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ABSTRACT 

This thesis investigates the phytochemistry and selected bioactivities of Pandanus 

tectorius and Pandanus amaryllifolius through comparative screening of extracts from 

multiple taxa, targeted isolation and characterization of metabolites from P. tectorius 

leaves, response-surface-based optimization of phenolic- and saponin-enriched fractions 

from P. tectorius fruits, and a phenolic enrichment from P. amaryllifolius leaves. 

Bioassays comprised radical-scavenging (DPPH, hydroxyl), α-amylase inhibition, 

cytotoxicity (A549, K562, MCF7), and nitric-oxide (NO) production inhibition in LPS-

stimulated RAW 264.7 cells. 

Comparative profiling revealed pronounced interspecific and organ-level 

differences: P. tectorius was consistently rich in phenolics, flavonoids, and saponins and 

showed the strongest antioxidant activity, whereas P. amaryllifolius accumulated 

exceptionally high alkaloid levels with attendant cytotoxic and anti-inflammatory 

effects. 

From P. tectorius leaves, two new benzofuran epimers (Pandanusfuran A and B) 

and four known lignans (pinoresinol, pinoresinol monomethyl ether, arctigenin, 

matairesinol) were characterized by HR-ESI-MS/NMR with absolute configurations 

assigned via ECD/Snatzke’s Mo2(OAc)4-induced ECD; HPLC-DAD verified the 

benzofurans as native constituents. Lignans showed comparatively stronger radical-

scavenging than benzofurans, while the benzofurans displayed α-amylase inhibition 

approaching acarbose and selective cytotoxicity toward A549, with minimal activity 

against K562/MCF7 and negligible NO inhibition. 

Box–Behnken Design optimization of P. tectorius fruits yielded statistically robust 

quadratic models for total phenolics (TPC) and total saponins (TSC). Multi-response 

optimization produced seven validated operating windows that trade off phenolic-rich 

vs saponin-rich outcomes: TPC-prioritized conditions favor higher ethanol (70–90%) 

and 80 °C; TSC-prioritized conditions favor 45–55% ethanol and longer extraction times 

(>175 min); an intermediate “Balance” setting achieves good simultaneous yields. 

Phenolic-rich extracts showed stronger antioxidant effects, whereas saponin-rich 

extracts exhibited higher NO inhibition but potential cytotoxicity at the highest saponin 

levels.  



 

 
 

For P. amaryllifolius leaves, an optimized phenolic enrichment displayed potent 

antioxidant activity (comparable to ascorbic acid and catechin) and stronger NO 

inhibition than separated alkaloid and non-alkaloid fractions, consistent with synergism 

between phenolic and alkaloid constituents; isolation identified a suite of phenolics and 

shikimate-derived metabolites (e.g., methyl shikimate, n-butyl shikimate, pinoresinol 4-

O-β-D-glucoside, methyl gallate, vanillic, 4-hydroxybenzoic acids and related esters, 

vanillin, n-butyl-D-galactopyranoside).  

Overall, the outcomes of this work enrich current phytochemical knowledge of P. 

tectorius and P. amaryllifolius, elucidate species- and organ-specific bioactivity patterns, 

and establish optimized extraction strategies that can guide future pharmacological and 

functional applications. 

  



 

 
 

TÓM TẮT 

Luận án này nghiên cứu thành phần hoá học và một số hoạt tính sinh học của các 

loài Pandanus tectorius và Pandanus amaryllifolius thông qua các nghiên cứu cụ thể 

gồm: (i) sàng lọc thành phần và hoạt tính sinh học của cao chiết từ các loài đã thu thập; 

(ii) phân lập và xác định cấu trúc các hợp chất chuyển hóa thứ cấp từ lá dứa dại (P. 

tectorius); (iii) tối ưu hóa điều kiện trích ly bằng phương pháp bề mặt đáp ứng nhằm thu 

được các phân đoạn giàu phenolic và saponin từ quả dứa dại (P. tectorius); và (iv) tối ưu 

hóa quá trình làm giàu phenolic từ lá dứa thơm (P. amaryllifolius). Các hoạt tính sinh 

học được đánh giá bao gồm khả năng quét gốc tự do (DPPH, hydroxyl), ức chế enzyme 

α-amylase, gây độc tế bào trên các dòng A549, K562, MCF7, và ức chế tạo nitric oxide 

(NO) trên đại thực bào RAW 264.7 được kích thích bằng LPS. 

Kết quả phân tích so sánh cho thấy sự khác biệt rõ rệt giữa các loài và giữa các bộ 

phận của cây: P. tectorius có hàm lượng phenolic, flavonoid và saponin cao nhất, thể 

hiện hoạt tính kháng oxy hóa mạnh nhất; P. amaryllifolius tích lũy hàm lượng alkaloid 

rất cao, liên quan đến khả năng gây độc tế bào và kháng viêm. 

Từ lá P. tectorius, hai epimer benzofuran mới (Pandanusfuran A và B) cùng bốn 

lignan đã biết (pinoresinol, pinoresinol monomethyl ether, arctigenin, matairesinol) 

được xác định cấu trúc bằng HR-ESI-MS và NMR; cấu hình tuyệt đối được xác định 

thông qua ECD và phương pháp Snatzke’s Mo₂(OAc)₄-induced ECD. Phân tích HPLC-

DAD khẳng định hai benzofuran này là các thành phần tự nhiên có trong lá cây. Các 

lignan thể hiện khả năng khử gốc tự do mạnh hơn benzofuran, trong khi benzofuran có 

hoạt tính ức chế α-amylase gần tương đương acarbose và chọn lọc gây độc tế bào trên 

dòng A549, cùng với hoạt tính gây độc yếu trên K562 và MCF7, cũng như khả năng ức 

chế NO ở mức yếu. 

Tối ưu hóa bằng thiết kế Box–Behnken đối với quá trình chiết xuất quả P. tectorius 

cho thấy các mô hình bậc hai có ý nghĩa thống kê cao cho tổng hàm lượng phenolic 

(TPC) và saponin (TSC). Phân tích đa đáp ứng đã xác định bảy điều kiện hoạt động tối 

ưu tương ứng với các mục tiêu trích ly khác nhau: điều kiện ưu tiên TPC đạt hiệu quả 

cao nhất khi dùng ethanol 70–90% ở 80 °C; điều kiện ưu tiên TSC đạt tối ưu với ethanol 

45–55% và thời gian trích ly kéo dài (>175 phút); trong khi điều kiện “cân bằng” đạt 

hiệu quả đồng thời ở cả hai chỉ tiêu. Các dịch chiết giàu phenolic thể hiện khả năng 



 

 
 

kháng oxy hóa mạnh, trong khi các dịch chiết giàu saponin có khả năng ức chế NO cao 

hơn nhưng có thể gây độc tế bào ở nồng độ saponin lớn nhất. 

Đối với lá P. amaryllifolius, phân đoạn phenolic được tối ưu thể hiện hoạt tính 

kháng oxy hóa mạnh (tương đương acid ascorbic và catechin) và khả năng ức chế NO 

cao hơn so với các phân đoạn alkaloid và không-alkaloid riêng lẻ, cho thấy hiệu ứng 

hiệp đồng giữa hai nhóm hợp chất này. Quá trình phân lập đã xác định được nhiều hợp 

chất phenolic và dẫn xuất của shikimate như methyl shikimate, n-butyl shikimate, 

pinoresinol 4-O-β-D-glucoside, methyl gallate, vanillic acid, 4-hydroxybenzoic acid 

cùng các este liên quan, vanillin và n-butyl-D-galactopyranoside. 

Tổng thể, kết quả của nghiên cứu này góp phần mở rộng hiểu biết hiện có về thành 

phần hoạt chất chuyển hoá thứ cấp của hai loài P. tectorius và P. amaryllifolius, làm rõ 

các đặc trưng về hoạt tính sinh học theo loài và theo bộ phận của cây, đồng thời xây 

dựng các phương pháp trích ly tối ưu có thể định hướng cho các ứng dụng sản xuất dược 

phẩm và thực phẩm chức năng trong tương lai. 
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CHAPTER 1. GENERAL INTRODUCTION 

1.1. Scientific classification, distribution, and uses of Pandanus tectorius and 

Pandanus amaryllifolius 

The Pandanus genus encompasses a diverse group of tropical plants known for 

their distinctive features and widespread distribution across tropical and subtropical 

regions worldwide [1]. Belonging to the family Pandanaceae, these plants are 

characterized by their unique foliage, often featuring long, narrow leaves arranged in 

spirals around the trunk, giving them a screw-like appearance. While there are over 750 

species within the genus, they share common traits such as aerial prop roots, which help 

provide stability in sandy or coastal environments [1]. Pandanus species play 

multifaceted roles in various ecosystems and cultures. Ecologically, they contribute to 

coastal stabilization, providing habitat and food for diverse wildlife. Culturally, they 

hold significant importance, with their leaves utilized for weaving traditional crafts, such 

as mats, baskets, and thatched roofs. Moreover, in some culinary traditions, Pandanus 

leaves are employed to infuse a distinctive aroma and flavor into dishes, ranging from 

savory to sweet. From the lush rainforests of Asia to the remote islands of the Pacific, 

Pandanus plants thrive in a variety of habitats, adapting to diverse environmental 

conditions. Their resilience, coupled with their cultural and ecological significance, 

makes the Pandanus genus a fascinating subject of study and admiration for botanists, 

ecologists, and enthusiasts alike [1]. In Vietnam, about 17 species in the genus were 

determined, such as Pandanus tectorius, Pandanus amaryllifolius, Pandanus 

odoratissimus, Pandanus tonkinensis, etc [2, 3]. 

Pandanus tectorius Parkinson ex Du Roi is a species in the genus Pandanus, of 

the family Pandanaceae [1]. The species branches off on the top of trees, which can be 

about 3-4 meters tall with many roots dropping into the ground, leaves grow in long 

bunches 1-2 meters, and the middle veins and the edge of the leaf have sharp edges. 

Male flowers grow at the top of trees and drop down with white, separate buds. The 

flowers are very fragrant, and female flowers are solitary, with multiple carpels. The 

fruit cluster is ovate-shaped, about 16-22 centimetres, with an orange petiole, consisting 

of fruits with angles split into many cells, and fruiting in the summer [2, 3]. The tree is 

moisture-loving, grows into a rather large bush, produces annual fruit in large quantities, 
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and is not cut down [4]. P. tectorius is widely distributed in tropical forests, mangrove 

forests, and coastal areas from South Asia to the islands of the Pacific Ocean. In some 

places, parts of the Pandanus plant are commonly used as food, beverage, or flavouring 

[1]. Meanwhile, the genus Pandanus can be easily found from the mountainous 

midlands regions to the coast of Khanh Hoa. Roots are used in folk medicine to treat 

oedema, painful urination, urinary frequency, and urinary stones, or to treat fractures 

and protrusions. The young leaves are also used to cure kidney stones and epilepsy in 

children [4]. 

Pandanus amaryllifolius Roxb is an evergreen tree with fragrantly-scented leaves. 

The tree produces an erect stem, 2 - 4.5 metres tall and 15 cm in diameter [2, 3]. The 

female inflorescence is unknown, but it produces a male inflorescence on exceedingly 

rare occasions. The leaves are widely used as a flavouring throughout Southeast Asia. 

The plant is cultivated for its leaves in gardens in Vietnam,  Indonesia, Malaysia, 

Thailand, New Guinea, Sri Lanka, and the Philippines [2-4]. 

1.2. Chemical constituents of Pandanus species 

1.2.1. Lignans 

Lignan is one of the most common groups of substances in the Pandanus species 

in general and P. tectorius in particular. Three lignans, including pinoresinol (1), (+)-

syringaresinol (2), and (+)-medioresinol (3), were isolated in the chloroform extract 

from the Pandanus odoratissimus fruits by Cuong et al. in 2015 [5]. 

1)     (2)  
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(3)  

Meanwhile, previous studies reported lignans in some species of Pandanus. In 

1998, six lignans, such as eudesmin (4), kobusin (5), pinoresinol (1), epipinoresinol (6), 

de-4'-O-methyleudesmin (7), and 3,4-bis(4-hydroxy-3-methoxy-benzyl)-

tetrahydrofuran (8) were determined from the root of Pandanus odoratissimus by Jong 

and his colleagues. Besides, five lignans, including (+)-pinoresinol (1), (+)-eudesmin 

(4), kobusin (5), (+)-sesamin (9), and salicifoliol (10) were also identified by Inada et 

al. in 2005 [6] 

(4)  (5)  

(6)  (7)  

(8) (9) (10)  

 



 

4 

 

The lignans include (+)-pinoresinol (1), (+)-syringaresinol (2), (+)-medioresinol 

(3), (+)-lyoniresinol (11) and (−)-balanophonin (12) were also found in the composition 

of fruit parts of the P. tectorius, as announced by Phat et al. in 2016 [7]. The compounds 

showed better α-glucosidase inhibitory activity (IC50 = 26.7 – 68.1 µM) than the positive 

control, acarbose (IC50 = 214.5 µM) under the same experimental conditions. 

(11)    (12)  

1.2.2. Flavonoids 

In 2013, vitexin (13) and tricin (14) were isolated from the roots of P. tectorius [8]. 

Previously, five flavonoids, such as tangeretin (15), sakranetin (16), chrysin (17), 

naringenin (18), and 5,8-dihydroxy-7-methoxy-flavone (19) were isolated from fruits of 

P. tectorius by Zhang et al. in 2012 [9]. 

(13)  (14)  

(15)  (16)  

(17)  (18)   

(19)  
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1.2.3. Coumarin derivatives 

Four coumarins, including Pandanusin A (20), bergapten (21), 6-(6′-hydroxy-3′,7′-

dimethylocta-2′,7′-dienyl)-7-hydroxycoumarin (22), and 6-(6′,7′-dihydroxy-3′,7′-

dimethyloct-2′-enyl)-7-hydroxycoumarin (23), were determined from P. tectorius fruits 

by Phat et al. These compounds showed better enzyme α-glucosidase inhibitory activity 

(IC50 = 36.5 – 84.7 µM) than the positive control, acarbose (IC50 = 214.5 µM) [7]. 

20)    (21)  

(22)   (23)  

 

1.2.4. Other phenolics 

Besides the three compound classes mentioned above, several other phenolics have 

been isolated from plants of the genus Pandanus. In 1998, 4-hydroxy-3-(2’,3’-

dihydroxy-3’-methylbutyl)-benzoic acid methyl ester (24) was isolated by Jong et al.  

Meanwhile, p-coumaric (25) and three isomeric mixtures E, Z của p-coumaroyl dimethyl 

maleate (26E, 26Z), p-coumaroyl malate (27E, 27Z), p-coumaroyl monomethyl malate 

(28E, 28Z) were determined from the leaves of Pandanus amaryllifolius by Suzuki et 

al. [10]  

24)    (25)  

(26E)  (26Z)  
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(27E)  (27Z)  

(28E)  (28Z)  

 

The phenolics were also found in the chemical composition of P. tectorius. 

Protocatechuic aldehyde (29) and (7R, 8R)-guaiacyl glycerol (30) were identified from 

the ethyl acetate of Pandanus fruit by Mai Dinh Tri et al. in  2012 [11]. Another study 

in 2015, six aromatic aldehydes include a new compound (Z)-4-hydroxy-3-(4-hydroxy-

3-methylbut-2-en-1-yl) benzaldehyde (31), and five known compounds, p-

hydroxybenzaldehyde (32), syringaldehyde (33), (Z)-ferulaldehyde (34), vanillin (35), 

(Z)-sinapinaldehyde (36) were isolated from Pandanus fruit by these group authors. [12]. 

These compounds showed a considerable enzyme α-glucosidase inhibitory effect at IC50 

= 36.5 – 192.4 µM, which was much lower than the positive control, acarbose (IC50 = 

214.5 µM). In addition, ten phenolic derivatives, including vanillin (35), trans-ethyl 

caffeate (37), cis-ethyl caffeate (38), p-ethyl coumarate (39), sinapaldehyde (40), trans-

3,4-dihydroxy cinnamaldehyde (41), dihydroconiferyl alcohol (42), coniferyl alcohol 

(43), 3-hydroxyl-1-(4-hydroxyl-3-methoxyphenyl) propane-1-one (44), salicylaldehyde 

(45) were also determined [9]. Moreover, three phenolic compounds: 3-bis-(4-hydroxy-

3-methoxyphenyl)-3-methoxy-propanol (46), tachioside (47), and p-

hydroxycinamaldehyde (48) were also isolated by Phat et al., along with some lignans 

(1-3, 11, 12) as mentioned [7, 12]. Among them, 3-bis-(4-hydroxy-3-methoxyphenyl)-

3-methoxypropanol (46) and p-hydroxycinamaldehyde (48) showed significant enzyme 

α-glucosidase inhibiting activity with IC50 = 81.5 and 43.8 µM, respectively.  
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(29)  (30) (31)  (32) (33)  

(34)  (35)   (36)   

 (37)  38)  (39)  

 (40)  (41)   (42)    

(43)  (44)  (45)  

(46)  (47)  (48)  

 

Several phenolics (49-54) were recently determined from the roots of Pandanus 

tonkinensis by Trang et al. These compounds showed antioxidant activity and inhibition 

of NO production in RAW264.7 cells. [13].  

49)   (50)  
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(51)  

(52)   

(53)   

(54)  

 

1.2.5. Alkaloids 

Three alkaloids, including 2-acetyl-1-pyrroline (55), pandamarine (56), and 

pandanamine (57), were isolated from the leaves of P. amaryllifolius by  Byrne [14]. 

Four other alkaloids, pandanamine (57), pandamarilactonine-A (58), 

pandamarilactonine-B (59), and pandamarilactone-1 (60), were also determined from 

the leaves of P. amaryllifolius by Takayama et al. [15]. In the next study on the same 

object, four other alkaloids, including norpandamarilactonine-A (61), 

norpandamarilactonine-B (62), pandamarilactonine-C (63), and pandamarilactonine-D 

(64), were identified by the author [16, 17].  
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(55)   (56)   (57)  

 (58)   (59)   (60)  

 

 (61)      (62)   

 

(63)     (64)  

A series of alkaloids, including pandamarilactonine-A (58), pandamarilactonine-B 

(62), pandamarilactonine-C (63), pandamarilactonine-D (64), pandamarilactonine-E 

(65), pandamarilactonine-F (66), pandamarilactonine-F-N-oxide (67), 

pandamarilactonine-G (68), pandamarilactonine-H (69), were isolated from the roots of  

P. amaryllifolius by Tan et al. in 2010 [18].  Epi-pandamarilactonine-H (70) is 

synthesized into isomeric enantiomers. Two alkaloids, such as dubiusamine-A (71), and 
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dubiusamine-B (72) were determined from the leaves of Pandanus dubius by these 

group authors in the same year [18, 19]. 

65)     (66)  

(67)    (68)  

 

(69)    (70)  

(71)  (72)   

In 2017, seven alkaloids, such as Pandanusines A and B (73-74), pandalizines C‒

E (75-77), norpandamarilactonines C and D (78-79) were identified from the 

aboveground part of P. amaryllifolius by Cheng et al. [20]. Two years earlier, two other 

alkaloids, including pandalisines A and B (80-81), were also isolated from the leaves of 

Pandanus utilis by these authors [21]. 
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(73)    (74)    (75)   

(76)    (77)    (78)   

(79)    (80)    (81)  

 

Nine alkaloids, including N-acetylnorpandamarilactonines A and B (82-83), 

pandalizines A and B (84-85), pandanmenyamine (86), pandamarilactones-2 (87), 

pandamarilactones-3 (88), 5(E)-pandamarilactonine-32 (89), and pandalactonine (90), 

were determined from the above-ground part of P. amaryllifolius by Tsai et al. [22]. 

82) (83)  (84)  

(85)  (86)  (87)  
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(88)  (89)  (90)  

 

The study of Laluces et al about the antibacterial ability of some alkaloids from 

Pandanus showed that pandamarilactonine-A (58) exhibited considerable antibacterial 

activity against Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus, 

with the minimum inhibitory concentrations (MIC) on these three bacteria are 62.5, 15.6, 

and 250 µg/mL, respectively [24].  

1.2.6. Benzofurans 

Besides phenolics and alkaloids, some benzofuran derivatives have been found in 

several species of the genus Pandanus. Three benzofuran compounds (91-93) were 

isolated from the roots of P. odoratissimus by Jong et al.[23] .  

 

(91)  (92)  (93)  

 

Recently, twelve benzofuran compounds (94-105) were identified from roots and 

rhizomes of Pandanus tectorius in a recent study [24].  

 

(94)  (95)  
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(96)  (97)  

 

(98)  (99)  

 

(100)  (101)  

 

(102)  (103)  

 

(104)  (105)  

1.2.7. Summary of phytochemical constituents of Pandanus species 

Table 1.1. Summary of phytochemical constituents isolated from Pandanus species 

together with their origins 

No. Compounds Origin 

1 Pinoresinol 
P. odoratissimus fruits, roots; 
P. tectorius fruits 

2 (+)-Syringaresinol P. odoratissimus fruits;  
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P. tectorius fruits 

3 (+)-Medioresinol 
P. odoratissimus fruits;  
P. tectorius fruits 

4 Eudesmin P. odoratissimus roots 
5 Kobusin P. odoratissimus roots 
6 Epipinoresinol P. odoratissimus roots 
7 De-4′-O-methyleudesmin P. odoratissimus roots 
8 3,4-Bis(4-hydroxy-3-methoxy-benzyl)-tetrahydrofuran P. odoratissimus roots 
9 (+)-Sesamin P. odoratissimus roots 
10 Salicifoliol P. odoratissimus roots 
11 (+)-Lyoniresinol P. tectorius fruits 
12 (−)-Balanophonin P. tectorius fruits 
13 Vitexin P. tectorius roots 
14 Tricin P. tectorius roots 
15 Tangeretin P. tectorius fruits 
16 Sakranetin P. tectorius fruits 
17 Chrysin P. tectorius fruits 
18 Naringenin P. tectorius fruits 
19 5,8-Dihydroxy-7-methoxy-flavone P. tectorius fruits 
20 Pandanusin A P. tectorius fruits 
21 Bergapten P. tectorius fruits 

22 
6-(6′-Hydroxy-3′,7′-dimethylocta-2′,7′-dienyl)-7-
hydroxycoumarin 

P. tectorius fruits 

23 
6-(6′,7′-Dihydroxy-3′,7′-dimethyloct-2′-enyl)-7-
hydroxycoumarin 

P. tectorius fruits 

24 
4-Hydroxy-3-(2′,3′-dihydroxy-3′-methylbutyl)-benzoic acid 
methyl ester 

Pandanus sp. 

25 p-Coumaric acid P. amaryllifolius leaves 
26E/26Z p-Coumaroyl dimethyl maleate P. amaryllifolius leaves 
27E/27Z p-Coumaroyl malate P. amaryllifolius leaves 
28E/28Z p-Coumaroyl monomethyl malate P. amaryllifolius leaves 

29 Protocatechuic aldehyde P. tectorius fruits 
30 (7R,8R)-Guaiacyl glycerol P. tectorius fruits 

31 
(Z)-4-Hydroxy-3-(4-hydroxy-3-methylbut-2-en-1-yl) 
benzaldehyde 

P. tectorius fruits 

32 p-Hydroxybenzaldehyde P. tectorius fruits 
33 Syringaldehyde P. tectorius fruits 
34 (Z)-Ferulaldehyde P. tectorius fruits 
35 Vanillin P. tectorius fruits 
36 (Z)-Sinapinaldehyde P. tectorius fruits 
37 trans-Ethyl caffeate P. tectorius fruits 
38 cis-Ethyl caffeate P. tectorius fruits 
39 p-Ethyl coumarate P. tectorius fruits 
40 Sinapaldehyde P. tectorius fruits 
41 trans-3,4-Dihydroxy cinnamaldehyde P. tectorius fruits 
42 Dihydroconiferyl alcohol P. tectorius fruits 
43 Coniferyl alcohol P. tectorius fruits 
44 3-Hydroxyl-1-(4-hydroxyl-3-methoxyphenyl) propane-1-one P. tectorius fruits 
45 Salicylaldehyde P. tectorius fruits 
46 3-Bis-(4-hydroxy-3-methoxyphenyl)-3-methoxypropanol P. tectorius fruits 
47 Tachioside P. tectorius fruits 
48 p-Hydroxycinamaldehyde P. tectorius fruits 

49–54 Phenolic compounds P. tonkinensis roots 
55 2-Acetyl-1-pyrroline P. amaryllifolius leaves 
56 Pandamarine P. amaryllifolius leaves 
57 Pandanamine P. amaryllifolius leaves 
58 Pandamarilactonine-A P. amaryllifolius leaves/roots 
59 Pandamarilactonine-B P. amaryllifolius leaves/roots 
60 Pandamarilactone-1 P. amaryllifolius leaves 
61 Norpandamarilactonine-A P. amaryllifolius leaves 
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62 Norpandamarilactonine-B P. amaryllifolius leaves/roots 
63 Pandamarilactonine-C P. amaryllifolius leaves/roots 
64 Pandamarilactonine-D P. amaryllifolius leaves/roots 
65 Pandamarilactonine-E P. amaryllifolius roots 
66 Pandamarilactonine-F P. amaryllifolius roots 
67 Pandamarilactonine-F-N-oxide P. amaryllifolius roots 
68 Pandamarilactonine-G P. amaryllifolius roots 
69 Pandamarilactonine-H P. amaryllifolius roots 
70 Epi-pandamarilactonine-H Synthetic derivative 
71 Dubiusamine-A P. dubius leaves 
72 Dubiusamine-B P. dubius leaves 
73 Pandanusine A P. amaryllifolius aerial parts 
74 Pandanusine B P. amaryllifolius aerial parts 
75 Pandalizine C P. amaryllifolius aerial parts 
76 Pandalizine D P. amaryllifolius aerial parts 
77 Pandalizine E P. amaryllifolius aerial parts 
78 Norpandamarilactonine C P. amaryllifolius aerial parts 
79 Norpandamarilactonine D P. amaryllifolius aerial parts 
80 Pandalizine A P. utilis leaves 
81 Pandalizine B P. utilis leaves 
82 N-Acetylnorpandamarilactonine A P. amaryllifolius aerial parts 
83 N-Acetylnorpandamarilactonine B P. amaryllifolius aerial parts 
84 Pandalizine A P. amaryllifolius aerial parts 
85 Pandalizine B P. amaryllifolius aerial parts 
86 Pandanmenyamine P. amaryllifolius aerial parts 
87 Pandamarilactones-2 P. amaryllifolius aerial parts 
88 Pandamarilactones-3 P. amaryllifolius aerial parts 
89 5(E)-Pandamarilactonine-32 P. amaryllifolius aerial parts 
90 Pandalactonine P. amaryllifolius aerial parts 
91 Benzofuran derivative P. odoratissimus roots 
92 Benzofuran derivative P. odoratissimus roots 
93 Benzofuran derivative P. odoratissimus roots 

94–105 Benzofuran derivatives P. tectorius roots and rhizomes 

1.3. Bioactivities of natural products from Pandanus species 

1.3.1. Antioxidant  

Plants from the genus Pandanus have been widely studied for their antioxidant 

properties, which are generally attributed to their rich content of phenolic and flavonoid 

compounds. Extracts of P. amaryllifolius leaves have demonstrated significant free 

radical scavenging and ferric reducing activity, although the effectiveness varies 

depending on geographical origin and phytochemical composition [25]. Optimization of 

extraction conditions, such as solvent concentration, temperature, and solvent-to-sample 

ratio, has been shown to enhance the antioxidant activity of P. amaryllifolius, 

highlighting the importance of process parameters [26]. In P. tectorius, both fruit and 

leaf extracts exhibit strong antioxidant potential. The fruit core, particularly when 

extracted with ethyl acetate, has shown notable radical scavenging effects associated 

with higher phenolic content [27]. Similarly, leaf extracts demonstrate dose-dependent 

antioxidant activity across different assays, indicating broad efficacy against oxidative 
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processes [27]. Other members of the genus, such as Pandanus canaranus, also possess 

substantial antioxidant capacity. Solvent polarity plays an important role, with methanol 

and ethyl acetate extracts generally yielding stronger results than non-polar solvents [28]. 

In the case of Pandanus conoideus (red fruit), optimization using ultrasound-assisted 

extraction has improved phenolic recovery and enhanced antioxidant performance, 

while also demonstrating that extraction duration must be carefully controlled to avoid 

degradation of active compounds [29]. 

Overall, studies consistently support the antioxidant potential of Pandanus species, 

though results vary depending on species, plant part, and extraction technique. Process 

optimization and solvent selection are crucial for maximizing yields of bioactive 

compounds, reinforcing the value of Pandanus as a promising source of natural 

antioxidants. 

1.3.2. Cytotoxicity  

Across the genus Pandanus, cytotoxic, anti-cancer, and anti-tumor activities have 

been documented. For P. amaryllifolius, crude leaf extracts showed in vitro 

antiproliferative effects against breast cancer cells (MCF-7) in cell-based assays [25]. In 

P. odoratissimus, root/leaf extracts suppressed proliferation of non-small-cell lung 

cancer (Calu-6) cells and triggered apoptosis in vitro, and an aqueous extract improved 

survival and reduced tumor burden in an Ehrlich ascites carcinoma mouse model [30, 

31]. A related species, P. fascicularis, likewise showed dose-dependent anti-tumor 

effects in the same murine model, with increased survival and reduced solid-tumor mass 

[32]. The red-fruit species P. conoideus yielded an ethyl-acetate fraction that reduced 

the viability of HSC-3 oral squamous carcinoma cells in a concentration- and time-

dependent manner in vitro [33]. By contrast, fruit extracts (keys and cores) of P. tectorius 

consistently lacked cytotoxicity toward several cancer cell lines (HeLa, HepG2, MCF-

7) under the conditions tested [27]; yet nanoformulation of P. tectorius leaf extracts as 

SNEDDS converted these into preparations with measurable anti-cancer activity against 

HeLa via apoptosis [34]. Overall, current evidence indicates that members of Pandanus 

can exert cytotoxic or anti-tumor effects in vitro and in vivo—often involving apoptosis 

or cell-cycle perturbations—but outcomes vary markedly with species, plant part, 

solvent, and formulation. 
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1.3.3. Anti-inflammation  

Evidence from preclinical studies indicates that several Pandanus species exhibit 

anti-inflammatory activity. In P. fascicularis, both leaf chloroform extracts and prop-

root extracts suppressed inflammation in rat paw edema models and were accompanied 

by antinociceptive/analgesic effects, consistent with modulation of inflammatory 

mediators [35, 36]. Mechanistically, the prop-root study points to flavonoids as likely 

contributors via inhibition of prostaglandin-synthesizing enzymes, aligning with the 

observed attenuation of inflammatory responses [36]. For P. odoratissimus, methanolic 

leaf extracts reduced edema in both acute (carrageenan) and chronic (formalin) rat 

models, and the species’ traditional use in rheumatic conditions further reinforces its 

anti-inflammatory claim [37, 38]. Complementing these lines of evidence, P. 

amaryllifolius yields diverse alkaloids, and its ethanolic crude extract has shown anti-

inflammatory activity in prior work; recent oral-biology data also highlight actions 

relevant to inflammatory contexts such as microbial challenge and wound repair [22, 

39]. Taken together, available data indicate that Pandanus spp. contain bioactives—

especially phenolics/flavonoids and alkaloids—that can attenuate inflammatory 

processes with concurrent analgesic benefits, supporting their ethnomedicinal use in 

inflammatory disorders. 

1.3.4. Antibacterial activities  

Evidence from the provided studies indicates that many Pandanus species possess 

antibacterial properties, with outcomes strongly shaped by species identity, extraction 

solvent, and test conditions. For P. amaryllifolius leaves, ethanol or water extracts often 

show little to no inhibition of Staphylococcus aureus or Escherichia coli, whereas ethyl 

acetate fractions—and ethanol/ethyl-acetate mixtures—consistently inhibit growth, 

underscoring the importance of extracting mid-polarity constituents [40]. P. conoideus 

(“Buah Merah”) shows a similar trend: among n-hexane, methanol, water, and ethyl 

acetate extracts, the ethyl acetate fraction is the most active against oral pathogens, 

including S. mutans, S. sanguinis, and Enterococcus faecalis, with corroborating 

MIC/MBC data and evidence of synergism in combinations [41]. Bioactivity-guided 

fractionation further traced activity against E. faecalis to a flavonoid isolated from the 

ethyl acetate fraction, highlighting phenolic metabolites as likely antibacterial principles 
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[42]. In vitro studies on P. amaryllifolius ethanolic leaf extracts also demonstrate clear 

zones of inhibition against S. aureus and E. coli, with in silico docking supporting 

plausible interactions with bacterial targets [42, 43]. At the same time, under biofilm-

like test conditions, a P. conoideus red-fruit extract failed to yield measurable MIC/MKC 

against S. mutans, suggesting delivery barriers can negate otherwise promising 

phytochemicals [44]. Beyond human pathogens, antibacterial benefits extend to 

aquaculture: methanolic P. tectorius leaf extract primed white-leg shrimp and improved 

survival following Vibrio parahaemolyticus challenge while up-regulating immune 

genes, pointing to potential as a plant-based prophylactic [45]. Collectively, these 

findings indicate that Pandanus spp. harbor antibacterial constituents—especially 

flavonoids and other medium-polarity compounds—whose apparent effectiveness 

depends on solvent, species, and biological context; further standardization and in vivo 

validation are warranted. 

1.3.5. Summary of reported bioactivities of Pandanus species 

Table 1.2. Summary of Pandanus species and their reported biological activities. 

Species Plant part / Extract 
Reported 

bioactivities 
Main observations / Notes 

P. amaryllifolius 

Leaves, crude extracts Antioxidant 

Significant free radical scavenging 
and ferric reducing activities; affected 
by extraction conditions and 
geographical origin 

Leaf crude extracts 
Cytotoxicity / 
Anticancer 

In vitro antiproliferative effects 
against MCF-7 breast cancer cells 

Ethanolic extracts and 
alkaloids 

Anti-inflammatory 
Demonstrated anti-inflammatory 
potential and relevance to wound 
healing 

Ethanol and ethyl acetate 
leaf extracts 

Antibacterial 
Activity against Staphylococcus 
aureus and Escherichia coli 

P. canaranus Leaf extracts Antioxidant 
Methanol and ethyl acetate extracts 
showed stronger activity than non-
polar extracts 

P. conoideus 

Fruit extracts Antioxidant 
Ultrasound-assisted extraction 
improved phenolic recovery and 
antioxidant performance 

Ethyl acetate fruit fraction Cytotoxicity 
Reduced viability of HSC-3 oral 
carcinoma cells 

Ethyl acetate fruit extract Antibacterial 
Active against oral pathogens 
including S. mutans, S. sanguinis, and 
E. faecalis 

Red fruit extract Antibacterial 
No measurable MIC/MKC against S. 
mutans under biofilm-like conditions 

P. fascicularis 

Leaf and prop-root extracts Antitumor 
Increased survival and reduced tumor 
mass in murine models 

Leaf and prop-root extracts 
Anti-inflammatory 
/ Analgesic 

Suppressed inflammation in rat paw 
edema models 
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P. odoratissimus 

Roots and leaves 
Cytotoxicity / 
Antitumor 

Suppressed proliferation of Calu-6 
cells and induced apoptosis; reduced 
tumor burden in vivo 

Methanolic leaf extracts Anti-inflammatory 
Reduced edema in acute and chronic 
inflammation models 

P. tectorius 

Fruits and leaves Antioxidant 
Strong antioxidant potential 
associated with phenolic-rich extracts 

Fruit extracts Cytotoxicity 
No significant cytotoxicity toward 
HeLa, HepG2, and MCF-7 cells under 
tested conditions 

Leaf SNEDDS 
formulations 

Anticancer 
Formulated extracts showed 
apoptosis-inducing effects against 
HeLa cells 

Methanolic leaf extract 
Antibacterial / 
Immunostimulatory 

Improved survival of shrimp 
challenged with Vibrio 
parahaemolyticus 

 

1.4. General summary and scope of this thesis 

Pandanus species exhibit rich phytochemical diversity spanning multiple 

metabolite classes, such as lignans, flavonoids, coumarins, phenolics, alkaloids, and 

benzofuran derivatives, documented across several taxa within the genus. Functionally, 

these plants demonstrate notable biological potential: consistent antioxidant activity has 

been reported for multiple species and plant parts, antibacterial effects have been traced 

to defined constituents in bioassays, and broader anti-inflammatory and anticancer 

claims are supported in the pharmacological literature. Collectively, the genus represents 

a promising source of bioactive natural products with relevance to oxidative stress, 

infection control, and inflammation-related conditions.  

The overarching aim of this thesis is to investigate selected chemical constituents 

and to evaluate representative bioactivities of two Pandanus species, including P. 

tectorius and  P. amaryllifolius occurring in Vietnam. To achieve this objective, the 

thesis is structured into six chapters that progressively integrate phytochemical analysis, 

bioactivity evaluation, and optimization of extraction processes, as summarized below. 

Chapter 2 describes the materials, experimental procedures, and analytical 

techniques employed throughout this study, including plant collection and 

authentication, extraction and fractionation methods, chromatographic separation, 

spectroscopic analysis, and biological assays used for activity evaluation. 

Chapter 3 presents a comprehensive phytochemical and bioactivity screening of P. 

tectorius and P. amaryllifolius samples. Quantitative determination of major metabolite 

classes is integrated with antioxidant, enzyme inhibitory, anti-inflammatory, and 
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cytotoxic assays, together with multivariate analysis, to identify chemical–bioactivity 

relationships and to guide the selection of representative materials for further 

investigation. 

Chapter 4 focuses on the isolation, structural elucidation, and bioactivity 

evaluation of individual compounds from P. tectorius leaves. This chapter aims to 

identify key secondary metabolites responsible for the activities observed in the 

screening phase and to establish their chemical structures and biological relevance. 

Chapter 5 addresses the optimization of extraction conditions and the evaluation 

of bioactivities of P. tectorius fruit extracts. By applying experimental design and 

process optimization, this chapter seeks to enhance the recovery of bioactive 

constituents and to assess the resulting extracts for their antioxidant and enzyme 

inhibitory potential. 

Chapter 6 describes the optimization of extraction conditions and the enrichment 

of phenolic fractions from P. amaryllifolius leaves, together with the evaluation of their 

biological activities. This chapter aims to improve the recovery of phenolic compounds 

from an alkaloid-rich matrix and to clarify their contribution to the observed antioxidant 

and bioactive properties. 

These chapters provide a coherent framework for linking phytochemical diversity 

to biological function in Pandanus species, supporting the rational discovery and 

development of bioactive natural products from these plants. 
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CHAPTER 2. MATERIALS AND METHODS 

2.1. Plant materials  

Species names, parts, codes, number of samples, times, and locations of Pandanus 

samples are presented in Table 2.1. These were identified by Dr. Bui Van Thanh, 

Institute of Biology, Vietnam Academy of Science and Technology. Voucher specimens 

of the plants were deposited at the Center for High Technology Research and 

Development, Vietnam Academy of Science and Technology. 

Table 2.1.  The information on the collected Pandanus samples 

No. Species Part Code 
Number of 

samples 
Time 

Location 
(Coordinates) 

1 
Pandanus 
tectorius 

Leaves 

PtL 01-03 3 Feb. 2020 Thanh Oai, Ha Noi 
(20.912181 °N, 
105.737122 °E) 

PtL 04-05 2 Mar. 2021 

PtL 06 1 Jan. 2024 
Na Hang, Tuyen Quang 

(22.407260 °N, 
105.438909 °E) 

PtL 07 1 Aug. 2024 
Quynh Luu, Nghe An 

(19.162208 °N, 
105.730549 °E) 

Fruits 

PtF 01-02 2 Feb. 2020 Thanh Oai, Ha Noi 
(20.912181 °N, 
105.737122 °E) 

PtF 03-04 2 Mar. 2021 

PtF 05 1 Jan. 2024 
Na Hang, Tuyen Quang 

(22.407260 °N, 
105.438909 °E) 

2 
Pandanus 

amaryllifolius 
Leaves 

Pama 01-
03 

3 Apr. 2021 
Tam Dao, Phu Tho 

(21.425607 °N, 
105.615562 °E) 

Pama 04 1 May. 2023 
Ba Vi, Ha Noi 
(21.05096 °N,  
105.23032 °E) 

Pama 05 1 Mar. 2024 
Ba Vi, Ha Noi 
(21.05100 °N,  
105.23031 °E) 

Pama 06 1 Jul. 2024 
Ham Yen, Tuyen Quang 

(22.012317 °N, 
105.083216°E) 

Total 18   
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a)   b)  

Figure 2.1. Leaves of a) P. tectorius and b) P. amaryllifolius 

2.2. Chemicals and instruments 

High-resolution mass spectra (HR-ESI-MS) were obtained with an AGILENT 

6550 iFunnel Q-TOF LC/MS system (Agilent Technologies, US), while ESI-MS was 

measured by a Thermo LCQ Fleet system (Thermo Scientific, US). NMR spectra were 

recorded on a Bruker AM500 FT-NMR spectrometer with tetramethylsilane (TMS) as 

an internal standard. The optical rotations were read on a JASCO P-2000 digital 

polarimeter. Column chromatography (CC) was carried out using Diaion HP-20 resin 

(0.25-0.85 mm, Mitsubishi Chemical Corp., Japan), silica gel 60 (70-230 mesh, Merck, 

Germany), or RP-C18 resin (150 µm, YMC, Japan). HPLC analysis and prep-HPLC 

were conducted on a Thermo Ultimate 3000 HPLC-DAD system (Thermo Scientific, 

US). CD spectra were recorded on a Chirascan CD spectrometer (Applied Photophysics, 

Surrey, UK). 

2.3. Phytochemical analysis and bioactivity assays 

2.3.1. Extraction of the samples 

To prepare the extract for chemical analysis and bioassays, 50 g of each sample 

was extracted in triplicate with 1 L of methanol in a sonication bath at 60°C. The solution 

was filtered and evaporated to yield the total extract. 

2.3.2. Total phenolic assay 

The total phenolic contents of the samples were evaluated by modifying a reported 

method [46]. The external calibration was done with different concentrations of gallic 

acid (10-400 µg/mL). The analytes were prepared by extracting (in triplicate) 2 g of the 

dry sample in 15 mL of methanol in a sonication bath at 60°C for 20 minutes. The 
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solutions were filtered, combined, and made the volume up to 50 mL. Each 100 µL of 

the sample or standard solution was mixed with 400 µL of Folin–Ciocalteu 10% and 

500 µL of Na2CO3 6% and incubated for 15 min at 40 °C.  Its absorbance was measured 

with a UV–Vis. Spectrophotometer at 750 nm. The total phenolic content was calculated 

as mg gallic acid equivalent (mg GAE/g) by using the gallic acid calibration curve. 

2.3.3. Total flavonoid assay 

The total flavonoid contents of the samples were examined using a previous 

method [46]. The external calibration was done with different concentrations of 

quercetin (10-200 µg/mL). The analytes were prepared by the same process as the total 

phenolic assay. Add 100 µL of NaNO2 5% to the 500 µL sample or standard solution 

mix at room temperature for 5 min, then add 100 µL of AlCl3 10% and 500 µL NaOH 

1M to the mixture. Keep the mixture at room temperature for 15 min. Its absorbance 

was measured with a UV–Vis spectrophotometer at 510 nm. The total flavonoid content 

was calculated as mg quercetin equivalent (mg QE/g) by using the quercetin calibration 

curve. 

2.3.4. Total alkaloid assay 

The total alkaloid contents of the samples were quantified by a previous method. 

[47]. The total extracts of the samples were prepared by the same process for bioassay 

as described above. Then, 5 grams of each extract was suspended in 50 mL of water and 

acidified to pH 2 by HCl 1N and partitioned with EA (75 mL × 3 times). The organic 

phase was removed, and the water phase was basified by 1N NaOH to pH 11 and then 

extracted with CH2Cl2 (4 times × 200 mL). The combined CH2Cl2 extracts were 

evaporated under reduced pressure to give total alkaloid mixtures. Total alkaloid content 

was measured by the percentage in weight of the extract (%). 

2.3.5. Total saponin assay 

The total saponin contents (TSC) of the samples were determined by vanillin-

sulphuric acid assay. [48]. 50 µL of each extract or subfraction solution was incubated 

with 50 µL of 8% (w/v) vanillin in ethanol and 1500 µL of sulphuric acid 72% (v/v) for 

15 min at 70 °C. The standards and the reagent blank were made up with various 

concentrations of aescin and the solvent, respectively. Next, the samples were cooled at 

ambient temperature for 5 minutes. The absorbances of the standards and samples were 

measured against the blank at 560 nm. 
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2.3.6. Antioxidant assays 

The antioxidant potential of the extracts was assessed using DPPH and hydroxyl 

radical scavenging assays, following established protocols [49, 50].  

For the DPPH assay, 100 µL of each sample was mixed with 1900 µL of DPPH 

solution in methanol and incubated in the dark at 37°C for 20 minutes. Absorbance was 

measured at 517 nm, with ascorbic acid serving as the reference standard. 

In the hydroxyl radical scavenging assay, a 200 µL aliquot of each test sample was 

added to a mixture containing 400 µL of 50 mM phosphate buffer (pH 7.8), 400 µL of 

2.8 mM deoxyribose, and 400 µL of 500 µM ferrous ammonium sulfate 

[Fe(NH4)2(SO4)2]. The mixture was incubated at 37°C for 1 hour. The reaction was 

terminated by the addition of 1000 µL of 10% (w/v) trichloroacetic acid and 1000 µL of 

1% (w/v) thiobarbituric acid. The resulting solution was then heated in a boiling water 

bath for 15 minutes, and absorbance was measured at 532 nm. Catechin was used as the 

positive control for this assay.  

2.3.7. α-amylase inhibitory activity 

The α-amylase inhibitory activity was determined using a modified version of the 

DNSA method [51]. The substrate was prepared by boiling 1 g of starch in 100 mL of 

phosphate buffer (pH 7.0) for 10 minutes and then allowed to cool to room temperature. 

The DNSA reagent was prepared by dissolving 12 g of sodium potassium tartrate 

tetrahydrate in 8 mL of 2 M NaOH and 20 mL of 96 mM 3,5-dinitrosalicylic acid 

solution. The extracts were initially dissolved in 10% DMSO, followed by further 

dilution in buffer (Na2HPO4/NaH2PO4 (0.02 M), NaCl (0.006 M), pH 6.9) to achieve 

various concentrations. A 200 µL aliquot of each sample solution was mixed with 200 

µL of α-amylase solution (2 units/mL) and incubated at 37°C for 3 minutes. 

Subsequently, 200 µL of the starch substrate was added, and the reaction mixture was 

incubated at 37°C for 15 minutes. The reaction was stopped by adding 200 µL of the 

DNSA reagent, and the solution was boiled for 10 minutes in a water bath at 85–90°C. 

After cooling to room temperature, the absorbance was measured at 650 nm using a 

microplate reader, with acarbose serving as the positive control. 

2.3.8. Cytotoxicity assay 

A549 (human lung carcinoma), K562 (human lymphoblast cell), and MCF7 

(human breast cancer cell) were cultured at 37 °C in RMPI1640 medium supplemented 
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with 10% fetal bovine serum (FBS), 100 U/mL penicillin, and 100 μg/mL streptomycin 

in a 5% CO2 incubator. The viability of cells was evaluated using the 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) method [52]. The cells 

were seeded in 96-well plates at a concentration of 1 × 105 cells/well and treated with 

various concentrations of essential oils (0.3, 1, 3, 10, and 30 μg/mL) and incubated in a 

humidified 5% CO2 atmosphere at 37°C. After 48 h incubation, 0.5 mg/mL MTT was 

added to each well and incubated for another 4 h. After removing the supernatant, 

formazan crystals were dissolved in isopropanol, and the OD values were measured at 

570 nm using a microplate reader. Camptothecin was used as a positive control. 

2.3.9. NO production inhibition assay 

The effects of samples on the NO production in LPS-stimulated RAW 264.7 

macrophage cells, based on the Griess reaction, were examined [53]. The cells were 

seeded in a 96-well plate at a concentration of 0.5 × 105 cells per well and incubated in 

the humidified incubator at 37°C and 5% CO2 for 22 hours. After incubation, cells were 

treated with the sample with concentrations from 3 to 25 µg/mL, then 0.1 mg/mL LPS 

(Sigma Aldrich, USA) was added after 30 minutes. The cells were incubated for the next 

24 hours. Then, 100 μL of the culture supernatant was transferred to another 96-well 

plate and mixed with 100 μL of Griess reagent. The absorbance of the reaction solution 

was read at 570 nm with an iMark microplate reader (BioRad, USA). The remaining 

cells from the original 96-well plate were further used for the cell viability assay (MTT 

assay) [52]. The assay is based on the cleaving action of dehydrogenases in functioning 

mitochondria of living cells on the tetrazolium ring of MTT (3-(4,5-dimethylthazol 2-

yl)-2,5-diphenyl tetrazolium bromide), thus estimating the viable cell number. 

Cardamonin, which is a well-known NO production inhibitor, was used as a positive 

control [52, 53]. 

2.3.10. Statistical analysis 

The data were collected and presented as matrices by MS Excel (Microsoft, US). 

The statistical analysis of the data, such as Kruskal–Wallis test and Partial Least Square 

regression, was conducted using MS Excel and the R programming language. The Box-

Behnken Design-based Response Surface Method was generated on the Design-Expert 

12.0 (Stat-Ease, US). 
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CHAPTER 3.  PHYTOCHEMICALS AND BIOACTIVITIES SCREENING OF 

PANDANUS PLANT SAMPLES 

3.1. Chapter overview 

This chapter presents a systematic phytochemical and bioactivity screening of 

selected Pandanus plant extracts to establish a foundation for subsequent in-depth 

investigations. Eighteen samples representing leaves and fruits of Pandanus tectorius 

and leaves of Pandanus amaryllifolius were evaluated to elucidate interspecific and 

organ-related differences in secondary metabolite composition. Quantitative analyses of 

total phenolics, flavonoids, saponins, and alkaloids were combined with non-parametric 

statistical testing to characterize chemical variability among sample groups. The 

biological potential of the extracts was further assessed through antioxidant, α-amylase 

inhibitory, anti-inflammatory, and cytotoxic assays. Finally, multivariate analysis using 

partial least squares (PLS) regression was applied to integrate chemical composition 

with biological responses and to clarify key structure–activity relationships. These 

results provide a comprehensive screening framework that supports the rational 

selection of representative Pandanus samples and bioactive metabolite classes for 

targeted isolation and detailed characterization in the following chapters. 

3.2. Experimental 

3.2.1. Extraction of the samples 

To prepare the extracts for chemical analysis and bioassays, 50 g of each sample was 

extracted in triplicate with 1 L of methanol in a sonication bath at 60°C. The solution 

was filtered and evaporated to yield the total extract. 

3.2.2. Analytical methods 

Total phenolic, flavonoid, alkaloid, and saponin contents, antioxidant, cytotoxic, 

and NO production inhibitory effects of P. tectorius and P. amaryllifolius extracts were 

evaluated using the protocols as shown in Chapter 2. 

