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TOM TAT

Dbéng tring ha thdo la mdt loai ndm ky sinh trén cén trung tir ldu dd dworc
biét dén & khu vire Chdu A, Cordyceps militaris (C. militaris) ngay nay dwoc sir
dung rgng rdi hon so véi Cordyceps sinensis (C. sinensis). Cordycepin la hogt
chdt chinh véi nhiéu hoat tinh sinh hoc c6 thé k€ dén nhw khd ndng khdng ung
thw, khdng oxy hod, khdng viém va tdng cwong mién dich. Nghién citu nay
dworc thuc hién nhdm t6i wu héa cdc yéu t6 dnh hudéng dén qud trinh chiét xudt
cordycepin ttr C. militaris. Nghién cteu str dung 3 phwong phdp chiét xudt bao
gém ngdm néng (hot digestion), chiét xudt hé tro siéu @m (ultrasonic-assisted
extraction - UAE) va ngdm kiét (percolation), ddng thoi str dung mé hinh téi
wu héa Box-Behnken théng qua phdn mém Modde 5.0. Ham lwong cordycepin
dworc xdc dinh bdng phwong phdp sdc ky 16ng hiéu ndng cao (HPLC). Két qud
cho thdy phwong phdp ngdm néng thu dwoc ham lwong cordycepin cao nhdt
(~847 mg/g) khi str dung dung méi ethanol 38,7%, thoi gian 65 phtit va nhiét
do6 70,5°C. Ngoai ra, két qud so sdnh giira cdc logi nguyén liéu (loai 1, loai 2 va
hat) cting chi ra rdng ham lwgng cordycepin trong hat cao hon vt tréi so véi
cdc nguyén liéu khdc (hat > logi 2 > logi 1; 23,64 + 0,04 >828 + 0,11 > 4,18 +
0,06 mg/g). Nghién cttu nay sé lam nén tdng cho viéc céng nghiép hod tiém
ndng chiét xudt cordycepin tir C. militaris ciing nhw phdn Idp hoat chdt
cordycepin véi nhiéu muc dich kinh doanh thwong mai khdc.

ABSTRACT

Cordyceps, a parasitic fungus that grows on insects, has long been
recognized in Asia for its medicinal value. Among its species, Cordyceps
militaris (C. militaris) is now more widely utilized than Cordyceps sinensis
(C. sinensis). Cordycepin, the primary bioactive component of C. militaris,
exhibits a range of pharmacological activities including anticancer,
antioxidant, anti-inflammatory, and immunomodulatory effects. This study
aimed to optimize the extraction parameters influencing the yield of
cordycepin from C. militaris. Three extraction techniques were evaluated:
hot digestion, ultrasonic-assisted extraction (UAE), and percolation, with
optimization carried out using a Box-Behnken design implemented in
Modde 5.0 software. The quantification of cordycepin was performed using
high-performance liquid chromatography (HPLC). Results indicated that
hot digestion yielded the highest cordycepin content (~8.47 mg/g) under
optimal conditions of 38.7% ethanol, 65 minutes extraction time, and
70.5°C temperature. Furthermore, comparison among different raw
materials (type 1, type 2, and spores) demonstrated that spores contained
significantly higher cordycepin levels (spores > type 2 > type 1; 23.64 + 0.04
> 828 #+ 0.11 > 4.18 + 0.06 mg/g, respectively). This study will lay the
foundation for the potential industrialization of cordycepin extraction
from C. militaris as well as the isolation of cordycepin for many other
commercial purposes.
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1. Patvandeé

C. militaris 1a mot loai nAm Ky sinh trén
co thé con trung, chira ham lwong cao cac
hop chit hoat tinh sinh hoc vé&i nhiéu dac
tinh sinh hoc cé loi, dwoc tng dung rong rai
trong y hoc. Loai nAim nay da dworc biét dén
rong rai & chau A tlr thoi ¢ dai, déc biét 1a
trong y hoc c6 truyén Trung Hoa (Shweta et
al., 2023). Cordycepin la hop chit hoat tinh
chinh c6 trong C. militaris, véi cac tac dung
sinh hoc néi bat nhw khang ung thw, khang
oxy hoéa, khang viém va ting cwong mién
dich (Zhang et al,, 2023).

Hién nay, da c6 nhiéu nghién ctru va thir
nghiém lién quan dén chiét xuit cordycepin
tir C. militaris nham ning cao gia tri cta loai
nidm nay. Theo cic tai liéu, C. militaris chira
ham lwgng cordycepin cao hon so véi C
sinensis (loai ndm Ky sinh tw nhién trén siu
non), dong thoi thoi gian nudi trong ngin
hon va diéu kién nudi trong ciing don gidn
hon (S& Khoa Hoc va Cong Nghé TPHCM,
2014). Do d6, C. militaris thwong dwoc chon
lam mAu thr nghiém trong cic nghién ciru
chiét xuat cordycepin.

2. Tong quan nghién ciru, co s& ly
thuyét va phwong phap nghién ciru

2.1. Tong quan nghién ciru

Phan 16n cac nghién ctru vé chiét xuit
cordycepin tir C. militaris d&u nham muc tiéu
t6i wu hoa quy trinh dé thu dwgc ham lwong
cordycepin cao nhit trong dich chiét. Cac
nghién ctiu truedc day chu yéu tip trung so
sanh hiéu sudt chiét gitra cac phwong phap
chiét xuit khac nhau, dic biét 1a phwong
phap ngdm ndéng va UAE.

