
[134] C14H18O9 329.0869 7.7 9 2 0 0 0 0 11 

96 
Vanillic acid-O-

hexoside 
[134] C14H18O9 329.0864 10.2 15 9 3 2 2 1 32 

97 
Vanillic acid-O-

hexoside 
[134] C14H18O9 329.0865 11.7 30 1 1 1 1 0 34 

98 
Vanillic acid-O-

hexoside 
[134] C14H18O9 329.0863 13.9 22 10 3 1 0 0 36 

99 Amburoside B [135] C21H24O10 435.1289 36.3 3 6 4 2 0 1 16 

100 

Vanilloyl-β-D-(2'-
O-p-

hydroxybenzoyl)-
hexoside 

[136] C21H22O11 449.1093 17.5 0 0 1 0 0 0 1 

101 

Vanilloyl-β-D-(2'-
O-p-

hydroxybenzoyl)-
hexoside 

[137] C21H22O11 449.1096 40.8 1 0 0 0 0 0 1 

102 

Vanillic acid-O-
hexoside-O-

pentoside 
[138] C19H26O13 461.1319 14.9 1 0 0 0 0 0 1 

103 

Vanillic acid-O-
hexoside-O-

pentoside 
[138] C19H26O13 461.1313 19.1 2 1 0 0 0 0 3 
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44 33 13 3 6 1 100 
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104 
Vanillic acid-O-

rutinoside 
[139] C20H28O13 475.1477 12.5 1 0 0 0 0 0 1 

105 
Vanillic acid-O-

rutinoside 
[139] C20H28O13 475.1480 18.9 1 0 0 0 0 0 1 

106 

Vanillic acid-O-
coumaroyl-

hexoside 
[140] C23H24O11 475.1258 47.8 0 1 0 0 0 0 1 

107 

Vanillic acid-O-
dihexoside / 
Picrorhizin 

[141] C20H28O14 491.1411 4.6 1 0 0 0 0 0 1 

108 

Vanillic acid-O-
dihexoside / 
Picrorhizin 

[141] C20H28O14 491.1399 5.3 1 0 0 0 0 0 1 

109 
Vanillic acid-O-

dihexoside 
[142] C20H28O14 491.1422 8.5 1 0 0 0 0 0 1 

110 Litseaefoloside A [143] C23H26O12 493.1340 47.0 1 0 0 0 0 0 1 

             

 
5. Methyl gallate 

derivatives 
           

111 
Methyl gallate-O-

hexoside 
[144] C14H18O10 345.0810 7.4 0 5 1 1 0 0 7 

112 
Methyl gallate-O-

hexoside 
[144] C14H18O10 345.0818 8.5 8 2 2 1 0 0 13 

113 
Methyl gallate-O-

hexoside 
[144] C14H18O10 345.0810 11.8 3 12 1 0 0 0 16 

114 

Methyl gallate-O-
coumaroyl-

hexoside 
- C23H24O12 491.1192 42.1 0 1 0 0 0 0 1 

115 
Methyl gallate-O-

dihexoside 
[145] C20H28O15 507.1375 8.0 1 0 0 0 0 0 1 

             

 Flavan-3-ols            

116 Catechin [6] C15H14O6 289.0709 16.0 32 27 12 2 5 0 78 

117 Epicatechin [6] C15H14O6 289.0705 23.0 24 20 9 3 5 0 61 
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44 33 13 3 6 1 100 

Compound  

118 Gallocatechin [6] C15H14O7 305.0654 8.5 6 5 4 1 0 0 16 

119 Epigallocatechin [6] C15H14O7 305.0653 15.4 4 0 1 2 0 1 8 

120 
(Epi)catechin-O-
hydroxybenzoate 

[146] C22H18O8 409.0923 35.8 1 1 0 0 0 1 3 

121 
(Epi)catechin-O-

rhamnoside 
[147] C21H24O10 435.1293 22.5 1 0 0 0 0 0 1 

122 Malaferin B [148] C24H20O8 435.1095 40.1 0 1 1 0 0 0 2 

123 
(Epi)catechin 

gallate 
[6] C22H18O10 441.0830 28.1 0 8 0 0 0 0 8 

124 
(Epi)catechin 

gallate 
[6] C22H18O10 441.0829 29.6 7 22 3 3 0 1 36 

125 
(Epi)catechin 

gallate 
[6] C22H18O10 441.0826 31.8 2 13 0 0 0 0 15 

126 
(Epi)catechin 

gallate [6] C22H18O10 441.0830 36.8 0 5 1 0 0 0 6 

127 
(Epi)catechin-O-

hexoside [149] C21H24O11 451.1251 10.5 10 13 4 0 3 0 30 

128 
(Epi)catechin-O-

methyl-gallate 
[150] C23H20O10 455.0965 34.4 2 4 1 0 0 0 7 

129 
(Epi)gallocatechin 

gallate 
[6] C22H18O11 457.0755 19.8 0 0 1 0 0 0 1 

130 
Epigallocatechin 

gallate 
[6] C22H18O11 457.0776 22.7 2 0 1 3 0 1 7 

131 
(Epi)gallocatechin 

gallate 
[6] C22H18O11 457.0757 26.6 0 0 1 0 0 0 1 

132 Malaferin C [148] C25H22O9 465.1198 41.2 0 0 1 0 0 0 1 

133 
(Epi)catechin-O-
dimethyl-gallate 

[151] C24H22O10 469.1161 38.9 0 0 0 1 0 0 1 

134 
(Epi)catechin-O-

trimethoxybenzoate 
[152] C25H24O10 483.1320 29.5 3 2 2 0 1 0 8 

135 
(Epi)catechin-O-

trimethoxybenzoate 
[152] C25H24O10 483.1300 32.9 1 0 0 0 1 0 2 
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136 

(Epi)catechin-
(4,8/2,6)-

(epi)catechin 
[6] C30H24O12 575.1206 5.5 6 12 0 0 0 0 18 

137 

(Epi)catechin-
(4,8/2,6)-

(epi)catechin 
[6] C30H24O12 575.1216 8.7 1 0 0 0 0 0 1 

138 

(Epi)catechin-
(4,8/2,6)-

(epi)catechin 
[6] C30H24O12 575.1216 10.1 1 8 0 0 0 0 9 

139 

(Epi)catechin-
(4,8/2,6)-

(epi)catechin 
[6] C30H24O12 575.1194 12.0 1 2 0 0 0 0 3 

140 

(Epi)catechin-
(4,8/2,6)-

(epi)catechin 
[6] C30H24O12 575.1190 14.0 0 5 0 0 0 0 5 

141 

(Epi)catechin-
(4,8/2,6)-

(epi)catechin 
[6] C30H24O12 575.1190 18.1 0 3 0 0 0 0 3 

142 

(Epi)catechin-
(4,8/2,6)-

(epi)catechin 
[6] C30H24O12 575.1211 27.2 18 23 7 0 0 0 48 

143 

(Epi)catechin-
(4,8/2,6)-

(epi)catechin 
[6] C30H24O12 575.1190 32.4 26 17 8 1 1 0 53 

144 

(Epi)catechin-
(4,8/2,6)-

(epi)catechin 
[6] C30H24O12 575.1184 34.8 1 1 4 0 0 0 6 

145 

(Epi)catechin-
(epi)catechin 

(Procyanidin dimer 
B1) 

[6] C30H26O12 577.1372 13.4 21 25 11 1 4 0 62 

146 

(Epi)catechin-
(epi)catechin 

(Procyanidin dimer 
B) 

[6] C30H26O12 577.1361 14.3 17 24 7 1 2 0 51 



   

   
Page  |  145 

 

No. 

Compounds found 

in the six 

subgenera 

R
ef

er
en

ce
 

Molecular 

Formula 

Parent 

Ion 

[M-H]
-
 

m/z 

RT 

 

min 

Subgenus / 

No. of species in which 

the compounds were 

identified 

T
o
ta

l 

R
h

o
d

o
d
en

d
ro

n
 

H
ym

en
a
n

th
es

 

P
en

ta
n

th
er

a
 

A
za

le
a
st

ru
m

 

T
su

ts
u

si
 

M
u

m
ea

za
le

a
 

 

Number of Species  
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147 

(Epi)catechin-
(epi)catechin 

(Procyanidin dimer 
B) 

[6] C30H26O12 577.1371 18.6 21 20 7 1 1 0 50 

148 

(Epi)catechin-
(epi)catechin 

(Procyanidin dimer 
B2) 

[6] C30H26O12 577.1370 20.3 34 24 11 3 5 0 77 

149 

(Epi)catechin-
(epi)catechin 

(Procyanidin dimer 
B) 

[6] C30H26O12 577.1374 23.1 10 19 6 0 2 0 37 

150 

(Epi)catechin-
(epi)catechin 

(Procyanidin dimer 
B) 

[6] C30H26O12 577.1360 32.8 6 4 3 1 4 0 18 

151 Gambiriin A/D [153] C30H28O12 579.1533 19.2 0 1 0 0 0 0 1 

152 
(Epi)gallocatechin-

(epi)catechin [6] C30H26O13 593.1325 7.7 12 12 4 1 2 0 31 

153 
(Epi)gallocatechin-

(epi)catechin 
[6] C30H26O13 593.1303 9.7 5 11 4 0 0 0 20 

154 
(Epi)gallocatechin-

(epi)catechin 
[6] C30H26O13 593.1321 10.5 2 5 0 0 0 0 7 

155 
(Epi)gallocatechin-

(epi)catechin 
[6] C30H26O13 593.1317 12.6 3 3 3 1 0 1 11 

156 
(Epi)gallocatechin-

(epi)catechin 
[6] C30H26O13 593.1327 13.7 6 3 0 0 0 0 9 

157 
(Epi)gallocatechin-

(epi)catechin 
[6] C30H26O13 593.1301 15.2 0 0 0 1 0 1 2 

158 
(Epi)gallocatechin-

(epi)catechin 
[6] C30H26O13 593.1310 16.5 1 0 0 0 0 0 1 

159 
(Epi)gallocatechin-

(epi)catechin 
[6] C30H26O13 593.1320 18.2 1 0 0 0 0 0 1 

160 
(Epi)gallocatechin-
(epi)gallocatechin 

[6] C30H26O14 609.1269 4.5 3 0 0 0 0 0 3 
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44 33 13 3 6 1 100 
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161 
(Epi)gallocatechin-
(epi)gallocatechin 

[6] C30H26O14 609.1275 6.5 5 3 2 0 0 0 10 

162 
(Epi)gallocatechin-
(epi)gallocatechin 

[6] C30H26O14 609.1275 7.5 1 0 2 0 0 1 4 

163 
(Epi)gallocatechin-
(epi)gallocatechin 

[6] C30H26O14 609.1261 10.2 5 1 1 0 0 1 8 

164 
(Epi)gallocatechin-
(epi)gallocatechin [6] C30H26O14 609.1247 13.1 1 0 2 0 0 0 3 

165 

(Epi)catechin-3-O-
hexoside-7-O-

hexoside 
[154] C27H34O16 613.1790 9.6 0 0 2 0 0 0 2 

166 

(Epi)catechin-3-O-
hexoside-7-O-

hexoside 
[154] C27H34O16 613.1798 11.8 0 0 1 0 0 0 1 

167 

(Epi)catechin-3-O-
hexoside-7-O-

hexoside 
[154] C27H34O16 613.1801 13.2 0 0 1 0 0 0 1 

168 

3-O-
galloyl(epi)catechin

-(4,8/2,6)-
(epi)catechin 

[6] C37H28O16 727.1296 36.6 3 13 1 0 0 0 17 

169 

3-O-
galloyl(epi)catechin
-(4,8)-(epi)catechin 

[6] C37H30O16 729.1469 20.3 0 11 0 0 0 0 11 

170 

(Epi)catechin-
(4,8′)-3′-O-galloyl-

(epi)catechin 
[6] C37H30O16 729.1484 23.6 2 2 1 2 0 0 7 

171 

3-O-
galloyl(epi)catechin
-(4,8)-(epi)catechin 

[6] C37H30O16 729.1462 27.9 0 5 0 0 0 0 5 

172 

(Epi)gallocatechin-
(4,8′)-3′-O-galloyl-

(epi)catechin 
[6] C37H30O17 745.1416 20.6 1 0 2 2 0 1 6 
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173 

(Epi)gallocatechin-
(4,8)-3′-O-

galloyl(epi)gallocat
echin 

[6] C37H30O18 761.1396 13.7 1 0 2 3 0 1 7 

174 

(Epi)gallocatechin-
(4,8)-3′-O-

galloyl(epi)gallocat
echin 

[6] C37H30O18 761.1374 25.7 0 0 0 0 0 1 1 

175 
A type Procyanidin 

Trimer C 
[155] C45H36O18 863.1847 22.6 15 16 4 0 4 0 39 

176 
A type Procyanidin 

Trimer C 
[155] C45H36O18 863.1836 23.2 18 7 5 1 6 0 37 

177 
A type Procyanidin 

Trimer C 
[155] C45H36O18 863.1867 26.7 9 5 3 0 0 0 17 

178 
A type Procyanidin 

Trimer C 
[155] C45H36O18 863.1850 33.7 8 2 4 0 0 0 14 

179 
Procyanidin Trimer 

C 
[155] C45H38O18 865.1946 5.6 6 14 2 0 1 0 23 

180 
Procyanidin Trimer 

C 
[155] C45H38O18 865.1959 14.9 3 11 1 0 0 0 15 

181 
Procyanidin Trimer 

C 
[155] C45H38O18 865.1984 15.6 1 2 1 0 1 0 5 

182 
Procyanidin Trimer 

C 
[155] C45H38O18 865.2017 16.6 1 0 0 0 0 0 1 

183 
Procyanidin Trimer 

C 
[155] C45H38O18 865.1984 19.2 2 4 1 0 0 0 7 

184 
Procyanidin Trimer 

C 
[155] C45H38O18 865.1966 22.2 2 6 1 0 0 0 9 

185 
Procyanidin Trimer 

C 
[155] C45H38O18 865.2010 25.6 14 6 6 1 4 0 31 

186 

(Epi)gallocatechin-
(4,8′)-(epi)catechin-
(4′,8′′)-(epi)catechin 

[156] C45H38O19 881.1961 11.1 1 0 0 0 0 0 1 
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187 

(Epi)catechin-
(4,8′)-

(epi)gallocatechin-
(4′,8′′)-(epi)catechin 

[156] C45H38O19 881.1938 12.1 1 1 0 0 0 0 2 

188 

(Epi)gallocatechin-
(4,8′)-(epi)catechin-
(4′,8′′)-(epi)catechin 

[156] C45H38O19 881.1969 13.2 1 0 1 0 0 0 2 

189 

(Epi)gallocatechin-
(4,8′/2,7′)-

(epi)gallocatechin-
(4′,8′′)-(epi)catechin 

[157] C45H36O20 895.1767 15.9 0 0 1 0 0 0 1 

190 

(Epi)gallocatechin-
(4,8′)-

(epi)gallocatechin-
(4′,8′′)-(epi)catechin 

[157] C45H38O20 897.1887 9.1 1 0 0 0 0 0 1 

191 
Procyanidin trimer 

gallate [156] C52H42O22 508.1032 13.1 0 1 0 0 0 0 1 

192 
Procyanidin trimer 

gallate 
[156] C52H42O22 508.1026 18.3 0 1 0 0 0 0 1 

193 
A type procyanidin 

tetramer 
[156] C60H48O24 575.1217 12.9 4 1 2 0 0 0 7 

194 
A type procyanidin 

tetramer 
[156] C60H48O24 575.1202 19.5 2 2 1 0 2 0 7 

195 
A type procyanidin 

tetramer 
[156] C60H48O24 575.1206 24.5 2 3 3 0 1 0 9 

196 
A type procyanidin 

tetramer 
[156] C60H48O24 575.1223 25.9 4 1 0 0 1 0 6 

197 
Procyanidin 

tetramer 
[156] C60H50O24 576.1286 17.7 0 1 0 0 1 0 2 

198 
Procyanidin 

tetramer 
[156] C60H50O24 576.1284 21.3 1 2 1 0 1 0 5 

199 
Procyanidin 

tetramer 
[156] C60H50O24 576.1293 22.2 0 1 4 0 1 0 6 

200 
Procyanidin 

tetramer 
[156] C60H50O24 576.1273 24.5 0 1 0 0 0 0 1 
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44 33 13 3 6 1 100 
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201 
Procyanidin 

tetramer 
[156] C60H50O24 576.1298 26.2 5 2 3 0 5 0 15 

202 
Procyanidin 

tetramer 
[156] C60H50O24 576.1293 30.5 1 0 0 0 0 0 1 

             

 Flavanones            

 1. Naringenin            

203 (±)-Naringenin [158] C15H12O5 271.0600 47.9 14 4 3 1 2 0 24 

204 
Naringenin-O-

hexoside 
[159] C21H22O10 433.1129 38.3 1 1 1 0 0 0 3 

205 

Naringenin-O-
hexoside-O-

pentoside 
[160] C26H30O14 565.1582 38.0 0 0 0 0 1 0 1 

             

 
2. Taxifolin 

derivatives 
           

206 (±)-Taxifolin [161] C15H12O7 303.0500 29.1 7 6 3 0 5 0 21 

207 
Taxifolin-O-

pentoside 
[6] C20H20O11 435.0950 27.8 14 18 2 1 4 0 39 

208 
Taxifolin-O-

pentoside 
[6] C20H20O11 435.0954 31.1 28 19 1 0 2 0 50 

209 
Taxifolin-O-

pentoside 
[6] C20H20O11 435.0943 32.4 4 6 1 0 1 0 12 

210 
Taxifolin-O-

pentoside 
[6] C20H20O11 435.0933 33.6 3 5 2 0 2 0 12 

211 
Taxifolin-O-

pentoside [6] C20H20O11 435.0954 35.5 12 7 0 0 1 0 20 

212 
Taxifolin-O-
rhamnoside [162] C21H22O11 449.1109 36.2 15 4 0 0 1 0 20 

213 
Taxifolin-O-
rhamnoside [162] C21H22O11 449.1084 36.6 1 0 0 0 1 0 2 

214 
Taxifolin-O-
rhamnoside 

[162] C21H22O11 449.1103 37.4 1 1 0 0 0 0 2 
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44 33 13 3 6 1 100 
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215 
Taxifolin-O-

hexoside 
[131] C21H22O12 465.1041 15.1 10 5 1 0 0 0 16 

216 
Taxifolin-O-

hexoside 
[131] C21H22O12 465.1045 19.3 1 2 0 0 0 0 3 

217 
Taxifolin-O-

hexoside 
[131] C21H22O12 465.1032 22.8 5 1 0 0 1 0 7 

218 
Taxifolin-O-

hexoside [131] C21H22O12 465.1037 24.8 9 18 2 0 2 1 32 

219 
Taxifolin-O-

hexoside 
[131] C21H22O12 465.1043 26.2 2 1 2 0 0 0 5 

220 
Taxifolin-O-

hexoside 
[131] C21H22O12 465.1055 27.9 9 4 3 0 0 0 16 

221 
Taxifolin-O-

hexoside 
[131] C21H22O12 465.1052 30.0 10 7 3 0 1 0 21 

222 
Taxifolin-O-acetyl-

rhamnoside 
[163] C23H24O12 491.1219 39.9 1 0 0 0 0 0 1 

223 
Taxifolin-O-acetyl-

rhamnoside 
[163] C23H24O12 491.1214 45.0 1 0 0 0 0 0 1 

224 
Taxifolin-O-acetyl-

hexoside 
[164] C23H24O13 507.1168 46.7 0 0 0 0 1 0 1 

225 
Taxifolin-O-acetyl-

hexoside 
[164] C23H24O13 507.1165 48.1 0 0 0 0 1 0 1 

226 

Taxifolin-O-
pentoside-O-

hexoside 
[165] C26H30O16 597.1484 17.7 1 0 0 0 0 0 1 

227 

Taxifolin-O-
rhamnoside-O-

hexoside 
[166] C27H32O16 611.1640 20.1 1 0 0 0 0 0 1 

228 

Taxifolin-O-
rhamnoside-O-

hexoside 
[166] C27H32O16 611.1624 32.8 1 0 0 0 0 0 1 

             

 Flavonols            

 1. Myricetin            
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44 33 13 3 6 1 100 
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229 Myricetin [158] C15H10O8 317.0297 38.9 5 5 0 0 0 1 11 

230 
Myricetin-O-

pentoside 
[6] C20H18O12 449.0746 32.1 10 8 3 0 0 1 22 

231 
Myricetin-O-

pentoside 
[6] C20H18O12 449.0735 37.8 7 3 1 0 0 0 11 

232 
Myricetin-O-

pentoside 
[6] C20H18O12 449.0741 39.1 12 1 0 0 0 0 13 

233 
Myricetin-O-
rhamnoside 

[6] C21H20O12 463.0895 33.0 17 9 3 3 1 1 34 

234 
Myricetin-O-

hexoside 
[6] C21H20O13 479.0809 30.8 21 11 3 2 0 1 38 

235 
Myricetin-O-

hexoside 
[6] C21H20O13 479.0808 31.2 1 2 1 2 0 0 6 

236 
Myricetin-O-

hexoside [6] C21H20O13 479.0842 35.3 13 3 0 0 0 0 16 

237 
Myricetin-O-
glucuronide [167] C21H18O14 493.0630 36.5 5 1 1 0 0 0 7 

238 
Myricetin-O-acetyl-

rhamnoside [168] C23H22O13 505.0995 37.6 1 0 0 0 0 0 1 

239 
Myricetin-O-
dipentoside 

[169] C25H26O16 581.1144 41.4 1 0 0 0 0 0 1 

240 
Myricetin-O-
dipentoside 

[169] C25H26O16 581.1147 42.5 1 0 0 0 0 0 1 

241 
Myricetin-O-

benzoyl-hexoside 
[170] C28H24O14 583.1112 45.7 2 0 0 1 0 0 3 

242 
Myricetin-O-

galloyl-rhamnoside 
[171] C28H24O16 615.0992 38.5 0 0 0 1 0 1 2 

243 
Myricetin-O-

galloyl-rhamnoside 
[171] C28H24O16 615.1022 39.2 0 1 0 2 0 0 3 

244 
Myricetin-O-

rutinoside 
[114] C27H30O17 625.1438 31.4 3 0 1 0 0 1 5 

245 

Myricetin-3-O-
hexoside-7-O-

rhamnoside 
[114] C27H30O17 625.1415 35.4 0 0 0 1 0 0 1 
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44 33 13 3 6 1 100 

Compound  

246 
Myricetin-O-

galloyl-hexoside 
[6] C28H24O17 631.0928 30.5 1 1 1 2 0 0 5 

247 

Myricetin-7-O-
galloyl-3-O-

hexoside 
[6] C28H24O17 631.0920 32.5 1 0 0 2 0 0 3 

             

 
2. Quercetin 

derivatives 
           

248 Quercetin [155] C15H10O7 301.0355 44.4 38 18 7 1 5 1 70 

249 
Quercetin-O-

pentoside 
[6] C20H18O11 433.0788 36.6 29 24 5 0 5 0 63 

250 
Quercetin-O-

pentoside 
[6] C20H18O11 433.0797 37.4 33 27 12 1 5 1 79 

251 
Quercetin-O-

pentoside [6] C20H18O11 433.0776 39.6 2 0 2 0 0 1 5 

252 
Quercetin-O-

pentoside [6] C20H18O11 433.0781 41.2 42 31 11 0 6 0 90 

253 
Quercetin-O-
rhamnoside [6] C21H20O11 447.0952 38.7 33 31 10 2 5 1 82 

254 
Quercetin-O-

hexoside 
[6] C21H20O12 463.0898 34.2 41 30 13 3 5 1 93 

255 
Quercetin-O-

hexoside 
[6] C21H20O12 463.0880 35.5 41 29 12 3 6 1 92 

256 
Quercetin-O-

hexoside 
[6] C21H20O12 463.0896 40.7 2 3 0 0 0 0 5 

257 
Quercetin-O-acetyl-

pentoside 
[114] C22H20O12 475.0884 43.2 2 1 3 0 1 0 7 

258 
Quercetin-O-acetyl-

pentoside 
[114] C22H20O12 475.0880 45.5 1 0 0 0 0 0 1 

259 
Quercetin-O-acetyl-

pentoside 
[114] C22H20O12 475.0903 48.0 1 0 0 0 0 0 1 

260 
Quercetin-O-
glucuronide 

[172] C21H18O13 477.0694 40.8 30 18 3 0 4 0 55 
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261 
Quercetin-O-acetyl-

rhamnoside 
[173] C23H22O12 489.1055 43.5 5 1 4 0 0 0 10 

262 
Quercetin-O-acetyl-

rhamnoside 
[173] C23H22O12 489.1041 45.5 4 0 1 0 0 0 5 

263 
Quercetin-O-acetyl-

rhamnoside 
[173] C23H22O12 489.1057 47.6 5 1 0 0 1 0 7 

264 
Quercetin-O-acetyl-

hexoside [174] C23H22O13 505.0989 38.0 1 1 0 0 0 0 2 

265 
Quercetin-O-acetyl-

hexoside 
[174] C23H22O13 505.0985 40.0 9 3 3 0 0 0 15 

266 
Quercetin-O-acetyl-

hexoside 
[174] C23H22O13 505.1013 42.0 7 0 0 0 0 0 7 

267 
Quercetin-O-acetyl-

hexoside 
[174] C23H22O13 505.0995 42.8 6 1 0 0 0 0 7 

268 
Quercetin-O-acetyl-

hexoside 
[174] C23H22O13 505.1010 43.4 9 3 1 0 0 0 13 

269 
Quercetin-O-acetyl-

hexoside 
[174] C23H22O13 505.1000 44.0 2 2 1 1 1 0 7 

270 
Quercetin-O-acetyl-

hexoside 
[174] C23H22O13 505.1001 45.6 1 0 0 0 0 0 1 

271 
Quercetin-O-acetyl-

hexoside 
[174] C23H22O13 505.1004 46.5 1 0 0 0 0 0 1 

272 
Quercetin-O-

diacetyl-hexoside 
[175] C25H24O14 547.1111 51.5 1 0 0 0 0 0 1 

273 
Quercetin-O-
dipentoside 

[176] C25H26O15 565.1216 33.8 0 1 0 0 0 0 1 

274 
Quercetin-O-
dipentoside 

[176] C25H26O15 565.1219 36.3 2 1 1 0 0 0 4 

275 
Quercetin-O-

benzoyl-hexoside 
[177] C28H24O13 567.1146 49.7 4 2 3 0 0 0 9 

276 

Quercetin-O-
pentoside-O-
rhamnoside 

[155] C26H28O15 579.1371 37.2 0 0 1 0 0 1 2 
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277 

Quercetin-O-(p-
hydroxy)-benzoyl-

hexoside 
[6] C28H24O14 583.1093 41.7 5 4 0 0 0 0 9 

278 

Quercetin-O-(p-
hydroxy)-benzoyl-

hexoside 
[6] C28H24O14 583.1111 44.0 15 14 2 0 2 0 33 

279 

Quercetin-O-(p-
hydroxy)-benzoyl-

hexoside 
[6] C28H24O14 583.1099 49.8 0 5 1 0 0 0 6 

280 
Quercetin-O-

galloyl-pentoside 
[178] C27H22O15 585.0886 39.1 0 1 0 0 0 0 1 

281 
Quercetin-O-

galloyl-pentoside 
[178] C27H22O15 585.0897 42.9 2 5 0 0 0 0 7 

282 

Quercetin-3-O-(4"-
3-hydroxy-3-

methylglutaryl)-α-
rhamnoside 

[179] C27H28O15 591.1385 44.9 1 0 0 0 0 0 1 

283 

Quercetin-O-
coumaroyl-
rhamnoside 

[180] C30H26O13 593.1303 52.0 1 4 1 0 0 0 6 

284 

Quercetin-O-
coumaroyl-
rhamnoside 

[180] C30H26O13 593.1304 55.1 6 8 2 0 0 0 16 

285 

Quercetin-O-
pentoside-O-

hexoside 
[6] C26H28O16 595.1329 24.7 0 0 1 0 0 0 1 

286 

Quercetin-O-
pentoside-O-

hexoside 
[6] C26H28O16 595.1322 30.4 9 6 0 0 0 0 15 

287 

Quercetin-O-
protocatechuoyl-

hexoside 

[181, 
182] 

C28H24O15 599.1031 40.6 1 1 2 0 0 0 4 

288 
Quercetin-O-

galloyl-rhamnoside 
[181, 
182] 

C28H24O15 599.1048 43.4 3 7 2 1 0 1 14 
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289 

Quercetin-O-
rhamnoside-O-

hexoside 
[6] C27H30O16 609.1476 25.7 1 0 0 0 0 0 1 

290 

Quercetin-O-
rhamnoside-O-

hexoside 
[6] C27H30O16 609.1469 28.8 2 0 0 0 0 0 2 

291 

Quercetin-O-
rhamnoside-O-

hexoside 
[6] C27H30O16 609.1473 30.3 2 0 0 0 0 0 2 

292 

Quercetin-O-
rhamnoside-O-

hexoside 
[6] C27H30O16 609.1470 31.5 1 0 0 0 0 0 1 

293 

Quercetin-O-
rhamnoside-O-

hexoside 
[6] C27H30O16 609.1478 34.3 4 2 4 0 1 0 11 

294 

Quercetin-O-
rhamnoside-O-

hexoside 
[6] C27H30O16 609.1476 35.0 15 12 7 0 5 1 40 

295 

Quercetin-O-
coumaroyl-

hexoside 
[183] C30H26O14 609.1262 46.4 3 5 3 0 1 0 12 

296 

Quercetin-O-
coumaroyl-

hexoside 
[183] C30H26O14 609.1258 47.8 5 3 1 0 0 0 9 

297 

Quercetin-O-
coumaroyl-

hexoside 
[183] C30H26O14 609.1269 49.5 8 17 5 1 1 0 32 

298 
Quercetin-O-

galloyl-hexoside 
[6] C28H24O16 615.1006 34.5 1 1 0 0 0 0 2 

299 
Quercetin-O-

galloyl-hexoside 
[6] C28H24O16 615.1000 35.5 6 12 2 1 0 0 21 

300 

Quercetin-O-
feruloyl-

rhamnoside 
[180] C31H28O14 623.1410 56.5 1 1 0 0 0 0 2 

301 Cypellogin A/B [184] C31H34O14 629.1899 48.7 2 0 0 0 0 0 2 
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44 33 13 3 6 1 100 