3.3. Phytochemical investigation of the Pandanus tectorius and Pandanus 

amaryllifolius plants’ samples 

The quantitative analysis of the major phytochemical groups—including total 

phenolics (TPC), flavonoids (TFC), saponins (TSC), and alkaloids (TAC)—was 



 

27 

 

conducted on all eighteen Pandanus samples representing three distinct biological 

groups: leaves of P. tectorius, fruits of P. tectorius, and leaves of P. amaryllifolius. The 

complete dataset is summarized in 0, which highlights substantial variability both within 

and between sample categories. As shown in the table, the four phytochemical 

parameters exhibit characteristic concentration patterns that appear to be influenced by 

species identity as well as plant organ. 

As shown, the total phenolic content (TPC) exhibited pronounced variation among 

the three investigated sample groups, namely leaves of P. tectorius (PtL), fruits of P. 

tectorius (PtF), and leaves of P. amaryllifolius (PaL). TPC values ranged from 34.62 to 

127.26 mg GAE/g dry weight across all eighteen samples, indicating substantial 

heterogeneity associated with both species identity and plant organ. At the group level, 

fruits of P. tectorius (PtF) consistently displayed the highest TPC values, with individual 

samples ranging from 92.04 ± 6.97 to 127.26 ± 9.39 mg GAE/g. In contrast, leaves of P. 

tectorius (PtL) showed intermediate phenolic levels (63.14 ± 10.50 to 88.18 ± 12.58 mg 

GAE/g), whereas leaves of P. amaryllifolius (PaL) contained markedly lower amounts 

of phenolic compounds, with TPC values largely below 55 mg GAE/g. A general 

decreasing trend in TPC values from PtF to PtL and PaL was observed at the descriptive 

level, suggesting that both interspecific differences and organ-specific metabolic 

allocation may influence phenolic accumulation in two Pandanus species. 

The non-parametric Kruskal–Wallis test confirmed that these apparent differences 

were statistically significant (χ² = 13.56, df = 2, p = 0.00114), indicating that at least one 

group differed significantly from the others in terms of TPC. Subsequent pairwise 

comparisons using Dunn’s post-hoc test with Benjamini–Hochberg correction further 

clarified the pattern of variation. As shown in the post-hoc results, TPC in PaL samples 

was significantly lower than that in PtF samples (adjusted p = 0.0009, ***), and also 

significantly lower than that in PtL samples (adjusted p = 0.0259, *). In contrast, no 

statistically significant difference was observed between PtF and PtL groups (adjusted 

p = 0.1387, ns), despite the numerically higher mean TPC values recorded for PtF. The 

lack of statistical significance between PtF and PtL groups can be partly attributed to the 

relatively high intra-group variability observed in PtL samples, as reflected by the broad 

range and comparatively large standard deviations reported in Table 3.1. Several PtL 

samples (e.g., PtL01–PtL04) exhibited TPC values approaching those of the lower-end 
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PtF samples, thereby reducing the overall contrast between the two P. tectorius organs 

at the statistical level. Nevertheless, the consistently elevated TPC values in fruits 

suggest a biological trend toward enhanced phenolic accumulation in reproductive 

tissues, which may be linked to protective roles against oxidative stress, microbial attack, 

or herbivory during fruit development. In contrast, the uniformly low TPC levels 

observed in P. amaryllifolius leaves indicate a fundamentally different phenolic 

metabolism compared to P. tectorius. This interspecific disparity may reflect differences 

in genetic background, ecological adaptation, or dominant secondary metabolite 

pathways. Notably, P. amaryllifolius is widely recognized for its characteristic aroma 

and alkaloid-rich profile rather than for phenolic abundance, a feature that is consistent 

with the present quantitative findings. 

In contrast to the broader variability observed for total phenolics, total flavonoid 

content (TFC) showed a more clearly species-driven pattern across the investigated 

Pandanus samples (Table 3.1). Leaves and fruits of P. tectorius consistently exhibited 

substantially higher flavonoid levels (approximately 27–40 mg QE/g) than leaves of P. 

amaryllifolius, in which TFC remained uniformly low and did not exceed 7 mg QE/g. 

This pronounced quantitative separation suggests that flavonoid biosynthesis and 

accumulation are markedly more developed in P. tectorius. The Kruskal–Wallis test 

confirmed a significant overall difference in TFC among the three groups (p = 0.00301). 

Pairwise comparisons further demonstrated that P. amaryllifolius leaves differed 

significantly from both P. tectorius fruits and leaves after Benjamini–Hochberg 

correction (adjusted p = 0.0066 and 0.0073, respectively). In contrast, no statistically 

significant difference was detected between fruits and leaves of P. tectorius (adjusted p 

= 0.6216), despite the slightly higher mean values observed in the fruit samples. This 

result indicates that, unlike total phenolics, flavonoid accumulation in P. tectorius is not 

strongly organ-specific but rather reflects a species-level metabolic trait. The substantial 

overlap in TFC values between PtF and PtL samples supports this interpretation and 

suggests a relatively uniform distribution of flavonoids across vegetative and 

reproductive tissues. 

 



 

29 

 

Table 3.1. Quantitative levels of total phenolics (TPC), flavonoids (TFC), saponins (TSC), and alkaloids (TAC) in the extracts from leaves 

of P. tectorius, fruits of P. tectorius, and leaves of P. amaryllifolius. 

No. Species Part Code Group 
TPC 

(mgGAE/g) 
TFC 

(mgQE/g) 
TSC 

(mgAE/g) 
TAC 
(%) 

1 P. tectorius Leaves PtL01 PtL 82.86 ± 13.58 34.78 ± 5.35 29.13 ± 1.45 1.21 ± 0.25 
2 P. tectorius Leaves PtL02 PtL 78.82 ± 13.53 35.81 ± 6.84 31.46 ± 3.49 1.15 ± 0.15 
3 P. tectorius Leaves PtL03 PtL 88.18 ± 12.58 34.24 ± 7.14 29.19 ± 2.51 1.25 ± 0.16 
4 P. tectorius Leaves PtL04 PtL 86.32 ± 13.56 33.2 ± 3.46 27.04 ± 3.46 1.27 ± 0.28 
5 P. tectorius Leaves PtL05 PtL 70.41 ± 10.88 29.03 ± 4.46 24.13 ± 1.23 ND 
6 P. tectorius Leaves PtL06 PtL 63.14 ± 10.5 27.65 ± 5.05 22.91 ± 2.16 ND 
7 P. tectorius Leaves PtL07 PtL 115.71 ± 8.96 39.85 ± 2.13 48.93 ± 3.85 ND 
8 P. tectorius Fruits PtF01 PtF 127.26 ± 9.39 36.48 ± 1.97 52.59 ± 4.8 ND 
9 P. tectorius Fruits PtF02 PtF 105.68 ± 9.44 38.2 ± 2.18 47.61 ± 2.62 ND 
10 P. tectorius Fruits PtF03 PtF 114.03 ± 8.32 36.37 ± 2.32 51.82 ± 1.67 ND 
11 P. tectorius Fruits PtF04 PtF 93.29 ± 7.42 31.49 ± 1.77 38.83 ± 4.24 ND 
12 P. tectorius Fruits PtF05 PtF 92.04 ± 6.97 31.07 ± 1.7 38.73 ± 3.02 ND 
13 P. amaryllifolius Leaves Pama01 Pama 42.53 ± 5.45 5.27 ± 0.43 7.54 ± 0.69 15.11 ± 0.79 
14 P. amaryllifolius Leaves Pama02 Pama 45.46 ± 5.22 6.57 ± 0.47 8.58 ± 0.58 8.68 ± 0.72 
15 P. amaryllifolius Leaves Pama03 Pama 52.07 ± 4.94 6.97 ± 0.64 9.88 ± 0.75 21.76 ± 0.93 
16 P. amaryllifolius Leaves Pama04 Pama 37.92 ± 8.05 4.36 ± 0.38 11.12 ± 0.75 21.14 ± 1.12 
17 P. amaryllifolius Leaves Pama05 Pama 46.38 ± 7.64 5.78 ± 0.39 8.52 ± 0.96 16.57 ± 1.04 
18 P. amaryllifolius Leaves Pama06 Pama 34.62 ± 4.96 6.92 ± 0.36 8.13 ± 1.01 17.01 ± 1.11 
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 Conversely, the consistently low flavonoid content of P. amaryllifolius leaves 

reinforces the chemical distinction between the two species and highlights flavonoids as 

a discriminating phytochemical marker within the genus Pandanus. 

Total saponin content (TSC) exhibited a distribution pattern that was more strongly 

associated with plant organ than that observed for flavonoids, while still retaining a clear 

species-level differentiation (Table 3.1). Saponin levels in fruits of P. tectorius were 

markedly elevated, ranging from 38.73 ± 3.02 to 52.59 ± 4.80 mg AE/g, and were 

consistently higher than those detected in P. tectorius leaves (22.91 ± 2.16 to 31.46 ± 

3.49 mg AE/g). In contrast, leaves of P. amaryllifolius contained only minor amounts of 

saponins, with TSC values generally below 12 mg AE/g. Statistical analysis using the 

Kruskal–Wallis test confirmed a highly significant overall difference among the three 

sample groups (p = 0.00096). Dunn’s post-hoc comparisons with Benjamini–Hochberg 

correction revealed that saponin levels in P. amaryllifolius leaves were significantly 

lower than those in both P. tectorius fruits (adjusted p = 0.0007) and leaves (adjusted p 

= 0.0295). In contrast, the difference between fruits and leaves of P. tectorius did not 

reach statistical significance (adjusted p = 0.1117), despite the consistently higher TSC 

values observed in fruit samples. The substantial overlap in TSC values between fruits 

and leaves within P. tectorius indicates that saponin biosynthesis is not exclusively fruit-

specific but rather broadly distributed across organs in this species. Conversely, the 

uniformly low saponin content in P. amaryllifolius leaves further underscores the 

marked chemical divergence between the two species and highlights saponins as a 

distinguishing metabolite class within the studied Pandanus taxa. 

In contrast to phenolics, flavonoids, and saponins, total alkaloid content (TAC) 

displayed a markedly distinct distribution pattern among the investigated Pandanus 

samples (Table 3.1). Alkaloids were consistently detected at substantial levels in leaves 

of P. amaryllifolius, with TAC values ranging from 8.68 ± 0.72% to 21.76 ± 0.93%. By 

comparison, alkaloids were largely absent or below the detection limit in fruits of P. 

tectorius and were detected only at trace levels in several leaf samples of P. tectorius, 

indicating a pronounced interspecific divergence in alkaloid accumulation. This 

contrasting pattern was strongly supported by statistical analysis. The Kruskal–Wallis 

test revealed a highly significant overall difference in TAC among the three groups (p = 

0.00103). Dunn’s post-hoc comparisons with Benjamini–Hochberg correction showed 
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that TAC in P. amaryllifolius leaves was significantly higher than in both fruits (adjusted 

p = 0.0011) and leaves (adjusted p = 0.0115) of P. tectorius. In contrast, no statistically 

significant difference was observed between fruits and leaves of P. tectorius (adjusted p 

= 0.2511), consistent with the near absence of alkaloids in both organs. 

High contents of alkaloids in P. amaryllifolius leaves suggest that this species relies 

on a fundamentally different chemical defense strategy compared to P. tectorius, in 

which phenolics, flavonoids, and saponins appear to dominate the secondary metabolite 

profile. This divergence highlights alkaloids as a key species-specific metabolite class 

within the genus Pandanus and provides a biochemical explanation for the distinct 

sensory and ethnobotanical characteristics commonly attributed to P. amaryllifolius. 

Taken together, the combined analysis of TPC, TFC, TSC, and TAC reveals both shared 

and contrasting phytochemical patterns among the three Pandanus sample groups. 

Fruits and leaves of P. tectorius are characterized by consistently high levels of phenolics, 

flavonoids, and saponins, with only moderate organ-dependent variation and substantial 

overlap between vegetative and reproductive tissues. In contrast, leaves of P. 

amaryllifolius exhibit markedly lower contents of these metabolite classes, indicating a 

reduced reliance on phenolic- and saponin-based chemical defenses. 

Overall, while organ-specific effects are evident for certain metabolite classes—

particularly saponins and alkaloids—the dominant driver of phytochemical variation 

across the dataset appears to be species identity. These statistically supported patterns 

provide a robust framework for chemotaxonomic differentiation and for the rational 

selection of target plant materials in subsequent isolation and bioactivity studies. 

3.4. Free radical scavenging and α-amylase inhibitory activities of the Pandanus 

tectorius and Pandanus amaryllifolius plants’ extracts 

The screening results summarized in Table 3.2 reveal marked differences in 

antioxidant and α-amylase inhibitory activities among the three investigated Pandanus 

sample groups. For both DPPH and hydroxyl radical scavenging assays, extracts from 

P. tectorius—including leaves and fruits—consistently exhibited stronger activities than 

those from P. amaryllifolius leaves across all tested concentrations. In particular, P. 

tectorius fruits generally showed the highest scavenging efficiencies, reaching 

approximately 70–76% inhibition at 50 µg/mL in the DPPH assay and comparable levels 

in the hydroxyl radical assay. Although these activities were lower than those of the 
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positive controls (ascorbic acid and catechin), which exhibited strong radical scavenging 

effects under the same experimental conditions, several P. tectorius extracts approached 

the activity range of these standards at higher concentrations, indicating substantial 

antioxidant potential for crude plant extracts. A clear dose-dependent increase in radical 

scavenging activity was observed for all samples, indicating a concentration-responsive 

antioxidant effect. However, the magnitude of this response differed substantially 

among groups. While P. tectorius extracts displayed moderate-to-strong activity even at 

20 µg/mL, P. amaryllifolius leaf extracts showed only weak scavenging effects, rarely 

exceeding 50% inhibition at the higher concentration. In comparison with the positive 

controls, the antioxidant activity of P. amaryllifolius leaves remained markedly lower, 

suggesting a limited contribution of phenolic-type constituents to radical scavenging in 

this species. This pattern mirrors the quantitative phytochemical data, in which P. 

tectorius samples were characterized by significantly higher contents of phenolics and 

flavonoids—compound classes well known for their hydrogen-donating and free 

radical–quenching capacities. The hydroxyl radical scavenging assay exhibited trends 

similar to those of the DPPH assay, although slightly higher variability was observed 

among individual samples. Nevertheless, fruits of P. tectorius again ranked among the 

most active extracts, with inhibition levels at 50 µg/mL reaching values comparable to 

those of the flavonoid standard catechin at similar concentrations. In contrast, the 

consistently low hydroxyl scavenging activity of P. amaryllifolius leaves, which 

remained far below that of the positive control, further supports the notion that this 

species relies less on phenolic-based antioxidant defenses. 

In terms of α-amylase inhibition, P. tectorius extracts demonstrated moderate 

inhibitory activity, particularly at 200 µg/mL, with several fruit and leaf samples 

exceeding 55–60% inhibition. While these values were lower than those observed for 

the positive control acarbose, which showed strong inhibition at the same concentration, 

the activity of P. tectorius extracts is notable given their crude nature. Conversely, P. 

amaryllifolius leaf extracts exhibited only weak inhibitory effects, with inhibition 

percentages remaining below 16% even at the highest tested concentration and far below 

the activity of acarbose.  
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Table 3.2. Screening results of radical scavenging (DPPH and hydroxyl) and α-amylase inhibitory activities of extracts from Pandanus 

species.  

No. Species Part Code 
DPPH scavenging effect, %I Hydroxyl, %I α-amylase inhibition, %I 

20 µg/mL 50 µg/mL 20 µg/mL 50 µg/mL 100 µg/mL 200 µg/mL 
1 P. tectorius Leaves PtL01 29.28 ± 2.97 62.49 ± 2.08 31.24 ± 2.44 63.85 ± 6.71 19.10 ± 1.67 54.87 ± 2.12 
2 P. tectorius Leaves PtL02 23.10 ± 2.08 59.90 ± 4.16 30.50 ± 3.05 61.55 ± 4.66 20.77 ± 1.85 53.98 ± 5.58 
3 P. tectorius Leaves PtL03 32.40 ± 3.28 65.56 ± 3.70 25.22 ± 1.15 68.87 ± 4.67 28.16 ± 1.14 57.64 ± 2.79 
4 P. tectorius Leaves PtL04 26.96 ± 2.74 76.11 ± 3.16 34.97 ± 1.92 73.41 ± 3.77 16.09 ± 0.64 41.21 ± 1.36 
5 P. tectorius Leaves PtL05 21.95 ± 1.57 58.51 ± 2.24 23.37 ± 2.15 60.50 ± 3.42 16.63 ± 1.73 38.10 ± 2.83 
6 P. tectorius Leaves PtL06 18.35 ± 1.01 56.12 ± 4.32 24.23 ± 2.61 55.50 ± 3.98 16.84 ± 1.04 33.87 ± 2.02 
7 P. tectorius Leaves PtL07 22.79 ± 2.09 63.10 ± 2.75 22.32 ± 1.56 68.70 ± 4.47 26.94 ± 1.46 62.43 ± 6.02 
8 P. tectorius Fruits PtF01 35.32 ± 2.93 76.25 ± 7.93 33.05 ± 1.37 73.51 ± 2.33 22.71 ± 1.57 63.51 ± 6.01 
9 P. tectorius Fruits PtF02 23.72 ± 1.42 70.02 ± 5.36 25.42 ± 0.79 71.76 ± 6.90 27.39 ± 2.27 58.43 ± 3.24 
10 P. tectorius Fruits PtF03 32.23 ± 1.21 72.68 ± 4.20 31.15 ± 1.51 72.94 ± 7.42 18.99 ± 2.02 56.82 ± 6.04 
11 P. tectorius Fruits PtF04 29.57 ± 2.65 70.58 ± 5.45 35.94 ± 1.46 72.23 ± 2.98 22.66 ± 1.20 59.31 ± 3.16 
12 P. tectorius Fruits PtF05 22.70 ± 1.16 68.91 ± 2.19 29.17 ± 2.46 70.78 ± 5.26 21.88 ± 2.28 58.32 ± 4.15 
13 P. amaryllifolius Leaves Pama01 16.27 ± 1.71 46.07 ± 4.91 11.95 ± 0.47 32.12 ± 1.24 6.27 ± 0.20 12.78 ± 0.65 
14 P. amaryllifolius Leaves Pama02 20.98 ± 1.03 46.92 ± 3.22 10.97 ± 0.77 34.00 ± 2.85 5.02 ± 0.37 13.78 ± 1.45 
15 P. amaryllifolius Leaves Pama03 19.23 ± 0.77 51.41 ± 4.76 22.29 ± 1.91 46.63 ± 2.45 6.97 ± 0.56 14.87 ± 0.64 
16 P. amaryllifolius Leaves Pama04 13.99 ± 1.35 37.31 ± 1.37 15.49 ± 1.18 31.60 ± 2.62 7.04 ± 0.27 15.32 ± 0.51 
17 P. amaryllifolius Leaves Pama05 16.88 ± 0.71 48.73 ± 3.36 18.65 ± 0.86 42.66 ± 3.76 5.21 ± 0.21 13.51 ± 0.88 
18 P. amaryllifolius Leaves Pama06 16.41 ± 0.73 33.47 ± 2.32 12.47 ± 1.18 30.37 ± 2.78 6.49 ± 0.41 13.06 ± 1.43 

Control Ascorbic acid *   38.49 ± 4.38 88.23 ± 6.21         
Control Catechin **       32.44 ± 2.24 79.44 ± 8.97     
Control Acarbose***           49.31  ± 5.31 81.17 ± 5.62 
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Overall, the bioactivity profiles presented in Table 3.2 align closely with the 

phytochemical composition patterns observed for TPC, TFC, and TSC. While the 

activities of the crude Pandanus extracts are generally lower than those of purified 

positive controls, P. tectorius—particularly its fruits—emerges as a rich source of 

antioxidant and moderate α-amylase inhibitory constituents. In contrast, P. 

amaryllifolius leaves display comparatively limited activity in these assays. These 

results not only corroborate the chemical differentiation between the two species but 

also support the selection of P. tectorius—especially fruit material—as a promising 

candidate for further bioactivity-guided isolation and mechanistic studies. 

3.5. NO production inhibitory and cytotoxic effects of the Pandanus plants’ 

extracts 

To further evaluate the anti-inflammatory potential and cellular safety of the 

investigated Pandanus extracts, selected representative samples were assessed for their 

inhibitory effects on nitric oxide (NO) production in LPS-stimulated RAW264.7 

macrophages, as well as for cytotoxicity against A549, K562, and MCF7 cancer cell 

lines. Owing to the limited amount of extract obtained from several samples, only those 

available in sufficient quantity were selected for bioassays and thus considered 

representative of their respective sample groups. 

Table 3.3. Inhibitory effects of Pandanus extracts on NO production in LPS-stimulated 

RAW264.7 macrophages at 30 and 100 µg/mL 

Sample Part Conc. 
NO inhibition on RAW264.7 

%I % cell survival 
LPS 0.1   98.75 ± 1.46 

Cardamonin* 
2.5 µg/mL 46.40 ± 4.39 121.53 ± 5.37 
10 µg/mL 78.54 ± 1.76 109.32 ± 5.04 

PtL01 Leaves 
30 µg/mL 21.02 ± 1.65 111.70 ± 2.46 

100 µg/mL 59.23 ± 2.86 103.61 ± 2.44 

PtF01 Fruits 
30 µg/mL 28.17 ± 0.73 120.31 ± 4.70 

100 µg/mL 57.45 ± 6.66 119.81 ± 3.46 

Pama01 Leaves 
30 µg/mL 48.35 ± 2.56 105.83 ± 7.31 

100 µg/mL 92.91 ± 0.95 18.50 ± 4.26 

Pama02 Leaves 
30 µg/mL 16.06 ± 5.34 115.78 ± 1.54 

100 µg/mL 53.67 ± 1.48 122.85 ± 1.42 
* Positive control 
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As shown in Table 3.3, all tested extracts exhibited concentration-dependent 

inhibition of NO production in LPS-stimulated RAW264.7 cells. Extracts from P. 

tectorius leaves (PtL01) and fruits (PtF01) displayed moderate NO inhibitory activity, 

with inhibition values of approximately 21–28% at 30 µg/mL, increasing to around 57–

59% at 100 µg/mL. Importantly, these inhibitory effects were accompanied by high cell 

viability (>100%), indicating that the observed reduction in NO production was not 

attributable to cytotoxic effects. In contrast, P. amaryllifolius leaf extracts showed more 

divergent behavior. Pama02 exhibited moderate NO inhibition at 100 µg/mL (53.67%) 

while maintaining excellent cell viability (>120%), suggesting a genuine anti-

inflammatory effect. Conversely, Pama01 displayed strong NO inhibition at 100 µg/mL 

(92.91%); however, this effect was accompanied by a dramatic decrease in cell survival 

(18.50%), indicating that NO suppression in this case was largely associated with 

cytotoxicity rather than selective inhibition of inflammatory signaling. 

On the other hand, the cytotoxic activities of selected Pandanus extracts against 

A549 (lung carcinoma), K562 (chronic myelogenous leukemia), and MCF7 (breast 

carcinoma) cell lines are summarized in Table 3.4.  

Table 3.4. Cytotoxicity of Pandanus extracts against A549, K562, and MCF7 cell lines 

at 25 and 100 µg/mL, expressed as percentage cell survival.  

Sample Part Conc. 
% Cell survival in cytotoxic assay 

A549 K562 MCF7 

Camptothecin* 
0,25 µg/mL 71.38 ± 5.07 76.81 ± 5.09 80.28 ± 6.43 
1 µg/mL 57.73 ± 8.55 49.22 ± 5.29 57.79 ± 3.23 

PtL01 Leaves 
25 µg/mL 68.11 ± 1.26 68.78 ± 4.49 75.76 ± 7.55 
100 µg/mL 78.37 ± 3.70 40.54 ± 0.81 70.05 ± 2.33 

PtF01 Fruits 
25 ug/mL 92.13 ± 11.53 32.33 ± 2.24 86.79 ± 6.59 
100 ug/mL 71.13 ± 11.05 30.59 ± 1.15 76.33 ± 3.01 

Pama01 Leaves 
25 µg/mL 78.61 ± 5.21 48.46 ± 7.42 86.11 ± 5.51 
100 µg/mL 79.51 ± 0.81 36.25 ± 3.55 58.96 ± 2.23 

Pama02 Leaves 
25 ug/mL 94.36 ± 8.54 70.16 ± 3.11 88.93 ± 3.77 
100 ug/mL 54.63 ± 2.44 76.26 ± 3.42 71.63 ± 4.64 

* Positive control 

In general, most extracts exhibited weak to moderate cytotoxicity, with 

pronounced cell line–dependent effects. Extracts from P. tectorius demonstrated 

selective cytotoxicity toward K562 cells. Both leaf (PtL01) and fruit (PtF01) extracts 

reduced K562 cell viability to approximately 30–41% at 100 µg/mL, while exerting 

considerably weaker effects on A549 and MCF7 cells, for which cell survival generally 

remained above 70%. This selective sensitivity of K562 cells suggests potential activity 
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against hematological malignancies rather than solid tumors. P. amaryllifolius leaf 

extracts showed a more variable cytotoxic profile. Pama01 exhibited moderate 

cytotoxicity against K562 and MCF7 cells at 100 µg/mL, whereas Pama02 displayed 

relatively low cytotoxicity across all three cell lines, with the exception of A549 cells at 

the higher concentration. Notably, none of the extracts approached the potency of the 

positive control camptothecin, indicating that the observed effects are moderate in 

magnitude. 

Taken together, the NO inhibition and cytotoxicity assays reveal that P. tectorius 

extracts combine moderate anti-inflammatory activity with acceptable cellular safety, 

particularly at concentrations relevant to antioxidant and enzyme inhibitory assays. In 

contrast, P. amaryllifolius extracts exhibit stronger but less selective biological effects, 

likely reflecting the higher alkaloid content of this species. These findings further 

support the notion of distinct bioactivity profiles between the two Pandanus species and 

underscore the importance of integrating phytochemical composition with functional 

bioassays when evaluating the therapeutic potential of plant extracts. 

3.6. Multivariate correlation between chemical compositions and bioactivities of 

Pandanus plant extracts 

To comprehensively elucidate the relationships between phytochemical 

composition and biological activities of Pandanus plant extracts, partial least squares 

(PLS) regression was employed as a multivariate analytical approach. Unlike univariate 

analyses, PLS enables simultaneous integration of multiple chemical variables—total 

phenolics (TPC), flavonoids (TFC), saponins (TSC), and alkaloids (TAC)—with diverse 

biological responses, including antioxidant, enzyme inhibitory, anti-inflammatory, and 

cytotoxic activities. The predictive performance of the PLS model was further evaluated 

using the coefficients of determination (R²) and cross-validated predictability (Q²). The 

overall R² (mean across all response variables) reached 0.7466, indicating that 

approximately 75% of the total variance in the bioactivity data could be explained by 

the four phytochemical descriptors (TPC, TFC, TSC, and TAC). This demonstrates a 

strong explanatory power of the model and confirms that the selected chemical variables 

capture most of the biological information in the dataset. The adjusted values of R² and 

Q² indicate that the PLS model is well-suited for predicting and interpreting the 

relationships between phytochemical composition and antioxidant as well as α-amylase 
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inhibitory activities, which showed strong and consistent correlations with the chemical 

variables. In contrast, the predictive performance for NO inhibition and cytotoxic 

activities is less reliable, mainly due to the limited sample size and the higher biological 

complexity of these responses. Therefore, while the model provides robust insights into 

chemical drivers of antioxidant and enzyme inhibitory effects, correlations involving 

anti-inflammatory and cytotoxic activities should be interpreted with caution. 

Model performance and interpretability were evaluated by combining cross-

validation (CV) results (Figure 3.1), correlation coefficients between X and Y variables, 

variable importance in projection (VIP) scores, and the proportion of variance explained 

by individual latent components. Cross-validation results (Figure 3.1) demonstrated a 

pronounced reduction in RMSEP values upon inclusion of the first latent component for 

all investigated biological activities, indicating that the dominant structure–activity 

relationships were captured at an early stage of model construction. For antioxidant 

activities (DPPH and hydroxyl radical scavenging) and α-amylase inhibition, RMSEP 

values reached a minimum with one component and remained stable thereafter, 

suggesting relatively simple and largely linear relationships between chemical 

composition and bioactivity. In contrast, NO inhibition and cytotoxic effects—

particularly against K562 cells—required two components to achieve optimal predictive 

performance, reflecting greater biological and mechanistic complexity. The close 

overlap between CV and adjCV curves across all models indicates statistical stability 

and the absence of severe overfitting, despite the limited number of samples. The 

reliability of the model was further supported by the distribution of explained variance. 

The first PLS component accounted for 91.52% of the total variance in the chemical 

dataset, while the second component explained an additional 6.78%, together capturing 

more than 98% of the variance. This result indicates that phytochemical variability 

among the studied samples is dominated by a single major compositional gradient, with 

minor secondary contributions. VIP analysis showed that all four chemical variables 

contributed meaningfully to the model, with VIP values close to or exceeding the 

threshold of 1 across components, confirming that no variable was redundant and that 

the model retained chemical interpretability. 
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Figure 3.1. Cross-validation performance of PLS regression models used to evaluate 

the relationship between phytochemical composition and biological activities of 

Pandanus plant extracts. 

Correlation analysis between chemical variables and biological responses revealed 

clear and biologically coherent patterns. Strong positive correlations were observed 

between TPC, TFC, and TSC and antioxidant activities, including DPPH and hydroxyl 

radical scavenging, as well as α-amylase inhibition. These relationships indicate that 

phenolic-, flavonoid-, and saponin-rich extracts are the primary drivers of antioxidant 

and enzyme inhibitory effects in Pandanus species. In contrast, TAC displayed strong 

negative correlations with these activities, highlighting an inverse relationship between 

alkaloid abundance and phenolic-type bioactivities at the multivariate level. 

The PLS biplot (Figure 3.2) provides a clear visual representation of these 

relationships. Vectors corresponding to TPC, TFC, and TSC are closely aligned and 

oriented toward DPPH scavenging, hydroxyl scavenging, and α-amylase inhibition, 

indicating strong positive associations and a shared chemical basis for these activities. 

Their opposite orientation relative to TAC further confirms the antagonistic relationship 

between alkaloid-rich and phenolic-rich chemical profiles. 
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Figure 3.2. PLS biplot showing the relationships between phytochemical variables 

(TPC, TFC, TSC, and TAC; arrows) and biological activities (circles) of Pandanus 

plant extracts based on the first two latent components. 

For NO inhibition and cytotoxic responses, a more complex pattern emerges. TAC 

is strongly oriented toward NO inhibition and cytotoxicity against MCF7 cells, 

indicating that alkaloids play a dominant role in these responses. However, the biplot 

also reveals that cytotoxicity—particularly against K562 cells—is not exclusively 

associated with TAC. The TPC and TSC vectors form acute angles with K562 

cytotoxicity and, to a lesser extent, MCF7 cytotoxicity, indicating positive contributions 

of phenolic- and saponin-related constituents to these effects. This interpretation is 

consistent with correlation analysis, in which TPC and TSC exhibited positive 

correlations with K562 cytotoxicity, and with cross-validation results showing that two 

latent components are required to adequately model this response. 

In contrast, cytotoxicity against A549 cells shows weaker and less structured 

associations with individual chemical variables in both the correlation matrix and the 

biplot, consistent with its relatively poorer predictive performance in the CV analysis. 

This suggests that A549 cytotoxicity may depend on additional factors not fully captured 

by the four global phytochemical descriptors used in the present model. 

Taken together, the integration of cross-validation performance, explained 

variance, correlation analysis, VIP profiling, and biplot visualization demonstrates that 
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the constructed PLS model is both statistically robust and chemically meaningful. 

Antioxidant and α-amylase inhibitory activities of Pandanus extracts are predominantly 

governed by phenolic-, flavonoid-, and saponin-rich chemical profiles, whereas NO 

inhibition and cytotoxic effects arise from combined contributions of alkaloids and 

phenolic-type constituents, with variable dominance depending on the specific 

biological endpoint. This multivariate framework highlights the functional partitioning 

and partial overlap of metabolite classes within Pandanus species and provides a 

coherent interpretation of the complex chemical–bioactivity relationships observed in 

this study. 

3.7. Chapter summary 

A comprehensive screening of phytochemical composition and biological 

activities of P. tectorius and P. amaryllifolius extracts was conducted, revealing clear 

interspecific and organ-dependent patterns. Quantitative analysis demonstrated that 

fruits and leaves of P. tectorius are characterized by consistently high levels of phenolics, 

flavonoids, and saponins, whereas leaves of P. amaryllifolius contain markedly lower 

amounts of these metabolite classes but are distinguished by a high alkaloid content. 

Statistical evaluation confirmed that species identity represents the primary driver of 

phytochemical variation, while organ-specific effects contribute additional but 

secondary differentiation. Bioactivity screening showed that P. tectorius extracts, 

particularly those derived from fruits, exhibit strong antioxidant activity and moderate 

α-amylase inhibition, in agreement with their phenolic- and saponin-rich chemical 

profiles. In contrast, P. amaryllifolius leaf extracts displayed comparatively weaker 

antioxidant and enzyme inhibitory activities but showed more pronounced effects in NO 

inhibition and selected cytotoxic assays, reflecting the functional relevance of their 

alkaloid-dominated composition. Importantly, most extracts exhibited moderate activity 

levels and acceptable cellular safety, indicating genuine biological effects rather than 

nonspecific cytotoxicity. Multivariate PLS analysis further integrated these findings by 

demonstrating robust correlations between phytochemical composition and biological 

responses. Antioxidant and α-amylase inhibitory activities were primarily associated 

with phenolic-, flavonoid-, and saponin-rich profiles, whereas NO inhibition and 

cytotoxicity were governed by combined contributions of alkaloids and phenolic-type 

constituents, with variable dominance depending on the biological endpoint. The PLS 
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model was shown to be statistically stable and chemically interpretable, providing a 

coherent framework for understanding overlapping and distinct roles of major 

metabolite classes in Pandanus species. 

Taken together, the results presented in this chapter indicate that all three 

investigated sample groups—P. tectorius leaves, P. tectorius fruits, and P. amaryllifolius 

leaves—represent valuable and complementary sources of bioactive natural products. 

While P. tectorius samples are particularly promising for the discovery of antioxidant 

and enzyme inhibitory compounds, P. amaryllifolius leaves offer distinct potential for 

alkaloid-associated anti-inflammatory and cytotoxic activities. These findings provide a 

solid scientific basis for the selection of representative samples and targeted metabolite 

classes, which will be explored in greater depth through isolation, structural elucidation, 

and mechanistic studies in the subsequent chapters of this thesis. 
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CHAPTER 4. ISOLATION, STRUCTURE ELUCIDATION, AND BIOACTIVITY 

EVALUATION OF COMPOUNDS FROM PANDANUS TECTORIUS LEAVES 

4.1. Chapter overview 

Two novel benzofuran derivatives, Pandanusfuran A and Pandanusfuran B, along 

with four known lignans, were isolated from the leaves of Pandanus tectorius. The 

structures of these compounds were comprehensively determined using advanced 

spectroscopic techniques, including nuclear magnetic resonance (NMR), high-resolution 

mass spectrometry (HRMS), and electronic circular dichroism (ECD). The absolute 

configurations were elucidated using Snatzke's method, a sophisticated approach 

exploiting induced circular dichroism (ICD) in dimolybdenum tetraacetate complexes. 

This combination of spectroscopic methods provided clear structural assignments, 

particularly distinguishing between epimers. The benzofuran derivatives isolated from P. 

tectorius added valuable chemotaxonomic markers and expanded the chemical diversity of 

this genus. 

4.2. Samples 

Leaves of P. tectorius were collected from Thanh Oai town, on the outskirts of Hanoi 

City of Vietnam, in March 2021 and identified by Dr. Bui Van Thanh, formerly of the 

Institute of Ecology and Biological Resources, currently the Institute of Biology, Vietnam 

Academy of Science and Technology. The voucher specimens were deposited at the 

Institute of Biology (HN00128210208)  and the Center for High Technology Research and 

Development (NCCG 210208), Vietnam Academy of Science and Technology. 

4.3. Isolation of compounds from the Pandanus tectorius leaves 

Dried powder (3.5 kg) of P. tectorius leaves was extracted three times with methanol 

(MeOH) in a sonication bath. The combined extracts were concentrated to obtain the 

residue (178 g), which was suspended in water (2 L) and then successively partitioned with 

hexane (2 L × 3 times) and ethyl acetate (EtOAc) (2 L × 3 times) to afford the corresponding 

fractions, respectively. The EtOAc fraction (37.5 g) was subjected to a silica gel 

chromatography column (CC) with gradient mixtures of CH2Cl2–MeOH (1/0-0/1, v/v) to 

afford seven subfractions (E1- E7). The fraction E4 (689 mg) was separated using silica 

gel eluted with n-hexane–acetone (3/1, v/v) followed by preparative HPLC (90 min, 50-
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80% MeOH in H2O) to yield the compounds Pt1 (5.1 mg) and Pt2 (3.5 mg). Fraction E3 

(2.68 g) was chromatographed on a silica gel CC eluted with CH2Cl2–acetone (10/1, v/v) 

to afford compound Pt3 (24.7 mg) and compound Pt4 (32.1 mg). Fraction E6 (3.72 g) was 

isolated using a YMC RP-C18 column eluted with MeOH–water (3:1, v/v) to yield 

compound Pt5 (14.9 mg) and compound Pt6 (22.3 mg).  

The absolute configuration of compounds Pt1 and Pt2 was elucidated by their ECD 

spectra in combination with the ECD measurement of their Mo2(OAc)4 complex (Snatzke’

s method). For the preparation of the complex, 0.5 mg of each compound was mixed with 

1.2 mg of Mo2(OAc)4 and then dissolved in 1.5 mL of anhydrous DMSO. The ECD 

spectrum was measured right after dissolving the mixture in the range of 250-500 nm. After 

20 minutes, the stationary ICD spectrum was used to subtract the previous ECD spectrum. 

The Cotton effect at 290-340 nm in the ICD spectrum was correlated to the absolute 

configuration of the diol moiety.  

To check if these compounds might be artefacts of the extracting process in methanol, 

we performed an HPLC-DAD analysis on the ethanol extract of the plant material (1 g of 

the P. tectorius leaves were extracted in 25 mL of ethanol 90%, in triplicated, then 

combined the solution and evaporated the solvent to gain the ethanol extract). The extract 

was subsequently analyzed using an HPLC-DAD system (Agilent 1100) equipped with a 

Hypersil Gold C18 column (250 × 4.6 mm, 5 µm). Separation was performed under 

isocratic elution with 35% methanol over 20 min at a flow rate of 1.0 mL/min. Detection 

was carried out using a DAD detector set at 254 nm. 

Pandanusfuran A (Pt1): white amorphous powder; HR-ESI-MS: m/z 253.1071 

[M+H] + (calc for C13H17O5, 253.1076); [�]�
�� -32.2; CD (MeOH) λmax (mdeg): 220 (+1,73), 

264 (-6,66); 1H NMR (DMSO-d6, 600 MHz): see Table 4.1; 13C NMR (DMSO-d6, 150 

MHz): see Table 4.1. 

Pandanusfuran B (Pt2): White amorphous powder; HR-ESI-MS: m/z 287.0697 

[M+Cl]- (calc for C13H17O5Cl, 287.0686); [�]�
�� -41.5; 1H NMR (DMSO-d6, 600 MHz): 

see Table 4.2; 13C NMR (DMSO-d6, 150 MHz): see Table 4.2. 

Pinoresinol (Pt3): Yellow oil; ESI-MS: m/z 359 [M+H]+, m/z 341 [M+H-H2O]+, m/z 

739 [2M+Na]+; molecular formula: C20H22O6 (358 g/mol);  1H NMR (CDCl3, 600 MHz): 

see Table 4.3; 13C NMR (CDCl3, 150 MHz): see Table 4.3. 



 

44 

 

Pinoresinol monomethyl ether (Pt4): Pale yellow oil; ESI-MS: m/z 373 [M+H]+, m/z 

395 [M+Na]+; molecular formula: C21H24O6 (372 g/mol);  1H NMR (CDCl3, 600 MHz): 

see Table 4.4; 13C NMR (CDCl3, 150 MHz): see Table 4.4. 

Arctigenin (Pt5): Pale yellow oil; ESI-MS: m/z 373 [M+H]+, m/z 767 [2M+Na]+; 

molecular formula: C21H24O6 (372 g/mol); 1H NMR (CDCl3, 600 MHz): see Table 4.5; 13C 

NMR (CDCl3, 150 MHz): see Table 4.5. 

Matairesinol (Pt6): Yellow oil; ESI-MS: m/z 359 [M+H]+, m/z 739 [2M+Na]+; 

molecular formula: C20H22O6 (358 g/mol); 1H NMR (CDCl3, 600 MHz): see Table 4.6; 13C 

NMR (CDCl3, 125 MHz): see Table 4.6. 

4.4. Structure elucidation of the isolated compounds from Pandanus tectorius leaves 
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Figure 4.1. Structures of six isolated compounds from Pandanus tectorius leaves 
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4.4.1. Compound Pt1: (8R, 9S)-9,10-dihydroxypropan-8-yl)-7,8-dihydrobenzofuran-5-

carboxylate (Pandanusfuran A) 

4

5
6

1

2
3

7

8O

9

10

11

OH

H
12O

O

HO

Pt1  

Figure 4.2. The structure of Pt1 

Compound Pt1 was isolated as a white amorphous powder that generated [M+H]+ 

ion with the mass-to-charge ratio (m/z) value of 253.1071 when analyzed by HR-ESI-MS 

(Figure 4.3), suggesting the molecular formula C13H16O5. 

 

Figure 4.3. HR-ESI-MS spectrum of Pt1 

 1H NMR spectrum of compound Pt1 (Figure 4.4) showed the signals of three 

aromatic protons of an ABX system [6.79 (1H, d, J = 8.4 Hz, H-3), 7.73 (1H, dd, J = 8.4, 

1.8 Hz, H-4), 7.77 (1H, d, J = 1.8 Hz, H-6)] which were also supported by the COSY 

correlation of H-3 and H-4; two pairs of methylene protons at δH 3.14 (1H, dd, J = 8.4, 

16.2 Hz, H-7a), 3.25 (1H, dd, J = 9.6, 16.2 Hz, H-7b), 3.53  (1H, dd, J = 6.0, 10.2 Hz, H-

10a), 3.27  (1H, dd, J = 5.4, 10.2 Hz, H-10b); an oxymethine sp3 proton at δH 4.84 (1H, dd, 

J = 8.4, 9.6 Hz, H-8), a methyl group at δH 1.04 (3H, s, H-11) and a methoxy group at 3.79 

(3H, s, 12-O-CH3). 
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Figure 4.4. 1H NMR spectrum of Pt1 
13C and HSQC spectra of the compound (Figure 4.5, Figure 4.6) exhibited signals of 

one methyl (δC 20.7, C-11), one methoxy (δC 51.7, 12-O-CH3), one conjugated carbonyl 

(δC 166.0, C-12), two quaternary sp2 [δC 128.6 (C-1), 121.3 (C-5)], three methines sp2 [δC 

130.2 (C-4), 126.0 (C-6), 108.5 (C-3)], one oxy-quaternary sp2 (δC 164.0, C-2), one 

methylene sp3 (δC 28.6, C-7), and one oxymethine sp3 (δC 86.7, C-8). The HMBC spectrum 

showed the correlations of aromatic protons and carbons, such as H-3 (δH 6.79) with C-1 

(δC 128.6), C-5 (δC 121.3), H-4 (δH 7.73) with C-2 (δC 164.0), C-6 (δC 126.0), H-6 (δH 7.77) 

with C-2 (δC 164.0), and C-4 (δC 130.2). The position of the furan ring was determined by 

the HMBC correlations of H-7 (δH 3.14 and 3.25) and H-8 (δH 4.84) with C-1 (δC 128.6) 

and C-2 (δC 164.0), and H-7 (δH 3.14 and 3.25) with C-6 (δC 126.0). The position of the 

dihydroxy isopropyl group was identified by the HMBC correlations of H-10 (δH 3.27 and 

3.53) and H-11 (δH 1.04) with C-8 (δC 86.7). NMR spectra of compound Pt1 were highly 

similar to those of gasphostrin D, a reported benzofuran derivative [54] (Table 4.1). 

However, compound Pt1 exhibited one more methoxy group than the reported compound, 
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and the HMBC correlation between methoxy protons (δH 3.79) and C-12 (δC 166.0) might 

reveal the methylation of the carboxyl group (Figure 4.7).  

 

 

Figure 4.5. 13C NMR spectrum of Pt1 
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Figure 4.6. HSQC spectrum of Pt1 
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Figure 4.7. HMBC spectrum and key HMBC correlations of Pt1 
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Table 4.1.  1H NMR and 13C NMR data of Pt1 and gasphostrin D in DMSO-d6 

No. 

Pt1  (DMSO-d6) Gasphostrin D (DMSO-d6) 

13C (150 MHz) 1H (600 MHz) 
13C (300 
MHz) 

1H (75 MHz) 

1 128.6 C   128.4   

2 164.0 C   163.6   

3 108.5 CH 6.79 (1H, d, J = 8.4 Hz) 108.4 6.79 (1H, d, J = 8.3 Hz) 

4 130.2 CH 7.73(1H, dd, J = 8.4, 1.8 Hz) 130.8 7.83 (1H, dd, J = 8.3; 1.8 Hz) 

5 121.2 C   122.6   

6 126.0 CH 7.77 (1H, d, J = 1.8 Hz) 126.4 7.76 (1H, d, J = 1.8 Hz) 

7 
28.6 CH2 

3.14 (1H, dd, J = 8.4, 16.2 Hz) 
28.7 3.19, m 

7 3.25 (1H, dd, J = 9.6, 16.2 Hz) 

8 86.7 CH 4.84 (1H, dd, J = 8.4, 9.6 Hz) 86.5 4.83 (1H, dd, J = 9.7; 8.1 Hz) 

9 72.7 C   72.5   

10 66.0 CH2 
3.53  (1H, dd, J = 6.0, 10.2 Hz) 

66.7 3.33, m 
3.27  (1H, dd, J = 5.4, 10.2 Hz) 

11 20.7 CH3 1.04 (3H, s) 20.0 1.09, s 

12 166.0 C   167.2   

12-O-Me 51.7 CH3 3.79 (3H, s)     
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The absolute configuration of C-8 of compound Pt1 was determined by comparison 

of the experimental ECD spectrum to the referenced spectra [54]. The experimental ECD 

spectrum of compound Pt1 (Figure 4.8) showed opposite trends of Cotton effects to 

gasphostrin D (8S, 9R) and was well-matched with the calculated ECD spectrum of the 8R, 

9R derivative of this compound [54]. Thus, the absolute configuration of C-8 was 

determined as R.  

 

Figure 4.8. Experimental ECD spectra of Pt1 and Pt2; (b) experimental and 

theoretically calculated ECD spectra of 8S,9R- gasphostrin D and 8R,9R- gasphostrin D 

(compound 4) from the reference [54] 

 

ECD spectra of Pt1 and Pt2 

UV wavelength 
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Besides, Snatzke’s method was applied to elucidate the absolute configuration of C-

9. The induced negative Cotton effect at 324 nm revealed an S configuration of C-9 (Figure 

4.9). 

 

 

Figure 4.9. ICD spectra of the Mo2(OAc)4 complex of (a) Pt1 and Pt2 and (b) 8S,9R- 

gasphostrin D in DMSO from the reference [54] 

 

Moreover, the negative optical rotation of the compound Pt1 ([�]�
��  -32.2) was 

opposed to gasphostrin D ([�]�
��  +78.9) and matched to several similar 2R-benzofuran 

derivatives [55]. Significant chemical shift difference between H-10a [δH 3.53  (1H, dd, J 

= 5.0, 8.5 Hz)] and H-10b [δH 3.27  (1H, dd, J = 5.0, 8.5 Hz)] was in good agreement with 

those of (8S, 9S)-dihydrofurocoumarin and (8S, 9S)-diacetatefurocoumarin, meanwhile, 

the 9R-derivatives showed a smaller difference between chemical shifts of these two 

protons [56]. These indicated S-configuration of C-9 of compound Pt1.  
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Thus, the compound was assigned as methyl (R)-8-((S)-9,10-dihydroxypropan-8-yl)-

7,8-dihydrobenzofuran-5-carboxylate, a new compound, and named Pandanusfuran A.  

4.4.2. Compound Pt2: (8R, 9R)-9,10-dihydroxypropan-8-yl)-7,8-dihydrobenzofuran-

5-carboxylate (Pandanusfuran B) 
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Figure 4.10. The structure of Pt2 

 

Compound Pt2 was isolated as a white amorphous powder. The molecular formula 

of compound Pt2 was determined as C13H16O5 by the HRESIMS (Figure 4.11) at m/z 

287.0697 [M+Cl]-.  

 

Figure 4.11. HR-ESI-MS spectrum of Pt2 

 

 1H NMR spectrum of compound Pt2 (Figure 4.12) showed the signals of three 

aromatic protons of an ABX system [6.81 (1H, d, J = 8.4 Hz, H-3), 7.73(1H, dd, J = 8.4, 

1.8 Hz, H-4), 7.78 (1H, d, J = 1.8 Hz, H-6)]; two pairs of methylene protons at δH 3.13 (1H, 

dd, J = 9.6, 16.2 Hz, H-7a), 3.26 (1H, dd, J = 8.4, 16.2 Hz, H-7b), and 3.32 (2H, overlap, 

H-10); an oxymethine sp3 proton at δH 4.83 (1H, dd, J=  9.6, 8.4 Hz, H-8), a methyl group 

at δH 1.04 (3H, s, H-11) and a methoxy group at 3.79 (3H, s, 12-O-CH3). 
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Figure 4.12. 1H NMR spectrum of Pt2 

.  

Figure 4.13. 13C NMR spectrum of Pt2 
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13C and HSQC spectra of the compound (Figure 4.13 & Figure 4.14) exhibited signals 

of one methyl (δC 19.9, C-11), one methoxy (δC 51.7, 12-O-CH3), one conjugated carbonyl 

(δC 166.0, C-12), two quaternary sp2 [δC 128.7 (C-1), 121.4 (C-5)], three methines sp2 [δC 

130.2 (C-4), 126.1 (C-6), 108.6 (C-3)], one oxy-quaternary sp2 (δC 163.9, C-2), one 

methylene sp3
 (δC 28.6, C-7), and one oxymethine sp3 (δC 86.6, C-8).  

 

Figure 4.14. HSQC spectrum of Pt2 
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The HMBC spectrum (Figure 4.15) showed the correlations of H-3 (δH 6.81) with C-

1 (δC 128.7), C-5 (δC 121.4), H-4 (δH 7.73) with C-2 (δC 163.9), C-6 (δC 126.1), H-6 (δH 7.78) 

with C-2 (δC 163.9), and C-4 (δC 130.2). The position of the furan ring was determined by 

the HMBC correlations of H-7 (δH 3.13 and 3.26) and H-8 (δH 4.83) with C-1 (δC 128.7) 

and C-2 (δC 163.9), and H-7 (δH 3.13 and 3.26) with C-6 (δC 126.1). The dihydroxy 

isopropyl group was identified by the HMBC correlations of H-10 (δH 3.32) and H-11 (δH 

1.04) with C-8 (δC 86.6). The NMR spectra of compound Pt2 resembled those of compound 

Pt1 (Table 4.2), indicating their same planar structures.  

