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Tém tat

Pat van dé: Triterpenoid va polyphenol & hai nhém hoat chét quan trong trong
nadm Linh chi d6 (Ganoderma lucidum). Viéc khao sat xay dung quy trinh chiét nhdm
thu dwoc ham lwong triterpenoid va polyphenol t6i wu 1a mot van dé can thiét.

Muc tiéu: Khao sat va téi wu hda diéu kién chiét triterpenoid va polyphenol tir ndm
Linh chi dé (Ganoderma lucidum).

DPéi twong - Phuwong phap nghién ctru: Bot duwoc liéu ndm Linh chi dd
(Ganoderma lucidum) dwoc chiét béi cac dung maéi va thoi gian chiét khac nhau
nham thu dwoc diéu kién phu hop. Phan mém Design Expert dwoc str dung dé téi wu
hoa nhiét do chiét va ty 1&é dworc liéu/dung moi.

Két qua: D4 xay dwng quy trinh chiét triterpenoid va polyphenol tir ndm Linh chi
dé (Ganoderma lucidum). Diéu kién chiét t6i wu la dung mai chiét ethanol 70%, thoi
gian chiét 120 phut, nhiét d6 chiét 80°C va ty Ié dwoc liéu/dung méi la 1/100 (g/ml).

Két luan: D& tai nay da xay dung thanh cong quy trinh chiét triterpenoid va polyphenol
tr ndm Linh chi dé (Ganoderma lucidum). Diéu kién chiét tbi wu la tién dé cho viéc bao
ché cac san pham bb tro strc khde an toan va hiéu qua tét cho nguoi siv dung.

Tir khéa: Triterpenoid, polyphenol, ndm Linh chi d6, quy trinh chiét, t6i wu héa.

Abstract
Method optimization for the extraction of triterpenoids and
polyphenols from ganoderma lucidum

Background: Triterpenoids and polyphenols from Ganoderma lucidum have
many important pharmacological properties. Therefore, it is critical to investigate
and develop an optimal method for the extraction of triterpenoids and polyphenols
from Ganoderma lucidum.

Objectives: To investigate and optimize the extract conditions of triterpenoids
and polyphenols compounds from Ganoderma lucidum.

Materials and methods: Ganoderma lucidum dry powdered samples were
extracted in different conditions to obtain the appropriate solvent ratio and exaction
time. The Design Expert program was used to optimize temperature and solid -
liquid ratio.

Results: The optimal conditions for the extraction of triterpenoids and
polyphenols from Ganoderma lucidum were: ethanol 70%, 120 min, 80°C and solid
- liquid ratio of 1/100 (g/ml).

Conclusions: The method for the extraction of triterpenoids and polyphenols
from Ganoderma lucidum was successfully optimized. The optimal extract conditions
can serve as a reference to develop safe and efficient herbal health supplements.

Keywords: Triterpenoids, polyphenols, Ganoderma lucidum, extraction
process, optimization.
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1. PAT VAN PE

Nam Linh chi d6 con dugc biét dén véi
cac tén Linh chi thao, NAm lim, Nam trudng
tho, c¢6 tén khoa hoc la Ganoderma lucidum,
ho Nam gd (Ganodermataceae) [1]. Linh chi
thuong dugc dung tai cac nudc chau A nhu
Viét Nam, Han Qudc, Trung Qudc va Nhat
Ban véi tdc dung tang cudng stc khoé, kéo
dai tudi tho [2]. Linh chi 12 mot loai nAm hoa
gd, mil ndm hinh than, hinh tron hodc hinh
quat. Cudng ndm thuong cim léch sang mot
phia ctia mil ndm va thuong c6 dang hinh try
tron hodc det, c6 thé phan nhanh cuéng va mau
khac nhau tuy loai [1]. B0 phan dung chinh
ctia Linh chi 1a qua thé va bao tir. Sau khi duoc
thu hoach, Linh chi duoc phoi say khd va bao
ché thanh cac dang bdt, nudc uéng hoac dong
kho va cac dang bao ché khac dé sir dung hd
tro diéu trj bénh [3, 4].