Compound  

302 Cypellogin A/B [184] C31H34O14 629.1894 50.6 6 0 0 0 1 0 7 

303 Cypellogin A/B [184] C31H34O14 629.1905 51.7 0 1 0 0 0 0 1 

304 Cypellogin C [116] C31H36O14 631.2063 52.6 0 1 0 0 0 0 1 

305 

Quercetin-3-(4"-O-
acetyl)-O-

rhamnoside-7-O-
rhamnoside 

[185] C29H32O16 635.1643 40.7 0 0 1 0 0 0 1 

306 
Quercetin-O-

feruloyl-hexoside 
[6] C31H28O15 639.1361 47.4 3 7 0 0 1 0 11 

307 
Quercetin-O-

feruloyl-hexoside 
[6] C31H28O15 639.1364 50.9 11 14 3 0 1 0 29 

308 

Quercetin-3-O-
acetyl-hexoside-

rhamnoside 
[186] C29H32O17 651.1568 42.7 3 0 0 0 0 0 3 

309 
Quercetin-O-

sinapoyl-hexoside 
[187] C32H30O16 669.1460 51.7 3 5 2 0 0 0 10 

             

 
3. Kaempferol 

derivatives 
           

310 Kaempferol [155] C15H10O6 285.0405 49.5 9 1 0 0 0 1 11 

311 
Kaempferol-O-

pentoside [188] C20H18O10 417.0808 41.0 14 18 10 2 2 1 47 

312 
Kaempferol-O-

pentoside [188] C20H18O10 417.0812 43.9 32 16 2 0 1 1 52 

313 
Kaempferol-O-

rhamnoside 
[155] C21H20O10 431.1003 43.6 29 26 10 3 6 1 75 

314 
Kaempferol-O-

hexoside 
[155] C21H20O11 447.0930 37.5 17 5 3 0 0 0 25 

315 
Kaempferol-O-

hexoside 
[155] C21H20O11 447.0924 39.0 6 1 1 0 0 1 9 

316 
Kaempferol-O-
acetyl-pentoside 

[189] C22H20O11 459.0941 47.6 0 0 3 0 0 0 3 

317 
Kaempferol-O-
acetyl-pentoside 

[189] C22H20O11 459.0938 50.1 2 0 0 0 0 0 2 
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318 
Kaempferol-O-

glucuronide 
[190] C21H18O12 461.0726 43.6 15 8 1 0 2 0 26 

319 
Kaempferol-O-

acetyl-rhamnoside 
[191] C23H22O11 473.1106 48.2 4 0 2 0 0 0 6 

320 
Kaempferol-O-

acetyl-rhamnoside 
[191] C23H22O11 473.1109 52.3 1 0 1 0 0 0 2 

321 
Kaempferol-O-
acetyl-hexoside [174] C23H22O12 489.1062 44.5 9 2 0 0 0 0 11 

322 
Kaempferol-O-
acetyl-hexoside 

[174] C23H22O12 489.1062 46.4 5 0 0 0 0 1 6 

323 
Kaempferol-O-
acetyl-hexoside 

[174] C23H22O12 489.1033 47.7 6 0 0 0 0 0 6 

324 
Kaempferol-O-

diacetyl-hexoside 
[175] C25H24O13 531.1156 55.0 1 0 0 0 0 0 1 

325 

Kaempferol-O-
rhamnoside-O-

pentoside 
[155] C26H28O14 563.1391 38.4 1 0 0 0 0 0 1 

326 

Kaempferol-O-
rhamnoside-O-

pentoside 
[155] C26H28O14 563.1425 41.0 0 0 1 0 0 1 2 

327 

Kaempferol-O-
rhamnoside-O-

pentoside 
[155] C26H28O14 563.1425 43.4 1 0 0 0 0 0 1 

328 

Kaempferol-O-
hydroxybenzoyl-

hexoside 
(Rugosaflavonoid 

C) 

[192] C28H24O13 567.1135 45.7 7 2 0 0 0 0 9 

329 
Kaempferol-O-

galloyl-pentoside 
[193] C27H22O14 569.0940 47.1 0 0 0 0 0 1 1 

330 
Kaempferol-O-

galloyl-rhamnoside 
[182] C28H24O14 583.1121 47.9 0 2 0 1 0 1 4 

331 
Kaempferol-O-

rutinoside 
[155] C27H30O15 593.1536 33.5 3 0 0 0 0 0 3 
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332 
Kaempferol-O-

rutinoside 
[155] C27H30O15 593.1536 38.9 5 2 2 0 1 1 11 

333 Resinoside A/B [116] C31H34O13 613.1943 51.9 1 0 0 0 0 0 1 

334 

Kaempferol-3-O-
(6''-acetyl-

hexoside)-7-O-
rhamnoside 

[194] C29H32O16 635.1649 46.1 2 0 0 0 0 0 2 

             

 
4. Laricitrin 

derivatives 
           

335 Laricitrin [195] C16H12O8 331.0470 46.1 4 0 0 0 0 0 4 

336 
Laricitrin-O-

pentoside 
[196] C21H20O12 463.0886 39.7 2 1 0 0 0 0 3 

337 
Laricitrin-O-

pentoside 
[196] C21H20O12 463.0903 43.1 1 1 1 0 0 0 3 

338 
Laricitrin-O-

pentoside 
[196] C21H20O12 463.0886 44.6 2 2 0 0 0 0 4 

339 
Laricitrin-O-
rhamnoside 

[196] C22H22O12 477.1034 40.6 2 0 0 0 0 0 2 

340 
Laricitrin-O-

hexoside 
[196] C22H22O13 493.0985 36.8 5 0 0 0 0 0 5 

341 
Laricitrin-O-

hexoside 
[196] C22H22O13 493.0993 40.1 0 1 0 0 0 0 1 

342 
Laricitrin-O-

hexoside 
[196] C22H22O13 493.0999 46.2 0 2 0 0 0 0 2 

343 
Laricitrin-O-
glucuronide 

[197] C22H20O14 507.0805 42.7 0 1 0 0 0 0 1 

344 

Laricitrin-O-
coumaroyl-
rhamnoside 

- C31H28O14 623.1432 55.5 1 0 0 0 0 0 1 

345 
Laricitrin-O-

rutinoside 
[196] C28H32O17 639.1584 36.8 1 0 0 0 0 0 1 
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346 

Laricitrin-O-
coumaroyl-

hexoside 
[198] C31H28O15 639.1384 48.2 1 0 0 0 0 0 1 

347 

Laricitrin-O-
coumaroyl-

hexoside 
[198] C31H28O15 639.1384 50.4 0 0 1 0 0 0 1 

             

 
5. Isorhamnetin 

derivatives 
           

348 
Isorhamnetin-O-

glucuronide 
[199] C22H20O13 491.0824 45.2 0 1 0 0 1 0 2 
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14. Anti-bacterial, Cytotoxic and Genetic studies 

 

The anti-bacterial, cytotoxic and genetic studies of Rhododendron samples were conducted in 

parallel with the phytochemical studies. The highlights of these studies are included in this 

chapter. 

 

 Anti-bacterial studies 14.1.

The Rhododendron leaf crude extracts were tested against 26 bacterial strains including Gram-

positive (Bacillus subtilis) and Gram-negative bacteria (Escherichia coli). The anti-microbial 

activity was tested using the agar diffusion method. The Gram-positive bacteria were found to be 

more susceptible to the Rhododendron leaf extracts compared to the Gram-negative bacteria. 

Bacillus subtilis was used as a model organism for Gram-positive bacteria and the anti-bacterial 

rating of Rhododendron species is based on this bacterial strain. 17 species, which belong to the 

subgenus Rhododendron, were found to have significant anti-bacterial activity against Gram-

positive bacteria.[2, 200] In this anti-microbial study, Rhododendron ambiguum (Lab no. 3) and 

Rhododendron ambiguum (Lab no. 77) were considered as one species, however they were taken 

from two different plants and they displayed a different phytochemical profile and are hence 

considered as two different species in the phytochemical studies. 

 

 Cytotoxic studies 14.2.

12 Rhododendron leaf extracts that showed significant anti-bacterial activity were tested on 

model cell systems in order to determine the species, which could be used to identify possible 

antibiotics or lead compounds. The viability and proliferative activity of the Rhododendron leaf 

extracts were determined by using the MTT assay on cultured cells. IEC6 and HaCaT cells were 

used as a model for oral and dermal treatments. The leaf extracts of two species, Rhododendron 

minus and Rhododendron racemosum were found to be non-cytotoxic at the concentration, at 

which it produced a significant inhibition against Bacillus subtilis in the agar diffusion assay. 

Hence, these two crude leaf extracts show promise as antibiotics in clinical use and require 

further testing and development. In addition, the apoptotic effect of Rhododendron leaf extracts 

was observed.[200, 201] 
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 Genetic studies 14.3.

The diversity of the Rhododendron species was studied using the three genetic markers 

trnK, trnL-F, and ITS. The genes trnK and trnL-F are both chloroplast markers, while the gene 

ITS is a nuclear ribosomal marker. The DNA sequences from two nuclear DNA regions and two 

plastid regions of Rhododendron species were used to generate a (Maximum Likelihood) 

phylogenetic tree of Rhododendron (Figure 14.1). The polyploidy level of the Rhododendron 

species was also studied in order to determine their impact on the diversity.[202, 203] A few 

Rhododendron species, namely Rhododendron campanulatum ssp. aeruginosum (Lab no. 17), 

Rhododendron anthopogon ssp. anthopogon (Lab no. 49), Rhododendron beesianum (Lab no. 

60), Rhododendron tatsienense (Lab no. 87), Rhododendron triflorum (Lab no. 88), 

Rhododendron oldhamii (Lab no. 102) and Rhododendron neoglandulosum (Lab no. 108) used in 

this phytochemical study were not included in the phylogenetic tree as the required experiments 

were not conducted. 
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Figure 14.1: Phylogenetic tree of 100 Rhododendron species [202, 203] 
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15. Metabolomic and Statistical Studies 

 

A wide variety of metabolites are produced by plants that perform different functions in them. 

The physiological functions of the plant such as growth and reproduction are managed by the 

primary metabolites. The other functions such as signal mechanisms to promote pollination and 

other defense mechanisms against microbes, viruses and herbivores are handled by the secondary 

metabolites. They are produced in the plant system as a reaction to external stimulus such as 

climate conditions. It should be noted that the actual function of Rhododendron secondary 

metabolites is largely unknown. 

 

In this chapter, marker compounds have been identified for individual Rhododendron species and 

the six different subgenera of Rhododendron. The LC-TOF-MS data has been visualized using 

box plots, principal component analysis and hierarchical clustering analysis. Correlation studies 

have been performed using data generated from LC-TOF-MS and the results from anti-microbial 

and phylogenetic studies. 
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 Box Plots for Subgenera 15.1.

Box plots are used to present large amount of data in a simple graphical figure (Figure 15.1). In 

this thesis, box plots were used to display relative quantities of secondary metabolites from LC-

MS data. There are five main parts of a box plot. The bottom and top lines of the rectangle 

represent the 1st and 3rd quartiles respectively and the difference between them is known as the 

interquartile range. The middle line in the rectangle represents the median or 2nd quartile. The 

bottom and top whiskers represent the minimum and maximum values respectively and the 

difference between them is known as range. The outliers are excluded in this research study. 

 

Figure 15.1: Box plot 

The LC-TOF-MS data of Rhododendron leaf extracts were compiled together using the XCMS 

package in R software. The intensities as measure of relative quantities of the compounds present 

in the experimental data of Rhododendron species were stored in a csv file. This csv file was used 

in RStudio to generate box plots of the compounds. The following script was used to load the csv 

file into RStudio: 

 

setwd("C:/Users/ashrestha/Desktop") 

compounds<-read.csv('nameofcsvfile.csv') 

 

The following function was used to generate box plots with outliers: 

boxplot(compounds$nameofcompound~compounds$Subgenus, ylab='Intensity',  

main='Comparison of nameofcompound') 
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The following function was used to generate box plots without outliers: 

boxplot(compounds$nameofcompound~compounds$Subgenus, ylab='Intensity',  

main='Comparison of nameofcompound', outline=FALSE) 

 

The relative intensities could be obtained by integration versus the calibration standard. The 

samples were extracted and analyzed under the same conditions. The box plots were generated to 

achieve an overview of the intensity distribution of compounds found in different subgenus. 

 

The box plots were generated for 128 identified compounds based on the five subgenera 

Azaleastrum, Hymenanthes, Pentanthera, Rhododendron and Tsutsusi. The subgenus 

Mumeazalea consisted of only one specie which was not enough to generate box plots. Some 

compounds were present only in one species and the box plots would not be useful in such a case. 

A few compounds, mainly glycosides of different polyphenol groups are discussed below. The 

complete list of box plots is given in the Appendix (Additional information on CD). 
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 Hydroxycinnamic acids and their derivatives 15.1.1.

The median of all the chlorogenic acids, namely 3-O-p-coumaroylquinic acid (1) (tR 18.0 min), 

cis-3-O-p-coumaroylquinic acid (2) (tR 19.4 min), 5-O-p-coumaroylquinic acid (3) (tR 24.6 min), 

cis-5-O-p-coumaroylquinic acid (5) (tR 28.4 min), 3-O-caffeoylquinic acid (6) (tR 13.0 min) and 

5-O-caffeoylquinic acid (8) (tR 18.2 min) was highest in the subgenus Tsutsusi. For 

caffeoylshikimic acid (23) (tR 24.6 min), it was the highest in the subgenus Pentanthera. The 

highest concentration of 3-O-p-coumaroylquinic acid (1), 5-O-p-coumaroylquinic acid (3), cis-5-

O-p-coumaroylquinic acid (5) and caffeoylshikimic acid (23) was observed in Pentanthera. For 

cis-3-O-p-coumaroylquinic acid (2) and 5-O-caffeoylquinic acid (8), the highest concentration 

was observed in Tsutsusi. And for 3-O-caffeoylquinic acid (6), the highest concentration was 

observed in Rhododendron. The box plots of hydroxycinnamic acids of selected Rhododendron 

species have been used in a manuscript to be submitted soon. 
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Figure 15.2: Box plots of chlorogenic acids and caffeoylshikimic acid 

 

The highest median for the three caffeic acid-O-hexoside isomers (27, 28 and 30) (tR 12.5, 13.9 

and 17.6 min) were found in Azaleastrum, Pentanthera and Rhododendron respectively. For the 

two p-coumaric acid-O-hexoside isomers (35 and 36) (tR 16.5 and 24.1 min), the highest median 

was observed in Pentanthera and Rhododendron respectively. The highest median for the two 

ferulic acid-O-hexoside isomers (47 and 48) (tR 19.0 and 21.2 min) were observed in Pentanthera 

and Hymenanthes respectively. 
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Figure 15.3: Box plots of hydroxycinnamic acid hexosides 
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 Hydroxybenzoic acids and their derivatives 15.1.2.

The highest median for both gallic acid-O-hexoside isomers (55 and 56) (tR 4.6 and 7.9 min) was 

observed in Azaleastrum. For the two protocatechuic acid-O-hexoside isomers (84 and 85) (tR 5.9 

and 10.5 min), the highest median was observed in Pentanthera. Two salicylic acid-O-hexoside 

isomers (88 and 89) (tR 6.3 and 13.0 min) had the highest median in Hymenanthes and 

Azaleastrum respectively. One vanillic acid-O-hexoside isomer (96) (tR 10.2 min) had the highest 

median in Hymenanthes while the other three isomers (95, 97 and 98) (tR 7.7, 11.7 and 13.9 min) 

had the highest median in Rhododendron. 

 

Figure 15.4: Box plots of hydroxybenzoic (gallic, protocatechuic and salicylic) acid hexosides 
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Figure 15.5: Box plots of hydroxybenzoic (vanillic) acid hexosides 
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 Flavan-3-ols 15.1.3.

The highest median for catechin (116) (tR 16.0 min) and epicatechin (117) (tR 23.0 min) was 

observed in Hymenanthes and Tsutsusi respectively. Both gallocatechin (118) (tR 8.5 min) and 

epigallocatechin (119) (tR 15.4 min) had the highest median in Azaleastrum. Four isomers of A-

type procyanidin dimer (136, 138, 140 and 142) (tR 5.5, 10.1, 14.0 and 27.2 min) had the highest 

median in Hymenanthes while two isomers (143 and 144) (tR 32.4 and 34.8 min) had the highest 

median in Pentanthera. Four isomers of B-type procyanidin dimer (145, 146, 147 and 149) (tR 

13.4, 14.3, 18.6 and 23.1 min) had the highest median in Hymenanthes while two isomers (148 

and 150) (tR 20.3 and 32.8 min) had the highest median in Tsutsusi. Two isomers of A-type 

procyanidin trimer (175 and 176) (tR 22.6 and 23.2 min) had the highest median in Tsutsusi while 

one other isomer (177) (tR 26.7 min) had the highest median in Pentanthera. Four isomers of B-

type procyanidin trimer (179, 180, 181 and 184) (tR 5.6, 14.9, 15.6 and 22.2 min) had the highest 

median in Hymenanthes while two isomers (183 and 185) (tR 19.2 and 25.6 min) had the highest 

median in Tsutsusi. 

 

Figure 15.6: Box plots of catechin, epicatechin, gallocatechin and epigallocatechin 
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Figure 15.7: Box plots of A-type procyanidin dimers 
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Figure 15.8: Box plots of B-type procyanidin dimers 
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Figure 15.9: Box plots of A-type procyanidin trimers 
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Figure 15.10: Box plots of B-type procyanidin trimers 
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 Flavanones and their derivatives 15.1.4.

Naringenin (203) was found to be present in the highest concentration in Azaleastrum. The 

median was found to be the highest in Rhododendron. 

 

Figure 15.11: Box plot of Naringenin 
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 Flavonols and their derivatives 15.1.5.

Myricetin and its derivatives were found to have a large median in Azaleastrum. Myricetin (229) 

(tR 38.9 min) had the highest concentration in Rhododendron. Myricetin-O-rhamnoside (233) (tR 

33.0 min) and myricetin-O-hexoside (234) (tR 30.8 min) were found to have the highest 

concentration and median in Azaleastrum. It could be speculated that Azaleastrum favored the 

formation of some myricetin derivatives. 

 

Figure 15.12: Box plots of Myricetin and its derivatives 

 

Quercetin (248) (tR 44.4 min) was found in the highest concentration with the highest median in 

Rhododendron. Two isomers of quercetin-O-pentoside (249 and 252) (tR 36.6 and 41.2 min) were 

found in the highest concentration in Rhododendron, while the other two (250 and 251) (tR 37.4 

and 39.6 min) in Hymenanthes. The highest median for the four isomers of quercetin-O-pentoside 

(249, 250, 251 and 252) (tR 36.6, 37.4, 39.6 and 41.2 min) were found in Tsutsusi, Pentanthera, 

Tsutsusi and Rhododendron respectively. Quercetin-O-rhamnoside (253) (tR 38.7 min) was found 

in the highest concentration with the highest median in Tsutsusi. The two isomers of quercetin-O-

hexoside (254 and 255) (tR 34.2 and 35.5 min) were found in the highest concentration with the 

highest median in Hymenanthes and Rhododendron respectively. 
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Figure 15.13: Box plots of Quercetin and its derivatives 

 



   

   
Page  |  179 

 

Kaempferol (310) (tR 49.5 min), kaempferol-O-pentoside (312) (tR 43.9 min) and kaempferol-O-

hexoside (314) (tR 37.5 min) were found to have the highest median and concentration in 

Rhododendron. Kaempferol-O-pentoside (311) (tR 41.0 min) was found in the highest median 

and concentration in Pentanthera. Kaempferol-O-rhamnoside (313) (tR 43.6 min) on the other 

hand was found with the highest median in Pentanthera and highest concentration in 

Rhododendron. 

 

Figure 15.14: Box plots of Kaempferol and its derivatives 
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In the box plot studies of the five different subgenera of Rhododendron, the median of a few 

identified compounds were found to be higher in a specific subgenus (Table 15.1). It can be 

speculated that the Rhododendron species, which belong to the specific subgenus produced these 

compounds in a higher relative concentration compared to the other subgenera, which may be 

useful in the field of chemotaxonomy. 

 

Table 15.1: Identified compounds found with highest median in five Rhododendron subgenera 

Subgenus Compounds 

Azaleastrum 
Myricetin-O-rhamnoside (233) (tR 33.0 min), 

Myricetin-O-hexoside (234) (tR 30.8 min) 

Hymenanthes 

A-type procyanidin dimers (136, 138, 140 and 142) 
(tR 5.5, 10.1, 14.0 and 27.2 min) 

B-type procyanidin dimers (145, 146, 147 and 149) 
(tR 13.4, 14.3, 18.6 and 23.1 min) 

Pentanthera 

Caffeic acid-O-hexoside (28) (tR 13.9 min), 
p-Coumaric acid-O-hexoside (35) (tR 16.5 min), 

Ferulic acid-O-hexoside (47) (tR 19.0 min), 
Caffeoylshikimic acid (23) (tR 24.6 min), 

Rhododendron 
Vanillic acid-O-hexosides (95, 97 and 98) (tR 7.7, 

11.7 and 13.9 min) 

Tsutsusi 

Coumaroylquinic acids including 
3-O-p-coumaroylquinic acid (1) (tR 18.0 min), 

cis-3-O-p-coumaroylquinic acid (2) (tR 19.4 min), 
5-O-p-coumaroylquinic acid (3) (tR 24.6 min), 

cis-5-O-p-coumaroylquinic acid (5) (tR 28.4 min) 
Caffeoylquinic acids including 

3-O-caffeoylquinic acid (6) (tR 13.0 min), 
5-O-caffeoylquinic acid (8) (tR 18.2 min) 
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 Box Plots for Isomers 15.2.

In addition, some box plots were generated to compare the intensities of compounds with the 

same molecular weight. The following script was used to load the csv file into RStudio: 

 

setwd("C:/Users/ashrestha/Desktop") 

compounds<-read.csv('nameofcsvfile.csv') 

 

The following function was used to generate box plots of two or more compounds without 

outliers: 

 

a=c(compounds$Catechin) 

b=c(compounds$Epicatechin) 

boxplot(a, b, names=c("Catechin at 16.0 min","Epicatechin at 23.0 min"), ylab='Intensity', 

main='Comparison of Catechin and Epicatechin', outline=FALSE) 
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 Hydroxycinnamic acids and their derivatives 15.2.1.

The four isomers of coumaroylquinic acid, namely 3-O-p-coumaroylquinic acid (1) (tR 18.0 min), 

cis-3-O-p-coumaroylquinic acid (2) (tR 19.4 min), 5-O-p-coumaroylquinic acid (3) (tR 24.6 min) 

and cis-5-O-p-coumaroylquinic acid (5) (tR 28.4 min) were compared and no significant 

difference was observed between the compound intensities. 

 

Figure 15.15: Box plots of coumaroylquinic acids 

 

The two isomers of caffeoylquinic acid, namely 3-O-caffeoylquinic acid (6) (tR 13.0 min) and 5-

O-caffeoylquinic acid (8) (tR 18.2 min) were compared and their intensity distribution looked 

similar. 

 

Figure 15.16: Box plots of caffeoylquinic acids 

 

Similarly, the hexosides of caffeic acid (27, 28 and 30), p-coumaric acid (35 and 36) and ferulic 

acid (47 and 48) were compared individually. The isomers caffeic acid-O-hexoside (30) (tR 17.6 

min), p-coumaric acid-O-hexoside (35) (tR 16.5 min)  and ferulic acid-O-hexoside (47) (tR 19.0 

min) were found in higher concentration in the species. 
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Figure 15.17: Boxplots of isomers of hexosides of caffeic, p-coumaric and ferulic acid 
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 Hydroxybenzoic acids and their derivatives 15.2.2.

The hexosides of gallic acid (55 and 56), protocatechuic acid (84 and 85), salicylic acid (88 and 

89) and vanillic acid (95-98) were compared independently. The isomers protocatechuic acid-O-

hexoside (85) (tR 10.5 min) and salicylic acid-O-hexoside (88) (tR 6.3 min) were found in higher 

concentration in the species. Gallic acid-O-hexoside isomers (55 and 56) were present in similar 

intensity range. The isomer vanillic acid-O-hexoside (95) (tR 7.7 min) was the least abundant 

isomer. 

 

 

Figure 15.18: Boxplots of isomers of hexosides of gallic, protocatechuic, salicylic and vanillic 

acid 
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 Flavan-3-ols 15.2.3.

The box plots of catechin (116) and epicatechin (117), gallocatechin (118) and epigallocatechin 

(119), A-type procyanidin dimers (136, 138, 140, 142, 143 and 144) and trimers (175-177) and 

B-type procyanidin dimers (145-150) and trimers (179-185) were compared similarly. The 

median of catechin and gallocatechin were slightly higher than epicatechin and epigallocatechin 

respectively. The median of the A-type and B-type procyanidin dimers and trimers were similar 

in intensity. A few differences were observed in the highest concentration of the compounds for 

the dimers and trimers. 

 

Figure 15.19: Box plots of flavan-3-ols 
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 Flavonols and their derivatives 15.2.4.

The four isomers of quercetin-O-pentoside (249-252) and two isomers of quercetin-O-hexoside 

(254-255) were compared separately. The isomer quercetin-O-pentoside (250) (tR 37.4 min) and 

quercetin-O-hexoside (254) (tR 34.2 min) were found in higher concentrations. 

 

Figure 15.20: Box plots of the isomers of quercetin-O-pentoside and quercetin-O-hexoside 
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 Marker Compounds 15.3.

Marker compounds are the compound or compounds present in only one set of the samples and 

are thus used for chemotaxonomy and system classification. They could be present in samples, 

which belong in the same class for examples in the subgenus Rhododendron or it could be 

present in only one Rhododendron species such as Rhododendron ambiguum. The marker 

compounds could be synthesized in certain plants or groups of plants due to the presence of 

certain synthases, which are enzymes that plants use to form a variety of secondary metabolites. 

In the subgenera marker compound study, some compounds were found to be specific for a 

subgenus of Rhododendron. In the individual specie marker compound study, some 

Rhododendron species were found to have more than one marker compound. 

 

The marker compounds for the six different subgenera of Rhododendron analyzed in this study 

are shown in Table 15.2. Some marker compounds were identified for individual species in the 

analyzed Rhododendron leaves and are shown in Table 15.3. 