 

 

Figure 4.15. HMBC spectrum of Pt2 
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Significantly, compound Pt2 displayed similar optical rotation ([�]�
�� -41.5) and ECD 

curves to compound Pt1 revealed an R configuration of C-8 (Figure 4.8). Besides, Snatzke’

s method was applied to elucidate the absolute configuration of C-9. The induced positive 

cotton effect at 324 nm reflecting the O−C−C−O torsion angle was consistent with positive 

helicity, which revealed an R configuration of C-9. Moreover, the overlap of H-10a and H-

10b as opposed to the significant splitting in compound Pt1, and highly similar to the small 

differences of those protons in several reported 9R-benzofuran derivatives, such as 

gasphostrin D [54] or (8S, 9R)-dihydrofurocoumarin and (8S, 9R)-diacetatefurocoumarin 

[56]. These might reveal the R configuration of C-9. Thus, compound Pt2 was identified 

as methyl (R)-8-((R)-9,10-dihydroxypropan-8-yl)-7,8-dihydrobenzofuran-5-carboxylate. 

Compound Pt2 is also new and named Pandanusfuran B. 

Table 4.2. 1H NMR and 13C NMR data of compounds Pt1 and Pt2 in DMSO-d6 

No. 

Pt1  (DMSO-d6) Pt2 (DMSO-d6) 

13C (150 
MHz) 

1H (600 MHz) 

13C 
(150 

MHz) 

1H (600 MHz) 

1 128.6 C  128.4  

2 164.0 C  163.6  

3 108.5 CH 6.79 (1H, d, J = 8.4 Hz) 108.4 6.81 (1H, d, J = 8.4 Hz) 

4 130.2 CH 7.73(1H, dd, J = 8.4, 1.8 Hz) 130.8 7.73 (1H, dd, J = 8.4; 1.8 Hz) 

5 121.2 C  122.6  

6 126.0 CH 7.77 (1H, d, J = 1.8 Hz) 126.4 7.78 (1H, d, J = 1.8 Hz) 

7 28.6 CH2 
3.14 (1H, dd, J = 8.4, 16.2 Hz) 

28.7 3.19, m 
3.25 (1H, dd, J = 9.6, 16.2 Hz) 

8 86.7 CH 4.84 (1H, dd, J = 8.4, 9.6 Hz) 86.5 4.83 (1H, dd, J = 9.6; 8.4 Hz) 

9 72.7 C  72.5  

10 66.0 CH2 
3.53  (1H, dd, J = 6.0, 10.2 Hz) 

66.7 3.33, m 
3.27  (1H, dd, J = 5.4, 10.2 Hz) 

11 20.7 CH3 1.04 (3H, s) 20 1.09, s 

12 166.0 C  167.2  

12-O-
Me 

51.7 CH3 3.79 (3H, s) 51.7 3.79 (3H, s) 
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To check if these compounds might be artefacts of the extracting process in 

methanol, we performed an HPLC-DAD analysis on the ethanol extract of the plant 

material (1 g of the P. tectorius leaves were extracted in 25 mL of ethanol 90%, in 

triplicated, then combined the solution and evaporated the solvent to gain the ethanol 

extract). We compared it to the chromatograms of isolated compounds under the same 

analysis parameter. As shown, compounds Pt1 and (2) could be found in the ethanol 

extract (Figure 4.16), thus, they were natural products. 

 

Figure 4.16. HPLC-DAD chromatogram at UV 254 nm for checking artifacts.  

The upper graphs exhibit the chromatogram of the mixture of compound Pt1 (rt 

6.8 min) and compound Pt2 (rt 7.6 min). The lower graph shows the chromatogram of 

Pandanus tectorius aerial parts ethanol extract, which is analyzed under the same 

condition. 

4.4.3. Compound Pt3: Pinoresinol 
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Figure 4.17. The structure of pinoresinol (Pt3) 

Compound Pt3 was obtained as a light yellow oil. The 1H-NMR spectrum of Pt3 

exhibited signals of an ABX system due to three protons δH 6.90 (2H, d, J = 2.4 Hz, H-

2, 2'), 6.83 (2H, dd, J = 8.4; 2.4 Hz, H-6, 6'), and  6.88 (2H, d, J = 8.4 Hz, H-5, 5'), an 

oxymethine group δH 4.74 (2H, d, J =4.2 Hz, H-7, 7'). Additionally, the spectrum 
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showed two oxymethylene signals δH 3.89 (2H, dd, J = 9.0; 4.2 Hz, H-9, 9') and 4.26 

(2H, dd, J = 9.0; 6.6 Hz, H-9, 9'), a methine group δH 3.11 (2H, m, H-8, 8ʹ), and two 

methoxy groups at δH 3.91 (3H, s) and 3.90 (3H, s). Besides, the 13C-NMR and DEPT 

spectrum showed ten carbons, including three aromatic -CH groups δC 108.6 (C-2, 2′), 

114.3 (C-5, 5′), 119.2 (C-6, 6′); three non-protonated carbons 133.2 (C-1, 1′), two 

aromatic rings directly associated with oxygen δC 145.3 (C-3) and 147.0 (C-4), and two 

methoxy groups at δC 56.1 Two methine signals δC 54.4 (C-8, 8′), an oxymethine group 

at δC 85.8 (C-7, 7′), and an oxymethylene group δC 71.2 (C-9, C-9ʹ) suggested a structure 

of a furofuran derivative.  

In addition, the molecular weight of Pt3 was determined as 358 Da corresponding 

with the formula C20H22O6 based on the ions at m/z 359 [M+H]+, m/z 739 [2M+Na]+, 

m/z 341 [M-H2O+H]+on the ESI-MS spectrum. The number of carbon and hydrogen in 

the predicted formula was twice as much as the number shown in the spectrum of Pt3, 

hence it is possibly indicated that this compound has an axially symmetric benzofuran 

structure, and the signals in the NMR spectrum were double shortened. The spectral data 

of Pt3 resembled the data of pinoresinol in previous publications [57] so it can be 

identified as pinoresinol.   

Table 4.3. NMR data of Pt3 and those of pinoresinol from the reference 

No. 
Pt3 (CDCl3) Pinoresinol  (CDCl3)  

13C (150 MHz), 
δC 

1H (600 MHz), δH 13C (125 MHz), δC 

1, 1' 133.2 C – 132.8 

2, 2' 108.6 CH 6.90 (2H, d, J = 2.4 Hz) 108.5 
3, 3' 147.0 C – 146.7 
4, 4' 145.3 C – 145.2 
5, 5' 114.3 CH 6.88 (2H, d, J = 8.4 Hz) 114.2 
6, 6' 119.2 CH 6.83 (2H, dd, J = 8.4; 2.4 Hz) 118.9 
7, 7' 85.8 CH 4.74 (2H, d, J = 4.2 Hz) 85.8 
8, 8' 54.4 CH 3.11 (2H, m) 55.4 

9, 9' 71.2 CH₂ 
3.89 (2H, dd, J = 9.0; 4.2 Hz);  
4.26 (2H, dd, J = 9.0; 6.6 Hz) 

71.6 

3-OMe 56.1 CH₃ 3.91 (3H, s) 55.9 
3'-OMe 56.1 CH₃ 3.90 (3H, s) 55.9 
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4.4.4. Compound Pt4: Pinoresinol monomethyl ether 

 

Figure 4.18. The structure of pinoresinol monomethyl ether (Pt4) 

Compound Pt4 was isolated as a yellowish-brown oil. Six proton signals in the 
1H-NMR spectrum δH 6.91 (1H, d, J = 2.4 Hz, H-2), 6.90 (1H, d, J= 2.4 Hz, H-2'), 6.90 

(1H, d, J = 9.0 Hz, H-5), 6.84 (1H, d, J=9.0 Hz, H-5′), 6.87 (1H, dd, J = 9.0; 2.4 Hz, 

H-6′) and 6.84 (1H, dd, J = 9.0; 2.4 Hz, H-6) suggested two ABX system. Additionally, 

the 1H-NMR spectrum showed an oxymethine group δH 4.76 (2H, d, J = 4.8 Hz, H-7, 

7ʹ); two oxymethylene groups δH 4.27 (4H, m, H-9,9’); two methine groups δH 3.12 (2H, 

m, H-8, 8ʹ); and three methoxy groups at δH 3.91 (3H, s), 3.90 (3H, s), and 3.89 (3H, s).  

Besides, twenty-one carbon signals including six aromatic carbons δC 108.6 (C-2), 

109.2 (C-2′), 114.2 (C-5), 111.3(C-5′), 119.1 (C-6), 118.3 (C-6′); six non-protonated 

aromatic carbons δC 132.7 (C-1), 133.4 (C-1′); four aromatic carbons directly bonding 

with oxygen δC 148.7 (C-3), 149.6 (C-3′), 145.5 (C-4) and 146.6 (C-4′); and three 

methoxy groups at δC 56.0 were observed in the 13C-NMR and DEPT spectrum. Two 

methine groups δC 54.2 (C-8, 8′), two oxymethine groups δC 86.0 and 85.7 (C-7, 7′), two 

oxymethylene groups δC 71.7 (C-9, C-9ʹ) allowed the identification of two benzofuran 

rings.  

The molecular weight of Pt4 was 372 Da suggesting the formula was C21H24O6 as 

determined from the ESI-MS spectrum at m/z 373 [M+H]+, and  m/z 395 [M+Na]+.  

It can be seen that half of the number of NMR and MS data of Pt4 were similar to 

those of Pt3, except for an additional methoxy group. On the basis of spectral analysis 

and comparison with the literature [58] the structure of Pt4 was determined to be 

pinoresinol monomethyl ether. 

Table 4.4. Comparison of NMR data of Pt4 and pinoresinol monomethyl ether 

No. 
Pt4 (CDCl3) 

Pinoresinol 
monomethyl ether 

(CDCl3) 
13C (150 MHz), δC 1H (600 MHz) , δH 13C (125 MHz) , δC 

1 132.7 C – 132.9 
2 108.6 CH 6.91 (1H, d, J = 2.4 Hz) 108.6 
3 148.7 C – 148.6 
4 145.5 C – 145.2 
5 114.2 CH 6.90 (1H, d, J = 9.0 Hz) 114.2 
6 119.1 CH 6.84 (1H, dd, J = 9.0; 2.4 Hz) 119.0 
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7 86.0 CH 4.76 (1H, d, J = 4.8 Hz) 85.8 
8 54.5 CH 3.12 (1H, m) 54.1 
9 71.7 CH₂ 4.27 (2H , m) 71.6 
1′ 133.4 C – 133.5 
2′ 109.2 CH 6.90 (1H, d, J = 2.4 Hz) 109.2 
3′ 149.6 C – 149.2 
4′ 146.6 C – 146.7 
5′ 111.3 CH 6.84 (1H, d, J = 9.0 Hz) 111.0 
6′ 118.3 CH 6.87 (1H, dd, J = 9.0; 2.4 Hz) 118.2 
7′ 85.7 CH 4.76 (1H, d, J = 4.8 Hz) 85.9 
8′ 54.5 CH 3.12 (1H, m) 54.2 
9′ 71.7 CH₂ 4.27 (2H, m) 71.7 

3-OCH₃ 56.0 CH₃ 3.91 (3H, s) 56.0 
3′-OCH₃ 56.0 CH₃ 3.90 (3H, s) 56.0 
4′-OCH₃ 56.0 CH₃ 3.88 (3H, s) 56.0 

 

4.4.5. Compound Pt5: Arctigenin 

 

Figure 4.19. The structure of arctigenin (Pt5) 

Compound Pt5 was found as a yellowish-brown oil. The molecular weight was 

determined as 372 Da based on the ESI-MS spectrum at m/z 373 [M+H]+.  

Six aromatic protons of two sets of an ABX system δH 6.64 (1H, d, J = 2.4 Hz, H-

2), 6.75 (1H, d, J = 9.6 Hz, H-5), 6.55 (1H, d, J = 9.6; 2.4 Hz, H-6), and δH 6.46 (1H, 

dd, J = 2.4 Hz, H-2′), 6.82 (1H, dd, J = 7.8 Hz, H-5′), 6.64 (1H, d, J = 7.8; 2.4 Hz, H-

6′); two methine groups δH 2.55 (1H, m, H-8), 2.50 (1H, m, H-8′); two oxymethylene 

groups δH 4.14 (1H, dd, J = 9.0; 7.8 Hz, H-9a), 3.89 (1H, dd, J =9.0; 7.8 Hz, H-9b); two 

methylene groups δH 2.91 (2H, m, H-7), 2.94 (1H, dd, J = 13.8; 6.0 Hz, H-7′a), 2.90 

(1H, dd, J = 13.8; 6.0 Hz, H-7′b); and three methoxy groups δH 3.81 (3H, s), 3.86 (3H, 

s), 3.88 (3H, s) were observed in the 1H-NMR spectrum.  

In addition, the 13C-NMR and DEPT spectrum showed twenty-one carbon signals 

including six aromatic carbons δC 111.8 (C-2), 111.5 (C-2′), 111.3 (C-5), 114.2 (C-5′), 

120.6 (C-6), 122.0 (C-6′); two non-protonated aromatic carbons δC 130.4 (C-1), 129.4 

(C-1′); four aromatic carbons directly bonding with oxygen δC 149.0 (C-3), 146.7 (C-

3′), 147.8 (C-4) and 144.5 (C- 4′), which contributed to the presence of two benzene 

rings in the structure of Pt5. Besides, the 13C-NMR and DEPT spectrum showed signals 

of two methylene groups δC 38.1 (C-7), 34.5 (C-7′); three methoxy groups, especially, 

two methine groups δC 46.6 (C-8), 40.9 (C-8′), an oxymethylene group δC 71.2 (C-9), 
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and a carboxyl group δC 179.7 (C-10)  revealed the presence of a lactone ring.  Thus, the 

structure of compound Pt5 was identified as arctigenin by comparison of its spectral 

data with those published [58, 59]. 

Table 4.5. Comparison of NMR data of Pt5 and arctigenin 

Position 
Pt5 (CDCl3) Arctigenin (CDCl₃) 

13C (150 MHz), 
δC 

1H (600 MHz) , δH  13C (125 MHz), δC 

1 130.4 C – 130.4 
2 111.8 CH 6.64 (1H, d, J = 2.4 Hz) 111.9 
3 149.0 C – 149.3 
4 147.8 C – 147.9 
5 111.3 CH 6.75 (1H, d, J = 9.6 Hz) 111.9 
6 120.6 CH 6.55 (1H, d, J = 9.6; 2.4 Hz) 120.7 
7 38.1 CH₂ 2.91 (2H, m) 38.0 
8 46.6 CH 2.55 (1H, m) 41.2 

9 71.2 CH₂ 
4.14 (1H, dd, J = 9.0; 7.8 Hz);  
3.89 (1H, dd, J = 9.0; 7.8 Hz) 

71.2 

10 179.7 C=O – 178.8 
1′ 129.4 C – 133.0 
2′ 111.5 CH 6.46 (1H, dd, J = 2.4 Hz) 111.9 
3′ 146.7 C – 149.1 
4′ 144.5 C – 145.1 
5′ 114.2 CH 6.82 (1H, dd, J = 7.8 Hz) 113.2 
6′ 122 CH 6.64 (1H, d, J = 7.8; 2.4 Hz) 121.9 

7′ 34.5 CH₂ 
2.94 (1H, dd, J = 13.8; 6.0 Hz);  
2.90 (1H, dd, J = 13.8; 6.0 Hz) 

34.4 

8′ 40.9 CH 2.50 (1H, m) 46.4 
3-OCH₃ 55.9 CH₃ 3.81 (3H, s) 56.0 
3′-OCH₃ 55.8 CH₃ 3.86 (3H, s) 56.0 
4-OCH₃ 55.8 CH₃ 3.88 (3H, s) 55.9 

 

4.4.6.  Compound Pt6: Matairesinol 

 

Figure 4.20. The structure of matairesinol (Pt6) 

Compound Pt6 was isolated as a yellow oil. Its molecular weight of 358 Da was 

assigned based on the ESI-MS spectrum at m/z  359 [M+H]+, m/z 739 [M+H]+. 

The 1H-NMR spectrum showed six protons of two sets of an ABX system  δH 6.41 

(1H, d, J = 2.4 Hz, H-2), 6.81 (1H, d, J =8.4 Hz, H-5), 6.51 (1H, dd, J = 8.4; 2.4 Hz, 
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H-6) and δH 6,61 (1H, dd, J = 2.4 Hz, H-2′), 6.79 (1H, dd, J =8.4 Hz, H-5′), 6.59 (1H, 

d, J = 8.4; 2.4 Hz, H-6′); two methine groups δH 2.48 (1H, m, H-8), 2.56 (1H, m, H-8′); 

two oxymethylene δH 4.16 (1H, dd, J =9.6; 7.8 Hz, H-9a), 3.89 (1H, dd, J = 9.6; 7.8 Hz, 

H-9b); two methylene groups δH 2.60 (2H, m, H-7), 2.95 (1H, dd, J = 13.8; 6.6 Hz, H-

7′a) and 2.89 (1H, dd, J = 13.8; 6.6 Hz, H-7′b); and two methoxy groups δH 3.80 (3H, 

s) and 3.81 (3H, s). 13C-NMR and DEPT spectra showed twenty-one carbon signals 

including six aromatic carbons δC 111.0 (C-2), 111.5 (C-2′), 114.4 (C-5), 114.1 (C-5′), 

121.3 (C-6), 122.1 (C-6′); two non-protonated aromatic carbons δC 129.6 (C-1), 129.5 

(C-1′); four aromatic carbons directly attached to oxygen 146.7 (C-3), 146.6 (C-3′), 

144.6 (C-4), 144.4 (C-4′), which confirmed the presence of two benzene rings in the 

structure of Pt6. Two methine groups δC 41.1 (C-8), 46.6 (C-8′); an oxymethylene group 

δC 71.3 (C-9); and a carboxyl group δC 178.8 (C-10) suggested a lactone ring. Besides, 

two methylene groups δC 38.3 (C-7), 34.6 (C-7′), and two methoxy groups were obtained 

in the 13C-NMR and DEPT spectra.  

The spectral data of the Pt6 compound resembled those of Pt5 except for the 

absence of a methoxy group. The structure of compound Pt6 was identified as 

matairesinol when compared with those reported in the literature [60].  

Table 4.6. Comparison of NMR data of Pt6 and matairesinol 

Position 
Pt6 (CDCl3) 

Matairesinol  
(CDCl3) 

13C (150 MHz), 
δC 

1H (600 MHz) , δH  13C (125 MHz), δC 

1 129.6 C – 129.7 
2 111.0 CH 6.41 (1H, d, J = 2.4 Hz) 111.1 
3 146.7 C – 146.7 
4 144.6 C – 144.6 
5 114.4 CH 6.81 (1H, d, J = 8.4 Hz) 114.6 
6 121.3 CH 6.51 (1H, dd, J = 8.4; 2.4 Hz) 121.3 
7 38.3 CH₂ 2.60 (2H, m) 38.2 
8 41.1 CH 2.48 (1H, m) 41.0 

9 71.3 CH₂ 
3.89 (1H, dd, J = 9.6; 7.8 Hz); 
4.16 (1H, dd, J = 9.6; 7.8 Hz) 

71.4 

10 178.8 C=O – 179.1 
1′ 129.5 C – 129.4 
2′ 111.5 CH 6.61 (1H, d, J = 2.4 Hz) 111.6 
3′ 146.6 C – 146.6 
4′ 144.4 C – 144.4 
5′ 114.1 CH 6.79 (1H, d, J = 8.4 Hz) 114.3 
6′ 122.1 CH 6.59 (1H, dd, J = 8.4; 2.4 Hz) 122.0 

7′ 34.6 CH₂ 
2.89 (1H, dd, J = 13.8; 6.6 Hz); 
2.95 (1H, dd, J = 13.8; 6.6 Hz) 

34.6 
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8′ 46.6 CH 2.56 (1H, m) 46.5 
3-OCH₃ 55.9 CH₃ 3.80 (3H, s) 55.7 
3′-OCH₃ 55.8 CH₃ 3.81 (3H, s) 55.8 

4.5. Bioactivities of the isolated compounds 

The bioactivity evaluation of compounds isolated from the leaves of P. tectorius 

revealed diverse pharmacological potentials across different assays (Table 4.7). With 

respect to antioxidant activity, the lignans, including pinoresinol, pinoresinol 

monomethyl ether, arctigenin, and matairesinol, exhibited relatively stronger radical 

scavenging capacity compared to the newly identified Pandanusfurans. Their IC50 values 

in the DPPH and hydroxyl radical assays ranged between 143.5 – 155.6 µM and 165.7 

–181.2 µM, respectively, which are comparable to the positive controls ascorbic acid 

(DPPH) and catechin (hydroxyl radical). In contrast, Pandanusfurans A and B were 

markedly less potent, with IC50 values exceeding 200 µM in both antioxidant models, 

suggesting only moderate activity in this category. 

In terms of α-amylase inhibition, Pandanusfurans again demonstrated more 

favorable activity than the lignans. Pandanusfuran A and B inhibited α-amylase with 

IC50 values of 178.4 and 165.7 µM, respectively, approaching the potency of the 

reference inhibitor acarbose (160.1 µM). By contrast, the lignans showed considerably 

weaker inhibition, with IC50 values above 290 µM, highlighting their limited role in 

modulating carbohydrate-digesting enzymes. 

The cytotoxic evaluation against three human cancer cell lines (A549, K562, and 

MCF7) indicated selective activity of the Pandanusfurans. Both Pandanusfurans A and 

B exhibited moderate cytotoxicity against the A549 lung carcinoma line, with IC50 

values of 34.5 and 37.1 µM, respectively, while showing negligible effects against K562 

leukemia and MCF7 breast cancer cells at concentrations up to 50 µM. None of the 

lignans displayed significant cytotoxicity toward any of the tested cell lines. These 

results suggest that the cytotoxic potential of compounds is largely restricted to the novel 

furan derivatives, and even then, only toward specific cancer types. 

Regarding anti-inflammatory activity, none of the isolated compounds 

demonstrated meaningful nitric oxide (NO) inhibitory activity, with IC50 values above 

50 µM across the board. This stands in contrast to cardamonin, which served as a 

positive reference and exhibited potent NO inhibition with an IC50 of 4.83 µM. 
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Table 4.7. Bioactivities of the isolated compounds from leaves of Pandanus tectorius 

Code Name 
DPPH, 

 IC50 (µM) 
Hydroxyl, 
 IC50 (µM) 

α-amylase, 
 IC50 (µM) 

A549, 
 IC50 (µM) 

K562, 
 IC50 (µM) 

MCF7, 
 IC50 (µM) 

NO inhib., 
IC50 (µM) 

Pt1 Pandanusfuran A 231.0 ± 13.2 201.5 ± 9.7 178.4 ± 12.6 34.5 ± 2.8 >50 >50 >50 

Pt2 Pandanusfuran B 220.8 ± 12.2 227.3 ± 6.6 165.7 ± 10.9 37.1 ± 2.8 >50 >50 >50 

Pt3 Pinoresinol 150.4 ± 5.2 165.4 ± 5.2 292.6 ± 18.7 >50 >50 >50 >50 

Pt4 Pinoresinol monomethyl ether 146.6 ± 7.5 173.6 ± 6.9 310.2 ± 21.4 >50 >50 >50 >50 

Pt5 Arctigenin 155.6 ± 9.2 181.2 ± 5.3 328.9 ± 25.1 >50 >50 >50 >50 

Pt6 Matairesinol 143.5  ±  4.7 176.1 ± 4.2 305.4 ± 22.8 >50 >50 >50 >50 

Control 

Ascorbic acid 139.9 ± 12.9             

Catechin    111.2 ± 5.4           

Acarbose     160.1±13.5         

Camptothecin       1.2 ± 0.2 1.9 ± 0.4 1.2 ± 0.1   

Cardamonin             4.8 ± 0.5 
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4.6. Discussion 

Pandanaceae includes about 750 species distributed in five genera: Benstonea 

Callmander & Buerki, Freycinetia Gaudichaud, Martellidendron Callmander & Chassot, 

Pandanus Parkinson,  and Sararanga Hemsley [61]. Pandanus was the largest genus in 

the family, with more than 400 species [61]. Previous phytochemistry investigations on 

this family mostly focused on the genus Pandanus, while only one study on the 

secondary metabolites of the Freycinetia plant [62] and no information about the 

chemical constituents of the rest of the genera has been reported.  

Lignans have been found in some Pandanus species, such as P. tectorius [7], P. 

boninensis [6], or P. odoratissimus [23], but could not be found in P. amaryllifolius,  P. 

dubius, and P. utilis, which alkaloids were the specific compositions [14-16, 19, 20, 22, 

63]. In this study, four lignans were isolated from P. tectorius, including pinoresinol, 

pinoresinol monomethyl ether, arctigenin, and matairesinol. While pinoresinol has been 

discovered in some species as mentioned above, this is the first isolation of pinoresinol 

monomethyl ether, arctigenin, and matairesinol from a Pandanus plant. These findings 

enrich the chemical diversity of Pandanus species and provide evidence for further 

chemotaxonomic studies. Besides, other studies indicated that P. tectorius might contain 

flavonoids [9] or coumarins [7], but few previous studies reported benzofuran 

derivatives in this species [24]. Significantly, most of the highly similar compounds with 

two isolated benzofuran derivatives were isolated from microorganisms  rather than 

from plants [54]. Therefore, the isolation of Pandanusfurans A and B from P. tectorius 

could reveal an interesting biosynthesis pathway in the plant that should be investigated 

further. In addition, another benzofuran racemate was previously separated from the 

roots of P. odoratissimus [23]. This may reveal a close chemotaxonomic relationship 

between P. tectorius and P. odoratissimus.  

The compounds isolated from P. tectorius leaves displayed distinct biological 

profiles. The lignans (pinoresinol, pinoresinol monomethyl ether, arctigenin, and 

matairesinol) exhibited moderate antioxidant activity, but were weak in α-amylase 

inhibition and inactive in cytotoxicity and NO assays. In contrast, the newly identified 

Pandanusfurans showed weaker antioxidant effects yet demonstrated α-amylase 

inhibition close to that of acarbose and selective cytotoxicity against A549 cells, while 
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remaining inactive against K562 and MCF7. None of the isolated compounds exhibited 

notable NO inhibition, in contrast to cardamonin. These findings suggest that 

Pandanusfurans represent promising multifunctional scaffolds with moderate 

antioxidant, antidiabetic, and selective anticancer potential, whereas the lignans mainly 

contribute to antioxidant activity. 

4.7. Chapter summary 

This chapter reports the isolation of two new benzofuran derivatives, 

Pandanusfuran A (Pt1) and Pandanusfuran B (Pt2), together with four known lignans 

(pinoresinol, pinoresinol monomethyl ether, arctigenin, matairesinol) from leaves of P. 

tectorius. Structures were established by HR-ESI-MS and NMR spectra, meanwhile, 

absolute configurations of the new compounds were assigned by ECD spectra and 

Snatzke’s method (Mo₂(OAc)₄-induced ECD). HPLC-DAD of the ethanol extract 

verified Pt1 and Pt2 as native constituents rather than methanolysis artefacts. The 

lignans showed considerable antioxidant activity, while α-amylase inhibition was 

stronger for the new benzofurans, which approached the value of acarbose, whereas the 

lignans were weak inhibitors. New benzofurans also displayed selective cytotoxicity 

toward A549 with minimal effects on K562/MCF7 and negligible NO inhibition. 

Overall, these results primarily expand the chemical profile of Pandanus; biologically, 

the new benzofurans show modest in vitro activities and should be regarded as 

preliminary scaffolds for future optimization. 
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CHAPTER 5. OPTIMIZATION OF THE EXTRACTION CONDITION AND 

BIOACTIVITIES EVALUATION OF PANDANUS TECTORIUS FRUITS 

EXTRACTS 

5.1. Chapter overview 

This study aimed to optimize the extraction conditions for phenolic- and saponin-

enriched fractions from Pandanus tectorius fruits using Response Surface Methodology 

(RSM) based on a Box–Behnken Design (BBD), followed by an evaluation of their 

antioxidant and anti-inflammatory activities. Four key variables—ethanol concentration, 

extraction temperature, solvent-to-material ratio, and extraction time—were assessed 

through single-factor experiments and RSM optimization. Refined quadratic models for 

total phenolic content (TPC) and total saponin content (TSC) demonstrated high 

statistical significance and predictive accuracy. Multi-response optimization yielded 

seven extraction conditions, each favoring different phytochemical targets. Validation 

experiments confirmed the model's predictive reliability. Bioactivity assays revealed 

that phenolic-rich extracts exhibited potent DPPH and hydroxyl radical scavenging 

effects, while saponin-rich extracts showed stronger inhibition of nitric oxide (NO) 

production in LPS-stimulated RAW 264.7 macrophages, though high saponin content 

was associated with cytotoxicity. These findings demonstrate that P. tectorius fruit 

extracts can be tailored for targeted bioactivities through optimized extraction strategies, 

supporting their potential as natural sources of antioxidant and anti-inflammatory agents. 

5.2. Experimental design 

5.2.1. Samples 

Fruits of P. tectorius were collected at Thanh Oai commune, Vietnam, in August 

2021 and identified by Dr. Bui Van Thanh, Institute of Biology, Vietnam Academy of 

Sciences and Technology (VAST). A voucher specimen (NCCG 210213) was deposited 

at the Centre for High Technology Research and Development, VAST. The collected 

sample was cleaned, dried at 60°C in the oven, powdered, and preserved at -20 ℃ for 

further experiments. 
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5.2.2. Analytical methods 

Total phenolic and saponin contents, antioxidant, and NO production inhibitory 

effects of P. tectorius fruit extracts under designed conditions were evaluated using the 

protocols as shown in Chapter 2. 

5.2.3. Preliminary single-factor experiments 

Preliminary single-factor experiments were conducted to establish the appropriate 

ranges for key extraction parameters, including temperature, ethanol concentration, 

solvent-to-material ratio, and extraction time. First, the influence of ethanol 

concentration on TPC and TSC was examined by performing extractions with ethanol 

concentrations ranging from 0% to 96%, at 60°C for 120 minutes, maintaining a constant 

solvent-to-material ratio of 20 mL/g.  Subsequently, the effect of extraction temperature 

on the total phenolic content (TPC) and total saponin content (TSC) was investigated by 

extracting the plant material in 60% ethanol at temperatures ranging from 30°C to 100°C 

for 120 minutes, using a solvent-to-material ratio of 20 mL/g. Next, the effect of varying 

the solvent-to-material ratio was assessed by extracting the material in 60% ethanol at 

60°C for 120 minutes, using ratios ranging from 5 to 50 mL/g. Finally, the impact of 

extraction time was evaluated by extracting the plant material in 60% ethanol at 60°C 

with a fixed solvent-to-material ratio of 20 mL/g for durations ranging from 60 to 360 

minutes.  

5.2.4. Box-Behnken Design for the Response Surface Method 

To optimize the extraction conditions for phenolic enrichment from Pandanus 

tectorius fruits, response surface methodology (RSM) based on the Box–Behnken 

Design (BBD) was employed. The experimental design was carried out using Design-

Expert software version 12.0 (Stat-Ease, Inc., Minneapolis, USA). Four independent 

variables were selected: extraction temperature (°C, A), ethanol concentration (%, B), 

solvent-to-material ratio (mL/g, C), and extraction time (minutes, D). The total phenolic 

content (TPC) and total saponin content (TSC) were designated as the response variables. 

Based on the results of preliminary single-factor experiments, the solvent system 

included ethanol concentrations of 0% (distilled water), 45%, and 90%. The temperature 

range tested was 30–80 °C, the solvent-to-material ratios ranged from 10 to 50 mL/g, 

and the extraction times varied between 60 and 240 minutes. All experimental runs were 
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performed in triplicate, and the average value of TPC was used for subsequent statistical 

analysis. The coded levels of the independent variables used in the experimental design 

are presented in Table 5.1. 

Table 5.1. Coded and actual levels of independent variables used in the Box–Behnken 

design  

Variables Unit 
Code levels 

-1 0 1 
Temperature (A) °C 30 55 80 
Ethanol concentration (B) % 0 45 90 
Volume-to-weight ratio (C) mL/g 10 30 50 
Extraction time (D) minutes 60 150 240 

  

5.3. Optimization of the extraction of Pandanus tectorius fruits 

5.3.1. The process range conditions for the extraction 

To establish appropriate experimental ranges for a subsequent Box-Behnken 

Design (BBD) optimization, a preliminary single-factor study was conducted. This 

study aimed to investigate the influence of four key variables—ethanol concentration, 

temperature, solvent-to-material ratio, and extraction time—on the extraction efficiency 

of total phenolic content (TPC) and total saponin content (TSC) from the fruit of P. 

tectorius. 

The influence of ethanol concentration (%EtOH) is illustrated in Figure 5.1. The 

TPC yield from the fruit extract increased significantly with ethanol concentration, 

peaking at approximately 70% before plateauing. Similarly, the TSC yield rose with 

increasing ethanol content, reaching its maximum at 50% EtOH before declining at 

higher concentrations. This suggests that a hydroethanolic solvent is more effective than 

pure water or ethanol for extracting compounds from P. tectorius fruit, likely due to the 

varying polarities of the target phenolics and saponins. Based on these effects, the range 

of 0–90% EtOH was selected as the operational range for the BBD. 
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(a)  (b)  

(c) (d)  

Figure 5.1. The effects of (a) ethanol concentration, (b) extracting temperature, (c) 

solvent-to-material ratio, and (d) extracting time on TPC and TSC of the extracts 

Regarding the extraction temperature, both TPC and TSC yields initially increased 

with temperature, reaching their optimal values at 65°C. At temperatures higher than 

this, a significant decrease in the yields of both compounds was observed. The data from 

the table shows that at 85°C, the yields had already begun to decline from their peak. 

This decline is likely attributable to the degradation of thermosensitive substances 

within the fruit and the rapid evaporation of the ethanol. Therefore, to ensure compound 

stability and avoid degradation, the temperature range for the BBD was determined to 

be 30–80°C. 

The solvent-to-material ratio demonstrated a strong positive correlation with 

extraction yield. A substantial increase in both TPC and TSC was observed when the 

ratio was increased from 5 to 25. A ratio below 10 was deemed unsuitable as the solvent 

volume was likely insufficient for proper wetting and extraction of the raw fruit material. 

While yields continued to rise slightly as the ratio increased from 25 to 50, the rate of 

increase diminished, indicating marginal gains. To balance extraction efficiency with 

solvent consumption, the working range for the ratio in the BBD was established as 10–

50 mL/g. 

The extraction time showed different effects on TPC and TSC. The highest TPC 

was achieved at a shorter duration of 60 minutes, with longer times showing no 
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improvement and potential degradation. Conversely, the TSC yield peaked at around 

180 minutes. To accommodate the different optimal times for these two compound 

groups from P. tectorius while maintaining process efficiency, an extraction time range 

of 60–240 minutes was chosen as appropriate for the subsequent BBD experiments. 

In conclusion, based on the single-factor experimental results, the ranges for the 

four independent variables were selected for the Box-Behnken Design as follows: 

ethanol concentration (0–90%), temperature (30–80°C), solvent-to-material ratio (10–

50 mL/g), and time (60–240 min).  

5.3.2. Optimal extraction conditions 

5.3.2.1. TPC and TSC of the extracts in the Box-Behnken design 

The RSM with BBD was applied to determine the optimal condition for the 

extraction of phenolic compounds from P. tectorius fruits. The extraction design 

variables effect on the TPC and TSC values are given in Table 5.2. 

Table 5.2. TPC and TSC of the extracts to independent variables using Box-Behnken 

design 

No. 
A: EtOH 

(%) 
B: Temp. 

(°C) 
C: Ratio 
(mL/g) 

D: Time 
(min) 

TPC 
(mgGAE/g) 

TSC 
(mgAE/g) 

1  45 30 30 60 58.3 132.8 
2  45 30 50 150 74.5 140.2 
3  90 30 30 150 91.5 111.2 
4  45 30 30 240 73.1 140.5 
5  45 55 10 60 65.2 138.5 
6  90 55 30 60 116.6 125.9 
7  90 80 30 150 112.3 142.2 
8  45 30 10 150 56.8 121.4 
9  90 55 50 150 121.5 136.7 
10 0 55 30 240 47.3 135.2 
11 45 80 30 240 94.5 164.2 
12 90 55 50 60 116.2 124.4 
13 45 80 30 60 105.6 152.3 
14 90 55 30 150 111.3 129.9 
15 0 55 50 150 50.2 131.1 
16 0 55 30 60 47.9 128.9 
17 45 55 30 150 90.3 161.5 
18 45 80 50 150 111.2 170.6 
19 90 55 30 240 119.3 128.7 
20 45 80 10 150 87.8 149.8 
21 0 30 30 150 27.8 110.8 
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22 45 55 30 150 92.8 155.2 
23 45 55 50 240 100.7 160.1 
24 0 80 30 150 58.7 142.6 
25 45 55 30 150 99.3 162.8 
26 45 55 10 240 70.5 139.3 
27 45 55 30 150 87.6 162.4 
28 90 55 10 150 96.3 121.6 
29 45 55 30 150 96.4 158.9 
30 0 55 10 150 35.5 123.5 

5.3.2.2. The optimal model for TPC enrichment 

The experimental results from the Box-Behnken Design were analyzed using 

Analysis of Variance (ANOVA) to evaluate the effects of the process variables on the 

total phenolic content (TPC) yield. The statistical significance of the fitted quadratic 

model was checked by ANOVA. The experimental results from the Box-Behnken 

Design were analyzed using Analysis of Variance (ANOVA) to evaluate the effects of 

the process variables on the total phenolic content (TPC) yield. The ANOVA results 

indicate that the fitted quadratic model is highly significant, with a model F-value of 

55.56 and a p-value < 0.0001, which implies that the model is highly suitable for 

describing the relationship between the independent variables and the TPC yield. 

Furthermore, the non-significant "Lack of Fit" (p = 0.4437) confirms that the model fits 

the experimental data well. The model's suitability is also reinforced by its strong fit 

statistics. The coefficient of determination (R²) of 0.9811 indicates that 98.11% of the 

variability in the response could be explained by the model, while the close agreement 

between the Adjusted R² (0.9634) and Predicted R² (0.9172) demonstrates good 

predictive power. Additionally, a high Adeq Precision of 27.1472 and a low coefficient 

of variation (C.V. % = 6.09%) suggest an adequate signal-to-noise ratio and high 

experimental reliability. An analysis of the individual model terms revealed that the 

linear terms A (EtOH concentration), B (temperature), and C (ratio); the interaction term 

BD (temperature and time); and the quadratic terms A², B², and C² all had a significant 

effect on TPC yield (p < 0.05). The significance of the quadratic terms confirms that the 

relationship is non-linear. To improve and refine the model, it was proposed that non-

significant interaction terms with p-values greater than 0.5, specifically AD (p = 0.6711), 

BC (p = 0.5854), and CD (p = 0.8905), be eliminated to produce a more concise and 

robust model. 

 



 

74 

 

 

Following the initial analysis, the model was refined by removing the non-

significant interaction terms (AD, BC, and CD) to produce a "Reduced Quadratic 

model" with markedly improved statistical significance and fit. The refined model's F-

value increased substantially from 55.56 to 81.79, indicating it is now even more 

significant in explaining the relationship between the variables and the TPC yield, while 

the overall model p-value remained highly significant (< 0.0001) and the Lack of Fit 

remained non-significant (p = 0.5396). The most notable improvements are seen in the 

Fit Statistics, which highlight the enhanced robustness and predictive power of this 

refined model. Specifically, the Adjusted R² increased from 0.9634 to 0.9684, and more 

importantly, the Predicted R² increased from 0.9172 to 0.9430. This significantly 

narrowed the gap between the two values from 0.0462 to just 0.0254, indicating that 

removing the "noise" from irrelevant terms has made the model more accurate and 

reliable for making predictions. Furthermore, the Adeq Precision increased from 27.15 

to 32.49, signifying an improved signal-to-noise ratio, and the Coefficient of Variation 

(C.V. %) decreased from 6.09% to 5.66%, pointing to higher precision and reliability. 

Therefore, the model reduction process was highly successful, resulting in a more 

precise and robust model for the optimization of TPC extraction. The final regression 

equation to predict the TPC based on the actual values of the process variables is as 

follows: 

TPC= −86.0066+1.26713A+2.45024B+1.35943C+0.26148D−0.00224AB

+0.002416AC−0.00288BD−0.00558A2−0.01173B2−0.0148C2−0.00029D2 

Where: A = EtOH (%), B = Temperature (°C), C = Ratio (mL/g), D = Time (min) 

To visualize the relationship between the independent variables and the yield of 

Total Phenolic Content (TPC), three-dimensional (3D) response surface plots were 

generated based on the model equation. These plots illustrate the interactive effects of 

two variables at a time on the TPC yield while the other two variables are held constant 

at their central point. Figure 5.2(a) displays the interactive effect of ethanol 

concentration (A) and temperature (B) on TPC extraction. The plot reveals a significant 

curved surface, indicating that TPC yield increases with both variables up to an optimal 

region before leveling off. The peak TPC is predicted at high ethanol concentrations 

(approximately 70-90%) and moderately high temperatures (approximately 70-80°C). 
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This demonstrates a synergistic effect where higher temperatures enhance the solvent's 

extraction capacity. For instance, at a constant temperature of 55°C, increasing the 

ethanol concentration from 0% to 90% (while other factors are held at their center points) 

raised the TPC yield from 47.9 mg GE/g to 111.3 mg GE/g. This trend is scientifically 

sound, as higher temperatures reduce solvent viscosity and increase the solubility and 

diffusion rate of phenolic compounds. At the same time, the appropriate ethanol 

concentration optimizes solvent polarity for extracting these target compounds. Figure 

5.2(b) illustrates the relationship between ethanol concentration (A) and the solvent-to-

material ratio (C). The response surface shows a clear positive correlation, where TPC 

yield consistently increases as both the ethanol concentration and the ratio are elevated. 

The steep incline suggests that both factors are strong drivers of extraction efficiency 

within the tested range. The experimental data support this, showing that at a fixed 

ethanol concentration of 45% and temperature of 30°C, increasing the ratio from 10 to 

50 mL/g increased the TPC yield from 56.8 to 74.5 mg GE/g. This effect is primarily 

due to the principles of mass transfer; a larger volume of solvent (higher ratio) increases 

the concentration gradient between the solid material and the liquid phase, thereby 

promoting the diffusion of phenolic compounds into the solvent until equilibrium is 

approached. The interaction between temperature (B) and extraction time (D) is 

presented in Figure 5.2(c). The plot indicates that temperature is a more dominant factor 

than time in increasing TPC yield. However, a significant interaction between the two 

is evident. At lower temperatures (e.g., 30-40°C), extending the extraction time has a 

minimal effect on the TPC yield. In contrast, at higher temperatures (e.g., 80°C), a longer 

extraction time leads to a more substantial increase in TPC. This is supported by the data: 

at 80°C and 45% EtOH, the TPC yield was 111.2 mg GE/g after 150 minutes. The 

upward trend of the surface suggests that at elevated temperatures, which provide the 

necessary activation energy for extraction, a longer duration allows for more complete 

diffusion of solutes from the plant matrix. 
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a) b)  

c)  

Figure 5.2. Response surfaces between (a) ethanol concentration and temperature, (b) 

ethanol concentration and solvent-to-material ratio, c) time and temperature to total 

phenolic contents of the P. tectorius fruit extracts. 

5.3.2.3. The optimal model for TSC enrichment 

The results from the Box-Behnken design for the total saponin content (TSC) 

response were analyzed using Analysis of Variance (ANOVA). The initial quadratic 

regression model was found to be highly significant, demonstrated by a model F-value 

of 42.97 and a p-value < 0.0001. Additionally, the "Lack of Fit" was not significant (p 

= 0.4082), indicating that there was no systematic error and the model was compatible 

with the experimental data. The high coefficient of determination (R² = 0.9757) also 

suggested that the model could explain 97.57% of the variability in the data. However, 

a more detailed analysis of the fit statistics revealed the necessity of refining the model 



 

77 

 

to improve its predictive power. Specifically, a significant discrepancy was observed 

between the Adjusted R² value of 0.953 and the Predicted R² value of 0.8871. This 

difference of 0.0659 suggests that the model was likely over-fitted, containing non-

significant terms that contribute "noise." An examination of the individual p-values 

showed that several interaction terms, such as AB (p = 0.9123), AD (p = 0.6888), BC 

(p = 0.7832), and BD (p = 0.5652), had a very weak effect on the model. The presence 

of these terms reduces the model's ability to accurately predict new outcomes. 

Therefore, to enhance its reliability and predictive capability, the model was 

refined by eliminating the insignificant interaction terms with a p-value greater than 0.5. 

This refinement process proved to be highly successful, resulting in a more robust and 

accurate model. The model F-value increased sharply from 42.97 to 73.17, indicating a 

statistically stronger model. Most importantly, the difference between the Adjusted R² 

(0.9614) and Predicted R² (0.932) was reduced significantly to just 0.0294. This 

confirms that the model was no longer over-fitted and possessed excellent predictive 

capability. Furthermore, other statistical indicators also improved: the Adeq Precision 

increased from 21.68 to 27.82, and the Coefficient of Variation (C.V. %) decreased to 

2.31%, both of which confirm the enhanced strength and precision of the new model. 

Based on the coefficients for the refined model, the final regression equation in 

terms of actual factors is: 

TSC=30.65944+1.05281A+1.84852B+1.13388C+0.190449D+0.001958AC 

+0.001446CD−0.01256A2−0.01181B2−0.01749C2−0.00065D2 

Where: A = EtOH (%), B = Temperature (°C), C = Ratio (mL/g), D = Time (min) 

The response surface plots were constructed to visualize the interactive effects of 

the independent variables on the Total Saponin Content (TSC). These plots are crucial 

for understanding the complex relationships and identifying the optimal conditions for 

extraction. Figure 5.3(a) illustrates the combined effect of ethanol concentration (A) and 

temperature (B). The surface plot is distinctly dome-shaped, indicating that the TSC 

yield is maximized at intermediate levels of both variables. The yield increases as 

ethanol concentration rises from 0% and temperature increases from 30°C, reaching a 

peak before declining. This suggests that while a certain amount of ethanol and heat is 

beneficial for dissolving and extracting saponins, excessive levels can have an adverse 

effect. This may be due to changes in solvent properties, such as polarity, at very high 
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ethanol concentrations or potential solvent loss at temperatures approaching the boiling 

point of ethanol, which would alter the extraction conditions. The experimental data 

confirm this, showing that at a fixed ratio and time, the TSC yield at 45% EtOH and 

80°C (170.6 mg AE/g) is significantly higher than at 90% EtOH and 80°C (152.3 mg 

AE/g), highlighting the existence of an optimal range. The interaction between ethanol 

concentration (A) and solvent-to-material ratio (C) is depicted in Figure 5.3(b). Similar 

to the previous plot, this response surface also shows a clear optimal region. The TSC 

yield increases as both the ethanol concentration and the ratio are increased, but only up 

to a certain point. The curvature indicates that after reaching an optimal ethanol 

concentration (around 40-50%) and ratio (around 30-40 mL/g), the TSC yield begins to 

plateau or even slightly decrease. This demonstrates the significant interactive effect 

between these two variables. For example, at a fixed temperature of 55°C, increasing 

the ratio from 10 to 50 mL/g at 45% EtOH shows a significant increase in yield (from 

158.9 to 162.4 mg AE/g), underscoring the importance of an adequate solvent volume 

to facilitate mass transfer. Figure 5.3(c) presents the interactive effect of extraction time 

(D) and solvent-to-material ratio (C). The surface shows that both factors have a positive 

effect on the TSC yield, with the yield increasing as both time and ratio are extended. 

The slope is steeper for the ratio than for time, suggesting the solvent volume is a more 

dominant factor in this interaction. The plot shows a continuous rise towards the upper 

limits of both variables, with the highest TSC yields found at longer times (around 180-

240 min) and higher ratios (around 40-50 mL/g). This is consistent with mass transfer 

principles, where a larger solvent volume and a longer contact time allow for more 

complete diffusion of the saponins from the plant matrix into the solvent, leading to a 

higher extraction yield. For instance, at 45% EtOH and 55°C, increasing the extraction 

time from 60 minutes to 240 minutes at a ratio of 50 mL/g resulted in an increased yield 

from 150.2 mg/g to 160.1 mg AE/g. 
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a) b)  

c)  

 

Figure 5.3. Response surfaces between (a) ethanol concentration and temperature, (b) 

ethanol concentration and solvent-to-material ratio, c) time and solvent-to-material 

ratio to total saponin contents of the P. tectorius fruit extracts. 

5.3.2.4. Optimise the extraction conditions 

 The refined regression models for both Total Phenolic Content (TPC) and Total 

Saponin Content (TSC) were utilized to determine the optimal conditions for extracting 

phytochemicals from P. tectorius fruit. As the ideal conditions for maximizing TPC and 

TSC differ, a multi-response optimization was performed using the numerical 

optimization feature of the software Design-Expert. This approach allows for finding a 

range of ideal conditions by assigning different "Importance levels" to each response, 

providing flexibility based on the desired outcome. 
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Table 5.3. Summary of predicted optimal conditions for achieving different extraction 

goals, prioritizing either TPC, TSC, or a balance of both responses. 

Condition 
Importance level %EtOH 

(%) 
Temp. 
(℃) 

Ratio 
(mL/g) 

Time 
(min) TPC TSC 

Opt_TPC1 5 0 90.0 80.0 48.2 104.0 

Opt_TPC2 4 1 76.6 80.0 48.6 128.1 

Opt_TPC3 3 2 68.9 79.1 47.2 146.4 

Balance 2.5 2.5 59.3 78.3 45.5 167.0 

Opt_TSC 1 2 3 55.0 78.1 44.7 175.1 

Opt_TSC 2 1 4 49.1 78.1 43.6 186.0 

Opt_TSC 3 0 5 45.3 78.3 42.9 193.1 
Table 3 summarizes seven potential optimal solutions generated by varying the 

importance placed on TPC versus TSC. The results show a clear trade-off between the 

two responses. Conditions prioritizing TPC, designated as the 'Opt_TPC' series, 

consistently require a high ethanol concentration between 70-90% and a high 

temperature of approximately 80°C. Conversely, conditions prioritizing TSC, the 

'Opt_TSC' series, favor a lower ethanol concentration around 45-55% and significantly 

longer extraction times exceeding 175 minutes, while the optimal temperature remains 

high. The 'Balance' condition represents a compromise, using intermediate parameters 

to achieve good, though not maximal, yields of both TPC and TSC simultaneously. This 

analysis provides a set of validated optimal conditions, allowing for the selection of 

specific extraction parameters depending on whether the desired final product is an 

extract rich in phenolics, saponins, or a balanced combination of both. 

To confirm the validity and predictive accuracy of the developed models, a series 

of validation experiments was conducted. The seven sets of optimal conditions derived 

from the numerical optimization were slightly adjusted for practical convenience in a 

laboratory setting. Extractions were then performed in triplicate under these adjusted 

conditions. Table 5.4 presents a comparison between the TPC and TSC yields predicted 

by the regression models and the values obtained through these validation experiments.  

The results demonstrate a strong correlation and excellent agreement between the 

predicted and experimental values across all seven tested conditions, affirming the 

reliability of the optimization process. Specifically, the experimental data closely 

matched the values predicted by the models. For instance, the 'Balance' condition 
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showed remarkable accuracy, with an experimental TPC of 114.7 ± 7.1 mg GAE/g 

against a prediction of 115.0 mg GAE/g. Furthermore, the analysis confirmed that the 

Opt_TSC3 condition, which was designed to maximize saponin content, successfully 

yielded the highest experimental TSC of 185.6 ± 10.6 mg AE/g and concurrently the 

lowest experimental TPC of 105.6 ± 8.5 mg GAE/g. This lowest TPC value showed 

excellent agreement with its predicted value of 103.5 mg GAE/g. While the highest 

experimental TSC was greater than its predicted value of 169.5 mg AE/g, the model 

nonetheless accurately identified the specific conditions required to achieve the 

maximum saponin yield.  

