=

TAP CHI KIEM NGHIEM DUGC VA MI PHAM < $6 01 Tap 22 Nam 2024

SIMULTANEOUS DETERMINATION OF ADENOSINE AND CORDYCEPIN
IN CORDYCEPS-CONTAINING DIETARY SUPPLEMENTS
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Abstract: Cordyceps is a valuable medicinal mushroom genus with multiple health benefits such as
improving health, strengthening the immune system, fighting cancer, or supporting the nervous system.
Currently Vietnamese Pharmacopoeia does not contain any monograph on Cordyceps. Thus, it is imperative
to do research on quantifying quality markers and evaluating the quality of Cordyceps and related products,
contributing to post-market surveillance. Referencing to Chinese Pharmacopoeia 2020, this study developed a
method to simulteneously determine adenosine and cordycepin. Using ICH and AOAC guidelines, the method
was validated for sample matrices including Cordyceps and dietary supplements containing it (solid, liquid, and
oily formats). Next, the method was used to analyze 26 samples including Cordyceps and dietary supplements
circulated in the market with Cordyceps declarance on their labels. The results show that these products contain

adenosine and cordycepin but at various levels.
Keywords: Cordyceps, adenosine, cordycepin.

DINH LUONG DONG THO1 ADENOSIN VA CORDYCEPIN
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Tom Tit: Pong tring ha thao Cordyceps la mot chi nam duwoc liéu quy véi nhiéu cong dung nhuw boi bé

suc khoe, tang cuwong hé mién dich, chong ung thu, ho tro' hé than kinh. Hién nay Duoc dién Viet Nam chira co

chuyén lugn cho Dong trung ha thao. Do vay, viéc nghién ciru phwong phap dinh lwong va danh gia ham lirong
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chat trong Dong trung 6 Viét Nam la rdt can thiét, gép phan vdo céng tdc gidm sdt chat heong dwoc liéu va cac
san pham thiee phdm bao vé sirc khée (TPBVSK) chita dwoc liéu quy nay. Nghién cieu da xdy dung phwong phap
dinh leong dong thoi hai chdt adenosin va cordycepm duea trén phwong phdp cua Durgc dién Trung Quoc 2020.
Phwong phap da dirgc tham dinh trén cac nén mau dwoc liéu, mau TPBVSK dang rdn, dau, long theo hiréng
dan ciia AOAC va ICH. Tiép theo, phiong phdp duwoc ap dung dé xdc dinh ham lwong adenosin va cordycepin
trong 26 mau duoc liéu va TPBVSK trén thi truong co cong bé thong tin Déng trimg ha thao trén nhén. Két
qud cho thdy cé sw hién dién ciia chat chi diém adenosin va cordycepin, nhing ham heong trong cdc mau con

rat khac nhau.

Tir khoa: Cordyceps, Pong trung ha thao, adenosin, cordycepin.

1. PAT VAN DE

bong trung ha thao (PTHT) Cordyceps 1a mét loai
nam duoc liéu co giatri cao voi nhiéu loi ich strc khoe bao
gdm bdi bd strc khoe, ting cuong hé mién dich, chéng
ung thu hay hd tro hé than kinh. DPTHT c6 hon 750 loai,
trong d6 tiéu biéu va phd bién nhét 1a loai Cordyceps
sinesis va Cordyceps militaris [1]. T nhiing ndm 2010,
nudi trong C. militaris trén quy mo 16n nhanh chong gia
tang tai Viét Nam, bat kip v6i xu thé nudi trong DTHT
& Trung Qudc, Nhat Ban, Han Quéc, Thai Lan. Téi thoi
diém hién tai, hé sinh thai DPTHT trong nudc ngdy cang
phong phu da dang. Bén canh C. militaris chiém da s,
cac loai Cordyceps khéac ciing xuat hién trén lanh thd va
thi truong Viét Nam.