Cac hop chit c6 hoat tinh sinh hoc trong
nam Linh chi rat da dang nhu triterpenoid,
polyphenol, polysaccharid, steroid, germanium
hiru co va cac nhom hoat chét khéc [5]. Trong
do triterpenoidva polyphenol la hai nhom
hoat chat dong vai trd quan trong trong Linh
chi voi nhiéu hoat tinh gia tri nhu chdong
oxy hoa, khang khuan, khang viém, tc ché
enzyme a-glucosidase va ngura ung thu [6, 7].
Triterpenoid dd dugc ching minh c6 nhiéu
tac dung nhu chong khdi u [8], chéng HIV-
1, ha huyét 4p, diéu hoa mién dich [9], khang
androgen, chong viém gan B, chng oxy hoa,
hoat dong khang khuan [10], céc triterpennoid
trong nam Linh chi ciing cho céc tic dung

tuong ty thdm chi manh hon, chfmg han nhu
tac dung chdng ung thu cta nim Linh chi duoc
mo ta trong nhiéu bao cdo tién 1am sang [10].
Céc hop chat polyphenol trong thuc vat da duoc
nghién ctru va ching minh nhiéu tac dung nhu
chbng viém, chong di Gmg, chong oxy hoa va
khang khuan. Trén hé tim mach, polyphenol
cho tac dung gidn mach, chdng huyét khéi [11].
Acid protocatechuic la mot polyphenol trong
Linh chi [12], d& duoc chirng minh c¢6 nhiéu tac
dung dugc Iy nhu chdng loét da day thong qua
co ché ting cudng va bao vé niém mac, chdng
ung thu théng qua co ché truc tiép chan vi tri
lién két cua tac nhan gy ung thu véi DNA, G
ché sinh gbc tur do va anh hudng t6i phan tng
chuyén héa mot sb tac nhan gay ung thu [13].
Mot polyphenol khac tir Linh chi 1a p-hydroxy
benzoic acid [12], dd dugc nghién cuu la co
hoat tinh khang khuan, khang viém, chdng xo
vira dong mach, ha duong huyét [14].

Trén thé giGi va tai Viét Nam, di co mot
s6 nghién ciru xay dung quy trinh chiét nam
Linh chi. Trong d6, nhiéu nghién ctru sir dung
phuong phap chiét voi siéu am [5, 15, 16].
Phuong phap chiét véi siéu am gitp dem lai
ndng do hoat chat cao, tuy nhién c6 nhuoc
diém 1a kho ap dung cho quy mé cong nghiép
[17]. Vi vay, dé tai “Tdi wu hoa quy trinh chiét
triterpenoid va polyphenol tir nim Linh chi
do (Ganoderma lucidum)” dugc thuc hién véi
phuong phép chiét néng, nham tao tién dé cho
viée dwa duogce lidu vao san xuat cong nghiép va
tao ra cac ché pham c6 ngudn goc tir duge lidu
dé tang tac dung hd trg diéu tri bénh.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. P6i twong nghién ciru

N4m Linh chi dugc nudi tréng, thu héi, so ché va dong goi dang ti 500g tai Trai nam Linh chi
Ngoc Anh ¢6 dia chi tai Ap 2, Xa An Nhon Tay, Huyén Cu Chi, Thanh phé Ho Chi Minh.

2.2. Trang thiét bi, hoa chat, dung méi
Trang thiét bi

Trang thiét bi sir dung trong nghién ctru dugc trinh bay trong Bang 1.
Bang 1. Trang thiét bi sir dung trong nghién ctru

Tén thiét bi Model Hing (xuit xir)
Bo chiét soxhlet tu dong E800 Buchi (Thuy Si)
Bé siéu 4m S100H Elma (Dtc)
May do quang phd UV - Vis Lambda 365 PerkinElmer (Hoa Ky)
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Hoa chat, dung moi

Hoa chat, dung moéi sir dung trong nghién ctru dugc trinh bay trong Bang 2.
Bang 2. Hoa chét, dung méi str dung trong nghién ctru