Table 5.4. Predicted versus experimental yields (mean ± SD, n=3) of TPC (mg GAE/g) 

and TSC (mg AE/g) for the validation of the seven adjusted optimal extraction 

conditions. 

Samples 
EtOH 
(%) 

Temp. 
(℃) 

Ratio 
(mL/g) 

Time 
(min) 

Predict 
values 

Experimental 

TPC TSC TPC TSC 

Opt_TPC1 90 80 48 104 129.3 138.5 124.8 ± 8.8 126.1 ± 12.7 

Opt_TPC2 75 80 48 130 124.2 155.2 121.1 ± 11.1 142.8 ± 16.5 

Opt_TPC3 65 80 47 150 118.8 163.0 118.3 ± 6.5 151.8 ± 15.9 

Balance 60 80 46 170 115.0 166.3 114.7 ± 7.1 162.4 ± 19.6 

Opt_TSC1 55 80 45 175 111.7 168.0 109.7 ± 8.8 168.3 ± 15.2 

Opt_TSC2 50 80 44 190 107.4 169.2 106.2 ± 11.8 178.9 ± 12.1 

Opt_TSC3 45 80 43 195 103.5 169.5 105.6 ± 8.5 185.6 ± 10.6 

The experimental data also validated the predicted trade-off between the two 

responses; conditions designed to favor TPC resulted in extracts with higher 

experimental TPC yields, while conditions prioritizing TSC successfully produced 

extracts richer in saponins. The close correspondence between the predicted and actual 

results validates the accuracy of the regression models. This confirms that the developed 

models are reliable and effective tools for navigating the design space and optimizing 

the extraction of both phenolic and saponin compounds from P. tectorius fruit. 

5.4. Bioactivities of the extracts  

The antioxidant activity of the seven extracts was evaluated through their ability 

to scavenge DPPH and hydroxyl radicals, with the results presented as IC50 values. The 

data revealed a clear correlation between antioxidant activity and the Total Phenolic 
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Content (TPC) of the extracts. The samples belonging to the 'Opt_TPC' series, which 

were optimized for high TPC, were the only ones to exhibit significant activity with 

IC50 values below 100 µg/mL in both assays. Among them, the 'Opt_TPC1' extract 

demonstrated the highest potency, with an IC50 value of 76.4 µg/mL for DPPH 

scavenging and 62.5 µg/mL for hydroxyl radical scavenging. In contrast, the saponin-

optimized extracts ('Opt_TSC' series) and the 'Balance' extract showed considerably 

weaker activity, with IC50 values exceeding 100 µg/mL in most tests. While the TPC-

rich extracts demonstrated notable antioxidant potential, their activity was lower than 

that of the pure compound positive controls. Specifically, the DPPH scavenging activity 

of the most potent extract ('Opt_TPC1') was less than that of ascorbic acid (IC50 = 27.4 

µg/mL), and its hydroxyl radical scavenging activity was less than that of catechin (IC50 

= 31.7 µg/mL). This result is expected, as crude extracts are complex mixtures, whereas 

the controls are highly active, pure antioxidant compounds. These findings collectively 

suggest that the phenolic constituents are the primary contributors to the antioxidant 

capacity of the P. tectorius extracts. 

The anti-inflammatory potential of the seven optimized P. tectorius fruit extracts 

was evaluated by measuring their ability to inhibit nitric oxide (NO) production in LPS-

stimulated cells (Table 5.5). A clear trend emerged regarding the extracts' potency, which 

was found to correlate with the saponin contents.  

Table 5.5. Free-radical scavenging and NO production inhibitory effects of P. 

tectorius fruit extracts under optimal conditions 

Samples 
DPPH  

(IC50, µg/mL) 
Hydroxyl  

(IC50, µg/mL) 
NO inhibition 
(IC50, µg/mL) 

Opt_TPC1 76.4 ± 3.8a 62.5 ± 4.1d 91.3 ± 8.2i 
Opt_TPC2 82.1 ± 4.5b 70.8 ± 5.3e 85.4 ± 6.6j 
Opt_TPC3 89.5 ± 5.1b 79.1 ± 6.2f 84.2 ± 7.3j 

Balance >100 95.6 ± 8.1g 75.5 ± 3.9k 
Opt_TSC 1 >100 >100 68.8 ± 1.1l 
Opt_TSC 2 >100 >100 ND 
Opt_TSC 3 >100 >100 ND 

Ascorbic acid * 27.4± 1.6c - - 
Catechin ** - 31.7 ± 2.8h - 

Cardamonin #     3.1 ± 0.4m 
*, **, # Positive control 
a-m: Data are expressed as mean ± SD. Means in each column with different letters are 
significantly different (p < 0.05). 
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The IC50 values ranged from 91.3 µg/mL for the TPC-rich extract Opt_TPC1 down 

to 68.8 µg/mL for the saponin-rich extract Opt_TSC1, indicating that Opt_TSC1 was 

the most potent anti-inflammatory agent among the tested samples. As expected, all 

crude extracts were less potent than the pure compound positive control, cardamonin, 

which had an IC50 of 3.1 µg/mL. To ensure that the observed NO inhibition was not a 

result of cytotoxicity, cell survival was assessed (data not shown). The extracts from the 

Opt_TPC series, the Balance condition, and Opt_TSC1 all demonstrated excellent safety 

profiles, with cell survival rates consistently above 92%. In contrast, the Opt_TSC2 and 

Opt_TSC3 extracts, which contained the highest concentrations of saponins, exhibited 

significant cytotoxicity, causing cell survival to drop to as low as 64.3%. Consequently, 

the IC50 values for these two extracts could not be determined. This finding suggests that 

while saponin-rich extracts possess greater anti-inflammatory potency, very high 

concentrations of saponins or co-extracted compounds may induce a cytotoxic effect on 

the RAW264.7 cells. 

5.5. Chapter summary 

This study successfully optimized the extraction process of phenolic- and saponin-

enriched fractions from Pandanus tectorius fruit using the Box–Behnken Design. The 

developed models demonstrated strong statistical validity and predictive power, 

allowing for the fine-tuning of extraction conditions based on desired phytochemical 

enrichment. Phenolic-rich extracts obtained under high ethanol concentration and 

temperature conditions exhibited strong antioxidant activity, while saponin-rich extracts, 

obtained under lower ethanol concentration and longer extraction times, showed 

superior nitric oxide inhibitory effects, albeit with potential cytotoxicity at higher doses. 

These results highlight the importance of process optimization in maximizing both the 

yield and bioactivity of natural products. Furthermore, this study provides a robust 

methodological framework for future valorization of P. tectorius as a promising source 

of functional ingredients in pharmaceutical or nutraceutical applications. 
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CHAPTER 6. OPTIMIZATION OF THE EXTRACTION CONDITION AND 

BIOACTIVITY EVALUATION OF THE PHENOLIC ENRICHMENT FROM 

PANDANUS AMARYLLIFOLIUS LEAVES  

6.1. Chapter overview 

Pandanus amaryllifolius leaf is a common food, as well as, a well-known tradition 

medicine. Previously, we reported the alkaloid compostions of the Pandanus 

amaryllifolius leaves [64]. Based on the chemical and bioactivity screening results, this 

study investigates the optimal conditions to enrich the phenolic content of the extract 

from Pandanus amaryllifolius leaves and evaluates bioactivities of this enrichment.  The 

phenolic enrichment was prepared under optimized conditions using the Response 

Surface Methodology (RSM) with the Box-Behnken Design. The antioxidant properties 

were assessed using DPPH and hydroxyl radical scavenging assays, while the NO 

production inhibition was measured in LPS-stimulated RAW 264.7 macrophage cells. 

Results indicated that the phenolic enrichment showed potent antioxidant activity 

comparable to ascorbic acid and catechin, and significantly higher NO inhibition than 

the separated non-alkaloid and alkaloid fractions. The study also highlights the 

synergistic effect of phenolic and alkaloid compounds on the antioxidants and anti-

inflammatory activities of the phenolic enrichment from Pandanus amaryllifolius leaves. 

6.2. Experimental design 

6.2.1. Samples 

Leaves of P. amaryllifolius were collected at Tam Dao, Phu Tho province, Vietnam, 

in April 2021 and identified by Dr. Bui Van Thanh, Institute of Biology, Vietnam 

Academy of Sciences and Technology (VAST). A voucher specimen (NCCG 210213) 

was deposited at the Department of Agro-Pharmaceutical Research, Centre for High 

Technology Research and Development, VAST. The collected sample was cleaned, dried 

at 50°C in the oven, powdered, and preserved at -20 ℃ for further experiments. 

6.2.2. Analytical methods 

Total phenolic contents (TPC), antioxidant, and NO production inhibitory effects 

of P. amaryllifolius leaves extracts under designed conditions were evaluated using the 

protocols as mentioned in Chapter 2. 
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6.2.3. Preliminary single-factor experiments 

Ranges of the extraction factors, such as temperature, ethanol concentration, and 

time, were evaluated from the following experiments. Firstly, the effect of extraction 

temperature on the TPC of the extracts was investigated by extracting the material in 

ethanol 96% at 30-80 °C for 180 minutes. Next, the impact of the ethanol concentration 

on the TPC values was determined by extracting the P. amaryllifolius leaves in ethanol 

0-96% for 180 minutes at 60 °C. Lastly, the influence of extraction time on TPC was 

evaluated by extracting the material in ethanol 96% at 60 °C for 60-360 minutes. In each 

experiment, 5 g of Pandanus amaryllifolius leaves was extracted in 150 mL of solvent, 

maintaining a fixed ratio of leaf weight to solvent volume at 1:30 (g/mL). 

6.2.4. Response Surface Method 

The response surface method (RSM) applying the Box-Behnken Design (BBD) 

was utilised to design the experiments to optimise the conditions to enrich phenolics in 

the extract of P. amaryllifolius leaves. The design was conducted on the Design-Expert 

12.0 software (Stat-Ease, Inc., Minneapolis, US). Extraction temperature (°C, X1), 

ethanol concentration (%, X2), and extraction time (minutes, X3) were selected as 

independent factors, while total phenolic contents (TPC) were selected as the responses. 

From preliminary single-factor experiments, ethanol 0% (distilled water), 48%, and 96% 

were used as the solvents, whereas the temperature ranged from 30 ℃ to 80 ℃; 

meanwhile, the extraction time varied between 60 to 300 minutes. Each experiment was 

conducted in triplicate, and the mean of the response (TPC) was used for further 

calculation. The levels of the variables in the experimental design are shown in Table 

6.1. 

Table 6.1. Levels of the variables in Box- Behnken design 

Variables Unit 
Code levels 

-1 0 1 
Temperature (X1) °C 30 55 80 
Ethanol concentration (X2) % 0 48 96 
Time (X3) minutes 60 180 300 
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6.3. Optimize the conditions for the enrichment of the phenolic content from 

Pandanus amaryllifolius leaves 

6.3.1. The process range conditions for the extraction 

The impact of temperature, ethanol concentration, and extraction time on the total 

phenolic content (TPC) of Pandanus amaryllifolius leaf extracts was systematically 

investigated. The data from the experimental design, summarized in Table S1 and Figure 

1, reveal distinct trends associated with each parameter, leading to the identification of 

optimal ranges for phenolic extraction. 

The TPC was positively correlated with temperature within the range of 30–80°C, 

with the highest TPC (95.84 mg GAE/g) observed at 70°C, and slightly decreased to 

86.93 mg GAE/g at 80°C. These suggested that higher temperatures may cause 

degradation of phenolic compounds or excessive evaporation of ethanol. For practical 

purposes and to align with the experimental environment's ambient conditions, 

temperatures below 30°C were deemed unsuitable. These findings confirm that the 

temperature range for maximizing phenolic extraction should lie between 30°C and 

80°C. 

a) b)  

c)  

Figure 6.1. Effect of extraction temperature (a), ethanol concentration (b), and 

extraction time (c) on total phenolic content of extracts from P. amaryllifolius leaves 



 

87 

 

Meanwhile, the ethanol concentration influenced the TPC, with relatively small 

differences observed across the tested range. The TPC increased steadily with rising 

ethanol concentrations, from 80.38 mg GAE/g at 0% ethanol (distilled water) to 93.93 

mg GAE/g at 80% ethanol, after which it slightly decreased to 92.12 mg GAE/g at 96% 

ethanol. While 80% ethanol yielded the highest TPC, the variations between 

concentrations above 40% were not substantial. This result highlights the need to 

optimize ethanol concentration further within the range of 0–96% to identify the precise 

conditions that balance extraction efficiency and solvent consumption.  

The extraction time also had a noticeable impact on TPC, with values generally 

increasing within the range of 60 to 240 minutes. The highest TPC (93.37 mg GAE/g) 

was observed at 120 minutes, indicating this duration was particularly effective for 

phenolic extraction. While longer times, such as 240 minutes, still yielded relatively 

high TPC (92.46 mg GAE/g), a gradual decline was observed beyond this point, with 

89.67 mg GAE/g at 300 minutes and 82.67 mg GAE/g at 360 minutes. This reduction 

could be attributed to the potential degradation of phenolic compounds or decreased 

solvent efficiency over prolonged periods. Shorter durations, such as 60 minutes, also 

provided a reasonably high TPC (91.73 mg GAE/g), suggesting that the extraction 

process reaches a significant level of efficiency early on. However, extending the time 

to 240 minutes ensures thorough extraction, particularly for phenolic compounds that 

may require more time to diffuse into the solvent. Based on these findings, the optimal 

time range for extraction is 60–300 minutes, providing flexibility to balance efficiency 

and resource consumption while minimizing the risk of phenolic degradation.. 

6.3.2. Optimal extraction conditions 

The RSM with BBD was applied to determine the optimal condition for the 

extraction of phenolic compounds from P. amaryllifolius leaves. The extraction design 

variables effect on the TPC values, are given in Table 6.2. 
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Table 6.2. Responses of TPC of the extracts to independent variables using the Box-

Behnken design 

No. 

Variables TPC (mg GAE/g) 

X1: Temp. 
(°C) 

X2: EtOH 
(%) 

X3: 
Time 
(min) 

Experimental 
value 

Predicted 
value 

1  55 48 180 92.66 91.10 
2  55 48 180 89.57 91.10 
3  30 48 300 81.15 81.66 
4  30 0 180 54.97 54.92 
5  55 96 60 89.43 90.09 
6  55 48 180 92.9 91.10 
7  55 48 180 92.24 91.10 
8  80 96 180 85.71 86.05 
9  30 96 180 82.74 82.90 
10  55 0 300 76.74 76.27 
11  55 48 180 90.51 91.10 
12  80 48 60 90.7 90.28 
13  55 96 300 89.95 89.59 
14  55 48 180 89.93 91.10 
15  55 0 60 70.21 70.76 
16  55 48 180 89.55 91.10 
17  30 48 60 70.57 70.10 
18  80 48 300 83.17 83.73 
19  80 0 180 81.43 81.38 

 

 The modified quadratic models for the estimation of polyphenol content (TPC) in 

terms of extracting temperature (X1), ethanol concentration (X2), and extracting time 

(X3) are shown below: 

TPC = -13.700711 + 2.12296X1 + 0.956150X2 + 0.159595X3 - 0.007927X1X2 - 

0.001509X1X3 - 0.000261X2X3 - 0.012019X1
2 - 0.004918X2

2 - 0.000149X3
2 + 

0.000032X1X2
2 (1) 

The analysis of variance (Table 6.3) illustrated the model F value at 90.26 with p 

< 0.0001, which implied that the model was highly significant. The lack of fit was 

insignificant (p > 0.05), indicating that the model fit the analytical results. The model, 

adjusted, and predicted R2 at 0.9912, 0.9802, and 0.9437, respectively, implied that the 

model could be validated for use in the investigated ranges.  
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Table 6.3. The analysis of variance for the response surface model of the phenolic 

enrichment from P. amaryllifolius leaves 

Source Sum of df Mean F-value p-value  
Model 1741.539 10 174.1539 90.26363 4.05E-07 significant 

A-Temp. 122.6556 1 122.6556 63.57217 4.47E-05  
B-EtOH 519.7088 1 519.7088 269.364 1.91E-07  
C-Time 12.75125 1 12.75125 6.608947 0.033087  
AB 137.945 1 137.945 71.49663 2.92E-05  
AC 81.99303 1 81.99303 42.49682 0.000184  
BC 9.030025 1 9.030025 4.680244 0.062459  
A² 252.8046 1 252.8046 131.0281 3.07E-06  
B² 240.5061 1 240.5061 124.6539 3.71E-06  
C² 20.55429 1 20.55429 10.65325 0.01146  
AB² 6.6248 1 6.6248 3.433621 0.10101  
Residual 15.43514 8 1.929392    

Lack of Fit 2.01805 2 1.009025 0.451227 0.656815 not significant 

Pure Error 13.41709 6 2.236181    
Cor Total 1756.974 18     

 

The response surface plots of ethanol concentration – extracting temperature, 

ethanol concentration – extracting time, and extracting time and temperature are shown 

in Figure 2. As can be seen, the TPC of the P. amaryllifolius leaves extract increased 

sharply when raising the ethanol concentration from 0 to about 70% then remained 

stable at the higher ratio of alcohol. Meanwhile, the rise in temperature from 30 ℃  to 

60 ℃ might enhance the TPC of the extract, while a higher temperature might decrease 

the phenolic contents due to the decomposition of some metabolites. Besides, the 

temperature approximating the boiling point of ethanol led to a decrease in the extraction 

yield due to the fast evaporation of the solvent, and a longer extraction time certainly 

affected the TPC values of the extract.  
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a) b)  

c)  

Figure 6.2. Response surfaces between (a) temperature and ethanol concentration, (b) 

ethanol concentration and time in response, c) time and temperature to total phenolic 

contents of the P. amaryllifolius extracts 

From the numerical optimisation, the maximum predicted TPC of the phenolic 

enrichment at 93.59 mgGAE/g could be obtained under the conditions of 61.18 °C 

extraction temperature, 163.00 min extraction time, and 71.79% ethanol concentration. 

The actual condition was slightly modified at 65 °C, ethanol 70%, and an extraction 

time of 160 minutes. The TPC of the phenolic enrichment under the optimal condition 

was 105.69 mgGAE/g, which was higher than the calculated value above. 
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6.4. Chemical composition of the phenolic enrichment from the P. amaryllifolius 

leaves 

6.4.1. Isolation of the compounds from the P. amaryllifolius leaves’ phenolic 

enrichment 

The phenolic enrichment from the optimal extraction condition was further 

isolated by chromatographic methods. 200 g of the enrichment was acidified with 1N 

HCl solution to pH 2-3 and successively partitioned with ethyl acetate (EtOAc) (2 L × 

4 times). The organic layer was separated and completely evaporated to afford the non-

alkaloid extract (62.4 g). The water layer, which contained alkaloids, was basified by 

1N NaOH to pH 9-10 and was extracted with CH2Cl2 (4×2 L). The CH2Cl2 layers were 

combined to collect the alkaloid fraction (22.6 g).  

The non-alkaloid extract was subjected to a Diaion HP-20 chromatography column 

(CC) then wash the column with water, followed by MeOH 30% and 100% to obtain 

M30W (4.5 g) and M100W (13.6 g) fractions, respectively. The fraction M30W was 

loaded on a silica gel column with gradient mixtures of CH2Cl2–MeOH (20/1-1/1, v/v) 

to afford four subfractions (W1-W4). Fraction W3 (121 mg) was separated by 

preparative HPLC (120 min, 30-60% MeOH in H2O) to yield the compounds Pam1 (5.5 

mg), Pam2 (6.5 mg), and Pam3 (3.7 mg). Fraction W1 (105 mg) was separated by 

preparative HPLC (120 min, 30-60% MeOH in H2O) to yield the compound Pam4 (11.2 

mg). Fraction W4 (127 mg) was separated by preparative HPLC (120 min, 20-70% 

MeOH in H2O) to yield the compounds Pam5 (1.1 mg), Pam6 (3.2 mg), and Pam7 (3.4 

mg). The fraction M100W was subjected to a silica gel column eluted with gradient 

mixtures of CH2Cl2–MeOH (50/1-1/1, v/v) to afford ten subfractions (M1-M10). 

Fraction M6 (91.4 mg) was separated by preparative HPLC (120 min, 40-100% MeOH 

in H2O) to yield the compounds Pam8 (15.5 mg) and Pam9 (6.8 mg). Fraction M4 (304 

mg) was separated by preparative HPLC (120 min, 30-80% MeOH in H2O) to yield the 

compounds Pam10 (4.1 mg), and Pam11 (6.6 mg). Fraction M8 (178 mg) was 

chromatographed on a silica gel CC eluted with CH2Cl2–acetone (5/1, v/v) to get 

compounds Pam12 (3.1 mg) and Pam13 (5.6 mg). Fraction M5 (90.9 mg) was separated 

on a silica gel CC eluted with CH2Cl2–methanol (9/1, v/v) to gain compound Pam14 

(5.6 mg) and Pam15 (2.8 mg). Fraction M9 (91.8 mg) was chromatographed on a silica 

gel CC eluted with CH2Cl2–methanol (9/1, v/v) to afford compound Pam16 (4.5 mg). 
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Methyl shikimate (Pam1): ESI-MS: m/z 189 [M+H]+; 1H NMR (CDCl3, 600 MHz): 

δ 6.61 (1H, d, J = 1.8 Hz, H-2), 4.24 (1H, m,  H-3), 3.85 (1H, m, H-4), 3.58 (1H, m, H-

5), 2.07 (1H, dd, J = 2.4, 18.0 Hz, H-6), 2.41 (1H, dd, J  = 3.6, 18.0 Hz, H-6), 3.67 (3H, 

s, 7-OCH3), 4.82 (2H, brs, 3,5-OH), 4.60 (1H, brs, 4-OH). 13C NMR (CDCl3, 125 MHz): 

δ 127.3 (C-1), 139.7 (C-2), 66.8 (C-3), 70 (C-4), 65.4 (C-5), 29.6 (C-6), 166.7 (C-7), 

51.5 (7-OCH3). 

n-butyl shikimate (Pam2): m/z 231 [M+H]+; 1H NMR (CDCl3, 600 MHz): δ 6.61 

(1H, t, J = 1.2 Hz, H-2), 4.80 (1H, brs, H-3), 3.85 (1H, m, H-4), 4.59 (1H, m, H-5), 2.62 

(1H, m, H-6a), 2.13 (1H, m, H-6b), 4.08 (2H, t, J = 6.4 Hz, H-1’), 1.59 (2H, m, H-2’), 

1.36 (2H, m, H-3’), 0.90 (3H, t, J = 7.2 Hz, H-4’). 13C NMR (CDCl3, 125 MHz):  δ 

127.6 (C-1), 139.4 (C-2), 65.4 (C-3), 70.1 (C-4), 66.8 (C-5), 29.6 (C-6a ), 166.2 (C-7), 

63.6 (C-1’), 30.2 (C-2’), 18.7 (C-3’), 13.5 (C-4’). 

5-epi-shikimate methyl (Pam3): m/z 189 [M+H]+; 1H NMR (CDCl3, 600 MHz): δ 

6.57 (1H, t, J = 3.0 Hz, H-2), 4.63 (1H, m, H-3), 3.49 (1H, m, H-4), 3.45 (1H, m, H-5), 

2.13 (1H, dd, J = 9.0, 18.0 Hz, H-6a), 2.61 (1H, dd, J = 4.8, 18.0 Hz, H-6), 3.70 (3H, s, 

7-OCH3), 5.56 (1H, brs, 3-OH), 5.14 (1H, brs, 4-OH), 3.50 (1H, brs, 5-OH),. 13C NMR 

(CDCl3, 125 MHz): δ 129.2 (C-1), 136.4 (C-2), 68.6 (C-3), 77.0 (C-4), 61.5 (C-5), 32.1 

(C-6), 165.6 (C-7), 52.0 (7-OCH3). 

Pinoresinol 4-O-β-D-glucoside (Pam4): white amorphous powder, ESI-MS: m/z 

521 [M+H]+; m/z 1041 [2M+H]+; molecular formula: C26H32O11;  1H NMR (CD3OD, 

600 MHz): δ 7.05 (1H, d, J = 2.4 Hz, H-2), 7.17 (1H, d, J = 9.0 Hz, H-5), 6.94 (2H, dd, 

J = 9.0; 2.4 Hz, H-6,6’), 4.78 (1H, d, J = 4.8 Hz, H-7), 3.15 (2H, m, H-8), 3.72 (2H, dd, 

J = 9.0; 4.8 Hz, H-9a), 4.26 (2H, dd, J = 9.0; 2.4 Hz, H-9b), 6.97 (1H, d, J = 2.4 Hz, H-

2'), 6.79 (1H, d, J = 9.0 Hz, H-5'), 6.94 (2H, dd, J = 9.0; 2.4 Hz, H-6'), 4.73 (1H, d, J = 

4.5 Hz, H-7'), 3.15 (2H, m, H-8'), 3.72 (2H, dd, J = 9.0; 4.8 Hz, H-9'a), 4.26 (2H, dd, J 

= 9.0; 2.4 Hz, H-9'b), 3.88 (3H, s, 3-O-CH3), 3.89 (3H, s, 3'-O- CH3), 4.89 (1H, d, J = 

8.4 Hz, H-1"), 3.44 (1H, m, H-2"), 3.42 (1H, m, H-3"), 3.30 (1H, m, H-4"), 3.40 (1H, 

m, H-5"), 3.46-3.53 (2H, m, H-6"); 13C NMR (CD3OD, 125 MHz): δ 137.5 (C-1), 111.0 

(C-2), 151.0 (C-3), 147.3 (C-4), 118.1 (C-5), 119.8 (C-6), 87.4 (C-7), 55.35 (C-8), 72.7 

(C-9), 133.8 (C-1'), 111.7 (C-2'), 149.1 (C-3'), 147.5 (C-4'), 116.11 (C-5'), 119.8 (C-6'), 

87.1 (C-7'), 55.54 (C-8'), 72.7 (C-9'), 56.5 (3-O- CH3), 56.8 (3'-O- CH3), 102.9 (C-1"), 

74.9 (C-2"), 77.9 (C-3"), 71.4 (C-4"), 78.2 (C-5"), 62.5 (C-6"). 

Vanillic acid (Pam5): ESI-MS: m/z 169 [M+H]+; 1H NMR (CD3OD, 600 MHz): δ 

77.58 (1H, d, J = 2.4 Hz, H-2); 6.85 (1H, d, J = 9.0 Hz, H-5); 7.57 (1H, dd, J = 9.0, 2.4 

Hz, H-6); 3.92 (3H, s, 3-OCH3). 13C NMR (CDCl3, 150 MHz):  δ 121.6 (C-1); 125.3 (C-

2); 148.7 (C-3); 154.6 (C-4); 113.9 (C-5); 115.9 (C-6); 170.0 (C-7); 56.4 (3-OCH3). 
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p-hydroxybenzaldehyde (Pam6): ESI-MS: m/z 123 [M+H]+; 1H NMR (DMSO-d6, 

600 MHz): δ 6.88 (2H, d, J = 7.2 Hz, H-2,6); 7.76 (2H, d, J = 7.2 Hz, H-3,5); 9.72 (1H, 

s). 13C NMR (DMSO-d6, 150 MHz): δ 129.1 (C-1); 132.8 (C-2,6); 116.5 (C-3,5); 163.9 

(C-4); 191.8 (C-7).  

Methyl gallate (Pam7): ESI-MS: m/z 185 [M+H]+.1H NMR (CD3OD, 600 MHz): δ 

7.06 (2H, s, H-2,6); 3.83 (3H, s, 7-OCH3). 13C NMR (CD3OD, 150 MHz): δ 121.5 (C-1); 

110.1 (C-2,6); 146.5 (C-3,5); 139.8 (C-4); 169.0 (C-7); 52.3 (7-OCH3). 

Pinoresinol (Pam8): See compound Pt3. 

Pinoresinol monomethyl ether (Pam9): See compound Pt4. 

Methyl 4-hydroxybenzoate (Pam10): m/z 153 [M+H]+; 1H NMR (DMSO-d6, 600 

MHz): δ 7.81 (1H, d, J = 6.6 Hz, H-2,6), 6.84 (1H, d, J = 6.6 Hz, H-3,5), 3.78 (3H, s, 

OCH3). 13C NMR (DMSO-d6, 125 MHz): δ 120.2 (C-1), 131.3 (C-2), 115.3 (C-3), 161.9 

(C-4), 115.3 (C-5), 131.3 (C-6), 166.0 (C-7), 51.6 (7-OCH3). 

3,4-dihydroxyl benzoate methyl (Pam11): m/z 169 [M+H]+; 1H NMR (DMSO-d6, 

600 MHz): δ 7.42 (1H, d, J=  1.8 Hz, H-2), 6.83 (1H, d, J=  7.8 Hz, H-5), 7.44 (1H, dd, 

J=  1.8, 7.8 Hz, H-6), 3.80 (3H, s, OCH3) . 13C NMR (DMSO-d6, 125 MHz): δ 121.6 

(C-1), 123.4 (C-2), 151.1 (C-3), 163.2 (C-4), 112.7 (C-5), 115 (C-6), 167.1 (C-7), 55.5 

(7-OCH3). 

4-hydroxy benzoic acid (Pam12): m/z 139 [M+H]+;  1H NMR (DMSO-d6, 600 

MHz): δ 7.77 (1H, d, J = 9.0 Hz, H-2,6), 6.80 (1H, d, J = 9.0 Hz, H-3,5) . 13C NMR 

(DMSO-d6, 125 MHz): δ 121.3 (C-1), 131.6 (C-2), 115.5 (C-3), 161.5 (C-4), 115.5 (C-

5), 131.6 (C-6), 167.1 (C-7). 

Methyl 4-hydroxy-3-methoxybenzoate (Pam13): m/z 183 [M+H]+; 1H NMR 

(CD3OD, 600 MHz): δ 7.54 (1H, d, J=  1.8 Hz, H-2,6), 6.83 (1H, d, J=  8.4  Hz, H-5), 

7.54 (1H, dd, J=  8.4, 1.8 Hz, H-2,6), 3.87 (3H, s, OCH3), 3.90 (3H, s, OCH3). 13C NMR 

(CD3OD, 125 MHz): δ 121.6 (C-1), 125.2 (C-2), 149.2 (C-3), 154.4 (C-4), 113.5 (C-5), 

116.3 (C-6), 168.9 (C-7), 52.3 (3-OCH3), 56.4 (7-OCH3).  

Methyl syringate (Pam14): m/z 213 [M+H]+; 1H NMR (CD3OD, 600 MHz): δ 7.34 

(2H, s, H-2,6), 3.89 (6H, s, 3,5-OCH3), 3.89 (3H, s, 7-OCH3). 13C NMR (CD3OD, 125 

MHz): δ 121.37 (C-1), 108.1 (C-2), 148.94 (C-3), 141.94 (C-4), 148.94 (C-5), 108.1 (C-

6), 168.63 (C-7), 56.8 (3,5-OCH3), 52.5 (7-OCH3). 

Vanillin (Pam15): ESI-MS: m/z 153 [M+H]+; 1H NMR (DMSO-d6, 600 MHz): δ 

7.38 (1H, d, J = 1.8 Hz, H-2); 6.96 (1H, d, J = 8.4 Hz, H-5); 7.43 (1H, dd, J = 8.4, 1.8 

Hz, H-6); 9.77 (1H, s, H-7); 3.92 (3H, s, 3-OCH3); 10.24 (1H, brs, 4-OH); 13C NMR 

(CDCl3, 150 MHz): δ 128.7 (C-1); 126.0 (C-2); 148.2 (C-3); 153.0 (C-4); 110.7 (C-5); 

115.4 (C-6); 191.0 (C-7); 55.6 (3-OCH3).  
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n-butyl D-galactopyranoside (Pam16): m/z 237 [M+H]+; 1H NMR (CDCl3, 600 

MHz): δ 4.75 (1H, d, J = 3.6 Hz, H-1), 3.78 (1H, dd, J = 3.6, 6.0 Hz, H-2), 3.73 (1H, 

m, H-3), 3.68 (1H, m, H-4), 3.57 (1H, m, H-5), 3.50 (2H, m, H-6), 3.42 (2H, m, H-1'), 

1.59 (2H, m, H-2'), 1.40 (2H, m, H-3'), 1.40 (3H, t, J = 7.8 Hz, H-3'). 13C NMR (CDCl3, 

125 MHz): δ 99.7 (C-1), 75.3 (C-2), 73.5 (C-3), 73.2 (C-4), 71.9 (C-5), 68.1 (C-6), 62.8 

(C-1'), 32.4 (C-2'), 20.1 (C-3'), 14.1 (C-4'). 

6.4.2. Structure elucidation of the isolated compounds 

From the non-alkaloid fraction, 16 compounds were isolated, and their structures 

(Figure 3) were elucidated using spectroscopy methods.  

 

Figure 6.3. Structures of isolated compounds from the phenolic enrichments of P. 

amaryllifolius leaves 

6.4.2.1. Compound Pam1: Methyl shikimate 

 

Figure 6.4. The structure of methyl shikimate (Pam1) 

Compound Pam1 was obtained as a white amorphous solid. The ESI-MS spectrum 

of Pam1 showed peaks at m/z 189 [M+H]+, allowing the determination of the molecular 

weight of 188 Da. The 1H-NMR spectrum showed the signals of three oximethine sp3 

protons at δH 4.24 (1H, m,  H-3), 3.85 (1H, m, H-4), 3.58 (1H, m, H-5), one methylene 
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group at δH 2.07 (1H, dd, J = 2.4, 18.0 Hz, H-6) and 2.41 (1H, dd, J  = 3.6, 18.0 Hz, H-

6), one methoxy group at δH 3.67 (3H, s, 7-OCH3), an olefine proton at δH 6.61 (1H, d, 

J = 1.8 Hz, H-2), and three hydroxy protons at 4.82 (2H, brs, 3,5-OH) and 4.60 (1H, brs, 

4-OH). The 13C NMR spectrum showed three sp3 oximethine signals at δC 66.8 (C-3), 

70.0 (C-4), and 65.4 (C-5), two olefinic carbons at δC 127.3 (C-1) and 139.7 (C-2), and 

a methoxy group at 51.5 (7-OCH3). Compound Pam1 was determined as methyl 

shikimate by comparing its NMR data to the literature. [65]. 

6.4.2.2. Compound Pam2: n-butyl shikimate 

 

Figure 6.5. The structure of n-butyl shikimate (Pam2) 

Compound Pam2 was obtained as a white amorphous solid. The ESI-MS spectrum 

of Pam2 showed peaks at m/z 231 [M+H]+. The 1H-NMR spectrum exhibited the signals 

of three oximethine sp3 protons at δH 4.30 (1H, brs), 3.62 (1H, m), 3.93 (1H, m), two 

methylene signals at δH 2.62 (1H, m, H-6a), 2.13 (1H, m, H-6b), an olefine proton at δH 

6.61 (1H, d, J = 1.2 Hz, H-2). The 13C NMR spectrum showed three sp3 oximethine 

signals at δC 65.4 (C-3), 70.1 (C-4), 66.8 (C-5), two olefine carbons at δC 127.6 (C-1) 

and 139.4 (C-2), and signals of an n-butyl fragment at δC 63.6 (C-1’), 30.2 (C-2’), 18.7 

(C-3’), 13.5 (C-4’). Compound Pam2 was determined as n-butyl shikimate by 

comparing its NMR data to the reported literature [66]. 

6.4.2.3. Compound Pam3: 5-epi-shikimate methyl 

 

Figure 6.6. The structure of 5-epi-shikimate methyl (Pam3) 

Compound Pam3 was obtained as a white amorphous solid. The ESI-MS spectrum 

of Pam3 showed peaks at m/z 231 [M+H]+. The 1H-NMR spectrum showed three 

oximethine sp3 protons at δH 4.63 (1H, m, H-3), 3.49 (1H, m, H-4), 3.45 (1H, m, H-5), 

two signals of a methylene group at δH 2.13 (1H, dd, J = 9.0, 18.0 Hz, H-6a) and  

2.61 (1H, dd, J  = 4.8, 18.0 Hz, H-6b) , one methoxy group at δH 3.67 (3H, s, 7-OCH3),an 
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olefine proton at δH 6.61 (1H, d, J = 1.8 Hz, H-2), and two hydroxy protons at 4.78 (2H, 

brs, 3,5-OH) and 4.58 (1H, brs, 4-OH). The 13C NMR spectrum showed three sp3 

oximethine signals at δC 66.6 (C-3), 77.0 (C-4), and 61.5 (C-5), two olefin carbons at δC 

129.2 (C-1) and 136.4 (C-2), and a methoxy group at 52.0 (7-OCH3). ESI-MS and NMR 

data of compound Pam3 were highly similar to those of compound Pam1. By 

comparing to the reference data, compound Pam3 was determined as 5-epi-shikimate 

methyl [67]. 

6.4.2.4. Compound Pam4: Pinoresinol 4-O-β-D-glucoside 

 

Figure 6.7. The structure of pinoresinol 4-O-β-D-glucoside (Pam4) 

Compound Pam4 was obtained as a white powder. The molecular weight of Pam4 

was 520 Da by the ESI-MS spectrum at m/z 521 [M+H]+, and m/z 1041 [2M+H]+.  

The 1H-NMR spectrum indicated two ABX systems at H 7.05 (1H, d, J = 2.4 Hz, 

H-2), 7.17 (1H, d, J = 9.0 Hz, H-5), 6.94 (2H, dd, J = 9.0; 2.4 Hz, H-6, H-6'), 6.97 (1H, 

d, J = 2.4 Hz, H-2'), 6.79 (1H, d, J = 9.0 Hz, H-5'); a sugar unit identified as β-D-

glucopyranoside based on the anomeric proton signals at H 4.91 (1H, d, J = 8.4 Hz, H-

1") and other signals ranging from 3.30 ppm to 3.46 ppm; two methoxy groups H 3.86 

(3H, s, 3'-OMe) and 3.84 (3H, s, 3-OMe); and two oxygenated methine groups H 4.73 

(1H, d, J = 4.8 Hz, H-7'), 4.78 (1H, d, J = 4.8 Hz, H-7).  

The 13C-NMR spectrum and DEPT spectrum showed twenty-six carbon signals, in 

which 12 carbon signals at C 111.6-151.0 (6 CH, 6 C) confirmed the presence of two 

ABX systems. In addition to the typical signals of β-D-glucopyranoside at C 102.9 (C-

1"); 77.9 (C-3"); 74.9 (C-2"); 71.4 (C-4"); 78.2 (C-5"); 62.5 (C-6"), in the 13C NMR 

spectrum, there were signals of two methine groups, two methylene groups attached to 

oxygen, respectively at C 87.4 ( C-7); 87.1 (C-7′); 72.7 (C-9, C-9′), and two methoxy 

groups at C 56.8 (3'-OMe); 56.4 (3-OMe).  

The spectral data of Pam4 have many similarities with those of Pt3, except for an 

additional sugar unit, β-D-glucopyranoside. In conclusion, the structure of Pam4 was 
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determined to be pinoresinol 4-O-β-D-glucopyranoside by comparison of spectral data 

with those reported in the literature [57]. 

6.4.2.5. Compound Pam5: Vanillic acid  

 

Figure 6.8. The structure of vanillic acid (Pam5) 

Compound Pam5 was obtained as a white amorphous solid. The ESI-MS spectrum 

exhibited a molecular ion peak at m/z 169 [M+H]+, corresponding to a molecular weight 

of 168 Da. The 1H NMR spectrum of Pam5 showed signals of an aromatic ABX system 

at δH 7.58 (1H, d, J = 2.4 Hz, H-2), 6.85 (1H, d, J = 9.0 Hz, H-5), and 7.57 (1H, dd, J 

= 9.0, 2.4 Hz, H-6), along with a methoxy signal at δH 3.92 (3H, s, OCH3). The 13C 

NMR and DEPT spectra displayed a carboxyl carbon at δC  170.0 (C-7), three aromatic 

methine carbons at δC 125.3 (C-2), 113.9 (C-5), and 115.9 (C-6), two oxygenated 

aromatic carbons at δC  148.7 (C-3) and 154.6 (C-4), and a methoxy carbon at δC  56.4 

(3-OCH3). Based on these spectroscopic data and comparison with reference values, 

compound Pam5 was identified as vanillic acid [68]. 

6.4.2.6. Compound Pam6: p-hydroxybenzaldehyde 

 

Figure 6.9. The structure of p-hydroxybenzaldehyde (Pam6) 

Compound Pam6 was obtained as a white amorphous solid with a molecular 

weight of 122 Da, as determined from the ion peak at m/z 123 [M+H]+ in the ESI-MS 

spectrum. The ¹H NMR spectrum of compound Pam6 showed signals corresponding to 

an aromatic A2B2 system at δH 6.88 (2H, d, J = 7.2 Hz, H-2,6) and 7.76 (2H, d, J = 7.2 

Hz, H-3,5), together with an aldehydic proton signal at δH 9.72 (1H, s, H-7). The 13C 

NMR and DEPT spectra revealed an aldehyde carbon at δC 191.8 (C-7), aromatic 

methine carbons at δC 132.8 (C-2,6) and 116.5 (C-3,5), and an oxygenated aromatic 



 

98 

 

carbon at δC 163.9 (C-4). Comparison of these spectroscopic data with literature values 

led to the identification of compound Pam6 as p-hydroxybenzaldehyde [69]. 

6.4.2.7. Compound Pam7: Methyl gallate  

 

Figure 6.10. The structure of methyl gallate (Pam7) 

Compound Pam7 was obtained as a white amorphous solid. The ESI-MS spectrum 

displayed a molecular ion peak at m/z 185 [M+H]+, corresponding to a molecular weight 

of 184 Da. The 1H NMR spectrum of compound Pam7 showed signals of two equivalent 

aromatic protons at δH 7.06 (2H, s, H-2,6) and a methoxy group at δH 3.83 (3H, s, 7-

OCH₃). The 13C NMR and DEPT spectra revealed aromatic methine carbons at δC 110.1 

(C-2,6), oxygenated aromatic carbons at δC 146.5 (C-3,5), a quaternary oxygenated 

aromatic carbon at δC 139.8 (C-4), and a methoxy carbon at δC 52.3 (7-OCH₃). 

Comparison of these NMR data with reference values confirmed the identity of 

compound Pam7 as methyl gallate [70]. 

6.4.2.8. Compound Pam10: methyl 4-hydroxybenzoate  

 

Figure 6.11. The structure of methyl 4-hydroxybenzoate (Pam10) 

Compound Pam10 was isolated as a white powder. The ESI-MS spectrum 

illustrated a molecular peak at m/z 153 [M+H]+. The 1H-NMR spectrum of the 

compound exhibited the presence of an A2B2 benzene moiety at δH 7.81 (1H, d, J = 6.6 

Hz, H-2,6), 6.84 (1H, d, J = 6.6 Hz, H-3,5), and a methoxy group at δH 3.78 (3H, s, 

OCH3). The 13C NMR spectrum showed six signals of an A2B2 phenyl group at δC 120.2 

(C-1), 131.3 (C-2), 115.3 (C-3), 161.9 (C-4), 115.3 (C-5), 131.3 (C-6), a carboxylate and 

a methoxy group at δC 166.0 (C-7), 51.6 (7-OCH3), respectively. These data were highly 

in agreement with those of methyl 4-hydroxybenzoate in the literature [71]. Thus, 

compound Pam10 could be determined as methyl 4-hydroxybenzoate. 
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6.4.2.9. Compound Pam11: 3,4-dihydroxyl benzoate methyl 

 

Figure 6.12. The structure of 3,4-dihydroxyl benzoate methyl (Pam11) 

Compound Pam11 illustrated a molecule peak at m/z 169 [M+H]+ on the ESI-MS 

spectrum. The 1H-NMR spectrum of compound Pam11 exhibited the presence of an 

ABX aromatic moiety at δH 7.42 (1H, d, J = 1.8 Hz, H-2), 6.83 (1H, d, J=  7.8 Hz, H-

5), 7.44 (1H, d, J=  1.8, 7.8 Hz, H-6), and a methoxy group at δH 3.80 (3H, s, OCH3). 

The 13C NMR spectrum showed six signals of an ABX dihydroxy benzene moiety at δC 

121.6 (C-1), 123.4 (C-2), 151.1 (C-3), 163.2 (C-4), 112.7 (C-5), 115 (C-6), and a methyl 

carboxylate moiety at δC 167.1 (C-7) and 55.5 (7-OCH3). Compound Pam11 was 

identified as 3,4-dihydroxyl benzoate methyl by comparing the spectroscopy data with 

the reference [72]. 

6.4.2.10. Compound Pam12: 4-hydroxy benzoic acid 

 

Figure 6.13. The structure of 4-hydroxy benzoic acid (Pam12) 

Compound Pam12 was isolated as a white solid. The ESI-MS spectrum showed a 

molecular peak at m/z 139 [M+H]+. The 1H-NMR spectrum of the compound exhibited 

the presence of an A2B2 benzene moiety at δH 7.77 (1H, d, J = 9.0 Hz, H-2,6), 6.80 (1H, 

d, J = 9.0 Hz, H-3,5), which was like Pam10. The 13C NMR spectrum also showed six 

signals of an A2B2 phenyl group at δC 121.3 (C-1), 131.6 (C-2), 115.5 (C-3), 161.5 (C-

4), 115.5 (C-5), 131.6 (C-6), and a carboxyl group at δC 167.1 (C-7). However, the NMR 

data of Pam12 did not show any signals of the methoxy group, as in the spectra of 

Pam10. These were also proved via the decrease of a methyl group on the molecular 

weight.  Thus, the compound could be determined as methyl 4-hydroxybenzoic acid [73]. 
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6.4.2.11. Compound Pam13: methyl 4-hydroxy-3-methoxybenzoate  

 

Figure 6.14. The structure of methyl 4-hydroxy-3-methoxybenzoate (Pam13) 

Compound Pam13 illustrated a molecule peak at m/z 183 [M+H]+ on the ESI-MS 

spectrum. The 1H-NMR spectrum of compound Pam13 exhibited the presence of an 

ABX aromatic moiety at δH 7.42 (1H, d, J=  1.8 Hz, H-2), 6.83 (1H, d, J=  7.8 Hz, H-

5), 7.44 (1H, dd, J=  1.8, 7.8 Hz, H-6), and two methoxy group at δH 3.87 (3H, s, OCH3), 

3.90 (3H, s, OCH3). The 13C NMR spectrum showed six signals of an ABX dihydroxy 

benzene moiety at δC 121.6 (C-1), 125.2 (C-2), 149.2 (C-3), 154.4 (C-4), 113.5 (C-5), 

116.3 (C-6), a carboxylate group at δC 168.9 (C-7) and two methoxy group at δC 52.3 

(3-OCH3), 56.4 (7-OCH3). These were highly similar to those of compound 5, with the 

addition of a methoxy group. Compound Pam13 was identified as methyl 4-hydroxy-3-

methoxybenzoate by comparing the spectroscopy data with the reference [74]  

6.4.2.12. Compound Pam14: methyl syringate  

 

Figure 6.15. The structure of methyl syringate (Pam14) 

Compound Pam14 was obtained as a white amorphous solid. The ESI-MS 

spectrum of Pam14 showed peaks at m/z 213 [M+H]+. The 1H-NMR spectrum showed 

signals of two meta-aromatic protons at δH 7.34 (2H, s, H-2,6) and three methoxy groups 

at δH 3.89 (6H, s, 3,5-OCH3), 3.88 (3H, s, 7-OCH3). The 13C NMR spectrum illustrated 

six signals of a three-hydroxy aromatic moiety at δC 121.37 (C-1), 108.1 (C-2), 148.94 

(C-3), 141.94 (C-4), 148.94 (C-5), 108.1 (C-6), a carboxylate group at δC 168.63 (C-7),   

and three methoxy groups at δC 56.8 (3,5-OCH3), 52.5 (7-OCH3). The compound was 

determined as methyl syringate by comparing its spectroscopy data to the previous 

report [75].   
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6.4.2.13. Compound Pam15: Vanillin 

 

Figure 6.16. The structure of vanillin(Pam15) 

Compound Pam15 was obtained as a white amorphous solid. The ESI-MS 

spectrum exhibited a molecular ion peak at m/z 153 [M+H]+, consistent with a molecular 

weight of 152 Da. The ¹H NMR spectrum of Pam15 displayed characteristic signals of 

an aromatic ABX system at δH 7.38 (1H, d, J = 1.8 Hz, H-2), 6.96 (1H, d, J = 8.4 Hz, 

H-5), and 7.43 (1H, dd, J = 8.4, 1.8 Hz, H-6), together with a methoxy signal at δH 3.92 

(3H, s, 3-OCH₃), a hydroxyl group signal at δH 10.24 (1H, brs, 4-OH), and an aldehydic 

proton signal at δH 9.77 (1H, s, H-7). The ¹³C NMR and DEPT spectra showed an 

aldehyde carbon at δC 191.0 (C-7), three aromatic CH carbons at δC 126.0 (C-2), 110.7 

(C-5), and 115.4 (C-6), two oxygenated aromatic carbons at δC 148.2 (C-3) and 153.0 

(C-4), and a methoxy carbon at δC 55.6 (3-OCH₃). These spectral data suggested a 

benzaldehyde derivative. Comparison with reported data confirmed that compound 

Pam15 was identified as vanillin [68]. 

6.4.2.14. Compound Pam16: n-butyl D-galactopyranoside 

 

Figure 6.17. The structure of n-butyl D-galactopyranoside (Pam16) 

Compound Pam16 was obtained as a white amorphous solid. The ESI-MS 

spectrum of Pam16 showed m/z 237 [M+H]+. The 1H-NMR spectrum showed the signal 

of an anomeric proton at δH 4.75 (1H, d, J=  3.6 Hz, H-1), together with four signals at 

δH 3.78 (1H, dd, J=  3.6, 6.0 Hz, H-2), 3.73 (1H, m, H-3), 3.68 (1H, m, H-4), 3.57 (1H, 

m, H-5), 3.50 (2H, m, H-6) of a sugar moiety, and signals of an oxidated n-butyl group 

at δH 3.42 (2H, m, H-1'), 1.59 (2H, m, H-2'), 1.40 (2H, m, H-3'), 1.40 (3H, t, J=  7.8 Hz, 

H-4'). The 13C NMR spectrum exhibited signals of a galactose moiety at δC 99.7 (C-1), 

75.3 (C-2), 73.5 (C-3), 73.2 (C-4), 71.9 (C-5), 68.1 (C-6), and an oxygenated n-butyl 

moiety at δC 62.8 (C-1'), 32.4 (C-2'), 20.1 (C-3'), 14.1 (C-4'). The compound was 
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determined as n-butyl D-galactopyranoside by comparing its NMR data to the previous 

study [76]. 