Cac nghién ctru gan diy da chuyén
hwéng sang khao sat cac yéu t6 anh hwong
dén qué trinh chiét xuat cla tirng phwong
phép. Chang han, d6i vi phuong phap ngdm
néng, cac yéu té6 dwoc xem xét bao gom:
nhiét do chiét, ty 1é dung moi, loai dung méij,

do6 pH, nong d6 dung mai va thoi gian ngam.
Trong khi d6, véi phwong phap UAE, cac yéu
t6 nhw tan so siéu 4m, thoi gian siéu 4m, thoi
gian nghi gitra cic chu ky siéu 4m va s6 chu
ky siéu am dwogc nghién ctiru ky lwdng (Wang
etal, 2014).

Tong thé, cic nghién ctru déu nhin
manh hiéu qua vwot trdi ciia phwong phap
UAE trong chiét xuit cordycepin, nho vao
kha ning tiét kiém thoi gian, gidm lwong
dung méi str dung va mang lai hiéu suat chiét
xuat rit cao. Tuy nhién, vin chuwa c6 nghién
ctru nao thyc hién viéc chiét xuit cordycepin
biang phwong phip ngim kiét.

Do d6, nghién ctru nay sé khao sat hiéu
sudt chiét xuit ciia ba phwong phap: ngdm
nong, UAE va ngdm Kkiét, véi cac yéu t6 dwoc
xem xét bao gbm: nong do dung moi, nhiét
do, thoi gian va ty 16 miu/dung maéi, trén
chung C. militarisloai 2. Cac dich chiét sau d6
s& dugc phan tich bang phwong phap HPLC.
Duwa trén két qua phan tich HPLC dé dinh
lwong ham lwong cordycepin trong cic mau
chiét tir ba phwong phap ké trén, lwa chon
phwong phap mang lai két qua tot nhat dé
ti€p tuc chiét xuit trén ba loai mau nguyén
liéu khac nhau (loai 1, loai 2 va hat), tir dé
xac dinh miu nguyén liéu cho ham lwong
cordycepin cao nhat.

2.2. Coscly thuyét

2.2.1. Déng trung ha thdo

Pong trung ha thdo la mét loai ndm ky
sinh trén con trung, trong d6 phan thé qua va
soi ndm (stroma) phat trién tir xac du trung
cta con trung. Nam chi yéu séng Ky sinh trén
phdn dau cta 4u trung loai ngai dic biét
Hepialus armoricanus Oberthur (thudc bd
Canh vy - Lepidoptera). Loai nim nay thudc
nganh Ascomycetes va da dwoc biét dén rong
rdi trong y hoc ¢6 truyén Trung Qudc sudt
hon 300 nam qua (Ashraf et al., 2020).

Tap 21 (8/2025)



TAP CHI KHOA HOC YERSIN - CHUYEN BE KHOA HOC CONG NGHE

Hién nay, déng trung ha thao pho bién
dwoc chia thanh hai loai chinh: C. sinensis,
loai néi tiéng 1au doi, moc tw nhién trong moi
trwong hoang da; va C. militaris, loai dwoc
nuodi cdy nhin tao. Trong do, C. militaris hién
dang dwoc st dung rong rdi hon. Theo
nghién ctru ciia Chou va cdng sv, trong bai
bao “Current progress regarding Cordyceps
militaris, its metabolite function, and its
production”, lwgng cordycepin thu dworc tir
C. militaris cao hon so vé&i C. sinensis (Chou et
al, 2024). Bén canh dé, C. militaris c6 quy
trinh nuéi trong don gian hon va thoi gian
ngan hon dang ké (tdi da 2 thang) trong khi
C. sinensis c6 thé mat dén vai nam dé phat
trién trong méi treong tw nhién. Nho nhirng
wu diém nhw ham lwong cordycepin cao,
thoi gian nudi trong ngan, va diéu kién nudi
trong don gidn, C. militaris da dwgc (ng
dung rong rai trong thi trwomg dwoc liéu va
cac san pham thwc phadm bao vé sirc khoe.
Ngoai ra, & Trung Qudc, C. sinensis da dworc
x€p vao danh sach loai c6 nguy co tuyét
ching do bi khai thac qua mirc va san lwong
suy gidm nghiém trong vi nhu ciu thi trwong
qua cao. Do d6, cac nha khoa hoc vé cong
nghiép dwgc da tim ki€ém mot nguén dwgc
liéu thay thé c6 thé san xuit dai tra, va C.
militaris da chinh thic tré thanh giai phap
thay thé Iy twdng nho vao nhirng loi thé vweot
troi.

2.2.2. Cordyceps militaris

Dinh nghia

C. militaris 12 mot loai nAm thudc ho
Cordycipitaceae, chi Cordyceps. Loai ndm
nay ky sinh trén con trung, dac biét la buém
va 4du trung sdu bwém. Thé qua cha C
militaris c6 mau cam twoi, chiéu dai dao
doéng tir 3-10 cm. Phan dinh thé qua thuong
c6 cac d6m cam sang ndi bat, va toan bo thé
qua moc ra tir xac cda u trung hodc nhong
(Thwong et al., 2016).

Thanh phdn hoat chdt
NH,
N S
o 4T
NT N
O
OH

Hinh 1. Cdu triic héa hoc ctia cordycepin

Cordycepin (3'-deoxyadenosine): Co
tac dung chong ung thw nho kha nang trc ché
sw phat trién cda té bao ung thw; khang viém
thong qua viéc rc ché cac cytokine (mdt
trong nhitng yéu t6 giy viém). Ngoai ra,
cordycepin con c¢6 kha nang trc ché sy phat
trién ctia mot s6 vi khudn va nim giy bénh,
cling nhw s& hitu dac tinh khang oxy hda
(Zhang et al.,, 2023).