Héa chit, dung méi

Hang (xudt xi¥)

Thubc thir Folin - Ciocalteu Merck (Puc)
acid pecloric 70% Alpha (An Do)
Vanillin Shanghai Zhanyun Chemical (Trung Quéc)

Chat chuan acid gallic

Sigma - Aldrich (Hoa Ky)

Ethanol 96%

Nguyenlongtech (Viét Nam)

2.3. Thir 9 tinh khiét va d9 4m

Mau 1a ndm Linh chi dd duoc cit lat, sdy
kho. Xay dugc liéu thanh bot va tién hanh kiém
nghiém do 4m va tro toan phan theo Dugc dién
Viét Nam V, chuyén luan Linh Chi [18].

Do 4m

Khong qua 17,0 % (Phu luc 9.6, 1 g;
100°C; 5h).

Tro toan phan

Khoéng qua 3,0% (Phu luc 9.8).

2.4. Khio sat diéu kién chiét

Khao sat dung moi chiét

Dua vao tai li€u tham khao, dung dich con 1a
dung mdi phd bién trong viéc hoa tan hai nhom
hoat chat chinh 14 triterpenoid va polyphenol
c6 trong ndm Linh chi. Didu kién chiét ban dau
dugce chon ¢ nhiét d6 90°C trong 80 phut [12],
ty 1€ duoc liéu/dung méi 1a 1/100 trong d6 co 1g
dugc lidu duoc chiét trong 100 ml dung dich cdn
v6i nong d6 con khac nhau 1a 40%, 50%, 60%,
70%, 80% va 90%. Duya vao két qua khao sat
ham luong triterpenoid va polyphenol toan phan
trong dich chiét dé Iya chon dung moi chiét ¢o

ndng d6 phi hop cho cac khao sat tiép theo.

Khao sat thoi gian chiét

Str dung ndng d6 cdn di lwa chon, tién hanh
thuc hién khao sat voi diéu kién thoi gian chiét
la 30, 60, 90, 120, 150 va 180 phut. Dya vao
két qua khao sat ham luong triterpenoid va
polyphenol toan phan trong dich chiétdé Iya
chon thoi gian chiét phit hop cho cac khao sat
tiép theo.

Xtr 1y s6 liéu khao sat dung méi chiét - thoi
gian chiét

Dung phan mém SPSS 20.0 dé phan tich
s liéu, dung phép kiém Kruskal - Wallis dé so
sanh su khac biét ctia cac yéu t6 khao sat voi do
ha‘ip thu tai budc song xac dinh cia dich chiét.

Téi wu hoa quy trinh chiét bang phan mém

Quy trinh dugc t6i wu hoa bang Phan mém
Design Expert 12 (StatEase) St dung mo6 hinh
central composite design (CCD), véi bién
doc 1ap 1a nhiét do chiét va ty 1& duogc lidu/
dung mdi (g/ml), bién phu thudc 1a ham luong
polyphenol toan phan trong dich chiét. Cac mirc
ctia bién doc 1ap duoc cai dat nhu Bang 3.

Bang 3. Cac muc cua timg bién doc 1ap

Bién dgc lap -a -1 0 +1 +a
Nhiét d6 chiét (°C) 37,57 50 80 110 122,43
Ty 1¢ duoc lidu/dung méi (g/ml) | 1/30 1/50 1/100 1/150 1/170

Dua vao cac dir li¢u thyc nghi€m, ph?m mém
Design Expert sir dung phan tich ANOVA dé
danh gia anh huong cia cac bién doc 1ap lén
bién phu thudc va dé xuit didu kién chiét tdi
wu. Piéu kién nay sau d6 duoc ap dung dé chiét
triterpenoid va so sanh véi cac diéu kién khac.

