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Tom tit

Phuong phép sic ky 1ong khdi phd hai 1an (LC-MS/MS) di duoc ap dung dé nghién ciu
xac dinh dong thoi 04 doc té vi ndm nhom ergot alkaloids (EAs) bao gdm: ergosine,
ergocryptine, ergocristine, ergocorsine trong thuc pham. Cac doc té vi nAm EAs trong thuc pham
dugc chiét, 1am sach bang k¥ thuat QuEChERS va duoc tach bang sic ky long véi cot C18 va
dinh luong bang detector khdi phd ba tir cue. Ngudn ion hoa ESI (+), ché d6 theo ddi ion MRM
da duoc st dung trong nghién ctru. Gia tri st dung ciia phuong phép duoc xac nhan theo hudng
dan cua AOAC. Két qua cho thay phuong phép c6 tinh dic hiéu t6t, duong chuan dugc xay dung
trong khoang nong d6 tir 5,0 - 100 pg/kg, gidi han phat hién 0,3 pg/kg, gidi han dinh luong 1,0
ng/kg; do chum va do dang véi hé s bién thién lap lai RSD < 12,5% va do thu hoi dao dong tir
90,6 - 102,8%, dap ung yéu cau theo AOAC. Phuong phap duoc ap dung dé danh gia ham luong
cac doc to vi nAm EAs trong mot s6 san pham thyc phdm nhu: ngd, laa my va bot ngii coc dinh
dudng; chua phat hién thay doc té nhom EAs trong cic mau phan tich.

Tir khoa: ergot alkaloids, ergosine, ergocryptine, ergocristine, ergocorsine, LC-MS/MS,
liia my, ngé, ngii coc.

1. PAT VAN PE

Egot alkaloids (EAs) 1a doc t6 vi ndm c6 ngudn gdc tir tryptophan dugc sinh ra boi cac
loai nAm khac nhau, dic biét 1a cac loai Claviceps spp. trong d6 phd bién nhét 13 Claviceps
purpureas [1]. Nam phat trién trong giai doan ra hoa, xdm chiém noan, st dung dinh dudng cta
cay chu, hinh thanh hach ndm c6 16p té bao cting, sim mau, hinh ludi liém va thay thé nhan hat
sau 3 - 4 tudn xam nhiém. Hach nim cta loai Claviceps spp. dugc goi 1a sclerotia hay ergot [1],
[2]. EAs ton tai trong hat va kho loai bo dugc bing cac cach sang loc thong thuong. Cac doc to
nay thudng xuat hién trong cac loai ngii céc nhur lia mach, lia mi, lda mach den, yén mach va
mét sb loai ngi ce khac.

Trén thé gidi da co nhiéu nghién ctru xac dinh ham lugng EAs trong [ua mi, lia mach va
san pham ngil cdc,... [3 - 6]. Hién nay, mot s nude chau Au di dua ra ngudng quy dinh vé EAs
trong cac san pham thyc pham, theo d6 cac phuong phap phan tich can phai dat ngudng gidi
han dinh luong duoc tbi thiéu 1a 1,0 pg/kg. Phuong phap LC-MS/MS két hop xir 1i mau bang
k¥ thuat QUEChERS c6 nhiéu uu diém vuot troi nhu do nhay tot, d6 dic hiéu cao, thoi gian
phan tich nhanh, c¢6 thé phén tich dong thoi, qué trinh xir Iy mau don gian, da dugc nhiéu tac gia
nghién ctru dé xac dinh EAs trong cac nén mau. Tuy nhién, xtr Iy mau theo QuEChERS doi hoi
can phai khao sat loai pha ran phu hop cho cac nén mau khac nhau, dé co thé loai trir anh huong
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ctia nén mau dén két qua phan tich.

Nguyén ctru nay thyc hién xay dung va hoach dinh phuong phap phan tich st dung ky
thuat LC-MS/MS dé dung hoa 04 EAS. Két qua nghién ctru 13 co sé thuc hién giam sat, danh
gi4 cac chat EAS trong cc san pham trén thi truong.

Nghién ctru nay thuc hién xay dung va thim dinh phuong phép phan tich dong thoi 04
EAs. Két qua nghién ciru 1a co s6 thuc hién giam sat, ddnh gia cac chat EAs trong cac san pham
trén thi truong.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Pbi twong nghién ciru

Céc EAs duogc lya chon trong nghién clru gom ergosine, ergocryptine, ergocristine,
ergocorsine (Bang 1). Cac thuc pham gém ngd, laa my va bot ngii coc dinh dudng, duge mua
ngﬁu nhién tai cac chg, ctra hang ¢ Ha Noi.