Duoc dién Viét Nam 14 vin ban quy pham ky thudt
quan trong vé tiéu chudn héa nguyén lidu hoa dugc va
thanh phém héa duge, tiéu chuan vé duoc liéu va thude tir
dugc liéu, ... phuc vu cong tac quan ly, kiém tra giam sat
chat luong san Xudt, xuat nhap khau va luu thong thude
trén thi truong Viét Nam. Cac chuyén luan ctia Dugc dién
dat ra céc chi tiéu danh gia toan dién vé chét lugng thudc,
véi cac phép thu c6 do tin cdy cao, phu hgp véi thong 1€
qudc té va hai hoa véi Duoc dién ciia cac quc gia tién tién
trén thé gioi. La mot dat nudc c6 ngudn Duge liéu phat
trién phong phu, da dang va dang trén da hoi nhap sau rong
v6i nén kinh té thé gioi, Dugc dién Viét Nam c6 tiém ning
gitp thuc day mua ban va sir dung céc loai thube va duoc
liéu thong qua tiéu chuédn kiém soat chit luong [2].

Viée phit trién phuong phép hai hoa véi cac Duge dién
va phu hop v6i nhu cau trong nudc dé danh gla ham lugng
hoat chit trong DPTHT va cac ché pham 14 can thiét. Dugc
dién Trung Qudc c6 chuyén luan Cordyceps quy dinh tiéu
chudn chat lugng cho loai Cordyceps sinesis. Chuyén
luan nay str dung adenosin lam chét chi diém trong phan
tich dinh luong bang phuong phap sic ky long hiéu
nang cao (HPLC). Miac du adenosin ¢6 loi ich duoc 1y,
nong do adenosin trong C. militaris khong cao nhu trong
C. sinesis. Trong khi d6, cordycepin, mot dan Xuit tu
nhién ctia adenosin v6i nhidu hoat tinh sinh hoc manh, lai
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¢6 ndng do cao hon nhiéu trong C. militaris so v6i trong
C. sinesis [1]. Nhiéu nghién ciru tai Viét Nam va trén thé
gioi hién dang st dung ca adenosin va cordycepin lam
cht chi diém cht luong cho DTHT [3]-[8].

Nghién ctru xay dung phuong phap xéac dinh dong
thoi ham Iugng chat chi diém adenosin va cordycepin
trong Pong trung ha thao Cordyceps dua trén Duogc
dién Trung Qudc 2020 [9]. G1a tr1 su dung cua phuong
phap dugce xac dinh trén nén mau duoc liéu va nen
mau thye pham bao vé stic khoe (TPBVSK) dang rén,
dau va 16ng v6i cac thong sb: do dic hiéu, tinh tuyén
tinh, d6 dung, do chum, gidi han phat hién va gidi han
dinh luong theo yéu ciu cua ICH va AOAC [10]; do
khéong dam bao do ciing duoc tinh toan theo yéu cau cua
ISO/IEC 17025:2017. V&i phuong phap di duoc tham
dinh, 26 mau dugc liéu va TPBVSK dang luu hanh trén
thi truong c6 cong bd thong tin Pong tring ha thao trén
nhin duoc phéan tich dé ddnh gid do dong nhit chat
luong san pham.
2.VAT LIEU VA PHUONG PHAPNGHIEN CUU
2.1. Poi twong nghién ciru

D6i tuong nghién ciru 1a chit chi diém adenosin
va cordycepin cuia Cordyceps trong mau dugc liéu va
TPBVSK (dang ran, dau, long) dugc Iuu hanh trén thi
trudng co cong bd thong tin Pong tring ha thao trén nhan.
2.2. Chit chuén, héa chit

Chdt chudn doi chiéu: Adenosin CRS (99,77 %
C,oH,;N0,; 16 DSTDX004701) va cordycepin CRS (99,09

13775

% C oH,3N,0;; 16 DSTDC006501)-Desite, Trung Qudc.

Héa chdt, thuéc thir: Methanol HPLC-J.T. Baker,
My; natri dihydrophosphat monohydrat va dinatri
hydrophosphat dodecahydrat PA-Merck, Duc; nudc siéu
tinh khiét-h¢ thong loc nudc Mili-Q IQ 7000 -Merck, Dtec.
2.3. Thiét bi, dung cu

Hé thong sdc ky long hiéu ning cao HPLC: HPLC
Prominence-i LC-2030C 3D-Shimadzu, Nhat, dau do day
diode quang (PDA), v6i phan mém LabSolutions.
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Thiét bi, dung cu khdc: Can vi phan tich 6 s 1é Mettler
Toledo PX26, Thuy Sy; can phan tich 5 s6 1é Mettler
Toledo MS 105, Thuy S¥; micropipet 1000 va 5000 pl-
Eppendorff, Dtic; va cac dung cu thuy tinh déu duoc hiéu
chuan,

2.4. Mu phan tich

Mau nén - khong chira chat phan tich: Nghién ctru sir
dung mau tring bao gdm dung méi pha mau, dai dién nén
mau ran (vién nang ctg chira ta duoc thudng ding trong
TPBVSK); dai di¢n nén miu dau (vién nang mém) va dai
dién nén mau long (chira ta duoc thudng ding trong cac
cong thic bao ché dang 10ng).