2.6. Xac dinh ham lwgng triterpenoid va
polyphenol toan phén trong dich chiét

Xac dinh ham lugng triterpenoid toan phan
trong dich chiét

Lay chinh xac 10 ml dich chiét vao chén
nung da can trudc, cd dich chiét t6i can kho.
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Hoa tan cin con lai bang chinh xiac 10 ml
methanol. La‘iy 200 pl dung dich thu duoc,
tron vdi 300 pl dung dich vanillin - acid acetic
bang (5%, kl/tt), 1 ml dung dich acid percloric
70%. Dung dich mau dugc u trong 45 phat ¢
60°C sau d6 lam mat trong bé nudc da, sau do
thém 4,5 ml dung dich acid acetic bing. Mau
tréng duoc chuén bi véi methanol. Haim lugng
triterpenoid thé hién qua do hap thu tai budc
song 548 nm [12].

Xac dinh ham lugng polyphenol toan phan
trong dich chiét

Lay chinh xac 10 ml dich chiét vao chén
nung da can trudc, ¢o dich chiét t&i cén kho.
Hoa tan can con lai bang chinh xac 10 ml
methanol. Liy 1 ml dung dich trén, thém 5 ml
dung dich thubc thtr Folin - Ciocalteu da pha
loang voi nudce theo ty 1€ 1 : 10, thém 4 ml
dung dich Na,CO, 75 g/l, vortex trong vong
15 gidy, 0 30 phut & 40°C. Mau dugc do &
budc song 765 nm, mau tréng duge chuéan bj
v6i methanol. Ham lugng polyphenol thé hién
qua do hap thu tai bude séng 765 nm va dugc
tinh toan dwa vao dudng chuan acid gallic theo
cong thuc sau [16]:

CxVxn
Am—rouw———
m X(100 —a)

Trong do:

A 1a ham luong polyphenol toan phan
(mg/g);

C la ndng do tinh toan tur phuong trinh
duodng chuin (mg/ml);

V la thé tich dich chiét dem di phan tich (ml);

n 1a h¢ s6 pha lodng;

m 1 khéi lwong nguyén liéu ban dau (g);

ala do 4m nguyén liéu.

3.KET QUA

3.1. Khio sat nguyén liéu dau vao

bo 4m clia mau khoang 9,81%, d¢ tro toan
phan khoang 2,19%. Do d6 méau duoc liéu dat
tiéu chuan Dugc dién Viét Nam V.

3.2. Khio sit dung méi chiét va thoi
gian chiét

Khao sat dung moi chiét

Két qua khao sat dung moi chiét véi ndng do
khac nhau dugc trinh bay ¢ Bang 4 va Hinh 1.
Ham luong triterpenoid va polyphenol toan phan
trong dich chiét thé hién qua d¢ hap thu ciia dich
chiét tai cac budc song 1an luot 1a 548 nm va 765
nm. Céc két qua cho thay dich chiét ethanol 70%
c6 ham luogng triterpenoid va polyphenol toan
phan cao nhét. Do d6 ethanol 70% dwoc chon
lam dung méi chiét cho cac thir nghiém tiép theo.

Bang 4. Két qua khao sat nong do dung méi chiét

Nhém hoat chét Nong d9 con khao sat Trung binh P-value*

40% 0,2572
50% 0,3056
60% 0,2672

Triterpenoid 0,007
70% 0,4978
80% 0,0102
90% 0,0101
40% 0,6925
50% 0,7795
60% 0,7725

Polyphenol 0,005
70% 0,7877
80% 0,6225
90% 0,5634

Chu thich: *Phép kiém Kruskal - Wallis (p - value < 0,05 dugc xem la c¢6 ¥ nghia thong ké)

109




Lé Nhéat Linh. Tap chi Y Dwoc hoc Pham Ngoc Thach. 2023; 2(1): 106-114

0,9000
0,3000

0,7000
0,6000
0,5000
0,4000
0,3000
0,2000
0,1000

0,0000

B§ hﬁp thu (AT

Ethanol40% Ethanol 50% Ethanol 80% Ethanol 70% Ethanol 80%  Ethanol 0%

Néngdd dungmdi chiét
B D& hip thu chatriterpencid D3 hip thu cla phenolic

Hinh 1. Két qua khao sat nong d6 dung méi chiét
Khao sat thoi gian chiét
Két qua khao sat thoi gian chiét dugc trinh bay ¢ Bang 5 va Hinh 2. Ham luong triterpenoid va
polyphenol toan phan trong dich chiét thé hién qua d6 hip thu tai cac bude song 1an lugt 1a 548 nm
va 765 nm. Céc két qua cho thiy dich chiét 120 phut cho ham lugng triterpenoid va polyphenol
toan phén tdi uu nhat, do d6 diéu kién nay dugc chon cho cac thtr nghiém tiép theo.