2.2. Héa chat

Cac chit chuan don, d6 tinh khiét 99,5% (PhytoLab) gdm ergosine, ergocryptine,
ergocristine, ergocorsine (Bang 1). Cac dung méi, hoa chat gom H;PO,4 85%; Acetonitril (ACN);
methanol (MeOH); amoni cacbonat (NH4),CO5; amoni acetat (CH;COONHy) déu c6 ngudn
gbc tir Merck (Pirc).

2.3. Thiét bi va dung cu

Hé théng séic ky 1ong khdi phd hai 1an gdom thiét bi khdi phd 5500 QQQ ciia SCIEX (M¥)
két ndi vai sdc ky long LC 20-AD XR cua Shimadzu (Nhat). Mot s6 thiét bi phu tro khac bao
gém may ly tim lanh Mikro 200R (Hettich); may rung siéu &m S100H (Elma); may lac ngang
HS260 (IKA); can phan tich (c6 d chinh xac 0,1 mg) XS105 (Metter Toledo) va cac thiét bi,
dung cu thong thuong khac trong phong thi nghiém.

2.4. Phwong phap nghién ctru
2.4.1. Khdo sat diéu kién LC-MS/MS dé phdn tich cic EAs

Diéu kién phan tich t6i wu cac EAs dugc sir dung ngudn ion hoa phun dién tir ESI (+), ché
d6 quét Iyra chon da phan tng (MRM). M&i chat chon 01 ion me va thuc hién t6i wu cac diéu kién
phan manh dé chon ra 2 ion con, 1 ion con dugc st dung dé dinh luong va 01 ion con dugce str
dung d¢ dinh tinh. Ddi véi cac diéu kién LC tham khao cot phan tich C18, thanh phan pha dong
(ACN va dung dich dém (NH,),CO5 200 mg/L) [3] v tién hanh khao sat diéu kién gom: pH cua
dung dich dém (trong khoang tir 8 dén 10) va chuong trinh gradient rira giai chat phan tich.
2.4.2. Khdo sdt diéu kién xir Iy mdu

Trén c& so tham khao mot sé nghién ctru [3-6], quy trinh chiét véi hdn hop dung méi hiru
co trong dém. Tlen hanh khao sat moi truong chiét, nong do dung moi, ty 18 dung mai, thé tich
dung méi, pha ran va ham luong. Str dung mau ngii cdc di duge xac dinh 1a duong tinh voi cac
EAs dé thyc hién cac budc khao sat, cu thé nhu sau:

- Khao sat méi trudng chiét

+ Chiét EAs trong mdi truong acid: methanol - H;PO4 0,25% (40 : 60)

+ Chiét EAs trong mdi truong trung tinh: acetonitril - amoni acetate 10 mM (1 : 2);

+ Chiét EAs trong moi truong kiém: acetonitril - amoni carbonate 200 mg/L (84 : 16);

+ Khao sat ndng do (NH4),CO5 trong dung moi chiét: 100, 150, 200 va 250 mg/L.

+ Khao sat ty 1& dung mdi chiét (ACN: (NH4),CO5 200 mg/L) theo céc ty 1&: (75 : 25),
(80 :20), (85:15),(86: 14), (90 : 10).
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- Khao sat thé tich dung moi chiét mau: 10, 20, 25, 30 va 35 mL.

- Khdo sat loai chat hap phu PSA, C;g, MgSO, va khéi luong 30 - 150 mg.
2.4.3. Tham dinh phirong phép

Tién hanh thim dinh phuong phép da t6i uru cac thong s6 co ban gom: tinh dic hidu, gioi
han phat hién, gidi han dinh luong, duong chuan, do lap lai va d6 thu hoi. Cac két qua duogc
danh gia so sanh vdi cac quy dinh theo AOAC.
3. KET QUA VA BAN LUAN
3.1. Khio sat cac diéu kién tdi wu phan tich EAs bang LC-MS/MS

B¢ khao sat diéu kign MS/MS, tién hanh bom dung dich chuan c6 nong do 100 ng/mL
vao khoi pho va to1 wu hoa tu dong dé lua chon ion me, ion con va nang luong va cham. Cac két
quéa duoc tom tat trong Bang 1.