6.5. Bioactivities of extract and enrichments from the P. amaryllifolius leaves 

Table 6.4. Free-radical scavenging effects of phenolic enrichment from P. 

amaryllifolius leaves 

Sample 
DPPH  

(IC50, µg/mL) 
Hydroxyl  

(IC50, µg/mL) 
NO inhibition 
(IC50, µg/mL) 

The phenolic enrichment 32.68 ± 2.93a 40.20 ± 3.84e 21.44 ± 2.61h 

The non-alkaloid fraction 28.75 ± 1.81b 41.11 ± 3.76e 57.61 ± 4.54i 

The alkaloid fraction 52.10 ± 4.26c 82.35 ± 6.09f 33.47 ± 2.92j 

Ascorbic acid * 24.65± 2.27d -  

Catechin ** - 32.27 ± 1.56g  

Cardamonin#   2.98±0.35k 
*, **, # Positive control 
a-k: Data are expressed as mean ± SD. Means in each column with different letters are significantly 
different (p < 0.05). 

The phenolic enrichment from Pandanus amaryllifolius leaves exhibited 

significant antioxidant and NO inhibition activities compared to both its derived alkaloid 

and non-alkaloid fractions, as well as the positive controls used in this study (Table 6.4). 

For DPPH and hydroxyl radical scavenging assays, the phenolic enrichment displayed 

IC₅₀ values of 32.68 µg/mL and 40.20 µg/mL, respectively, which are close to the 

efficacy of ascorbic acid (IC₅₀ of 24.65 µg/mL) and catechin (IC₅₀ of 32.27 µg/mL), 

respectively. This suggests that the phenolic enrichment possesses potent free radical 

scavenging abilities, on par with well-known antioxidants. In terms of NO inhibition, 

the phenolic enrichment achieved an IC₅₀ of 21.44 µg/mL, which, while not as potent as 

cardamonin (IC₅₀ of 2.98 µg/mL), is markedly more effective than either the non-

alkaloid fraction (57.61 µg/mL) or the alkaloid fraction (33.47 µg/mL). This indicates 

that while cardamonin serves as an exceptionally potent NO inhibitor, the phenolic 

enrichment’s moderate yet significant inhibition points to a synergistic effect within the 

mixture, potentially due to the interplay between phenolic and alkaloid components. 

The higher NO inhibition in the phenolic enrichment compared to its separated 

fractions suggests a synergistic interaction between phenolic and alkaloid compounds 

within the mixture, enhancing the NO inhibition capacity beyond what is observed in 

either fraction alone. Although individual compounds like cardamonin show stronger 
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inhibition, the phenolic enrichment still represents a balanced and effective option for 

reducing oxidative stress and inflammation, leveraging the combined effects of its 

components. This highlights the potential of using phenolic enrichment as a natural 

source of antioxidants and anti-inflammatory agents, with a broader range of bioactivity 

than isolated components. 

6.6. Chapter summary 

The optimized phenolic enrichment from Pandanus amaryllifolius leaves 

demonstrated substantial antioxidant and NO inhibition activities, surpassing the 

efficacy of its individual non-alkaloid and alkaloid fractions. The phenolic enrichment 

enhanced NO inhibition capacity suggests a synergistic interaction between its phenolic 

and alkaloid compounds, contributing to a broader range of bioactivity. While the 

enrichment exhibited significant antioxidant effects comparable to standard antioxidants 

like ascorbic acid and catechin, its NO inhibition effect, though less than cardamonin, 

was markedly superior to that of the isolated fractions. The phytochemical investigation 

of the phenolic enrichment from P. amaryllifolius leaves led to the isolation of 16 

compounds, including 3 lignans and 9 benzoate derivatives, together with 3 shikimates 

and 1 glycoside. Except for 4-hydroxybenzoic acid (Pam9), the other compounds were 

identified for the first time from the plant. These findings support the use of phenolic 

enrichment as a balanced and effective option for managing oxidative stress and 

inflammation, highlighting its potential as a multifunctional natural therapeutic agent.
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CONCLUSION 

This work expands the chemical and functional landscape of Pandanus by 

combining broad extract-level screening with focused isolation/characterization and 

process optimization. At the genus level, extract chemistries and bioactivities are highly 

species- and tissue-dependent: P. tectorius consistently emerged as a phenolic, saponin-

rich, antioxidant-active taxon; P. amaryllifolius concentrated alkaloids with associated 

cytotoxicity. These comparative findings guided subsequent targeted studies and 

underscore the value of integrating chemical metrics with multiaxis bioassays.  

From P. tectorius leaves, two new benzofuran epimers (Pandanusfurans A and B) 

and four lignans were elucidated. The lignans chiefly contributed to antioxidant capacity, 

whereas the benzofurans, while weaker antioxidants, approached acarbose in α-amylase 

inhibition and showed selective cytotoxicity toward A549 with little effect on K562, 

MCF7, and negligible NO inhibition. Given these modest yet multifaceted activities, the 

benzofurans are best viewed as preliminary scaffolds for further optimization rather than 

as immediate leads.  

Process engineering of P. tectorius fruits demonstrated that extract composition 

and bioactivity can be predictably tuned. TPC-oriented conditions (higher ethanol, 80 °C) 

produced stronger radical-scavenging, whereas TSC-oriented conditions (lower ethanol, 

extended times) enhanced NO inhibition but at the highest saponin levels could 

introduce cytotoxicity in RAW 264.7 cells. The validated multi-response windows 

provide practical guidance for producing phenolic-rich, saponin-rich, or balanced 

extracts depending on intended use, while also highlighting safety considerations for 

highly saponin-enriched fractions.  

For P. amaryllifolius, the optimized phenolic enrichment achieved antioxidant 

performance comparable to standard references and stronger NO suppression than 

separated fractions, consistent with synergistic contributions from phenolics and 

alkaloids. The accompanying compositional work catalogued multiple shikimate-

derived and simple phenolic constituents, as well as a lignan glycoside, providing a basis 

for future standardization and quality control.  

  

Overall, the thesis (i) delineates species-level chemical–bioactivity patterns across 

Pandanus, (ii) contributes two new benzofurans, and (iii) establishes statistically 
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validated extraction windows that reconcile yield, composition, bioactivity, and safety. 

Limitations include the largely in-vitro nature of activity data and the moderate 

potencies observed for many samples/isolates. Future work should prioritize structure–

activity optimization of the benzofurans, in vivo efficacy and toxicity studies for 

phenolic- and saponin-enriched extracts (with attention to saponin-related cytotoxicity 

at higher doses), targeted standardization protocols for fruits or leaves preparations, and 

biosynthetic or chemotaxonomic investigations linking norisoprenoids to aroma and 

ecological function in Pandanus. 
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Table S1. Kruskal-Wallis test with Benjamini–Hochberg FDR-adjusted p-values for  

differences in TPC, TFC, TSC, TAC contents of Pandanus tectorius leaves, Pandanus 

tectorius fruits, and Pandanus amaryllifolius leaves extracts. 

variable n statistic df p dunn_pairs dunn_min_padj  

TPC 18 13.56090226 2 0.00114 3 0.000886114  

Dunn post-hoc (BH) for TPC  

variable group1 group2 n1 n2 statistic p p.adj 

TPC PaL PtF 6 5 3.619326116 0.000295371 0.0009 

TPC PaL PtL 6 7 2.380881048 0.017271288 0.0259 

TPC PtF PtL 5 7 -1.480702942 0.13868575 0.1387 
        

variable n statistic df p dunn_pairs dunn_min_padj  

TFC 18 11.61203008 2 0.00301 3 0.006584747  

Dunn post-hoc (BH) for TFC 

variable group1 group2 n1 n2 statistic p p.adj 

TFC PaL PtF 6 5 3.062506713 0.002194916 0.0066 

TFC PaL PtL 6 7 2.813768511 0.004896447 0.0073 

TFC PtF PtL 5 7 -0.493567647 0.621611554 0.6216 
        

variable n statistic df p dunn_pairs dunn_min_padj  

TSC 18 13.89774436 2 0.00096 3 0.00069643  

Dunn post-hoc (BH) for TSC 

variable group1 group2 n1 n2 statistic p p.adj 

TSC PaL PtF 6 5 3.681194938 0.000232143 0.0007 

TSC PaL PtL 6 7 2.332782441 0.019659567 0.0295 

TSC PtF PtL 5 7 -1.590384642 0.11174813 0.1117 
        

variable n statistic df p dunn_pairs dunn_min_padj  

TAC 18 13.76464891 2 0.00103 3 0.001109969  

variable group1 group2 n1 n2 statistic p p.adj 

TAC PaL PtF 6 5 -3.560613164 0.00036999 0.0011 

TAC PaL PtL 6 7 -2.667464337 0.0076426 0.0115 

TAC PtF PtL 5 7 1.147689541 0.25109675 0.2511 

 

  



 

 

Table S2. R2 values, Q2 values, variables correlation, VIP score, and % variance by 

components of the PLSR for chemical components and bioactivities of Pandanus 

tectorius leaves, Pandanus tectorius fruits, and Pandanus amaryllifolius leaves extracts 

Overall model performance  
Metric Value  

Mean R² (train) 0.7466  
Mean Q² (CV) 0.3262  

   

Adjusted   

Response R² (train) Q² (CV) 

DPPH 0.892 0.795 

Hydroxyl 0.928 0.873 

α-Amylase 0.951 0.924 

NO inhibition 0.83 0.61 

A549 cytotoxicity 0.188 −1.618 

K562 cytotoxicity 0.69 0.165 

MCF7 cytotoxicity 0.746 0.535 

 

correlation_XY 

           DPPH    Hydroxyl   α-amylase   NO inhib.   
A549 
cytot.  

K562 
cytot.  

MCF7 
cytot. 

TPC   0.9076 0.9237 0.9362 -0.6136 0.0205 0.7822 -0.7526 

TFC   0.8712 0.9431 0.9608 -0.7683 -0.1641 0.7711 -0.7281 

TSC   0.8497 0.8888 0.9366 -0.5872 0.0045 0.7916 -0.7893 

TAC  -0.8269 -0.8614 -0.8743 0.8852 0.1964 -0.6223 0.7757 

        

        
VIP score      

Components Comp 1     Comp 2    Comp 3     Comp 4    

VIP score 0.9891 1.0072 0.9799 1.0232    

        
% Variance by components    

Components Comp 1 Comp 2 Comp 3 Comp 4    

Individual Variance 91.52 6.78 1.16 0.54    
Cumulative Variance 91.52 98.30 99.46 100.00    
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Tis study investigates the optimal conditions to enrich the phenolic content of the extract from Pandanus amaryllifolius leaves
and evaluates the bioactivities of this enrichment. Te phenolic enrichment was prepared under optimized conditions using the
response surface methodology (RSM) with the Box–Behnken design. Te antioxidant properties were assessed using DPPH and
hydroxyl radical scavenging assays, while the NO production inhibition was measured in LPS-stimulated RAW 264.7 macrophage
cells. Results indicated that the phenolic enrichment showed potent antioxidant activity comparable to ascorbic acid and catechin
and signifcantly higher NO inhibition than the separated nonalkaloid and alkaloid fractions. Te study also highlights the
synergistic efect of phenolic and alkaloid compounds on the antioxidants and anti-infammatory activities of the phenolic
enrichment from Pandanus amaryllifolius leaves.

Keywords: antioxidant; Box–Behnken; Pandanus amaryllifolius; phenolic

1. Introduction

Pandanus amaryllifolius Roxb is an evergreen tree with fra-
grantly scented leaves. Te plant is cultivated for its leaves in
gardens in Vietnam, Indonesia, Malaysia, Tailand, New
Guinea, Sri Lanka, and the Philippines [1, 2]. Phytochemical
studies reported that alkaloids were the major secondary me-
tabolites in P. amaryllifolius with considerable anti-
infammatory and anticancer efects [2–6]. Besides, favo-
noids, coumaroyl malate, and coumarin derivatives, together
with terpenoids and other organic compounds, were de-
termined from leaves of P. amaryllifolius [7–12]. While these
fndings highlight the diverse chemical profle of

P. amaryllifolius, detailed quantitative data on the composition
of these compounds remain limited and warrant further in-
vestigation. Furthermore, variations in the reported antioxidant
efects of alkaloids across studies have raised questions about the
consistency of these results [9–11]. Antioxidants, particularly
those derived from plant sources, play a crucial role in miti-
gating oxidative stress, which is linked to various chronic
diseases such as cancer, cardiovascular diseases, and neuro-
degenerative disorders. Plant-based antioxidants ofer advan-
tages over synthetic counterparts due to their biocompatibility,
lower toxicity, and additional bioactive properties. In this
context, the optimization of extraction processes becomes es-
sential to maximize the yield and efcacy of phytoconstituents.
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Conventional extraction methods often sufer from
limitations such as low selectivity, high solvent consump-
tion, and extended processing times [13]. To overcome these
challenges, the response surface methodology (RSM) with
the Box–Behnken design (BBD) was employed for opti-
mizing the extraction of bioactive products from natural
sources [14]. Te BBD was chosen for its efciency in
evaluating interactions among variables with fewer experi-
mental runs than traditional methods [13, 14]. Parameters
such as solvent concentration, extraction time, and tem-
perature were systematically optimized to enrich the phe-
nolic content, signifcantly improving the extraction yield.

Previously, we investigated alkaloids from the aerial part
of P. amaryllifolius from Vietnam and evaluated their anti-
infammatory activity [15]. In the current study, we con-
tinuously determined and elucidated the structures of
phenolics from the nonalkaloid fraction of the samples. Te
extracting process was optimized to enrich the phenolic
content using the RSMwith BBD. Moreover, the antioxidant
and NO production inhibitory efects of the fractions and
compounds were investigated.

2. Materials and Methods

2.1. Plant Materials. Leaves of P. amaryllifolius were col-
lected at Tam Dao, Vinh Phuc Province, Vietnam, in April
2021 and identifed by Dr. Bui Van Tanh, Institute of
Ecology and Biological Resources, Vietnam Academy of
Sciences and Technology (VAST). A voucher specimen
(NCCG 210213) was deposited at the Department of Agro-
Pharmaceutical Research, Center for High Technology Re-
search and Development, VAST. Te collected sample was
cleaned, dried at 50°C in the oven, powdered, and preserved
at −20°C for further experiments.

2.2. General. ESI-MS was measured by a Termo LCQ Fleet
system. NMR spectra were recorded on a Bruker AVANCE
NEO 600-MHz spectrometer with tetramethylsilane (TMS)
as an internal standard. Column chromatography (CC) was
carried out using Diaion HP-20 resin (0.25–0.85mm,
Mitsubishi Chemical Corp., Japan), silica gel 60 (70–230
mesh, Merck, Germany), or RP-C18 resin (150 μm, YMC,
Japan). HPLC analysis and prep-HPLC were conducted on
a Termo Ultimate 3000 HPLC-DAD and an Agilent 1100
system.Te extraction was processed in a shaking water bath
(Daihan Scientifc).

2.3. Total Phenolic Assay. Te total phenolic contents (TPC)
of the samples were evaluated by the Folin–Ciocalteu
method [16]. In brief, 0.1mL of each solution of
P. amaryllifolius leaves’ extract was mixed with 0.9mL of
Folin–Ciocalteu 10% and 1.0mL of Na2CO3 6% solution.
Next, the mixture was incubated at 40°C for 15min, and then
the absorbance was measured at 760 nm. Gallic acid, which
was processed under the same condition, was used as the
standard compound for the calibration curve of the
measurement.

2.4. Preliminary Single-Factor Experiments. Ranges of the
extraction factors, such as temperature, ethanol concen-
tration, and time, were evaluated from the following ex-
periments. Firstly, the efect of extraction temperature on the
TPC of the extracts was investigated by extracting the
material in ethanol 96% at 30°C–80°C for 180min. Next, the
impact of the ethanol concentration on the TPC values was
determined by extracting the P. amaryllifolius leaves in
ethanol 0%–96% for 180min at 60°C. Lastly, the infuence of
extraction time on TPC was evaluated by extracting the
material in ethanol 96% at 60°C for 60–360min. In each
experiment, 5 g of P. amaryllifolius leaves was extracted in
150mL of solvent, maintaining a fxed ratio of leaf weight to
solvent volume at 1:30 (g/mL).

2.5. RSM. Te RSM applying the BBD was utilized to design
the experiments to optimize the condition to enrich phe-
nolics into the extract of P. amaryllifolius leaves. Te design
was conducted on the Design-Expert 12.0 software (Stat-
Ease, Inc., Minneapolis, US). Extraction temperature (°C,
X1), ethanol concentration (%, X2), and extraction time
(minute, X3) were selected as independent factors, while
TPCs were selected as the responses. From preliminary
single-factor experiments, ethanol 0% (distilled water), 48%,
and 96% were used as the solvents, whereas the temperature
ranged from 30°C to 80°C; meanwhile, the extraction time
varied between 60 and 300min. Each experiment was
conducted in triplicate and the mean of the response (TPC)
was used for further calculation.Te levels of the variables in
the experimental design are shown in Table 1.

2.6. Extraction and Isolation. Te phenolic enrichment from
the optimal extracting condition was further isolated by
chromatographic methods. 200 g of the enrichment was
acidifed with 1N HCl solution to pH 2–3 and successively
partitioned with ethyl acetate (EtOAc) (2 L× 4 times). Te
organic layer was separated and completely evaporated to
aford nonalkaloid extract (62.4 g). Te water layer which
contained alkaloids was basifed by 1N NaOH to pH 9–10
and was extracted with CH2Cl2 (4× 2 L). Te CH2Cl2 layers
were combined to collect the alkaloid fraction (22.6 g). Te
alkaloid fraction was analyzed and compared to the reported
compounds in our in-house library [15] using the
HPLC-DAD system to identify its composition.

Te nonalkaloid extract was subjected to a Diaion HP-20
CC and then the column was washed with water, followed by
MeOH 30% and 100% to obtain M30W (4.5 g) and M100W
(13.6 g) fractions, respectively. Te fraction M30W was
loaded on a silica gel column with gradient mixtures of
CH2Cl2–MeOH (20/1-1/1, v/v) to aford four subfractions
(W1–W4). Fraction W1 (105mg) was separated by pre-
parative HPLC (120min, 30%–60% MeOH in H2O) to yield
the compound Pam1 (11.2mg). Te fraction M100W was
subjected to a silica gel column eluted with gradient mixtures
of CH2Cl2–MeOH (50/1-1/1, v/v) to aford 10 subfractions
(M1–M10). Fraction M6 (91mg) was separated by pre-
parative HPLC (120min, 40%–100%MeOH inH2O) to yield
the compounds Pam2 (15.5mg) and Pam3 (6.8mg).

2 Journal of Analytical Methods in Chemistry
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Fraction M4 (304mg) was separated by preparative HPLC
(120min, 30%–80%MeOH in H2O) to yield the compounds
Pam4 (4.1mg) and Pam5 (6.6mg). Fraction M8 (178mg)
was chromatographed on a silica gel CC eluted with
CH2Cl2–acetone (5/1, v/v) to aford compounds Pam6
(3.1mg) and Pam7 (5.6mg). Fraction M5 (91mg) was
chromatographed on a silica gel CC eluted with
CH2Cl2–methanol (9/1, v/v) to aford compound Pam8
(5.6mg).

Pinoresinol 4-O-β-D-glucoside (Pam1): white amor-
phous powder, ESI-MS: m/z 521 [M+H]+; m/z 1041
[2M+H]+; molecular formula: C26H32O11; 1H NMR
(CD3OD, 500MHz): δ 7.05 (1H, d, J = 2.0Hz, H-2), 7.17 (1H,
d, J = 8.5Hz, H-5), 6.94 (2H, dd, J = 8.5; 2.0Hz, H-6), 4.78
(1H, d, J = 4.5Hz, H-7), 3.15 (2H, m, H-8), 3.72 (2H, dd,
J = 9.0; 4.5Hz, H-9a), 4.26 (2H, dd, J = 9.0; 2.0Hz, H-9b),
6.97 (1H, d, J = 2.0Hz, H-2′), 6.79 (1H, d, J = 8.5Hz, H-5′),
6.94 (2H, dd, J = 8.5; 2.0Hz, H-6′), 4.73 (1H, d, J = 4.5Hz, H-
7′), 3.15 (2H, m, H-8′), 3.72 (2H, dd, J = 9.0; 4.5Hz, H-9′a),
4.26 (2H, dd, J = 9.0; 2.0Hz, H-9′b), 3.88 (3H, s, 3-O-CH3),
3.89 (3H, s, 3′-O-CH3), 4.89 (1H, d, J = 7.5Hz, H-1″), 3.44
(1H, m, H-2″), 3.42 (1H, m, H-3″), 3.30 (1H, m, H-4″), 3.40
(1H, m, H-5″), 3.46–3.53 (2H, m, H-6″); 13C NMR (CD3OD,
125MHz): δ 137.5 (C-1), 111.0 (C-2), 151.0 (C-3), 147.3
(C-4), 118.1 (C-5), 119.8 (C-6), 87.4 (C-7), 55.35 (C-8), 72.7
(C-9), 133.8 (C-1′), 111.7 (C-2′), 149.1 (C-3′), 147.5 (C-4′),
116.11 (C-5′), 119.8 (C-6′), 87.1 (C-7′), 55.54 (C-8′), 72.7
(C-9′), 56.5 (3-O-CH3), 56.8 (3′-O-CH3), 102.9 (C-1″), 74.9
(C-2″), 77.9 (C-3″), 71.4 (C-4″), 78.2 (C-5″), 62.5 (C-6″).

Pinoresinol (Pam2): Yellow oil; ESI-MS: m/z 359
[M+H]+, m/z 341 [M+H-H2O]+, m/z 739 [2M+Na]+;
molecular formula: C20H22O6 (358 g/mol); 1HNMR (CDCl3,
500MHz): δ 7.0 (2H, brs, H-2, 2′), 6.89 (2H, d, J� 8.0Hz,
H-5, 5′), 6.82 (2H, dd, J� 8.0; 2.0Hz, H-6, 6′), 4.73 (2H, d,
J� 4.0Hz, H-7, 7′), 3.11 (2H, m, H-8, 8′), 3.88 (2H, dd,
J� 9.0; 4.0Hz, H-9, 9′), 4.26 (2H. dd. J� 9.0; 6.5Hz, H-9, 9′),
3.91 (3H, s, 3-O-CH3), 3.89 (3H, s, 3′-O-CH3); 13C NMR
(CDCl3, 125MHz): δ 133.1 (C-1, 1′), 108.8 (C-2, 2′), 146.9
(C-3, 3′), 145.4 (C-4, 4′), 114.4 (C-5, 5′), 119.1 (C-6, 6′), 86.0
(C-7, 7′), 54.3 (C-8, 8′), 71.6 (C-9, 9′), 56.1 (3-O-CH3), 56.1
(3′-O-CH3).

Pinoresinol monomethyl ether (Pam3): pale yellow oil;
ESI-MS: m/z 373 [M+H]+, m/z 395 [M+Na]+; molecular
formula: C21H24O6 (372 g/mol); 1H NMR (CDCl3,
500MHz): δ 6.90 (1H, d, J� 2.0Hz, H-2), 6.89 (1H, d,
J� 9.0Hz, H-5), 6.83 (1H, dd, J� 9.0; 2.0Hz, H-6), 4.75 (1H,
d, J� 4.5Hz, H-7), 3.31 (1H, m, H-8), 4.25 (2H, m, H-9), 6.90
(1H, dd, J� 6.5; 1.5Hz, H-2′), 6.85 (1H, d, J� 9.0Hz, H-5′),
6.87 (1H, dd, J� 9.0, 2.0Hz, H-6′), 4.75 (1H, d, J� 4.5Hz,
H-7′), 3.31 (1H, m, H-8′), 3.87 (2H, m, H-9′), 3.89 (3H, s,
3-O-CH3), 3.90 (3H, s, 3′-O-CH3), 3.91 (3H, s, 4′-O-CH3),;

13C NMR (CDCl3, 125MHz): δ 132.9 (C-1), 108.7 (C-2),
148.7 (C-3), 145.3 (C-4), 114.3 (C-5), 119 (C-6), 85.8 (C-7),
54.2 (C-8), 71.7 (C-9), 133.6 (C-1′), 109.3 (C-2′), 149.3
(C-3′), 146.8 (C-4′), 111.1 (C-5′), 118.3 (C-6′), 85.8 (C-7′),
54.2 (C-8′), 71.7 (C-9′), 56.0 (3-O-CH3), 56.0 (3′-O-CH3),
56.0 (4′-O-CH3).

Methyl 4-hydroxybenzoate (Pam4): m/z 153 [M+H]+;
1H NMR (DMSO-d6, 600MHz): δ 7.81 (1H, d, J� 6.6Hz,
H-2,6), 6.84 (1H, d, J� 6.6Hz, H-3,5), 3.78 (3H, s, OCH3).
13C NMR (DMSO-d6, 125MHz): δ 120.2 (C-1), 131.3 (C-2),
115.3 (C-3), 161.9 (C-4), 115.3 (C-5), 131.3 (C-6), 166.0
(C-7), 51.6 (7-OCH3).

3,4-Dihydroxyl benzoate methyl (Pam5): m/z 169
[M+H]+; 1H NMR (DMSO-d6, 600MHz): δ 7.42 (1H, d,
J� 1.8Hz, H-2), 6.83 (1H, d, J� 7.8Hz, H-5), 7.44 (1H, dd,
J� 1.8, 7.8Hz, H-6), 3.80 (3H, s, OCH3). 13C NMR (DMSO-
d6, 125MHz): δ 121.6 (C-1), 123.4 (C-2), 151.1 (C-3), 163.2
(C-4), 112.7 (C-5), 115 (C-6), 167.1 (C-7), 55.5 (7-OCH3).

4-Hydroxy benzoic acid (Pam6): m/z 139 [M+H]+; 1H
NMR (DMSO-d6, 600MHz): δ 7.77 (1H, d, J� 9.0Hz,
H-2,6), 6.80 (1H, d, J� 9.0Hz, H-3,5). 13C NMR (DMSO-d6,
125MHz): δ 121.3 (C-1), 131.6 (C-2), 115.5 (C-3), 161.5
(C-4), 115.5 (C-5), 131.6 (C-6), 167.1 (C-7).

Methyl 4-hydroxy-3-methoxybenzoate (Pam7): m/z 183
[M+H]+; 1H NMR (CD3OD, 600MHz): δ 7.54 (1H, d,
J� 1.8Hz, H-2,6), 6.83 (1H, d, J� 8.4Hz, H-5), 7.54 (1H, dd,
J� 8.4, 1.8Hz, H-2,6), 3.87 (3H, s, OCH3), 3.90 (3H, s,
OCH3). 13C NMR (CD3OD, 125MHz): δ 121.6 (C-1), 125.2
(C-2), 149.2 (C-3), 154.4 (C-4), 113.5 (C-5), 116.3 (C-6),
168.9 (C-7), 52.3 (3-OCH3), 56.4 (7-OCH3).

Methyl syringate (Pam8): m/z 213 [M+H]+; 1H NMR
(CD3OD, 600MHz): δ 7.34 (2H, s, H-2,6), 3.89 (6H, s,
3,5-OCH3), 3.89 (3H, s, 7-OCH3). 13C NMR (CD3OD,
125MHz): δ 121.37 (C-1), 108.1 (C-2), 148.94 (C-3), 141.94
(C-4), 148.94 (C-5), 108.1 (C-6), 168.63 (C-7), 56.8
(3,5-OCH3), 52.5 (7-OCH3).

2.7. Antioxidant and NO Production Inhibition Assay.
Te antioxidant activities of the phenolic enrichment were
evaluated by DPPH and hydroxyl radicals scavenging assays
using previously established methods [17, 18]. For DPPH
free radical scavenging efect, 100 μL of each sample was
combined with 1900 μL of DPPH inmethanol and incubated
in the dark at 37°C for 20min. Te absorbance was then
measured at 517 nm, with ascorbic acid as the positive
control. For the hydroxyl radicals scavenging assay, 200 μL
aliquot of the test sample was combined with 400 μL of
50mM phosphate bufer (pH 7.8), 400 μL of 2.8mM de-
oxyribose, and 400 μL of 500 μM Fe(NH4)2(SO4)2 and then
incubated at 37°C for 1 h. Te reaction was stopped by
adding 1000 μL of 10% (w/v) trichloroacetic acid and
1000 μL of 1% (w/v) thiobarbituric acid, followed by heating
the mixture in a water bath at boiling temperature for
15min. Te absorbance of the resulting solution was read at
532 nm, using catechin as a positive control.

Te impact of samples on NO production in LPS-
stimulated RAW 264.7 macrophage cells was assessed us-
ing the Griess reaction [19]. Cells were seeded in 96-well

Table 1: Levels of the variables in Box–Behnken design.

Variables Unit
Code levels

−1 0 1
Temperature (X1) °C 30 55 80
Ethanol concentration (X2) % 0 48 96
Time (X3) minutes 60 180 300

Journal of Analytical Methods in Chemistry 3
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plates at a density of 0.5×105 cells per well and incubated in
a humidifed chamber at 37°C with 5% CO2 for 22 h. After
incubation, samples at concentrations ranging from 3 to
25 μg/mL were added, followed by the addition of 0.1mg/mL
LPS (Sigma-Aldrich, USA) after 30min. Te cells were then
incubated for an additional 24 h. Subsequently, 100 μL of the
culture supernatant was transferred to a new 96-well plate
and combined with 100 μL of the Griess reagent. Te ab-
sorbance of the reaction mixture was measured at 570 nm
using an iMark microplate reader (Bio-Rad, USA). Te
remaining cells in the original 96-well plate were used for the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay to evaluate cell viability, based on the
reduction of MTT by mitochondrial dehydrogenases in
viable cells, thus estimating the number of live cells. Car-
damonin, a known NO production inhibitor, was used as
a positive control.

3. Results and Discussion

3.1. Te Process Range Conditions for the Extraction. Te
impact of temperature, ethanol concentration, and extrac-
tion time on the TPC of P. amaryllifolius leaf extracts was
systematically investigated. Te data from the experimental
design, summarized in Table S1 and Figure 1, reveal distinct
trends associated with each parameter, leading to the
identifcation of optimal ranges for phenolic extraction.

Te TPC was positively correlated with temperature
within the range of 30°C–80°C, with the highest TPC
(95.84mg GAE/g) observed at 70°C, and slightly decreased
to 86.93mg GAE/g at 80°C. Tese suggested that higher
temperatures may cause degradation of phenolic com-
pounds or excessive evaporation of ethanol. For practical
purposes and to align with the experimental environment’s
ambient conditions, temperatures below 30°C were deemed
unsuitable. Tese fndings confrm that the temperature
range for maximizing phenolic extraction should lie between
30°C and 80°C.

Meanwhile, the ethanol concentration infuenced the
TPC, with relatively small diferences observed across the
tested range. Te TPC increased steadily with rising ethanol

concentrations, from 80.38mg GAE/g at 0% ethanol (dis-
tilled water) to 93.93mg GAE/g at 80% ethanol, after which
it slightly decreased to 92.12mg GAE/g at 96% ethanol.
While 80% ethanol yielded the highest TPC, the variations
between concentrations above 40% were not substantial.
Tis result highlights the need to optimize ethanol con-
centration further within the range of 0%–96% to identify
the precise conditions that balance extraction efciency and
solvent consumption.

Te extraction time also had a noticeable impact on TPC,
with values generally increasing within the range of
60–240min. Te highest TPC (93.37mg GAE/g) was ob-
served at 120min, indicating this duration was particularly
efective for phenolic extraction. While longer times, such as
240min, still yielded relatively high TPC (92.46mg GAE/g),
a gradual decline was observed beyond this point, with
89.67mg GAE/g at 300min and 82.67mg GAE/g at 360min.
Tis reduction could be attributed to the potential degra-
dation of phenolic compounds or decreased solvent ef-
ciency over prolonged periods. Shorter durations, such as
60min, also provided a reasonably high TPC (91.73mg
GAE/g), suggesting that the extraction process reaches
a signifcant level of efciency early on. However, extending
the time to 240min ensures thorough extraction, particu-
larly for phenolic compounds that may require more time to
difuse into the solvent. Based on these fndings, the optimal
time range for extraction is 60–300min, providing fexibility
to balance efciency and resource consumption while
minimizing the risk of phenolic degradation.

3.2. Optimizing the Extracting Condition to Prepare the
PhenolicEnrichmentFromP.amaryllifoliusLeaves. TeRSM
with BBD was applied to determine the optimal condition
for the extraction of phenolic from P. amaryllifolius leaves.
Te extraction design variables’ efect on the TPC values is
given in Table 2.

Te modifed quadratic models for the estimation of
polyphenol content (TPC) in terms of extracting tempera-
ture (X1), ethanol concentration (X2), and extracting time
(X3) are shown below:

TPC � −13.700711 + 2.12296X1 + 0.956150X2 + 0.159595X3 − 0.007927X1X2 − 0.001509X1X3 − 0.000261X2X3

− 0.012019X
2
1 − 0.004918X

2
2 − 0.000149X

2
3 + 0.000032X1X

2
2.

(1)

Te analysis of variance illustrated the model F value at
90.26 with p< 0.0001 which implied that the model was
highly signifcant. Te lack of ft was insignifcant (p> 0.05),
indicating that the model ft the analytical results. Te
model, adjusted, and predicted R2 at 0.9912, 0.9802, and
0.9437, respectively, implied that the model could be vali-
dated for use in the investigated ranges.Te response surface
plots of ethanol concentration–extracting temperature,
ethanol concentration–extracting time, and extracting
time–temperature are shown in Figure 2.

As can be seen, the TPC of the P. amaryllifolius leaves
extract increased sharply when raising the ethanol con-
centration from 0 to about 70% and then kept stably at the
higher ratio of the alcohol. Meanwhile, the rise in tem-
perature from 30°C to 60°C might enhance the TPC of the
extract, while a higher temperature might decrease the
phenolic contents due to the decomposition of some me-
tabolites. Besides, the temperature approximated the boiling
point of ethanol led to a decrease in the extraction yield due
to the fast evaporation of the solvent and a longer extraction

4 Journal of Analytical Methods in Chemistry
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time also afected certainly the TPC values of the extract.
From the numerical optimization, the maximum predicted
TPC of the phenolic enrichment at 93.59mgGAE/g could be
obtained under the conditions of 61.18°C extraction tem-
perature, 163.00-min extraction time, and 71.79% ethanol

concentration. Te actual condition was slightly modifed at
65°C, ethanol 70%, and an extraction time of 160min. Te
TPC of the phenolic enrichment under the optimal con-
dition was 105.69mgGAE/g, which was higher than the
calculated value above.
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Figure 1: Efect of extraction temperature (a), ethanol concentration (b), and extraction time (c) on total phenolic content of extracts from
P. amaryllifolius leaves.

Table 2: Responses of TPC of the extracts to independent variables using Box–Behnken design.

No.
Variables TPC (mg GAE/g)

X1: Temp. (°C) X2: EtOH (%) X3: Time (min) Experimental value Predicted value

1 55 48 180 92.66 91.10
2 55 48 180 89.57 91.10
3 30 48 300 81.15 81.66
4 30 0 180 54.97 54.92
5 55 96 60 89.43 90.09
6 55 48 180 92.9 91.10
7 55 48 180 92.24 91.10
8 80 96 180 85.71 86.05
9 30 96 180 82.74 82.90
10 55 0 300 76.74 76.27
11 55 48 180 90.51 91.10
12 80 48 60 90.7 90.28
13 55 96 300 89.95 89.59
14 55 48 180 89.93 91.10
15 55 0 60 70.21 70.76
16 55 48 180 89.55 91.10
17 30 48 60 70.57 70.10
18 80 48 300 83.17 83.73
19 80 0 180 81.43 81.38

Journal of Analytical Methods in Chemistry 5
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3.3. Chemical Composition of the Phenolic Enrichment From
the P. amaryllifolius Leaves. Te phenolic enrichment was
further isolated for the determination of its chemical
composition. Te alkaloid fraction was analyzed in com-
parison with the reference compounds as reported in [15]
using the HPLC-DADmethod.Te analytical data identifed
pandalizine A, pandalizine B, pandamarilactione B,
pandamarilactone-1, pandamarilactione G, and dubius-
amine A in the alkaloids fraction. Tis result indicated that
a certain amount of alkaloids still presented in the contents
and may afect to the bioactivities of the phenolic enrich-
ment from the P. amaryllifolius leaves.

Meanwhile, from the nonalkaloid fraction, eight phe-
nolics were isolated and their structures (Figure 3) were
elucidated using spectroscopy methods.

Compound Pam1 was obtained as a white powder. Te
molecular weight of Pam1 was 520Da by the ESI-MS
spectrum (Figure S1) at m/z 521 [M+H]+ and m/z 1041
[2M+H]+. Te 1H-NMR spectrum (Figure S2) indicated
two ABX systems at δH 7.05 (1H, d, J� 2.0Hz, H- 2), 7.17
(1H, d, J� 8.5Hz, H-5), 6.94 (2H, dd, J� 8.5; 2.0Hz, H-6,
H-6′), 6.97 (1H, d, J� 2.0Hz, H-2′), 6.79 (1H, d, J� 8.5Hz,
H-5′); a sugar unit identifed as β-D-glucopyranoside based
on the anomeric proton signals at δH 4.91 (1H, d, J� 7.5Hz,
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Figure 2: Response surfaces between (a) temperature and ethanol concentration, (b) ethanol concentration and time in response, and (c)
time and temperature to total phenolic contents of the P. amaryllifolius extracts.
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H-1″) and other signals ranging from 3.30 ppm to 3.46 ppm;
two methoxy groups δH 3.86 (3H, s, 3′-OMe) and 3.84 (3H,
s, 3-OMe); and two oxygenated methine groups δH 4.73 (1H,
d, J� 4.5Hz, H-7′), 4.78 (1H, d, J� 4.5Hz, H-7). Te
13C-NMR and DEPT spectra showed 26 carbon signals of
which 12 carbon signals at δC 111.6–151.0 (6 CH, 6C)
confrmed the presence of two ABX systems. In addition to
the typical signals of β-D-glucopyranoside at δC 102.9 (C-
1″); 77.9 (C-3″); 74.9 (C-2″); 71.4 (C-4″); 78.2 (C-5″); 62.5
(C-6″), in the 13C NMR spectrum (Figure S3), there were
signals of two methine groups, two methylene groups at-
tached to oxygen, respectively, at δC 87.4 (C-7); 87.1 (C-7′);
72.7 (C-9, C-9′), and two methoxy groups at δC 56.8
(3′-OMe); 56.4 (3-OMe). Te structure of Pam1 was de-
termined to be pinoresinol 4-O-β-D-glucopyranoside by
comparison of spectral data with those reported in the
literature [20].

Compound Pam2 was obtained as a light yellow oil.
Te 1H-NMR spectrum of Pam2 (Figure S5) exhibited
signals of an ABX system due to three protons δH 7.00 (2H,
s, H-2, 2′); 6.82 (2H, d, J � 8.5 Hz, H-6, 6′), and δH 6.89
(2H, d, J � 8.0 Hz, H-5, 5′), an oxymethine group δH 4.73
(2H, d, J � 4.0 Hz, H-7, 7′). Additionally, the spectrum
showed two oxymethylene signals δH 3.88 (2H, dd, J � 9.0;
4.0 Hz, H-9a, 9′a) and 4.26 (2H, dd, J � 9.0; 6.5 Hz, H-9b,
9′b), a methine group δH 3.05 (2H, m, H-8, 8′), and two
methoxy groups at δH 3.91 (3H, s) and 3.89 (3H, s). Be-
sides, the 13C-NMR and DEPT spectrum (Figure S6)
showed 10 carbons, including three aromatic -CH groups
δC 108.8 (C-2, 2′), 114.4 (C-5, 5′), and 119.4 (C-6, 6′),
three nonprotonated carbons 133.1 (C-1, 1′), two aromatic
rings directly associated with oxygen δC 145.4 (C-3) and
146.9 (C-4), and two methoxy groups at δC 56.1 Two
methine signals δC 54.3 (C-8, 8′), an oxymethine group at
δC 86.0 (C-7, 7′), and an oxymethylene group δC 71.6 (C-9,
C-9′) suggested a structure of a benzofuran derivative. In
addition, the molecular weight of Pam2 was determined
as 358 Da corresponding with the formula C20H22O6
based on the ions at m/z 359 [M +H]+, m/z 739

[2M+Na]+, m/z 341 [M-H2O +H]+on the ESI-MS spec-
trum (Figure S4). Te number of carbon and hydrogen in
the predicted formula was twice as much as the number
shown in the spectrum of Pam2; hence, it is possibly
indicated that this compound has an axially symmetric
benzofuran structure and the signals in the NMR spec-
trum were double shorted. Te spectral data of Pam2
resembled the data of pinoresinol in previous publications
[20], so it can be identifed as pinoresinol.

Compound Pam3 was isolated as a yellowish-brown
oil. Te molecular weight of Pam3 was 372 Da suggesting
the formula was C21H24O6 as determined from the ESI-MS
spectrum (Figure S7) at m/z 373 [M+H]+, and m/z 395
[M+Na]+. Six proton signals in the 1H-NMR spectrum
(Figure S8) δH 6.91 (1H, s, H-2′), 6.90 (1H, s, H-2), 6.89
(1H, d, J � 9.0 Hz, H-5), 6.85 (1H, d, J � 9.0 Hz, H-5′), 6.87
(1H, dd, J � 9.0; 2.0 Hz, H-6′), and 6.83 (1H, dd, J � 9.0;
2.0 Hz) suggested an ABX system. Additionally, the
1H-NMR spectrum showed an oxymethine group δH 4.73
(2H, d, J � 4.0 Hz, H-7, 7′); two oxymethylene groups δH
4.25 (2H, m, H-9), and 3.87 (2H, m, H-9′); two methine
groups δH 3.31 (2H, m, H-8, 8′); and three methoxy groups
at δH 3.91 (3H, s), 3.90 (3H, s), and 3.89 (3H, s). Besides, 21
carbon signals including six aromatic carbons δC 108.7 (C-
2), 109.3 (C-2′), 114.3 (C-5), 111.1(C-5′), 119.0 (C-6), and
118.3 (C-6′); six nonprotonated aromatic carbons δC 133.6
(C-1), 132.9 (C-1′); four aromatic carbons directly
bonding with oxygen δC 148.7 (C-3), 149.3 (C-3′), 145.3
(C-4), and 146.8 (C-4′); and three methoxy groups at δC
56.0 were observed in the 13C-NMR and DEPT spectrum
(Figure S9). Two methine groups δC 54.2 (C- 8, 8′), two
oxymethine groups δC 85.8 and 85.9 (C-7, 7′), two oxy-
methylene groups δC 71.7 (C-9, C-9′) allowed the iden-
tifcation of two benzofuran rings. It can be seen that half
of the number of NMR and MS data of Pam3 were similar
to those of Pam2, except for an additional methoxy group.
Based on spectral analysis and comparison with the lit-
erature [21], the structure of Pam3 was determined to be
pinoresinol monomethyl ether.
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Figure 3: Structures of isolated compounds from the phenolic enrichments of P. amaryllifolius leaves.
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Te rest of the compounds, including methyl 4-
hydroxybenzoate (Pam4), 3,4-dihydroxyl benzoate methyl
(Pam5), 4-hydroxy benzoic acid (Pam6), methyl 4-hydroxy-
3-methoxybenzoate (Pam7), and methyl syringate (Pam8)
were identifed by comparing their NMR (Figure S10–S24)
data to those of reported studies [22–26]. Previously, favo-
noids, coumaroyl malate, coumarin derivatives, and some
other phenolics have been investigated from P. amaryllifolius
leaves [2, 8, 9]. In the current study, the phytochemical in-
vestigation of the phenolic enrichment from P. amaryllifolius
leaves led to the isolation of 8 compounds, including 3 lignans
and 5 benzoate derivatives, whereas, except for 4-hydroxy
benzoic acid (Pam6), the other phenolics were identifed for
the frst time from the plant.

3.4.Antioxidant andNOProduction Inhibition of the Phenolic
Enrichment. Te isolated lignans, such as pinoresinol 4-O-
β-D-glucopyranoside (Pam1), pinoresinol (Pam2), and
pinoresinol monomethyl ether (Pam3) have been proven as
signifcant antioxidant compounds [27–29], while other
p-hydroxybenzoic derivatives also had considerable free-
radical scavenging efects [30, 31]. In this study, the phe-
nolic enrichment of P. amaryllifolius leaves, which contained
these compounds, was evaluated for its antioxidant activity
via DPPH and hydroxy free radical scavenging efects
(Table 3). Besides, the NO production inhibition of the
phenolic enrichment was evaluated and compared with
those of the alkaloid and nonalkaloid fractions.

Te phenolic enrichment from P. amaryllifolius leaves
exhibited signifcant antioxidant and NO inhibition activi-
ties compared to both its derived alkaloid and nonalkaloid
fractions as well as the positive controls used in this study.
For DPPH and hydroxyl radical scavenging assays, the
phenolic enrichment displayed IC50 values of 32.68 and
40.20 μg/mL, respectively, which are close to the efcacy of
ascorbic acid (IC50 of 24.65 μg/mL) and catechin (IC50 of
32.27 μg/mL), respectively. Tis suggests that the phenolic
enrichment possesses potent free radical scavenging abilities,
on par with well-known antioxidants. In terms of NO in-
hibition, the phenolic enrichment achieved an IC50 of
21.44 μg/mL, which, while not as potent as cardamonin (IC50
of 2.98 μg/mL), is markedly more efective than either the
nonalkaloid fraction (57.61 μg/mL) or the alkaloid fraction
(33.47 μg/mL). Tis indicates that while cardamonin serves
as an exceptionally potent NO inhibitor, the phenolic en-
richment’s moderate yet signifcant inhibition points to

a synergistic efect within the mixture, potentially due to the
interplay between phenolic and alkaloid components.

Te higher NO inhibition in the phenolic enrichment
compared to its separated fractions suggests a synergistic in-
teraction between phenolic and alkaloid compounds within the
mixture, enhancing the NO inhibition capacity beyond what is
observed in either fraction alone. Although individual com-
pounds like cardamonin show stronger inhibition, the phenolic
enrichment still represents a balanced and efective option for
reducing oxidative stress and infammation, leveraging the
combined efects of its components. Tis highlights the po-
tential of using phenolic enrichment as a natural source of
antioxidants and anti-infammatory agents, with a broader
range of bioactivity than isolated components.

4. Conclusion

Te optimized phenolic enrichment from P. amaryllifolius
leaves demonstrated substantial antioxidant and NO in-
hibition activities, surpassing the efcacy of its individual
nonalkaloid and alkaloid fractions.Te phenolic enrichment
enhanced NO inhibition capacity suggests a synergistic
interaction between its phenolic and alkaloid compounds,
contributing to a broader range of bioactivity. While the
enrichment exhibited signifcant antioxidant efects com-
parable to standard antioxidants like ascorbic acid and
catechin, its NO inhibition efect, though less than carda-
monin, was markedly superior to that of the isolated frac-
tions. Tese fndings support the use of phenolic enrichment
as a balanced and efective option for managing oxidative
stress and infammation, highlighting its potential as
a multifunctional natural therapeutic agent.
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Table 3: Free radical scavenging efects of phenolic enrichment from P. amaryllifolius leaves.

Sample DPPH (IC50, μg/mL) Hydroxyl (IC50, μg/mL) NO inhibition (IC50,
μg/mL)

Te phenolic enrichment 32.68± 2.93a 40.20± 3.84e 21.44± 2.61h
Te nonalkaloid fraction 28.75± 1.81b 41.11± 3.76e 57.61± 4.54i
Te alkaloid fraction 52.10± 4.26c 82.35± 6.09f 33.47± 2.92j
Ascorbic acid∗ 24.65± 2.27d —
Catechin∗∗ — 32.27± 1.56g
Cardamonin# 2.98± 0.35k
∗,∗∗,#Positive control.
a–kData are expressed as mean± SD. Means in each column with diferent letters are signifcantly diferent (p< 0.05).
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From the leaves of Pandanus tectorius, we isolated two new benzofuran epimers—Pandanusfuran A (1) and Pandanusfuran B
(2)—together with four known lignans (pinoresinol (3), pinoresinol monomethyl ether (4), arctigenin (5), and matairesinol (6)).
Structures and absolute confgurations were established by an orthogonal validation strategy combining HR-ESI-MS, 1D/2D
NMR (600MHz), ECD, and Snatzke’s Mo2(OAc)4-induced CD method, with diagnostic Cotton efects supporting confguration
assignments at C-8/C-9. To exclude methanol-derived artifacts, the natural occurrence of 1–2 was confrmed by HPLC-DAD
detection in an independently prepared ethanol extract under identical chromatographic conditions. Isolation yields were as
follows: 1 (5.1mg), 2 (3.5mg), 3 (24.7mg), 4 (32.1mg), 5 (14.9mg), and 6 (22.3mg) from 3.5 kg of dried leaves. Spectroscopic
signatures (chemical shifts, coupling patterns, HRMS formulae, and ECD/ICD profles) were concordant across instruments and
repeat scans, and the diagnostic ICD signals for the Mo2(OAc)4 complexes of Pandanusfuran A and B were reproduced under the
same conditions, collectively evidencing reproducibility of the structural results. In an NO-production assay in LPS-stimulated
RAW264.7 cells (with MTT viability as the control and cardamonin as a positive control), 1-2 showed weak activity
(IC50> 50 μM). Tese fndings constitute the frst report of benzofuran derivatives from P. tectorius and enrich the chemo-
taxonomic landscape of the genus.

Keywords: benzofuran; ECD; lignan; Pandanus tectorius; Snatzke’s method

1. Introduction

Pandanus tectorius Parkinson ex Du Roi is a robust, hardy
plant which is widely distributed in tropical, subtropical, and
warm temperate regions of Southeast Asia and the Pacifc
[1]. P. tectorius fruits have been used as food in several
Pacifc islands [1]. Te roots were used for the treatment of
nephropathy, hepatitis, hypertension, and diabetes [2, 3].
Previous studies indicated that lignans, favonoids,

coumarins, and other phenolic derivatives were the major
secondary metabolites of P. tectorius plants and some other
species of the Pandanus genus as well [4–9].

Previous phytochemical investigations have revealed
that benzofuran derivatives were relatively uncommon
secondary metabolites within the Pandanus genus. Most
prior studies on Pandanus species have focused primarily on
lignans, favonoids, and other phenolic constituents, while
benzofuran scafolds have been rarely reported [10].
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Recently, a new series of benzofurans was identifed from
P. tectorius [11], suggesting that this chemical class, although
previously overlooked, may represent a minor yet charac-
teristic metabolite group in the genus. Tis study reports the
isolation of two new benzofuran epimers from P. tectorius,
which may serve as signifcant chemotaxonomic markers for
the species. Te absolute confgurations of these compounds
were determined using electronic circular dichroism (ECD)
analysis combined with Snatzke’s method—an established
empirical approach for assigning the absolute confguration
of optically active acyclic 1,2-diols [12, 13]. Tis approach
exploits the induced circular dichroism (ICD) of dimo-
lybdenum tetraacetate (Mo2(OAc)4) complexes formed
upon addition to the diol sample. Te resulting con-
formationally constrained molybdate ester generates
a characteristic Cotton efect around 305 nm, whose sign
directly correlates with the O-C-C-O torsional angle,
thereby allowing confguration assignment of the diol. A key
advantage of this method is its procedural simplicity: Te
diol is simply mixed with Mo2(OAc)4 in dimethyl sulfoxide
(DMSO) at room temperature, and CD spectra can be
readily acquired. Furthermore, this method has proven
reliable across various structural and steric conditions,
demonstrating utility even in cases of low chemical and
optical purity, making it exceptionally versatile in synthetic
organic chemistry [12]. Determining the absolute confgu-
rations of the two epimeric benzofurans is of particular
signifcance, as even slight stereochemical diferences can
lead to substantial variations in their physicochemical
characteristics and biological activities. Terefore, elucida-
tion of the absolute confgurations of these epimers provides
valuable insight into their structure–activity relationships
and enhances the chemical understanding of Pandanus-
derived metabolites.