Mau thuc dé phén tich bao gém 26 mau (BTHT va
TPBVSK c6 chira PTHT duoc luu hanh trén thi truong),
trong d6 ¢6 9 mau duoc liéu, 14 mau TPBVSK dang rén,
2 méu dang 1ong va 1 mau dang dau.

2.5. Phwong phap phén tich

Day chuan lam viéc:

Pha diy chuén hdn hop c6 ndng d6 0,07, 1,0, 10,0,
20,0, va 40,0 pg/ml cho tung chét chuén adenosin va
cordycepin trong methanol 50 % tir dung dich chuan gdc.

Dung dich thie:

Xt 1y so bd cac loai mau nhur sau. Vi mau duoc liéu,
cét nho, xay thanh bot sau d6 1iy phan bot di qua riy véi
c¢d miét ray 0,355 mm. Vi mau ran, dong nhat mau bang
cach nghién thanh bt min 20 vién hoac phén bot chira
trong 20 vién. V6i miu diu, ddng nhit mau bang cach
tron déu phan dich chta trong 20 vién nang mém. Véi
mau l6ng, dong nhat mau bang cach tron déu tir 3 - 5 don
vi dong gbi tiy thé tich.

Mau thtr dugc chuan bi nhu tiép theo: Vi mau dugc
liéu, mAu rn, hay mau dang dau, can chinh x4c khoang
1,000 g mau cho vao binh dinh mtrc 50 ml, thém khoang
30 ml methanol 50 %, siéu 4m trong 30 phut (mau rén,
mau dang dﬁu) hodc 60 phat (mau duoc liéu), lac, dé
ngudi, thém methanol 50 % dén vach, va loc qua mang
loc 0,22 um. Vi mau léng, 14y chinh xac 20 ml ché phdm
cho vao binh dinh mirc 50 ml, thém methanol 50 % dén
vach, lic déu, loc.

Diéu kién sdc ky: Ap dung didu kién sic ky theo Duoc
dién Trung Qudc 2020 [8]: Pau do PDA dugc cai dit ¢ dai
190-400 nm va tinh toan ¢ budc séng 260 nm. Cot C18
(250 x 4,6 mm, 5 pm) dugc st dung ¢ 30 °C. Thé tich tiém
1320 pl, toc do dong 1,5 ml/phut, va pha dong 1a dung dich
démpH 6,5 (trdn 0,95 gnatri dihydrophosphat monohydrat
v6i 1,13 g dinatri hydrophosphat dodecahydrat trong vira
du 1000 ml nudce) va methanol véi ty 1€ 85:15.

Xir Iy di liéu va tinh két qua: Dit liéu sic ky duge xir
1y véi phan mém LabSolutions. Ham lugng adenosin va
cordycepin dugc xac dinh dua vao dudng chudn va quy
d6i theo cong thirc sau:

V&i mau duoc lidu:

Cx50 1
0= X
m 1-W)
V6i mau TPBVSK (dang rén, dau, 16ng):
Cx50
Co=—
m

Trong do: C,: Ham luong adenosin/ cordycepin trong
DTHT (ug/ml hodc pg/mi)

(;: Ham lugng adenosin/ cordycepin tinh tir duong
chuan ug/ml

m: Khdi luong (g; dugc liéu/rén/dﬁu) hodc thé tich
(ml; long) phan tich

w: D6 4m ciia mau (%)
2.6. Tham dinh phwong phap phén tich

Phuong phap phén tich di duoc thdm dinh cac thong
s6: PO dic hiéu, duong chuan, do chum, do dung, gioi
han phat hién, giéi han dinh lugng. Tham dinh phuong
phép dugc thuc hién theo Huéng dan Tham dinh Phuong
phap Q2(R1) va Q2(R2) cua ICH, va AOAC Phu luc K.
Do khong dam bao do dugc tinh toan theo Hudng dan cua
Vin phong Cong nhan Chét lugng.