Adenosine: Hoat chit nay gitt vai tro
quan trong trong nhiéu qua trinh sinh ly nhw
diéu hoa nhip tim, bdo vé té bao than kinh
(Zhang et al.,, 2023).

Cac phéan tich héa hoc cho thiy sinh
khoi cta C. militaris chira tir 17 dén 19 loai
acid amin khac nhau, D-mannitol va nhiéu
nguyén to vi lwong. Bén canh do, C. militaris
con chi¥a nhiéu vitamin nhw vitamin B12,
vitamin A, vitamin C, vitamin B2, vitamin E,
vitamin K, cing v&i protein va chat béo (S&
Khoa Hoc va Cong Nghé TPHCM, 2014).

Ung dung

Véi nhiéu hoat chit c6 loi, dac biét la
cordycepin - mdt hoat chit c6 nhiéu céng
dung trong viéc cai thién strc khoe va hd tro
diéu tri bénh, C. militaris hién dang rat dwoc
wa chudng va dwoc tim kiém rong rai. Loai
ndm nay thwong dugc st dung trong cic san
pham nhu thwe phdm chirc ning, thao dworc,
hay la thanh phén trong cac loai thudc diéu
tri nhiéu bénh ly nguy hiém.

C. militaris dwoec ti€p thi va phan phdi
téi ngwoi tiéu dung thong qua nhiéu hinh
thirc da dang, bao gom: nim kho, nim twoi,

rap 21 (5/2025)



TAP CHI KHOA HOC YERSIN - CHUYEN BE KHOA HOC CONG NGHE

trng dung trong my pham, pha tra uong, hoic
két hop trong cac loai thwe phdm va d6 uéng
nham ting hiéu qua dinh dudng.

2.2.3. Cdc yéu t6 dnh hwdéng dén hiéu
qud chiét xudt

Nong dé dung méi chiét xudt

Trong cac nghién ctru trwedc diy, nong
d6 ethanol (EtOH) t6i wu da dwoc xac dinh
nhw sau: Hiéu sudt chiét cordycepin cao nhit
dat dugc & ndng do EtOH 60% va bat dau
giam khi nong d6 EtOH ting cao hon (Wang
et al,, 2014); tuy nhién, vao nam 2022, mot
nghién ctru ctia khac chi ra rang hiéu suit
chiét cordycepin cao nhit dat dwoc khi st
dung EtOH 70% (1,10 = 0,095 g/kg
cordycepin/qua thé), trong khi hiéu suit
chiét & EtOH 60% lai khéng cao bang (0,98 +
0,046 g/kg cordycepin/qua thé) (Thwong et
al,, 2022). b€ 1am rd yéu t6 nong do EtOH,
nghién ctru nay sé tién hanh thi nghiém véi
nam nong d6 EtOH khac nhau, cu thé 1a 30,
40, 50, 60 va 70%.

Nhiét do chiét xudt

Vao nam 2014, nghién ctu cé twa dé
“T6i wu hoa phwong phap chiét xuit ho tro
bang siéu am cordycepin tir Cordyceps
militaris bang thiét k& thi nghiém truc giao”
cua Hsiu-Ju Wang va cong sw cho thiy rang
ham lwong cordycepin thu dwoc tang 1én khi
nhiét do chiét xuit ting tir 0°C dén 60°C
(Wang et al,, 2014). Tuy nhién, nghién ctru
nay khong trinh bay quy trinh cu thé va dir
liéu chwa r6 rang. Do d6, nghién ctru sé tién
hanh khdo sat qua trinh chiét xuit & dai
nhiét d6 tir 40°C dén 80°C.

Thoi gian chiét xudt

Twong tw nhw yéu to nhiét do, Hsiu-Ju
Wang va cong suw da chirng minh rang ham
lwong cordycepin cao nhat thu dworc khi thoi
gian chiét xuit ting dén 60 phut, va bat dau
giam khi tang lén 90 phut. Wang giai thich
rang “cac hop chit hoat tinh sé khong hoa
tan thém khi 6 hoa tan cta cac hgp chathoa
tan dat dén gi¢i han bio hoa cung véi sw gia

tang thoi gian chiét xudt, trong khi sw hao
hut cordycepin lai tang 1én do d6 nhdt caa
dung dich chiét xuit tang theo thoi gian” va
két luan rang thoi gian chiét xuit khong nén
virot qua 70 phat (Wang et al.,, 2014). Tuy
nhién, vao niam 2022, Nguyén Thi Lién
Thwong trong bai bao “Khdo sat qua trinh
chiét xuit qua thé Cordyceps militaris dé€ t6i
wu ham lwong cordycepin” cho biét hiéu suit
chiét xuit cao nhit dat dwoc & 120 phut khi
khdo sat tir 30 dén 120 phut (Thwong et al,,
2022). Hiéu suit nay khoang 6,974 g/kg
(cordycepin/qua thé kho), két qua twong tw
nghién cru cia Poan Thi Phwong Thuy va
cong sw (2018) vo&i khodng 6,95 g/kg
(cordycepin/qua thé kho). Do d6, Nghién
clru nay sé khao sat qua trinh tdi wu véi cac
moc thoi gian chiét xuit khac nhau tir 50
phit dén 90 phut.