2. Materials and Methods

2.1. Plant Materials. Leaves of P. tectorius were collected
from Tanh Oai town, on the outskirts of Hanoi City of
Vietnam, in March 2021, and identifed by Dr. Bui Van
Tanh, Institute of Biology, Vietnam Academy of Science
and Technology. Te voucher specimens were deposited at
the Institute of Biology (HN00128210208) and the Center for
High Technology Research and Development (NCCG
210208), Vietnam Academy of Science and Technology.

2.2. Extraction and Isolation. Dried powder (3.5 kg) of
P. tectorius leaves was extracted with 20L (in triplicate) of
methanol (MeOH) in a sonication bath.Te combined extracts
were evaporated to remove the solvent and obtain the crude
residue (178 g).Ten, the residue was suspended in 2L of water
and then successively partitioned with hexane (2L× 3 times)
and acetate ethyl (EtOAc) (2 L× 3 times) to aford the cor-
responding fractions, respectively. Te EtOAc fraction (37.5 g)
was loaded onto a silica gel chromatography column (CC)
eluted bymixtures of CH2Cl2 andMeOH (100/0–0/100, v/v) to
aford seven subfractions (E1–E7). Te fraction E4 (689mg)
was isolated on a silica gel CC eluted with n-hexane–acetone

(3/1, v/v) followed by preparative HPLC (90min, 50%–80%
MeOH in H2O) to yield the compounds (1) (5.1mg) and (2)
(3.5mg). Fraction E3 (2.68 g) was chromatographed on a silica
gel CC eluted with CH2Cl2–acetone (10/1, v/v) to aford
compound (3) (24.7mg) and compound (4) (32.1mg). Frac-
tion E6 (3.72 g) was isolated using a YMC RP-C18 column
eluted with MeOH–water (3 :1, v/v) to yield compound (5)
(14.9mg) and compound (6) (22.3mg). Structures of the
isolated compounds are shown in Figure 1.

Pandanusfuran A (1): white amorphous powder; HR-
ESI-MS: m/z 253.1071 [M+H]+(calc for C13H17O5,
253.1076); [α]25D −32.2; CD (MeOH) λmax (mdge): 220
(+1.73), 264 (−6.66); 1H NMR (DMSO-d6, 600MHz): δ 6.79
(1H, d, J� 8.4Hz, H-3), 7.73(1H, dd, J� 8.4, 1.8Hz, H-4),
7.77 (1H, d, J� 1.8Hz, H-6), 3.14 (1H, dd, J� 8.4, 16.2Hz, H-
7a), 3.25 (1H, dd, J� 9.6, 16.2Hz, H-7b), 4.84 (1H, dd, J� 8.4,
9.6Hz, H-8), 3.53 (1H, dd, J� 6.0, 10.2Hz, H-10a), 3.27 (1H,
dd, J� 5.4, 10.2Hz, H-10b), 1.04 (3H, s, H-11), 3.79 (3H, s,
12-O-Me); 13C NMR (DMSO-d6, 150MHz): δ 128.6 (C-1),
164.0 (C-2), 108.5 (C-3), 130.2 (C-4), 121.3 (C-5), 126.0 (C-
6), 28.6 (C-7), 86.7 (C-8), 72.7 (C-9), 66.0 (C-10), 20.7 (C-
11), 166.0 (C-12), 51.7 (12-O-Me). Purity 98.7% (by HPLC).

Pandanusfuran B (2): white amorphous powder; HR-
ESI-MS: m/z 287.0697 [M+Cl]− (calc for C13H17O5,
287.0686); [α]25D −41.5; 1H NMR (DMSO-d6, 600MHz): δ
6.81 (1H, d, J� 8.4Hz, H-3), 7.73(1H, dd, J� 8.4, 1.8Hz, H-
4), 7.78 (1H, d, J� 1.8Hz, H-6), 3.13 (1H, dd, J� 9.6, 16.2Hz,
H-7a), 3.26 (1H, dd, J� 8.4, 16.2Hz, H-7b), 4.83 (1H, dd,
J� 9.6, 8.4Hz, H-8), 3.32 (2H, overlap, H-10), 1.04 (3H, s, H-
11), 3.79 (3H, s, 12-O-Me); 13C NMR (DMSO-d6, 150MHz):
δ 128.7 (C-1), 163.9 (C-2), 108.6 (C-3), 130.2 (C-4), 121.4 (C-
5), 126.1 (C-6), 28.6 (C-7), 86.6 (C-8), 72.5 (C-9), 66.7 (C-
10), 19.9 (C-11), 166.0 (C-12), 51.7 (12-O-Me). Purity 97.3%
(by HPLC).

2.3. Preparation ofMo2(OAc)4 Complex of the Compounds (1)
and (2) for ECD (Snatzke’sMethod). Compounds (1) and (2)
were each reacted with Mo2(OAc)4 in anhydrous DMSO,
and ECD spectra were recorded from 250 to 500 nm im-
mediately after mixing. After 20min, the stable ICD spec-
trum was obtained, and the Cotton efect at 290–340 nm was
used to determine the diol’s absolute confguration.

2.4. NO Production Inhibition Assay. RAW 264.7 macro-
phages were treated with samples (3–25 μg/mL) and stim-
ulated by LPS. NO production was quantifed using the
Griess reaction, and cell viability was checked via the MTT
assay [14]. Cardamonin served as the positive control.

3. Results and Discussion

3.1. Structural Elucidation of the Isolated Compounds.
Compound (1) was isolated as a white amorphous powder
that generated [M+H]+ ion with the mass-to-charge ratio
(m/z) value of 253.1071 on HRESIMS, suggesting the mo-
lecular formula C13H16O5. 1H NMR spectrum of compound
(1) performed the signals of three aromatic protons of an
ABX system [6.79 (1H, d, J� 8.4Hz, H-3), 7.73 (1H, dd,
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J� 8.4, 1.8Hz, H-4), 7.77 (1H, d, J� 1.8Hz, H-6)] which were
also confrmed by the COSY correlation of H-3 and H-4;
four methylene protons at δH 3.14 (1H, dd, J� 8.4, 16.2Hz,
H-7a), 3.25 (1H, dd, J� 9.6, 16.2Hz, H-7b), 3.53 (1H, dd,
J� 6.0, 10.2Hz, H-10a), 3.27 (1H, dd, J� 5.4, 10.2Hz, H-
10b); an oxymethine sp3 proton at δH 4.84 (1H, dd, J� 8.4,
9.6Hz, H-8); a methyl group at δH 1.04 (3H, s, H-11); and
a methoxy group at 3.79 (3H, s, 12-O-CH3). Te 13C and
HSQC spectra showed signals of one methyl (δC 20.7, C-11),
one methoxy (δC 51.7, 12-O-CH3), one conjugated carbonyl
(δC 166.0, C-12), two quaternary sp2 [δC 128.6 (C-1), 121.3
(C-5)], three methines sp2 [δC 130.2 (C-4), 126.0 (C-6), 108.5
(C-3)], one oxy-quaternary sp2 (δC 164.0, C-2), one meth-
ylene sp2 (δC 28.6, C-7), and one oxymethine sp3 (δC 86.7, C-
8). Te HMBC spectrum showed the correlations of aro-
matic protons and carbons, such as H-3 (δH 6.79) with C-1
(δC 128.6) and C-5 (δC 121.3), H-4 (δH 7.73) with C-2 (δC
164.0) and C-6 (δC 126.0), and H-6 (δH 7.77) with C-2 (δC
164.0) and C-4 (δC 130.2). Te position of the furan ring was
determined by the HMBC correlations of H-7 (δH 3.14 and
3.25) and H-8 (δH 4.84) with C-1 (δC 128.6) and C-2 (δC
164.0), and H-7 (δH 3.14 and 3.25) with C-6 (δC 126.0). Te
position of the dihydroxy isopropyl group was identifed by
the HMBC correlations of H-10 (δH 3.27 and 3.53) and H-11
(δH 1.04) with C-8 (δC 86.7). NMR spectra of compound (1)
were highly similar to those of gasphostrin D, a reported
benzofuran derivative [15] (Table S1). However, compound
(1) exhibited one more methoxy group than the reported
compound, and the HMBC correlation between methoxy
protons (δH 3.79) and C-12 (δC 166.0) might reveal the
methylation of the carboxyl group.

Compound (2) was isolated as a white amorphous
powder. Te molecular formula of compound (2) was de-
termined as C13H16O5 by the HR-ESI-MS at m/z 287.0697

[M+Cl]−. Te 1H NMR spectrum of compound (2) showed
the signals of three aromatic protons of an ABX system [6.81
(1H, d, J� 8.4Hz, H-3), 7.73 (1H, dd, J� 8.4, 1.8Hz, H-4),
7.78 (1H, d, J� 1.8Hz, H-6)]; two pairs of methylene protons
at δH 3.13 (1H, dd, J� 9.6, 16.2Hz, H-7a), 3.26 (1H, dd,
J� 8.4, 16.2Hz, H-7b), and 3.32 (2H, overlap, H-10); an
oxymethine sp3 proton at δH 4.83 (1H, dd, J� 9.6, 8.4Hz, H-
8); a methyl group at δH 1.04 (3H, s, H-11); and a methoxy
group at 3.79 (3H, s, 12-O-CH3). 13C and HSQC spectra of
the compound exhibited signals of one methyl (δC 19.9, C-
11), one methoxy (δC 51.7, 12-O-CH3), one conjugated
carbonyl (δC 166.0, C-12), two quaternary sp2 [δC 128.7 (C-
1), 121.4 (C-5)], three methines sp2 [δC 130.2 (C-4), 126.1
(C-6), 108.6 (C-3)], one oxy-quaternary sp2 (δC 163.9, C-2),
one methylene sp2 (δC 28.6, C-7), and one oxymethine sp3

(δC 86.6, C-8).TeHMBC spectrum showed the correlations
of H-3 (δH 6.81) with C-1 (δC 128.7) and C-5 (δC 121.4), H-4
(δH 7.73) with C-2 (δC 163.9) and C-6 (δC 126.1), and H-6
(δH 7.78) with C-2 (δC 163.9) and C-4 (δC 130.2) (Figure 2).
Te position of the furan ring was determined by the HMBC
correlations of H-7 (δH 3.13 and 3.26) and H-8 (δH 4.83)
with C-1 (δC 128.7) and C-2 (δC 163.9), andH-7 (δH 3.13 and
3.26) with C-6 (δC 126.1). Te dihydroxy isopropyl group
was identifed by the HMBC correlations of H-10 (δH 3.32)
and H-11 (δH 1.04) with C-8 (δC 86.6). Te NMR spectra of
compound (2) resembled those of compound (1) (Table S1),
indicating their same planar structures.

Te C-8 absolute confgurations of both compounds
were determined by comparison of the experimental ECD
spectra to the referenced spectra [15].Te ECD spectra of the
compounds (Figure 3) showed opposite trends of Cotton
efects to gasphostrin D (8S, 9R) and was well matched with
the calculated ECD spectrum of the (8R, 9R) derivative [15].
Moreover, the negative optical rotation of the compounds

(R)O

(S)
OH

H
O

O

HO

(1) (2)

8
71

1'

10

11
5

4

3

12
6

23
4

5 6

1 6' 5'

4'

3'2'

1'
9'

8
8'

7'

O
O

OH

HO

O

7

O
9

H

H

(3)
(4)

(5)

4

5 6

1

2
3

7

8 8'

10O
9

7' 1'

6' 5'

4'

3'2'

O O

OH

O

O

(6)

2 (R)O

(R)
OH

H
O

O

HO

8
71

1'

10

11
5

4

3

12
6

2

23
4

5 6

1 6' 5'

4'

3'2'

1'
9'

8
8'

7'

O
O

O

HO

O

7

O
9

H

H

4

5 6

1

2
3

7

8 8'

10O
9

7' 1'

6' 5'

4'

3'2'

O O

OH

O

HO

Figure 1: Structures of six isolated compounds.
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(1) ([α]25D − 32.2) and (2) ([α]25D − 41.5) was opposed to
gasphostrin D ([α]25D + 78.9) and matched to several similar
8R-benzofuran derivatives [16]. Tus, the absolute confg-
uration of C-8 in compounds (1) and (2) was elucidated as R.

Snatzke’s method was applied to elucidate the C-9
absolute confguration in the structures of these two iso-
lated compounds. Te induced negative Cotton efects at
290–320 nm (Figure 4), which was in contrast to those of
gasphostrin D (8S, 9R) [15], revealed the 9S confguration
of (1). Te observed positive Cotton efect at about 324 nm,
indicative of the O-C-C-O torsion angle, corresponded to
a right-handed (positive) helicity, consistent with that
reported for gasphostrin D (8S, 9R) [15], indicated the 9R
confguration of (2). Besides, signifcant chemical shift
diference between H-10a [δH 3.53 (1H, dd, J � 5.0, 8.5 Hz)]
and H-10b [δH 3.27 (1H, dd, J � 5.0, 8.5 Hz)] of (1) was in
good agreement with those of (8S, 9S)-dihydrofur-
ocoumarin and (8S, 9S)-diacetatefurocoumarin, whereas
the overlap of H-10 protons of the compound (2) was
similar to the smaller diference between the chemical
shifts of these two protons in the 9R-derivatives [17].
Terefore, compound (1) was assigned as methyl (R)-8-
((S)-9,10-dihydroxypropan-8-yl)-7,8-dihydrobenzofuran-
5-carboxylate, namely, Pandanusfuran A. Meanwhile,
compound (2) was identifed as methyl (R)-8-((R)-9,10-

dihydroxypropan-8-yl)-7,8-dihydrobenzofuran-5-carbox-
ylate, namely, Pandanusfuran B.Tese are two new isolated
benzofurans from P. tectorius.

To check if these compounds might be artifacts of the
extracting process in methanol, we performed an
HPLC-DAD analysis on the ethanol extract of the plant
material and compared it to the chromatograms of isolated
compounds under the same parameters. As shown, com-
pounds (1) and (2) could be found in the ethanol extract
(Figure S13), and thus, they were natural products.

NO production inhibitory efects of the two new com-
pounds were evaluated. Tese compounds exhibited weak
NO production inhibition with IC50> 50 μM in comparison
to cardamonin, the positive control.

Compounds (3–6) were identifed as four lignans, in-
cluding pinoresinol (3), pinoresinol monomethyl ether (4),
arctigenin (5), and matairesinol (6), by comparing their NMR
data to the previous report [18, 19].Terefore, six compounds
were isolated from the leaves of P. tectorius, including two new
benzofuran derivatives and four known lignans.

4. Discussion

Pandanaceae includes about 700 species with fve genera:
Benstonea Callmander & Buerki, Freycinetia Gaudichaud,
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Figure 2: Key HMBC correlations of compounds (1) and (2).
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Figure 3: ECD spectra of compound (1) (blue) and compound (2) (red).
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Martellidendron Callmander & Chassot, Pandanus Parkin-
son, and Sararanga Hemsley [20]. Pandanus was the largest
genus, with more than 400 species [20]. Previous phyto-
chemistry investigations on this family mostly focused on
the genus Pandanus, while only one study on the secondary
metabolites of the Freycinetia plant [21] and no information
about the chemical constituents of the rest of the genera have
been reported.

Lignans have been investigated in several Pandanus
species, including P. tectorius [7], P. boninensis [4], or
P. odoratissimus [10], but could not be found in
P. amaryllifolius, P. dubius, and P. utilis, which alkaloids
were the specifc compositions [22–28]. In this study, four
lignans were isolated from P. tectorius, including pinor-
esinol, phillygenin, arctigenin, and matairesinol. While
pinoresinol has been discovered in some species as men-
tioned above, this is the frst isolation of phillygenin, arc-
tigenin, and matairesinol from a Pandanus plant. Tese
results broaden the known chemical spectrum of Pandanus
species and ofer valuable insights for future chemotaxo-
nomic investigations. Besides, other studies indicated that
P. tectorius might contain favonoids [5] or coumarins [7],
only one study reported benzofuran derivatives in this
species [11]. Signifcantly, most of the highly similar com-
pounds with two isolated benzofuran derivatives were iso-
lated from microorganisms [15, 29] rather than from plants.
Terefore, the isolation of Pandanusfuran A and Pan-
danusfuran B from P. tectorius could reveal an interesting
biosynthesis pathway in the plant that should be investigated
further. In addition, another benzofuran racemate was
previously separated from the roots of P. odoratissimus [10].
Tis may reveal a close chemotaxonomic relationship be-
tween P. tectorius and P. odoratissimus. Moreover, benzo-
furan derivatives are also known for their pharmacological
signifcance, forming the core structures of several valuable
therapeutic agents such as amiodarone, dronedarone, and
griseofulvin. Tus, the discovery of these benzofuran epi-
mers from P. tectorius not only expands the phytochemical

profle of the genus but also suggests potential pharmaco-
logical relevance worthy of further investigation.

5. Conclusion

Te current study reports the isolation of two unprecedented
benzofuran derivatives, Pandanusfuran A and B, from
Pandanus tectorius leaves. Additionally, four known
lignans—pinoresinol, pinoresinol monomethyl ether, arc-
tigenin, and matairesinol—were also isolated and identifed.
Employing state-of-the-art analytical techniques such as
NMR, HRMS, ECD, and Snatzke’s method, we accurately
determined the chemical structures and absolute confgu-
rations of these compounds. Furthermore, the discovery of
benzofuran derivatives alongside these lignans enriches the
phytochemical profle of the Pandanus genus, ofering sig-
nifcant implications for future chemotaxonomic and bio-
synthetic studies.
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Pandanus tectorius fruits are a promising but underutilized source of bioactive constituents. We optimized extraction conditions
for phenolic- and saponin-enriched fractions using Box–Behnken/response surface methodology across ethanol concentration,
temperature, solvent-to-material ratio, and time and then evaluated antioxidant and anti-infammatory activities. Total phenolic
content (TPC; Folin–Ciocalteu, 760 nm) and total saponin content (TSC; vanillin–sulfuric acid, 560 nm) served as responses for
model ftting (R2 > 0.96), validation, and multiresponse optimization that yielded seven distinct optimums targeting diferent
extract profles. Phenolic-rich extracts showed potent DPPH and hydroxyl radical scavenging, whereas saponin-rich extracts more
strongly inhibited LPS-induced nitric oxide in RAW 264.7 cells; excessive saponin enrichment, however, coincided with cy-
totoxicity.Tese results demonstrate that tuned extraction can deliver purpose-built extracts for antioxidant or anti-infammatory
applications, supporting the valorization of P. tectorius as a natural source for functional and nutraceutical ingredients.

Keywords: anti-infammation; antioxidant; Box–Behnken; multiresponse optimization; Pandanus tectorius; response surface
method

1. Introduction

Te genus Pandanus (family Pandanaceae) comprises ap-
proximately 700–750 species predominantly distributed
across tropical and subtropical regions of the Paleotropics,
extending from West Africa to the Pacifc Islands [1, 2].
Members of this genus are morphologically distinctive,
characterized by spiral phyllotaxy, long, narrow leaves, and
prominent aerial prop roots that aid in anchorage and
adaptation to coastal or sandy habitats [1]. Ecologically,
Pandanus species contribute signifcantly to shoreline sta-
bilization and serve as key components in tropical forest

ecosystems. Culturally, they hold economic and ethnobo-
tanical value, with their leaves widely used in traditional
crafts (e.g., mats, baskets, and roofng materials) and, in
some regions, as aromatic ingredients in culinary practices
[1, 2].

Pandanus tectorius Parkinson ex Du Roi, a member of
the Pandanaceae family, is widely distributed throughout
tropical and subtropical coastal regions of Asia and the
Pacifc. It has long been used in traditional medicine for the
treatment of ailments such as hypertension, diabetes, uri-
nary tract infections, and infammation. Recent phyto-
chemical investigations have revealed that this species is
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a rich source of structurally diverse secondary metabolites
with notable biological activities. Key compound classes
identifed include phenolic acids and aldehydes (e.g., p-
coumaric acid, ferulic acid, vanillin, and syringaldehyde),
favonoids (e.g., vitexin, tricin, chrysin, and sakuranetin),
and various lignans such as pinoresinol, syringaresinol,
medioresinol, eudesmin, and sesamin, which have been
isolated from fruits, roots, and leaves [3–8]. Coumarins,
including bergapten and several prenylated derivatives, have
also been detected, along with one benzofuran compound
andmultiple volatile constituents such as geranyl acetate and
ethyl cinnamate identifed by GC-MS analysis [4, 7, 8].
Furthermore, several miscellaneous compounds such as 5-
hydroxymethylfurfural, methylsuccinic acid, long-chain
fatty alcohol esters, and sugar derivatives were also re-
ported [6, 9–12].

A growing body of evidence has demonstrated that
P. tectorius possesses a wide range of biological activities,
including antioxidant, cytotoxic, antimicrobial, and anti-
diabetic efects. Among the phytoconstituents, phenolic
compounds stand out as the most studied and bioactive
group. Several in vitro assays, such as DPPH, ABTS, and
hydroxyl radical scavenging tests, have confrmed the strong
antioxidant capacity of both crude extracts and phenolic-
enriched fractions, especially those obtained using ethyl
acetate or methanol [7–10, 13].Tese efects are attributed to
abundant phenolic aldehydes and acids, favonoids, and
lignans found in fruits and leaves. For instance, cafeoyl-
quinic acid derivatives from P. tectorius have shown lipid-
lowering efects in hyperlipidemic hamsters via modulation
of PPARα and AMPK signaling pathways [14]. Moreover,
phenolic constituents were reported to protect Schwann cells
from oxidative stress through activation of the Nrf2/Keap1
antioxidant response pathway [15]. Antidiabetic potential
has also been widely explored through α-glucosidase in-
hibition assays. Multiple phenolic compounds—including
aromatic aldehydes, coumarins, and favonoids—exhibited
strong inhibitory activity and promising hypoglycemic ef-
fects [6, 9, 10]. In addition, extracts of P. tectorius have
demonstrated selective cytotoxicity against various human
cancer cell lines such as A549, MCF-7, and HeLa, with dose-
dependent inhibition of cell viability [8, 16, 17]. Further-
more, antimicrobial activity has been observed in both polar
and semipolar extracts, efective against a range of gram-
positive and gram-negative bacteria [7]. Recent de-
velopments also explored the use of P. tectorius fruit extract
in nanoparticle formulations for potential therapeutic ap-
plications in metabolic disorders [16].

Despite extensive research on phenolics, the saponins of
P. tectorius remain largely underexplored. Saponins in
Pandanus species are expected to comprise triterpenoid and
steroidal frameworks, consistent with related genera, and
have been associated with membrane-active, hemolytic, and
immunomodulatory properties relevant to infammation.
Preliminary studies in P. tectorius and allied species have
suggested that saponin-containing fractions contribute to
anti-infammatory or cytoprotective efects, yet systematic
enrichment, quantifcation, and modeling remain limited
[15]. Tis knowledge gap highlights the need for targeted

extraction and comparative evaluation of both phenolic and
saponin constituents to better understand their relative
contributions to bioactivity.

Because extraction efciency is determined by complex
interactions among solvent polarity, temperature-driven
mass transfer and degradation kinetics, solvent-to-
material ratio, and extraction time, the traditional one-
factor-at-a-time approach is inadequate for identifying true
optima. Response surface methodology (RSM), particularly
the Box–Behnken design (BBD), enables quantitative as-
sessment of main, interaction, and curvature efects while
reducing experimental runs and improving predictive ac-
curacy. Terefore, the present study employed RSM/BBD to
optimize the extraction of phenolic- and saponin-enriched
fractions from P. tectorius fruits, aiming to maximize both
yield and bioactivity through multiresponse optimization.

2. Materials and Methods

2.1. Plant Materials. Fruits of P. tectorius were collected at
Tanh Oai Province, Vietnam, in August 2021 and identifed
by Dr. Bui Van Tanh, Institute of Biology, Vietnam
Academy of Sciences and Technology (VAST). A voucher
specimen (NCCG 210213) was deposited at the Center for
High Technology Research and Development, VAST. Te
collected sample was cleaned, dried at 60°C in the oven to
under 10% moisture, milled, sieved to < 1mm to improve
batch homogeneity and mass transfer reproducibility prior
to extraction, and preserved at −20°C for further
experiments.

2.2. General. Te solvents, such as ethanol (EtOH), water,
DMSO, and necessary inorganic chemicals, were purchased
from Daihan Scientifc, Korea; meanwhile, other chemicals
were supplied by Merck, Germany. Te extraction was
processed in a shaking water bath with the support of
a stirrer (Daihan Scientifc, Korea).

2.3. Determination of Total Phenolic Content (TPC). Te
TPCs of the samples were determined using the Folin–
Ciocalteu assay [18]. Te characteristic blue chromophore
also provided qualitative confrmation of phenolics in the
samples. Standard solutions of gallic acid at various con-
centrations were prepared for calibration. Sample extracts
were dissolved in methanol at defned concentrations. A
volume of 100 μL from each sample or standard solution was
combined with 900 μL of 10% Folin–Ciocalteu reagent and
1000 μL of 6% sodium carbonate (Na2CO3). Te resulting
mixture was incubated at 40°C for 15min. Absorbance was
measured at 760 nm using a UV–visible spectrophotometer.
Te TPC was quantifed based on the gallic acid standard
curve and expressed as milligrams of gallic acid equivalents
per gram of sample (mg GAE/g).

2.4. Determination of Total Saponin Content (TSC). Te TSC
of the samples was assessed using the vanillin–sulfuric acid
method [19]. Te characteristic reddish (vanillin–H2SO4)

2 Journal of Analytical Methods in Chemistry
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chromophore also indicated qualitative confrmation of
saponins in the samples. For this procedure, 100 μL of each
extract was mixed with 100 μL of 8% (w/v) vanillin in EtOH
and 2800 μL of 80% (v/v) sulfuric acid. Te mixture was
incubated at 70°C for 15min. Solutions of the reference
compound (aescin) and reagent blanks (with solvent) were
also prepared. After incubation, the mixtures were allowed
to cool at room temperature for 5min, and absorbance was
recorded at 560 nm against the blank.

2.5. Preliminary Single-Factor Experiments. Preliminary
single-factor experiments were conducted to establish the
appropriate ranges for key extraction parameters, including
temperature, EtOH concentration, solvent-to-material ratio,
and extraction time. First, the infuence of EtOH concentration
onTPC andTSCwas examined by performing extractions with
EtOH concentrations ranging from 0% to 90%, at 60°C for
120min, maintaining a constant solvent-to-material ratio of
20mL/g. Subsequently, the efect of extraction temperature on
the TPC and TSC was investigated by extracting the plant
material in 60% EtOH at temperatures ranging from 30°C to
100°C for 120min, using a solvent-to-material ratio of 20mL/g.
Next, the efect of varying the solvent-to-material ratio was
assessed by extracting the material in 60% EtOH at 60°C for
120min, using ratios ranging from 5 to 50mL/g. Finally, the
impact of extraction time was evaluated by extracting the plant
material in 60% EtOH at 60°C with a fxed solvent-to-material
ratio of 20mL/g for durations ranging from 60 to 360min.

2.6. Response Surface Method. To optimize the extraction
conditions for phenolic enrichment from P. tectorius fruits,
RSM based on the BBD was employed. Te experimental
design was carried out using Design-Expert software version
12.0 (Stat-Ease, Inc., Minneapolis, USA). Four independent
variables were selected: extraction temperature (°C, A),
EtOH concentration (%, B), solvent-to-material ratio (mL/g,
C), and extraction time (minutes, D). Te TPC and TSC
were designated as the response variables.

Based on the results of preliminary single-factor ex-
periments, the solvent system included EtOH concentra-
tions of 0% (distilled water), 45%, and 90%.Te temperature
range tested was 30°C–80°C, the solvent-to-material ratios
ranged from 10 to 50mL/g, and the extraction times varied
between 60 and 240min. All experimental runs were per-
formed in triplicate, and the average value of TPC was used
for subsequent statistical analysis. Te coded levels of the
independent variables used in the experimental design are
presented in Table 1.

2.7. Antioxidant Assay. Te antioxidant potential of the
phenolic-enriched extracts was assessed using DPPH and
hydroxyl radical scavenging assays, following established
protocols [20, 21].

For the DPPH assay, 100 μL of each sample was mixed
with 1900 μL of DPPH solution in methanol and incubated
in the dark at 37°C for 20min. Absorbance was measured at
517 nm, with ascorbic acid serving as the reference standard.

In the hydroxyl radical scavenging assay, a 200 μL aliquot
of each test sample was added to amixture containing 400 μL
of 50mM phosphate bufer (pH 7.8), 400 μL of 2.8mM
deoxyribose, and 400 μL of 500 μM ferrous ammonium
sulfate [Fe(NH4)2(SO4)2].Temixture was incubated at 37°C
for 1 h. Te reaction was terminated by the addition of
1000 μL of 10% (w/v) trichloroacetic acid and 1000 μL of 1%
(w/v) thiobarbituric acid. Te resulting solution was then
heated in a boiling water bath for 15min, and absorbance
was measured at 532 nm. Catechin was used as the positive
control for this assay.

2.8. Nitric Oxide (NO) Production Inhibition Assay. Te
inhibitory efect of the samples on NO production in li-
popolysaccharide (LPS)-stimulated RAW 264.7 macro-
phages was evaluated using the Griess reagent method [22].
Cells were seeded in 96-well plates at a density of 0.5×105
cells per well and incubated at 37°C in a humidifed at-
mosphere containing 5% CO2 for 22 h. Following this in-
cubation, samples at concentrations ranging from 3 to 25 μg/
mL were added to the wells. After 30min, 0.1mg/mL of LPS
(Sigma-Aldrich, USA) was introduced to stimulate NO
production, and the cells were further incubated for 24 h.
After treatment, 100 μL of the culture supernatant was
transferred to a new 96-well plate and mixed with an equal
volume of Griess reagent. Te absorbance was measured at
570 nm using an iMark microplate reader (Bio-Rad, USA).
To assess cell viability, the remaining cells in the original
plate were subjected to the MTT assay. Tis assay measures
mitochondrial dehydrogenase activity in viable cells through
the reduction of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide), providing an estimate of
living cell numbers [23]. Cardamonin, a known inhibitor of
NO production, served as the positive control.

2.9. Statistical Analysis. All RSM computations were con-
ducted in Design-Expert v12.0. Model adequacy was eval-
uated by analysis of variance (ANOVA) (model F, p), lack of
ft, coefcients of determination (R2, adjusted R2, and
predicted R2), Adeq Precision, and coefcient of variation
(CV). Data are reported as mean± SD of triplicate runs.

3. Results and Discussion

3.1. Te Process Range Conditions for the Extraction. To es-
tablish appropriate experimental ranges for a subsequent BBD
optimization, a preliminary single-factor study was con-
ducted. Tis study aimed to investigate the infuence of four

Table 1: Coded and actual levels of independent variables used in
the Box–Behnken design.

Variables Unit
Code levels

−1 0 1
Temperature (A) °C 30 55 80
Ethanol concentration (B) % 0 45 90
Volume-to-weight ratio (C) mL/g 10 30 50
Extraction time (D) min 60 150 240

Journal of Analytical Methods in Chemistry 3
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key variables—ethanol concentration, temperature, solvent-
to-material ratio, and extraction time—on the extraction
efciency of TPC and TSC from the fruit of P. tectorius.

Te infuence of EtOH concentration (%EtOH) is il-
lustrated in Figure 1(a). Te TPC yield from the fruit extract
increased signifcantly with EtOH concentration, peaking at
approximately 70% before plateauing. Similarly, the TSC
yield rose with increasing EtOH content, reaching its
maximum at 50% EtOH before declining at higher con-
centrations. Tis suggests that a hydroethanolic solvent is
more efective than pure water or EtOH for extracting
compounds from P. tectorius fruit, likely due to the varying
polarities of the target phenolics and saponins. Based on
these efects, the range of 0%–90% EtOH was selected as the
operational range for the BBD.

Regarding the extraction temperature, both TPC and
TSC yields initially increased with temperature, reaching
their optimal values at 65°C. At temperatures higher than
this, a signifcant decrease in the yields of both compounds
was observed. Te data from the table show that at 85°C, the
yields had already begun to decline from their peak. Tis
decline is likely attributable to the degradation of thermo-
sensitive substances within the fruit and the rapid evapo-
ration of the EtOH.Terefore, to ensure compound stability
and avoid degradation, the temperature range for the BBD
was determined to be 30°C–80°C.

Te solvent-to-material ratio demonstrated a strong
positive correlation with extraction yield. A substantial in-
crease in both TPC and TSC was observed when the ratio

was increased from 5 to 25. A ratio below 10 was deemed
unsuitable as the solvent volume was likely insufcient for
proper wetting and extraction of the raw fruit material.
Although yields continued to rise slightly as the ratio in-
creased from 25 to 50, the rate of increase diminished, in-
dicating marginal gains. To balance extraction efciency
with solvent consumption, the working range for the ratio in
the BBD was established as 10–50mL/g.

Te extraction time showed diferent efects on TPC and
TSC. Te highest TPC was achieved at a shorter duration of
60min, with longer times showing no improvement and
potential degradation. Conversely, the TSC yield peaked at
around 180min. To accommodate the diferent optimal
times for these two compound groups from P. tectoriuswhile
maintaining process efciency, an extraction time range of
60–240min was chosen as appropriate for the subsequent
BBD experiments.

In conclusion, based on the single-factor experimental
results, the ranges for the four independent variables were
selected for the BBD as follows: EtOH concentration
(0%–90%), temperature (30°C–80°C), solvent-to-material
ratio (10–50mL/g), and time (60–240min).

3.2.Optimize theExtractionConditionsUsingBBD. TeRSM
with BBD was applied to determine the optimal condition
for the extraction of phenolic compounds from P. tectorius
fruits. Te extraction design variable efects on the TPC and
TSC values are given in Table 2.
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Figure 1: Te efects of (a) ethanol concentration, (b) extracting temperature, (c) solvent-to-material ratio, and (d) extracting time on TPC
and TSC of the extracts.
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3.3. Te Optimal Model for TPC Enrichment. Te experi-
mental results from the BBD were analyzed using ANOVA
to evaluate the efects of the process variables on the TPC
yield.Te statistical signifcance of the ftted quadratic model
was checked by ANOVA. Te experimental results from the
BBD were analyzed using ANOVA to evaluate the efects of
the process variables on the TPC yield. Te ANOVA results
indicate that the ftted quadratic model is highly signifcant,
with a model F-value of 55.56 and a p value < 0.0001, which
implies that the model is highly suitable for describing the
relationship between the independent variables and the TPC
yield. Furthermore, the nonsignifcant “lack of ft”
(p � 0.4437) confrms that the model fts the experimental
data well. Te model’s suitability is also reinforced by its
strong ft statistics. Te coefcient of determination (R2) of
0.9811 indicates that 98.11% of the variability in the response
could be explained by the model, whereas the close agree-
ment between the adjusted R2 (0.9634) and predicted R2

(0.9172) demonstrates good predictive power. Additionally,
a high Adeq Precision of 27.1472 and a low CV % of 6.09%
suggest an adequate signal-to-noise ratio and high experi-
mental reliability. An analysis of the individual model terms
revealed that the linear terms A (EtOH concentration), B
(temperature), and C (ratio); the interaction term BD
(temperature and time); and the quadratic terms A2, B2, and
C2 all had a signifcant efect on TPC yield (p< 0.05). Te

signifcance of the quadratic terms confrms that the re-
lationship is nonlinear. To improve and refne the model, it
was proposed that nonsignifcant interaction terms with p

values greater than 0.5, specifcally AD (p � 0.6711), BC
(p � 0.5854), and CD (p � 0.8905), be eliminated to pro-
duce a more concise and robust model.

Following the initial analysis, the model was refned by
removing the nonsignifcant interaction terms (AD, BC, and
CD) to produce a “reduced quadratic model” with markedly
improved statistical signifcance and ft. Te refned model’s
F-value increased substantially from 55.56 to 81.79, in-
dicating it is now even more signifcant in explaining the
relationship between the variables and the TPC yield,
whereas the overall model p value remained highly signif-
icant (< 0.0001) and the lack of ft remained nonsignifcant
(p � 0.5396). Te most notable improvements are seen in
the ft statistics, which highlight the enhanced robustness
and predictive power of this refned model. In particular, the
adjusted R2 increased from 0.9634 to 0.9684, and more
importantly, the predicted R2 increased from 0.9172 to
0.9430. Tis signifcantly narrowed the gap between the two
values from 0.0462 to just 0.0254, indicating that removing
the “noise” from irrelevant terms has made the model more
accurate and reliable for making predictions. Furthermore,
the Adeq Precision increased from 27.15 to 32.49, signifying
an improved signal-to-noise ratio, and the CV % decreased

Table 2: TPC and TSC of the extracts to independent variables using the Box–Behnken design.

No. A: EtOH
(%)

B: Temp.
(°C)

C: Ratio
(mL/g)

D: Time
(min) TPC (mgGAE/g) TSC (mgAE/g)

1 45 30 30 60 58.3 132.8
2 45 30 50 150 74.5 140.2
3 90 30 30 150 91.5 111.2
4 45 30 30 240 73.1 140.5
5 45 55 10 60 65.2 138.5
6 90 55 30 60 116.6 125.9
7 90 80 30 150 112.3 142.2
8 45 30 10 150 56.8 121.4
9 90 55 50 150 121.5 136.7
10 0 55 30 240 47.3 135.2
11 45 80 30 240 94.5 164.2
12 90 55 50 60 116.2 124.4
13 45 80 30 60 105.6 152.3
14 90 55 30 150 111.3 129.9
15 0 55 50 150 50.2 131.1
16 0 55 30 60 47.9 128.9
17 45 55 30 150 90.3 161.5
18 45 80 50 150 111.2 170.6
19 90 55 30 240 119.3 128.7
20 45 80 10 150 87.8 149.8
21 0 30 30 150 27.8 110.8
22 45 55 30 150 92.8 155.2
23 45 55 50 240 100.7 160.1
24 0 80 30 150 58.7 142.6
25 45 55 30 150 99.3 162.8
26 45 55 10 240 70.5 139.3
27 45 55 30 150 87.6 162.4
28 90 55 10 150 96.3 121.6
29 45 55 30 150 96.4 158.9
30 0 55 10 150 35.5 123.5

Journal of Analytical Methods in Chemistry 5
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from 6.09% to 5.66%, pointing to higher precision and
reliability. Terefore, the model reduction process was
highly successful, resulting in a more precise and robust

model for the optimization of TPC extraction. Te fnal
regression equation to predict the TPC based on the actual
values of the process variables is as follows:

TPC � − 86.0066 + 1.26713A + 2.45024B + 1.35943C + 0.26148D − 0.00224AB

+ 0.002416AC − 0.00288BD − 0.00558A2
− 0.01173B2

− 0.0148C2
− 0.00029D2

,
(1)

where A�EtOH (%), B� temperature (°C), C� ratio (mL/g),
and D� time (min).

To visualize the relationship between the independent
variables and the yield of TPC, three-dimensional (3D)
response surface plots were generated based on the model
equation. Tese plots illustrate the interactive efects of two
variables at a time on the TPC yield, whereas the other two
variables are held constant at their central point.
Figure 2(a) displays the interactive efect of EtOH con-
centration (A) and temperature (B) on TPC extraction.Te
plot reveals a signifcant curved surface, indicating that
TPC yield increases with both variables up to an optimal
region before leveling of. Te peak TPC is predicted at
high EtOH concentrations (approximately 70%–90%) and
moderately high temperatures (approximately 70°C–80°C).
Tis demonstrates a synergistic efect where higher tem-
peratures enhance the solvent’s extraction capacity. For
instance, at a constant temperature of 55°C, increasing the
EtOH concentration from 0% to 90% (whereas other
factors are held at their center points) raised the TPC yield
from 47.9mg GE/g to 111.3mg GE/g. Tis trend is sci-
entifcally sound, as higher temperatures reduce solvent
viscosity and increase the solubility and difusion rate of
phenolic compounds. At the same time, the appropriate
EtOH concentration optimizes solvent polarity for
extracting these target compounds. Figure 2(b) illustrates
the relationship between EtOH concentration (A) and the
solvent-to-material ratio (C). Te response surface shows
a clear positive correlation, where TPC yield consistently
increases as both the EtOH concentration and the ratio are
elevated. Te steep incline suggests that both factors are
strong drivers of extraction efciency within the tested
range. Te experimental data support this, showing that at
a fxed EtOH concentration of 45% and temperature of
30°C, increasing the ratio from 10 to 50mL/g increased the
TPC yield from 56.8 to 74.5mg GE/g. Tis efect is pri-
marily due to the principles of mass transfer; a larger
volume of solvent (higher ratio) increases the concentra-
tion gradient between the solid material and the liquid
phase, thereby promoting the difusion of phenolic com-
pounds into the solvent until equilibrium is approached.

Te interaction between temperature (B) and extraction
time (D) is presented in Figure 2(c). Te plot indicates that
temperature is a more dominant factor than time in in-
creasing TPC yield. However, a signifcant interaction be-
tween the two is evident. At lower temperatures (e.g.,
30°C–40°C), extending the extraction time has a minimal
efect on the TPC yield. In contrast, at higher temperatures

(e.g., 80°C), a longer extraction time leads to a more sub-
stantial increase in TPC. Tis is supported by the data: At
80°C and 45% EtOH, the TPC yield was 111.2mg GE/g after
150min. Te upward trend of the surface suggests that at
elevated temperatures, which provide the necessary acti-
vation energy for extraction, a longer duration allows for
more complete difusion of solutes from the plant matrix.

3.4.TeOptimalModel forTSCEnrichment. Te results from
the BBD for the TSC response were analyzed using ANOVA.
Te initial quadratic regression model was found to be
highly signifcant, demonstrated by a model F-value of 42.97
and a p value < 0.0001. Additionally, the “lack of ft” was not
signifcant (p � 0.4082), indicating that there was no sys-
tematic error and the model was compatible with the ex-
perimental data. Te high coefcient of determination
(R2 � 0.9757) also suggested that the model could explain
97.57% of the variability in the data. However, a more
detailed analysis of the ft statistics revealed the necessity of
refning the model to improve its predictive power. Spe-
cifcally, a signifcant discrepancy was observed between the
adjusted R2 value of 0.953 and the predicted R2 value of
0.8871. Tis diference of 0.0659 suggests that the model was
likely overftted, containing nonsignifcant terms that con-
tribute “noise.” An examination of the individual p values
showed that several interaction terms, such as AB
(p � 0.9123), AD (p � 0.6888), BC (p � 0.7832), and BD
(p � 0.5652), had a very weak efect on the model. Te
presence of these terms reduces the model’s ability to ac-
curately predict new outcomes.

Terefore, to enhance its reliability and predictive ca-
pability, the model was refned by eliminating the in-
signifcant interaction terms with a p value greater than 0.5.
Tis refnement process proved to be highly successful,
resulting in a more robust and accurate model. Te model
F-value increased sharply from 42.97 to 73.17, indicating
a statistically stronger model. Most importantly, the dif-
ference between the adjusted R2 (0.9614) and the predicted
R2 (0.932) was reduced signifcantly to just 0.0294. Tis
confrms that the model was no longer overftted and
possessed excellent predictive capability. Furthermore, other
statistical indicators also improved: Te Adeq Precision
increased from 21.68 to 27.82 and the CV % decreased to
2.31%, both of which confrm the enhanced strength and
precision of the new model.

Based on the coefcients for the refned model, the fnal
regression equation in terms of actual factors is

6 Journal of Analytical Methods in Chemistry
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TSC �30.65944 + 1.05281A + 1.84852B + 1.13388C + 0.190449D + 0.001958AC

+ 0.001446CD−0.01256A2
− 0.01181B2−0.01749C2

− 0.00065D2
,

(2)

where A�EtOH (%), B� temperature (°C), C� ratio (mL/g),
and D� time (min).

Te response surface plots were constructed to visualize the
interactive efects of the independent variables on the TSC.
Tese plots are crucial for understanding the complex re-
lationships and identifying the optimal conditions for extrac-
tion. Figure 3(a) illustrates the combined efect of EtOH
concentration (A) and temperature (B). Te surface plot is

distinctly dome-shaped, indicating that the TSC yield is max-
imized at intermediate levels of both variables. Te yield in-
creases as EtOH concentration rises from 0% and temperature
increases from 30°C, reaching a peak before declining. Tis
suggests that although a certain amount of EtOH and heat is
benefcial for dissolving and extracting saponins, excessive levels
can have an adverse efect. Tis may be due to changes in
solvent properties, such as polarity, at very high EtOH
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Figure 2: Response surfaces between (a) ethanol concentration and temperature, (b) ethanol concentration and solvent-to-material ratio,
and (c) time and temperature to total phenolic contents of the P. tectorius fruit extracts.
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concentrations or potential solvent loss at temperatures
approaching the boiling point of EtOH, which would alter the
extraction conditions. Te experimental data confrm this,
showing that at a fxed ratio and time, the TSC yield at 45%
EtOH and 80°C (170.6mg AE/g) is signifcantly higher than at
90%EtOHand 80°C (152.3mgAE/g), highlighting the existence
of an optimal range. Te interaction between EtOH concen-
tration (A) and solvent-to-material ratio (C) is depicted in
Figure 3(b). Similar to the previous plot, this response surface
also shows a clear optimal region. Te TSC yield increases as
both the EtOH concentration and the ratio are increased, but
only up to a certain point. Te curvature indicates that after
reaching an optimal EtOH concentration (around 40%–50%)
and ratio (around 30–40mL/g), the TSC yield begins to plateau
or even slightly decrease. Tis demonstrates the signifcant
interactive efect between these two variables. For example, at
a fxed temperature of 55°C, increasing the ratio from 10 to
50mL/g at 45% EtOH shows a signifcant increase in yield
(from 158.9 to 162.4mg AE/g), underscoring the importance of
an adequate solvent volume to facilitate mass transfer.

Figure 3(c) presents the interactive efect of extraction
time (D) and solvent-to-material ratio (C). Te surface shows
that both factors have a positive efect on the TSC yield, with
the yield increasing as both time and ratio are extended. Te
slope is steeper for the ratio than for time, suggesting the
solvent volume is a more dominant factor in this interaction.
Te plot shows a continuous rise toward the upper limits of
both variables, with the highest TSC yields found at longer
times (around 180–240min) and higher ratios (around 40–
50mL/g). Tis is consistent with mass transfer principles,
where a larger solvent volume and a longer contact time allow
for more complete difusion of the saponins from the plant
matrix into the solvent, leading to a higher extraction yield.
For instance, at 45% EtOH and 55°C, increasing the extraction
time from 60min to 240min at a ratio of 50mL/g resulted in
an increased yield from 150.2mg/g to 160.1mg AE/g.

Te extraction time exerted contrasting efects on
phenolic and saponin recovery due to their distinct physi-
cochemical properties. Phenolic compounds, being rela-
tively small and highly soluble in aqueous ethanolic media,
reach difusion equilibrium rapidly, and prolonged heating
may promote oxidative degradation or polymerization. In
contrast, saponins are amphiphilic glycosides with bulky
triterpenoid or steroidal aglycones, which require extended
contact time for complete solvent penetration and micellar
solubilization. Consequently, phenolic yield tends to plateau
or slightly decline with time, whereas saponin yield con-
tinues to increase until reaching its own saturation point.

3.5. Optimize the Extraction Conditions. Te refned re-
gression models for both TPC and TSC were utilized to
determine the optimal conditions for extracting phyto-
chemicals from P. tectorius fruit. As the ideal conditions for
maximizing TPC and TSC difer, a multiresponse optimi-
zation was performed using the numerical optimization
feature of the software Design-Expert. Tis approach allows
for fnding a range of ideal conditions by assigning diferent
“importance levels” to each response, providing fexibility
based on the desired outcome.

Table 3 summarizes seven potential optimal solutions
generated by varying the importance placed on TPC versus
TSC. Te results show a clear trade-of between the two re-
sponses. Conditions prioritizing TPC, designated as the
“Opt_TPC” series, consistently require a high EtOH con-
centration between 70% and 90% and a high temperature of
approximately 80°C. Conversely, conditions prioritizing TSC,
the “Opt_TSC” series, favor a lower EtOH concentration
around 45%–55% and signifcantly longer extraction times
exceeding 175min, whereas the optimal temperature remains
high.Te “balance” condition represents a compromise, using
intermediate parameters to achieve good, though not maxi-
mal, yields of both TPC and TSC simultaneously.Tis analysis
provides a set of validated optimal conditions, allowing for the
selection of specifc extraction parameters depending on
whether the desired fnal product is an extract rich in phe-
nolics, saponins, or a balanced combination of both.

To confrm the validity and predictive accuracy of the
developed models, a series of validation experiments was
conducted. Te seven sets of optimal conditions derived
from the numerical optimization were slightly adjusted for
practical convenience in a laboratory setting. Extractions
were then performed in triplicate under these adjusted
conditions. Table 4 presents a comparison between the TPC
and TSC yields predicted by the regression models and the
values obtained through these validation experiments.

Te results demonstrate a strong correlation and excellent
agreement between the predicted and experimental values
across all seven tested conditions, afrming the reliability of the
optimization process. In particular, the experimental data
closely matched the values predicted by the models. For in-
stance, the “balance” condition showed remarkable accuracy,
with an experimental TPC of 114.7±7.1mg GAE/g against
a prediction of 115.0mg GAE/g. Furthermore, the analysis
confrmed that theOpt_TSC3 condition, which was designed to
maximize saponin content, successfully yielded the highest
experimental TSC of 185.6±10.6mgAE/g and concurrently the
lowest experimental TPC of 105.6±8.5mg GAE/g. Tis lowest
TPC value showed excellent agreement with its predicted value
of 103.5mg GAE/g. Although the highest experimental TSC
was greater than its predicted value of 169.5mgAE/g, themodel
nonetheless accurately identifed the specifc conditions re-
quired to achieve the maximum saponin yield.

Te experimental data also validated the predicted trade-
of between the two responses; conditions designed to favor
TPC resulted in extracts with higher experimental TPC
yields, whereas conditions prioritizing TSC successfully
produced extracts richer in saponins. Te close corre-
spondence between the predicted and actual results validates
the accuracy of the regression models. Tis confrms that the
developed models are reliable and efective tools for navi-
gating the design space and optimizing the extraction of both
phenolic and saponin compounds from P. tectorius fruit.

3.6. Bioactivities of the Extracts

3.6.1. Antioxidant and NO Production Inhibitory Efect.
Te antioxidant activity of the seven extracts was evaluated
through their ability to scavenge DPPH and hydroxyl radicals,

8 Journal of Analytical Methods in Chemistry
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Figure 3: Response surfaces between (a) ethanol concentration and temperature, (b) ethanol concentration and solvent-to-material ratio,
and (c) time and solvent-to-material ratio to total saponin contents of the P. tectorius fruit extracts.

Table 3: Summary of predicted optimal conditions for achieving diferent extraction goals, prioritizing either TPC, TSC, or a balance of both
responses.

