ABSTRACT
Vietnam is one of the world’s centers of diversity for golden Camellia, a group of

yellow-flowered species within the genus Camellia (Theaceae). Golden Camellia species are
mainly distributed in southern China and northern Vietnam, and research on these plants has
therefore been led primarily by Chinese and Vietnamese scientists. In recent years, the
discovery of new species has increased scientific interest in Vietnamese Camellia. However,
due to their high medicinal value, many endemic golden Camellia species have been
overexploited as a result of insufficient management, utilization, and conservation efforts,
leading to a sharp decline in natural populations and a reduction in their distribution areas.
Consequently, in-depth studies on the metabolite systems of these valuable tea species are
urgently needed. Such research provides essential information for chemical-based plant
classification, biological activity screening, quality control, and the identification of origins, as
well as supporting the development of applications in disease prevention and treatment.

The thesis is structured into four chapters, in addition to references and annexes. Chapter
1 provides a comprehensive review of the literature on the tea family (Theaceae), the genus
Camellia L., Golden Camellia, and specifically six Golden Camellia species (C. hakodae, C.
phanii, C. tamdaoensis, C. tienii, C. petelotii, and C. euphlebia) collected from Tam Dao - Vinh
Phuc and Hai Ha - Quang Ninh. Chapter 2 outlines the materials and methodologies employed
in the study, including LC-MS, GC-MS, and ICP-MS analyses, as well as DPPH and ABTS
free radical scavenging assays. Chapter 3 presents and discusses the experimental results, while
Chapter 4 summarizes the conclusions and perspectives.

Chapter 3 discusses the results of all experiments and their interpretation:

First, research on the Vietnamese golden Camellia should be expanded to address gaps
in its chemical profile and pharmacological properties. This study identified a shared metabolite
profile of 131 compounds across six Vietnamese Golden Camellia species using a widely
targeted metabolomics approach based on ultra-performance liquid chromatography coupled
with tandem mass spectrometry. The metabolite profiles were dominated by 41 flavonoids and
32 amino acids representing diverse aglycone skeletons, including anthocyanins, aurones,
chalcones, flavan-3-ols, flavanones, flavones, and flavonols. Additional primary metabolites,
such as amino acids and their derivatives, were also detected and are likely to contribute to the
physicochemical properties as well as the taste and flavor of Golden Camellia tea products.
Multivariate analysis revealed clear separation between oven-dried and freeze-dried samples,
as well as between young and mature leaves, in PLS-DA score plots. Compounds such as
catechin, epicatechin, L-glutamic acid, choline, and several bioactive flavonoids showed
distinct accumulation patterns depending on species and thermal treatment. Amino acids were
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generally more abundant in young leaves, whereas flavonoids accumulated at higher levels in
mature leaves. These findings demonstrate that both harvest stage and processing methods
significantly influence metabolite composition, thereby affecting the sensory, nutritional, and
pharmacological properties of Golden Camellia materials

Second, presents the potential of six golden Camellia species by examining the presence
and abundance of chemical components in flowers and leaves. The thesis identified 42
metabolites in leaf samples and 44 metabolites in flower samples using an untargeted GC-MS
analysis. The groups that appeared most abundant included esters, fatty acids, and terpenoids
with a high probability. Besides, there are natural compounds that contribute to the medicinal
and nutritional value of precious tea varieties endemic to Vietnam, such as citral, dl-a-
tocopherol, phytol, and squalene. Discrimination analysis, such as PLS-DA and PCA, can
distinguish the GC-MS-based metabolite profiles of leaves and flowers, species-specific and
tissue-specific. This result provides a tool for chemotaxonomy of these species and quality
control of these materials.
The extensive profile revealed by these techniques could help understand the significant
discrimination between two organs. Camellia flowers accumulated more flavonoids, amino
acids, and fatty acids, while leaves contain more terpenes, suggesting different pharmacological
properties of these materials. Overall, this pipeline can be applied to other Camellia species and
the valorization of these valuable resources for health benefits.