 

Table 15.2: Marker compounds of the Rhododendron subgenera 

Subgenus Compounds 

Azaleastrum 

Galloylarbutin 63 (tR 11.7 min), 
Gallic acid-O-coumaroyl-hexoside 70 (tR 31.0 min), 
Gallic acid-O-coumaroyl-hexoside 71 (tR 32.6 min), 
Hyemaloside B / Guavinoside A 81 (tR 30.9 min), 

(Epi)catechin-O-dimethyl-gallate 133 (tR 38.9 min), 
Myricetin-3-O-hexoside-7-O-rhamnoside 245 (tR 35.4 min) 

 

 

 

 

 

 

 

Hymenanthes 

 

 

 

 

 

 

 

Caffeic acid-O-hexoside 24 (tR 8.1 min), 
Caffeic acid-O-hexoside 25 (tR 9.2 min), 

Caffeic acid-O-hexoside 31 (tR 19.2 min), 
Everlastoside M 42 (tR 27.0 min), 

p-Coumaric acid-O-dihexoside 43 (tR 14.4 min), 
Galloylquinic acid 60 (tR 9.6 min), 

Gallic acid-O-acetyl-hexoside 61 (tR 13.9 min), 
Benzyl-6'-O-galloyl-β-D-hexoside 62 (tR 32.1 min), 

6-galloyl-1-O-(phloroglucinol)-hexoside 65 (tR 15.0 min), 
Gallic acid-O-galloyl-rhamnoside 68 (tR 36.6 min), 
Galloyl-O-vanilloyl-O-hexoside 74 (tR 27.1 min), 

Gallic acid-O-dihexoside 77 (tR 3.2 min), 
Gallic acid-O-feruloyl-hexoside 80 (tR 36.2 min), 

Galloylalbiflorin 82 (tR 42.8 min), 
Protocatechuic acid-O-benzoyl-hexoside 86 (tR 51.8 min), 
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Subgenus Compounds 

 

 

 

 

 

 

 

Hymenanthes 

 

 

 

 

Protocatechuic acid-O-feruloyl-hexoside 87 (tR 51.1 min), 
Salicylic acid-O-coumaroyl-hexoside 92 (tR 42.4 min), 

Salicylic acid-O-dihexoside 94 (tR 7.0 min), 
Vanillic acid-O-coumaroyl-hexoside 106 (tR 47.8 min), 

Methyl gallate-O-coumaroyl-hexoside 114 (tR 42.1 min), 
Gambiriin A/D 151 (tR 19.2 min), 

Procyanidin trimer gallate 191 (tR 13.1 min), 
Procyanidin trimer gallate 192 (tR 18.3 min), 

Procyanidin tetramer 200 (tR 24.5 min), 
Quercetin-O-dipentoside 273 (tR 33.8 min), 

Quercetin-O-galloyl-pentoside 280 (tR 39.1 min), 
Cypellogin A/B 303 (tR 51.7 min), 
Cypellogin C 305 (tR 52.6 min), 

Laricitrin-O-hexoside 341 (tR 40.1 min), 
Laricitrin-O-glucuronide 343 (tR 42.7 min) 

Pentanthera 

3-O-hydroxydihydro-Caffeoylquinic acid 15 (tR 5.9 min), 
4-O-hydroxydihydro-Caffeoylquinic acid 18 (tR 9.8 min),  
4-O-hydroxydihydro-Caffeoylquinic acid 19 (tR 10.8 min), 

Teucrol 22 (tR 51.0 min), 
Teucrol-O-hexoside 32 (tR 42.0 min), 

p-Coumaric acid-O-shikimate 33 (tR 30.8 min), 
p-Coumaric acid-O-glucosyl ester 39 (tR 18.7 min), 

Vanilloyl-O-hydroxybenzoyl-hexoside 100 (tR 17.5 min), 
(Epi)gallocatechin gallate 129 (tR 19.8 min), 
(Epi)gallocatechin gallate 131 (tR 26.6 min), 

Malaferin C 132 (tR 41.2 min), 
 (Epi)catechin-3-O-hexoside-7-O-hexoside 166 (tR 11.8 min), 
(Epi)catechin-3-O-hexoside-7-O-hexoside 167 (tR 13.2 min), 

(Epi)gallocatechin-(4,8′/2,7′)-(epi)gallocatechin-(4′,8′′)-(epi)catechin 189 (tR 15.9 min), 
Quercetin-O-pentoside-O-hexoside 285 (tR 24.7 min), 

Quercetin-3-(4"-O-acetyl)-O-rhamnoside-7-O-rhamnoside 305 (tR 40.7 min), 
Laricitrin-O-coumaroyl-hexoside 347 (tR 50.4 min) 

 

 

 

 

 

 

 

Rhododendron 

 

 

 

 

 

 

p-Coumaric acid-O-hexoside-O-pentoside 41 (tR 19.2 min), 
p-Coumaric acid-O-dihexoside 44 (tR 20.0 min), 

Ferulic acid-O-hexoside 50 (tR 28.9 min), 
Gallic acid-O-rutinoside 69 (tR 6.6 min), 

Galloyl-O-vanilloyl-O-hexoside 75 (tR 30.1 min),  
Gallic acid-3-O-(6'-O-galloyl)-β-D-hexoside 76 (tR 22.5 min), 

Salicyloylsalicin 91 (tR 36.6 min), 
Vanilloyl-O-hydroxybenzoyl-hexoside 101 (tR 40.8 min), 
Vanillic acid-O-hexoside-O-pentoside 102 (tR 14.9 min), 

Vanillic acid-O-rutinoside 104 (tR 12.5 min), 
Vanillic acid-O-rutinoside 105 (tR 18.9 min), 
Vanillic acid-O-dihexoside 107 (tR 4.6 min), 
Vanillic acid-O-dihexoside 108 (tR 5.3 min), 
Vanillic acid-O-dihexoside 109 (tR 8.5 min), 
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Subgenus Compounds 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rhododendron 

 Litseaefoloside A 110 (tR 47.0 min), 
Methyl gallate-O-dihexoside 115 (tR 8.0 min), 

 (Epi)catechin-O-rhamnoside 121 (tR 22.5 min), 
 (Epi)catechin-(4,8/2,6)-(epi)catechin 137 (tR 8.7 min), 

(Epi)gallocatechin-(epi)catechin 158 (tR 16.5 min), 
 (Epi)gallocatechin-(epi)catechin 159 (tR 18.2 min), 

Procyanidin Trimer C 182 (tR 16.6 min), 
(Epi)gallocatechin-(4,8′)-(epi)gallocatechin-(4′,8′′)-(epi)catechin 190 (tR 9.1 min), 

Procyanidin tetramer 202 (tR 30.5 min), 
Taxifolin-O-acetyl-rhamnoside 222 (tR 39.9 min), 
Taxifolin-O-acetyl-rhamnoside 223 (tR 45.0 min), 

Taxifolin-O-pentoside-O-hexoside 226 (tR 17.7 min), 
Taxifolin-O-rhamnoside-O-hexoside 227 (tR 20.1 min), 
Taxifolin-O-rhamnoside-O-hexoside 228 (tR 32.8 min), 

Myricetin-O-acetyl-rhamnoside 238 (tR 37.6 min), 
Myricetin-O-dipentoside 239 (tR 41.4 min), 
Myricetin-O-dipentoside 240 (tR 42.5 min), 

Quercetin-O-acetyl-pentoside 258 (tR 45.5 min), 
Quercetin-O-acetyl-pentoside 259 (tR 48.0 min), 
Quercetin-O-acetyl-hexoside 270 (tR 45.6 min), 
Quercetin-O-acetyl-hexoside 271 (tR 46.5 min), 

Quercetin-O-diacetyl-hexoside 272 (tR 51.5 min), 
Quercetin-3-O-(4"-3-hydroxy-3-methylglutaryl)-α-rhamnoside 282 (tR 44.9 min), 

Quercetin-O-rhamnoside-O-hexoside 289 (tR 25.7 min), 
Kaempferol-O-diacetyl-hexoside 324 (tR 55.0 min), 

Laricitrin-O-coumaroyl-rhamnoside 344 (tR 55.5 min), 
Laricitrin-O-coumaroyl-hexoside 346 (tR 48.2 min), 

Quercetin-O-rhamnoside-O-hexoside 292 (tR 31.5 min), 
Kaempferol-O-rhamnoside-O-pentoside 325 (tR 38.4 min), 
Kaempferol-O-rhamnoside-O-pentoside 327 (tR 43.4 min), 

Resinoside A/B 333 (tR 51.9 min), 
Laricitrin-O-rutinoside 345 (tR 36.8 min) 

Tsutsusi 

Ferulic acid-O-dihexoside 51 (tR 17.2 min), 
Naringenin-O-hexoside-O-pentoside 205 (tR 38.0 min), 

Taxifolin-O-acetyl-hexoside 224 (tR 46.7 min), 
Taxifolin-O-acetyl-hexoside 225 (tR 48.1 min) 

Mumeazalea 

p-Coumaric acid-O-hexoside-O-pentoside 40 (tR 17.6 min), 
(Epi)gallocatechin-(4,8)-3′-O-galloyl(epi)gallocatechin 174 (tR 25.7 min), 

Kaempferol-O-galloyl-pentoside 329 (tR 47.1 min) 
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Table 15.3: Marker compounds of individual Rhododendron species 

 

Species 
Lab 

No. 
Subgenus Compounds 

Rhododendron 

mucronatum var. 
ripense 

5 Tsutsusi 
Taxifolin-O-acetyl-hexoside 224 (tR 46.7 min), 
Taxifolin-O-acetyl-hexoside 225 (tR 48.1 min) 

Rhododendron 

tomentosum 
6 Rhododendron (Epi)catechin-(4,8/2,6)-(epi)catechin 137 (tR 8.7 min) 

Rhododendron 

argyrophyllum ssp. 
nankingense 

12 Hymenanthes Quercetin-O-dipentoside 273 (tR 33.8 min) 

Rhododendron 

ponticum 
13 Hymenanthes 

Caffeic acid-O-hexoside 31 (tR 19.2 min), 
Galloylquinic acid 60 (tR 9.6 min) 

Rhododendron 

rubiginosum 
14 Rhododendron 

Vanillic acid-O-dihexoside 108 (tR 5.3 min), 
Quercetin-O-diacetyl-hexoside 272 (tR 51.5 min), 

Kaempferol-O-diacetyl-hexoside 324 (tR 55.0 min) 

Rhododendron 

cinnabarinum 
15 Rhododendron 

Vanillic acid-O-rutinoside 105 (tR 18.9 min), 
Quercetin-O-acetyl-hexoside 270 (tR 45.6 min), 
Quercetin-O-acetyl-hexoside 271 (tR 46.5 min) 

Rhododendron 

auriculatum 
16 Hymenanthes 

6-galloyl-1-O-(phloroglucinol)-hexoside 65 (tR 15.0 
min) 

Rhododendron 

hongkongense 
18 Azaleastrum (Epi)catechin-O-dimethyl-gallate 133 (tR 38.9 min) 

Rhododendron 

leucaspis 
19 Rhododendron 

Taxifolin-O-acetyl-rhamnoside 222 (tR 39.9 min), 
Taxifolin-O-acetyl-rhamnoside 223 (tR 45.0 min) 

Rhododendron 

ferrugineum 
20 Rhododendron Litseaefoloside A 110 (tR 47.0 min) 

Rhododendron 

strigillosum 
21 Hymenanthes Galloylalbiflorin 82 (tR 42.8 min) 

Rhododendron annae 24 Hymenanthes Laricitrin-O-hexoside 341 (tR 40.1 min) 

Rhododendron elliottii 26 Hymenanthes Galloyl-O-vanilloyl-O-hexoside 74 (tR 27.1 min) 

Rhododendron 

griersonianum 
27 Hymenanthes 

Caffeic acid-O-hexoside 25 (tR 9.2 min), 
Salicylic acid-O-coumaroyl-hexoside 92 (tR 42.4 min) 

Rhododendron 

davidsonianum 
30 Rhododendron 

Quercetin-O-acetyl-pentoside 258 (tR 45.5 min), 
Quercetin-O-acetyl-pentoside 259 (tR 48.0 min) 

Rhododendron 

tapetiforme 
31 Rhododendron 

Laricitrin-O-coumaroyl-rhamnoside 344 (tR 55.5 min), 
Laricitrin-O-coumaroyl-hexoside 346 (tR 48.2 min) 

Rhododendron 

ledebourii 
34 Rhododendron Quercetin-O-rhamnoside-O-hexoside 289 (tR 25.7 min) 

Rhododendron 

polycladum 
36 Rhododendron Myricetin-O-dipentoside 239 (tR 41.4 min) 

Rhododendron 

lutescens 
39 Rhododendron Procyanidin tetramer 202 (tR 30.5 min) 
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Species 
Lab 

No. 
Subgenus Compounds 

Rhododendron 

moulmainense 
40 Azaleastrum 

Gallic acid-O-coumaroyl-hexoside 70 (tR 31.0 min), 
Gallic acid-O-coumaroyl-hexoside 71 (tR 32.6 min) 

Rhododendron 

spinuliferum 
41 Rhododendron Vanillic acid-O-rutinoside 104 (tR 12.5 min) 

Rhododendron 

williamsianum 
43 Hymenanthes 

Vanillic acid-O-coumaroyl-hexoside 106 (tR 47.8 min), 
Cypellogin C 305 (tR 52.6 min) 

Rhododendron 

genestierianum 
44 Rhododendron 

Quercetin-O-rhamnoside-O-hexoside 292 (tR 31.5 min), 
Kaempferol-O-rhamnoside-O-pentoside 325 (tR 38.4 

min), 
Kaempferol-O-rhamnoside-O-pentoside 327 (tR 43.4 

min) 

Rhododendron 

scabrifolium var. 
spiciferum 

47 Rhododendron 

(Epi)catechin-O-rhamnoside 121 (tR 22.5 min), 
Taxifolin-O-pentoside-O-hexoside 226 (tR 17.7 min), 

Taxifolin-O-rhamnoside-O-hexoside 227 (tR 20.1 min) 

Rhododendron 

xanthostephanum 
50 Rhododendron 

Galloyl-O-vanilloyl-O-hexoside 75 (tR 30.1 min),  
Gallic acid-3-O-(6'-O-galloyl)-β-D-hexoside 76 (tR 22.5 

min), 
(Epi)gallocatechin-(epi)catechin 159 (tR 18.2 min) 

Rhododendron wardii 

var. puralbum 
51 Hymenanthes 

Benzyl-6'-O-galloyl-β-D-hexoside 62 (tR 32.1 min), 
Gallic acid-O-galloyl-rhamnoside 68 (tR 36.6 min), 
Protocatechuic acid-O-benzoyl-hexoside 86 (tR 51.8 

min), 
Protocatechuic acid-O-feruloyl-hexoside 87 (tR 51.1 

min) 

Rhododendron 

protistum 
52 Hymenanthes Cypellogin A/B 303 (tR 51.7 min) 

Rhododendron keysii 54 Rhododendron 
Ferulic acid-O-hexoside 50 (tR 28.9 min), 

Taxifolin-O-rhamnoside-O-hexoside 228 (tR 32.8 min) 

Rhododendron 

alutaceum var. iodes 
57 Hymenanthes 

Salicylic acid-O-dihexoside 94 (tR 7.0 min), 
Laricitrin-O-glucuronide 343 (tR 42.7 min) 

Rhododendron 

austrinum 
59 Pentanthera 

Quercetin-3-(4"-O-acetyl)-O-rhamnoside-7-O-
rhamnoside 305 (tR 40.7 min), 

Laricitrin-O-coumaroyl-hexoside 347 (tR 50.4 min) 

Rhododendron luteum 64 Pentanthera 
Vanilloyl-O-hydroxybenzoyl-hexoside 100 (tR 17.5 

min) 

Rhododendron vaseyi 65 Pentanthera 

4-O-hydroxydihydro-Caffeoylquinic acid 18 (tR 9.8 
min),  

4-O-hydroxydihydro-Caffeoylquinic acid 19 (tR 10.8 
min) 

Rhododendron 

schlippenbachii 
66 Pentanthera Malaferin C 132 (tR 41.2 min) 

Rhododendron 

albrechtii 
67 Pentanthera 

3-O-hydroxydihydro-Caffeoylquinic acid 15 (tR 5.9 
min), 

p-Coumaric acid-O-shikimate 33 (tR 30.8 min) 
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Species 
Lab 

No. 
Subgenus Compounds 

Rhododendron 

atlanticum 
69 Pentanthera 

p-Coumaric acid-O-glucosyl ester 39 (tR 18.7 min), 
(Epi)gallocatechin gallate 129 (tR 19.8 min), 
(Epi)gallocatechin gallate 131 (tR 26.6 min) 

Rhododendron 

prunifolium 
70 Pentanthera 

Teucrol 22 (tR 51.0 min), 
Teucrol-O-hexoside 32 (tR 42.0 min) 

Rhododendron 

cumberlandense 
72 Pentanthera 

(Epi)catechin-3-O-hexoside-7-O-hexoside 166 (tR 11.8 
min), 

(Epi)catechin-3-O-hexoside-7-O-hexoside 167 (tR 13.2 
min), 

Quercetin-O-pentoside-O-hexoside 285 (tR 24.7 min) 

Rhododendron 

occidentale 
74 Pentanthera 

(Epi)gallocatechin-(4,8′/2,7′)-(epi)gallocatechin-(4′,8′′)-
(epi)catechin 189 (tR 15.9 min) 

Rhododendron 

anthopogon ssp. 
anthopogon 

76 Rhododendron Myricetin-O-dipentoside 240 (tR 42.5 min) 

Rhododendron 

augustinii ssp. 
chasmanthum 

79 Rhododendron Myricetin-O-acetyl-rhamnoside 238 (tR 37.6 min) 

Rhododendron 

hirsutum L. 
81 Rhododendron 

Quercetin-3-O-(4"-3-hydroxy-3-methylglutaryl)-α-
rhamnoside 282 (tR 44.9 min), 

Laricitrin-O-rutinoside 345 (tR 36.8 min) 

Rhododendron ovatum 96 Azaleastrum 

Galloylarbutin 63 (tR 11.7 min), 
Hyemaloside B / Guavinoside A 81 (tR 30.9 min), 

Myricetin-3-O-hexoside-7-O-rhamnoside 245 (tR 35.4 
min) 

Rhododendron 

mucronulatum 
99 Rhododendron 

p-Coumaric acid-O-hexoside-O-pentoside 41 (tR 19.2 
min), 

Resinoside A/B 333 (tR 51.9 min) 

Rhododendron setosum 100 Rhododendron Vanillic acid-O-dihexoside 107 (tR 4.6 min) 

Rhododendron 

oldhamii 
102 Tsutsusi Ferulic acid-O-dihexoside 51 (tR 17.2 min) 

Rhododendron 

sherriffii 
105 Hymenanthes Gallic acid-O-acetyl-hexoside 61 (tR 13.9 min) 

Rhododendron 

neriiflorum 
106 Hymenanthes Procyanidin tetramer 200 (tR 24.5 min) 

Rhododendron 

campylocarpum ssp. 
caloxanthum 

107 Hymenanthes 
Gambiriin A/D 151 (tR 19.2 min), 

Procyanidin trimer gallate 191 (tR 13.1 min) 

Rhododendron 

neoglandulosum 
108 Rhododendron Procyanidin Trimer C 182 (tR 16.6 min) 

Rhododendron 

brachycarpum 
110 Hymenanthes Quercetin-O-galloyl-pentoside 280 (tR 39.1 min) 

Rhododendron wasonii 111 Hymenanthes 
Gallic acid-O-dihexoside 77 (tR 3.2 min), 

Gallic acid-O-feruloyl-hexoside 80 (tR 36.2 min) 
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Species 
Lab 

No. 
Subgenus Compounds 

Rhododendron 

sichotense 
113 Rhododendron 

Gallic acid-O-rutinoside 69 (tR 6.6 min), 
Vanilloyl-O-hydroxybenzoyl-hexoside 101 (tR 40.8 

min), 
Vanillic acid-O-hexoside-O-pentoside 102 (tR 14.9 

min), 
Vanillic acid-O-dihexoside 109 (tR 8.5 min) 

Rhododendron 

racemosum 
114 Rhododendron 

p-Coumaric acid-O-dihexoside 44 (tR 20.0 min), 
Salicyloylsalicin 91 (tR 36.6 min), 

Methyl gallate-O-dihexoside 115 (tR 8.0 min) 

Rhododendron 

hylaeum 
116 Hymenanthes Methyl gallate-O-coumaroyl-hexoside 114 (tR 42.1 min) 

Rhododendron auritum 117 Rhododendron 

(Epi)gallocatechin-(epi)catechin 158 (tR 16.5 min), 
(Epi)gallocatechin-(4,8′)-(epi)gallocatechin-(4′,8′′)-

(epi)catechin 190 (tR 9.1 min) 

Rhododendron 

montroseanum 
118 Hymenanthes 

Everlastoside M 42 (tR 27.0 min), 
p-Coumaric acid-O-dihexoside 43 (tR 14.4 min) 

Rhododendron 

eriocarpum 
119 Tsutsusi Naringenin-O-hexoside-O-pentoside 205 (tR 38.0 min) 

Rhododendron 

macrophyllum 
120 Hymenanthes 

Caffeic acid-O-hexoside 24 (tR 8.1 min), 
Procyanidin trimer gallate 192 (tR 18.3 min) 

Rhododendron 

semibarbatum 
124 Mumeazalea 

p-Coumaric acid-O-hexoside-O-pentoside 40 (tR 17.6 
min), 

(Epi)gallocatechin-(4,8)-3′-O-galloyl(epi)gallocatechin 
174 (tR 25.7 min), 

Kaempferol-O-galloyl-pentoside 329 (tR 47.1 min) 
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 Correlation, Principal Component Analysis and Hierarchical Cluster 15.4.

Analysis 

 Total number of compounds and correlation studies 15.4.1.

Different types of compounds are observed in the LC-MS chromatograms of Rhododendron leaf 

extracts. These compounds can be the primary or secondary metabolites of plants, degradation 

products, soluble wash up impurities, fragment ions and adduct ions. The type of compounds 

present in samples is dependent on the solvent used for extraction, storage time of samples and 

other experimental conditions. 

 

Before approaching complex statistical methods for data analysis, a simple approach of plotting 

the average number of compounds observed by LC-MS per subgenera was considered. For this 

plot, LC-TOF-MS data of the Rhododendron species were used. The software carried out 

compound peak calculation based on the assumption that it had a minimum of 0.001% intensity 

of the base peak and minimum signal to noise ratio of 5. 

 

Using this method, it was observed that the highest number of peaks or compounds (288) was 

observed in Rhododendron moulmainense, which belonged to the subsection Azaleastrum and the 

lowest number of peaks (43) was observed for Rhododendron elliottii, which belonged to the 

subsection Hymenanthes. According to Figure 15.21, the subgenus Tsutsusi had a slightly lower 

mean value compared to the other subgenera. No other significant differences were observed 

among the different subgenera with relationship to the number of compounds. The subgenus 

Mumeazalea only had one species and thus did not have any error bars. 
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Figure 15.21: Number of compounds compared to subgenus of Rhododendron 

 

The number of compounds was compared to the polyploidy level (results from Jennifer Nolzen, 

University of Oldenburg) (Figure 15.22).[202] From the polyploidy point of view, it was 

hypothesized that due to an enlarged genome size, the Rhododendron species could synthesize 

more diverse secondary metabolites. However, there was no correlation (R2 = 0.018) observed 

between the polyploidy level and the number of compounds. 
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Figure 15.22: Ploidy level versus number of compounds 

 

The number of compounds was also compared to anti-bacterial activity of the Rhododendron 

species against Bacillus subtilis (results from Dr. Ahmed Rezk, Jacobs University Bremen) 

(Figure 15.23).[2, 200] It was hypothesized that perhaps the highly active Rhododendron species 

would synthesize more compounds, which would be related to its anti-bacterial activity. For this 

study, the results of the agar diffusion assay using Bacillus subtilis were used. The Rhododendron 

species producing less than 0.4 cm radius of inhibition were considered to be inactive. The 

Rhododendron species producing activity from 0.4-0.6 cm, 0.6-0.9 cm and 0.9-1.2 cm were 

considered to be low, medium and high active species (Table 15.4). For PCA analysis, the 

inactive species were considered to be species producing activity below 0.6 cm. According to 

Figure 15.23, there was no correlation (R2 = 0.020) observed between the number of compounds 

and the activity of the species. 
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Table 15.4: Anti-bacterial rating of Rhododendron species 

Anti-bacterial 

rating 

Radius of inhibition against 

Bacillus subtilis [cm] 
Activity 

No. of 

species 

PCA 

Analysis 

1 0.0 – 0.4 Inactive 61 

Inactive 2 0.4 – 0.5 Low 
Activity 

21 
3 0.5 – 0.6 

4 0.6 – 0.7 
Medium 
Activity 

10 

Active 

5 0.7 – 0.8 

6 0.8 – 0.9 

7 0.9 – 1.0 
High 

Activity 
8 8 1.0 – 1.1 

9 1.1 – 1.2 
 

 

Figure 15.23: Anti-bacterial activity versus number of compounds 
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 Principal Component Analysis 15.4.2.

Principal Component Analysis was the chosen method to find out the compounds that help to 

differentiate the Rhododendron species based on subgenus or activity. The LC-TOF-MS data of 

the Rhododendron leaves were analyzed using the Bruker Profile Analysis software. The buckets 

for this data were generated within the range of 3-70 min. Each bucket consisted of m/z 1 in 1 

min for the mass range m/z 200.5-1000.5. The kernalization of the buckets was used for every m/z 

0.1 in 0.2 min. The normalization method of “sum of bucket values in analysis” was used along 

with no scaling algorithm. A few outliers were removed from the principal component analysis 

study. 

 

Principal Component 1 (8.1%) and 2 (5.8%) explained a total variance of 13.9%. This low value 

of explained variance could be due to the diverse secondary metabolites produced by 

Rhododendron leaves. The Loadings plot (Figure 15.24) included the m/z values and retention 

times of the compounds influencing the positioning of the Rhododendron leaves. The most 

prominent peaks in the Loadings plot that were identified in the previous chapters included m/z 

289 (Catechin), 577 (Procyanidin dimer B), 463 (Quercetin-O-hexoside), 447 (Quercetin-O-

rhamnoside), 435 (Taxifolin-O-pentoside). 

 

Figure 15.24: Loading plot of 100 Rhododendron species 

 

100 Rhododendron samples 
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The Scores plot was constructed with three different legends: subgenera (Azaleastrum, 

Hymenanthes, Pentanthera, Rhododendron and Tsutsusi) [Figure 15.25], active or inactive 

species [Figure 15.26] and anti-bacterial activity rating (1-9) [Figure 15.27]. In Figure 15.25, it 

was observed that the Rhododendron leaves from subgenus Azaleastrum formed a small cluster 

suggesting that the species consisted of a similar metabolomic profile. However, all the other 

subgenera, Hymenanthes, Pentanthera, Rhododendron and Tsutsusi were scattered throughout 

the plot, which suggested that genetically similar species could produce diverse secondary 

metabolites. 

 

Figure 15.25: PCA score plot of 100 Rhododendron species based on their subgenera 

 

The 18 active and 82 inactive species were colored in green and red respectively in Figure 15.26. 

The inactive species were distributed throughout the Scores plot. However, the active species 

were more clustered towards the center and bottom center of the plot. The loadings plot included 

the m/z values 285, 300, 301, 303, 329, 387, 401 and 403 corresponding to the part of the scores 

plot consisting of active species. The compounds with these m/z values could be considered as 

potential candidates responsible for their anti-bacterial activity. 

 

100 Rhododendron samples 
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Figure 15.26: PCA score plot of (18) active and (82) inactive 100 Rhododendron species 

 

To further differentiate the highly active Rhododendron species from the moderately active and 

inactive species, the Scores plot was differentiated based on the anti-bacterial rating in Figure 

15.27. Four species, two varieties of Rhododendron ambiguum, Rhododendron ferrugineum and 

Rhododendron anthopogon were considered to be highly active with an anti-bacterial rating of 9. 

The two varieties of Rhododendron ambiguum were found in the center of the plot. It could be 

speculated that these two active species produced the most common metabolites of the 

Rhododendron species analyzed. However, Rhododendron ferrugineum and Rhododendron 

anthopogon were found in the bottom center of the plot suggesting that the m/z values of the 

aforementioned compounds distinguished the species and could be responsible for their anti-

bacterial activity. This would require confirmation by activity guided fractionation. Clusters were 

not observed for the other moderately active species. 

100 Rhododendron samples 
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Figure 15.27: PCA score plot of 100 Rhododendron species based on their anti-bacterial activity 

rating 

  

100 Rhododendron samples 
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 Principal Component Analysis and Hierarchical Clustering Analysis 15.4.3.

The .csv file of the LC-TOF-MS data of 99 Rhododendron species was uploaded on the 

Metaboanalyst server through the website.[94-96] A total of 4940 variables consisting of m/z 

values were used for the analysis. Rhododendron semibarbatum was excluded as it was the only 

representative species from the subgenus Mumeazalea and the software required a minimum of 

three samples per group. A similar approach to the Bruker Profile analysis software was used. 

 

Principal Component 1 (41.6%) and 2 (11.2%) explained a total variance of 52.8%. This variance 

was significantly higher compared to the one from Bruker analysis as the retention time is 

ignored in this analysis. It also included identified compounds with m/z 289 (Catechin), 577 

(Procyanidin dimer B), 463 (Quercetin-O-hexoside), 447 (Quercetin-O-rhamnoside), 435 

(Taxifolin-O-pentoside). 

 

 

Figure 15.28: Loadings plot of 99 Rhododendron species 

 

The Scores plot was constructed with three different legends: subgenera (Azaleastrum, 

Hymenanthes, Pentanthera, Rhododendron and Tsutsusi) [Figure 15.29], active or inactive 

species [Figure 15.30] and anti-bacterial activity rating (1-9) [Figure 15.31]. The boundary lines 

of the different groups were generated with a confidence level of 95%. 

99 Rhododendron samples 
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In Figure 15.29, it was observed that the species from Hymenanthes were scattered throughout 

the plot. It could be speculated that the species from Hymenanthes produce the most diverse 

profile of secondary metabolites. The clusters of all other subgenera were present in the center of 

the plot with a large overlapping area. It could be speculated that the Rhododendron species 

produced a variety of secondary metabolites irrespective of the subgenus they belong to. 

 

Figure 15.29: PCA score plot of 99 Rhododendron species based on their subgenera 

 

The 18 active and 81 inactive species were colored in red and green respectively in Figure 15.30. 

The inactive species were distributed throughout the Scores plot as observed with Profile 

Analysis. However, the active species were more clustered towards the center of the plot. The 

active and inactive species could not be clearly distinguished with this plot. 

 

99 Rhododendron samples 
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Figure 15.30: PCA score plot of (18) active and (81) inactive 99 Rhododendron species 

 

To further differentiate the highly active Rhododendron species from the moderately active and 

inactive species, the Scores plot was differentiated based on the anti-bacterial rating (Figure 

15.31). The species with anti-bacterial rating of 5 and 6 were merged into 6 as both consisted of 2 

species each and the software required a minimum of three species per group. The inactive and 

moderately active species were spread across the plot. The active species with anti-bacterial 

rating of 7 and 9 were clustered in the center of the plot. It could be speculated that the most 

active species consisted of the most common metabolites found in the Rhododendron species. 

 

99 Rhododendron samples 
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Figure 15.31: PCA score plot of 99 Rhododendron species based on their anti-bacterial activity 

rating 

 

In addition to the Scores and Loadings plots, a hierarchical clustering (Figure 15.32) was also 

generated using “Spearman” for “Distance Measure” and “Complete” for “Clustering 

Algorithm”.[94-96] The hierarchical clustering analysis groups samples based on the similarity of 

their metabolomic profile. 

 

The 99 Rhododendron species were differentiated based on subgenus. Some clusters were 

observed for all the five subgenera. However, as observed with the Profile Analysis software, it 

was speculated that the Rhododendron species produced a diverse profile of secondary 

metabolites independent of their genetics. In other words, the Rhododendron species could not be 

differentiated genetically using their secondary metabolite profile. 

99 Rhododendron samples 
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Figure 15.32: Hierarchical clustering of 99 Rhododendron species based on their subgenera 

99 Rhododendron samples 
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Abstract 

 

Background: Rhododendron species have been traditionally used in countries like China, Nepal, 

Russia and North America for treating human diseases. These species are known to be a good 

source of polyphenolic plant secondary plant metabolites. They are known to have beneficial 

health properties for humans and have been used to treat diseases like asthma, skin diseases. In 

this contribution we investigate the phenolic profile and anti-bacterial activity of extracts from 

several plant organs including for the first time from leaves of different development stages. 

Methods: In this study, the phytochemical profile of fruits, flowers and leaves of different ages 

of Rhododendron ambiguum and Rhododendron cinnabarinum were studied by using HPLC-MS 

and compounds identified based on high resolution masses and identity of tandem mass spectra, 

UV/VIS spectra and retention times if compared to standards. 

Results: 59 different polyphenols including isomers were identified in these species by their 

fragmentation pattern and high resolution data. Also, the anti-bacterial activity of these parts 

against Gram-positive bacteria was studied.  

Conclusion: The leaves and fruits contained more polyphenols than the flowers. With the 

exception of flowers, the fruits and leaves of both species were also determined to have a 

significant anti-bacterial effect against four Gram-positive bacteria. 

 

1. Background 

 

Polyphenols are secondary plant metabolites that are known to have different physical, chemical 

and biological properties. Proanthocyanidins (PAs) are a class of polyphenols, which are formed 

from the oligomerization and polymerization of flavan-3-ol units such as catechin and afzelechin 

(Figure 16.1). PAs are commonly found in fruits, vegetables and grain.[6, 204] They are known 

to have anti-inflammatory [205] and anti-mutagenic [206] effects and have been used in the 

treatment of asthma [206], skin diseases and UV radiations [207]. 

 

Rhododendron is a genus of woody plants that belong to Ericaceae family. Most of the species 

have attractive flowers and more than 1000 species of the genus have been described. They differ   

in their range of size, shape, texture, growth habit and color of blossoms.[208] The genus is 
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ranging from shrubs and small to large trees, having decorative flowers, which are mainly used 

for ornamental purposes.  There is variation in the height of the plant, starting from 10 cm to 1 m 

(smallest species), while the example of largest specie is R. giganteum, which is almost 3 m tall. 

The leaves of most species are spirally arranged; the nature of leaves may be evergreen or 

deciduous. 