Condition
Importance level

%EtOH (%) Temp. (°C) Ratio (mL/g) Time (min)
TPC TSC

Opt_TPC1 5 0 90.0 80.0 48.2 104.0
Opt_TPC2 4 1 76.6 80.0 48.6 128.1
Opt_TPC3 3 2 68.9 79.1 47.2 146.4
Balance 2.5 2.5 59.3 78.3 45.5 167.0
Opt_TSC 1 2 3 55.0 78.1 44.7 175.1
Opt_TSC 2 1 4 49.1 78.1 43.6 186.0
Opt_TSC 3 0 5 45.3 78.3 42.9 193.1

Journal of Analytical Methods in Chemistry 9
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with the results presented as IC50 values. Te data revealed
a clear correlation between antioxidant activity and the TPC of
the extracts. Te samples belonging to the “Opt_TPC” series,
which were optimized for high TPC, were the only ones to
exhibit signifcant activity with IC50 values below 100μg/mL in
both assays. Among them, the “Opt_TPC1” extract demon-
strated the highest potency, with an IC50 value of 76.4μg/mL
for DPPH scavenging and 62.5μg/mL for hydroxyl radical
scavenging. In contrast, the saponin-optimized extracts
(“Opt_TSC” series) and the “balance” extract showed con-
siderablyweaker activity, with IC50 values exceeding 100μg/mL
in most tests. Although the TPC-rich extracts demonstrated
notable antioxidant potential, their activity was lower than that
of the pure compound positive controls. Specifcally, the DPPH
scavenging activity of the most potent extract (“Opt_TPC1”)
was less than that of ascorbic acid (IC50� 27.4μg/mL), and its
hydroxyl radical scavenging activity was less than that of
catechin (IC50� 31.7μg/mL). Tis result is expected, as crude
extracts are complex mixtures, whereas the controls are highly
active, pure antioxidant compounds.Tese fndings collectively
suggest that the phenolic constituents are the primary con-
tributors to the antioxidant capacity of the P. tectorius extracts.

Te anti-infammatory potential of the seven optimized
P. tectorius fruit extracts was evaluated by measuring their
ability to inhibit NO production in LPS-stimulated cells
(Table 5). A clear trend emerged regarding the extracts’ po-
tency, which was found to correlate with the saponin contents.

Te IC50 values ranged from 91.3 μg/mL for the TPC-
rich extract Opt_TPC1 down to 68.8 μg/mL for the saponin-
rich extract Opt_TSC1, indicating that Opt_TSC1 was the

most potent anti-infammatory agent among the tested
samples. As expected, all crude extracts were less potent than
the pure compound positive control, cardamonin, which
had an IC50 of 3.1 μg/mL. To ensure that the observed NO
inhibition was not a result of cytotoxicity, cell survival was
assessed (Table S1). Te extracts from the Opt_TPC series,
the balance condition, and Opt_TSC1 all demonstrated
excellent safety profles, with cell survival rates consistently
above 92%. In contrast, the Opt_TSC2 and Opt_TSC3 ex-
tracts, which contained the highest concentrations of sa-
ponins, exhibited signifcant cytotoxicity, causing cell
survival to drop to as low as 64.3%. Consequently, the IC50
values for these two extracts could not be determined. Tis
fnding suggests that although saponin-rich extracts possess
greater anti-infammatory potency, very high concentrations
of saponins or coextracted compounds may induce a cyto-
toxic efect on the RAW 264.7 cells. Phenolic compounds
exert antioxidant efects mainly through electron or hy-
drogen donation and stabilization of resulting phenoxyl
radicals, as well as through transition-metal chelation (Fe2+/
Cu2+) that limits Fenton-type radical formation [24, 25]. In
contrast, saponins are amphiphilic glycosides whose agly-
cone cores and membrane-active properties modulate in-
fammatory signaling and suppress LPS-induced NO
production via iNOS/NF-κB downregulation, while stabi-
lizing cellular membranes [26]. Tese class-specifc prop-
erties explain why TPC-enriched extracts excel in
antioxidant assays, whereas TSC-enriched extracts more
efectively inhibit NO production. Among the optimized
conditions, Opt_TPC1 and Opt_TSC1 displayed the highest

Table 4: Predicted versus experimental yields (mean± SD, n� 3) of TPC (mg GAE/g) and TSC (mg AE/g) for the validation of the seven
adjusted optimal extraction conditions.

Samples EtOH (%) Temp. (°C) Ratio (mL/g) Time (min)
Predict values Experimental
TPC TSC TPC TSC

Opt_TPC1 90 80 48 104 129.3 138.5 124.8± 8.8 126.1± 12.7
Opt_TPC2 75 80 48 130 124.2 155.2 121.1± 11.1 142.8± 16.5
Opt_TPC3 65 80 47 150 118.8 163.0 118.3± 6.5 151.8± 15.9
Balance 60 80 46 170 115.0 166.3 114.7± 7.1 162.4± 19.6
Opt_TSC1 55 80 45 175 111.7 168.0 109.7± 8.8 168.3± 15.2
Opt_TSC2 50 80 44 190 107.4 169.2 106.2± 11.8 178.9± 12.1
Opt_TSC3 45 80 43 195 103.5 169.5 105.6± 8.5 185.6± 10.6

Table 5: Free-radical scavenging and NO production inhibitory efects of P. tectorius fruit extracts under optimal conditions.

Samples DPPH (IC50, μg/mL) Hydroxyl (IC50, μg/mL) NO inhibition (IC50,
μg/mL)

Opt_TPC1 76.4± 3.8a 62.5± 4.1d 91.3± 8.2i
Opt_TPC2 82.1± 4.5b 70.8± 5.3e 85.4± 6.6j
Opt_TPC3 89.5± 5.1b 79.1± 6.2f 84.2± 7.3j
Balance > 100 95.6± 8.1g 75.5± 3.9k
Opt_TSC 1 > 100 > 100 68.8± 1.1l
Opt_TSC 2 > 100 > 100 ND
Opt_TSC 3 > 100 > 100 ND
Ascorbic acid∗ 27.4± 1.6c — —
Catechin∗∗ — 31.7± 2.8h —
Cardamonin# 3.1± 0.4m
∗,∗∗,#Positive control.
a–mData are expressed as mean± SD. Means in each column with diferent letters are signifcantly diferent (p< 0.05).

10 Journal of Analytical Methods in Chemistry
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bioactivities within their groups. Te 90% EtOH and
moderate extraction time (104min) in Opt_TPC1 favored
recovery of midpolarity favonoids and aldehydes with
strong redox capacity, accounting for its lower IC50 values
despite similar TPC yields to Opt_TPC2–3. Conversely,
Opt_TSC1 (55% EtOH, 175min) likely promoted the
extraction of moderately polar triterpenoid saponins with
stronger membrane-modulating activity, whereas higher
water content in Opt_TSC2–3 may have diluted or de-
graded active aglycones. Overall, the superior potency of
these extracts refects not only quantitative yield but also
qualitative compositional shifts controlled by solvent
polarity and extraction kinetics, underscoring the need to
balance concentration and selectivity in RSM
optimization.

Te optimized phenolic- and saponin-enriched extracts of
P. tectorius thus exhibit distinct functional profles with
promising industrial relevance. Phenolic-rich extracts could
serve as natural antioxidants in food and nutraceutical
products, whereas saponin-rich extracts, showing anti-
infammatory and mild surfactant properties, may be appli-
cable in cosmetic or pharmaceutical formulations. Further
work on scale-up, stability, and formulation compatibility
would support their practical use.

4. Conclusion

Tis study successfully optimized the extraction conditions
for phenolic- and saponin-rich fractions from P. tectorius
fruits using RSM based on a BBD. Te developed quadratic
models exhibited excellent statistical reliability, with co-
efcients of determination (R2) exceeding 0.98 for both TPC
and TSC responses, confrming the adequacy of the ftted
models. Under the validated optimal conditions, the ex-
perimental yields reached 124.8± 8.8mg GAE/g for total
phenolics and 168.3± 15.2mg AE/g for total saponins,
closely matching the predicted values. Te optimized phe-
nolic extract (Opt_TPC1) demonstrated potent antioxidant
efects with DPPH and hydroxyl radical IC50 values of 76.4
and 62.5 μg/mL, respectively, whereas the saponin-rich ex-
tract (Opt_TSC1) showed considerable anti-infammatory
activity with an IC50 of 68.8 μg/mL for NO inhibition. Tese
results highlight the compositional and functional com-
plementarity between phenolic and saponin fractions and
support the potential of P. tectorius fruit as a renewable
source of bioactive ingredients. Nevertheless, the cytotox-
icity observed in extracts with excessive saponin content
indicates a need for further refnement. Future studies
should focus on isolating individual active compounds,
improving extract selectivity, and conducting comprehen-
sive safety assessments to ensure both efcacy and bio-
compatibility in prospective food, cosmetic, and
pharmaceutical applications.
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ABSTRACT:  

Pandanus tectorius is widely marketed in Vietnam as crude herbal material and tea, yet comparative data on its 

phytochemical quality and α-amylase inhibition remain limited. In this study, thirteen fruit and nine leaf 

samples were purchased from local markets and e-commerce sources and extracted with 90% ethanol. Total 

phenolic content (TPC) and total saponin content (TSC) were determined by Folin–Ciocalteu and vanillin–

sulfuric acid assays, while α-amylase inhibition was evaluated using a modified DNSA method. Results were 

expressed on both a sample basis (mg/g dry material) and an extract basis (mg/g extract). Extraction yields 

were higher in leaves (11.51–14.51%) than in fruits (9.59–11.94%). On a sample basis, fruits and leaves 

contained comparable levels of TPC (12.17 vs 12.99 mg GAE/g; p = 0.187) and TSC (5.63 vs 5.31 mg AE/g; p 

= 0.214). On an extract basis, fruit extracts were significantly more enriched, with TPC of 115.43 vs 99.38 mg 

GAE/g extract (p = 0.002) and TSC of 53.42 vs 40.73 mg AE/g extract (p < 0.0001). The α-amylase inhibitory 

activity was moderate, with IC₅₀ values ranging from 130.48 to 200.45 µg/mL (fruits 163.77 µg/mL, leaves 

171.49 µg/mL), compared with 88.96 µg/mL for acarbose. Correlation analysis revealed a strong negative 

relationship between TPC and IC50 (r = −0.842, R² = 0.709), while TSC correlated only weakly (r = −0.319, R² 

= 0.102). These results indicate that phenolic compounds are the main contributors to the inhibitory activity 

and that fruit extracts represent a more concentrated source of bioactive metabolites suitable for functional food 

or nutraceutical applications. 

Keywords: Pandanus tectorius, phenolic, saponin, α-amylase  
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I. INTRODUCTION 

The genus Pandanus (family Pandanaceae) comprises approximately 700–750 species predominantly 

distributed across tropical and subtropical regions of the Paleotropics, ranging from West Africa to the Pacific 

Islands [1, 2].Members of this genus are morphologically distinctive, with spiral phyllotaxy, long, narrow 

leaves, and aerial prop roots that facilitate adaptation to sandy or coastal habitats. Ecologically, Pandanus 

species play an important role in shoreline stabilization and tropical forest ecosystems, while culturally they 

possess considerable economic and ethnobotanical value. Their leaves are widely used for weaving mats, 

baskets, and roofing materials, and in some regions as aromatic culinary ingredients [1, 2].Pandanus tectorius 

Parkinson ex Du Roi is a widely distributed species occurring in tropical and subtropical coastal regions from 

South Asia to the Pacific Islands, and in Vietnam, it is commonly found from the northern midland areas to the 

coastal regions of Khanh Hoa [3]. Traditionally, this plant has been employed in folk medicine for the treatment 

of various ailments. Its roots have been used for edema, dysuria, and kidney stones, and externally for bone 

fractures and hemorrhoids, while its leaves, characterized by a sweet taste and cooling properties, are applied to 

reduce fever and treat colds. Young shoots have also been reported to support the treatment of kidney stones and 

pediatric convulsions [4-6].Beyond medicinal uses, P. tectorius holds ecological significance in mangrove and 

coastal ecosystems. 

 

Phytochemical studies have demonstrated that P. tectorius is a rich source of structurally diverse 

secondary metabolites. International and regional investigations have identified multiple compound classes, 

including phenolic acids and aldehydes (e.g., p-coumaric acid, ferulic acid, vanillin, syringaldehyde), flavonoids 

(e.g., vitexin, tricin, chrysin, sakuranetin, naringenin), and lignans such as pinoresinol, syringaresinol, 

medioresinol, lyoniresinol, and balanophonin[7-12]. Coumarins, benzofuran derivatives, and volatile 

http://www.ijerd.com/
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constituents such as geranyl acetate and ethyl cinnamate have also been reported [8, 11, 12]. In addition, other 

miscellaneous compounds, including long-chain fatty alcohol esters, methylsuccinic acid, sugar derivatives, and 

5-hydroxymethylfurfural, have been documented [10, 13-16].These phytoconstituents underpin a broad 

spectrum of biological activities. Extracts and isolated compounds from P. tectorius have demonstrated strong 

antioxidant, anti-inflammatory, antimicrobial, cytotoxic, and antidiabetic properties. In particular, phenolic-rich 

extracts exhibit potent radical scavenging capacity in DPPH, ABTS, and hydroxyl radical assays [11-14, 17], 

protective effects against oxidative stress in Schwann cells through the Nrf2/Keap1 pathway [18], lipid-lowering 

effects via PPARα and AMPK signaling [19], and α-glucosidase inhibitory activity contributing to 

hypoglycemic potential [10, 13, 14]. Cytotoxicity against several cancer cell lines, including A549, MCF-7, and 

HeLa, has also been documented [12, 15, 20]. Moreover, antimicrobial effects against gram-positive and gram-

negative bacteria have been reported [11]. Recent studies have further highlighted the potential of P. tectorius 

fruit extracts in nanoparticle formulations for therapeutic applications in metabolic disorders [15]. 

In Vietnam, the fruits and leaves of P.tectorius are widely available on the market, either as raw 

materials or in packaged tea bags. Beyond their use in traditional medicine, they are also consumed as a 

common food product. The present study investigates the levels of major classes of secondary metabolites, 

including phenolics and saponins, and evaluates the α-amylase inhibitory activity of marketed fruits and leaves 

of P. tectorius in Vietnam, thereby contributing to quality assessment and further exploration of the biomedical 

potential of this species. 

 

II. MATERIAL AND METHODS 

2.1. Materials 

Nine dried leaf samples and thirteen dried fruit samples of P.tectorius were purchased from herbal 

markets in Hanoi, Vietnam, or through e-commerce platforms. Common solvents such as ethanol, DMSO, and 

inorganic salts were obtained from Daihan Scientific (South Korea), while reference standards and other 

chemicals were supplied by Merck (Germany). 

 

2.2. Extracts preparation 

To prepare the extract for chemical analysis and bioassays, 50 g of each sample was powdered, then 

extracted in triplicate with 1 L of ethanol 90% in a sonication bath at 70°C. The solution was filtered and 

evaporated to yield the total extract. 

 

2.3. Total phenolic assay 

Total phenolic content (TPC) was determined using the Folin–Ciocalteu method with gallic acid as the 

standard [21].Absorbance was measured at 760 nm, and results were expressed as mg gallic acid equivalents per 

gram of dry sample (mg GAE/g). 

 

2.4. Total saponin assay 

The total saponin content (TSC) of the samples was assessed using the vanillin–sulfuric acid method[22]. 

For this procedure, 100 µL of each extract was mixed with 100 µL of 8% (w/v) vanillin in ethanol and 2800 µL 

of 80% (v/v) sulfuric acid. The mixture was incubated at 70°C for 15 minutes. Solutions of the reference 

compound(aescin) and reagent blanks (with solvent) were also prepared. After incubation, the mixtures were 

allowed to cool at room temperature for 5 minutes, and absorbance was recorded at 560 nm against the blank. 

 

2.5. α-amylase inhibition assay 

α-amylase inhibition was evaluated using a modified DNSA method [23].Reaction mixtures containing 

sample extracts and α-amylase were incubated with starch substrate, and the reaction was terminated with 

DNSA reagent. Absorbance was measured at 650 nm, with acarbose as the positive control. 

 

III. RESULTSAND DISCUSSION 

3.1. Phytochemical contents of the P. tectoriusfruits and leaves 

The extraction yields of P. tectorius ranged from 9.59% to 11.94% in fruits and from 11.51% to 14.51% 

in leaves, indicating that leaves generally provided higher extraction efficiency than fruits. In contrast, the 

distribution of secondary metabolites showed distinct patterns.  

The total phenolic content (TPC) of fruits varied between 9.38 and 14.31 mg GAE/g sample, while the 

figures for the leaves ranged from 11.27 to 16.03 mg GAE/g sample.For total saponin content (TSC), fruits 

displayed higher values, ranging from 4.61 to 6.54 mg AE/g sample, compared to leaves, which contained 4.52–

5.93 mg AE/g sample.  
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Table 1: Extraction yields, total phenolic (TPC) and saponin (TSC) contents of the P. tectoriussamples 

No. Code Part 
Extraction 

yield 

TPC (mg GAE/g) TSC (mgAE/g) 

Sample Extract Sample Extract 

1 F01 Fruits 9.78% 11.38 ± 1.34 116.32 ± 13.66 5.47 ± 0.57 55.96 ± 5.82 

2 F02 Fruits 9.77% 11.17 ± 1.11 114.34 ± 11.38 5.63 ± 0.64 57.64 ± 6.51 

3 F03 Fruits 11.51% 12.73 ± 1.56 110.62 ± 13.54 5.16 ± 0.59 44.82 ± 5.17 

4 F04 Fruits 9.59% 12.15 ± 1.30 126.67 ± 13.51 4.61 ± 0.48 48.07 ± 5.02 

5 F05 Fruits 10.15% 12.28 ± 1.46 120.97 ± 14.42 4.82 ± 0.52 47.45 ± 5.09 

6 F06 Fruits 11.09% 11.02 ± 0.90 99.34 ± 8.08 6.41 ± 0.81 57.81 ± 7.27 

7 F07 Fruits 11.00% 12.64 ± 1.38 114.92 ± 12.58 5.86 ± 0.74 53.27 ± 6.77 

8 F08 Fruits 9.75% 11.26 ± 0.97 115.51 ± 9.90 4.94 ± 0.50 50.70 ± 5.14 

9 F09 Fruits 10.00% 9.38 ± 1.13 93.75 ± 11.31 5.94 ± 0.58 59.43 ± 5.81 

10 F10 Fruits 11.35% 14.31 ± 1.78 126.09 ± 15.69 6.38 ± 0.69 56.24 ± 6.05 

11 F11 Fruits 11.94% 13.82 ± 1.44 115.74 ± 12.03 6.54 ± 0.55 54.78 ± 4.63 

12 F12 Fruits 10.01% 12.66 ± 1.25 126.44 ± 12.54 6.06 ± 0.67 60.49 ± 6.65 

13 F13 Fruits 11.17% 13.40 ± 1.45 119.93 ± 13.0 5.34 ± 0.64 47.85 ± 5.71 

14 L01 Leaves 12.67% 11.27 ± 1.39 88.94 ± 10.99 4.52 ± 0.47 35.67 ± 3.73 

15 L02 Leaves 14.51% 12.57 ± 1.46 86.63 ± 10.09 5.29 ± 0.52 36.45 ± 3.60 

16 L03 Leaves 13.00% 12.38 ± 1.01 95.25 ± 7.78 5.53 ± 0.59 42.52 ± 4.51 

17 L04 Leaves 14.15% 16.03 ± 1.60 113.31 ± 11.31 5.57 ± 0.55 39.34 ± 3.86 

18 L05 Leaves 14.04% 12.15 ± 1.14 86.54 ± 8.11 5.43 ± 0.53 38.70 ± 3.76 

19 L06 Leaves 12.18% 13.38 ± 1.72 109.84 ± 14.09 5.65 ± 0.66 46.41 ± 5.39 

20 L07 Leaves 13.21% 14.39 ± 1.34 108.95 ± 10.17 4.75 ± 0.52 35.99 ± 3.96 

21 L08 Leaves 11.51% 11.80 ± 1.46 102.55 ± 12.73 5.14 ± 0.44 44.66 ± 3.84 

22 L09 Leaves 12.66% 12.96 ± 1.22 102.37 ± 9.60 5.93 ± 0.75 46.87 ± 5.96 

 

The corresponding boxplot (Figure 1) confirmed this trend, showing that fruits had higher median 

saponin levels and a more clustered distribution, suggesting greater stability in saponin accumulation relative to 

leaves.Boxplot analysis highlighted that fruits exhibited relatively consistent TPC values, whereas leaves 

showed broader variability, with some samples reaching comparatively higher phenolic concentrations. 

 

 
 

Figure 1: Boxplots of the TPC (left) and TSC (right) of the P. tectoriussamples 

 

To statistically evaluate these observations, permutation tests were conducted on sample-based values. 

The mean TPC did not differ significantly between fruits (12.17 mg GAE/g) and leaves (12.99 mg GAE/g) 

(mean difference = −0.82 mg GAE/g; p = 0.187). Similarly, the mean TSC values of fruits (5.63 mg AE/g) and 

leaves (5.31 mg AE/g) were not significantly different (mean difference = +0.32 mg AE/g; p = 0.214). These 

findings are consistent with the overlapping distributions shown in the boxplots, indicating that although fruits 

tended to accumulate more saponins and leaves occasionally exhibited higher phenolic levels, such differences 

were not statistically robust. 

The phenolic content of Pandanus tectorius extracts showed a clear difference between plant parts. Fruit 

extracts contained between 93.75 and 126.67 mg GAE/g extract, with a mean of 115.43 mg GAE/g extract, 

whereas leaf extracts ranged from 86.63 to 113.31 mg GAE/g extract, with a lower mean of 99.38 mg GAE/g 

extract. The boxplot (Figure 2) illustrates this separation, with fruits displaying higher median values and a 

narrower interquartile range, suggesting more consistent phenolic enrichment compared to leaves. A 

permutation test confirmed the statistical significance of this difference (mean difference = +16.06 mg GAE/g 

extract; p = 0.002), indicating that fruit extracts are consistently richer in phenolic compounds.A similar pattern 
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was observed for saponins. Fruit extracts displayed concentrations between 44.82 and 60.49 mg AE/g extract, 

with a mean of 53.42 mg AE/g extract, while leaf extracts contained 35.67–46.87 mg AE/g extract, averaging 

40.73 mg AE/g extract. 

 

 
Figure 2: Boxplots of the TPC (left) and TSC (right) of the P. tectoriusfruit and leaf extracts 

 

 The boxplot also highlights this divergence, with fruit extracts showing higher medians and tighter 

distributions compared to the broader and lower range of leaves. The difference in saponin content between 

plant parts was even more pronounced than that observed for phenolics, with a mean difference of +12.69 mg 

AE/g extract, which was highly significant according to permutation testing (p < 0.0001).Together, these results 

clearly demonstrate that while both fruits and leaves yield ethanol-soluble phenolics and saponins, fruit extracts 

consistently exhibit higher concentrations and more uniform distributions of these metabolites, as evidenced by 

both boxplot visualization and robust statistical testing. 

 

3.2. α-amylase inhibitory effect of the extracts from the P. tectorius fruits and leaves 

The α-amylase inhibitory activity of P. tectorius extracts, expressed as IC50 values (µg/mL), varied 

considerably among samples (Table 2). For fruit extracts, IC50 values ranged from 130.48 ± 10.51 µg/mL (F12) 

to 200.45 ± 26.01 µg/mL (F09), with an overall mean of approximately 162 µg/mL. Leaf extracts displayed a 

similar variability, ranging from 146.38 ± 12.25 µg/mL (L06) to 198.90 ± 22.32 µg/mL (L02), with a mean of 

about 171 µg/mL. These results indicate that both fruits and leaves possess moderate α-amylase inhibitory 

potential, though the activity was not uniform across all samples. When compared to the positive control 

acarbose (IC50 = 88.96 ± 9.69 µg/mL), all extracts were less potent, requiring approximately 1.5–2 times higher 

concentrations to achieve 50% enzyme inhibition.  

 

Table 2: α-amylase inhibitory effect of the P. tectoriusextracts 

No. Code Part α-amylase  

1 F01 Fruits 158.24 ± 12.74 

2 F02 Fruits 159.94 ± 14.45 

3 F03 Fruits 186.32 ± 17.12 

4 F04 Fruits 148.01 ± 12.12 

5 F05 Fruits 160.85 ± 18.3 

6 F06 Fruits 191.09 ± 17.67 

7 F07 Fruits 165.07 ± 20.92 

8 F08 Fruits 167.56 ± 16.15 

9 F09 Fruits 200.45 ± 26.01 

10 F10 Fruits 137.38 ± 15.54 

11 F11 Fruits 161.16 ± 14.29 

12 F12 Fruits 130.48 ± 10.51 

13 F13 Fruits 162.44 ± 18.33 

14 L01 Leaves 195.81 ± 25.09 

15 L02 Leaves 198.9 ± 22.32 

16 L03 Leaves 176.53 ± 18.86 

17 L04 Leaves 148.87 ± 14.22 

18 L05 Leaves 196.34 ± 19.66 

19 L06 Leaves 146.38 ± 12.25 
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20 L07 Leaves 160.52 ± 15.33 

21 L08 Leaves 161.21 ± 15.96 

22 L09 Leaves 158.85 ± 13.11 

Acarbose Positive control 88.96 ± 9.69 

 

Nevertheless, several fruit samples (notably F10 and F12) exhibited relatively strong inhibition (IC50 at 

130–140 µg/mL), approaching the activity of acarbose. The observed variability among extracts likely reflects 

differences in the abundance and composition of phenolic and saponin constituents, which are known 

contributors to α-amylase inhibition. Overall, both fruit and leaf extracts of P. tectorius demonstrated promising 

α-amylase inhibitory activity, with fruits generally showing slightly stronger effects than leaves, although the 

differences were not as pronounced as those observed in metabolite concentrations. These findings support the 

potential role of P. tectorius as a natural source of α-amylase inhibitors, relevant for the management of 

postprandial hyperglycemia 

 

3.3. Discussion 

The correlation analysis revealed distinct relationships between metabolite levels and α-amylase 

inhibitory activity. A strong negative correlation was observed between total phenolic content (TPC) and IC50 

values (Pearson’s r = −0.842, R² = 0.709), indicating that extracts richer in phenolics required markedly lower 

concentrations to achieve 50% enzyme inhibition. This strong inverse association, also illustrated in the scatter 

plot (Figure 3a), highlights the central role of phenolic compounds as key contributors to α-amylase inhibition in 

P. tectorius. In particular, fruit samples such as F10 and F12, which exhibited the highest TPC levels, also 

showed the lowest IC50 values, approaching the potency of the positive control acarbose.In contrast, total 

saponin content (TSC) displayed only a weak negative correlation with IC50 (r = −0.319, R² = 0.102). Although 

higher TSC was generally associated with somewhat lower IC50 values, the relationship was inconsistent across 

samples, as reflected in the scattered distribution of data points in the TSC–IC50 plot (Figure 3b). This suggests 

that while saponins may contribute to α-amylase inhibition, their effect is minor compared to phenolic 

constituents. 

 

(a) (b)  

Figure 2: Correlation betweenα-amylase inhibitory activity and the TPC (a) and TSC (b) of the P. 

tectoriusfruit and leaf extracts 

 

Previous studies have demonstrated that phenolic compounds inhibit α-amylase activity primarily 

through direct interactions with the enzyme’s active site[24]. The hydroxyl groups of phenolics can form 

hydrogen bonds with catalytic residues, while their aromatic rings participate in hydrophobic and π–π stacking 

interactions, thereby reducing substrate access and catalytic efficiency[25]. This mechanism is consistent with 

the strong negative correlation observed between TPC and IC50 in the present study, suggesting that phenolic 

enrichment in P. tectorius extracts directly enhances inhibitory potency. In contrast, the weaker relationship 

between TSC and IC50 implies that saponins may act through indirect mechanisms, such as modulating 

membrane permeability or protein conformations, but are less effective in directly blocking α-amylase 

activity[26].Collectively, these findings highlight the importance of phenolic constituents as the principal 

bioactive agents responsible for α-amylase inhibition in P. tectorius. This provides a biochemical rationale for 

the potential application of fruit extracts, which are phenolic-rich, in the development of functional foods or 

phytopharmaceuticals aimed at managing postprandial hyperglycemia and related metabolic disorders. 
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IV. CONCLUSION 

This study shows that fruits and leaves of P. tectorius provide similar levels of phenolics and saponins 

on a raw material basis, but fruit extracts are significantly richer in these metabolites when expressed per gram 

of ethanol extract. Phenolic content exhibited a strong negative correlation with α-amylase IC50 values, 

confirming its predominant role in the inhibitory effect, while saponins had a minor contribution. Although both 

plant parts have potential as herbal resources, fruit extracts appear to be superior candidates for the development 

of standardized phytopharmaceutical or nutraceutical products targeting postprandial hyperglycemia. 
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MỘT SỐ HỢP CHẤT SHIKIMATE ESTER, MEGASTIGMANE VÀ 

GLYCOSIDE TỪ LÁ DỨA THƠM (PANDANUS AMARYLLIFOLIUS) 

ĐỖ HOÀNG GIANG 
(1, 2)

, BÙI THỊ NHẬT LỆ 
(2)
, NGUYỄN HẢI ĐĂNG 

(1)
,  

NGUYỄN THỊ THU THUỶ 
(3)
, NGÔ THỊ THUÝ NGÂN 

(4)
, HOÀNG LÊ TUẤN ANH 

(2)
, 

NGUYỄN NGỌC TÙNG 
(2)
, NGUYỄN TIẾN ĐẠT 

(2)
 

1. ĐẶT VẤN ĐỀ 

Dứa thơm (Pandanus amaryllifolius Roxb) là một loại cây thƣờng xanh với lá 

có mùi thơm. Cây có thân thẳng, cao 2 - 4,5 mét và đƣờng kính 15 cm [1, 2]. Cụm 

hoa cái chƣa đƣợc biết đến, nhƣng nó tạo ra hoa đực trong những trƣờng hợp cực kỳ 

hiếm. Lá đƣợc sử dụng rộng rãi làm hƣơng liệu trên khắp Đông Nam Á. Cây đƣợc 

trồng để lấy lá ở Việt Nam, Indonesia, Malaysia, Thái Lan, New Guinea, Sri Lanka 

và Philippines [1-3]. Ở Việt Nam, lá dứa thơm thƣờng đƣợc sử dụng làm thực phẩm, 

tạo mùi hƣơng cho các món ăn hoặc sử dụng làm trà giải khát. Các nghiên cứu trƣớc 

đây về thành phần hoá học trên loài cây này chủ yếu tập trung vào các hợp chất 

alkaloid [4, 5] trong khi rất hiếm công bố về các thành phần khác. Nghiên cứu này 

giới thiệu kết quả phân lập và xác định cấu trúc của ba hợp chất shikimate ester là 

methyl shikimate (1), n-butyl shikimate (2), methyl 5-epi-shikimate (3), cùng với 

một hợp chất megastigmane là vomifoliol (4) và một hợp chất glycoside n-butyl D-

galactopyranoside (5) từ lá dứa thơm.  

2. PHƢƠNG PHÁP NGHIÊN CỨU VÀ THỰC NGHIỆM 

2.1. Mẫu nghiên cứu 

Phần lá của cây dứa thơm (P. amaryllifolius) đƣợc thu hái tại Tam Đảo, Vĩnh 

Phúc vào tháng 04 năm 2021 và đƣợc giám định bởi TS. Bùi Văn Thanh, Viện Sinh 

thái và Tài nguyên Sinh vật. Mẫu tiêu bản đƣợc lƣu trữ tại Trung tâm Nghiên cứu 

Nông dƣợc, Trung tâm Nghiên cứu và Phát triển Công nghệ cao, Viện Hàn lâm 

Khoa học và Công nghệ Việt Nam. 

2.2. Vật liệu và phƣơng pháp nghiên cứu 

Sắc ký lớp mỏng đƣợc thực hiện trên bản mỏng tráng sẵn TLC Silica gel 60 

F254 (Merck). Sắc kí cột đƣợc thực hiện với các vật liệu hấp phụ Silica gel 60 có kích 

thƣớc hạt 0,040-0,063 mm (240-430 mesh ASTM) (Merck, CHLB Đức); 

LiChroprep® RP-18 (0,040-0,063 mm) (Merck, CHLB Đức); Diaion HP-20 (Merck, 

CHLB Đức). Sắc ký điều chế đƣợc tiến hành trên hệ thống sắc ký lỏng hiệu năng 

cao Thermo Ultimate 3000 kết nối với detector DAD cùng loại, sử dụng cột YMC 

ODS-A 250x10 mm, 5 μm. Phổ cộng hƣởng từ hạt nhân đƣợc đo trên máy Brucker 

Avance 600 MHz (chất chuẩn nội là Tetramethylsilane - TMS) tại Viện Hóa học, 

Viện Hàn lâm Khoa học và Công nghệ Việt Nam. Phổ ESI-MS đƣợc đo trên thiết bị 

Thermo LCQ Fleet LC/MS tại Trung tâm Nghiên cứu và Phát triển Công nghệ cao, 

Viện Hàn lâm Khoa học và Công nghệ Việt Nam. Độ quay cực đƣợc đo trên thiết bị 

JASCO P-2000 polarimeter, tại Viện Hóa sinh biển, Viện Hàn lâm Khoa học và 

Công nghệ Việt Nam.  

http://doi.org/10.58334/vrtc.jtst.n35.09 
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2.3. Phân lập các chất 

Phần lá của loài P. amaryllifolius đƣợc rửa sạch bằng nƣớc máy, sau đó cắt 

nhỏ và sấy khô ở 45-55
o
C. Mẫu sau khi sấy khô đƣợc nghiền nhỏ thành bột (1,3 kg) 

và chiết với 20 L methanol trong bể siêu âm ở 30-40
o
C trong vòng 30 phút (lặp lại 4 

lần). Sau đó, phần dịch lọc đƣợc tách ra, còn phần bã đƣợc chiết thêm ba lần theo 

cùng phƣơng pháp. Toàn bộ dịch chiết đƣợc gom lại, cất loại hoàn toàn dung môi 

thu đƣợc cặn chiết tổng (129 g) sau đó hoà lại trong nƣớc cất, rồi đƣợc acid hoá với 

dung dịch HCl 1N đến pH = 3 và chiết phân lớp với ethyl acetate (EA) (2L x 3 lần). 

Pha hữu cơ đƣợc tách riêng và cất loại dung môi để thu đƣợc phân đoạn không chứa 

alkaloid (PamNA, 24,6 g). Phần dịch nƣớc đƣợc kiềm hóa bằng NaOH 1N tới pH = 

9 rồi chiết phân bố với CH2Cl2 (4L x 3 lần), tách riêng phần hữu cơ và cất loại dung 

môi để thu đƣợc phân đoạn alkaloid (PamA, 1,8 g).  

Phân đoạn PamNA (24,6 g) đƣợc hấp phụ hoàn toàn lên cột sắc ký Diaion HP-

20, rửa với nƣớc cất, giải hấp lần lƣợt với methanol 30% và 100% thu đƣợc các 

phân đoạn M30W (3,2 g) và M100W (8,1 g). Phân đoạn M30W đƣợc tách trên cột 

sắc ký silica gel với gradient dung môi CH2Cl2-MeOH (20/1-1/1, v/v) thu đƣợc bốn 

phân đoạn W1-W4. Phân đoạn W3 (121 mg) đƣợc phân tách trên sắc ký lỏng hiệu 

năng cao điều chế HPLC (120 min, 20-70% MeOH trong nƣớc, 4 mL/phút) thu 

đƣợc các hợp chất 1 (5,5 mg), 2 (6,5 mg), và 3 (3,7 mg). Phân đoạn M100W đƣợc 

tách trên cột sắc ký silica gel với gradient dung môi CH2Cl2-MeOH (50/1-1/1, v/v) 

thu đƣợc mƣời phân đoạn M1-M10. Phân đoạn M5 (91,0 mg) đƣợc phân tách trên 

cột sắc ký silica gel với hệ dung môi rửa giải CH2Cl2-MeOH (9/1, v/v) thu đƣợc hai 

hợp chất 4 (3,2 mg) và 5 (4,5 mg). 

Methyl shikimate (1): ESI-MS: m/z 189 [M+H]
+
; 

1
H NMR (CDCl3, 600 

MHz): δH 6,61 (1H; d; J = 1,8 Hz, H-2); 4,24 (1H, m,  H-3); 3,85 (1H, m, H-4); 3,58 

(1H, m, H-5); 2,07 (1H, dd, J = 2,4; 18,0 Hz, H-6); 2,41 (1H, dd, J = 3,6; 18,0 Hz; 

H-6); 3,67 (3H, s, 7-OCH3); 4,82 (2H, brs, 3,5-OH); 4,60 (1H, brs, 4-OH). 
13

C NMR 

(CDCl3, 150 MHz): δC 127,3 (C-1); 139,7 (C-2); 66,8 (C-3); 70,0 (C-4); 65,4 (C-5); 

29,6 (C-6); 166,7 (C-7); 51,5 (7-OCH3). 

n-butyl shikimate (2): ESI-MS: m/z 231 [M+H]
+
; 

1
H NMR (CDCl3, 600 

MHz): δH 6,61 (1H, t, J = 1,2 Hz, H-2); 4,80 (1H, brs, H-3); 3,85 (1H, m, H-4); 4,59 

(1H, m, H-5); 2,62 (1H, m, H-6a); 2,13 (1H, m, H-6b); 4,08 (2H, t, J = 6,4 Hz, H-

1’); 1,59 (2H, m, H-2’); 1,36 (2H, m, H-3’); 0,90 (3H, t, J = 7,2 Hz, H-4’). 
13

C 

NMR (CDCl3, 150 MHz):  δC 127,6 (C-1); 139,4 (C-2); 65,4 (C-3); 70,1 (C-4); 66,8 

(C-5); 29,6 (C-6a ); 166,2 (C-7); 63,6 (C-1’); 30,2 (C-2’); 18,7 (C-3’); 13,5 (C-4’). 

Methyl 5-epi-shikimate (3): ESI-MS: m/z 189 [M+H]
+
; 

1
H NMR (CDCl3, 600 

MHz): δH 6,57 (1H, t, J = 3,0 Hz, H-2); 4,63 (1H, m, H-3); 3,49 (1H, m, H-4); 3,45 

(1H, m, H-5); 2,13 (1H, dd, J = 9,0; 18,0 Hz, H-6a); 2,61 (1H, dd, J = 4,8; 18,0 Hz, 

H-6); 3,70 (3H, s, 7-OCH3); 5,56 (1H, brs, 3-OH); 5,14 (1H, brs, 4-OH); 3,50 (1H, 

brs, 5-OH). 
13

C NMR (CDCl3, 150 MHz): δC 129,2 (C-1); 136,4 (C-2); 68,6 (C-3); 

77,0 (C-4); 61,5 (C-5); 32,1 (C-6); 165,6 (C-7); 52,0 (7-OCH3). 
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Vomifoliol (4): ESI-MS: m/z 225 [M+H]
+
, m/z 207 [M-H2O+H]

+
, m/z 471 

[2M+Na]
+
;     

   +28,2 (c = 0,25, MeOH);  
1
H NMR (CD3OD, 600 MHz): δH 2,51 

(1H, d, J = 17,0 Hz, H-2a); 2,20 (1H, d, J = 17,0 Hz, H-2b); 5,90 (1H, brs, H-4); 

5,80 (1H, dd, J = 1,5; 15,0 Hz, H-7); 5,84 (1H, m, H-8); 4,39 (1H, m, H-9); 1,26 

(3H, d, J =6,5 Hz, H-10); 1,03 (3H, s, H-11); 1,06 (3H, s, H-12); 1,93 (3H, s, H-13); 
13

C NMR (CD3OD, 150 MHz): δC 50,7 (C-2); 201,2 (C-3); 127,1 (C-4); 167,4 (C-

5); 79,9 (C-6); 130,1 (C-7); 136,9 (C-8); 68,7 (C-9); 23,8 (C-10); 24,4 (C-11); 23,4 

(C-12); 19,5 (C-13). 

n-Butyl D-galactopyranoside (5): ESI-MS: m/z 237 [M+H]
+
; 

1
H NMR 

(CDCl3, 600 MHz): δH 4,75 (1H, d, J = 3,6 Hz, H-1); 3,78 (1H, dd, J = 3,6; 6,0 Hz, 

H-2); 3,73 (1H, m, H-3); 3,68 (1H, m, H-4); 3,57 (1H, m, H-5); 3,50 (2H, m, H-6); 

3,42 (2H, m, H-1'); 1,59 (2H, m, H-2'); 1,40 (2H, m, H-3'); 1,40 (3H, t, J = 7,8 Hz, 

H-3'). 
13

C NMR (CDCl3, 150 MHz): δC 99,7 (C-1); 75,3 (C-2); 73,5 (C-3); 73,2 (C-

4); 71,9 (C-5); 68,1 (C-6); 62,8 (C-1'); 32,4 (C-2'); 20,1 (C-3'); 14,1 (C-4'). 

 

Hình 1. Sơ đồ phân lập các hợp chất 

3. KẾT QUẢ VÀ THẢO LUẬN 

Hợp chất 1 thu đƣợc dƣới dạng chất rắn vô định hình màu trắng. Phổ ESI-MS 

xuất hiện tín hiệu m/z 189 [M+H]
+
 cho phép xác định khối lƣợng phân tử 188 Da 

của hợp chất. Phổ 
1
H-NMR của hợp chất 1 xuất hiện tín hiệu của ba proton 

oximethine sp
3
 tại δH 4,24 (1H, m,  H-3), 3,85 (1H, m, H-4), 3,58 (1H, m, H-5), một 

nhóm methylene tại δH 2,07 (1H, dd, J = 2,4, 18,0 Hz, H-6) và 2,41 (1H, dd, J  = 

3,6, 18,0 Hz, H-6), một nhóm methoxy tại δH 3,67 (3H, s, 7-OCH3), một proton 

Pandanus amaryllifolius 

Phần lá của cây dứa thơm 

(1,3 kg) 
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olefine tại δH 6,61 (1H, d, J = 1,8 Hz, H-2), và ba hydroxy proton tại 4,82 (2H, brs, 

3,5-OH) và 4,60 (1H, brs, 4-OH). Phổ 
13

C NMR xuất hiện ba tín hiệu sp
3
 oximethine 

tại δC 66,8 (C-3), 70,0 (C-4), và 65,4 (C-5), hai carbon olefine tại δC 127,3 (C-1) và 

139,7 (C-2), một tín hiệu carbon carbonyl tại δC 166,7 (C-7) và một nhóm methoxy 

tại 51,5 (7-OCH3). Hợp chất 1 đƣợc xác định là methyl shikimate qua so sánh các dữ 

liệu phổ MS và NMR nói trên với tài liệu tham khảo [6]. 

Hình 2. Cấu trúc hoá học của các hợp chất 1-5 

Hợp chất 2 thu đƣợc dƣới dạng chất rắn vô định hình màu trắng. Phổ ESI-MS 

xuất hiện tín hiệu m/z 231[M+H]
+
 cho phép xác định khối lƣợng phân tử 230 Da của 

2. Phổ 
1
H-NMR của hợp chất 2 xuất hiện ba tín hiệu proton oximethine sp

3
 tại δH 

4,80 (1H, brs, H-3), 3,85 (1H, m, H-4), 4,59 (1H, m, H-5), hai tín hiệu methylene tại 

δH 2,62 (1H, m, H-6a), 2,13 (1H, m, H-6b), một proton olefine tại δH 6,61 (1H, d, J 

= 1,2 Hz, H-2) và bốn tín hiệu của một nhóm n-butylate tại δH 4,08 (2H, t, J = 6,4 

Hz, H-1’), 1,59 (2H, m, H-2’), 1,36 (2H, m, H-3’), 0,90 (3H, t, J = 7,2 Hz, H-4’). 

Phổ 
13

C NMR xuất hiện các tín hiệu oximethine sp
3
 carbon tại δC 65,4 (C-3), 70,1 

(C-4), 66,8 (C-5), hai olefine carbon tại δC 127,6 (C-1) và 139,4 (C-2), một tín hiệu 

carbon carbonyl tại δC 166,2 (C-7) và các tín hiệu của một gốc n-butyl tại 63,6 (C-

1’), 30,2 (C-2’), 18,7 (C-3’), 13,5 (C-4’). Từ các dữ liệu trên, kết hợp với các dữ liệu 

tham khảo, hợp chất 2 đƣợc xác định là n-butyl shikimate [7]. 

Hợp chất 3 thu đƣợc dƣới dạng chất rắn vô định hình màu trắng. Khối lƣợng 

phân tử của 3 đƣợc xác định là 188 Da thông qua tín hiệu m/z 189 [M+H]
+
 trên phổ 

ESI-MS. Phổ 
1
H-NMR của hợp chất 3 xuất hiện tín hiệu của ba proton oximethine 

sp
3
 tại δH 4,63 (1H, m,  H-3), 3,49 (1H, m, H-4), 3,45 (1H, m, H-5), một nhóm 

methylene tại δH 2,13 (1H, dd, J = 9,0; 18,0 Hz, H-6) và 2,41 (1H, dd, J  = 4,8, 18,0 

Hz, H-6), một nhóm methoxy tại δH 3,70 (3H, s, 7-OCH3), một proton olefine tại δH 

6,57 (1H, d, J = 3,0 Hz, H-2), và ba hydroxy proton tại 3,50 (2H, brs, 5-OH), 5,14 

(1H, brs, 4-OH) và 5,56 (1H, brs, 3-OH). Phổ 
13

C NMR xuất hiện ba tín hiệu carbon 

sp
3
 oximethine tại δC 66,6 (C-3), 77,0 (C-4), và 61,5 (C-5), hai carbon olefine tại δC 

129,2 (C-1) và 136,4 (C-2), một tín hiệu carbon carbonyl tại δC 165,6 (C-7), và một 

nhóm methoxy tại 52,0 (7-OCH3). Dữ liệu phổ của hợp chất 3 cho thấy nhiều nét 

tƣơng đồng với hợp chất 1, tuy nhiên, có giảm đi khá rõ nét về độ chuyển dịch hoá 

học trên phổ 
13

C và 
1
H NMR ở vị trí C-5 (61,5 ppm và 3,45 ppm so với 65,4 ppm và 

3,58 ppm của 1). Từ các dữ liệu này kết hợp so sánh với các tài liệu tham khảo, có 

thể xác định đây là 5-epi-shikimate methyl [8]. 
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Hợp chất 4 thu đƣợc dƣới dạng chất dầu trong suốt. Trên phổ khối lƣợng ESI-

MS của 4 xuất hiện pic ion phân tử tại m/z 225 [M+H]
+
, cùng tín hiệu của các ion m/z 

207 [M-H2O+H]
+
 và m/z 471 [2M+Na]

+ 
cho phép xác định khối lƣợng phân tử 224 

Da. Trên phổ 
1
H NMR của 4 xuất hiện tín hiệu của 4 nhóm methyl tại δH 1,26 (3H, d, 

J = 6,5 Hz, H-10), 1,03 (3H, s, H-11), 1,06 (3H, s, H-12) và 1,93 (3H, s, H-13). 

Ngoài ra trên phổ 
1
H NMR còn cho thấy sự xuất hiện của ba proton olefine tại δH 

5,90 (1H, brs, H-5), 5,84 (1H, m, H-8); 5,80 (1H, dd, J = 1,5; 15,0 Hz, H-7). Tín hiệu 

của hai proton methylene đƣợc xác định tại δH 2,20 (1H, d, J = 17,0 Hz, Ha-3) và 

2,51 (1H, d, J = 17,0 Hz, Hb-3), trong khi tín hiệu proton oximethine đƣợc xác định 

tại δH 4,39 (1H, m, H-9). Phổ
 13

C NMR xuất hiện tín hiệu của 13 nguyên tử carbon, 

trong đó có một nhóm carbonyl cộng hƣởng tại δC 201,2 (C-4), 4 tín hiệu carbon 

vùng trƣờng thấp tại 127,1 - 167,4 gợi ý sự tồn tại của hai nối đôi C=C. Ngoài ra, tín 

hiệu của 4 carbon methyl cũng đƣợc xác định tại δC 23,8 (C-10), 24,4 (C-11), 23,4 

(C-12), 19,5 (C-13), tín hiệu carbon methylene đƣợc xác định tại δC 50,7 (C-3) và 2 

tín hiệu carbon carbinol tại δC 79,9 (C-6), 68,7 (C-9). Dữ liệu phổ NMR của hợp chất 

4 phù hợp với thông tin đã công bố về hợp chất vomifoliol, kết hợp với thông tin về 

trị số     
    28,2 cho phép xác định 4 là 6S,9R-vomifoliol [9, 10]. 

Hợp chất 5 thu đƣợc dƣới dạng chất rắn màu trắng. Phổ ESI-MS của 5 xuất 

hiện tín hiệu m/z 237 [M+H]
+
. Phổ 

1
H-NMR xuất hiện tín hiệu của một anomeric 

proton tại δH 4,75 (1H, d, J = 3,6 Hz, H-1), cùng bốn tín hiệu proton oxymethine tại 

δH 3,78 (1H, dd, J = 3,6; 6,0 Hz, H-2), 3,73 (1H, m, H-3), 3,68 (1H, m, H-4), 3,57 

(1H, m, H-5), 3,50 (2H, m, H-6) chứng minh cấu trúc của một tiểu phân đƣờng, 

cùng tín hiệu của một nhóm n-butyl oxy hoá tại δH 3,42 (2H, m, H-1'), 1,59 (2H, m, 

H-2'), 1,40 (2H, m, H-3'), 1,40 (3H, t, J = 7,8 Hz, H-4'). Phổ 
13

C NMR xuất hiện tín 

hiệu của một tiểu phân galactose tại δC 99,7 (C-1), 75,3 (C-2), 73,5 (C-3), 73,2 (C-

4), 71,9 (C-5), 68,1 (C-6), cùng tín hiệu của một nhóm n-butyl tại δC 62,8 (C-1'), 

32,4 (C-2'), 20,1 (C-3'), 14,1 (C-4'). Các dữ liệu phổ nói trên, kết hợp với dữ liệu 

tham khảo [11], cho phép xác định hợp chất 5 là n-butyl D-galactopyranoside. 

Các nghiên cứu trƣớc đây trên đối tƣợng lá dứa thơm đã phân lập rất nhiều 

hợp chất alkaloid với nhiều hoạt tính sinh học đáng chú ý [4, 5, 12, 13]. Nghiên cứu 

này là lần đầu tiên các ester của shikimic acid, một hợp chất megastigmane và một 

hợp chất glycoside đƣợc phân lập và xác định cấu trúc từ lá dứa thơm P. 

amaryllifolius. Việc phát hiện các hợp chất shikimate ester cũng gợi ý về sự tồn tại 

của chu trình shikimic trong quá trình bán tổng hợp các hợp chất chuyển hoá thứ cấp 

trong cây dứa thơm. Những nghiên cứu sâu hơn cần đƣợc tiến hành để làm rõ những 

phát hiện mới này.  

4. KẾT LUẬN 

Từ phần lá của cây dứa thơm P. amaryllifolius, năm hợp chất gồm một hợp 

chất megastigmane, một hợp chất glycoside cùng với ba hợp chất shikimate ester đã 

đƣợc phân lập. Đây là lần đầu tiên, các hợp chất này đƣợc tìm thấy trong thành phần 

hoá học của lá dứa thơm. Những nghiên cứu sâu hơn về các hợp chất không phải 

alkaloid trong cây dứa thơm cần đƣợc tiến hành để làm rõ tính đa dạng về thành 

phần hoá học và hoạt tính sinh học của loài thực vật này.  
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SUMMARY 

SHIKIMATE ESTERS, MEGASTIGMANE AND GLYCOSIDE FROM LEAVES 

OF PANDANUS AMARYLLIFOLIUS 

Phytochemical investigation of the leaves of Pandanus amaryllifolius led to 

the isolation of three shikimate esters including methyl shikimate (1), n-butyl 

shikimate (2), and 5-epi-shikimate methyl (3), together with vomifoliol (4), a 

megastigmane, and n-butyl D-galactopyranoside (5)-a glycoside. Structures of the 

isolated compounds were elucidated by spectroscopy data. 