Ty Ié mdu/dung méi

Trong cac nghién ctru gin day, cu thé la
nghién ctvu vé anh hudng cua diéu kién chiét
xudt ctia Poan Thi Phwong Thuy (2018) va
nghién ctru vé chiét xuit chonloc cordycepin
tr C. militaris cua Chayanid
Sornchaithawatwong (2020), hadu hét cac
nha nghién ciku déu s dung ty 1é
mau/nguyén liéu so v&i dung méi 1a 1/50
(g/ml). Viéc thay doi ty 1&é nay cd thé anh
hwong truc ti€p dén hiéu qua chiét xuit
cordycepin tir C. militaris, do d6 nghién cttu
s& khao sat thém cic ty 16 miu/dung moi
khac nhau.

2.3. Phwong phdp nghién ciru

2.3.1. Lwa chon phwong phdp chiét xudt

MAu nguyén liéu C. militaris dwoc nudi
trong tai Cong ty NAm Nguyén Long (Pa Lat).
Gom 3 loai mau khac nhau:

C. militarisloai 1: nidm phat trién to, dep,
dung cho muc dich thwong mai.

C. militaris loai 2: nAm nho hon, thwa
hon, dung d€ ché bién phu pham.

C. militaris hat: phan nén cia nim (co

s& ndm).
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Nghién ctru str dung ba phwong phap:
ngim nong, UAE va ngam kiét trén cing maot
loai nguyén liéu (C. militaris loai 2). Cac
phwong phap nay sé dwoc ap dung két hop
v&i cac yéu t6 anh hwdng dén qua trinh chiét
xudt dé tién hanh so sanh.

Sau khi thu dwoc dich chiét tir ba
phwong phép trén, tién hanh phan tich bang
phwong phap HPLC nham xac dinh phuong
phap nao cho ham lwgng cordycepin cao
nhit. Tiép tuc st dung phwong phap hiéu
qué nhit dé so sanh miu nguyén liéu nao
cho ham lwgng cordycepin cao nhit.

Phwong phap UAE: can 0,3 g nguyén liéu
cho vao binh dinh m&c 50 ml, thém 15 ml
dung mo6i EtOH 40%. Dung dich dwoc siéu am
& nhiét do 60°C trong 60 phut. Hon hop sau
d6 dwoc loc qua gidy loc dé loai bo cin ba.
Dich chiét dworc c6 dac & 85°C. (Luwu y: Nhiét
d6 qua 90°C c6 thé lJam mit hoat chat).

Phwong phap ngadm néng: can 0,3 g
nguyén liéu vao binh dinh mirc 50ml, thém
15ml dung moi EtOH 40%. Dung dich dworc
ngim dun trong bé cach thiy & nhiét d6 60°C
trong 60 phut. Sau d6 hdn hop dwoc loc qua
gidy loc va dich chiét dworc c6 dic & 85°C.

Phwong phap ngdm kiét: chuin bi mé
hinh chiét ngdm kiét véi 1,0 g nguyén liéu va
50 ml dung mo6i EtOH 40%. Ngam trong 24
gior roi bat dau chiét rut dich chiét. Dich chiét
dwoc c6 dac & 85°C.

Hiéu suit chiét thu dwoc dwa trén khoi
lwong nguyén liéu thé dwgc tinh nhw sau:

M cao sau co

H% = —
° [mnguyén libu * (100% — do am%)]

* 100%

Két qua khao sat so bd sé dwoc dwa vao
md hinh Box - Behnken va tiép tuc khao sat
& pham vi thip hon dwa trén phin mém
Modde 5.0. Ham lwong cordycepin thu dugc
trong dich chiét dwoc x4c dinh bang phwong
phap HPLC.

2.3.2. Téi wu hod cdc yéu té bang phdn
mém Modde 5.0

Nghién ctru tién hanh khao sat ba yéu td
diéu kién bao gom: nhiét do, nong do6 dung
moi va thoi gian chiét xuat. Nghién ctru nay
t0i wu hda cac yéu td bing phan mém Modde
5.0 véi mo6 hinh Box - Behnken. Modde 5.0 la
phidn mém chuyén dung dé t6i wu hoa cac
yéu té anh hwdng trong quy trinh.

2.3.3. Phan tich HPLC ham Iwong
cordycepin

Dung méi 1a hon hop EtOH - nwér.

Hé thong HPLC st dung la UHPLC
Thermo Scientific Ultimate 3000, trang bi
detector DAD va TSQ Fortis. Cot sic ky la
BDS Hypersil C18 (150x2.1 mm, 3um). Téc
do dong chay: 0,1 ml/phut. Budc song: 260
nm. Dung moi: 1% acid formic trong nwéc
(A) va 1% acid formic trong acetonitrile (B).

Cordycepin chuin (CAS: 73-03-0), do
tinh khiét gan 98%, mua tlr cong ty Sigma
Aldrich (M¥).

3. Két qua nghién ctru

3.1. Két qud khdo sdt so’ bg

3.1.1. Két qud khdo sdt bdng phwong
phdp UAE

Két qua khdo sdt néng dé dung méi
EtOH

Két qua khdo sat nong dé6 dung moi
EtOH (Hinh 2) cho thiy hiéu suit thu dworc
cao nhat la 44,27% khi st dung dung moi
EtOH 60%.

N
=)

44.27

t (%)
N ESN
N ESN

7
A

éu sua

Hié
N
(e

L

30%  4Q0% 50% 60% 70%
Nong d3 EtOH (%)

Hinh 2. Biéu d6 méi quan hé giira hiéu
sudt va néng do EtOH (UAE)

98]
o]
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Két quad khdo sdt nhiét dé chiét xudt

K&t qua khdo sat nhiét do chiét xuat
(Hinh 3) cho thdy khi st dung phuwong
phap UAE véi dung moi EtOH 60% trong
60 phut, hiéu sut chiét cao nhit dat dwoc
& nhiét do 60°C. Khi nhiét do tang vuot qua
60°C, hiéu suit cé xu hwéng gidm nhwng
khéng dang Ké.