 

The genus Rhododendron is found in almost all parts of the world except some parts in America 

and Africa. Species of the genus Rhododendron occur throughout the Northern Hemisphere and 

the Southern Hemisphere in South Eastern Asia and Northern Australasia. The plant is originally 

present in mountainous areas characterized by acidic well-drained soil, regular rainfall and cool 

summer temperatures.[209] On the other hand, majority of the genus prefers cooler temperature 

including the subgenus Hymenanthes. One of the subsections (Pontica) is indigenous to the areas 

outside the center of distribution and present in the areas of Japan, eastern China, Europe, North 

America and Russia.[210] 

 

Rhododendron have traditionally been used in China, Nepal, North America, Russia, Korea, 

Austria and Romania for treating various diseases including arthritis, intestinal disorders, 

rheumatism, skin diseases, cough and other ailments.[5] They are known to be rich in 

polyphenolic compounds, namely flavonoids and their glycosides, terpenoids and essential 

oils.[6] 

 

The new and exciting aspect of this study is the analysis of different plant organs where only 

limited data is available in the literature. In particular Rhododendron as an evergreen shrub grows 

a new generation of leaves every year offering the unique opportunity to compare the 

phytochemical profile of leaves of different ages and hence study the biochemical history of the 

plant. Such an investigation has to the best of our knowledge never been carried out. The 

phytochemical profile of the leaves of different age, flowers and fruits were analyzed for R. 

ambiguum and R. cinnabarinum. Both species belong to the subgenus Rhododendron, section 

Rhododendron. R. ambiguum and R. cinnabarinum belong to the subsection Triflora and 

Cinnabarina respectively. R. cinnabarinum is considered to be toxic for animals.[5, 211] It is 

known from our previous studies that these two species out of 17 Rhododendron species showed 
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higher activity against several Gram-positive bacteria.[2] Moreover, the high dose of both 

Rhododendron species exhibited a toxic effect in two mammalian cells and induced phenotypic 

changes that are characteristic for apoptosis.[201] Thus, the aim of the study was to analyze the 

chemical profile of Rhododendron crude extracts in order to contribute to our on-going 

investigations on the bioactivity potential of Rhododendron. 
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Figure 16.1: Representative examples of polyphenols from Rhododendron species 
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2. Methods 

 

Plant material and chemicals 

Fresh leaf material of R. ambiguum Hemsley and R. cinnabarinum Hooker were collected from 

plants grown in the Rhododendron-Park Bremen (www.rhododendronparkbremen.de) from 

spring 2013. First and second year leaves were collected for R. ambiguum, and first, second and 

third year leaves were collected for R. cinnabarinum. The leaves were distinguished on the basis 

of their morphological features. Moreover, the flowers and fruits for both Rhododendron species 

were also sampled.  Each sample species was collected from three different individual plants with 

the help of Dr. Hartwig Schepker. The identities of all plant species have been verified according 

to the German Gene bank Rhododendron Database provided by the Bundessortenamt 

(www.bundessortenamt.de/rhodo). All chemicals (analytical grade) were purchased from Carl 

Roth (Karlsruhe, Germany). 

 

Plant extraction 

The Rhododendron leaves, fruits and flowers were freeze dried using liquid nitrogen. A mortar 

and pestle was used to crush the dried brittle leaves. 2 g of the powdered material were dissolved 

in 10 mL of 80% aqueous methanol and for 24 h at 4°C.  The mixture was then sonicated for 15 

min and centrifuged at 3,220 x g for 10 min. The aliquot was then separated and stored at -20°C 

until further analyses. 

 

LC-ESI-TOF-MS (High resolution mass spectrometry) 

The LC equipment (Agilent 1200 series, Bremen, Germany) consisted of a binary pump, an auto-

sampler with 100 µL loop and a UV-Vis detector with a light-pipe flow cell. The UV detector 

was used at 280 nm to measure the polyphenols. The 5 µm diphenyl column having 250 x 3 mm 

inner diameter (Varian, Darmstadt, Germany) was used for separation. This was connected to the 

microTOF mass spectrometer (Bruker Daltonics, Bremen, Germany) equipped with an 

electrospray ionization source. The internal calibration was achieved by using 0.1 M sodium 

formate solution at 0.10 mL/min, which was injected through the six-port valve. The calibration 

was achieved by using the enhanced quadratic mode. Water/formic acid (1000:0.05 v/v) and 
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methanol were used as solvent A and B respectively. The flow rate of the solvents was adjusted 

to 500 µL/min. A linear gradient was used from 10% B to 80% B in 70 min and a further 10 min 

was assigned for the gradient to equilibrate from 80% B to 10% B for the next run.[93] 

 

LC-ESI-MSn (Tandem mass spectrometry) 

The Liquid chromatography equipment (Agilent 1100 series) comprised of a binary pump, an 

auto sampler having a 100 µL capacity loop and a Diode Array Detector with a range from 200 to 

600 nm. The detector recorded at 254, 280 and 320 nm, which is the best absorption wavelength 

for polyphenolic compounds. Chromatographic separation was performed using the same 

gradient method used in the LC-TOF-MS analyses. A 5 µm diphenyl column of 250 x 3 mm i.d. 

(Varian, Darmstadt, Germany) with 500 µL/min flow rate of solvent was used. The LC 

equipment was connected with Ion-trap mass spectrometer, which was fitted with an ESI source 

(Bruker Daltonics HCT Ultra, Bremen, Germany) operating in full scan auto MSn mode to obtain 

fragment ion m/z. Tandem mass spectra were acquired in Auto-MSn mode (smart fragmentation) 

using a ramping of the collision energy. Maximum fragmentation amplitude was fixed to 1 Volt. 

MS operating conditions (negative mode) had been optimized with a capillary temperature of 

365 °C, a dry gas flow rate was of 10 L/min, and a nebulizer pressure of 10 psi.[93] 

 

Bacterial strains and anti-microbial susceptibility test 

Four Gram-Positive bacterial species i.e. Bacillus subtilis S168, Bacillus aquimaris MB-2011, 

Bacillus thioparus, and Clavibacter michiganensis were selected to compare the susceptibility of 

crude extracts of leaves, flower and fruit of two Rhododendron species i.e. R. ambiguum and R. 

cinnabarinum GSPB 390. Anti-microbial activity screening was conducted by the agar diffusion 

method.[212] Briefly, Lysogeny Broth (LB) agar plates were inoculated with 200 µL of the 

inoculum of the tester organism (1 x 107 colony forming units per mL) by evenly spreading the 

cell suspensions over the agar surface. Holes with diameters of 5 mm were punched into the agar 

plates. Subsequently, 50 µL of the plant crude extracts were filled into each well. The plates were 

incubated overnight at 28 ºC. Inhibition of microbial growth was determined by measuring the 

radius of the inhibition zone. For each bacterial strain, 80% aqueous methanol solutions were 

used as negative solvent controls. All experiments were performed in triplicates and the results 

are presented as mean values. 
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3. Results and discussion 

 

The hypotheses of this study are that fruits, flowers and leaves have different phytochemical 

profile and that the leaves of different ages which are exposed to numerous environmental 

conditions might lead to the production of new compounds or variation in secondary metabolite 

quantities. To our knowledge, no investigation on the phytochemical profile of leaves of different 

ages has been carried out. The crude extracts of all parts of the two selected species R. ambiguum 

and R. cinnabarinum (i.e. first, second, third leaves, flowers and fruits) were extracted with 80% 

aqueous methanol in order to extract polyphenols. Both species were recently shown to possess 

promising biological activities [2] and their plants consisted of leaves of different age. These 

extracts were analyzed by reversed phase HPLC using a diphenyl column with a gradient using 

methanol and water/formic acid (1000:0.05 v/v). Negative ion mode was used to study the 

polyphenols using tandem mass spectrometry and high resolution mass spectrometry. The 

compounds were identified in the high resolution mass data by observing an absolute mass error 

below 5 ppm for their elemental composition. The UV spectrum at 280 nm was used to identify 

the PAs present in the samples. Also, the fragmentation pathway of PAs by heterocyclic ring 

fission (HRF) and retro-Diels-Alder (RDA) reaction described by Gu et al. were considered.[97] 
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Figure 16.2: Total Ion Chromatogram of Rhododendron cinnabarinum leaves, flowers and fruits 

by LC-MSn in negative mode 

 

The chromatograms of Rhododendron cinnabarinum first year leaves, second year leaves, third 

year leaves, flowers and fruits were directly compared are shown in Figure 16.2. The 

chromatograms of the first, second and third year leaves consisted of peaks at identical retention 

time and comparable intensities. The chromatogram of flowers and fruits were different 

compared to the leaves. The chromatogram of flowers consisted of peaks with lower intensity in 

the region 0 – 30 min, which suggest that the hydrophilic compounds are present in lower 

intensity compared to the leaves. However, after 30 min, the chromatogram of the flowers was 
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similar to the leaves. On the other hand, the chromatogram of the fruits exhibited additional peaks 

not present in the leaves and flowers. 

 

In this study, 59 polyphenolic compounds were identified from both Rhododendron species for 

the first, second third year leaves, flower and fruit (Table 16.1). The identification of reported 

compounds was based on their retention time, fragmentation pattern and high resolution mass 

data. All identified polyphenol compounds have been discovered in nature already [1, 15-26].[6, 

21, 102, 131, 134, 149, 172, 188, 197, 213-216] Out of the identified compounds, 46 were 

already reported to be found in Rhododendron species.[6, 21, 214, 215] In this study, 13 new 

polyphenolic compounds were identified. The fruits consisted of the highest variety and 

concentration of PAs among the four parts of R. ambiguum and R. cinnabarinum. 

 

Table 16.1: Polyphenols present in different year leaves, flowers and fruits of R. ambiguum and 

R. cinnabarinum 

 
Species  

  
R. ambiguum R. cinnabarinum 

 
Part  

  
1st 2nd Fl. Fr. 1st 2nd 3rd Fl. Fr. 

No. Compound 
Refere

nce 

m/z 

[M-H]- 
RT 

         

1 Methyl gallate hexoside [217] 345.0827 11.8 
 

Y 
       

2 Vanillic acid-O-hexoside [134] 329.0864 10.2 
 

Y Y Y Y Y Y Y Y 

3 Vanillic acid-O-hexoside [134] 329.0867 11.7 Y Y Y Y Y Y 
  

Y 

4 Vanillic acid-O-hexoside [134] 329.0864 13.9 
    

Y Y Y Y 
 

5 Salicylic acid-O-hexoside [131] 299.0761 6.3 
 

Y 
  

Y Y Y Y Y 

6 Salicylic acid-O-hexoside [131] 299.0762 8.5 
     

Y 
   

7 3-O-Caffeoylquinic acid [6] 353.0877 13.0 Y Y Y Y 
  

Y 
  

8 5-O-Caffeoylquinic acid [6] 353.0873 18.2 
 

Y Y Y Y Y Y 
 

Y 

9 4-O-Caffeoylquinic acid [6] 353.864 23.0 
 

Y 
  

Y Y Y 
  

10 Naringenin [158] 271.0602 47.9 Y Y 
 

Y Y 
  

Y Y 

11 Myricetin [158] 317.0296 38.9 Y Y Y Y 
    

Y 

12 Myricetin-O-hexoside [6] 479.0820 30.8 
  

Y Y Y Y Y 
 

Y 

13 Myricetin-O-hexoside [6] 479.0853 35.3 Y Y Y Y 
     

14 Myricetin-O-rhamnoside [6] 463.0899 33.0 
    

Y Y Y 
 

Y 

15 Myricetin-O-pentoside [6] 449.0728 32.1 
   

Y Y Y Y 
 

Y 

16 Myricetin-O-pentoside [6] 449.0725 37.8 
   

Y Y Y 
   

17 Myricetin-O-pentoside [6] 449.0732 39.1 Y Y Y Y 
     

18 Quercetin-O-hexoside [6] 463.0898 34.2 Y Y Y Y Y Y Y Y Y 
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19 Quercetin-O-hexoside [6] 463.0897 35.5 Y Y 
 

Y 
 

Y Y Y Y 

20 Quercetin-O-pentoside [6] 433.0771 36.6 Y Y 
  

Y Y Y 
  

21 Quercetin-O-pentoside [6] 433.0795 37.4 Y Y Y Y Y Y Y Y Y 

22 Quercetin-O-pentoside [6] 433.0798 41.2 Y Y Y Y Y Y Y Y Y 

23 Quercetin-O-rhamnoside [6] 447.0921 38.7 Y Y Y Y Y Y Y Y Y 

24 
Quercetin-O-rhamnoside-

O-hexoside 
[6] 609.1442 34.3 Y Y 

  
Y Y 

  
 
 

25 Quercetin-O-glucuronide [172] 477.0676 40.8 
     

Y Y 
 

Y 

26 Quercetin [6] 301.0342 44.4 Y Y Y Y 
 

Y 
   

27 Kaempferol [158] 285.0414 49.5 Y Y Y Y 
     

28 
Kaempferol-3-O-

rhamnoside 
[188] 431.0982 43.6 Y Y Y 

 
Y Y Y Y Y 

29 Kaempferol-3-O-pentoside [188] 417.0827 41.0 
 

Y Y Y 
     

30 Kaempferol-3-O-pentoside [188] 417.0833 43.9 
 

Y Y Y Y Y Y Y Y 

31 
Kaempferol-3-O-

glucuronide 
[197] 461.0719 43.6 

     
Y 

   

32 Taxifolin [218] 303.0507 29.1 
 

Y Y 
      

33 Taxifolin-O-pentoside [6] 435.0936 27.8 Y Y 
 

Y 
    

Y 

34 Taxifolin-O-pentoside [6] 435.0936 31.1 Y Y Y Y Y Y Y Y Y 

35 Taxifolin-O-pentoside [6] 435.0930 33.6 
 

Y 
       

36 
(Epi)gallocatechin-
(epi)gallocatechin 

[6] 609.1259 6.5 
   

Y 
    

Y 

37 
(Epi)gallocatechin-
(epi)gallocatechin 

[6] 609.1246 7.5 
   

Y 
     

38 
(Epi)gallocatechin-
(epi)gallocatechin 

[6] 609.1251 10.2 
   

Y 
     

39 
(Epi)catechin-(epi)catechin 

(Procyanidin dimer B1) 
[6] 577.1372 13.4 Y Y Y Y Y Y Y Y Y 

40 
(Epi)catechin-(epi)catechin 

(Procyanidin dimer B) 
[6] 577.1377 14.3 Y Y Y Y Y 

 
Y Y Y 

41 
(Epi)catechin-(epi)catechin 

(Procyanidin dimer B) 
[6] 577.1373 18.6 

  
Y Y 

   
Y Y 

42 
(Epi)catechin-(epi)catechin 

(Procyanidin dimer B2) 
[6] 577.1367 20.3 

 
Y Y Y Y Y Y Y Y 

43 
(Epi)catechin-(epi)catechin 

(Procyanidin dimer B) 
[6] 577.1358 23.1 

  
Y Y Y Y Y 

 
Y 

44 Procyanidin Trimer C [216] 865.1994 5.6 
 

Y 
 

Y Y Y Y 
 

Y 

45 Procyanidin Trimer C [216] 865.1953 25.6 
   

Y 
     

46 
A type Procyanidin Trimer 

C 
[216] 863.1805 22.2 

    
Y Y Y Y Y 

47 
(Epi)gallocatechin-

(epi)catechin 
[6] 593.1310 7.7 

   
Y Y Y 

  
Y 

48 
(Epi)gallocatechin-

(epi)catechin 
[6] 593.1309 9.7 

  
Y Y Y Y Y 

 
Y 

49 
(Epi)gallocatechin-

(epi)catechin 
[6] 593.1314 10.5 

   
Y 

    
Y 

50 
(Epi)gallocatechin-

(epi)catechin 
[6] 593.1307 12.6 

   
Y 

    
Y 

51 
(Epi)gallocatechin-

(epi)catechin 
[6] 593.1323 13.7 

  
Y Y 

    
Y 

52 
(Epi)gallocatechin-

(epi)catechin 
[6] 593.1311 18.2 

   
Y 

     

53 
(Epi)catechin-(4,8/2,6)-

(epi)catechin 
[6] 575.1209 27.2 Y Y Y Y 

    
Y 

54 
(Epi)catechin-(4,8/2,6)-

(epi)catechin [6] 575.1201 32.4 Y Y Y Y     Y 
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55 Catechin [6] 289.0721 16.0 Y Y Y Y Y Y Y Y Y 

56 Epicatechin [6] 289.0713 23.0 Y Y Y Y Y 
  

Y 
 

57 Gallocatechin [6] 305.0656 8.5 
 

Y Y Y 
    

Y 

58 Epigallocatechin [6] 305.0660 15.4 
 

Y Y Y 
     

59 
(Epi)catechin-O-D-

glucopyranoside 
[149] 451.1258 10.5 

    
Y Y Y 

 
Y 

 
*RT = Retention Time 
1st, 2nd, 3rd = 1st, 2nd, 3rd year leaves 
Fl. = Flowers 
Fr. = Fruits 

 

Characterization of Methyl gallate hexoside (1) (Mr 345) 

A peak was detected at m/z 345 and was assigned to be methyl gallate hexoside. The peak 

produced the fragmentation with base peak at m/z 183 and secondary peaks of m/z 168 and 124. 

 

Characterization of (epi)catechin-(4,8′/2,6′)-(epi)catechin (53, 54) (Mr 576)  

Two peaks were detected at m/z 575 and were assigned as A-type dimer of (epi)catechin unit. The 

first peak produced an MS2 base peak of m/z 449 and secondary peak of m/z 287. The second 

peak produced an MS2 base peak of m/z 423 and secondary peak of m/z 285. 

 

Characterization of catechin (55) and epicatechin (56) (Mr 290) 

Two peaks were detected at m/z 289. The first peak was assigned as catechin and the second peak 

was assigned as epicatechin based on their polarity. Both peaks produced similar fragmentation, 

consisting of an MS2 base peak of m/z 245 and secondary peak of m/z 203. 

 

Characterization of gallocatechin (57) and epigallocatechin (58) (Mr 306) 

Two peaks were detected at m/z 305. The first peak was assigned as gallocatechin and the second 

peak was assigned as epigallocatechin based on their polarity. Both peaks produced similar 

fragmentation, consisting of an MS2 base peak of m/z 179 and secondary peak of m/z 164. 

 

Characterization of (epi)catechin-(4,8′)-(epi)catechin (39, 40, 41, 42, 43) (Mr 578)  

Five peaks were detected at m/z 577. They were assigned as the PA dimer. All the peaks 

produced similar fragmentation with the base peak of m/z 407 and secondary peaks of m/z 425 
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and 285. The standards of the dimers B1 and B2 were used to differentiate the isomers by their 

retention time. 

 

Characterization of (epi)gallocatechin-(4,8′)-(epi)catechin and  

(epi)catechin-(4,8′)-(epi)gallocatechin (47, 48, 49, 50, 51, 52) (Mr 594) 

Six peaks were detected at m/z 593. They were speculated to be dimeric B-type PA consisting of 

(epi)catechin and (epi)gallocatechin monomeric units. All the peaks produced similar 

fragmentation having the base peak of m/z 425 and secondary peak of m/z 407. 

 

Characterization of (epi)gallocatechin-(4,8′)-(epi)gallocatechin (36, 37, 38) (Mr 610) 

Three peaks were detected at m/z 609 and were speculated to be dimeric B-type PAs with 

(epi)gallocatechin monomeric units. The three peaks produced the fragmentation with base peak 

at m/z 423 and secondary peaks of m/z 441 and 283. 

 

Characterization of Taxifolin (32) (Mr 304) 

A peak was detected at m/z 303 and was assigned to be taxifolin. The peak produced the 

fragmentation with base peak at m/z 285 and secondary peaks of m/z 177 and 125. 

 

Identification of other polyphenols 

The polyphenols were identified by their specific fragmentation patterns, retention time and high 

resolution mass values. The other polyphenols that were identified in the leaf extracts are three 

vanillic acid-O-hexosides [134], two salicylic acid-O-hexosides [131, 219], three caffeoylquinic 

acids [6], naringenin [158], myricetin [158], two myricetin-O-hexosides [6], myricetin-O-

rhamnoside [6], three myricetin-O-pentosides [6], two quercetin-O-hexosides [6], three 

quercetin-O-pentosides [6], quercetin-O-rhamnoside [6], quercetin-O-rhamnoside-O-hexoside 

[6], quercetin-O-glucuronide [172, 190], quercetin [6], kaempferol [158, 220], kaempferol-O-

rhamnoside [188], two kaempferol-O-pentosides [188], kaempferol-O-glucuronide [190, 197], 

three taxifolin-O-pentosides [6, 114], two procyanidin trimers C [149, 156], one A-type 

procyanidin trimer C [172, 216] and (epi)catechin-O-D-glycopyranoside [149]. The tandem mass 

spectra of some compounds are shown in Figure 16.3. 
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Figure 16.3: Tandem MS fragmentation of some polyphenols identified in Rhododendron 

 

Anti-bacterial activity  

Four Gram-positive organisms were used to compare the anti-bacterial activity of different plant 

parts of two species from genus Rhododendron. Crude extract of first, second, third year leaves in 

addition to flower and fruits of R. ambiguum and R. cinnabarinum were obtained using 80% 

methanol. The bioactivity of R. ambiguum ranged between 0.5-0.7 cm, while for R. cinnabarinum 

between 0.5-0.8 cm (Figure 16.4). Anti-bacterial effects of fruit and leaves extracts were in the 

same order of magnitude. However, there was a reduced anti-bacterial activity observed for the 

flowers of R. cinnabarinum and R. ambiguum. This could be due to the evolutionary aspect as 

flowers have a short blooming period in a year compared to the leaves and fruits. In general, B. 

thioparus was the most sensitive bacteria species towards the plant parts for both Rhododendron 
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species. These results are in agreement with our previous study, which showed a higher anti-

bacterial effect of Rhododendron species against Gram-positive and higher effect for R. 

cinnabarinum.[2]  The phytochemical analysis indicated that Taxifolin derivatives were present 

in high concentration in the leaves of both plant species, which could be the reason of apoptosis 

like phenotype observed before in other studies.[201] Moreover, this finding is also supported by 

other studies, which reported the effect of Taxifolin in different cancer cell lines by inducing 

apoptosis cell death.[221, 222] 

The radius of the inhibition zones was measured in triplicates and the values are given as means ± 

standard deviations. The 80% aqueous methanol used as negative controls did not yield inhibition 

zones (data not shown). 

 

Figure 16.4: Anti-microbial activities of methanol crude extracts of different plant parts  

a) R. ambiguum and b) R. cinnabarinum 
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4. Conclusions 

 

The different parts of the R. ambiguum and R. cinnabarinum are a rich source of polyphenols. 59 

different types of polyphenols including isomers were identified in these parts based on their 

fragmentation pattern and high resolution mass spectra in negative ion mode. The phytochemical 

profile of different year leaves was found to be similar. Among all the parts, the fruits were found 

to contain the highest variety and concentration of polyphenols. PAs were mainly found in the 

fruits. However, there are many unidentified compounds present in leaves, flowers and fruits, 

which need to be analyzed in future. We can conclude that both Rhododendron species have anti-

bacterial effect towards Gram-positive bacteria, while there was no significant difference 

between different seasonal leaves and fruits, but low effect for flowers. 
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17. Additional Studies 

 

 Frost studies on Rhododendron leaves 17.1.

Three Rhododendron species, namely Rhododendron ambiguum (Figure 17.1), Rhododendron 

ferrugineum (Figure 17.2) and Rhododendron cinnabarinum (Figure 17.3) were used for 

analyzing the effect of the first frost (snow) on the secondary metabolite profile of the leaves. The 

samples from Rhododendron leaves were collected a few months before winter and right after the 

first frost of the winter. For all three species, it was observed that the frost did not significantly 

affect the metabolomic profile of the Rhododendron leaves. The compounds were found in 

almost the same intensity in both cases. 

 

 

Figure 17.1: TIC of Rhododendron ambiguum leaves before and after first frost 
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Figure 17.2: TIC of Rhododendron ferrugineum leaves before and after first frost 

 

 

Figure 17.3: TIC of Rhododendron cinnabarinum leaves before and after first frost 
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 Activity guided fractionation by Preparative HPLC of Rhododendron 17.2.

ambiguum leaf extracts 

The extract of Rhododendron ambiguum leaves was found to have high anti-microbial activity 

against Gram-positive bacteria [2] and was thus chosen for activity guided fractionation in order 

to determine the active compound. 156 g of Rhododendron ambiguum leaves was extracted three 

times using 780 mL of aqueous methanol (80%) and left in the fridge at 0°C for 24 h. The 

mixture was then sonicated for 15 min and filtered using a 90 mm filter paper. The solvent was 

dried using a lyophilizer. 18 g of residue was obtained, which was dissolved in 180 mL methanol. 

This mixture was separated by using three C18 ec (15 mL, 2000 mg silica) cartridges and 5 mL 

solution for each. The SPE clean-up can be divided into the following five steps: 

• Step 1 (Washing): The cartridge was conditioned by using 10 mL of deionized water. 

• Step 2 (Sample Load): 5 mL of the sample was added. 

• Step 3 (Sample Rinse): 5 mL of water was added and collected as the “Water extract” 

• Step 4 (Sample Elution): 5 mL of methanol was added and collected as the “Water:MeOH 

extract” 

• Step 5 (Sample Elution): 4 x 5 mL of methanol was added and collected as the “MeOH 

extract” 

The five steps are clearly shown in Figure 17.4. 

 

Figure 17.4: SPE Clean-Up of Rhododendron ambiguum 
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Figure 17.5: SPE setup used for Rhododendron ambiguum 

The three extracts were analyzed by Ahmed by using the agar diffusion assay against Bacillus 

subtilis. The “MeOH” extract provided a high inhibition area as shown in Figure 17.6. The 

“MeOH” extract was also evaporated and the obtained 2 g of residue was dissolved in 100 mL 

aqueous methanol (80%). A fraction collection method was developed for this “MeOH” solution 

using the Prep-HPLC. 

 

 

Figure 17.6: Agar diffusion assay using the three different extracts of Rhododendron ambiguum 
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The Prep-HPLC method was developed using a binary solvent system of Water (0.005% Formic 

acid) and acetonitrile. The diphenyl column was used for separation. The flow rate was set at 4.0 

mL/min. The UV detector was set at 280 nm. 500 µL of the solution (2 g/100 mL) was injected in 

each run. The gradient used is given in Table 17.1: 

 

Table 17.1: Prep-HPLC method for Rhododendron ambiguum 

Time (min) Percentage of ACN (%) 

0 10 

10 70 

20 80 

30 90 
 

36 fractions were collected from the 157 prep-HPLC runs of Rhododendron ambiguum. The 

collected fractions are shown in Figure 17.7: 

 

Figure 17.7: 36 fractions collected from Rhododendron ambiguum 
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The residue collected from the fractions was in the range of 2.9 to 33.3 mg. Fraction 21 produced 

an inhibition zone of 0.6 cm and was used for further analysis using LC-MS and NMR. 

For the LC-MSn and LC-TOF-MS analysis, a binary system of water (0.005% Formic acid) and 

methanol was used with a flow rate of 0.5 mL/min. The C-18 amide column was used for the 

separation. 

 

 

Figure 17.8: TIC of Fraction 21 using LC-Ion Trap-MS from Rhododendron ambiguum in 

negative mode 

 

 

Figure 17.9: EIC at m/z 333 of Fraction 21 using LC-Ion Trap-MS from Rhododendron 

ambiguum in negative mode 
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HSQC, and HMBC). The complete structure of the isomers could not be determined as the peaks 

were overlapping with each other. However, a few structural parameters were determined. The 

active compound was speculated to be a modified diterpene, which consisted of 8 double bond 

equivalents, tetracyclic structure, 2 double bonds, 1 cis double bond in the ring, 1 trisubstituted 

double bond in the ring, 1 ester bond, 3-4 tertiary oxygen atoms and possible cyclic peroxide. 

 

One of my colleagues, Inamullah Hakeem Said conducted a few experiments using a regular 

column and silica gel, which could be more efficient to collect large amount of fractions in 

shorter time and perform further analysis. 
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18. Discussion 

 

This chapter will provide a short discussion to correlate the hypotheses of this project with its 

results. 

 

From the anti-bacterial studies, 17 Rhododendron species were determined to have significant 

anti-bacterial activity against Bacillus subtilis.[2] One of the active species, Rhododendron 

ambiguum was used for activity guided fractionation. The structure of active compounds could 

only be partially identified due to the presence of impurities and insufficient residue for further 

studies. 12 out of 17 Rhododendron species were used for cytotoxic studies, out of which 2 

species namely, Rhododendron minus and Rhododendron racemosum were found to be non-

cytotoxic at bactericidal concentrations.[201] Hence, the hypothesis that Rhododendron species 

have significantly high anti-bacterial activity and low cytotoxicity could only be applicable for a 

few Rhododendron species. 

 

Rhododendron ambiguum leaf extracts were used for activity guided fractionation study and the 

compounds present in the active fraction against Bacillus subtilis were analyzed using LC-MS 

and NMR. The molecular formula and partial structural information of the compounds were 

determined using the LC-MS and NMR data of the active fraction; however the structure of the 

compounds could not be completely elucidated. This result supported the hypothesis that the 

natural products from Rhododendron species will provide lead structures for potential antibiotics. 

 

Principal component analysis of the LC-TOF-MS data of Rhododendron species did not show 

clear separation of the Rhododendron species with respect to their subgenus. In the hierarchical 

clustering analysis of the same set of data, several Rhododendron species cluster with respect to 

their subgenera. However, with the exception of Azaleastrum, at least two clusters were obtained 

for each subgenus. Further analyses are required to confirm the hypothesis that bioinformatics is 

a useful tool for differentiating Rhododendron species based on their secondary metabolite 

profile. The hypothesis that phylogenetically similar Rhododendron species have a similar 

secondary metabolite profile could not be confirmed as it could be only applied to some 
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Rhododendron species. Nevertheless, bioinformatics was useful to contextualize, compare and 

get an overview of the large set of data. 

 

A few compounds that differentiated two significantly active species against Bacillus subtilis, 

namely Rhododendron ferrugineum and Rhododendron anthopogon were identified in one of the 

PCA analysis. The other PCA analysis consisted of the most significantly active species against 

Bacillus subtilis in the center of the plot indicating that these species contain the most common 

metabolites among the Rhododendron species. Activity guided fractionation studies are required 

to confirm the hypothesis that bioinformatics is useful for predicting the anti-bacterial activity of 

Rhododendron species. 

 

A few marker compounds were identified for individual Rhododendron species as well as for 

subgenus. Some additional studies regarding secondary metabolites of more species need to be 

conducted in order to confirm the hypothesis that marker compounds aid in the chemotaxonomy 

of Rhododendron species or subgenera. 

 

The number of compound peaks, calculated from the LC-TOF-MS data of Rhododendron 

species, did not have a correlation with the polyploidy level (R2 = 0.018) and anti-bacterial 

activity against Bacillus subtilis (R2 = 0.020) of the species. The hypothesis that the total number 

of compounds present in Rhododendron leaf extracts is dependent on the polyploidy level or 

influences the anti-bacterial activity was not supported by these results. 