3. KET QUA VA THAO LUAN
3.1. Tham dinh phwong phap phan tich

Két qua tham dinh phwong phap dugc trinh bay nhu
duoi day:

3.1.1. Tinh ddc hi¢u

Mau tring (dugc liéu, rén, dau, 1ong) khong cho tin
hi€u tai vi tri chuan adenosin va cordycepin. DB§ 1éch thoi
gian luu cua adenosin va cordycepin trong dung dich
chuan va nén mau thém chuan khong qua 2,0 %. Pic
adenosin va cordycepin dugc kiém tra do tinh khiét thong
qua sy trung phd hap thu theo thoi gian bang chirc nang co
san trong phan mém LabSolutions. Két qua cho thay do
tinh khiét sac ky cua cac pic lon hon 0,99. Sac ky d6 cua
cac mau duoc thé hién ¢ Hinh 1.

Ngoai ra, khong ¢6 du hiéu anh huong ciia nén mau.
Nén mau trang thém chuan c6 tin hiéu twong dong véi
dung dich chuan adenosin va cordycepin. Tinh toan
nong do adenosin va cordycepin trong mau thuc va mau
thuc thém chuan ¢ cac nong d9 khac nhau cho két qua
tuong dong.
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Hinh 1. Sdc ky d6 (A) Dung méi pha mau, (B) Dung dich chudn 20 ug/ml, (C) Nén mau trang dai dién,
(D) Nén madu trang thém chuan 0,07 ug/ml, (E) Mau so sanh lién phong, (F) Mau so sanh lién phong thém chudn.

3.1.2. Tinh tuyén tinh
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3.1.3. Do dung
Do dung cua phuong phap dugce danh gia dya trén do
thu hdi ciia mau tréng thém chuan, mau duoc thuc hién

xir 1y theo quy trinh va mdi ndng d¢ dugc tién hanh lap
lai 7 lan. Két qua tong hop cua do dung duoc thé hién &
Béang 1.

Bing 1. Két qua tong hop d¢ diing ciia ham hrong adenosin va cordycepin trén cdc nén mau

P9 thu hoi trung binh H,, (%)
Nén miu Miurc spike twong rng 0,07 ug/ml Miurc spike twong trng 20 ug/ml
Adenosin Cordycepin Yéu cdu Adenosin Cordycepin Yéu cau
Dugec li¢u 93,44 93,60 92,48 96,65
Rin 93,86 94,03 80-115 93,79 97,56 90-108
Diu 95,26 96,72 92,92 98,49
Loéng 94,27 95,47 75-120 94,98 98,17 85-100

b6 thu }‘16i trung binh (H,%) cua adenosin va
cordycepin nam trong khoang 92,48 - 95,26 % va 93,60
- 98,49 %; dap tmg yéu cau cua AOAC & cac mirc ndng
do tuong ing.

3.1.4. P$ chum (d5 lap va dé tdi lip)

Do chum thé hién kha nang lap lai cia két qua do khi
su dung phuong phap do xac dinh, va dugc bicu hi¢n

thong qua dff) 13p RSD, trong ngay va do tz:ii 13p RSDy, khac
ngay. Cu thé, d6 1ap duogc thuc hién vdi nén mau dugc li¢u
vanén mau TPBVSK (rén, dau, long) c6 chira adenosin va
cordycepin; lap lai 7 lan cho mdi néng do. bo tai lap dugc
thuc hién nhu d 1ap nhung khac ngay, khac kiém nghiém
vién, khac diéu kién moi truong. Két qua cua do chym
duoc thé hién & Bang 2.

Bing 2. Két qua tham dinh B chum ciia ham lwong adenosin va cordycepin

Adenosin Do Lip - RSD, % Do tai lip - RSD, %
Nén D.li¢u Riin Long Dau D.li¢u Riin Long Daiu
0,07 ppm 4,92 4,89 4,77 5,51 5,32 6,08 4,45 4,53
20 ppm 3,63 3,34 3,44 3,68 5,86 5,40 4,80 4,70

Cordycepin Dj 1ap - RSD, % D tii lap - RSD,, %
Nén D.li¢u Rin Léng Dau D.li¢u Rin Léng Diu
0,07 ppm 3,77 3,72 5,96 4,34 5,03 5,28 4,69 3,24
20 ppm 3,82 2,76 3,80 2,98 4,00 4,29 2,61 4,79

Két qua D6 chum trong Bang 2 dap tmg yéu ciu cua
AOAC ¢ cac mirc ndng do twong mg.