40
38 -

éu sut (%)
(8] (O8]
ISQEINCN
L

A

(98]
[\
1

Hi
(V%)
el
1

[\
oo

40 50 60 70 80 90

Nhiét d§ chiét xuit (°C)

Hinh 3. Biéu do6 méi quan hé gitva hiéu
sudt va nhiét dj chiét xudt (UAE)

Két qua khdo sdt thoi gian chiét xudt

Két qua khao sat vé thoi gian chiét xuit
(Hinh 4) cho thay hiéu suit cao nhat dat
dwoc khi thoi gian siéu am la 60 phat. Khi
kéo dai thoi gian siéu 4m hon nira, hiéu suit
lai gidm. Nguyén nhén c6 thé do sau khi dat
dinh & 60 phut, viéc tiép tuc siéu 4m cé thé
gy phan hiy va bay hoi cdc hop chit co hoat
tinh trong dung dich chiét.

40 A
37.12 37.27 37.14

(98]
oo

36.47

t (%)

(O8]
[@)
1

7
A

éu sua

4328

W
N

oA

Hi
[9%)
e}

L

(8]
S

50 60 70 80 90
Thoi gian chiét xuit (phut)
Hinh 4. Biéu d6 méi quan hé giira hiéu
sudt va thoi gian chiét xudt (UAE)

3.1.2. Két qua khdo sdt bang phwong
phdp ngdm ndng

Két quad khdo sdt nong dé dung méi
EtOH

K&t qua khao sat (Hinh 5) cho thay
phwong phdp ngdm néng dat hiéu suit
chiét cao nhit khi str dung dung méi EtOH
40%. Khi né6ng d6 EtOH ting cao hon, hiéu
suit giam dang ké. Diéu nay cho thay
trong phwong phap ngdm ndng, nguyén
liéu hoa tan tot hon trong moi treong c6
ham lwgng nwéc cao (phan cwe hon). Tuy
nhién, hiéu suit chiét thu dwoc van thip
hon dang ké so v&i phwong phap UAE.
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Hinh 5. Biéu d6 mdi quan hé giita hiéu
sudt va néng dé EtOH (ngdm néng)
Két quad khdo sdt nhiét dé chiét xudt

Két qua khao sat nhiét do (Hinh 6) cho
thady ngdm néng trong 60 phut & 70°C cho
hiéu suat chiét cao nhit. Khi nhiét d6 tiép tuc
ting, hiéu suit chiét gidm dan, cho thiy rang
nhiét dé qua cao c6 thé anh hwong dén cac
hoat chit trong dich chiét, khién chiing bay
hoi cung véi EtOH.
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Hinh 6. Biéu do méi quan hé gitra hiéu
sudt va nhiét dj chiét xudt (ngdm néng)

Két qua khdo sdt thoi gian chiét xudt

Két qua khao sat thoi gian chiét xuit
dwoc thé hién & (Hinh 7), hiéu suit dat mic
t6i wu tai thoi diém 60 phut. Khi thoi gian
tang 1én 70 phut, hiéu suat cé cai thién nhe
nhwng khéng dang ké. Tuy nhién, & 80 phut,
hiéu suit bit dau gidm. Do d6, d€ t6i wu hda
hiéu qud, tiét kiém thoi gian, dung méi va chi
phi, phwong phap ngdm ndng cho két qua tot
nhat & thoi gian 60 phait.
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Hinh 7. Biéu d6 méi quan hé giira hiéu
sudt va thoi gian chiét xudt (ngdm néng)

3.1.3.  Phwong phdp ngdm kiét
Két qua khdo sdt nong dé dung mai
EtOH Két qua & (Hinh 8) cho thiy twong tw
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nhu phuwong phap UAE, dung m6i mang lai
hiéu suat chiét xuat tot nhat la EtOH 60%.
Khi noéng d6 dung méi tiép tuc ting cao hon,
hiéu sudt chiét giam dang ké.

Hinh 8. Biéu d6 mdi quan hé gitra hiéu
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sudt va néng dé EtOH (ngdm kiét)

Két qua khdo sdt ty 1é mau/dung méi

Tai ty 1€ 1:60 (g/ml), hiéu suit dat mirc
cao nhit. Khi thé tich dung moi tiép tuc
tang, hiéu suit cé thay d6i nhung khong
dang ké (Hinh 9).

Hinh 9. Biéu d6 méi quan hé giira hiéu
sudt va ty 16 mau/dung méi (ngdm kiét)
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3.2. Két quad toi wu héa diéu kién chiét xudt cordycepin

3.2.1. Két qud t6i wu héa bdng phwong phdp UAE

Bang 1. Ham lwong cordycepin véi md hinh Box-Behnken bang phwong phap

UAE

ST MATN 8 E:IY: Nh(i(_)éé)d‘?’ Co(rrggegr)’i“ i
(phi) (n=3)
1 -0 l?;tsooz 55 60 4,49 0,04
2 0- itsooj: 60 55 4,40 0,05
3 T 65 5,06 0,12
4 -+0 Ets(?);l 65 60 4,94 0,02
5 0-- 12%22 55 55 3,21 0,01
6 0+ Lol 55 65 3,61 0,08
7 000 o 60 60 3,39 0,02
8 000 o 60 60 3,27 0,08
9 o0 U 60 60 3,39 0,13
10 0+- Eg%%z 65 55 3,25 0,03
1o L 6s 65 3,76 0,04
1z w0 POM s 60 3,18 0,01
13 +0- E;;z 60 55 2,96 0,01
14 +0+ Egtscf;: 60 65 3,2 0,04
15 +40 E6:t5c3)21 65 60 3,14 0,06
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biéu nay dwgc thé hién ré hon trong
mo hinh bé mit phan &ng 4D (Hinh 10),
phan anh tac dong cta cac yéu t6 1én ham
lwong cordycepin.