Third, the elemental composition of six endemic Vietnamese Golden Camellia species
was quantified using a microwave digestion ICP-MS method developed to quantify 23
elements. Both leaves and flowers were analyzed for macro- and micro-minerals, as well as
trace elements, providing the first comprehensive elemental profile for these species in
Vietnam. In leaf samples, macro-minerals (Na, Mg, K, Ca) constituted the largest proportion of
total elements. Calcium was the most abundant mineral, ranging from 0.0916 mg/g in C.
tamdaoensis to 0.1963 mg/g in C. hakodae, equivalent to 0.916-1.963 mg per 10 g of dried
leaves. Potassium content varied from 0.0408 mg/g (C. euphlebia) to 0.0883 mg/g (C. phanii).
Among micro-minerals, Mn, Fe, Cu, and Zn predominated and are closely associated with
antioxidant activity; Mn was highest in C. phanii and C. tienii, while Zn exceeded Cu in all
species, with the highest Zn level in C. tienii.
Flower samples were also rich in essential minerals, particularly potassium (0.0498-0.0841
mg/g) and calcium (0.0330-0.0388 mg/g), with C. tamdaoensis showing notably higher levels
of both elements. Mn, Fe, Zn, and Cu were the dominant micro-minerals in flowers, with Mn
highest in C. hakodae and C. tamdaoensis, and Zn highest in C. phanii and C. euphlebia.

Overall, mineral concentrations were significantly higher in leaves than in flowers.
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Importantly, heavy metals such as Pb, As, Cd, and Ag were not detected or were present below
permissible limits, confirming the safety of Golden Camellia for human consumption. The
elemental profiles, particularly metal content, may serve as useful indicators for identifying raw
materials in Golden Camellia tea production.

Four, this study presents and discusses the antioxidant bioactivity of six endemic
Vietnamese Golden Camellia species, and represents the first comprehensive evaluation of
antioxidant capacity in both leaves and flowers of these species. Antioxidant activity was
assessed using DPPH and ABTS radical scavenging assays. In the DPPH assay, all species
exhibited strong antioxidant capacity, with ICso values ranging from 5.21 to 15.89 pg/mL,
comparable to ascorbic acid (ICso = 4.97 pg/mL). Among leaf samples, C. hakodae
demonstrated the strongest activity (ICso=5.21 pg/mL), while C. petelotii showed the weakest.
Flower extracts exhibited antioxidant activity similar to leaves, with C. tamdaoensis showing
the strongest effect (ICso = 6.84 pg/mL). Mature leaves consistently outperformed young leaves,
and oven-dried samples showed slightly stronger activity than freeze-dried samples. The ABTS
assay confirmed these trends, with ICso values ranging from 6.91 to 17.50 pg/mL, comparable
to Trolox (ICso = 5.84 pg/mL). Leaves and flowers showed largely equivalent antioxidant
effects across species. Phytochemical analysis revealed the presence of abundant antioxidant
compounds, including phenolics, flavonoids, carotenoids, vitamin E, catechins, phytol, and
stigmasterol, confirming a strong correlation between the chemical composition and antioxidant
activity in Golden Camellia.

Chapter 4 presents the Conclusion and Perspectives section that summarizes the
presence of valuable natural compounds, minerals, and antioxidants in six golden Camellia
species. The integrated study provides a comprehensive overview of the metabolites found in
six Golden Camellia species, including both organic compounds and elemental components.
The antioxidant effects of six Golden Camellia species endemic to Vietnam were compared,
and the relationships between their metabolite profiles and antioxidant activities were partially
evaluated. It emphasizes their rich bioactive content and strong antioxidant effects in both
leaves and flowers. In reality, the flowers bloom seasonally, while the leaves are available year-
round, and the flowers are high-cost. Thus, using leaves is a practical choice for healthcare. In
the future, continued research on other varieties of golden Camellia for comparison and
widespread use will bring numerous benefits to healthcare. In the future, it's crucial to develop
convenient products such as instant tea, hard capsules, and soft capsules using golden camellia
leaf extracts. Research on the golden Camellia species plays a key role in conserving and

developing Vietnam's precious medicinal resources.