3.1.5. Gioi han phat hién va gioi han dinh luong cua
phuong phap:

Gidi han phat hién (LOD) va gidi han dinh lugng
(LOQ) cua phuong phap duoc xac dinh bang cach so sanh
tin hiéu cua chat phan tich trong mau c6 nong do thap da
biét trude so véi mau placebo (nén mau rén, diu va long),

va thiét 1ap ndng do téi thiéu ma chat phan tich co thé duoc
phat hién/dinh lugng mot cach dang tin cay. Ty 1€ tin hidu
trén nhidu (S/N) st dung cho LOD 14 ndng d6 chét phan
tich tai mirc S/N > 3 va cho LOQ 1a nong do chit phan
tich tai mirc S/N > 10. Céc phan tich dwoc tién hanh lap
lai 10 14n cho mdi trudong hop. Két qua LOD va LOQ cua
adenosin va cordycepin cho timg loai nén mau dugc thé
hién & Bang 3 va Bang 4.

Bdng 3. Gioi han phat hién va gioi han dinh lvong cua adenosin

Adenosin D.liéu - pg/g Rin - ng/g Léng - ng/ml Diu - ng/g
MLOD 1,18 1,18 0,06 1,18
MLOQ 3,53 3,53 0,18 3,53
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Bdng 4. Gioi han phat hién va gioi han dinh luong cua cordycepin

Adenosin D.li¢u - pg/g Rin - ngl/g Léng - pg/ml Diu - ng/g
MLOD 1,17 1,17 0,06 1,17
MLOQ 3,51 3,51 0,18 3,51

3.1.6. Dj khong ddam bdo do

D6 khong dam bao do (PKDBD) 1a thong sb khong
am dac trung cho sy phan tan cua cac gia tri dai lugng
duoc quy cho dai lugng do, trén co so thong tin da su
dung [14]. B khong dam bao do cho phuong phéap dugc

xac dinh tir d¢ khong dam bao do cua dung cu thiy tinh
(pipet, binh dinh muc), thiét bi (micropipet, cAn phan
tich), chat chuén, va dit liéu danh gia phuong phap. Két
qua d6 khong dam bao do cua phuong phap dugc trinh
bay ¢ Bang 5 dudi day.

Bing 5. Két qud dj khong dam bao do ciia phwong phdp

P9 khong dam bao do (PKDBD)
Nén miu Adonesin Cordycepin
PKPBD tong hop | PKPBD mé réng | PKPBD tong hop | PKPBD mé réng
Duoc liéu +2,88 % +£5,76 % +2,65 % £530%
Rin +2.41 % +4,82 % +1,91 % +3,82 %
Diu +2.79 % +£5,58 % +2,59 % £5,18 %
Léng +2,14 % +4,28% +3,41 % £6,82 %

3.2. Két qua phan tich trén miu TPBVSK dang
dwoc lwu hanh trén thi truong

V6i phuong phép di duge tham dinh, nghién ctru tién
hanh xac dinh ham lugng adenosin va cordycepin trong 26
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mau dugc liéu va TPBVSK chita DPTHT trén thi trudng,
trong d6 ¢ 9 mau duoc liéu, 14 mau TPBVSK dang rén, 2
mau dang 1ong va 1 mau dang dau. Hinh 3 minh hoa thong
tin mot s& mau tiéu biéu. Hinh 4 tong hop két qua cac mau.
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Hinh 3. So sanh ham lwong adenosin va cordycepin trong san pham c¢é nguon goc khéc nhau. (4) Mau NC15: Vién
nang cing chira bot C. militaris; xudt xiz VN. (B) Mau NC16: Vién nén bao phim chira bt C. militaris, duwoc liéu khéc
(7); VN. (C) Méau NC24: Vién nang ciing chira chiét xudt C. sinesis; Canada. (D) Mau NC22: Vién nang cirng chira
chiét xudt C. sinesis; My. (*) Adenosin, (**) Cordycepin
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Hinh 4. Ham lwong adenosin va cordycepin trong PTHT va ché pham. NC01-09: Dugc liéu; ug/g. NC10-24:
TPBVSK dang ran va dau, pg/g. NC25-26: TPBVSK dang long, pg/ml.