Bing 1. Cic EAs dwoc sir dung trong nghién ciru va diéu kién MS/MS
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EAs 1a cac chat khong phan cuc, d& twong tac v6i pha tinh khong phan cuc cia cot C18
nén luu gitr duoc chat phan tich. Qua khao sat chuong trinh gradient va pH cua dung dich dém
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(tai 3 giad tri pH 8, 9, 10) lya chon dugc pha dong gém kénh A: (NHy),CO5 200 mg/L co
pH = 8, kénh B: ACN) va ché do gradient nhu sau: ban dau 80% B, giir 1 phut; giam 10% B t6i
3 phut; gitr té1 07 phut; tang 80% td1 7,01 pht va gitr té1 10 phut.

Séc ky d6 cuia cac EAs sau khi dé x4c dinh dugc cac diéu kién LC-MS/MS dugc trinh bay
¢ hinh 1 va hinh 2. Cac pic dugc tach hoan toan khaéi nhau, tin hi€u cao, dinh pic tuong ddi nhon
va can xung, thoi gian phan tich phu hop.

Hinh 1. Sic do téng (TIC) cic EAs
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Hinh 2. Sic ky @6 (MRM) cia tirng EAs
3.2. Khio sat quy trinh xir Iy mau
3.2.1. Khdo sdt méi truong chiét mau

Céc EAs c6 tinh base do trong phan tir ¢ chira nguyén tr N dé tan trong mot s6 dung moi
hitu co nhu CH,Cl,, CHCl;, ethyl acetate, acetonitril. Do do, cdc dung moéi nay duoc lya chon
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dé khao sat. Ba quy trinh chiét dugc khao sat trong nghién ctru gom:

+ Quy trinh 1: Chiét va 1am sach bang k¥ thuat QuEChERS [3]: 5 g mau duoc lic v6i 25
mLACN : (NH4)2CO3 200 mg/L (84 : 16, v/v) trong 6ng ly tim 50 mL. Sau khi lic ngang trong
30 phut, mau duoc ly tam va loc dich chiét qua mang loc 0, 22 um va phan tich trén LC-MS/MS
(Quy trinh 1.1). Lay 1 mL dich chiét sau khi ly tim cho vao 6ng 2 mL c6 chita 50 mg PSA, lic
xody 1 phut, ly tdm va lay 0,5 mL dich phan tich trén thiét bj LC-MS/MS (Quy trinh 1.2).

+ Quy trinh 2: Chiét va lam sach mau béng c6t SPE HLB [5]: Sau khi thu duoc dich chiét
nhu & quy trinh 1, 1dy 3 mL dich chiét pha loang véi 10 mL nudc va cho qua cot SPE HLB (60
mg, 3 mL) da dugc hoat hoa, cac EAs duogc rira giai béng 6 mL ACN: H,O (1 : 2). Théi kho
dich rtra giai, hoa cén thu dugc trong 1 mL MeOH, loc dich qua mang loc 0,22 um va phan tich
trén LC-MS/MS.

+ Quy trinh 3: Chiét va 1am sach mau bang cot SPE C18 [4]: Sau khi thu duoc dich chiét
nhu & quy trinh 1, 1y 3 mL dich chiét pha loang v&i 10 mL nudc va cho qua cot SPE C18 (500
mg, 3 mL), ria gidi béng 6 mL ACN: MeOH (1 : 1, v/v). Théi kho dich rira giai, hoa can thu
duogc trong 1 mL MeOH, loc dich qua mang loc 0,22 pm va phan tich trén LC-MS/MS.

Tién hanh phan tich mau bot ngii coc thém chuén 04 EAs, cac két qua thu duoc thé hién
trong Hinh 3 cho thay hiéu suét thu hdi qua cac cot SPE C18 va HLB rét thap (10 - 20%). Khi ap
dung phuong phap QUEChERS, hiéu suat thu hdi ting 1én dang ké (80 - 110%). Viéc khong sir
dung budc lam sach co6 thé cho hiéu suit cao vi mot s6 EAs nhung dich chiét c6 chtra nhiéu tap
chat, c6 thé gay anh huong dan dén hiéu tng nén cao. Phuong phap QUEChERS cho hiéu suét
ddng déu gita cac chit phén tich, do thu hdi tot, anh huéng ciia nén mau thip duoc sir dung cho
cac nghién ctu tiép theo.
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Hinh 3. Két qua khao sdt quy trinh chiét EAs