 

The Rhododendron species, which belong to the subgenus Tsutsusi consisted of the lowest mean 

among the six subgenera compared. However, with the exception of Mumeazalea, a high 

standard deviation was observed for all subgenera. Thus, the hypothesis that a specific subgenus 

of Rhododendron species produces high number of compounds compared to others was refuted. 

 

From the box plot studies, it was observed that some compounds were found in relatively higher 

concentrations in certain subgenera. Some of the most common coumaroylquinic acid isomers 

were found in more relative abundance in the subgenus Tsutsusi. Three hexosides of vanillic acid 

were found in higher relative concentrations in the subgenus Rhododendron. An isomer among 
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the hexosides of caffeic acid, p-coumaric acid and ferulic acid, along with caffeoylshikimic acid 

was found mostly in the subgenus Pentanthera. The A-type and B-type procyanidin dimers were 

found in relatively large quantities in the subgenus Hymenanthes. A rhamnoside and one of the 

hexosides of myricetin were found in relatively higher concentration in the subgenus 

Azaleastrum. The results supported the hypothesis that some compounds are present in a higher 

relative quantity in certain subgenus of Rhododendron species. 

 

From the frost studies of Rhododendron species, it was observed that the first snow of the winter 

did not affect the metabolomic profile of Rhododendron species. Thus, the hypothesis that frost 

influences the secondary metabolite profile of Rhododendron species was rejected. 

 

From the comparison studies of the fruits, flowers and leaves of two Rhododendron species 

(Rhododendron ambiguum and Rhododendron cinnabarinum), it was observed that the different 

plant organs had a different phytochemical profile. The extract of fruits and leaves exhibited 

similar anti-bacterial activity; however the extract of flowers exhibited a relatively low anti-

bacterial activity compared to them. These results supported the hypothesis that different plant 

organs produce different phytochemical profiles with altering bioactivity.  
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19. Conclusion 

 

The polyphenolic secondary metabolite profile of the leaves of 100 Rhododendron species was 

successfully analyzed using liquid chromatography coupled to mass spectrometry. The leaves of 

the Rhododendron species were found to be a good source of polyphenols with a total of 348 

polyphenolic secondary metabolites identified. A total of 51 hydroxycinnamic acid derivatives, 

63 hydroxybenzoic acid derivatives, 86 flavan-3-ols, 25 flavanones and 119 flavonols were 

identified in them. 221 compounds identified were novel in Rhododendron species and 7 

compounds identified were novel in nature. Numerous other compounds peaks were also present, 

which still remain unknown; they could be studied in the future by isolation and NMR analysis. 

A few polyphenolic compounds were identified in only some Rhododendron species, which 

could act like marker compounds for future distinction of the species. 

 

The twenty most abundant compounds identified by LC-Ion Trap-MS and LC-TOF-MS were 

quercetin-O-hexoside (tR 34.2 min), quercetin-O-hexoside (tR 35.5 min), quercetin-O-pentoside 

(tR 41.2 min), quercetin-O-rhamnoside (tR 38.7 min), protocatechuic acid-O-hexoside (tR 10.5 

min), catechin (tR 16.0 min), procyanidin dimer B (tR 20.3 min), quercetin-O-pentoside (tR 37.4 

min), kaempferol-O-rhamnoside (tR 43.6 min), procyanidin dimer B1 (tR 13.4 min), quercetin (tR 

44.4 min), p-coumaric acid-O-hexoside (tR 16.5 min), 3-O-caffeoylquinic acid (tR 13.0 min), 

epicatechin (tR 23.0 min), quercetin-O-pentoside (tR 36.6 min), procyanidin dimer B (tR 14.3 

min), 5-O-caffeoylquinic acid (tR 18.2 min), A-type procyanidin dimer (tR 32.4 min), quercetin-

O-glucuronide (tR 40.8 min) and A-type procyanidin dimer (tR 27.2 min). 

 

The comprehensive analyses were not only limited to Rhododendron leaves, but also extended to 

different-aged leaves, fruits and flowers of two Rhododendron species (Rhododendron ambiguum 

and Rhododendron cinnabarinum). The phytochemical profile of the different-aged leaves was 

found to be similar. The fruits and flowers produced similar compounds as leaves but had 

different overall phytochemical profile. The fruits in particular were found to contain a high 

amount of proanthocyanidins and the highest diversity and concentration of polyphenols among 

the parts of the plant analyzed. 
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Several crude leaf extracts of Rhododendron leaves were shown to possess anti-bacterial and 

cytotoxic activities. Two species were shown to be anti-bacterial and non-cytotoxic and show 

promise for future development as anti-bacterial agents for clinical use. 

 

In the activity guided fractionation, the active fraction of Rhododendron ambiguum against 

Bacillus subtilis was analyzed by LC-MS and NMR in order to determine the compound structure 

of the active compound. The active fraction consisted of two isomers with m/z 333 and potential 

molecular formula of C18H22O6. However, the complete structure could not be elucidated due to 

the presence impurities and insufficient material for further analysis. 

 

The relative quantities of polyphenolic compounds were successfully compared using box plots 

among the five subgenera of Rhododendron, namely Azaleastrum, Hymenanthes, Pentanthera, 

Rhododendron and Tsutsusi. Some of the compounds were found in a high intensity in a certain 

subgenera. It could be speculated that the species, which belong to this subgenera could favor the 

formation of these compounds. Similarly, some isomers were found to be more abundant 

compared to other isomers in the Rhododendron species. 

 

The number of compound peaks of Rhododendron leaf extracts was compared among the 100 

species. Rhododendron moulmainense and Rhododendron elliottii were found to have the highest 

(288) and lowest (43) number of compound peaks among the 100 species. The species of 

subgenus Tsutsusi was observed to have a slightly lower mean value compared to other 

subgenera. No significant differences were observed. The number of compounds was also found 

to have no correlation with the ploidy level or the anti-bacterial activity against Bacillus subtilis. 

 

From the PCA results, it was determined that the genetically similar Rhododendron species 

produced a diverse secondary metabolite profile. In other words, the Rhododendron species could 

not be genetically differentiated based on their secondary metabolite profile. It could be 

speculated that the Rhododendron species with the highest anti-bacterial activity consisted of 

many common metabolites produced by other species. A few compounds that could be 

responsible for this activity were also identified. Some clusters were observed in the hierarchical 

clustering analysis for the five subgenera of Rhododendron; however the overall distribution was 
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very diverse, which further supported the genetically diverse metabolomic profile of 

Rhododendron species. 
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21. Appendix 

 

 Phylogenetic tree and intensity of compounds 21.1.

The results from the genetic studies were coupled with the results from the phytochemical studies 

by combining the phylogenetic tree with the intensity of compounds from the LC-TOF-MS data. 

Selected compounds from the five different polyphenol groups (hydroxycinnamic acid 

derivatives, hydroxybenzoic acid derivatives, flavan-3-ols, flavanones and flavonols) identified in 

the Rhododendron species were used. The intensity of the compounds is defined by the gradient 

from white (low intensity) to green (high intensity). 
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Figure 21.1: Phylogenetic tree of Rhododendron species and hydroxycinnamic acid derivatives 

 
(Phylogenetic tree was obtained from Ms. J. Nolzen, University of Oldenburg) 
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Figure 21.2: Phylogenetic tree of Rhododendron species and hydroxybenzoic acid derivatives 

 
(Phylogenetic tree was obtained from Ms. J. Nolzen, University of Oldenburg) 
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Figure 21.3: Phylogenetic tree of Rhododendron species and flavan-3-ols 

 
(Phylogenetic tree was obtained from Ms. J. Nolzen, University of Oldenburg) 
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Figure 21.4: Phylogenetic tree of Rhododendron species and flavanones 

 
(Phylogenetic tree was obtained from Ms. J. Nolzen, University of Oldenburg) 
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Figure 21.5: Phylogenetic tree of Rhododendron species and flavonols 

 
(Phylogenetic tree was obtained from Ms. J. Nolzen, University of Oldenburg) 
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 Standards 21.2.

Authentic standards were analyzed using the LC-Ion Trap-MS in order to compare the retention 

time of compounds and similar fragmentation observed in other compounds found in 

Rhododendron leaves. The standards were run with the same gradient used for the Rhododendron 

samples in order to have comparable retention time. The conditions included using a diphenyl 

column with a binary solvent system of water (0.005% formic acid) and methanol. The standards 

used along with their retention time and fragmentation pattern in negative mode are shown in 

Table 21.1. 

 

Table 21.1: Standards and their retention time and fragmentation pattern 

Standard [M-H
-
] 

Retention 

Time 

[min] 

Fragmentation 

Quercetin-3-O-
galactoside 

463 34.9 
MS2 � 301 (100); 
MS3 � 179 (100), 271 (59), 255 (38), 151 (99); 
MS4 � 151 (100) 

Quercetin-3-O-
arabinopyranoside 

433 41.8 
MS2 � 301 (100); 
MS3 � 271 (100), 255 (71), 179 (60), 151 (52) 

Quercetin 301 43.9 
MS2 � 179 (100), 151 (99); 
MS3 � 151 (100); 
MS4 � 107 (100) 

Rutin 609 35.0 
MS2 � 301 (100); 
MS3 � 179 (100), 271 (46), 255 (24), 151 (99); 
MS4 � 151 (100) 

Kaempferol 285 49.9 
MS2 � 151 (100), 257 (25); 
MS3 � 107 (100); 
MS4 � 63 (100) 

Dihydrokaempferol 287 37.1 
MS2 � 259 (100); 
MS3 � 125 (100), 215 (90), 173 (53) 

Robinin (Kaempferol-3-
O-gal-rham-7-O-rham, 

Kaempferol-3-O-
robinoside-7-O-

rhamnoside, 
Kaempferol robinoside) 

739 34.1 
MS2 � 593 (100); 
MS3 � 285 (100); 
MS4 � 255 (100), 151 (13) 

Kaempferol-3-O-
rutinoside 

593 39.4 
MS2 � 285 (100); 
MS3 � 257 (100); 
MS4 � 255 (100) 

Kaempferol-3-O-
glucuronide 

461 42.0 
MS2 � 285 (100); 
MS3 � 257 (100); 
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MS4 � 255 (100) 

Rebaudoside A 
(Steviol glycoside) 

965 57.5 
MS2 � 803 (100); 
MS3 � 641 (100), 479 (18), 317 (11); 
MS4 � 479 (100), 317 (26) 

Luteolin-7-O-glucoside 447 35.6 
MS2 � 285 (100); 
MS3 � 241 (100), 218 (64), 199 (56), 175 (61) 

Luteolin 285 47.0 
MS2 � 241 (100), 175 (28), 151 (36); 
MS3 � 199 (100) 

Luteolin-8-C-glucoside 447 29.0 
MS2 � 327 (100), 357 (42); 
MS3 � 299 (100), 284 (19), 255 (3) 

Resveratrol 227 38.3 
MS2 � 185 (100), 159 (46), 143 (15); 
MS3 � 143 (100) 

Epicatechin 289 23.6 
MS2 � 245 (100), 205 (35); 
MS3 � 203 (100); 
MS4 � 175 (100) 

Epigallocatechin 
gallate 

457 23.2 
MS2 � 169 (100), 331 (57), 305 (29); 
MS3 � 125 (100); 
MS4 �  (100) 

Gallocatechin 305 9.2 
MS2 � 179 (100), 219 (99); 
MS3 � 164 (100), 151 (50), 135 (47) 

Procyanidin B1 577 13.8 
MS2 � 425 (100), 451 (31), 407 (76), 289 (31); 
MS3 � 407 (100); 
MS4 � 285 (100) 

Procyanidin B2 577 20.7 
MS2 � 425 (100), 451 (26), 407 (83), 289 (34); 
MS3 � 407 (100); 
MS4 � 285 (100) 

5-CQA 353 17.5 
MS2 � 191 (100); 
MS3 � 173 (100), 127 (99), 85 (89) 

3, 4-diCQA 515 38.5 
MS2 � 353 (100); 
MS3 � 173 (100), 191 (39); 
MS4 � 93 (100) 

3, 5-diCQA 515 37.2 
MS2 � 353 (100); 
MS3 � 191 (100), 179 (52), 135 (7); 
MS4 � 127 (100), 173 (81) 

4, 5-diCQA 515 40.6 
MS2 � 353 (100); 
MS3 � 173 (100), 191 (23); 
MS4 � 93 (100), 111 (65) 

p-Coumaric acid 163 24.8 MS2 � 119 (100) 

Gallic acid 169 4.7 MS2 � 125 (100) 

Quinic acid 191 2.1 
MS2 � 127 (100), 111 (31); 
MS3 � 109 (100), 83 (50); 

Malic acid 133 2.4 
MS2 � 115 (100); 
MS3 � 71 (100) 

Shikimic acid 173 2.5 MS2 � 155 (100), 111 (68), 93 (62); 
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MS3 � 111 (100); 
MS4 � 83 (100) 

Glucuronic acid 193 2.7 
MS2 � 131 (100); 
MS3 � 113 (100); 
MS4 � 85 (100) 

Neochlorogenic acid 353 11.9 
MS2 � 191 (100), 179 (46), 135 (11); 
MS3 � 127 (100), 173 (57), 111 (52), 93 (42), 85 (73); 
MS4 � 109 (100), 85 (29) 

Tartaric acid 149 2.1 
MS2 � 103 (100), 131 (99), 87 (83); 
MS3 � 59 (100) 

Sinapic acid 223 32.0 
MS2 � 208 (100), 179 (51), 164 (41); 
MS3 � 164 (100), 149 (26); 
MS4 � 149 (100), 135 (24) 

Ascorbic acid 175 2.5 
MS2 � 115 (100); 
MS3 � 87 (100); 
MS4 � 60 (100) 

Trans-cinnamic acid 147 36.6 
MS2 � 103 (100), 119 (10); 
MS3 � 60 (100) 

2, 3-Dihydroxybenzoic 
acid 

153 11.9 MS2 � 109 (100) 

2, 5-Dihydroxybenzoic 
acid 

153 9.3 MS2 � 109 (100); 

Ferulic acid 193 28.9 
MS2 � 149 (100), 178 (47), 134 (43); 
MS3 � 134 (100) 

3, 4, 5 –Trimethoxy 
transcinnamic acid 

237 41.9 
MS2 � 133 (100), 193 (53), 179 (19); 
MS3 � 103 (100) 

3-hydroxy-4-methoxy 
cinnamic acid 

193 31.3 
MS2 � 178 (100), 149 (3), 134 (12); 
MS3 � 134 (100) 

Isorhamnetin rutinoside 623 41.1 
MS2 � 315 (100); 
MS3 � 300 (100); 
MS4 � 271 (100), 255 (59) 

Caffeic acid 179 17.2 MS2 � 135 (100) 

Cryptochlorogenic acid 353 21.2 
MS2 � 173 (100), 179 (54), 191 (9); 
MS3 � 93 (100), 111 (39), 71 (29) 
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 Compound Structures 21.3.
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3-O-galloyl(epi)catechin-(4,8)-(epi)catechin
(Epi)catechin-(4,8')-3'-O-galloyl-(epi)catechin
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172

O

OH

OH

OH

OH

O

O

OH

HO

HO
OH

OH

OH

HO

O
HO

HO

OH

(Epi)gallotcatechin-(4,8)-3'-O-galloyl(epi)gallocatechin

173-174

O

OH

OH

OH

O

O

OH

HO

HO
OH

OH

OH

HO

O
HO

HO

OH

(Epi)gallocatechin-(4,8')-3'-O-galloyl-(epi)catechin

O

OH

OH

OH

HO

OH
O

OH

OH

OH

HO

OH
O

OH

OH

OH

HO

OH

O

OH

OH

OH

HO

OH
O

OH

OH

OH

O

OH
O

OH

OH

OH

HO

OH

(Epi)catechin-(4,8'/2,7')-
(epi)catechin-(4',8'')-(epi)catechin

O

OH

OH

OH

HO

OH
O

OH

OH

OH

HO

OH
O

OH

OH

OH

O

OH

(Epi)catechin-(4',8')-(epi)catechin-
(4,8''/2',7'')-(epi)catechin

175-176 177-178 179-185

(Epi)catechin-(4,8’)-(epi)catechin-
(4’,8’’)-(epi)catechin

O

OH

OH

OH

HO

OH
O

OH

OH

OH

HO

OH
O

OH

OH

OH

HO

OH

OH

(Epi)gallocatechin-(4,8')-(epi)catechin-(4',8'')-(epi)catechin

O

OH

OH

OH

HO

OH
O

OH

OH

OH

HO

OH
O

OH

OH

OH

HO

OH

OH

(Epi)catechin-(4,8')-(epi)gallocatechin-(4',8'')-(epi)catechin

187186, 188
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O

OH

OH

OH

HO

OH
O

OH

OH

OH

O

OH
O

OH

OH

OH

HO

OH

OH

OH

189

O

OH

OH

OH

HO

OH
O

OH

OH

OH

HO

OH
O

OH

OH

OH

HO

OH

OH

OH

190

(Epi)gallocatechin-(4,8'/2,7')-
(epi)gallocatechin-
(4',8'')-(epi)catechin

(Epi)gallocatechin-(4,8')-
(epi)gallocatechin-
(4',8'')-(epi)catechin

O

OH

OH

OH

HO

OH
O

OH

OH

OH

HO

OH
O

OH

OH

OH

HO

OH
O

OH

OH

OH

HO

OH

Procyanidin tetramer D

197-202

OH

OH

HO O

OH

OH

OH

OH

HO O

OH

OH

O

OH

HO O

OH

OH

O
OH

OH

OHProcyanidin trimer gallate

191-192

O

OH

OH

OH

HO

OH
O

OH

OH

OH

O

OH
O

OH

OH

OH

HO

OH
O

OH

OH

OH

HO

OH

A type procyanidin tetramer

193-196
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OHO

OH O

OH203

Naringenin

OO

OH O

OH

O
HO

HO

OH

OH

OH

O

OOH

O

O

O

HO

HO

OH

O
HO

HO

OH

204

205

Naringenin-O-hexoside Naringenin-O-hexoside-O-pentoside

OH

OOH

HO O

OH

OH

206

Taxifolin

O

O

OH

OH

OOH

HO

O

OH

OH

OH

O

O

OH

OH

OOH

HO

O

OH

OH

OH

207-211

Taxifolin-O-pentoside

212-214

Taxifolin-O-rhamnoside

O

O

OH

OH

OOH

HO

O

OH OH

OH

OH

215-221

Taxifolin-O-hexoside

O

O

OH

OH

OOH

HO

O

OH

OH

O

O

O

OOH

O O

OH

OH

O

HO

OH

OH

O

OH

OH

OH

OH

222-223

227-228

Taxifolin-O-rhamnoside-O-hexoside

Taxifolin-O-acetyl-rhamnoside

O

O

OH

OH

OOH

HO

O

OH

OH

OH

224-225

O

O

Taxifolin-O-acetyl-hexoside

226

O

OOH

O O

OH

OH

O

HO

OH

OH

O

OH

OH

OH

OH

Taxifolin-O-pentoside-O-hexoside
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229

OH

OOH

HO O

OH

OH

OH

Myricetin

O

O

OH

OH

OH

HO

OH O
O

OH

OH

OH

230-232

Myricetin-O-pentoside

O

OOH

HO O

OH

O

OH

OH

OH

OH

OH

233

Myricetin-O-rhamnoside

O

OOH

HO O

OH

OH

OH

O

OH

OHOH

OH

234-236

Myricetin-O-hexoside

O

OOH

HO O

OH

O

OH

O

OH

OH

OH

OH

OH
237

Myricetin-O-glucuronide

OHO

OH O

OH

OH

OH

O

O

O

OH

OH

O

Myricetin-O-acetyl-rhamnoside

238

O

OOH

HO O

OH

OH

O

OH

OH

O

O
OH

OH

OH

OH

O

OOH

O O

OH

OH

O

OH

OH

OH

OH

O

OH

HO

HO

O

O

OH

OH

OH

HO

OH O
O

OH

OH

O

O

OH

Myricetin-O-dipentoside Myricetin-O-dipentoside

239 240

Myricetin-O-benzoyl-hexoside

O

O

OH

OH

OH

HO

OH O
O

OH

O

OH
O

OH

OH

OH

Myricetin-O-galloyl-rhamnoside

241
242-243
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O

OOH

HO O

OH

OH

OH

O

O OH

OH

OH

O

OH

OH

HO

244

Myricetin-O-rutinoside

O

OOH

O O

OH

OH

OH

O

OH OH

OH

OH

O

OH

OH

HO

245

Myricetin-3-O-hexoside-7-O-rhamnoside

O

O

OH

OH

OH

O

OH O
O

OH

OH

OH

OH

O

HO

HO

OH

O

O

OH

OH

OH

HO

OH O
O

OH

OH

OH

O

O

HO

HO

OH

246 247

Myricetin-O-galloyl-hexoside Myricetin-7-O-galloyl-3-O-hexoside
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248

Quercetin

OH

OOH

HO O

OH

OH

O

OH

OH

OH

O

OOH

HO O

OH

OH

O

OOH

HO O

OH

O

OH

OH

OH

OH

Quercetin-O-pentoside Quercetin-O-rhamnoside

249-252 253

O

OH

HO O

OH

OH

O

OH

OHOH

OHO

254-256

Quercetin-O-hexoside

O

OOH

HO O

OH

OH

O

OH

OH

OH

O

Quercetin-O-acetyl-pentoside

257-259

O

OOH

HO O

OH

OH

O

OH

O

OH

OH

OH

Quercetin-O-glucuronide

260

O

OOH

HO O

OH

OH

O

O

OH

OH

O

261-263

Quercetin-O-acetyl-rhamnoside

O

OH

HO O

OH

OH

O
O

OH

OH

OH

OO

Quercetin-O-acetyl-hexoside

264-271

O

OH

HO O

OH

OH

O

OH

OHO

OO

O

O

Quercetin-O-diacetyl-hexoside

O

OOH

HO O

OH

OH

O

OH

OH

O

O
OH

OH

OH

272

273-274

Quercetin-O-dipentoside

O

OH

HO O

OH

OH

O

OH

OHO

OHO

O

O

OH

HO O

OH

OH

O

O

OH

O OH

O

OH

OH

OH

276
275

Quercetin-O-benzoyl-hexoside Quercetin-O-pentoside-O-
rhamnoside
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277-279

O

OOH

O O

OH

OH

O

OH

OHOH

O

HO

OH

O

OH

HO O

OH

OH

O

OH

OH

O O

O

OH

OH

OH

Quercetin-O-(p-hydroxy)-benzoyl-hexoside Quercetin-O-galloyl-pentoside

280-281

O

OH

HO O

OH

OH

O

OH

O

O OH

O

HO

O OH

Quercetin-3-O-(4"-3-hydroxy-
3-methylglutaryl)-a-rhamnoside

282

O

OH

HO O

OH

OH

O

OH

OH

O OH

O

O

283-284

Quercetin-O-coumaroyl-rhamnoside

O

OOH

O O

OH

OH

O

OH

OHOH

OH

O

HO

OH

OH
O

OOH

HO O

OH

OH

O

OH

OHO

OH

O

OH

HO

HO

Quercetin-O-pentoside-O-hexoside Quercetin-O-pentoside-O-hexoside

285
286

O

OOH

HO O

OH

OH

O

HO

OH

OH

O

O

OH

OH O

OOH

HO O

OH

O

OH

OH

O

OH

O

OH

OH

OH

Quercetin-O-protocatechuoyl-hexoside Quercetin-O-galloyl-rhamnoside

287 288
O

HO

HO

OH

O

OOH

O O

OH

OH

O

OH

OH

OH

OH

O

OOH

HO O

OH

O

O

OH OH

OH

OH

OH

OH

O

OH

Quercetin-O-rhamnoside-O-hexoside

Quercetin-O-rhamnoside-O-hexoside

289, 292

290, 291, 293, 294

295, 297

O

OOH

O O

OH

OH

O

OH

OH

OH

O

HO

OH

Quercetin-O-coumaroyl-hexoside
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O

OOH

HO O

OH

OH

O

O

OH

OH

OH

O

HO

296

Quercetin-O-coumaroyl-hexoside

O

OOH

O O

OH

OH

O

OH

OHOH

O
HO

HO

OH

OH

O

OH

HO O

OH

OH

O

O

OH

O OH
O

OH

O

O

OH

HO O

OH

OH

O

OH

O OH

HO
O

O

HO O

OH

HO O

OH

OH

O

OH

O OH

HO
O

O

HO

O

OH

HO O

OH

OH

O

OH

OH

O OH

O

O

HO

O

O

OOO

OH

OH

HO

OH

OH

O

O

O

O

OH

OH

OH

OH O

O

OOH

O O

OH

OH

O

OH

OHOH

OH

O

HO

O

O

OH

O O

OH

OH

O

O

O OH

HO

O

O
HO

HO

OH

298-299

Quercetin-O-galloyl-hexoside

Quercetin-O-feruloyl-rhamnoside Cypellogin A/B Cypellogin C

Quercetin-O-sinapoyl-hexosideQuercetin-3-O-acetyl-hexoside-rhamnoside

Quercetin-O-feruloyl-hexosideQuercetin-3-(4"-O-acetyl)-O-rhamnoside-7-O-rhamnoside

309
308

306-307
305

304301-303300
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OH

OOH

HO O

OH310

Kaempferol

O

OOH

HO O

OH

O

OH

OH

OH

311-312

Kaempferol-O-pentoside

O

OOH

HO O

OH

OH

OH

OH

O

313

Kaempferol-O-rhamnoside

O

OOH

HO O

OH

O

OH OH

OH

OH

314-315

Kaempferol-O-hexoside

O

OOH

HO O

OH

O

OH

OH

OH

O

316-317

Kaempferol-O-acetyl-pentoside

O

OOH

HO O

OH

O

OH

O

OH

OH

OH

318

Kaempferol-O-glucuronide

O

OOH

HO O

OH

O

OH

OH

O

O

Kaempferol-O-acetyl-rhamnoside

O

OOH

HO O

OH

O

OO OH

OH

OH

Kaempferol-O-acetyl-hexoside

319-320
321-323

O

OOH

HO O

OH

O

OO OH

OH

O

Kaempferol-O-diacetyl-hexoside

324

O

O

OOH

HO O

OH

O

OH

OH

O

O

OH

OH

OH

325-327

Kaempferol-O-rhamnoside-O-pentoside

O

OOH

HO O

OH

O

OH

OH

OH

O

O

HO

Kaempferol-O-hydroxybenzoyl-hexoside

328
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329

O

OOH

HO O

OH

O

OH

OH

OH

O

OH

OHHO

O

OOH

HO O

OH

O

OH

OH

O

O

OH

OH

OH

330

O

OOH

HO O

OH

O

O

OH OH

OH

OH

OH

OH

O

331-332

O

OOH

HO O

OH

OH

OH

OH

O

O

O

OH

333

O

OOH

O O

OH

O

OO OH

OH

OH

O

OHHO

OH

334

Kaempferol-O-galloyl-pentoside Kaempferol-O-galloyl-rhamnoside

Kaempferol-O-rutinoside Resinoside A/B

Kaempferol-3-O-(6''-acetyl-hexoside)-7-O-rhamnoside
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335

OH

OOH

HO O

O

OH

OH

Laricitrin

O

OOH

HO O

O

OH

OH

O

OH

OH

OH

O

OOH

HO O

O

OH

OH

O

OH

OH

OH

O

OOH

HO O

O

OH

OH

O

OH OH

OH

OH

O

OOH

HO O

O

OH

OH

O

OH

OH

OH

OH

O

O

OH

HO O

O

OH

O

O

OH

O OH
O

OH

OH

O

OOH

HO O

OH

O

O

OH OH

OH

OH

OH

OH

O

O

OH
O

OOH

HO O

O

OH

OH

O

O

OH

OH

OH

O

HO

O

OOH

O O

O

OH

OH

O

OH

OH

OH

O

HO

OH

OHO

OH O

O

OH

O

O

OH

OH

OH

OH

O

Laricitrin-O-pentoside Laricitrin-O-rhamnoside

Laricitrin-O-hexoside Laricitrin-O-glucuronide Laricitrin-O-coumaroyl-rhamnoside

Laricitrin-O-rutinoside Laricitrin-O-coumaroyl-hexoside

Isorhamnetin-O-glucuronideLaricitrin-O-coumaroyl-hexoside

336-338 339

340-342 343 344

345

346

347 348
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 Fragmentation Pattern of identified compounds 21.4.

The fragmentation pattern of the identified compounds along with their theoretical m/z value, 

error in experimental m/z value, retention time, m/z value and molecular formula are shown in 

Table 21.2. 