Khi nong d6 EtOH gidam xudng con
55%, ham lwong cordycepin lién tuc tang.
Ngwoc lai, khi nong do EtOH ting 1én, ham
lwong cordycepin lai gidam. Ngoai ra, Kkhi
thoi gian siéu 4m tiép tuc tang, ham lwong
cordycepin c6 xu hwéng tiép tuc ting thém.
Khi nhiét do ti€p tuc ting, ham lwong
cordycepin c6 kha nang ciling sé tang theo.

Temperature = 55 £ Tempefature =60

Temperature = 65

Hinh 10. M6 hinh bé mdt ddp trng 4D
ctia cdc yéu (UAE)

K& qua dw doan tir cong cu
Prediction Optimizer trong phin mém
Modde 5.0 (Bang 2), vin chuwa thé két
ludn dwoc cac théng s6 to6i wu cho
phwong phap UAE, vi khi cac yéu t6 tiép
tuc thay ddi, ham lwong cordycepin van
c6 kha ning tiép tuc ting.

Tl cac két qua trén, co6 thé thiy rang
viéc sit dung dung moi EtOH v&i néng do
thap hon cho hiéu qua chiét cordycepin

tot hon. Ngoai ra, néu tiép tuc ting thoi
gian va nhiét do trong phwong phap UAE,
ham lwong cordycepin cé thé tiép tuc
tang. Tuy nhién, nhw da ban luan truwédc
d6, két quad cho thdy ham lwong
cordycepin trong dich chiét khong c6 méi
twong quan ro rang véi hiéu suit chiét
thu duoc.

Mic du vay, phwong phap UAE van can
dwoc can nhic st dung cho chiét xuit
cordycepin do cac yéu té nhuw: lwgng dung
moi st dung, mkc tiéu thu nang lwong va
yéu cau vé thiét bi. Phwong phap UAE doi
hoi thiét bi chuyén dung nhuw bé siéu 4m, va
néu tiép tuc tang thoi gian va nhiét do, diéu
dau tién chung ta phai d6i mat 1a chi phi va
tiéu thu dién nang ting dang ké. Hon nira,
ham lwong cordycepin thu dwoc cling cé
thé khong cao bang so véi phwong phap
ngam nong.

Bang 2. Cac thdéng s6 t6i wu du doan
b&i phan mém Modde 5.0 (UAE)

STT| EtOH | Thoi [Nhiét do|Cordycepin

o) | B | (mgyg)
(°Q)
(phiit)

1 |55,0438(64,9989 64,9954 5314
2 |64,9924|55,0004|64,9999 3,3146
3 |55,0448|62,4987 (64,9171 5,1426
4 |55,0190(64,9996|61,7486| 5,0597
5 |55,0032| 65 61,523 5,0477
6 |55,1592|64,9998|64,9998 5,2673
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3.2.2. Két qua t6i wu héa bdng phwong phdp ngdm néng

Bang 3. Ham luong cordycepin véi mo hinh Box-Behnken bang phwong phap

ngam nong
STT MATN Dungmoi Thoi g,gian Nhiét d6 Cordycepin DO 1éch chuin
(phut) (°C) (mg/g) (n=3)
1 --0 EtOH 35% 55 70 6,83 0,00
2 -0- EtOH 35% 60 65 7,11 0,04
3 -0+ EtOH 35% 60 75 7,55 0,06
4 -+0 EtOH 35% 65 70 7,62 0,11
5 0-- EtOH 40% 55 65 7,71 0,16
6 0-+ EtOH 40% 55 75 7,94 0,11
7 000 EtOH 40% 60 70 8,23 0,12
8 000 EtOH 40% 60 70 8,35 0,16
9 000 EtOH 40% 60 70 8,28 0,11
10 0+-  EtOH 40% 65 65 8,01 0,07
11 0++ EtOH 40% 65 75 8,15 0,12
12 +-0 EtOH 45% 55 70 6,54 0,15
13 +0-  EtOH 45% 60 65 6,52 0,1
14 +0+ EtOH 45% 60 75 5,7 0,14
15 ++0  EtOH 45% 65 70 6,65 0,14

Khi néng d6 EtOH vao khoang 38,7%,
ham lwgng cordycepin dat mirc cao nhat
(~8,47 mg/g) (Bang 4). Khi nbéng do
EtOH tang cao hon, ham
cordycepin cé xu hwéng gidm. Do d6, can
c6 sw can bang gitta hiéu suit chiét va
lwvong tap chat c6 trong dich chiét. Khi
thoi chiét ting, ham
cordycepin cling tang theo. Tuy nhién,
sau khi dat dén 63 phit, mirc ting khong
con dang k& Twong tw, khi nhiét do ting,
ham lwong cordycepin ciling tang. Tuy nhién,

lwong

gian lwong

can luu y rang néu nhiét do qua cao co thé
anh hwdng dén cac hgp chat hoat tinh trong
dich chiét. Trwéc d6, khi khado sat hiéu suat
chiét, phwong phap UAE cho két qua cao hon
phwong phap ngdm ndéng. Tuy nhién, véi két
qua dinh lwgng ham lwong cordycepin hién
tai, phwong phap ngdm noéng lai cho két qua

cao hon ro rét, dac biét 1a khi st dung dung
moi c6 nong do EtOH thip hon (Hinh 11).