Bang 5. Két qua khao sat thoi gian chiét

Nhém hoat chit Thoi gian chiét khao sat Trung binh p-value

30 phat 0,2819
60 phut 0,2942
90 phat 0,3839

Triterpenoid 0,005
120 phut 0,3920
150 phut 0,1327
180 phut 0,0973
30 phat 0,4663
60 phut 0,5002
90 phat 0,4315

Polyphenol 0,006
120 phut 0,5174
150 phut 0,5177
180 phut 0,5272

Chu thich: *Phép kiém Kruskal - Wallis (p - value < 0,05 dugc xem la ¢6 y nghia thong ké)
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Hinh 2. Két qua khao sat thoi gian chiét

3.3. T6i wu héa nhiét dd chiét va ty 18 dwore liu/dung méi

Thiét ké va ti wu héa thuc nghiém

Tién hanh cai dat gi61 han dudi, gioi han trén cua tirng bién doc 1ap va thyc hién thi nghiém theo
cac diéu kién phan mém dé xuit. Dit liéu cua 13 thuc nghiém dugc trinh bay trong Béang 6.

Ham luong polyphenol trong dich chiét ciia timg thi nghiém dugc xac dinh thong qua phuong
trinh dwong chudn acid gallic: y = 12,577x + 0,1231; R? = 0,9959 trong d6 x 1a nong d¢ cua
polyphenol (mg/ml), y 12 d6 hip thu do & budc song 765 nm.

Bang 6. Dir liéu thuc nghiém theo mo6 hinh CCD

Thinghi¢m chlelf t(0(2:0) duwge liéu/(;[l‘l);llgeméi (g/ml) HafJ;: (;1111%111) (E:f.gf;e)ml
| 80 1/100 2,59
2 80 1/100 2,85
3 50 1/50 2,03
4 110 1/50 3,02
5 37,57 1/100 1,15
6 80 1/100 3,77
7 80 1/29,29 1,88
8 50 1/150 2,24
9 80 1/100 2,95
10 110 1/150 2,79
11 122,43 1/100 2,91
12 80 1/170,71 2,74
13 80 1/100 2,85

Phén tich két qua

Két qua phan tich phuong sai (ANOVA) duoc trinh bay trong Bang 7. Tri s6 p-value < 0,05 cho
thdy mo hinh c6 y nghia vé mat thong ké. Cac thong sb con lai trong gi6i han cho phép.
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Bang 7. Két qua phén tich phuong sai ctia cac bién phu thudce

Do chinh xac
<X N R2 dy doan R2 hi¢u chinh thich hgp
Bien phy thuge pvalue | b edicted R2) | (Adjusted R2) (Adequate
precision)
Ham lugng polyphenol | o, 03921 0,5123 72985
toan phan (mg/g)

Anh huong cua céac bién doc lap lén bién phu thude dugc thé hién trong Hinh 3.

Phenolic toan phan (mg/g)

<o T§ 1& DL/DM
Hinh 3. Anh hudéng cua nhiét d6 chiét va ty 18
dugc liéu/dung méi tdi ham lugng polyphenol toan phéan trong dich chiét

Phan mém dé xuét diéu kién t6i wu dua trén cac dit liéu thuc nghiém va cac diéu kién rang budc
gitra céac bién doc lap va bién phu thudc. biéu kién c6 chi sb mong mudn (desirability value) cao
dong nghia véi kha ning tai lip cao khi so sanh dit liéu du doan ctia phan mém va dir lidu tir thyc
nghiém kiém ching. Diéu kién t6i vu dwoc chon 1a nhiét do chiét 80°C va ty 1& duoc liéu/dung moi
14 1/100 (g/ml), véi chi sé mong mudn 14 0,799.