TOM TAT

Chi tra hay che (Camellia L.) 1a mot chi thuc vat c6 hoa trong ho che Theaceae. Dya
vao hinh thai mau sic hoa thi chi nay c6 sé lwong rat 1on cac loai tra hoa vang (Golden
Camellia). Tra hoa vang, chii yéu phan b & mién nam Trung Quédc va mién bic Viét Nam.
Trong nhimng nam gan déy, viéc lién tuc phat hién cac loai méi da lam gia tang sy quan tAm cia
gid1 khoa hoc ddi vai chi Camellia & Viét Nam. Tuy nhién, do co6 gia tri dugc li€u cao, nhiéu
loai Tra hoa vang dic hitu da bi khai thac qua murc do cong tac quén 1y, sir dung va bao ton con
han ché, ddn dén su suy giam manh quan thé tu nhién va thu hep ving phan bd. Vi vay, cac
nghién ctru chuyén sau vé hé chat chuyén hoa ciia nhiing loai tra quy nay 1a hét stc can thiét,
Nhitng nghién ctru ndy cung cap thong tin quan trong cho viéc phan loai thyc vat dya trén thanh
phén hoa hoc, sang loc hoat tinh sinh hoc, kiém soat chat lugng va xac dinh nguén géc, déng
thoi hd tro phat trién cac ing dung trong phong ngira va diéu tri bénh.

Luan an gdm 04 chuong ciing phan tai liéu tham khao va phu luc. Chuwong 1 trinh bay
tong quan tai liéu vé ho cheé (Theaceae), chi Camellia L., tra hoa vang (Golden Camellia) va
dac biét 1a sau loai tra hoa vang (C.hakodae, C.phanii, C.tamdaoensis, C.tienii, C.petelotii va
C. euphlebia) thu hai tai Tam Dao - Vinh Phuc va Hai Ha - Quang Ninh. Chuong 2 md ta
nguyén lidu va cac phuong phap nghién ciru trén sau loai tra hoa vang, bao gébm cac phuong
phap: LC-MS, GC-MS, ICP-MS va kha ning bit goc tw do DPPH va ABTS. Chuong 3 trinh
bay két qua va thao luin cho toan bd cac thuc nghiém. Chuong 4 13 két luan va dé xuit.
Chuong 3 bao gdm cac két qua sau:

Thir nhat, nghién ctru danh gid cac hé chit chuyén hoa hitu co trong tra hoa vang bang
phuong phép sic ky 10ng - khéi phd (LC-MS). Két qua thu duoc dir liéu chung cia 131 chat
chuyén hoa bing cach sir dung phan tich chuyén hoa héa hoc c¢6 muc tiéu rong rii sir dung sic
ky long hidu ning cao két hop véi khdi phd. Ho so chuyén héa chi yéu gdm 41 flavonoid va
32 axit amin, dai dién cho nhiéu b khung aglycon khac nhau nhu flavan-3-ol, flavanone,
flavone, flavonol, anthocyanin, aurone va chalcone. Ngoai ra, cac chét chuyén hoa so cép khac,
bao gdm axit amin va cac dan xuét cua chung, cling dugc phat hién va c6 kha niang gép phan
tao nén cac dic tinh 1y hoa ciing nhu huwong vi ciia cac san pham tra Tra hoa vang. Phan tich da
bién cho thay sy phan tach rd rét gitta cac mau sdy nhiét va say dong kho, ciing nhu giita 14 non
va la truong thanh trén biéu d6 diém PLS-DA. Cac hop chat nhu catechin, epicatechin, L-
glutamic acid, choline va mot s6 flavonoid c¢6 hoat tinh sinh hoc thé hién cac xu huéng tich Iiy
khac nhau tuy theo loai va phuong phap xtr Iy nhiét. Axit amin nhin chung phong phu hon trong
14 non, trong khi flavonoid tich lily & mirc cao hon trong 14 truong thanh. Nhing két qua nay
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thanh phan chuyén hoa, tir d6 tic dong dén cac dic tinh cam quan, dinh dudng va duogc 1y cua
nguyén liéu Tra hoa vang.