4.KET LUAN ham lugng chit chi diém adenosin va cordycepin ciia 26
méu Poéng tring ha thao va miu thyc pham bao vé st
khoe trén thi truong c6 cong bd thong tin Dong tring ha
thao trén nhan cho théy ¢6 su hién dién cua chét chi diém
khan khi tim dugc san phim dam bao chat lugng. Nghién ~ adenosin va cordycepin, nhung ham lugng trong cic mau
ctru bude dau khao sat ham luong chét chi diém adenosin ~ €ON rat khac nhau. Nguyén nhan c6 thé do ngudn goc va
va cordycepin dya trén phuong phép cua Dugc dién — chat luong dugc liu Dong trung ha thao con chua dong
Trung Qudc 2020. Phuong phép da dugc xac nhan gia ~ deu. Vivay, rat can c6 chuyén luan dugc li¢u Dong tring
tri st dung trén cdc nén miu dugc liéu, miu thyc pham  ha thao Cordyceps trong Dugc dién Viét Nam dé gop
bao vé strc khoé dang rén, ddu, long dat yéu ciu ICH va  Phan nang cao chat luong cac san pham chira dugc ligu
AOAC. Ap dung phuong phap dé phan tich xac dinh quy nay.

Trén thi truong hién nay, nguon duoc liéu Vé TPBVSK
chlra Cordyceps rat phong phi, da dang vé san pham
ngudn gdc, don vi san xuat nén nguoi tiéu ding rat kho

TAI LIEU THAM KHAO

1. D. Sanyal, P. Dey (2021), Quality markers as a tool for evaluation of medicinal mushroom, Cordyceps s.l. (sensu lato) species
during bioprocessing and quality control, Current Research in Environmental and Applied Mycology, 11(1), pp. 137—-158.

2. T. P. Moorhouse, A. Elwin, Y. C. Ye, Z. M. Zhou, N. C. D. Cruze, D. W. Macdonald (2021), Beyond the Pharmacopoeia: To what

extent is trade for “TCM’ limited to official TCM taxa?, Global Ecology and Conservation, 32, €01906.

3. Phan Lé& Hién, Ha Minh Hién (2019), Nghién ctru x4y dung quy trinh dinh lugng cordycepin trong dong tring ha thao Cordyceps

militaris bang phwong phap HPLC, Tap chi Duoc hoc, 59(3), pp. 20-23.

4. Nguyén Thi Thu Ha, Nguyén Ngoc Trai, Nguyén Thién Thao (2020), Nghién ctru quy trinh ly trich va xac dinh ham luong

adenosine trong cao ethanol ciia dong tring ha thao (Cordyceps militaris) bing HPLC-PDA, Tap chi Cong thiwong, 9, pp. 370-375.

5. Nguyén Thanh Pat, Nguyén Thi Héng Hanh, Pam Thij Thu, Nguyén Van Hiéu, Lai Thi Phuong, Duong Thé Béc (2022), X4c dinh
ham lugng adenosine va cordycepin trong thuc phdm bao vé stre khoe Iuu hanh trén thi truong Ha Noi, Vietnam Journal of Food
Control, 5(2), pp. 390—401.

. Pham Vin Hién, Nguyén Duy Bac, Nguyén Thi Thay, Vii Binh Duong (2016), Panh gia ham lugng adenosine va cordycepin
trong cac bd phan khac nhau ctia dong tring ha thao nuéi cdy (Cordyceps sinesis (Berk) Sacc) bang phuong phap HPLC, Tap chi
Duoc hoc, 56(10), pp. 28-31.

. N. Chernthong, S. Noisakul, A. Saraphanchotiwitthaya, P. Sripalakit (2022), Validation and application of HPLC method for
determination of cordycepin and adenosine in dietary supplements, Asia-Pacific Journal of Science and Technology, 27(6), APST-
27-06-17.

. S. Panpraneecharoen, T. Chatrakoon, S. Sansenya, S. Chumanee (2023), Optimization and validation of HPLC/DAD method for
the determination of adenosine and cordycepin in cordyceps products, Analytical Science and Technology, 36(4), pp 957-961.

. Chinese Pharmacopoeia Commission - Ministry of Health (2020), Pharmacopoeia of the People s Republic of China, People’s
Medical Publishing House.

10. AOAC INTERNATIONAL (2023), AOAC Official Methods of Analysis, Oxford University Press.

35