Thuc nghiém kiém ching

Tién hanh lap lai 5 1an thuc nghiém téi wu d3 duoc dé xuat. Dir liéu danh gia duoc thé hién
trong Bang 8.

Bang 8. Két qua thuc nghiém kiém ching

X Khodng tin ciy 95% cho e
Bién cr . el . Gia tri trung
" Gia tri trung gia tri du doan .
phu thudc . , binh thuc
binh du doan hié
Giéi han dué6i | Gi6i han trén nghicm
Ham lugng polyphenol 2,997 2,410 3,584 3,002
toan phan (mg/g)

Gia tri trung binh thyc nghiém nam trong khoang tin cdy ciia gia tri du doan, do d6 mé hinh
dugc kiém chimg.

Khi ap dung diéu kién nay dé chiét triterpenoid trong Linh Chi, két hop véi so sanh véi cac diéu
kién nhiét do va ty ¢ dugc liéu/dung mdi con lai, cac két qua ghi nhan trong Bang 9, cho théy nhiét
d6 chiét 80°C va ty 18 duoc liéu/dung méi 1/100 1a diéu kién phu hop dé chiét triterpenoid.
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Bang 9. Khao sat diéu kién chiét triterpenoid

80 1/100 0,3919
80 1/170 0,1001
80 1/30 0,2804
110 1/50 0,3892
110 1/150 0,0936
50 1/150 0,2265
50 1/50 0,2132
122 1/100 0,2059
37,5 1/100 0,0936

biéu kién chiét toi vu

Céc két qua khao sat va toi wu hoa cho thiy diéu kién chiét thu dugc ham luong triterpenoid va
polyphenol cao nhét 1a: dung méi chiét ethanol 70%, thoi gian chiét 120 phut, nhiét d¢ chiét 80°C

va ty 1€ duoc li¢u/dung moi 1a 1/100 (g/ml).

4. BAN LUAN

N4m Linh chi d6 (Ganoderma lucidum) 13
duoc liéu quy, dugc st dung rong rai trong dan
gian cling nhu trong cic bai thudc ¢ truyén.
Tai Viét Nam, di c6 mot sb nghién ctru quy
trinh chiét xuat nim Linh chi do, hudng t6i
hai nhém hoat chét chinh 1a polysacharides
va triterpenoid [16, 19]. Tuy nhién chua c6 dé
tai thuc hién nghién ctru trén nhém hoat chét
polyphenol. Triterpenoid va polyphenol 1a hai
nhom hoat chét véi nhiéu tac dung duoc 1y quan
trong trong Linh chi. Dé tai da khao sat cac yéu
t6 anh huong dén qua trinh chiét triterpenoid
va polyphenol trong ndm Linh chi d6, két hop
v6i t6i uu hoa quy trinh chiét bang phan mém,
tir d6 tim ra diéu kién chiét phu hop. Diéu kién
chiét thu dugc ham lugng hoat chét cao 1a tién
dé trong viéc bao ché cac san pham bd trg st
khoe mang lai hidu qua cao. Phuong phap chiét
nong véi quy trinh chiét don gian, phu hop dé
phat trién ting c& 16 dé ap dung trén quy md
cong nghiép.

113

5. KET LUAN

Dé tai nay d xay dung thanh cong quy trinh
chiét triterpenoid va polyphenol tir ndm Linh
chi 40 (Ganoderma lucidum). Piéu kién chiét
cho ham luong triterpenoid va polyphenol tdi
wu, pht hop cho cac nghién ciru tiép theo vé
phat trién dang bao ché phuc vu cong dong.

TAI LIEU THAM KHAO

1. P, T.L., Nhiing cay thube va Vi thude Viét
Nam. 2013: Hong Puc.

Nguyen, A.N., et al., A cross-cultural
examination of Australian, Chinese and
Vietnamese consumers’ attitudes towards
a new Australian wine product containing
Ganoderma lucidum extract. Food Research
International, 2019. 115: p. 393-399.