 

Table 21.2: Fragmentation pattern of identified compounds in Rhododendron species 

No. Compound 
Molecular 

Formula 

E
x

p
er

im
e
n

ta
l 

M
o
le

c
u

la
r 

W
ei

g
h

t 

m
/z

 [
M

-H
]-   

T
h

e
o
re

ti
ca

l 

M
o
le

c
u

la
r 

W
ei

g
h

t 

m
/z

 [
M

-H
]-  

E
rr

o
r 

(p
p

m
) 

R
T

 (
m

in
) 

Fragmentation 

 
Hydroxycinnamic 

Acids 
      

 1. Chlorogenic Acids       

1 
3-O-p-

Coumaroylquinic acid 
C16H18O8 337.0923 337.0929 1.8 18.0 

MS2 � 163 (100), 191 (7), 
173 (5); MS3 � 119 (100) 

2 
cis-3-O-p-

Coumaroylquinic acid 
C16H18O8 337.0915 337.0929 4.1 19.4 

MS2 � 163 (100), 191 (6), 
173 (3); MS3 � 119 (100) 

3 
5-O-p-

Coumaroylquinic acid 
C16H18O8 337.0923 337.0929 1.8 24.6 

MS2 � 191 (100), 163 (5) 

4 
4-O-p-

Coumaroylquinic acid 
C16H18O8 337.0917 337.0929 3.5 26.6 

MS2 � 173 (100), 163 (9); 
MS3 � 93 (100) 

5 
cis-5-O-p-

Coumaroylquinic acid 
C16H18O8 337.0928 337.0929 0.3 28.4 

MS2 � 191 (100), 173 
(12), 163 (6) 

6 
3-O-Caffeoylquinic 

acid 
C16H18O9 353.0876 353.0878 0.6 13.0 

MS2 � 191 (100), 179 
(33) 

7 
cis-3-O-Caffeoylquinic 

acid 
C16H18O9 353.0861 353.0878 4.8 14.0 

MS2 � 191 (100), 179 
(50) 

8 
5-O-Caffeoylquinic 

acid 
C16H18O9 353.0877 353.0878 0.3 18.2 

MS2 � 191 (100) 

9 
cis-4-O-Caffeoylquinic 

acid 
C16H18O9 353.0861 353.0878 4.8 20.6 

MS2 � 173 (100), 179 
(57), 193 (29), 191 (12) 

10 
4-O-Caffeoylquinic 

acid 
C16H18O9 353.0865 353.0878 3.7 23.0 

MS2 � 173 (100), 179 
(57), 191 (15) 

11 
cis-5-O-Caffeoylquinic 

acid 
C16H18O9 353.0862 353.0878 4.5 24.1 

MS2 � 191 (100) 

12 
3-O-Feruloylquinic 

acid C17H20O9 367.1035 367.1035 0.0 21.7 
MS2 � 193 (100); MS3 � 
134 (100), 149 (25) 

13 
5-O-Feruloylquinic 

acid C17H20O9 367.1017 367.1035 4.8 27.5 
MS2 � 191 (100); MS3 � 
127 (100), 173 (58) 
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No. Compound 
Molecular 

Formula 

E
x

p
er

im
e
n

ta
l 

M
o
le

c
u

la
r 

W
ei

g
h

t 

m
/z

 [
M

-H
]-   

T
h

e
o
re

ti
ca

l 

M
o
le

c
u

la
r 

W
ei

g
h

t 

m
/z

 [
M

-H
]-  

E
rr

o
r 

(p
p

m
) 

R
T

 (
m

in
) 

Fragmentation 

14 
4-O-Feruloylquinic 

acid 
C17H20O9 367.1024 367.1035 2.9 31.6 

MS2 � 173 (100), 193 
(12); MS3 � 93 (100), 111 
(71), 155 (46) 

15 
3-O-hydroxydihydro-
Caffeoylquinic acid 

C16H20O10 371.0987 371.0984 0.9 5.9 
MS2 � 353 (100), 233 (2); 
MS3 � 191 (100), 179 
(31), 173 (11) 

16 
5-O-hydroxydihydro-
Caffeoylquinic acid 

C16H20O10 371.1001 371.0984 4.7 5.4 
MS2 � 191 (100), 233 
(0.1) 

17 
5-O-hydroxydihydro-
Caffeoylquinic acid C16H20O10 371.0999 371.0984 4.1 7.0 

MS2 � 191 (100), 353 
(70), 233 (0.3) 

18 
4-O-hydroxydihydro-
Caffeoylquinic acid 

C16H20O10 371.0969 371.0984 4.0 9.8 
MS2 � 173 (100), 191 
(42), 233 (6) ; MS3 � 93 
(100) 

19 
4-O-hydroxydihydro-
Caffeoylquinic acid C16H20O10 371.0974 371.0984 2.6 10.8 

MS2 � 173 (100), 191 
(38), 233 (0.1); MS3 � 93 
(100) 

         

  
2. Caffeic acid 

derivatives 
     

 

20 Caffeoylthreonate C13H14O8 297.0609 297.0616 2.3 15.5 
MS2 � 135 (100), 179 
(22); MS3 � 117 (100), 89 
(56) 

21 Caffeoylthreonate C13H14O8 297.0607 297.0616 3.0 23.7 
MS2 � 135 (100), 179 
(27); MS3 � 117 (100), 89 
(53) 

22 Teucrol C17H16O6 315.0861 315.0874 4.2 51.0 
MS2 � 179 (100); MS3 � 
135 (100) 

23 Caffeoylshikimic acid C16H16O8 335.0756 335.0772 4.9 24.6 
MS2 � 179 (100); MS3 � 
135 (100) 

24 
Caffeic acid-O-

hexoside 
C15H18O9 341.0878 341.0878 0.0 8.1 

MS2 � 135 (100), 169 
(31), 179 (5); MS3 � 107 
(100) 

25 
Caffeic acid-O-

hexoside 
C15H18O9 341.0862 341.0878 4.7 9.2 

MS2 � 135 (100), 161 (3), 
179 (6); MS3 � 107 (100) 

26 
Caffeic acid-O-

hexoside 
C15H18O9 341.0866 341.0878 3.5 10.9 

MS2 � 179 (100); MS3 � 
135 (100) 

27 
Caffeic acid-O-

hexoside 
C15H18O9 341.0863 341.0878 4.4 12.5 

MS2 � 179 (100), 
161(44); MS3 � 135 (100) 

28 
Caffeic acid-O-

hexoside 
C15H18O9 341.0866 341.0878 3.5 13.9 

MS2 � 179 (100); MS3 � 
135 (100) 
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Formula 
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R
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m
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Fragmentation 

29 
Caffeic acid-O-

hexoside 
C15H18O9 341.0895 341.0878 5.0 15.1 

MS2 � 135 (100), 179 
(79); MS3 � 107 (100) 

30 
Caffeic acid-O-

hexoside 
C15H18O9 341.0861 341.0878 5.0 17.6 

MS2 � 179 (100); MS3 � 
135 (100) 

31 
Caffeic acid-O-

hexoside 
C15H18O9 341.0866 341.0878 3.5 19.2 

MS2 � 179 (100); MS3 � 
135 (100) 

32 
Teucrol-O-hexoside / 

Plantainoside 
C23H26O11 477.1409 477.1402 1.4 42.0 

MS2 � 315 (100); MS3 � 
179 (100); MS4 � 135 
(100) 

         

  
3. p-Coumaric acid 

derivatives 
      

33 
p-Coumaric acid-O-

shikimate 
C16H16O7 319.0811 319.0823 3.8 30.8 

MS2 � 163 (100); MS3 � 
119 (100) 

34 
p-Coumaric acid-O-

hexoside 
C15H18O8 325.0920 325.0929 2.7 15.7 

MS2 � 163 (100); MS3 � 
119 (100) 

35 
p-Coumaric acid-O-

hexoside 
C15H18O8 325.0913 325.0929 4.9 16.5 

MS2 � 163 (100); MS3 � 
119 (100) 

36 
p-Coumaric acid-O-

hexoside 
C15H18O8 325.0920 325.0929 2.7 24.1 

MS2 � 163 (100); MS3 � 
119 (100) 

37 
p-Coumaric acid-O-

hexoside 
C15H18O8 325.0916 325.0929 4.0 26.2 

MS2 � 163 (100), 119 
(59) 

38 
p-Coumaric acid-O-

glucosyl ester 
C15H18O8 325.0922 325.0929 2.1 17.5 

MS2 � 163 (100), 265 
(19), 235 (8), 205 (13), 
145 (97); MS3 � 119 
(100) 

39 
p-Coumaric acid-O- 

glucosyl ester 
C15H18O8 325.0916 325.0929 4.0 18.7 

MS2 � 163 (100), 265 
(17), 235 (10), 205 (11), 
145 (88); MS3 � 119 
(100) 

40 
p-Coumaric acid-O-

hexoside-O-pentoside  C20H26O12 457.1352 457.1352 0.0 17.6 
MS2 � 163 (100); MS3 � 
119 (100) 

41 
p-Coumaric acid-O-

hexoside-O-pentoside  
C20H26O12 457.1364 457.1352 2.7 19.2 

MS2 � 163 (100); MS3 � 
119 (100) 

42 Everlastoside M C22H26O12 481.1362 481.1352 2.2 27.0 
MS2 � 367 (100), 307 
(30); MS3 � 163 (100); 
MS4 � 119 (100) 

43 
p-Coumaric acid-O-

dihexoside 
C21H28O13 487.1471 487.1457 2.8 14.4 

MS2 � 163 (100), 325 
(75); MS3 � 119 (100) 
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44 
p-Coumaric acid-O-

dihexoside 
C21H28O13 487.1481 487.1457 4.9 20.0 

MS2 � 163 (100), 325 
(37); MS3 � 119 (100) 

         

  
4. Dihydrocoumaric 

acid derivatives 
      

45 
Dihydrocoumaric acid-

O-hexoside 
C15H20O8 327.1069 327.1085 5.0 15.5 

MS2 � 165 (100); MS3 � 
121 (100) 

46 
Dihydrocoumaric acid-

O-hexoside 
C15H20O8 327.1076 327.1085 2.9 20.4 

MS2 � 165 (100); MS3 � 
121 (100) 

         

  
5. Ferulic acid 

derivatives 
     

 

47 
Ferulic acid-O-

hexoside 
C16H20O9 355.1018 355.1035 4.7 19.0 

MS2 � 193 (100); MS3 � 
149 (100), 178 (64), 134 
(39) 

48 
Ferulic acid-O-

hexoside C16H20O9 355.1021 355.1035 3.8 21.2 
MS2 � 193 (100); MS3 � 
149 (100), 178 (71), 134 
(85) 

49 
Ferulic acid-O-

hexoside 
C16H20O9 355.1019 355.1035 4.4 28.9 

MS2 � 193 (100); MS3 � 
149 (100), 134 (6) 

50 
Ferulic acid-O-
glucosyl ester  C16H20O9 355.1018 355.1035 4.7 20.4 

MS2 � 193 (100), 295 (6), 
265 (4), 235 (10); MS3 � 
134 (100), 178 (17), 149 
(31) 

51 
Ferulic acid-O-

dihexoside 
C22H30O14 517.1576 517.1563 2.6 17.2 

MS2 � 175 (100), 193 
(80); MS3 of 175 � 160 
(100);  MS3 of 193 � 149 
(100), 178 (77), 134 (77) 

         

  
Hydroxybenzoic 

Acids 
      

  1. Gallic Acid       

52 
Gallic acid-O-

pentoside 
C12H14O9 301.0570 301.0565 1.6 6.6 

MS2 � 169 (100); MS3 � 
125 (100) 

53 

3-O-Galloylshikimic 
acid / 5-O-

Galloylshikimic acid 
C14H14O9 325.0549 325.0565 4.9 8.9 

MS2 � 169 (100); MS3 � 
125 (100) 

54 

3-O-Galloylshikimic 
acid / 5-O-

Galloylshikimic acid 
C14H14O9 325.0557 325.0565 2.6 9.6 

MS2 � 169 (100); MS3 � 
125 (100) 
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55 Gallic acid-O-hexoside C13H16O10 331.0670 331.0671 0.2 4.6 
MS2 � 169 (100), 271 
(11); MS3 � 125 (100) 

56 Gallic acid-O-hexoside C13H16O10 331.0668 331.0671 0.8 7.9 
MS2 � 169 (100), 271 (5); 
MS3 � 125 (100) 

57 
Gallic acid-O-glucosyl 

ester 
C13H16O10 331.0677 331.0671 1.9 3.7 

MS2 � 169 (100), 271 
(67), 241 (5), 211 (27); 
MS3 � 125 (100) 

58 Galloylquinic acid C14H16O10 343.0664 343.0671 2.0 4.3 
MS2 � 169 (100), 191 
(71); MS3 � 125 (100) 

59 Galloylquinic acid C14H16O10 343.0656 343.0671 4.3 5.8 
MS2 � 191 (100), 169 (7), 
125 (1) 

60 Galloylquinic acid C14H16O10 343.0687 343.0671 4.8 9.6 
MS2 � 169 (100); MS3 � 
125 (100) 

61 
Gallic acid-O-acetyl-

hexoside 
C15H18O11 373.0758 373.0776 4.9 13.9 

MS2 � 169 (100); MS3 � 
125 (100) 

62 
Benzyl-6'-O-galloyl-β-

D-hexoside 
C20H22O10 421.1138 421.1140 0.5 32.1 

MS2 � 169 (100), 313 
(63); MS3 � 125 (100) 

63 Galloylarbutin C19H20O11 423.0926 423.0933 1.6 11.7 
MS2 � 313 (100); MS3 � 
169 (100); MS4 � 125 
(100) 

64 Galloylarbutin C19H20O11 423.0946 423.0933 3.1 17.7 
MS2 � 313 (100); MS3 � 
169 (100); MS4 � 125 
(100) 

65 

6-galloyl-1-O-
(phloroglucinol)-

hexoside 
C19H20O12 439.0890 439.0882 1.8 15.0 

MS2 � 313 (100), 271 
(16), 211 (14); MS3 � 169 
(100); MS4 � 125 (100) 

66 

Gallic acid-3-O-
hexoside-4-O-

pentoside 
C18H24O14 463.1072 463.1093 4.5 7.9 

MS2 � 301 (100); MS3 � 
169 (100); MS4 � 125 
(100) 

67 

p-hydroxyphenethyl 
alcohol-1-O-β-D-(6"-
O-galloyl)-hexoside  

C21H24O12 467.1197 467.1195 0.3 22.3 
MS2 � 313 (100); MS3 � 
169 (100); MS4 � 125 
(100) 

68 
Gallic acid-O-galloyl-

rhamnoside 
C20H20O13 467.0845 467.0831 2.9 36.6 

MS2 � 423 (100); MS3 � 
313 (100); MS4 � 169 
(100), 125 (18) 

69 
Gallic acid-O-

rutinoside 
C19H26O14 477.1267 477.1250 3.7 6.6 

MS2 � 169 (100); MS3 � 
125 (100) 

70 

Gallic acid-O-
coumaroyl-hexoside 

(diff sides) 
C22H22O12 477.1041 477.1039 0.5 31.0 

MS2 � 313 (100); MS3 � 
169 (100); MS4 � 125 
(100) 
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71 

Gallic acid-O-
coumaroyl-hexoside 

(diff sides) 
C22H22O12 477.1057 477.1039 3.9 32.6 

MS2 � 313 (100); MS3 � 
169 (100); MS4 � 125 
(100) 

72 

Gallic acid-O-
coumaroyl-hexoside 

(diff sides) 
C22H22O12 477.1039 477.1039 0.1 35.9 

MS2 � 313 (100); MS3 � 
169 (100); MS4 � 125 
(100) 

73 Querglanin C23H28O11 479.1571 479.1559 2.5 31.9 
MS2 � 169 (100), 313 
(59); MS3 � 125 (100) 

74 
Galloyl-O-vanilloyl-O-

hexoside C21H22O13 481.1012 481.0988 5.0 27.1 
MS2 � 313 (100); MS3 � 
169 (100); MS4 � 125 
(100) 

75 
Galloyl-O-vanilloyl-O-

hexoside 
C21H22O13 481.1004 481.0988 3.4 30.1 

MS2 � 437 (100); MS3 � 
313 (100); MS4 � 169 
(100), 125 (18) 

76 
Gallic acid-3-O-(6'-O-
galloyl)-β-D-hexoside 

C20H20O14 483.0798 483.0780 3.7 22.5 
MS2 � 439 (100); MS3 � 
287 (100), 313 (85), 169 
(7); MS4 � 125 (100) 

77 
Gallic acid-O-

dihexoside (diff sides) C19H26O15 493.1223 493.1199 4.9 3.2 
MS2 � 331 (100); MS3 � 
169 (100); MS4 � 125 
(100) 

78 
Gallic acid-O-

dihexoside (diff sides) 
C19H26O15 493.1209 493.1199 2.0 5.2 

MS2 � 331 (100); MS3 � 
169 (100); MS4 � 125 
(100) 

79 
Gallic acid-O-

dihexoside (same side) C19H26O15 493.1202 493.1199 0.6 6.7 
MS2 � 169 (100); MS3 � 
125 (100) 

80 
Gallic acid-O-feruloyl-

hexoside 
C23H24O13 507.1123 507.1144 4.2 36.2 

MS2 � 331 (100); MS3 � 
169 (100); MS4 � 125 
(100) 

81 
Hyemaloside B / 
Guavinoside A C26H24O13 543.1163 543.1144 3.5 30.9 

MS2 � 169 (100), 405 
(84); MS3 � 125 (100) 

82 Galloylalbiflorin C30H32O15 631.1655 631.1668 2.1 42.8 
MS2 � 479 (100); MS3 � 
169 (100); MS4 � 125 
(100) 

         

  2. Protocatechuic acid       

83 
Protocatechuic acid-O-

pentoside 
C12H14O8 285.0606 285.0616 3.5 15.1 

MS2 � 153 (100); MS3 � 
109 (100) 

84 
Protocatechuic acid-O-

hexoside 
C13H16O9 315.0707 315.0722 4.6 5.9 

MS2 � 153 (100); MS3 � 
109 (100) 
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85 
Protocatechuic acid-O-

hexoside 
C13H16O9 315.0732 315.0722 3.3 10.5 

MS2 � 153 (100); MS3 � 
109 (100) 

86 
Protocatechuic acid-O-

benzoyl-hexoside 
C20H20O10 419.0974 419.0984 2.3 51.8 

MS2 � 153 (100); MS3 � 
109 (100) 

87 
Protocatechuic acid-O-

feruloyl-hexoside 
C23H24O12 491.1202 491.1195 1.4 51.1 

MS2 � 315 (100); MS3 � 
153 (100); MS4 � 109 
(100) 

         

  3. Salicylic acid       

88 
Salicylic acid-O-

hexoside 
C13H16O8 299.0769 299.0772 1.1 6.3 

MS2 � 137 (100); MS3 � 
93 (100) 

89 
Salicylic acid-O-

hexoside 
C13H16O8 299.0767 299.0772 1.8 13.0 

MS2 � 137 (100); MS3 � 
93 (100) 

90 
Salicylic acid-O-

glucosyl ester C13H16O8 299.0765 299.0772 2.5 8.5 
MS2 � 137 (100), 239 
(91), 209 (26), 179 (94); 
MS3 � 93 (100) 

91 Salicyloylsalicin C20H22O9 405.1188 405.1191 0.8 36.6 
MS2 � 281 (100); MS3 � 
137 (100); MS4 � 93 
(100) 

92 
Salicylic acid-O-

coumaroyl-hexoside 
C22H22O10 445.1122 445.1140 4.1 42.4 

MS2 � 281 (100); MS3 � 
137 (100); MS4 � 93 
(100) 

93 
Salicylic acid-O-

coumaroyl-hexoside 
C22H22O10 445.1122 445.1140 4.1 46.2 

MS2 � 281 (100); MS3 � 
137 (100); MS4 � 93 
(100) 

94 
Salicylic acid-O-

dihexoside (Same side) 
C19H26O13 461.1318 461.1301 3.8 7.0 

MS2 � 137 (100); MS3 � 
93 (100) 

         

  4. Vanillic acid       

95 
Vanillic acid-O-

hexoside 
C14H18O9 329.0869 329.0878 2.8 7.7 

MS2 � 167 (100); MS3 � 
123 (100) 

96 
Vanillic acid-O-

hexoside 
C14H18O9 329.0864 329.0878 4.3 10.2 

MS2 � 167 (100); MS3 � 
152 (100), 123 (53), 108 
(38) 

97 
Vanillic acid-O-

hexoside 
C14H18O9 329.0865 329.0878 4.0 11.7 

MS2 � 167 (100); MS3 � 
149 (100), 123 (6) 

98 
Vanillic acid-O-

hexoside 
C14H18O9 329.0863 329.0878 4.6 13.9 

MS2 � 167 (100); MS3 � 
123 (100) 
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99 Amburoside B C21H24O10 435.1289 435.1297 1.8 36.3 
MS2 � 273 (100); MS3 � 
167 (100); MS4 � 123 
(100) 

100 

Vanilloyl-O-
hydroxybenzoyl-

hexoside (Diff sides) 
C21H22O11 449.1093 449.1089 0.8 17.5 

MS2 � 329 (100), 359 
(36); MS3 � 301 (100); 
MS4 � 167 (100), 123 (4) 

101 

Vanilloyl-O-
hydroxybenzoyl-

hexoside (Same side) 
C21H22O11 449.1096 449.1089 1.5 40.8 

MS2 � 167 (100), 281 
(39); MS3 � 123 (100) 

102 

Vanillic acid-O-
hexoside-O-pentoside 

(Same side) 
C19H26O13 461.1319 461.1301 4.0 14.9 

MS2 � 167 (100); MS3 � 
123 (100) 

103 

Vanillic acid-O-
hexoside-O-pentoside 

(Same side) 
C19H26O13 461.1313 461.1301 2.7 19.1 

MS2 � 167 (100), 191 
(72); MS3 � 123 (100) 

104 
Vanillic acid-O-

rutinoside (Same side) 
C20H28O13 475.1477 475.1457 4.2 12.5 

MS2 � 167 (100); MS3 � 
123 (100), 152 (48) 

105 
Vanillic acid-O-

rutinoside (Same side) 
C20H28O13 475.1480 475.1457 4.8 18.9 

MS2 � 167 (100), 191 
(86); MS3 � 123 (100) 

106 

Vanillic acid-O-
coumaroyl-hexoside 
(Diff sides) ref is on 

same side 

C23H24O11 475.1258 475.1246 2.6 47.8 

MS2 � 311 (100); MS3 � 
167 (100); MS4 � 123 
(100) 

107 

Vanillic acid-O-
dihexoside (diff sides) 

Picrorhizin 
C20H28O14 491.1411 491.1406 1.0 4.6 

MS2 � 329 (100); MS3 � 
167 (100), 149 (55), 123 
(4) 

108 

Vanillic acid-O-
dihexoside (diff sides) 

Picrorhizin 
C20H28O14 491.1399 491.1406 1.5 5.3 

MS2 � 329 (100); MS3 � 
167 (100); MS4 � 149 
(100), 123 (26) 

109 

Vanillic acid-O-
dihexoside (same side) 
β-D-fructfuranosyl-α-

D-(6-vanilloyl)-
glucopyranoside 

C20H28O14 491.1422 491.1406 3.2 8.5 

MS2 � 167 (100); MS3 � 
123 (26) 

110 Litseaefoloside A C23H26O12 493.1340 493.1352 2.3 47.0 
MS2 � 167 (100); MS3 � 
152 (100), 123 (48) 

         

  5. Methyl gallate       
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111 
Methyl gallate-O-

hexoside 
C14H18O10 345.0810 345.0827 5.0 7.4 

MS2 � 183 (100); MS3 � 
168 (100); MS4 � 124 
(100) 

112 
Methyl gallate-O-

hexoside 
C14H18O10 345.0818 345.0827 2.7 8.5 

MS2 � 183 (100); MS3 � 
168 (100); MS4 � 124 
(100) 

113 
Methyl gallate-O-

hexoside C14H18O10 345.0810 345.0827 5.0 11.8 
MS2 � 183 (100); MS3 � 
168 (100); MS4 � 124 
(100) 

114 
Methyl gallate-O-

coumaroyl-hexoside 
C23H24O12 491.1192 491.1195 0.6 42.1 

MS2 � 327 (100); MS3 � 
183 (100); MS4 � 168 
(100), 139 (5), 124 (8) 

115 
Methyl gallate-O-

dihexoside (Diff sides) 
C20H28O15 507.1375 507.1355 3.9 8.0 

MS2 � 345 (100); MS3 � 
183 (100); MS4 � 168 
(100), 139 (97), 123 (24) 

         

  Flavan-3-ols       

116 Catechin C15H14O6 289.0709 289.0718 3.0 16.0 

MS2 � 245 (100), 205 
(28), 179 (18); MS3 � 203 
(100), 227 (31), 187 (16), 
161 (20) 

117 Epicatechin C15H14O6 289.0705 289.0718 4.4 23.0 

MS2 � 245 (100), 205 
(31), 179 (15); MS3 � 203 
(100), 227 (28), 187 (15), 
161 (22) 

118 Gallocatechin C15H14O7 305.0654 305.0667 4.2 8.5 
MS2 � 179 (100), 221 
(64), 261 (14); MS3 � 164 
(100), 151 (94), 135 (19) 

119 Epigallocatechin C15H14O7 305.0653 305.0667 4.5 15.4 
MS2 � 179 (100), 221 
(64), 261 (29); MS3 � 164 
(100), 151 (27), 135 (25) 

120 

2-(3,4-
dihydroxyphenyl)- 

5,7-
dihydroxychroman-3-

yl-4-hydroxybenzoate / 
(Epi)catechin-O-
hydroxybenzoate 

C22H18O8 409.0923 409.0929 1.4 35.8 
MS2 � 289 (100); MS3 � 
245 (100), 205 (34) 

121 
(Epi)catechin-O-

rhamnoside 
C21H24O10 435.1293 435.1297 0.9 22.5 

MS2 � 289 (100); MS3 � 
245 (100), 205 (31) 
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122 Malaferin B C24H20O8 435.1095 435.1085 2.2 40.1 
MS2 � 289 (100); MS3 � 
245 (100), 205 (31) 

123 (Epi)catechin gallate C22H18O10 441.0830 441.0827 0.6 28.1 
MS2 � 289 (100); MS3 � 
245 (100), 205 (34) 

124 (Epi)catechin gallate C22H18O10 441.0829 441.0827 0.4 29.6 
MS2 � 289 (100); MS3 � 
245 (100), 205 (32) 

125 (Epi)catechin gallate C22H18O10 441.0826 441.0827 0.3 31.8 
MS2 � 289 (100); MS3 � 
245 (100), 205 (34) 

126 (Epi)catechin gallate C22H18O10 441.0830 441.0827 0.6 36.8 
MS2 � 289 (100); MS3 � 
245 (100), 205 (38) 

127 
(Epi)catechin-O-

hexoside 
C21H24O11 451.1251 451.1246 1.1 10.5 

MS2 � 289 (100); MS3 � 
245 (100), 205 (25) 

128 
(Epi)catechin-O-
methyl-gallate C23H20O10 455.0965 455.0984 4.1 34.4 

MS2 � 289 (100); MS3 � 
245 (100), 205 (34) 

129 
(Epi)gallocatechin 

gallate C22H18O11 457.0755 457.0776 4.7 19.8 
MS2 � 305 (100); MS3 � 
179 (100), 125 (21) 

130 
Epigallocatechin 

gallate 
C22H18O11 457.0776 457.0776 0.0 22.7 

MS2 � 169 (100), 305 
(19); MS3 � 125 (100) 

131 
(Epi)gallocatechin 

gallate 
C22H18O11 457.0757 457.0776 4.2 26.6 

MS2 � 169 (100), 305 
(24); MS3 � 125 (100) 

132 Malaferin C C25H22O9 465.1198 465.1191 1.5 41.2 
MS2 � 289 (100); MS3 � 
245 (100), 205 (34) 

133 
(Epi)catechin-O-
dimethyl-gallate 

C24H22O10 469.1161 469.1140 4.4 38.9 
MS2 � 289 (100); MS3 � 
245 (100), 205 (37) 

134 
(Epi)catechin-O-

trimethoxybenzoate 
C25H24O10 483.1320 483.1297 4.8 29.5 

MS2 � 289 (100); MS3 � 
245 (100), 205 (35) 

135 
(Epi)catechin-O-

trimethoxybenzoate 
C25H24O10 483.1300 483.1297 0.7 32.9 

MS2 � 289 (100); MS3 � 
245 (100), 205 (37) 

136 
(Epi)catechin-

(4,8/2,6)-(epi)catechin 
C30H24O12 575.1206 575.1195 1.9 5.5 

MS2 � 423 (100), 449 
(72), 407 (77) 

137 
(Epi)catechin-

(4,8/2,6)-(epi)catechin 
C30H24O12 575.1216 575.1195 3.7 8.7 

MS2 � 423 (100), 449 
(17), 407 (33) 

138 
(Epi)catechin-

(4,8/2,6)-(epi)catechin 
C30H24O12 575.1216 575.1195 3.7 10.1 

MS2 � 423 (100), 449 
(10), 407 (85) 

139 
(Epi)catechin-

(4,8/2,6)-(epi)catechin 
C30H24O12 575.1194 575.1195 0.2 12.0 

MS2 � 423 (100), 449 (9), 
407 (32) 

140 
(Epi)catechin-

(4,8/2,6)-(epi)catechin 
C30H24O12 575.1190 575.1195 0.9 14.0 MS2 � 423 (100), 449 (6), 

407 (42) 
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141 
(Epi)catechin-

(4,8/2,6)-(epi)catechin 
C30H24O12 575.1190 575.1195 0.9 18.1 

MS2 � 407 (100), 449 
(88), 423 (67) 

142 
(Epi)catechin-

(4,8/2,6)-(epi)catechin 
C30H24O12 575.1211 575.1195 2.8 27.2 

MS2 � 449 (100), 539 
(36), 423 (19), 407 (32), 
289 (53), 285 (39); MS3 � 
287 (100), 313 (26), 245 
(13) 

143 
(Epi)catechin-

(4,8/2,6)-(epi)catechin 
C30H24O12 575.1190 575.1195 0.9 32.4 

MS2 � 423 (100), 449 
(100), 539 (17), 407 (13) 
289 (27), 285 (31); MS3 � 
285 (100), 313 (18) 

144 
(Epi)catechin-

(4,8/2,6)-(epi)catechin 
C30H24O12 575.1184 575.1195 1.9 34.8 

MS2 � 423 (100), 449 
(94), 407 (27); MS3 � 285 
(100) 

145 

(Epi)catechin-
(epi)catechin 

(Procyanidin dimer 
B1) 

C30H26O12 577.1372 577.1352 3.6 13.4 

MS2 � 407 (100), 425 
(93), 451 (21), 289 (27); 
MS3 � 285 (100), 283 
(20) 

146 

(Epi)catechin-
(epi)catechin 

(Procyanidin dimer B) 
C30H26O12 577.1361 577.1352 1.6 14.3 

MS2 � 425 (100), 407 
(92), 451 (24), 289 (19); 
MS3 � 285 (100), 283 
(40) 

147 

(Epi)catechin-
(epi)catechin 

(Procyanidin dimer B) 
C30H26O12 577.1371 577.1352 3.4 18.6 

MS2 � 407 (100), 425 
(74), 451 (26), 289 (28); 
MS3 � 285 (100), 283 
(33) 

148 

(Epi)catechin-
(epi)catechin 

(Procyanidin dimer 
B2) 

C30H26O12 577.1370 577.1352 3.2 20.3 

MS2 � 425 (100), 407 
(89), 451 (24), 289 (22); 
MS3 � 407 (100); MS4 � 
285 (100), 283 (29) 

149 

(Epi)catechin-
(epi)catechin 

(Procyanidin dimer B) 
C30H26O12 577.1374 577.1352 3.9 23.1 

MS2 � 425 (100), 407 
(76), 451 (12), 289 (16); 
MS3 � 407 (100); MS4 � 
285 (100), 283 (18) 

150 

(Epi)catechin-
(epi)catechin 

(Procyanidin dimer B) 
C30H26O12 577.1360 577.1352 1.5 32.8 

MS2 � 425 (100), 407 
(90), 451 (19), 289 (21); 
MS3 � 407 (100); MS4 � 
285 (100), 283 (33) 