‘ @
 /

Temperature =65 - -

"=, _ Temperature = 70

T;mperéture =75
Hinh 11. M6 hinh bé mdt ddp ting 4D
ctia cdc yéu té (n
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Két qua dy doan tir cdng cu Prediction
Optimizer trong phin mém Modde 5.0
(Bang 4), cac diéu kién chiét xuit téi wu cho
phuwong phap ngdm néng dwoc xac dinh la:
noéng do EtOH: 38,7%; thoi gian chiét xuat:
65 phut; nhiét do chiét xuit: 70,5°C. Cac
théng s6 nay dwoc lwa chon nham téi wu
héa ham lwgng cordycepin trong dich chiét,
dong thoi ddm bao hiéu qua vé mat chi phi
va thoi gian trong qué trinh san xuét.

Bang 4. Cac thong s6 t6i wu dw doan
bé&i phan mém Modde 5.0 (ngdm néng)

Thoi Nhiét
EtOH i o i
STT t0 glz-lil d6 chiét Cordycepin
(%) chiét (°C) (mg/g)
(phut)
1 |38,7373 64,9982 | 70,5127 8,4703
2 38,7218 | 64,999 | 70,5103 8,4703
3 |38,7442 | 64,9993 | 70,5607 8,4703
4 |38,7722| 64,9925 | 70,4857 8,4701

3.2.3. Két qud t6i wu héa bdang phwong
phdp ngdm kiét

Speed =1 Speed = 2

Speed =3
Hinh 12. M6 hinh bé mdt ddp tng 4D
ctia cdc yéu té (ngdm kiét)

Twong tw nhuw két qua cua hai phwong
phép truéc, nong dd EtOH cang thip thi két
qua thu dwoc cang tot (Hinh 12). Nong do
t6i wu c6 thé nam & khoang 38,7%, nhw da
dwoc chi ra trong phwong phap ngdm ndng.
Viéc ting néng dé EtOH chi lam giam ham
lwong cordycepin thu dwgc. Khi ty 1€ dung
moi/nguyén liéu (ml/g) tié€p tuc ting, ham
lwgng Cordycepin cé xu hwdng tang thém.
Tuy nhién, khi toc do rat dich chiét thay déi,
ham lwgng cordycepin khéng thay déi dang
ké. Dua trén két qua dw doan tir cong cu
Prediction Optimizer trong phidn mém
Modde 5.0 (Bang 5), twong tw nhw phwong
phap UAE, van chwa thé xac dinh duwoc
thong so tdi wu cho phwong phap ngdm kiét.

Mac du phwong phap ngdm kiét c6
wu diém 1a dé trién khai va c6é thé ap
dung & quy mo cong nghiép, tuy nhién
so v&i phwong phap ngam néng, thoi
gian thwc hién dai hon, lwong dung méi
st dung khong dwoc to6i wu, va ham
lwong cordycepin thu dwgc ciing thap
hon dang ké.

Vi vy, xét vé tong thé hiéu qua chiét
xuat, tiét kiém chi phi va thoi gian, phwong
phap ngdm néng van chiém wu thé hon.

Bang 5. Cac thong s t6i wu du doan
b&i phan mém Modde 5.0 (ngdm kiét)

Ty 1é dun Téc ab
EtOH yﬂ_' 8 rut dich| Cordycepin
STT moi/dworc e

(%) lidu (ml/g) chiét (mg/g)

- &) (phut)
1 55 55 3 5,9142
2 55 55,0016 1,977 5,8372
3 55 65 1 6,5842
4 55 63,4313 | 2,9999 6,3874
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3.3. Két qua ham lwong Cordycepin
trong cdc loai nguyén liéu khdc nhau

Két qua ham lwong cordycepin trong
cac loai C. militaris khac nhau dwoc trinh
bay & (Bang 6), str dung phwong phap ngam
néng véi cac yéu to duoc gitr 6n dinh nhw
sau: dung moi EtOH 40%; thoi gian: 60
phut; nhiét do: 70°C.

Bang 6. Ham lwong cordycepin trong cac
loai mAu nguyén liéu khac nhau

MAu Cordycepin (mg/g)
C. militaris loai 1 4,18 + 0,06
C. militaris loai 2 8,28+0,11
C. militaris hat 23,64 = 0,04

Két qua cho thay phan hat nim (dé) c6
ham lwong cordycepin cao nhat (23,64 + 0,04
mg/g) so véi cAc mau con lai, trong khi C.
militaris loai 1 - von dwgc nudi trong theo
tiéu chuan thwong mai cao - lai c6 ham lwong
thap nhit (4,18 + 0,06 mg/g).

Diéu nay cho thdy riang mic du C.
militaris loai 1 dat chuin vé mat hinh
dang va muc dich thwong mai, nhwng lai
khong c6 ham lwgng hoat chat cordycepin
cao nhit. Tuy nhién, miu nay van cé thé
chira cac hoat chit sinh hoc ¢6 loi khac &
néong do6 cao hon, ching han nhuw
Adenosine, polysaccharides, hoac cac hop
chit sinh hoc khac.