Tht hai, luan an 1am rd tiém ning ctia sau lodi tra hoa vang théng qua viéc khao sat sy

hién dién va ham lugng cua cac thanh phﬁn héa hoc trong hoa va 1a. Két qua phan tich GC-MS
cho thy c6 42 chat chuyén hoa dugc xac dinh trong mau 14 va 44 chat chuyén hoa trong mau
hoa. Cac nhom hop chat chiém wu thé bao gom este, axit béo va terpenoid. Bén canh d6, nhiéu
hop chét tu nhién quy cta cac loai tra quy dic hiru & Viét Nam da dugc phat hién, nhu citral,
dl-a-tocopherol, phytol va squalene. Céac phan tich phan biét nhu PLS-DA va PCA cho phép
phan tach rd rang hd so chat chuyén hoa dua trén GC-MS giita 14 va hoa, ciing nhu giita cac
loai va cac bo phan khac nhau. Két qua nay cung cép cong cu hiru ich cho phan loai hoa hoc
(chemotaxonomy) va kiém soat chat luong cac nguyén liéu nay.
Ho so héa hoc toan dién thu duge tir cac k¥ thuat trén giup 1am rd su khéc biét dang ké gitra l&
va hoa. Hoa tra tich liy nhiéu flavonoid, axit amin va axit béo hon, trong khi 14 chira ham lugng
terpen cao hon, cho thay cdc vat liéu ndy c6 thé s& hiru nhitng dic tinh dugc 1y khac nhau. Quy
trinh nghién ctru ndy c6 thé dugc ap dung cho cac loai Camellia khac va gop phan nang cao gia
trj str dung cua nhitg ngudn tai nguyén quy nay cho muc dich chiam soc sirc khoe.

Thir 3, nghién ciru vé thanh phan khoang chét c6 trong cac loi tra hoa vang. Day la
nghién ctru dau tién danh gid va so sanh tong thé cac nguyén tb co trong 6 lodi tra hoa vang &
ca 14 va hoa. Phan tich str dung phuong phap pha mau vi song két hop ICP-MS dé dinh lugng
toan dién 23 nguyén t6 trong tra hoa vang. Phan tich cac nguyén té trong 14 va hoa cho thay
ham luong nguyén t6 trong 14 cao hon dang ké. Trong cic mau 14, cac nguyén té da luong (Na,
Mg, K, Ca) chiém ty 1¢ 16n nhat trong tong ham lwong nguyén t6. Canxi la nguyén t6 phong
phti nhét, dao dong tir 0,0916 mg/g & C. tamdaoensis dén 0,1963 mg/g & C. hakodae, tuong
duong 0,916-1,963 mg trong 10 g 14 kho. Ham luong kali thay d6i tir 0,0408 mg/g (C.
euphlebia) dén 0,0883 mg/g (C. phanii). Trong nhom vi lwong, Mn, Fe, Cu va Zn chiém uu thé
va ¢6 mbi lién hé chit ch& véi hoat tinh chéng oxy hoa; Mn cao nhit & C. phanii va C. tienii,
trong khi Zn ludn cao hon Cu & tit ca cac loai, v6i ham luong Zn cao nhat ¢ C. fienii. Cac mau
hoa ciing giau khoang chat thiét yéu, dac biét 1a kali (0,0498-0,0841 mg/g) va canxi (0,0330-
0,0388 mg/g), trong d6 C. tamdaoensis c6 ham lugng hai nguyén té niy cao hon 16 rét. Mn, Fe,
Zn va Cu la cac vi lugng chiém wu thé trong hoa; Mn cao nhat & C. hakodae va C. tamdaoensis,
con Zn cao nhét & C. phanii va C. euphlebia. Nhin chung, ham luong khoéng chat trong 14 cao
hon dang ké so véi hoa.
bang chu y, cac kim loai nang nhu Pb, As, Cd va Ag khong dugc phat hién hoac nam dudi
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nguyén t6, dic biét 1a ham luong kim loai, c6 thé dugc st dung nhu chi thi hiru ich dé nhan
dién nguyén liéu trong san xuét tra Tra hoa vang.