151 Gambiriin A/D C30H28O12 579.1533 579.1508 4.3 19.2 
MS2 � 289 (100), 425 
(30); MS3 � 245 (100), 
205 (42) 
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152 
(Epi)gallocatechin-

(epi)catechin C30H26O13 593.1325 593.1301 4.1 7.7 

MS2 � 425 (100), 407 
(94), 289 (29); MS3 � 407 
(100); MS4 � 285 (100), 
283 (25) 

153 
(Epi)gallocatechin-

(epi)catechin 
C30H26O13 593.1303 593.1301 0.4 9.7 

MS2 � 425 (100), 407 
(74), 289 (19); MS3 � 407 
(100); MS4 � 285 (100), 
283 (35) 

154 
(Epi)gallocatechin-

(epi)catechin 
C30H26O13 593.1321 593.1301 3.4 10.5 

MS2 � 423 (100), 441 
(48), 467 (32), 305 (41); 
MS3 � 283 (100), 297 
(78) 

155 
(Epi)gallocatechin-

(epi)catechin 
C30H26O13 593.1317 593.1301 2.8 12.6 

MS2 � 425 (100), 407 
(65), 289 (15); MS3 � 407 
(100); MS4 � 285 (100), 
283 (38) 

156 
(Epi)gallocatechin-

(epi)catechin 
C30H26O13 593.1327 593.1301 4.4 13.7 

MS2 � 425 (100), 407 
(70), 289 (22); MS3 � 407 
(100); MS4 � 285 (100), 
283 (30) 

157 
(Epi)gallocatechin-

(epi)catechin C30H26O13 593.1301 593.1301 0.1 15.2 

MS2 � 423 (100), 575 
(24), 441 (36), 305 (39); 
MS3 � 297 (100), 283 
(96) 

158 
(Epi)gallocatechin-

(epi)catechin 
C30H26O13 593.1310 593.1301 1.6 16.5 

MS2 � 423 (100), 575 
(16), 441 (52), 305 (33); 
MS3 � 297 (100), 283 
(99) 

159 
(Epi)gallocatechin-

(epi)catechin 
C30H26O13 593.1320 593.1301 3.3 18.2 

MS2 � 425 (100), 407 
(85), 289 (20); MS3 � 407 
(100); MS4 � 285 (100), 
283 (41) 

160 
(Epi)gallocatechin-
(epi)gallocatechin 

C30H26O14 609.1269 609.1250 3.2 4.5 
MS2 � 423 (100), 441 
(49), 305 (30); MS3 � 297 
(100), 283 (89), 255 (33) 

161 
(Epi)gallocatechin-
(epi)gallocatechin 

C30H26O14 609.1275 609.1250 4.1 6.5 
MS2 � 423 (100), 441 
(62), 305 (24); MS3 � 283 
(100), 297 (90), 255 (41) 

162 
(Epi)gallocatechin-
(epi)gallocatechin 

C30H26O14 609.1275 609.1250 4.1 7.5 
MS2 � 423 (100), 441 
(37), 305 (29); MS3 � 283 
(100), 297 (78), 255 (16) 
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163 
(Epi)gallocatechin-
(epi)gallocatechin 

C30H26O14 609.1261 609.1250 1.8 10.2 
MS2 � 423 (100), 441 
(41), 305 (26); MS3 � 297 
(100), 283 (66), 255 (30) 

164 
(Epi)gallocatechin-
(epi)gallocatechin 

C30H26O14 609.1247 609.1250 0.5 13.1 
MS2 � 423 (100), 441 
(58), 305 (23); MS3 � 297 
(100), 283 (90), 255 (18) 

165 

(Epi)catechin-3-O-
hexoside-7-O-hexoside C27H34O16 613.1790 613.1774 2.6 9.6 

MS2 � 451 (100); MS3 � 
289 (100); MS4 � 245 
(100), 205 (20) 

166 

(Epi)catechin-3-O-
hexoside-7-O-hexoside C27H34O16 613.1798 613.1774 3.9 11.8 

MS2 � 451 (100); MS3 � 
289 (100); MS4 � 245 
(100), 205 (45) 

167 

(Epi)catechin-3-O-
hexoside-7-O-hexoside C27H34O16 613.1801 613.1774 4.4 13.2 

MS2 � 451 (100); MS3 � 
289 (100); MS4 � 245 
(100), 205 (34) 

168 

3-O-
galloyl(epi)catechin-

(4,8/2,6)-(epi)catechin 
C37H28O16 727.1296 727.1305 1.2 36.6 

MS2 � 575 (100), 559 
(35), 449 (11), 423 (32); 
MS3 � 449 (100), 289 
(59) 

169 

3-O-
galloyl(epi)catechin-
(4,8)-(epi)catechin 

C37H30O16 729.1469 729.1461 1.1 20.3 

MS2 � 577 (100), 451 
(20), 425 (24), 407 (51), 
289 (14); MS3 � 407 
(100), 451 (69), 425 (23), 
289 (43) 

170 
(Epi)catechin-(4,8′)-3′-
O-galloyl-(epi)catechin 

C37H30O16 729.1484 729.1461 3.1 23.6 

MS2 � 407 (100), 711 (7), 
577 (33), 559 (38), 451 
(27), 441 (22), 289 (19); 
MS3 � 285 (100) 

171 

3-O-
galloyl(epi)catechin-
(4,8)-(epi)catechin 

C37H30O16 729.1462 729.1461 0.1 27.9 

MS2 � 577 (100), 559 
(34), 451 (20), 425 (30), 
407 (69); MS3 � 407 
(100), 451 (44), 425 (34), 
289 (32) 

172 

(Epi)gallocatechin-
(4,8′)-3′-O-galloyl-

(epi)catechin 
C37H30O17 745.1416 745.1410 0.8 20.6 

MS2 � 407 (100), 727 
(12), 593 (25), 441 (23), 
289 (42); MS3 � 285 
(100) 

173 

(Epi)gallocatechin-
(4,8)-3′-O-

galloyl(epi)gallocatech
in 

C37H30O18 761.1396 761.1359 4.8 13.7 

MS2 � 423 (100), 609 
(47), 575 (31), 305 (26); 
MS3 � 283 (100) 
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174 

(Epi)gallocatechin-
(4,8)-3′-O-

galloyl(epi)gallocatech
in 

C37H30O18 761.1374 761.1359 1.9 25.7 

MS2 � 423 (100), 609 
(17), 575 (23), 305 (11); 
MS3 � 283 (100) 

175 

(Epi)catechin-
(4,8′/2,7′)-

(epi)catechin-(4′,8′′)-
(epi)catechin 

C45H36O18 863.1847 863.1829 2.1 22.6 

MS2 � 711 (100), 693 
(65), 559 (36), 541 (17), 
451 (28), 411 (39), 289 
(15); MS3 � 693 (100), 
559 (54), 541 (30), 407 
(24) 

176 

(Epi)catechin-
(4,8′/2,7′)-

(epi)catechin-(4′,8′′)-
(epi)catechin 

C45H36O18 863.1836 863.1829 0.8 23.2 

MS2 � 711 (100), 693 
(43), 559 (39), 541 (12), 
451 (23), 411 (52), 289 
(11); MS3 � 693 (100), 
559 (97), 541 (53), 407 
(40) 

177 

(Epi)catechin-(4,8′)-
(epi)catechin-
(4′,8′′/2′,7′′)-
(epi)catechin 

C45H36O18 863.1867 863.1829 4.4 26.7 

MS2 � 575 (100), 711 
(77), 693 (64), 559 (44); 
MS3 � 449 (100), 539 
(32), 289 (20) 

178 

(Epi)catechin-(4,8′)-
(epi)catechin-
(4′,8′′/2′,7′′)-
(epi)catechin 

C45H36O18 863.1850 863.1829 2.4 33.7 

MS2 � 693 (100), 575 
(99), 449 (26); MS3 � 657 
(100), 541 (20), 449 (9), 
403 (60) 

179 Procyanidin Trimer C C45H38O18 865.1946 865.1985 4.6 5.6 

MS2 � 695 (100), 577 
(25), 575 (21), 543 (24), 
451 (14), 425 (13), 407 
(36), 287 (20); MS3 � 243 
(100), 543 (73), 525 (68), 
451 (68), 405 (99), 289 
(38) 

180 Procyanidin Trimer C C45H38O18 865.1959 865.1985 3.0 14.9 
MS2 � 745 (100), 695 
(14), 577 (13), 575 (5), 
451 (11), 407 (20) 

181 Procyanidin Trimer C C45H38O18 865.1984 865.1985 0.2 15.6 

MS2 � 695 (100), 577 
(75), 575 (21), 543 (29), 
451 (29), 425 (27), 407 
(64), 287 (29); MS3 � 243 
(100), 543 (99), 525 (92), 
451 (46), 405 (34), 289 
(39) 
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182 Procyanidin Trimer C C45H38O18 865.2017 865.1985 3.7 16.6 

MS2 � 695 (100), 577 
(52), 575 (34), 543 (36), 
451 (27), 425 (29), 407 
(65), 287 (30); MS3 � 543 
(100), 525 (71), 451 (32), 
405 (26), 289 (20), 243 
(43) 

183 Procyanidin Trimer C C45H38O18 865.1984 865.1985 0.2 19.2 

MS2 � 695 (100), 577 
(58), 575 (47), 543 (30), 
451 (28), 425 (20), 407 
(70), 287 (60); MS3 � 543 
(100), 525 (14), 451 (23), 
405 (20), 289 (1), 243 (27) 

184 Procyanidin Trimer C C45H38O18 865.1966 865.1985 2.2 22.2 

MS2 � 711 (100), 695 
(63), 577 (15), 575 (15), 
543 (18), 451 (28), 425 
(13), 407 (34), 287 (16); 
MS3 � 693 (100), 559 
(55), 541 (37), 407 (28), 
285 (4) 

185 Procyanidin Trimer C C45H38O18 865.2010 865.1985 2.8 25.6 

MS2 � 695 (100), 577 
(65), 575 (31), 543 (26), 
451 (20), 425 (24), 407 
(62), 287 (26); MS3 � 543 
(100), 525 (38), 451 (19), 
405 (21), 289 (15), 283 
(13), 243 (41) 

186 

(Epi)gallocatechin-
(4,8′)-(epi)catechin-
(4′,8′′)-(epi)catechin 

C45H38O19 881.1961 881.1935 3.0 11.1 

MS2 � 695 (100), 755 
(24), 577 (27), 451 (17), 
407 (23), 303 (6); MS3 � 
243 (100), 543 (98), 525 
(72), 451 (69), 289 (27) 

187 

(Epi)catechin-(4,8′)-
(epi)gallocatechin-

(4′,8′′)-(epi)catechin 
C45H38O19 881.1938 881.1935 0.4 12.1 

MS2 � 711 (100), 695 
(31), 593 (56), 543 (59), 
425 (39), 407 (68), 289 
(42); MS3 � 543 (100), 
525 (60), 407 (28), 289 
(32) 

188 

(Epi)gallocatechin-
(4,8′)-(epi)catechin-
(4′,8′′)-(epi)catechin 

C45H38O19 881.1969 881.1935 3.9 13.2 

MS2 � 695 (100), 755 
(21), 577 (19), 451 (18), 
407 (14), 303 (7); MS3 � 
543 (100), 525 (50), 451 
(50), 289 (11), 243 (37) 
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189 

(Epi)gallocatechin-
(4,8′/2,7′)-

(epi)gallocatechin-
(4′,8′′)-(epi)catechin 

C45H36O20 895.1767 895.1727 4.4 15.9 

MS2 � 727 (100), 709 
(17), 575 (12), 467 (3),  
427 (20), 289 (6); MS3 � 
575 (100), 525 (22), 407 
(58) 

190 

(Epi)gallocatechin-
(4,8′)-

(epi)gallocatechin-
(4′,8′′)-(epi)catechin 

C45H38O20 897.1887 897.1884 0.4 9.1 

MS2 � 711 (100), 771 
(23), 543 (52), 467 (14),  
423 (26), 407 (26), 289 
(9); MS3 � 283 (100), 297 
(73), 243 (58) 

191 
Procyanidin trimer 

gallate 
C52H42O22 508.1032 508.1011 4.1 13.1 

MS2 � 695 (100), 727 
(35), 577 (37), 303 (99), 
289 (55); MS3 � 525 
(100), 451 (60), 289 (28), 
243 (25) 

192 
Procyanidin trimer 

gallate 
C52H42O22 508.1026 508.1011 2.9 18.3 

MS2 � 423 (100), 727 
(40), 695 (12), 303 (37),  
289 (55); MS3 � 243 
(100), 289 (71) 

193 
A type procyanidin 

tetramer 
C60H48O24 575.1217 575.1195 3.8 12.9 

MS2 � 863 (100), 711 
(18), 499 (32), 490 (45), 
451 (20), 289 (21), 245 
(14); MS3 � 411 (100), 
711 (83), 693 (46), 573 
(45), 559 (65), 451 (43), 
289 (25) 

194 
A type procyanidin 

tetramer 
C60H48O24 575.1202 575.1195 1.2 19.5 

MS2 � 861 (100), 739 
(16), 559 (7), 499 (9), 491 
(7), 451 (11), 411 (47), 
407 (13), 289 (71), 245 
(11); MS3 � 411 (100), 
691 (85), 449 (40), 287 
(73), 243 (9) 

195 
A type procyanidin 

tetramer 
C60H48O24 575.1206 575.1195 1.9 24.5 

MS2 � 861 (100), 739 
(14), 547 (8), 499 (12), 
490 (8), 451 (18), 411 
(59), 289 (66), 245 (9); 
MS3 � 411 (100), 691 
(50), 573 (86), 547 (84), 
529 (47), 449 (40), 287 
(69) 
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196 
A type procyanidin 

tetramer 
C60H48O24 575.1223 575.1195 4.9 25.9 

MS2 � 863 (100), 739 
(10), 693 (9), 491 (37), 
451 (27), 423 (17), 407 
(33), 289 (99), 245 (11); 
MS3 � 575 (100), 449 
(38), 287 (73), 245 (18) 

197 Procyanidin tetramer C60H50O24 576.1286 576.1273 2.2 17.7 

MS2 � 865 (100), 739 
(25), 693 (14), 491 (50), 
451 (38), 407 (55), 289 
(74), 287 (71), 245 (24); 
MS3 � 695 (100), 543 
(67), 451 (40), 245 (45) 

198 Procyanidin tetramer C60H50O24 576.1284 576.1273 1.9 21.3 

MS2 � 863 (100), 739 
(15), 693 (11), 491 (72), 
451 (33), 425 (73), 407 
(57), 289 (91), 287 (48), 
245 (11); MS3 � 695 
(100), 575 (46), 449 (47), 
243 (18) 

199 Procyanidin tetramer C60H50O24 576.1293 576.1273 3.4 22.2 

MS2 � 863 (100), 739 
(22), 693 (12), 491 (58), 
451 (32), 425 (28), 407 
(55), 289 (96), 287 (36), 
245 (16); MS3 � 575 
(100), 693 (29), 449 (78), 
243 (66) 

200 Procyanidin tetramer C60H50O24 576.1273 576.1273 0.0 24.5 

MS2 � 407 (100), 863 
(99), 739 (14), 693 (6), 
491 (44), 451 (44), 425 
(55), 289 (91), 287 (59), 
245 (20); MS3 � 285 
(100), 243 (46) 

201 Procyanidin tetramer C60H50O24 576.1298 576.1273 4.3 26.2 

MS2 � 863 (100), 739 (8), 
693 (6), 491 (30), 451 
(13), 425 (14), 407 (25), 
289 (99), 287 (39), 245 
(13); MS3 � 575 (100), 
693 (32), 449 (57), 245 
(19) 
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202 Procyanidin tetramer C60H50O24 576.1293 576.1273 3.4 30.5 

MS2 � 863 (100), 739 
(14), 693 (4), 491 (26), 
451 (17), 425 (24), 407 
(33), 289 (82), 287 (35), 
243 (17); MS3 � 413 
(100), 693 (4), 575 (62), 
287 (67) 

         

  
Flavanone and 

Flavanone Glycosides 
      

  1. Naringenin       

203 (±)-Naringenin C15H12O5 271.0600 271.0612 4.4 47.9 
MS2 � 151 (100), 177 
(24); MS3 � 107 (100) 

204 Naringenin-O-hexoside C21H22O10 433.1129 433.1140 2.6 38.3 
MS2 � 271 (100); MS3 � 
151 (100), 177 (10); MS4 
� 107 (100) 

205 
Naringenin-O-

hexoside-O-pentoside 
C26H30O14 565.1582 565.1563 3.4 38.0 

MS2 � 271 (100); MS3 � 
151 (100) 

         

  2. Taxifolin       

206 (±)-Taxifolin C15H12O7 303.0500 303.0510 3.4 29.1 
MS2 � 285 (100), 177 
(10), 125 (9); MS3 � 241 
(100) 

207 Taxifolin-O-pentoside C20H20O11 435.0950 435.0933 3.9 27.8 
MS2 � 285 (100), 303 
(53); MS3 � 241 (100), 
175 (50) 

208 Taxifolin-O-pentoside C20H20O11 435.0954 435.0933 4.9 31.1 
MS2 � 285 (100), 303 
(12); MS3 � 241 (100), 
175 (38) 

209 Taxifolin-O-pentoside C20H20O11 435.0943 435.0933 2.3 32.4 
MS2 � 285 (100), 303 
(12); MS3 � 241 (100), 
175 (33) 

210 Taxifolin-O-pentoside C20H20O11 435.0933 435.0933 0.0 33.6 
MS2 � 303 (100), 285 
(97); MS3 � 241 (100), 
175 (64) 

211 Taxifolin-O-pentoside C20H20O11 435.0954 435.0933 4.9 35.5 
MS2 � 285 (100), 303 (7); 
MS3 � 241 (100), 175 
(39) 
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212 
Taxifolin-O-
rhamnoside 

C21H22O11 449.1109 449.1089 4.4 36.2 
MS2 � 285 (100), 303 
(54); MS3 � 241 (100) 

213 
Taxifolin-O-
rhamnoside 

C21H22O11 449.1084 449.1089 1.2 36.6 
MS2 � 285 (100), 303 
(51); MS3 � 241 (100) 

214 
Taxifolin-O-
rhamnoside 

C21H22O11 449.1103 449.1089 3.0 37.4 
MS2 � 285 (100), 303 
(59); MS3 � 241 (100) 

215 Taxifolin-O-hexoside C21H22O12 465.1041 465.1039 0.5 15.1 
MS2 � 303 (100); MS3 � 
285 (100); MS4 � 241 
(100), 175 (48) 

216 Taxifolin-O-hexoside C21H22O12 465.1045 465.1039 1.4 19.3 
MS2 � 303 (100); MS3 � 
285 (100); MS4 � 241 
(100), 175 (73) 

217 Taxifolin-O-hexoside C21H22O12 465.1032 465.1039 1.4 22.8 
MS2 � 285 (100), 303 
(11); MS3 � 241 (100), 
175 (33) 

218 Taxifolin-O-hexoside C21H22O12 465.1037 465.1039 0.3 24.8 
MS2 � 285 (100), 303 (7); 
MS3 � 241 (100), 175 
(36) 

219 Taxifolin-O-hexoside C21H22O12 465.1043 465.1039 1.0 26.2 
MS2 � 285 (100), 303 
(30); MS3 � 241 (100), 
175 (41) 

220 Taxifolin-O-hexoside C21H22O12 465.1055 465.1039 3.5 27.9 
MS2 � 285 (100), 303 
(25); MS3 � 241 (100), 
175 (37) 

221 Taxifolin-O-hexoside C21H22O12 465.1052 465.1039 2.9 30.0 
MS2 � 303 (100), 285 (6); 
MS3 � 151 (100) 

222 
Taxifolin-O-acetyl-

rhamnoside 
C23H24O12 491.1219 491.1195 4.9 39.9 

MS2 � 285 (100), 303 (7); 
MS3 � 241 (100) 

223 
Taxifolin-O-acetyl-

rhamnoside 
C23H24O12 491.1214 491.1195 3.9 45.0 

MS2 � 285 (100), 303 (2); 
MS3 � 241 (100) 

224 
Taxifolin-O-acetyl-

hexoside 
C23H24O13 507.1168 507.1144 4.7 46.7 

MS2 � 285 (100), 303 (8); 
MS3 � 241 (100), 175 
(50), 151 (13) 

225 
Taxifolin-O-acetyl-

hexoside 
C23H24O13 507.1165 507.1144 4.1 48.1 

MS2 � 285 (100), 303 (2); 
MS3 � 241 (100), 175 
(17), 151 (17) 

226 
Taxifolin-O-pentoside-
O-hexoside (diff side) 

C26H30O16 597.1484 597.1461 3.8 17.7 
MS2 � 435 (100); MS3 � 
285 (100), 303 (5); MS4 � 
241 (100) 
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227 

Taxifolin-O-
rhamnoside-O-

hexoside 
C27H32O16 611.1640 611.1618 3.7 20.1 

MS2 � 449 (100); MS3 � 
285 (100), 303 (46); MS4 
� 241 (100) 

228 

Taxifolin-O-
rhamnoside-O-

hexoside 
C27H32O16 611.1624 611.1618 1.0 32.8 

MS2 � 449 (100); MS3 � 
285 (100), 303 (33); MS4 
� 241 (100) 

         

  
Flavonol and 

Flavonol Glycosides 
      

  1. Myricetin       

229 Myricetin C15H10O8 317.0297 317.0303 1.9 38.9 
MS2 � 179 (100); MS3 � 
151 (100) 

230 Myricetin-O-pentoside C20H18O12 449.0746 449.0726 4.6 32.1 
MS2 � 317 (100), 316 
(77); MS3 � 271 (100), 
179 (94) 151 (35) 

231 Myricetin-O-pentoside C20H18O12 449.0735 449.0726 2.1 37.8 
MS2 � 316 (100), 317 
(44); MS3 � 271 (100), 
179 (15), 151 (8) 

232 Myricetin-O-pentoside C20H18O12 449.0741 449.0726 3.5 39.1 
MS2 � 317 (100); MS3 � 
179 (100); MS4 � 151 
(100) 

233 
Myricetin-O-
rhamnoside 

C21H20O12 463.0895 463.0882 2.8 33.0 
MS2 � 316 (100), 317 
(68); MS3 � 271 (100), 
179 (53), 151 (18) 

234 Myricetin-O-hexoside C21H20O13 479.0809 479.0831 4.6 30.8 
MS2 � 316 (100), 317 
(89); MS3 � 271 (100), 
179 (53) 151 (19) 

235 Myricetin-O-hexoside C21H20O13 479.0808 479.0831 4.8 31.2 
MS2 � 316 (100), 317 
(99); MS3 � 271 (100), 
179 (56) 151 (31) 

236 Myricetin-O-hexoside C21H20O13 479.0842 479.0831 2.3 35.3 
MS2 � 317 (100); MS3 � 
179 (100); MS4 � 151 
(100) 

237 
Myricetin-O-
glucuronide 

C21H18O14 493.0630 493.0624 1.3 36.5 
MS2 � 317 (100); MS3 � 
179 (100); MS4 � 151 
(100) 

238 
Myricetin-O-acetyl-

rhamnoside 
C23H22O13 505.0995 505.0988 1.5 37.6 

MS2 � 316 (100), 317 
(36); MS3 � 271 (100), 
179 (10), 151 (8) 
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239 
Myricetin-O-

dipentoside (diff side) 
C25H26O16 581.1144 581.1148 0.7 41.4 

MS2 � 449 (100); MS3 � 
317 (100); MS4 � 179 
(100), 271 (27), 151 (30) 

240 
Myricetin-O-

dipentoside (same side) 
C25H26O16 581.1147 581.1148 0.2 42.5 

MS2 � 317 (100); MS3 � 
179 (100), 271 (36); MS4 
�  151 (100) 

241 
Myricetin-O-benzoyl-

hexoside C28H24O14 583.1112 583.1093 3.2 45.7 
MS2 � 316 (100), 317 
(66); MS3 � 271 (100), 
179 (56), 151 (28) 

242 
Myricetin-O-galloyl-

rhamnoside 
C28H24O16 615.0992 615.0992 0.0 38.5 

MS2 � 317 (100), 463 
(36); MS3 � 179 (100); 
MS4 � 151 (100) 

243 
Myricetin-O-galloyl-

rhamnoside 
C28H24O16 615.1022 615.0992 4.9 39.2 

MS2 � 317 (100), 463 
(24); MS3 � 179 (100); 
MS4 � 151 (100) 

244 Myricetin-O-rutinoside C27H30O17 625.1438 625.1410 4.4 31.4 
MS2 � 317 (100), 316 
(92); MS3 � 271 (100), 
179 (52), 151 (18) 

245 

Myricetin-3-O-
hexoside-7-O-

rhamnoside 
C27H30O17 625.1415 625.1410 0.8 35.4 

MS2 � 463 (100); MS3 � 
316 (100), 317 (72); MS4 
� 271 (100), 179 (44), 
151 (37) 

246 
Myricetin-O-galloyl-

hexoside 
C28H24O17 631.0928 631.0941 2.0 30.5 

MS2 � 316 (100), 317 
(73); MS3 � 271 (100), 
179 (60), 151 (19) 

247 
Myricetin-7-O-galloyl-

3-O-hexoside 
C28H24O17 631.0920 631.0941 3.3 32.5 

MS2 � 479 (100); MS3 � 
316 (100), 317 (75); MS4 
� 271 (100), 179 (75), 
151 (26) 

         

  2. Quercetin       

248 Quercetin C15H10O7 301.0355 301.0354 0.4 44.4 
MS2 � 179 (100); MS3 � 
151 (100) 

249 Quercetin-O-pentoside C20H18O11 433.0788 433.0776 2.7 36.6 
MS2 � 301 (100); MS3 � 
179 (100), 151 (87) 

250 Quercetin-O-pentoside C20H18O11 433.0797 433.0776 4.8 37.4 
MS2 � 301 (100); MS3 � 
179 (100), 151 (82) 

251 Quercetin-O-pentoside C20H18O11 433.0776 433.0776 0.0 39.6 
MS2 � 301 (100); MS3 � 
151 (100), 179 (89) 
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252 Quercetin-O-pentoside C20H18O11 433.0781 433.0776 1.1 41.2 
MS2 � 301 (100); MS3 � 
271 (100), 179 (44), 151 
(32) 

253 
Quercetin-O-
rhamnoside C21H20O11 447.0952 447.0933 4.3 38.7 

MS2 � 301 (100); MS3 � 
179 (100), 151 (87) 

254 Quercetin-O-hexoside C21H20O12 463.0898 463.0882 3.5 34.2 
MS2 � 301 (100); MS3 � 
179 (100), 151 (90) 

255 Quercetin-O-hexoside C21H20O12 463.0880 463.0882 0.4 35.5 
MS2 � 301 (100); MS3 � 
179 (100), 151 (87) 

256 Quercetin-O-hexoside C21H20O12 463.0896 463.0882 3.0 40.7 
MS2 � 301 (100); MS3 � 
179 (100), 151 (88) 

257 
Quercetin-O-acetyl-

pentoside 
C22H20O12 475.0884 475.0882 0.4 43.2 

MS2 � 300 (100), 301 
(25); MS3 � 271 (100), 
179 (2), 151 (2) 

258 
Quercetin-O-acetyl-

pentoside 
C22H20O12 475.0880 475.0882 0.4 45.5 

MS2 � 300 (100), 301 
(56); MS3 � 271 (100), 
179 (16), 151 (15) 

259 
Quercetin-O-acetyl-

pentoside 
C22H20O12 475.0903 475.0882 4.4 48.0 

MS2 � 300 (100), 301 
(61); MS3 � 271 (100), 
255 (70), 179 (24), 151 
(17) 

260 
Quercetin-O-
glucuronide 

C21H18O13 477.0694 477.0675 4.1 40.8 
MS2 � 301 (100); MS3 � 
179 (100), 151 (78) 

261 
Quercetin-O-acetyl-

rhamnoside 
C23H22O12 489.1055 489.1039 3.4 43.5 

MS2 � 300 (100), 301 
(75); MS3 � 271 (100), 
179 (37), 151 (32) 

262 
Quercetin-O-acetyl-

rhamnoside 
C23H22O12 489.1041 489.1039 0.5 45.5 

MS2 � 301 (100); MS3 � 
271 (100), 179 (61), 151 
(58) 

263 
Quercetin-O-acetyl-

rhamnoside 
C23H22O12 489.1057 489.1039 3.8 47.6 

MS2 � 300 (100), 301 
(40); MS3 � 271 (100), 
179 (12), 151 (11) 

264 
Quercetin-O-acetyl-

hexoside 
C23H22O13 505.0989 505.0988 0.3 38.0 

MS2 � 301 (100), 463 
(59); MS3 � 271 (100), 
179 (96), 151 (83) 

265 
Quercetin-O-acetyl-

hexoside 
C23H22O13 505.0985 505.0988 0.5 40.0 

MS2 � 301 (100), 463 
(27); MS3 � 271 (100), 
179 (97), 151 (66) 

266 
Quercetin-O-acetyl-

hexoside 
C23H22O13 505.1013 505.0988 5.0 42.0 

MS2 � 301 (100), 463 
(42); MS3 � 271 (100), 
179 (58), 151 (46) 
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267 
Quercetin-O-acetyl-

hexoside 
C23H22O13 505.0995 505.0988 1.5 42.8 

MS2 � 301 (100), 463 
(16); MS3 � 271 (100), 
179 (44), 151 (41) 

268 
Quercetin-O-acetyl-

hexoside 
C23H22O13 505.1010 505.0988 4.4 43.4 

MS2 � 301 (100), 463 
(43); MS3 � 271 (100), 
179 (62), 151 (58) 

269 
Quercetin-O-acetyl-

hexoside 
C23H22O13 505.1000 505.0988 2.4 44.0 

MS2 � 301 (100), 463 
(56); MS3 � 300 (100), 
271 (61), 179 (65), 151 
(57) 

270 
Quercetin-O-acetyl-

hexoside 
C23H22O13 505.1001 505.0988 2.6 45.6 

MS2 � 301 (100), 463 
(15); MS3 � 179 (100), 
271 (72), 151 (79) 

271 
Quercetin-O-acetyl-

hexoside 
C23H22O13 505.1004 505.0988 3.2 46.5 

MS2 � 301 (100), 463 
(52); MS3 � 271 (100), 
179 (54), 151 (53) 

272 
Quercetin-O-diacetyl-

hexoside 
C25H24O14 547.1111 547.1093 3.2 51.5 

MS2 � 300 (100), 301 
(66); MS3 � 271 (100), 
179 (27), 151 (25) 