4. Kétluin va ban luin

Phwong phap ngdm néng la phwong
phép cho két qua chiét xuit cordycepin
cao nhit (~8,47 mg/g) tir C. militaris loai
2, so v&i hai phwong phap UAE va ngdm
kiét. Tuy nhién, hiéu suit chiét (tic

lwong chit khé thu dwoc sau chiét xuat
tlr nguyén liéu kho6 ban dau) cia phwong
phap nay lai thidp nhit trong ba phwong
phap. Nguwoc lai, phwong phap UAE va
ngidm kiét cho hiéu sudt chiét cao hon
dang ké, nhwng ham lwong cordycepin
trong dich chiét lai thdp hon. Diéu nay
cho thdy rang: hiéu suit chiét thu dwoc
nhiéu khong dong nghia véi ham lwong
cordycepin cao; lwong chit ran cao c6 thé
dén ttr cAc hop chit khdc nhw Adenosine,
Polysaccharides, v.v. Ngoai ra, phwong
phdp ngdm néng ciing c6 nhiéu lgi thé
hon so véi UAE va ngdm Kiét, cu thé: tiét
kiém nang lwong, khong yéu cau thiét bi
chuyén dung nhw bé siéu am, tiéu tén it
dung méi hon UAE, thoi gian thyc hién
ngan hon nhiéu so véi ngdm kiét. Tém lai,
phuwong phap ngam néng khong chi hiéu
qua vé mat ham lwong cordycepin, ma
con toi wu vé chi phi, thiét bi va thoi gian
van hanh.

Viéc chiét xudt cordycepin bang
phwong phdp ngdm ndéng dat hiéu qua toi
wu (~8,47 mg/g) khi st dung: dung moi
EtOH 38,7%, thoi gian chiét: 65 phut,
nhiét do chiét: 70,5°C. Pay 1a t6 hop diéu
kién dwoc xac dinh 13 t6i wu dwa trén cac
khdo sat va dw doan tir cong cu
Prediction Optimizer trong phidn mém
Modde 5.0, cho phép dat dwoc ham lwong
Cordycepin cao nhit tw C. militaris.

Két qua dinh lwgng cordycepin bang
phuwong phap HPLC trén ba loai miu: C.
militaris loai 1, loai 2 va hat chi ra rang
mac du loai 1 12 sdn phdm dwgc tuyén
chon ky lwdng va cé gia tri kinh té cao
nhat, nhwng khéng phai la loai chivra ham
lwong cordycepin cao nhit. Cu thé, hat
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chira cordycepin cao nhit: 23,64 + 0,04
mg/g, loai 2 ding th hai: 8,28 + 0,11
mg/g (du hinh thai va kich thwéc khoéng
toi wu nhw loai 1), loai 1 c6 ham lwong
thdp nhat: 4,18 + 0,06 mg/g. K&t qua nay
cho thay gia tri kinh té hodc ngoai hinh
san pham khéng phan anh tryc tiép ham
lwong hoat chit cordycepin bén trong.
biéu nay m& ra hwdng nghién ctru sdu
hon vé méi lién hé gitra nguon goc gidng,
diéu kién nudi trong va chat lwong dwoc
tinh thuec té.

Nghién ctru nay sé dat nén méng cho
kha nang cong nghiép héa quy trinh chiét
xudt cordycepin tir Pong trung ha thao C.
militaris nudi cdy nhan tao, dong thoi mé
ra tiém nidng tach chiét cordycepin dé
phuc vu nhiéu muc dich thwong mai khac
trong twong lai.

Ngoai cac phan tich vé hiéu suit va
ham lwgng cordycepin & cac phwong
phép chiét xuit khac nhau, nghién ctru
nay con mang lai nhiéu y nghia thuc tién,
dac biét doi véi cac linh vec ng dung
nhw cong nghiép thwc phdm chirc ning
va dwoc phdm. Cordycepin, hoat chit
chinh d3 dwgc chirng minh c6 nhiéu hoat
tinh sinh hoc quan trong nhw khang ung
thw, khang viém, chéng oxy hoa va tiang
cwong mién dich. Viéc xac dinh dwgc
phwong phap chiét xuit hiéu qua, én
dinh va tiét kiém nhw ngdm néng giup
m& ra kha nang &wng dung quy mo cong
nghiép ma khéng can trang thiét bi phirc
tap, tir d6 gidm chi phi dau tw ban dau
cho doanh nghiép.

Diac biét, phat hién rang phan
nguyén liéu “hat” c6 ham lwong
cordycepin vuot troi so véi phan qua
thé (du khoéng dat chudn hinh thai
thwong mai) cho thdy tiém ning tin
dung nguyén liéu phu phdm hodc phé
phdm trong qua trinh san xuit nim.
biéu nay vira téi wu hoda chi phi nguyén
liéu, vira gép phan giam lang phi trong
san xult, dong thoi tao ra nguén nguyén
liéu dwoc liéu méi c6 gia tri kinh té cao.
bay la hwéng di day hira hen cho cac co
s& san xuidt thwc phidm chirc nang,
thwong gap khé khan vé chi phi nguyén
liéu va chuin héa hoat chAt.

Trong linh vwc dwoc phdm, quy trinh
chiét xuit dwoc téi wu hda khong chi
phuc vu muc dich dinh lwgng cordycepin
ma con c6 thé mé rong &ng dung trong
quy trinh phén lap, tinh ché va phat trién
nguyén liéu dwoc phdm dat chuin.

Tt goc d6 chuyén giao cong nghé, két
qua nghién ctru nay cé thé la tién dé dé
xiy dwng quy trinh chiét xuit tiéu chuin
hoa theo hwéng GMP cho cac co s& san
xudt dwoc liéu hodc thwc phdm chirc
nang. Hon nita, phwong phap tiép cin tdi
wu hoa bang moé hinh Box-Behnken va
phdn mém Modde 5.0 hoan toan cé thé
nhan rong ap dung cho cac loai dwoc liéu
khéac, giip nang cao hiéu qua nghién ctru
va phat trién san phidm tir ngudn géc tw
nhién tai Viét Nam.
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