Tht tu, ddnh gia kha ning chéng oxy hoa cta sau loai Tra hoa vang dic hitu ctia Viét
Nam. Day 14 cong trinh dau tién danh gia mot cach toan dién kha ning chdng oxy hoa & ca la
va hoa ctia sau loai nay. Hoat tinh chéng oxy hoa duogc xac dinh thong qua hai phép thir bat gbc
tw do DPPH va ABTS. Trong phép thir DPPH, tit ca cac loai déu thé hién kha nang chong oxy
hoa manh, v6i gia tri ICso dao dong tir 5,21 dén 15,89 pg/mL, tuong dwong véi axit ascorbic
(ICso = 4,97 pg/mL). Trong cac méu 14, C. hakodae cho hoat tinh manh nhat (ICso = 5,21
ng/mL), trong khi C. petelotii thé hién hoat tinh yéu nhat. Dich chiét tir hoa c6 hoat tinh chong
oxy hoa tuong tu 14, trong d6 C. tamdaoensis cho hi¢u qua manh nhét (ICs = 6,84 pg/mL). La
gia ludn thé hién hoat tinh cao hon 14 non, va cic mau sdy nhiét cho hoat tinh chéng oxy hoa
nhinh hon so véi cac méiu sdy dong khé. Bén canh do, két qua tir phép thir ABTS dé x4ac nhan
cac xu hudng nay, voi gia tri ICso trong khoang 6,91-17,50 pg/mL, twong duong véi Trolox
(ICso = 5,84 pg/mL). Ca 14 va hoa déu thé hién hiéu qua chdng oxy hoa trong dwong nhau giira
cac loai. Phan tich hoa thuc vat cho théy su hién dién phong phu cta céc hop chét c6 hoat tinh
chéng oxy hoéa nhu polyphenol, flavonoid, carotenoid, vitamin E, catechin, phytol va
stigmasterol c6 trong tra hoa vang.

Chuong 4, phan Két luan va kién nghi da trinh bay nhirng két luan chinh yéu vé cac
nghién ctru phan tich cac chit hitu co, vo co va tac dung chdéng oxy hoa cia sau loai tra hoa
vang thu hai tai Vinh Phuc va Quang Ninh, Viét Nam. Cac ndi dung nghién ctu cling dugc
danh gia va so sanh véi nhitng cong bd & cac nghién ctru trude day. Cac loai tra hoa vang nay
déu chira cac hop chét tu nhién, cac khoang chét co hoat tinh chéng oxy hoa rit manh & ca sau
loai nghién ciru. Day 1a mot nghién ctru dau tién tich hop, danh gia téng thé cac chat chuyén
hoa trong 6 loai tra hoa vang ca vé hé chét hitu co va cac thanh phan nguyén t6. D3 so sanh tac
dung chdng oxy hoa cua 6 loai tra hoa vang dic hitu tai Viét Nam.

Thuec té hoa chi ra theo muia nhung 14 c6 quanh ndm va gia thanh cua hoa rat dat, trong khi d6
hoat chit va tic dung lai gan twong duong & ca 1a va hoa trén ca sau loai. Do vay viéc sir dung
1a tra hoa vang sé& 1a mot lua chon thiét thue cho viée cham séc sire khoe. Viée tiép tuc nghién
ctru vé céc loai tra hoa vang khac dé so sanh va dwa vao str dung phd bién ¢ y nghia rat quan
trong trong viéc cham soc strc khoe cong dong. Tién xa hon nira 14 tao ra cac san pham tién loi
nhu tra hoa tan, vién nang cimg va vién nang mém st dung chiét xuat tir 14 cdy tra hoa vang
trén nhiéu loai 13 rit can thiét. Viéc nghién ctru vé cac loai tra hoa vang ciing dong vai trd quan

trong dé bao ton va phat trién ngudn duogc liéu quy cua Viét Nam.
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