273 
Quercetin-O-

dipentoside (same side) 
C25H26O15 565.1216 565.1199 3.0 33.8 

MS2 � 300 (100), 301 
(46); MS3 � 271 (100), 
255 (54), 179 (8), 151 (10) 

274 
Quercetin-O-

dipentoside (same side) 
C25H26O15 565.1219 565.1199 3.6 36.3 

MS2 � 300 (100), 301 
(58); MS3 � 271 (100), 
255 (46), 179 (40), 151 
(21) 

275 
Quercetin-O-benzoyl-

hexoside 
C28H24O13 567.1146 567.1144 0.3 49.7 

MS2 � 301 (100); MS3 � 
271 (100), 255 (61), 179 
(94), 151 (78) 

276 

Quercetin-O-
pentoside-O-

rhamnoside (same 
side) 

C26H28O15 579.1371 579.1355 2.7 37.2 

MS2 � 301 (100); MS3 � 
179 (100), 271 (43), 151 
(93) 

277 

Quercetin-O-(p-
hydroxy)-benzoyl-

hexoside 
C28H24O14 583.1093 583.1093 0.0 41.7 

MS2 � 463 (100); MS3 � 
301 (100); MS4 � 179 
(100), 151 (49) 

278 

Quercetin-O-(p-
hydroxy)-benzoyl-

hexoside 
C28H24O14 583.1111 583.1093 3.0 44.0 

MS2 � 463 (100); MS3 � 
301 (100); MS4 � 179 
(100), 151 (96) 

279 

Quercetin-O-(p-
hydroxy)-benzoyl-

hexoside 
C28H24O14 583.1099 583.1093 1.0 49.8 

MS2 � 463 (100); MS3 � 
301 (100); MS4 � 179 
(100), 151 (90) 
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280 
Quercetin-O-galloyl-

pentoside 
C27H22O15 585.0886 585.0886 0.0 39.1 

MS2 � 433 (100); MS3 � 
301 (100); MS4 � 179 
(100), 151 (52) 

281 
Quercetin-O-galloyl-

pentoside 
C27H22O15 585.0897 585.0886 1.9 42.9 

MS2 � 301 (100), 429 
(40); MS3 � 179 (100), 
151 (86) 

282 

Quercetin-3-O-(4"-3-
hydroxy-3-

methylglutaryl)-α-
rhamnoside 

C27H28O15 591.1385 591.1355 5.0 44.9 

MS2 � 301 (100), 463 
(17); MS3 � 179 (100); 
MS4 �  151 (100) 

283 
Quercetin-O-

coumaroyl-rhamnoside 
C30H26O13 593.1303 593.1301 0.4 52.0 

MS2 � 301 (100), 445 
(18); MS3 � 179 (100); 
MS4 � 151 (100) 

284 
Quercetin-O-

coumaroyl-rhamnoside 
C30H26O13 593.1304 593.1301 0.6 55.1 

MS2 � 301 (100), 445 
(12); MS3 � 271 (100), 
179 (72), 151 (80) 

285 

Quercetin-O-
pentoside-O-hexoside 

(diff side) 
C26H28O16 595.1329 595.1305 4.1 24.7 

MS2 � 463 (100), 433 
(32); MS3 � 301 (100) 

286 

Quercetin-O-
pentoside-O-hexoside 

(same side) 
C26H28O16 595.1322 595.1305 2.9 30.4 

MS2 � 300 (100), 301 
(57); MS3 � 271 (100), 
255 (74), 179 (34), 151 
(19) 

287 

Quercetin-O-
protocatechuoyl-

hexoside 
C28H24O15 599.1031 599.1042 1.9 40.6 

MS2 � 463 (100); MS3 � 
301 (100); MS4 � 179 
(100), 271 (65), 151 (70) 

288 
Quercetin-O-galloyl-

rhamnoside 
C28H24O15 599.1048 599.1042 0.9 43.4 

MS2 � 301 (100); MS3 � 
179 (100); MS4 � 151 
(100) 

289 

Quercetin-O-
rhamnoside-O-

hexoside 
C27H30O16 609.1476 609.1461 2.4 25.7 

MS2 � 447 (100), 463 
(91); MS3 � 300 (100), 
301 (63); MS4 � 271 
(100) 

290 

Quercetin-O-
rhamnoside-O-

hexoside 
C27H30O16 609.1469 609.1461 1.3 28.8 

MS2 � 300 (100), 301 
(66); MS3 � 271 (100), 
179 (12), 151 (19) 

291 

Quercetin-O-
rhamnoside-O-

hexoside 
C27H30O16 609.1473 609.1461 2.0 30.3 

MS2 � 300 (100), 301 
(44); MS3 � 271 (100), 
179 (11), 151 (14) 

292 

Quercetin-O-
rhamnoside-O-

hexoside 
C27H30O16 609.1470 609.1461 1.5 31.5 

MS2 � 447 (100), 463 
(57); MS3 � 301 (100), 
179 (1), 151 (1) 
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293 

Quercetin-O-
rhamnoside-O-

hexoside (Rutin) 
C27H30O16 609.1478 609.1461 2.8 34.3 

MS2 � 301 (100); MS3 � 
179 (100), 271 (88), 151 
(78) 

294 

Quercetin-O-
rhamnoside-O-

hexoside (Rutin) 
C27H30O16 609.1476 609.1461 2.4 35.0 

MS2 � 301 (100); MS3 � 
179 (100), 151 (74) 

295 
Quercetin-O-

coumaroyl-hexoside C30H26O14 609.1262 609.1250 2.0 46.4 
MS2 � 463 (100); MS3 � 
301 (100); MS4 � 179 
(100), 151 (86) 

296 
Quercetin-O-

coumaroyl-hexoside 
C30H26O14 609.1258 609.1250 1.3 47.8 

MS2 � 301 (100), 463 
(48); MS3 � 179 (100), 
151 (57) 

297 
Quercetin-O-

coumaroyl-hexoside 
C30H26O14 609.1269 609.1250 3.2 49.5 

MS2 � 463 (100); MS3 � 
301 (100); MS4 � 179 
(100), 151 (82) 

298 
Quercetin-O-galloyl-

hexoside C28H24O16 615.1006 615.0992 2.3 34.5 
MS2 � 463 (100); MS3 � 
301 (100); MS4 � 179 
(100), 151 (84) 

299 
Quercetin-O-galloyl-

hexoside 
C28H24O16 615.1000 615.0992 1.4 35.5 

MS2 � 463 (100); MS3 � 
301 (100); MS4 � 179 
(100), 151 (96) 

300 
Quercetin-O-feruloyl-

rhamnoside 
C31H28O14 623.1410 623.1406 0.6 56.5 

MS2 � 301 (100); MS3 � 
271 (100), 179 (59), 151 
(53) 

301 Cypellogin A/B C31H34O14 629.1899 629.1876 3.7 48.7 
MS2 � 463 (100); MS3 � 
301 (100); MS4 � 179 
(100), 151 (75) 

302 Cypellogin A/B C31H34O14 629.1894 629.1876 2.9 50.6 
MS2 � 301 (100); MS3 � 
179 (100), 271 (71); MS4 
� 151 (100) 

303 Cypellogin A/B C31H34O14 629.1905 629.1876 4.6 51.7 
MS2 � 463 (100); MS3 � 
301 (100); MS4 � 271 
(100), 179 (98) 

304 Cypellogin C C31H36O14 631.2063 631.2032 4.9 52.6 

MS2 � 301 (100), 463 
(64); MS3 � 179 (100), 
271 (60); MS4 � 151 
(100) 

305 

Quercetin-3-(4"-O-
acetyl)-O-rhamnoside-

7-O-rhamnoside 
C29H32O16 635.1643 635.1618 4.0 40.7 

MS2 � 489 (100); MS3 � 
300 (100); MS4 � 271 
(100), 179 (8), 151 (10) 
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306 
Quercetin-O-feruloyl-

hexoside C31H28O15 639.1361 639.1355 0.9 47.4 

MS2 � 463 (100), 477 
(29); MS3 � 301 (100); 
MS4 � 179 (100), 151 
(38) 

307 
Quercetin-O-feruloyl-

hexoside 
C31H28O15 639.1364 639.1355 1.3 50.9 

MS2 � 463 (100), 477 
(28); MS3 � 301 (100); 
MS4 � 179 (100), 151 
(78) 

308 
Quercetin-3-O-acetyl-
hexoside-rhamnoside 

C29H32O17 651.1568 651.1567 0.2 42.7 

MS2 � 591 (100), 609 
(44); MS3 � 300 (100), 
301 (60); MS4 � 271 
(100), 179 (9), 151 (14) 

309 
Quercetin-O-sinapoyl-

hexoside 
C32H30O16 669.1460 669.1461 0.2 51.7 

MS2 � 463 (100); MS3 � 
301 (100); MS4 � 151 
(100), 271 (63), 179 (96) 

         

  3. Kaempferol       

310 Kaempferol C15H10O6 285.0405 285.0405 0.0 49.5 
MS2 � 151 (100), 257 
(11); MS3 � 107 (100) 

311 
Kaempferol-O-

pentoside 
C20H18O10 417.0808 417.0827 4.6 41.0 

MS2 � 284 (100), 285 
(91); MS3 � 255 (100), 
151 (1) 

312 
Kaempferol-O-

pentoside 
C20H18O10 417.0812 417.0827 3.6 43.9 

MS2 � 285 (100), 284 
(28); MS3 � 255 (100), 
151 (1) 

313 
Kaempferol-O-

rhamnoside 
C21H20O10 431.1003 431.0984 4.5 43.6 

MS2 � 285 (100), 284 
(22); MS3 � 255 (100), 
151 (1) 

314 
Kaempferol-O-

hexoside 
C21H20O11 447.0930 447.0933 0.6 37.5 

MS2 � 284 (100), 285 
(79); MS3 � 255 (100), 
151 (2) 

315 
Kaempferol-O-

hexoside 
C21H20O11 447.0924 447.0933 2.0 39.0 

MS2 � 285 (100), 284 
(93); MS3 � 255 (100), 
151 (1) 

316 
Kaempferol-O-acetyl-

pentoside 
C22H20O11 459.0941 459.0933 1.8 47.6 MS2 � 284 (100); MS3 � 

255 (100) 

317 
Kaempferol-O-acetyl-

pentoside 
C22H20O11 459.0938 459.0933 1.1 50.1 

MS2 � 284 (100); MS3 � 
255 (100) 

318 
Kaempferol-O-

glucuronide 
C21H18O12 461.0726 461.0726 0.0 43.6 

MS2 � 285 (100); MS3 � 
257 (100), 151 (11) 
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319 
Kaempferol-O-acetyl-

rhamnoside 
C23H22O11 473.1106 473.1089 3.5 48.2 

MS2 � 285 (100); MS3 � 
255 (100) 

320 
Kaempferol-O-acetyl-

rhamnoside 
C23H22O11 473.1109 473.1089 4.2 52.3 

MS2 � 285 (100), 413 
(45); MS3 � 255 (100) 

321 
Kaempferol-O-acetyl-

hexoside 
C23H22O12 489.1062 489.1039 4.8 44.5 

MS2 � 285 (100); MS3 � 
255 (100), 151 (1) 

322 

Kaempferol-O-acetyl-
hexoside C23H22O12 489.1062 489.1039 4.8 46.4 

MS2 � 285 (100); MS3 � 
257 (100), 255 (55), 151 
(1) 

323 
Kaempferol-O-acetyl-

hexoside 
C23H22O12 489.1033 489.1039 1.1 47.7 

MS2 � 285 (100); MS3 � 
257 (100), 255 (24) 

324 
Kaempferol-O-

diacetyl-hexoside 
C25H24O13 531.1156 531.1144 2.2 55.0 

MS2 � 285 (100); MS3 � 
255 (100) 

325 

Kaempferol-O-
rhamnoside-O-

pentoside 
C26H28O14 563.1391 563.1406 2.7 38.4 

MS2 � 285 (100), 431 
(95); MS3 � 257 (100) 

326 

Kaempferol-O-
rhamnoside-O-

pentoside 
C26H28O14 563.1425 563.1406 3.3 41.0 

MS2 � 285 (100); MS3 � 
257 (100) 

327 

Kaempferol-O-
rhamnoside-O-

pentoside 
C26H28O14 563.1425 563.1406 3.3 43.4 

MS2 � 284 (100); MS3 � 
255 (100) 

328 

Kaempferol-O-
hydroxybenzoyl-

hexoside 
(Rugosaflavonoid C) 

C28H24O13 567.1135 567.1144 1.6 45.7 

MS2 � 285 (100); MS3 � 
151 (100), 257 (76) 

329 
Kaempferol-O-galloyl-

pentoside 
C27H22O14 569.0940 569.0937 0.6 47.1 

MS2 � 285 (100); MS3 � 
283 (100), 257 (73) 

330 
Kaempferol-O-galloyl-

rhamnoside  
C28H24O14 583.1121 583.1093 4.8 47.9 

MS2 � 285 (100); MS3 � 
257 (100), 151 (67) 

331 
Kaempferol-O-

rutinoside 
C27H30O15 593.1536 593.1512 4.1 33.5 

MS2 � 284 (100), 285 
(60); MS3 � 255 (100), 
151 (7) 

332 
Kaempferol-O-

rutinoside 
C27H30O15 593.1536 593.1512 4.1 38.9 

MS2 � 285 (100); MS3 � 
257 (100), 151 (11) 

333 Resinoside A/B C31H34O13 613.1943 613.1927 2.7 51.9 
MS2 � 285 (100); MS3 � 
257 (100) 

334 

Kaempferol-3-O-(6''-
acetyl-hexoside)-7-O-

rhamnoside 
C29H32O16 635.1649 635.1618 4.9 46.1 

MS2 � 575 (100); MS2 � 
285 (100); MS3 � 255 
(100), 151 (6) 
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  4. Laricitrin       

335 Laricitrin C16H12O8 331.0470 331.0459 3.2 46.1 
MS2 � 316 (100); MS3 � 
316 (100), 179 (64), 164 
(73), 151 (35) 

336 Laricitrin-O-pentoside C21H20O12 463.0886 463.0882 0.9 39.7 
MS2 � 331 (100); MS3 � 
316 (100); MS4 � 271 
(100), 179 (73), 151 (12) 

337 Laricitrin-O-pentoside C21H20O12 463.0903 463.0882 4.5 43.1 
MS2 � 331 (100); MS3 � 
316 (100); MS4 � 271 
(100), 179 (7), 151 (1) 

338 Laricitrin-O-pentoside C21H20O12 463.0886 463.0882 0.9 44.6 
MS2 � 331 (100); MS3 � 
316 (100); MS4 � 179 
(100), 271 (25), 151 (6) 

339 
Laricitrin-O-
rhamnoside C22H22O12 477.1034 477.1039 0.9 40.6 

MS2 � 331 (100); MS3 � 
316 (100); MS4 � 287 
(100), 271 (94) 

340 Laricitrin-O-hexoside C22H22O13 493.0985 493.0988 0.5 36.8 
MS2 � 331 (100); MS3 � 
316 (100); MS4 � 287 
(100), 271 (90) 

341 Laricitrin-O-hexoside C22H22O13 493.0993 493.0988 1.1 40.1 
MS2 � 331 (100); MS3 � 
316 (100); MS4 � 271 
(100) 

342 Laricitrin-O-hexoside C22H22O13 493.0999 493.0988 2.3 46.2 
MS2 � 331 (100); MS3 � 
316 (100); MS4 � 271 
(100) 

343 
Laricitrin-O-
glucuronide 

C22H20O14 507.0805 507.0780 4.9 42.7 
MS2 � 331 (100); MS3 � 
316 (100); MS4 � 179 
(100), 271 (71), 151 (25) 

344 
Laricitrin-O-

coumaroyl-rhamnoside 
C31H28O14 623.1432 623.1406 4.1 55.5 

MS2 � 331 (100); MS3 � 
316 (100); MS4 � 271 
(100) 

345 Laricitrin-O-rutinoside C28H32O17 639.1584 639.1567 2.7 36.8 
MS2 � 331 (100); MS3 � 
316 (100), 179 (24), 151 
(6); MS4 � 271 (100) 

346 

Laricitrin-O-
coumaroyl-hexoside 

(same side) 
C31H28O15 639.1384 639.1355 4.5 48.2 

MS2 � 331 (100), 493 
(45); MS3 � 316 (100) 

347 

Laricitrin-O-
coumaroyl-hexoside 

(diff sides) 
C31H28O15 639.1384 639.1355 4.5 50.4 

MS2 � 493 (100); MS3 � 
331 (100); MS4 � 316 
(100) 
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  5. Isorhamnetin       

348 
Isorhamnetin-O-

glucuronide 
C22H20O13 491.0824 491.0831 1.5 45.2 

MS2 � 315 (100); MS3 � 
300 (100); MS4 � 271 
(100), 255 (81) 

 



   

   
Page  |  313 

 

 Fragmentation Pattern of derivatives 21.5.

The fragmentation pattern of the derivatives along with their theoretical m/z value, error in 

experimental m/z value, retention time, m/z value and molecular formula are shown in Table 21.3 

 

Table 21.3: Fragmentation pattern of derivatives in Rhododendron species 
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Quinic acid novel 

compounds 
     

 

349 
Quinic acid derivative 

1 
C14H18O9 329.0873 329.0878 1.5 18.9 

MS2 � 191 (100), 167 
(38), 147 (31) 

350 
Quinic acid derivative 

3 
C16H18O11 385.0761 385.0776 4.0 10.5 MS2 � 191 (100) 

351 
Quinic acid derivative 

4 
C16H18O11 385.0764 385.0776 3.2 12.3 

MS2 � 191 (100) 

         

  
Hydroxycinnamic 

Acids 
      

  
Caffeic acid novel 

compounds 
     

 

352 
Caffeic acid derivative 

1 
C17H16O5 299.0916 299.0925 3.0 47.3 

MS2 � 179 (100), 205 
(23); MS3 � 135 (100) 

353 
Caffeic acid derivative 

2 
C17H16O5 299.0919 299.0925 2.0 56.9 

MS2 � 179 (100), 205 
(43); MS3 � 135 (100) 

354 
Caffeic acid derivative 

3 
C23H26O10 461.1471 461.1453 3.9 39.2 

MS2 � 299 (100); MS3 � 
179 (100), 205 (30), 193 
(21); MS4 � 135 (100) 

355 
Caffeic acid derivative 

4 
C23H26O10 461.1466 461.1453 2.8 47.5 

MS2 � 299 (100); MS3 � 
179 (100), 205 (29), 193 
(9); MS4 � 135 (100) 

356 
Caffeic acid derivative 

5 
C23H24O11 475.1269 475.1246 4.9 43.2 

MS2 � 179 (100); MS3 � 
135 (100) 

357 
Caffeic acid derivative 

6 
C25H28O11 503.1581 503.1559 4.4 55.4 

MS2 � 299 (100); MS3 � 
179 (100); MS4 � 135 
(100) 

358 
Caffeic acid derivative 

7 
C22H28O14 515.1423 515.1406 3.2 10.0 

MS2 � 179 (100), 353 
(31), 341 (23); MS3 � 135 
(100) 
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359 
Caffeic acid derivative 

8 
C25H28O14 551.1428 551.1406 3.9 28.0 

MS2 � 179 (100), MS3 � 
135 (100) 

360 
Caffeic acid derivative 

9 
C25H28O14 551.1401 551.1406 1.0 29.8 

MS2 � 179 (100), MS3 � 
135 (100) 

361 
Caffeic acid derivative 

10 
C28H34O14 593.1903 593.1876 4.6 46.2 

MS2 � 299 (100); MS3 � 
179 (100); MS4 � 135 
(100) 

         

  
p-coumaric acid novel 

compounds 
      

362 
p-coumaric acid 

derivative 1 
C18H18O6 329.1034 329.1031 1.0 44.4 

MS2 � 163 (100); MS3 � 
119 (100) 

363 
p-coumaric acid 

derivative 2 
C25H28O12 519.1515 519.1508 1.3 45.8 

MS2 � 313 (100); MS3 � 
163 (100); MS4 � 119 
(100) 

364 
p-coumaric acid 

derivative 3 
C31H36O16 663.1933 663.1931 0.4 37.7 

MS2 � 487 (100), 307 
(91); MS3 � 163 (100); 
MS4 � 119 (100) 

         

  
Ferulic acid novel 

compounds 
     

 

365 
Ferulic acid derivative 

1 
C13H14O9 313.0555 313.0565 3.2 11.5 

MS2 � 193 (100); MS3 � 
149 (100), 105 (33) 

366 
Ferulic acid derivative 

2 C21H20O10 431.0991 431.0984 1.7 50.5 
MS2 � 193 (100); MS3 � 
149 (100), 178 (32); MS4 
� 134 (100) 

         

  
Dihydrocoumaric 

acid novel compounds 
      

367 
Dihydrocoumaric acid 

derivative 1 
C15H22O9 345.1174 345.1191 4.9 4.4 

MS2 � 165 (100); MS3 � 
121 (100) 

368 
Dihydrocoumaric acid 

derivative 2 
C15H22O9 345.1174 345.1191 4.9 9.0 

MS2 � 165 (100); MS3 � 
121 (100) 

369 
Dihydrocoumaric acid 

derivative 3 
C15H22O9 345.1191 345.1191 0.0 11.3 

MS2 � 165 (100); MS3 � 
121 (100) 

         

  
Hydroxybenzoic 

Acids 
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  Derivatives of GA       

370 Gallic acid derivative 1 C15H14O7 305.0657 305.0667 3.2 34.4 
MS2 � 169 (100); MS3 � 
125 (100) 

371 Gallic acid derivative 2 C15H18O9 341.0889 341.0878 3.2 8.5 

MS2 � 135 (100), 169 
(31), 125 (3); MS3 of 
135� 107 (100); MS3 of 
169 � 125 (100) 

372 Gallic acid derivative 3 C14H18O10 345.0811 345.0827 4.7 10.5 
MS2 � 169 (100); MS3 � 
125 (100) 

373 Gallic acid derivative 4 C16H20O13 419.0835 419.0831 0.9 6.8 
MS2 � 169 (100); MS3 � 
125 (100) 

374 Gallic acid derivative 5 C21H24O11 451.1246 451.1246 0.0 23.9 
MS2 � 313 (100); MS3 � 
169 (100); MS4 � 125 
(100) 

375 Gallic acid derivative 6 C20H20O12 451.0892 451.0882 2.2 26.6 
MS2 � 313 (100), 271 
(27); MS3 � 169 (100); 
MS4 � 125 (100) 

376 Gallic acid derivative 7 C20H22O12 453.1028 453.1039 2.3 23.3 
MS2 � 313 (100); MS3 � 
169 (100); MS4 � 125 
(100) 

377 Gallic acid derivative 8 C21H18O13 477.0680 477.0675 1.1 23.8 
MS2 � 169 (100), 325 
(72); MS3 � 125 (100) 

378 Gallic acid derivative 9 C21H22O14 497.0958 497.0937 4.3 25.3 
MS2 � 313 (100), 271 
(80); MS3 � 169 (100); 
MS4 � 125 (100) 

379 
Gallic acid derivative 

10 
C30H26O14 609.1275 609.1250 4.1 10.2 

MS2 � 331 (100); MS3 � 
169 (100); MS4 � 125 
(100) 

380 
Gallic acid derivative 

11 
C28H28O16 619.1314 619.1305 1.5 22.1 

MS2 � 331 (100); MS3 � 
169 (100); MS4 � 125 
(100) 

         

  Derivatives of PCA       

381 
Protocatechuic acid 

derivative 1 
C13H14O9 313.0565 313.0565 0.0 12.0 

MS2 � 153 (100); MS3 � 
109 (100) 

382 
Protocatechuic acid 

derivative 2 
C13H14O9 313.0558 313.0565 2.4 15.2 

MS2 � 153 (100); MS3 � 
109 (100) 

383 
Protocatechuic acid 

derivative 3 
C21H28O13 487.1448 487.1457 1.9 46.3 

MS2 � 357 (100); MS3 � 
153 (100); MS4 � 109 
(100) 
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  Derivatives of SA       

384 
Salicylic acid 
derivative 1 

C13H18O8 301.0924 301.0929 1.6 6.0 
MS2 � 137 (100), 161 
(62); MS3 � 93 (100) 

385 
Salicylic acid 
derivative 2 

C15H20O9 343.1022 343.1035 3.7 12.0 
MS2 �181 (100); MS3 � 
137 (100), 163 (35); MS4 
� 93 (100) 

386 
Salicylic acid 
derivative 3 

C15H22O9 345.1198 345.1191 2.0 8.2 
MS2 � 299 (100); MS3 � 
137 (100), 161 (47) 

387 
Salicylic acid 
derivative 4 

C19H20O9 391.1048 391.1035 3.4 31.0 
MS2 � 281 (100); MS3 � 
137 (100); MS4 � 93 
(100) 

388 
Salicylic acid 
derivative 5 

C21H24O9 419.1334 419.1348 3.2 37.9 
MS2 � 137 (100), 179 
(56), 209 (29), 239 (97); 
MS3 � 93 (100) 

389 
Salicylic acid 
derivative 6 

C21H36O10 447.2244 447.2236 1.9 41.1 
MS2 � 137 (100), 327 
(21), 301 (14); MS3 � 93 
(100) 

         

  Derivatives of VA       

390 
Vanillic acid derivative 

1 
C15H14O5 273.0759 273.0769 3.5 47.5 

MS2 � 167 (100); MS3 � 
123 (100) 

391 
Vanillic acid derivative 

2 
C14H16O9 327.0712 327.0722 2.9 17.8 

MS2 � 167 (100); MS3 � 
149 (100), 123 (66); MS4 
� 105 (100) 

392 
Vanillic acid derivative 

3 
C21H30O16 537.1474 537.1461 2.4 6.8 

MS2 � 329 (100); MS3 � 
167 (100); MS4 � 152 
(100), 123 (26), 108 (37) 

         

  Derivatives of MG       

393 
Methyl gallate 

derivative 1 
C21H24O12 467.1184 467.1195 2.4 30.2 

MS2 � 327 (100); MS3 � 
183 (100); MS4 � 124 
(100), 168 (55), 139 (97) 

394 
Methyl gallate 

derivative 2 
C21H24O12 467.1195 467.1195 0.0 31.0 

MS2 � 327 (100); MS3 � 
183 (100); MS4 � 139 
(100), 168 (53), 124 (26) 

395 
Methyl gallate 

derivative 3 
C23H20O11 471.0943 471.0933 2.2 28.4 

MS2 � 183 (100); MS3 � 
168 (100), 139 (6), 124 
(39) 
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396 
Methyl gallate 

derivative 4 C23H26O13 509.1309 509.1301 1.6 46.0 

MS2 � 327 (100), 465 
(51); MS3 � 183 (100); 
MS4 � 139 (100), 168 
(86), 124 (37) 

         

  Flavan-3-ols       

397 
(Epi)catechin 
derivative 1 

C21H24O7 387.1438 387.1449 2.9 40.3 
MS2 � 289 (100); MS3 � 
245 (100), 205 (38) 

398 
(Epi)catechin 
derivative 2 

C21H24O7 387.1431 387.1449 4.7 45.0 
MS2 � 289 (100); MS3 � 
245 (100), 205 (44) 

399 
(Epi)catechin 
derivative 3 

C23H26O12 493.1351 493.1352 0.1 25.0 
MS2 � 289 (100); MS3 � 
245 (100), 205 (48) 

400 
(Epi)catechin 
derivative 4 

C30H24O13 591.1159 591.1144 2.5 23.8 
MS2 � 407 (100); MS3 � 
285 (100); MS4 � 257 
(100) 

401 
(Epi)catechin 
derivative 5 

C37H30O14 697.1561 697.1563 0.3 29.0 
MS2 � 545 (100), 451 
(30), 289 (13); MS3 � 407 
(100) 

402 
(Epi)catechin 
derivative 6 

C45H36O19 879.1791 879.1778 1.5 20.3 
MS2 � 727 (100), 589 
(28), 575 (23), 451 (18); 
MS3 � 709 (100) 

         

  
Flavonol and 

Flavonol Glycosides 
      

403 Quercetin derivative 1 C26H28O13 547.1478 547.1457 3.9 46.0 
MS2 � 301 (100); MS3 � 
271 (100), 179 (77), 151 
(75) 

404 Quercetin derivative 2 C26H28O13 547.1472 547.1457 2.7 48.2 
MS2 � 300 (100), 301 
(66); MS3 � 271 (100), 
179 (27), 151 (25) 

405 Quercetin derivative 3 C29H26O14 597.1256 597.1250 1.0 50.9 
MS2 � 301 (100), 445 (8); 
MS3 � 271 (100), 179 
(47), 151 (41) 

406 Quercetin derivative 4 C29H26O16 629.1135 629.1148 2.1 39.5 
MS2 � 463 (100); MS3 � 
301 (100); MS4 � 151 
(100), 179 (70) 

407 Quercetin derivative 5 C30H28O16 643.1317 643.1305 1.9 45.0 
MS2 � 301 (100), 477 
(36); MS3 � 271 (100), 
179 (41), 151 (25) 
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408 Quercetin derivative 6 C30H28O16 643.1318 643.1305 2.1 46.9 
MS2 � 301 (100), 477 
(51); MS3 � 271 (100), 
179 (65), 151 (52) 

         

  Other Derivatives       

409 
Glucoacetosyringone 

isomer 
C16H22O9 357.1178 357.1191 3.7 19.7 

MS2 � 195 (100); MS3 � 
136 (100), 151 (81), 123 
(8) 
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 Additional Information on CD 21.6.

The description of the files present on the CD is given in the table below: 
 

Name Content 

Box plots - Isomers.docx Box plots for comparison of isomers 

Box plots - Subgenus.docx 
Box plots for comparison of compounds in the 
five different subgenera 

EIC and Tandem MS of 348 compounds.docx Extract Ion Chromatogram and Tandem Mass 
Spectra of 348 identified compounds 

Heatmap - Additional Flavan-3-ols.pdf 
Heatmap of additional flavan-3-ols (based on 
intensity) along with the phylogenetic tree 

Heatmap - Additional Flavonols.pdf 
Heatmap of additional flavonols (based on 
intensity) along with the phylogenetic tree 

Heatmap - All compounds.jpg 
Heatmap of 348 identified compounds (present 
or absent) in Rhododendron species 

Protocols.docx Protocols of instruments in the labs 

Rhododendron Results.xlsx 
Table of Rhododendron species, lab number, 
gene bank number, herbarium number, 
compounds identified in different species 

Rhododendron Species.accdb 
List of Rhododendron species received from 
Rhododendron Park Bremen 
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The additional CD is attached here. 