Keywords: Pandanus, Pandanus amaryllifolius, shikimate ester, 

megastigmane, vomifoliol, D-galactopyranoside. 
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MỘT SỐ HỢP CHẤT PHENOLIC TỪ QUẢ DỨA DẠI 
(PANDANUS TECTORIUS) 
PHENOLICS FROM FRUITS OF PANDANUS TECTORIUS 

 

Đỗ Hoàng Giang1,2, Nguyễn Hải Đăng1, Nguyễn Thu Uyên2, 
Bùi Thị Nhật Lệ2, Hoàng Thuỳ Dương2, Lưu Hải Nhi2, 

Nguyễn Thị Luyến2, Hoàng Lê Tuấn Anh2, Nguyễn Ngọc Tùng2, 
Nguyễn Thị Thu Thuỷ3, Ngô Thị Thuý Ngân4, Nguyễn Tiến Đạt2,*   

DOI: http://doi.org/10.57001/huih5804.2025.152 

TÓM TẮT  

Từ quả dứa dại (Pandanus tectorius), hai hợp chất lignan và hai dẫn xuất benzoate là matairesinol (1), arctigenin (2), methyl 4-hydroxybenzoate (3) và 
methyl syringate (4) đã được phân lập. Các hợp chất được phân lập bằng các phương pháp sắc ký cột truyền thống kết hợp với phương pháp điều chế hiện đại 
trên hệ thống sắc ký lỏng hiệu năng cao. Cấu trúc của các hợp chất được xác định dựa trên các dữ liệu phổ cộng hưởng từ hạt nhân (NMR) và khối phổ (MS). Kết 
quả của nghiên cứu này góp phần làm rõ hơn về thành phần hoá học của loài dứa dại, làm cơ sở cho những nghiên cứu chuyên sâu hơn về hoạt tính sinh học và 
ứng dụng của quả dứa dại trong lĩnh vực y dược, thực phẩm. 

Từ khóa: Dứa dại, matairesinol, arctigenin, lignan, phenolic. 

ABSTRACT  

From the fruit of Pandanus tectorius, two lignan compounds and two benzoate derivatives - matairesinol (1), arctigenin (2), methyl 4-hydroxybenzoate (3), 
and methyl syringate (4) were isolated. The compounds were separated using traditional column chromatography methods combined with modern preparative 
techniques on a high-performance liquid chromatography (HPLC) system. Their structures were determined based on nuclear magnetic resonance (NMR) and 
mass spectrometry (MS) data. The results of this study contribute to a better understanding of the chemical composition of Pandanus tectorius, providing a 
foundation for further in-depth research on its biological activities and potential applications in pharmaceuticals and food industries. 

Keywords: Pandanus tectorius, matairesinol, arctigenin, lignan, phenolic. 
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1. GIỚI THIỆU 

Dứa dại (Pandanus tectorius Parkinson ex Du Roi) là 
một loài thực vật phổ biến tại các khu vực rừng nhiệt đới, 
rừng ngập mặn và vùng đất ven biển, phân bố rộng rãi từ 
Nam Á đến các đảo thuộc Thái Bình Dương [1]. Ở Việt 
Nam, loài cây này thường xuất hiện tại nhiều địa phương, 

từ trung du và miền núi phía Bắc đến vùng duyên hải 
Khánh Hòa [2]. Trong y học dân gian, rễ cây dứa dại được 
sử dụng để trị các bệnh như phù thũng, tiểu buốt, tiểu rắt, 
sỏi thận hoặc dùng ngoài để chữa gãy xương, trĩ lòi [3, 4]. 
Lá của cây có vị ngọt, tính mát, giúp giải nhiệt và thường 
được dùng để chữa cảm, sốt. Ngoài ra, đọt non cũng được 
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ghi nhận có tác dụng hỗ trợ điều trị sỏi thận và kinh 
phong ở trẻ em [2-4]. Về mặt hóa học, các nghiên cứu 
quốc tế đã xác định nhiều nhóm hợp chất trong P. 
tectorius, bao gồm flavonoid, lignan, coumarin, và các dẫn 
xuất của axit benzoic [5-7]. Một số nghiên cứu về thành 
phần hóa học của lá và quả cây dứa dại đã phát hiện một 
số hợp chất lignan như pinoresinol, syringaresinol, 
medioresinol, lyoniresinol và balanophonin [5, 7] hoặc 
một số flavonoid như tangeretin, sakranetin, chrysin, 
naringenin [8]. Các thành phần hoá học từ cây dứa dại đã 
thể hiện một số hoạt tính sinh học đáng chú ý như chống 
oxi hoá, kháng viêm, gây độc tế bào ung thư… 

Trong nghiên cứu hiện tại, chúng tôi trình bày kết quả 
phân lập và xác định cấu trúc của bốn hợp chất phenolic 
bao gồm matairesinol, arctigenin, methyl 4-
hydroxybenzoate và methyl syringate từ quả dứa dại P. 
tectorius, trong đó hai hợp chất lignan cùng với hợp chất 
methyl syringate lần đầu tiên được phát hiện từ loài thực 
vật này. 

2. PHƯƠNG PHÁP NGHIÊN CỨU VÀ THỰC NGHIỆM 

2.1. Mẫu nghiên cứu 

Phần quả của cây dứa dại P. tectorius được thu hái tại 
xã Cao Viên, huyện Thanh Oai, thành phố Hà Nội vào 
tháng 03 năm 2021 và được giám định bởi TS. Bùi Văn 
Thanh, viện Sinh thái và Tài nguyên Sinh vật. Mẫu tiêu bản 
(mã số NCCG 200107) được lưu trữ tại Trung tâm Nghiên 
cứu Nông dược, Trung tâm Nghiên cứu và Phát triển Công 
nghệ cao, Viện Hàn lâm Khoa học và Công nghệ Việt Nam. 

2.2. Vật liệu và phương pháp nghiên cứu 

Sắc kí cột được thực hiện với các vật liệu hấp phụ Silica 
gel 60 có kích thước hạt 0,040 - 0,063mm (240 - 430 mesh 
ASTM) (Merck, CHLB Đức); LiChroprep® RP-18 (0,040 - 
0,063mm) (Merck, CHLB Đức); Diaion HP-20 (Merck, CHLB 
Đức). Sắc ký lớp mỏng được thực hiện trên bản mỏng 
tráng sẵn TLC Silica gel 60 F254 (Merck).  Sắc ký điều chế 
được tiến hành trên hệ thống sắc ký lỏng hiệu năng cao 
Thermo Ultimate 3000 kết nối với detector DAD cùng loại, 
sử dụng cột YMC ODS-A 250x10mm, 5μm. Phổ cộng 
hưởng từ hạt nhân được đo trên máy Brucker Avance 600 
MHz (chất chuẩn nội là Tetramethylsilane - TMS) tại Viện 
Hóa học, Viện Hàn lâm Khoa học và Công nghệ Việt Nam. 
Phổ ESI-MS được đo trên thiết bị Thermo LCQ Fleet LC/MS 
tại Trung tâm Nghiên cứu và Phát triển Công nghệ cao, 
Viện Hàn lâm Khoa học và Công nghệ Việt Nam.  

2.3. Phân lập các chất 

Phần quả cây dứa dại P. tectorius (21kg) được rửa sạch 
bằng nước, sau đó cắt nhỏ và sấy khô ở 45 - 55oC. Mẫu sau 

khi sấy khô được nghiền nhỏ thành bột (2,9kg) và chiết 
với 20L methanol trong bể siêu âm ở 30 - 40℃ trong vòng 
60 phút (lặp lại 4 lần). Toàn bộ dịch chiết được gom lại, cất 
loại hoàn toàn dung môi thu được cặn chiết tổng (154g). 
Cặn chiết này được phân tán trong 3L nước và chiết phân 
bố lần lượt với n-hexane (3L × 3 lần) và ethyl acetate (3L 
× 3 lần), thu lại từng pha hữu cơ rồi cất loại dung môi để 
thu được phân đoạn hexan (31,2g) và phân đoạn ethyl 
acetate (40,7g). Phần nước được cất loại hết dung môi 
hữu cơ rồi hấp phụ trên cột sắc ký Diaion HP-20, sau đó 
rửa bằng nước cất trước khi giải hấp lần lượt bằng 
methanol 50% và methanol 100% thu được phân đoạn 
M50 (7,5g) và M100 (11,4g).  

Phân đoạn ethyl acetate được phân tách trên cột sắc 
ký silica gel với hệ dung môi rửa giải CH2Cl2 - MeOH (100/0 
- 0/100, v/v) thu được chín phân đoạn E1-E9. Phân đoạn 
E7 (1,47g) được phân tách trên cột sắc ký silica gel với hệ 
dung môi rửa giải CH2Cl2 - methanol (9/1, v/v) thu được 
hợp chất 1 (6,7mg). Phân đoạn E5 được phân tách trên 
cột sắc ký silicagel với hệ dung môi rửa giải CH2Cl2 - 
acetone (3/1, v/v) sau đó tinh chế lại sản phẩm trên hệ 
thống sắc ký điều chế với gradient dung môi methanol - 
nước (1/2 - 4/1, v/v), tốc độ dòng 4mL/phút, thu được hợp 
chất 2 (7,9mg). 

Phân đoạn M100 được phân tách trên cột sắc ký silica 
gel với hệ dung môi rửa giải CH2Cl2 - MeOH (30/1 - 0/100, 
v/v) thu được sáu phân đoạn M1-M6. Phân đoạn M5 
(547mg) phân tách trên cột sắc ký RP-18 với hệ dung môi 
methanol - nước (2/1, v/v) thu được hai hợp chất 3 
(3,6mg) và 4 (5,9mg). 

Matairesinol (1): 25
D[ ]α  = -22,4º (c 0,9 , MeOH);  ESI-MS: 

m/z 359 [M+H]+; 1H NMR (CDCl3, 500MHz): δ 6,41 (1H; d;  
J = 2,0Hz; H-2); 6,81 (1H; d; J = 8,0Hz; H-5); 6,51 (1H; dd;  
J =8,0; 2,0Hz; H-6); 2,53-2,63 (2H; m; H-7); 2,48 (1H; m;  
H-8); 3,89 (1H; dd; J = 9,0; 7,0Hz; H-9a); 4,16 (1H; dd; J = 9,0; 
7,0Hz; H-9b); 6,61 (1H; d; J = 2,0Hz; H-2'); 6,79 (1H; d;  
J = 8,0Hz; H-5'); 6,59 (1H; dd; J =8,0; 2,0Hz; H-6'); 2,89 (1H; 
dd; J = 14,0; 6,0Hz ; H-7'a); 2,95 (1H; dd; J = 14,0; 6,0Hz;  
H-7'b); 2,56 (1H; m; H-8'); 3,81 (3H; s; 3-O-CH3); 3,81 (3H; s; 
3'-O-CH3); 13C NMR (CDCl3; 125MHz): δ 129,6 (C-1); 111  
(C-2); 146,7 (C-3); 144,6 (C-4); 114,4 (C-5); 121,3 (C-6); 38,3 
(C-7); 41 (C-8); 71,3 (C-9); 178,8 (C-10); 129,5 (C-1'); 111,5 
(C-2'); 146,6 (C-3'); 144,4 (C-4'); 114,1 (C-5'); 122,1 (C-6'); 
34,6 (C-7'); 46,6 (C-8'); 55,9 (3-O-CH3); 55,8 (3'-O-CH3). 

Arctigenin (2): 25
D[ ]α  = -16,8º (c 0,8 , MeOH); ESI-MS: 

m/z 373 [M+H]+; 1H NMR (CDCl3, 500MHz): δ 6,64 (1H; d;  
J =1,5Hz; H-2); 6,75 (1H; d; J = 8,0Hz; H-5); 6,55 (1H; d; J = 
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8,0; 1,5Hz; H-6); 2,91 (1H; m; H-7); 2,55 (1H; m; H-8); 4,14 
(1H; dd; J = 9,0; 7,5Hz; H-9a); 3,89 (1H; dd; J = 9,0; 7,5Hz;  
H-9b); 6,46 (1H; dd; J = 2,0Hz; H-2'); 6,82 (1H; dd; J = 8,0Hz; 
H-5'); 6,64 (1H; d; J = 8,0; 2,0Hz; H-6'); 2,94 (1H; dd; J = 14,0; 
5,5Hz; H-7'a); 2,90 (1H; dd; J = 14,0; 6,5Hz; H-7'b); 2,50 (1H; 
m; H-8'); 3,88 (3H; m; 3-O-CH3); 3,88 (3H; m; 3'-O-CH3); 3,88 
(3H; m; 4-O-CH3); 13C NMR (CDCl3; 125MHz): δ 130,4 (C-1); 
111,8 (C-2); 149 (C-3); 147,8 (C-4); 111,3 (C-5); 120,6 (C-6); 
38,1 (C-7); 46,6 (C-8); 71,2 (C-9); 179,7 (C-10); 129,4 (C-1'); 
111,5 (C-2'); 146,7 (C-3'); 144,5 (C-4'); 114,2 (C-5'); 122,0  
(C-6'); 34,5 (C-7'); 40,9 (C-8'); 55,9 (3-O-CH3); 55,8 (3'-O-
CH3); 55,8 (4-O-CH3). 

Methyl 4-hydroxybenzoate (3): ESI-MS: m/z 153 
[M+H]+; 1H NMR (CDCl3; 600 MHz): δ 7,81 (1H; d; J = 6,6Hz; 
H-2;6); 6,84 (1H; d; J = 6,6Hz; H-3,5); 3,78 (3H; s; 7-O-CH3), 
13C NMR (CDCl3; 125MHz): δ 120,2 (C-1); 131,3 (C-2); 115,3 
(C-3,5); 161,9 (C-4); 131,3 (C-6); 166,0 (C-7); 51,6 (7-O-CH3). 

Methyl syringate (4): ESI-MS: m/z 213 [M+H]+; 1H NMR 
(CDCl3; 600MHz): δ 7,34 (2H; s; H-2,6); 3,88 (6H; s; 3,5-O-
CH3); 3,89 (3H; s; 7-O-CH3), 13C NMR (CDCl3; 125MHz): δ 
121,37 (C-1); 108,1 (C-2); 148,9 (C-3,5); 141,94 (C-4); 108,1 
(C-6); 168,6 (C-7); 56,8 (3,5-O-CH3); 52,5 (7-O-CH3). 

3. KẾT QUẢ VÀ THẢO LUẬN 

Hợp chất 1 thu dưới dạng dầu màu vàng. Khối lượng 
phân tử của 1 được xác định là 358 Da dựa vào sự xuất 
hiện tín hiệu ion phân tử [M+H]+ ở m/z 359 trên phổ ESI-
MS. Trên phổ 1H NMR xuất hiện sáu tín hiệu của hai hệ 
vòng thơm ABX tại δH 6,41 (1H, d, J = 2,0Hz, H-2), 6,81 (1H, 
d, J = 8,0Hz, H-5), 6,51 (1H, d, J = 8,0; 1,5Hz, H-6) và δH  6,61 
(1H, dd, J = 2,0Hz, H-2′), 6,79 (1H, dd, J = 8,0Hz, H-5′), 6,59 
(1H, d, J = 8,0; 2,0Hz, H-6′); hai tín hiệu methine δH 2,48 (1H, 
m, H-8), 2,56 (1H, m, H-8′); hai tín hiệu proton của nhóm 
oxymethylene tại δH  4,16 (1H, dd, J = 9,5; 7,5Hz, H-9a), 
3,89 (1H, dd, J = 9,5; 7,5Hz, H-9b) cùng tín hiệu của hai 
nhóm methylene khác tại δH 2,60 (2H, m, H-7), 2,95 (1H, 
dd, J = 14,0; 5,5Hz, H-7′a) và 2,89 (1H, dd, J = 14,0; 6,5Hz, 
H-7′b); và tín hiệu của hai nhóm methoxy δH 3,80 (3H, s) 
và 3,81 (3H, s). Trên phổ 13C NMR và phổ DEPT xuất hiện 
tín hiệu của 21 nguyên tử carbon bao gồm 6 nhóm -CH 
thuộc vòng thơm δC 111,0 (C-2), 111,5 (C-2′), 114,4 (C-5), 
114,1 (C-5′), 121,3 (C-6), 122,1 (C-6′), 6 tín hiệu carbon 
thơm không liên kết với hydro bao gồm δC 129,6 (C-1), 
129,5 (C-1′) và bốn tín hiệu carbon vòng thơm liên kết trực 
tiếp với oxy δC 146,7 (C-3), 146,6 (C-3′), 144,6 (C-4) và 144,4 
(C-4′). Các tín hiệu này một lần nữa khẳng định sự xuất 
hiện của hai vòng thơm trong cấu trúc của 1. Sự xuất hiện 
của hai tín hiệu methine δC 41,0 (C-8), 46,6 (C-8′), một tín 
hiệu oxymethylene δC 71,3 (C-9), và  một tín hiệu nhóm 

carboxyl tại  δC 178,8 (C-10) trên phổ 13C NMR và phổ DEPT 
gợi ý về sự xuất hiện của một vòng lactone. Ngoài ra, trên 
phổ 13C NMR và phổ DEPT của 1 còn có tín hiệu của hai 
nhóm methylene δC 38,3 (C-7), 34,6 (C-7′) và hai nhóm 
methoxy tại δC 55,9 (3-O-CH3); 55,8 (3'-O-CH3). Dữ liệu phổ 
của hợp chất 1 trùng khớp với dữ liệu phổ đã công bố của 
matairesinol [9], trong đó, cấu hình (-) được xác định 
thông qua sự tương đồng về trị số 25

D[ ]α  = -22,4º với hợp 

chất tương tự trong tài liệu tham khảo. Do đó có thể xác 
định 1 là matairesinol [10]. 

 
Hình 1. Cấu trúc hoá học của các hợp chất 1-4 

Hợp chất 2 thu dưới dạng dầu màu vàng nâu. Khối 
lượng phân tử của 2 được xác định là 372 Da dựa vào sự 
xuất hiện pic ion giả phân tử [M+H]+ ở m/z 373 trên phổ 
ESI-MS. Trên phổ 1H NMR xuất hiện sáu tín hiệu của hai hệ 
vòng thơm ABX tại δH 6,64 (1H, d, J = 1,5Hz, H-2), 6,75 (1H, 
d, J  = 8,0Hz, H-5), 6,55 (1H, d, J = 8,0; 1,5Hz, H-6) và δH  6,46 
(1H, dd, J = 2,0Hz, H-2′), 6,82 (1H, dd, J = 8,0Hz, H-5′), 6,64 
(1H, d, J = 8,0; 2,0Hz, H-6′); hai tín hiệu methine δH 2,55 (1H, 
m, H-8), 2,50 (1H, m, H-8′); hai tín hiệu proton của nhóm 
oxymethylene tại δH  4,14 (1H, dd, J =9,0; 7,5Hz, H-9a), 3,89 
(1H, dd, J = 9,0; 7,5Hz, H-9b) cùng tín hiệu của hai nhóm 
methylene khác tại δH 2,91 (2H, m, H-7), 2,94 (1H, dd,  
J = 14,0; 5,5Hz, H-7′a) và 2,90 (1H, dd, J = 14,0; 6,5Hz,  
H-7′b); và tín hiệu của ba nhóm methoxy δH 3,81 (3H, s), 
3,86 (3H, s) và 3,88 (3H, s). Trên phổ 13C NMR và phổ DEPT 
xuất hiện tín hiệu của 21 nguyên tử carbon bao gồm 6 
nhóm -CH thuộc vòng thơm δC 111,8 (C-2), 111,5 (C-2′), 
111,3 (C-5), 114,2 (C-5′), 120,6 (C-6), 122,0 (C-6′), 6 tín hiệu 
carbon thơm không liên kết với hydro bao gồm δC 130,4 
(C-1), 129,4 (C-1′) và bốn tín hiệu carbon vòng thơm liên 
kết trực tiếp với oxy δC 149,0 (C-3), 146,7 (C-3′), 147,8 (C-4) 
và 144,5 (C-4′), hai nhóm methylene δC 38,1 (C-7), 34,5  
(C-7′) và ba nhóm methoxy tại δC 55,9 (3-O-CH3); 55,8 (3'-
O-CH3); 55,8 (4-O-CH3). Sự xuất hiện của hai tín hiệu 
methine δC 46,6 (C-8), 40,9 (C-8′), một tín hiệu 
oxymethylene δC 71,2 (C-9), và  một tín hiệu nhóm 
carboxyl tại  δC 179,7 (C-10) gợi ý về sự xuất hiện của một 
vòng lactone. Có thể thấy, dữ liệu phổ của hợp chất 2 có 
sự tương đồng rất lớn với hợp chất 1 nhưng có thêm một 
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tín hiệu methoxy. Từ các dữ liệu trên, kết hợp với các dữ 
liệu tham khảo [11], hợp chất 2 được xác định là 
arctigenin. Cấu hình (-) được xác định thông qua sự tương 
đồng về trị số 25

D[ ]α  = -16,8º với hợp chất tương tự trong 

tài liệu tham khảo [10]. 

Hợp chất 3 thu được dưới dạng chất rắn vô định hình 
màu trắng. Khối lượng phân tử của 3 được xác định là 152 
Da thông qua tín hiệu m/z 153 [M+H]+ trên phổ ESI-MS. 
Phổ 1H-NMR của hợp chất 3 xuất hiện các tín hiệu proton 
của hệ vòng thơm A2B2 tại δH 7,81 (1H; d; J = 6,6Hz; H-2;6) 
và 6,84 (1H; d; J = 6,6Hz; H-3;5) cùng tín hiệu của một 
nhóm methoxy tại 3,78 (3H; s; 7-O-CH3). Trên phổ 13C NMR 
và DEPT của hợp chất 3 xuất hiện tín hiệu của sáu carbon 
vòng thơm hệ A2B2 tại δC cùng tín hiệu của một nhóm 
carboxyl tại δC 166,0 (C-7) và một tín hiệu methoxy tại δC 

51,6 (7-O-CH3). So sánh dữ liệu phổ của 3 với tài liệu tham 
khảo [12], có thể xác định đây là hợp chất methyl  
4-hydroxybenzoate. 

Hợp chất 4 thu được dưới dạng chất rắn màu trắng. 
Trên phổ khối lượng ESI-MS của 4 xuất hiện pic ion phân 
tử tại m/z 213 [M+H]+ cho phép xác định khối lượng phân 
tử 212 Da của hợp chất. Trên phổ 1H NMR của 4 xuất hiện 
tín hiệu của hai proton đối xứng nhau ở vị trí meta tại δH 

7,34 (2H; s; H-2,6) cùng với tín hiệu của ba nhóm methoxy 
tại δH  3,89 (6H; s; 3,5-O-CH3) và 3,88 (3H; s; 7-O-CH3). Phổ 

13C NMR và DEPT xuất hiện tín hiệu của sáu carbon vòng 
thơm tại δC 121,37 (C-1); 108,1 (C-2); 148,9 (C-3,5); 141,94 
(C-4); 108,1 (C-6), một tín hiệu carboxyl tại δC 168,6 (C-7) 
và ba tín hiệu methoxy tại δC 56,8 (3,5-O-CH3); 52,5 (7-O-
CH3). Dữ liệu phổ của hợp chất 4 có sự tương đồng khá 
lớn với hợp chất 3, nhưng có sự thay đổi ở hai vị trí carbon 
vòng thơm liên kết với oxy tại δC 148,9 (C-3,5) tương ứng 
với sự có mặt của hai nhóm methoxy tại δC 56,8 (3,5-O-
CH3). Từ các dữ liệu trên, kết hợp với dữ liệu tham khảo 
[13], có thể kết luận hợp chất 4 là methyl syringate. 

Từ phần quả của cây dứa dại P. tectorius, bốn hợp chất 
đã được phân lập bao gồm matairesinol (1), arctigenin 
(2), methyl 4-hydroxybenzoate (3) và methyl syringate 
(4). Ngoại trừ hợp chất 3, các hợp chất còn lại đều được 
phát hiện lần đầu tiên trong thành phần hoá học của loài 
P. tectorius. Các nghiên cứu trước đây chỉ ra rằng, cao chiết 
từ các bộ phận trên mặt đất của loài dứa dại P. tectorius 
thể hiện nhiều hoạt tính sinh học quý như chống oxi hoá, 
kháng khuẩn, gây độc tế bào ung thư [14-17]. Những phát 
hiện mới trong nghiên cứu này góp phần làm sáng tỏ 
nguồn gốc  các hoạt tính sinh học kể trên của loài P. 
tectorius và cho thấy đây vẫn là một đối tượng nghiên cứu 
đầy tiềm năng để tìm kiếm các chất có hoạt tính sinh học. 

4. KẾT LUẬN 

Nghiên cứu về thành phần hoá học của quả dứa dại (P. 
tectorius) đã phát hiện bốn hợp chất phenolic, bao gồm 
hai hợp chất lignan là matairesinol và arctigenin, cùng hai 
hợp chất benzoate là methyl 4-hydroxybenzoate và 
methyl syringate. Trong số đó, các hợp chất matairesinol, 
arctigenin và methyl syringate lần đầu tiên được phát 
hiện từ loài dứa dại (P. tectorius). Kết quả của nghiên cứu 
cho thấy tiềm năng rất lớn trong việc khai thác và sử dụng 
quả dứa dại trong đời sống và trong y học, góp phần tạo 
ra các chế phẩm có ích, phục vụ và chăm sóc sức khoẻ của 
con người. 

LỜI CẢM ƠN  

Chúng tôi xin chân thành cảm ơn Viện Hàn lâm Khoa 
học và Công nghệ Việt Nam đã tạo điều kiện và hỗ trợ 
kinh phí để thực hiện công trình này thông qua nhiệm vụ 
nhiệm vụ "Phát triển nhóm nghiên cứu xuất sắc hạng I về 
ứng dụng các phương pháp phân tích hiện đại trong nghiên 
cứu chất lượng và an toàn thực phẩm", mã số: 
NCXS01.02/23-25. 

 

 

TÀI LIỆU THAM KHẢO 

[1]. Lim T.K., "Pandanus tectorius," in Edible Medicinal And Non-Medicinal 
Plants: Volume 4, Fruits, Springer Netherlands: Dordrecht, pp 136-146, 2012. 

[2]. Đỗ Huy Bích, Đặng Quang Trung, Bùi Xuân Chương, Nguyễn Thượng 
Dong, Đỗ Trung Đàm, Phạm Văn Hiển,Vũ Ngọc Lộ, Phạm Duy Mai, Phạm Kim 
Mẫn, Đoàn Thị Như, Nguyễn Tập, Trần Toàn, Cây thuốc và động vật làm thuốc ở 
Việt Nam. NXB Khoa học và Kỹ thuật, 2006. 

[3]. Phạm Hoàng Hộ, Cây cỏ Việt Nam. NXB Trẻ, Hà Nội, 2003. 

[4]. Đỗ Tất Lợi, Những cây thuốc và vị thuốc Việt Nam. NXB Y học, Hà Nội, 
2004. 

[5]. Nguyen T.P., Le T.D., Minh P.N., Dat B.T., Pham N.K.T., Do T.M.L., 
Nguyen D.T., Mai T.D., "A new dihydrofurocoumarin from the fruits of 
Pandanus tectorius Parkinson ex Du Roi.," Nat. Prod. Res., 30 (21), 2389-2395, 
2016. 

[6]. Suzuki R., Kan S., Sugita Y., Shirataki Y., "p-Coumaroyl Malate 
Derivatives of the Pandanus amaryllifolius Leaf and Their Isomerization," 
Chem. Pharm. Bull., 65 (12), 1191-1194, 2017. 

[7]. Mai D.T., Le T.D., Nguyen T.P., Phan N.M., Nguyen H.A., Nguyen T.T.P., 
Tran L.Q., "A new aldehyde compound from the fruit of Pandanus tectorius 
Parkinson ex Du Roi," Nat. Prod. Res., 29 (15), 1437-1441, 2015. 

[8]. Zhang X., Guo P., Sun G., Chen S., Yang M., Fu N.j., Wu H., Xu X.d., 
"Phenolic compounds and flavonoids from the fruits of Pandanus tectorius 
Soland," J. Med. Plants Res., 6 (13), 2622-2626, 2012. 



                          CÔNG NGHỆ                                                                          https://jst-haui.vn 

   Tạp chí Khoa học và Công nghệ Trường Đại học Công nghiệp Hà Nội                                                               Tập 61 - Số 5B (5/2025) 96

KHOA HỌC  P-ISSN 1859-3585     E-ISSN 2615-9619 

[9]. Umezawa T., David L.B., Lewis N.G., "Formation of lignans (-)-
secoisolariciresinol and (-)-matairesinol with Forsythia intermedia cell-free 
extracts," J. Biol. Chem., 266 (16), 102-107, 1991. 

[10]. Fischer J., Reynolds A.J., Sharp L.A., Sherburn M.S., "Radical 
Carboxyarylation Approach to Lignans. Total Synthesis of (−)-Arctigenin, (−)-
Matairesinol, and Related Natural Products," Organic Letters, 6 (9), 1345-1348, 
2004. 

[11]. Yang M., Xu X., Xie C., Xie Z., Huang J., Yang D., "Separation and 
Purification of Arctiin, Arctigenin, Matairesinol, and Lappaol F from Fructus 
arctii by High-Speed Counter-Current Chromatography," Sep. Sci. Technol., 48 
(11), 1738-1744, 2013. 

[12]. Liu S., Sun C., Ha Y., Ma M., Wang N., Zhou Y., Zhang Z., "Novel 
antibacterial alkaloids from the Mariana Trench-derived actinomycete 
Streptomyces sp. SY2255," Tetrahedron Lett., 137, 154935, 2024. 

[13]. Ha T.T.T., Dung N.T., Trung K.H., Tai B.H., Kiem P.V., "Phytochemical 
constituents from the rhizomes of Kaempferia parviflora Wall. ex Baker and 
their acetylcholinesterase inhibitory activity," Nat. Prod. Res., 38 (6), 994-
1001, 2024. 

[14]. Andriani Y., Ramli N.M., Syamsumir D.F., Kassim M.N.I., Jaafar J., 
Aziz N.A., Marlina L., Musa N.S., Mohamad H., "Phytochemical analysis, 
antioxidant, antibacterial and cytotoxicity properties of keys and cores part of 
Pandanus tectorius fruits," Arab. J. Chem., 12 (8), 3555-3564, 2019. 

[15]. Musa N.S., Ramli N.M., Saidin J., Andriani Y., "Antioxidant and 
cytotoxicity properties of ethyl acetate fractions of Pandanus tectorius fruit 
against HeLa cell lines," Alotrop J. Pendidik. Ilmu Kim., 1 (2), 106-112, 2017. 

[16]. Andriani Y., Pangestika I., Oksal E., Amir H.M.H., Sifzizul T., 
Muhammad T., Wahid M.E., "Anti-atherosclerosis potency of Pandanus 
tectorius fruit rich by trangeretin and ethyl trans-caffeate, and their 
cytotoxicity against HepG2 cell line," IOP Conf. Ser.: Mater. Sci. Eng., 509, 
012155, 2019. 

[17]. Oksal E., Pangestika I., Sifzizul T., Muhammad T., Mohamad H., Amir 
H., Kassim M.N.I., Andriani Y., "In vitro and in vivo studies of nanoparticles of 
chitosan-Pandanus tectorius fruit extract as new alternative treatment for 
hypercholesterolemia via Scavenger Receptor Class B type 1 pathway," Saudi 
Pharm. J., 28 (10), 1263-1275, 2020. 

 

 

AUTHORS INFORION 

Do Hoang Giang1,2, Nguyen Hai Dang1, Nguyen Thu Uyen2, 
Bui Thi Nhat Le2, Hoang Thuy Duong2, Luu Hai Nhi2, 
Nguyen Thi Luyen2, Hoang Le Tuan Anh2, Nguyen Ngoc Tung2, 
Nguyen Thi Thu Thuy3, Ngo Thi Thuy Ngan4, Nguyen Tien Dat2  
1University of Science and Technology of Hanoi, Vietnam Academy of 
Science and Technology, Vietnam 
2Center for High Technology Research and Development, Vietnam 
Academy of Science and Technology, Vietnam 
3Joint Vietnam - Russia Tropical Science and Technology Research Center, 
Vietnam 
4Thai Nguyen University of Medicine and Pharmacy - Thai Nguyen 
University, Vietnam 

 

 

 

 

 

 

 

 

 

 

 

 

 
  



Thông tin khoa học công nghệ

Tạp chí Khoa học và Công nghệ nhiệt đới, Số 38, 06 - 2025 122

MỘT SỐ HỢP CHẤT PHENOLIC TỪ LÁ DỨA THƠM (PANDANUS
AMARYLLIFOLIUS)

ĐỖ HOÀNG GIANG(1,2), BÙI THỊ NHẬT LỆ(2), LƯU HẢI NHI(2), HOÀNG THUỲ DƯƠNG(2)

NGUYỄN HẢI ĐĂNG(1), NGUYỄN THỊ THU THUỶ(3), NGÔ THỊ THUÝ NGÂN(4), HOÀNG LÊ
TUẤN ANH(2), NGUYỄN NGỌC TÙNG(2), NGUYỄN TIẾN ĐẠT(2)

(1) Đại học Khoa học và Công nghệ Hà Nội, Viện Hàn lâm Khoa học và Công nghệ Việt Nam
(2) Trung tâm Nghiên cứu và Phát triển Công nghệ cao, Viện Hàn lâm Khoa học và Công nghệ Việt Nam
(3) Trung tâm Nhiệt đới Việt - Nga
(4) Trường Đại học Y Dược, Đại học Thái Nguyên
* Tác giả liên hệ: - Nguyễn Tiến Đạt

- Địa chỉ: Trung tâm Nghiên cứu và Phát triển công nghệ cao, Viện Hàn lâm Khoa học
và Công nghệ Việt Nam, số 18 Hoàng Quốc Việt, Cầu Giấy, Hà Nội
- Số điện thoại: 0936401456; Email: ntdat@chtd.vast.vn

- Điểm nổi bật:
✓ Lần đầu tiên, bốn hợp chất phenolic gồm vanillin, vanillic acid, p-

hydroxybenzaldehyde và methyl gallate được phát hiện từ lá dứa thơm 
(Pandanus amaryllifolius).

✓ Các hợp chất được phân lập bằng các phương pháp sắc ký và xác định cấu
trúc bằng các phương pháp phổ hiện đại.

- Tóm tắt : Bằng các phương pháp sắc ký, bốn hợp chất phenolic bao gồm vanillin
(1), vanillic acid (2), p-hydroxybenzaldehyde (3) và methyl gallate (4) được phân lập từ
lá dứa thơm (Pandanus amaryllifolius). Cấu trúc của các hợp chất được xác định dựa vào
các dữ liệu phổ cộng hưởng từ hạt nhân (NMR) và khối phổ (MS). Đây là lần đầu tiên,
các hợp chất này được phát hiện từ loài dứa thơm (Pandanus amaryllifolius).

- T𿿿 khoá: Pandanus, dứa thơm, phenolic, vanillin, methyl gallate.
1. ĐẶT VẤN ĐỀ
Dứa thơm (Pandanus amaryllifolius Roxb) là một loại cây mọc phổ biến tại các

quốc gia nhiệt đới và cận nhiệt đới [1, 2]. Ở Việt Nam, lá dứa thơm thường được sử dụng
làm thực phẩm, hương liệu, trà nhờ mùi thơm đặc trưng và vị thanh mát. Trong y học cổ
truyền, lá dứa còn được dùng để làm dịu đau khớp, giảm đường huyết và hỗ trợ hệ tiêu
hóa [1-3]. Các nghiên cứu trước đây về thành phần hoá học cho thấy lá dứa thơm chứa
nhiều các alkaloid khung pandamarilactone, pandanamine, pandanusine [4-6]. Các thành
phần hoá học của lá dứa thơm thể hiện nhiều hoạt tính sinh học quý như chống oxi hoá
[7], kháng khuẩn [8], gây độc tế bào ung thư [9]… Các nghiên cứu trên lá dứa thơm chủ
yếu tập trung vào thành phần các alkaloid, trong khi không có nhiều nghiên cứu về các
nhóm hợp chất khác được công bố [10]. Trong một nghiên cứu gần đây, chúng tôi đã 
phân lập được một số hợp chất shikimate ester, megastigmane và glycoside từ lá dứa
thơm [11]. Trong nghiên cứu này, chúng tôi trình bày kết quả phân lập và xác định cấu
trúc của bốn hợp chất phenolic từ cặn chiết không alkaloid của lá dứa thơm gồm vanillin,
vanillic acid, p-hydroxybenzaldehyde và methyl gallate.

http://doi.org/vrtc.jtst.n38.11
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2. PHƯƠNG PHÁP NGHIÊN CỨU VÀ THỰC NGHIỆM
2.1. Mẫu nghiên cứu
Phần lá của cây dứa thơm (P. amaryllifolius) được thu hái tại Tam Đảo, Vĩnh Phúc 

vào tháng 04 năm 2021 và được giám định bởi TS. Bùi Văn Thanh, Viện Sinh thái và Tài
nguyên sinh vật. Mẫu tiêu bản được lưu trữ tại Trung tâm Nghiên cứu Nông dược, Trung
tâm Nghiên cứu và Phát triển Công nghệ cao, Viện Hàn lâm Khoa học và Công nghệ Việt
Nam.

2.2. Vật liệu và phương pháp nghiên cứu
Sắc ký lớp mỏng được thực hiện trên bản mỏng tráng sẵn TLC Silica gel 60 F254

(Merck). Sắc ký cột được thực hiện với các vật liệu hấp phụ Silica gel 60 có kích thước
hạt 0,040-0,063 mm (240-430 mesh ASTM) (Merck, CHLB Đức); LiChroprep® RP-18
(0,040-0,063 mm) (Merck, CHLB Đức); Diaion HP-20 (Merck, CHLB Đức). Phổ cộng
hưởng từ hạt nhân được đo trên máy Brucker Avance 600 MHz (chất chuẩn nội là
Tetramethylsilane - TMS) tại Viện Hóa học, Viện Hàn lâm Khoa học và Công nghệ Việt
Nam. Phổ ESI-MS được đo trên thiết bị Thermo LCQ Fleet LC/MS tại Trung tâm Nghiên
cứu và Phát triển Công nghệ cao, Viện Hàn lâm Khoa học và Công nghệ Việt Nam.

2.3. Phân lập các chất
Phần lá của loài P. amaryllifolius được xử lý và chiết xuất bằng phương pháp acid-

base để tách riêng phần cặn chiết chứa alkaloid và phần cặn chiết không chứa alkaloid
(PamNA) như đã trình bày trong công bố trước [11]. Phân đoạn PamNA (24,6 g) được
phân tách trên cột sắc ký Diaion HP-20, với dung môi giải hấp lần lượt là với nước cất,
methanol 30% và 100% thu được các phân đoạn M30W (3,2 g) và M100W (8,1 g). Phân
đoạn M100W được tách trên cột sắc ký silica gel với gradient dung môi CH2Cl2-MeOH
(50/1-1/1, v/v) thu được mười phân đoạn M1-M10. Phân đoạn M6 (55,6 mg) được phân
tách trên cột sắc ký silica gel với hệ dung môi rửa giải CH2Cl2-MeOH (20/1, v/v) thu
được hợp chất 1 (2,8 mg). Phân đoạn M7 (158,5 mg) được phân tách trên cột sắc ký RP-
C18 với hệ dung môi rửa giải MeOH-H2O (2/1, v/v) thu được hai hợp chất 2 (1,1 mg) và
3 (3,2 mg). Phân đoạn M9 (202,5 mg) được phân tách trên cột sắc ký silica gel với hệ
dung môi rửa giải EA-MeOH (10/1, v/v) thu được hợp chất 4 (3,4 mg).

Vanillin (1): ESI-MS: m/z 153 [M+H]+; 1H NMR (DMSO-d6, 600 MHz): δH 7,38
(1H, d, J = 1,8 Hz, H-2); 6,96 (1H, d, J = 8,4 Hz, H-5); 7,43 (1H, dd, J = 8,4; 1,8 Hz, H-
6); 9,77 (1H, s, H-7); 3,92 (3H, s, 3-OCH3); 10,24 (1H, brs, 4-OH); 13C NMR (CDCl3,
150 MHz): δC 128,7 (C-1); 126,0 (C-2); 148,2 (C-3); 153,0 (C-4); 110,7 (C-5); 115,4 (C-
6); 191,0 (C-7); 55,6 (3-OCH3).

Vanillic acid (2): ESI-MS:m/z 169 [M+H]+; 1H NMR (CD3OD, 600MHz): δH 7,58
(1H, d, J = 2,4 Hz, H-2); 6,85 (1H, d, J = 9,0 Hz, H-5); 7,57 (1H, dd, J = 9,0; 2,4 Hz,
H-6); 3,92 (3H, s, 3-OCH3). 13C NMR (CDCl3, 150 MHz): δC 121,6 (C-1); 125,3 (C-2);
148,7 (C-3); 154,6 (C-4); 113,9 (C-5); 115,9 (C-6); 170,0 (C-7); 56,4 (3-OCH3).

p-hydroxybenzaldehyde (3): ESI-MS: m/z 123 [M+H]+; 1H NMR (DMSO-d6, 600
MHz): δH 6,88 (2H, d, J = 7,2 Hz, H-2, 6); 7,76 (2H, d, J = 7,2 Hz, H-3, 5); 9,72 (1H, s).
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13C NMR (DMSO-d6, 150 MHz): δC 129,1 (C-1); 132,8 (C-2, 6); 116,5 (C-3, 5); 163,9
(C-4); 191,8 (C-7).

Methyl gallate (4): ESI-MS:m/z 185 [M+H]+.1H NMR (CD3OD, 600MHz): δH 7,06
(2H, s, H-2, 6); 3,83 (3H, s, 7-OCH3). 13C NMR (CD3OD, 150MHz): δC 121,5 (C-1); 110,1
(C-2, 6); 146,5 (C-3, 5); 139,8 (C-4); 169,0 (C-7); 52,3 (7-OCH3).

3. KẾT QUẢ VÀ THẢO LUẬN
Hợp chất 1 thu được dưới dạng chất rắn vô định hình màu trắng. Phổ ESI-MS xuất

hiện tín hiệu m/z 153 [M+H]+ cho phép xác định khối lượng phân tử của hợp chất là 152
Da. Phổ 1H-NMR của 1 xuất hiện tín hiệu của các proton thuộc hệ vòng thơm ABX tại 
δH 7,38(1H, d, J = 1,8 Hz, H-2); 6,96 (1H, d, J = 8,4 Hz, H-5); 7,43 (1H, dd, J = 8,4; 1,8
Hz, H-6), một tín hiệu methoxy tại δH 3,92 (3H, s, 3-OCH3), một tín hiệu nhóm hydroxy
tại δH 10,24 (1H, brs, 4-OH) và một tín hiệu proton thuộc nhóm aldehyde tại δH 9,77 (1H,
s, H-7). Phổ 13C NMR và DEPT xuất hiện tín hiệu carbon aldehyde tại δC 191,0 (C-7), ba
tín hiệu nhóm CH thuộc vòng thơm tại δC 126,0 (C-2), 110,7 (C-5) và 115,4 (C-6), hai tín
hiệu carbon vòng thơm liên kết với oxy tại δC 148,2 (C-3); 153,0 (C-4) và một nhóm
methoxy tại 55,6 (3-OCH3). Các dữ liệu phổ nói trên cho phép dự đoán cấu trúc của một
dẫn xuất benzaldehyde. So sánh các dữ liệu này với tài liệu tham khảo, có thể xác định
hợp chất 1 là vanillin [12].

Hình 1. Cấu trúc hoá học của các hợp chất 1-4
Hợp chất 2 thu được dưới dạng chất rắn vô định hình màu trắng. Phổ ESI-MS xuất

hiện tín hiệu m/z 169 [M+H]+ cho phép xác định khối lượng phân tử 168 Da của 2. Phổ
1H-NMR của 2 xuất hiện tín hiệu của các proton thuộc hệ vòng thơm ABX tại δH 7,58
(1H, d, J = 2,4 Hz, H-2); 6,85 (1H, d, J = 9,0 Hz, H-5); 7,57 (1H, dd, J = 9,0; 2,4 Hz,
H-6), một tín hiệu methoxy tại δH 3,92 (3H, s, OCH3). Phổ 13C NMR và DEPT xuất hiện
tín hiệu nhóm carboxyl tại δC 170,0 (C-7), ba tín hiệu nhóm methine vòng thơm tại δC
125,3 (C-2), 113,9 (C-5), 115,9 (C-6), hai tín hiệu carbon vòng thơm liên kết với oxy tại
δC 148,7 (C-3), 154,6 (C-4) và một nhóm methoxy tại 56,4 (3-OCH3). Dữ liệu phổ của
hợp chất 2 hầu như tương đồng với hợp chất 1 ngoại trừ sự khác biệt giữa tín hiệu nhóm
carboxyl ở hợp chất 2 so với nhóm aldehyde ở hợp chất 1. Điều này được khẳng định
thông qua chênh lệch 16 Da trong khối lượng phân tử giữa hai hợp chất. Từ các dữ liệu
trên, kết hợp với các dữ liệu tham khảo, xác định hợp chất 2 là vanillic acid [12].

Hợp chất 3 thu được dưới dạng chất rắn vô định hình màu trắng với khối lượng
phân tử 122 Da thông qua tín hiệu m/z 123 [M+H]+ trên phổ ESI-MS. Phổ 1H-NMR của
hợp chất 3 xuất hiện tín hiệu của bốn proton thuộc hệ vòng thơm A2B2 tại δH 6,88 (2H, d,
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J = 7,2 Hz, H-2, 6); 7,76 (2H, d, J = 7,2 Hz, H-3, 5) và một tín hiệu proton thuộc nhóm
aldehyde tại δH 9,72 (1H, s, H-7). Phổ 13C NMR và DEPT xuất hiện tín hiệu carbon
aldehyde tại δC 191,8 (C-7), các tín hiệu nhóm methine trong vòng thơm tại δC 132,8 (C-
2, 6); 116,5 (C-3, 5) và một tín hiệu carbon vòng thơm liên kết trực tiếp với oxy tại δC
163,9 (C-4). So sánh dữ liệu phổ trên với tài liệu tham khảo, có thể xác định hợp chất 3
là p-hydroxybenzaldehyde [13]

Hợp chất 4 thu được dưới dạng chất rắn vô định hình màu trắng. Phổ ESI-MS xuất
hiện tín hiệu m/z 185 [M+H]+ cho phép xác định khối lượng phân tử của hợp chất là 184
Da. Trên phổ 1H NMR của 4 xuất hiện tín hiệu của hai proton thơm đối xứng nhau tại δH
7,06 (2H, s, H-2, 6) và một nhóm methoxy tại δH 3,83 (3H, s, 7-OCH3). Phổ 13C NMR và
DEPT xuất hiện tín hiệu của carbon methine vòng thơm tại δC 110,1 (C-2, 6), tín hiệu của
hai carbon thơm liên kết với oxy đối xứng nhau tại δC 146,5 (C-3, 5), và một carbon thơm 
liên kết với oxy tại δC139,8 (C-4) và một nhóm methoxy tại δC 52,3 (7-OCH3). So sánh
dữ liệu phổ NMR của hợp chất 4 với tài liệu tham khảo cho phép xác định đây là hợp chất
methyl gallate [14].

Như vậy, từ cặn chiết không chứa alkaloid từ lá dứa thơm (P. amaryllifolius) chúng
tôi đã phân lập được bốn hợp chất phenolic. Các nghiên cứu trước đây tập trung chủ yếu
vào thành phần alkaloid của lá dứa thơm [4, 5, 15, 16]. Bên cạnh đó, một số hợp chất
phenolic như p-hydroxybenzoic acid, gallic acid, ferulic acid, coumaric acid… cũng từng
được phát hiện từ rễ và lá của loài P. amaryllifolius [9]. Mặc dù vậy, công bố này là lần
đầu tiên phát hiện bốn hợp chất gồm vanillin (1), vanillic acid (2), p-
hydroxybenzaldehyde (3), methyl gallate (4) từ lá dứa thơm (P. amaryllifolius). Các hợp
chất này đã được chứng minh là có hoạt tính thu dọn nhiều loại gốc tự do như DPPH, 
ABTS, OH…  [17, 18] hoặc hoạt tính kháng khuẩn [19], kháng virus [20]…  Phát hiện
này góp phần làm giàu thêm các thông tin về thành phần hoá học của loài thực vật này,
đồng thời cho thấy tiềm năng lớn về khả năng chống gốc tự do, chống oxi hoá và nhiều
hoạt tính sinh học khác của lá dứa thơm.

4. KẾT LUẬN
Từ phần lá của cây dứa thơm P. amaryllifolius, bốn hợp chất phenolic là vanillin

(1), vanillic acid (2), p-hydroxybenzaldehyde (3), methyl gallate (4) đã được phân lập.
Đây là lần đầu tiên các hợp chất này được tìm thấy trong thành phần hoá học của lá dứa
thơm. Kết quả của nghiên cứu này góp phần làm sáng tỏ thêm về thành phần của lá dứa
thơm, làm cơ sở cho các nghiên cứu sâu hơn về tác dụng của loại nguyên liệu thực phẩm
này đối với sức khoẻ con người.

Lời cảm ơn: Nghiên cứu này được thực hiện với sự hỗ trợ của Viện Hàn lâm Khoa
học và Công nghệ Việt Nam trong khuôn khổ nhiệm vụ "Phát triển nhóm nghiên cứu xuất
sắc hạng I về ứng dụng các phương pháp phân tích hiện đại trong nghiên cứu chất lượng
và an toàn thực phẩm", mã số: NCXS01.02/23-25.

Tuyên bố về đ�ng g�p của các tác giả: Đỗ Hoàng Giang, Nguyễn Thị Thu Thuỷ:
Xây dựng tổng quan, soạn bản thảo bài báo. Nguyễn Tiến Đạt: Rà soát và chịu trách
nhiệm nội dung bài báo. Ngô Thị Thuý Ngân, Nguyễn Hải Đăng: Thu thập mẫu nghiên
cứu. Hoàng Thuỳ Dương: Xử lý mẫu sau khi thu thập. Lưu Hải Nhi: Chiết xuất mẫu. Bùi
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Hoàng Lê Tuấn Anh: Giải cấu trúc của các hợp chất đã phân lập.
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ABSTRACT
PHENOLICS FROM LEAVES OF PANDANUS AMARYLLIFOLIUS
Four phenolic compounds such as vanillin (1), vanillic acid (2), p-

hydroxybenzaldehyde (3), and methyl gallate (4) were isolated from leaves of Pandanus
amaryllifolius, using chromatographic methods. Structures of the isolated compounds
were elucidated by spectroscopic data, such as NMR and MS. These four compounds
were determined for the first time from the species Pandanus amaryllifolius.

Keywords: Pandanus, Pandanus amaryllifolius, phenolic, vanillin, methyl gallate
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