. Chen, X., et al., Iridal-type triterpenoids
with anti-HBV activity from Iris confusa.
Fitoterapia, 2018. 129: p. 126-132.

Eom, H.J., et al., Cytotoxic Triterpenoids
from the Barks of Betula platyphylla var.

2.



Lé Nhét Linh. Tap chi Y Dwoc hoc Pham Ngoc Thach. 2023; 2(1): 106-114

japonica. Chemistry & biodiversity, 2017.

14(4): p. €1600400.

Shen, S.-F., et al., Production of triterpenoid

compounds from Ganoderma lucidum spore

powder using ultrasound-assisted extraction.

Preparative biochemistry & biotechnology,

2020. 50(3): p. 302-315.

. Zhao, X.-R.,, et al., Isolation and

identification of oxygenated lanostane-type

triterpenoids from the fungus Ganoderma

lucidum. Phytochemistry Letters, 2016. 16:

p- 87-91.

Hennicke, F., et al, Distinguishing

commercially grown Ganoderma lucidum

from Ganoderma lingzhi from Europe
and East Asia on the basis of morphology,
molecular phylogeny, and triterpenic acid

profiles. Phytochemistry, 2016. 127: p. 29-37.

. Kimura, Y., M. Taniguchi, and K. Baba,
Antitumor and antimetastatic effects on
liver of triterpenoid fractions of Ganoderma
lucidum: mechanism of action and isolation
of an active substance. Anticancer research,
2002. 22(6A): p. 3309-3318.

. Boh, B., Ganoderma lucidum: a potential for
biotechnological production of anti-cancer
and immunomodulatory drugs. Recent
patents on anti-cancer drug discovery, 2013.
8(3): p. 255-287.

10.Liang, C., et al., Review of the molecular

mechanisms of Ganoderma lucidum
triterpenoids: Ganoderic acids A, C2, D, F,
DM, X and Y. European Journal of Medicinal
Chemistry, 2019. 174: p. 130-141.
11.Dias, R., et al., Recent advances
extracting phenolic compounds from food
and their use in disease prevention and as
cosmetics. Critical Reviews in Food Science
and Nutrition, 2021. 61(7): p. 1130-1151.

in

114

12.0ludemi, T., et al., Extraction of triterpenoids
and phenolic compounds from Ganoderma
lucidum: optimization study using the
response surface methodology. Food &
function, 2018. 9(1): p. 209-226.

13.Batra, P, A.K. Sharma, and R. Khajuria,
Probing Lingzhi or Reishi medicinal
mushroom Ganoderma lucidum (higher
Basidiomycetes): a bitter mushroom with
amazing health benefits. International
journal of medicinal mushrooms, 2013.
15(2).

14.Manuja, R., et al., A comprehensive review
on biological activities of p-hydroxy benzoic
acid and its derivatives. Int. J. Pharm. Sci.
Rev. Res, 2013. 22(2): p. 109-115.

15.Ma, C.-w., et al., Optimization for the

of  polysaccharides
Ganoderma lucidum and their antioxidant
and antiproliferative activities. Journal of
the Taiwan Institute of Chemical Engineers,
2013. 44(6): p. 886-894.

16.Anh, N.M., et al., Khao sat yéu t6 anh huong
dén qua trinh trich ly triterpenoid tir ndm
linh chi (Ganoderma lucidum) bing phuong
phap enzyme c6 hd tro siéu am. Tap Chi
Khoa Hoc Va Cong Nghé - Pai Hoc Da
Ning, 2021. 19: p. 41 - 46.

17.Geow, C.H., et al., A Review on Extraction
Techniques and Its Future Applications in
Industry. European Journal of Lipid Science
and Technology, 2021. 123(4): p. 2000302.

18.B0 Y T¢, Dugc dién Viét Nam V 2017, Ha
No6i: NXB Y hoc

19.Huynh, P.C., et al., Nghién ctru so ché,
chiét xuat polysaccharide va triterpenoid
tho tir qua thé ndm linh chi. Tap chi Khoa
hoc va Cong nghé-Pai hoc Pa Nang, 2021:
p. 41-46.

extraction from