3.2.2. Khao sdt ty Ié va thé tich dung méi chiét

Ty 1¢ dung moéi chiét cing anh hudng dén két qua phan tich. Tién hanh can 5 g mau vao dng
ly tam sau d6 thém 25 mL dung mdi chiét (ACN : (NHy4),CO5 200 mg/L) theo cac ty 1€ (75 : 25),
(80 :20), (85 : 15), (86 : 14), (90 : 10). Céc ket qua dugc trinh bay & Hinh 4a cho thay, tin hi¢u
cac chat phan tich tang 1én tur ty 1€ (75 : 25) dén (85 : 15). Tuy nhién, tur ty 1€ (85 : 15) dén ty 1€
(90 : 10) tin hi€u gan nhu khong c6 su thay doi nhiéu. Bé ddm bdo tin hiéu 6n dinh trong qua trinh
phén tich, ty 1¢ ACN : (NH,4),CO5 200 mg/L (85 : 15) dugc lya chon cho céac khao sat tiép theo.

Thé tich dung méi chiét ciing duoc khao sat véi cac gia tri 10, 20, 25, 30, 35 mL. Két qua &
Hinh 4b cho thay, khi thay ddi thé tich chiét tir 10 dén 25 mL hiéu suét thu hdi cac EAs ting 1én va
t6t nhat & 25 mL. Tuy nhién khi ting thé tich 1én 30, 35 mL hiéu suét chiét giam xubng, vi thong
thuong the tich dung mai chiét tang thi chiét hoat chat dugc nhiéu hon. Nhung co6 thé do khi thé
tich ting, chiét thém duoc nhidu chat khac & nén mau nén anh hudng cua nén tang 1én, lam giam
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kha nang phan tich cac EAs. Do do, lua chon thé tich 25 mL cho cac khao sat tiép theo.
3.2.3. Khdo sdt buéc lam sach bang d-SPE

Hai loai chét hép phu la PSA va C18 dugc su dung trong nhiéu nghién ctiru. PSA c6 vai
tro loai cac hgp chét phin cuc manh nhu cac acid hitu co, trong khi C;g duoc s dung dé loai
cac chat béo, ngoai ra MgSOy, 1a chat hap phu quan trong trong budc nay gitp loai nude con du.
Tién hanh khéo sét cac chat hap phu khac nhau PSA, C18, PSA+ C18, PSA + MgSO,, C18 +
MgSO,. Khéi lugng chat hip phu tir 30 dén 150 mg. Cac két qua duoc trinh bay & Hinh 5a va
5b cho thay PSA cho hi¢u suat tot nhat v4i lugng t61 vu 1a 50 mg.
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g 80000 | S 50 -
= 60000 gy #Ergosine =3 % Ergosine
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4a. Sy phu thugc tin hiéu vao ty lé dung moi cua cac EAs 4b. Thé tich dung méi chiét

Hinh 4. Khdo sdt ty 1é va thé tich dung méi chiét

Dua vao két qua khao sat, quy trinh xtr Iy mau t6i vu nhu sau: Can 5 g mau vao ong ly
tam 50 mL, thém 25 mL ACN : (NH,),CO5 200 mg/L (85 : 15), lac dong nhat bang may lac
ngang trong 15 phit va ly tim véi tbe dd 5000 vong/phit, trong 5 phat. Liy 1 mL dich cho vao
6ng d-SPE (50 mg PSA) va lic xoay trong 1 phut, ly tim 13000 vong/phit trong 1 phut. Hut 0,5
mL dich chiét vao vial 2 mL va phan tich bang LC-MS/MS.
3.3. Tham dinh phwong phap

Tham dinh tién hanh trén miu tring (miu ngii cdc khong chira EAs), mau chuan (dung

dich chuan hdn hop EAs 10 ng/mL) va mau tring thém chuan (mAu ngii céc khong co6 EAs dugc
thém dung dich chuan hdn hop EAs 10ng/mL).
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Hinh 5. Khdo sat buéc lam sach bang d-SPE
3.3.1. B¢ dac hiéu
banh gia d6 dac hi€u cua phuong phap qua cac ti€u chi sau:
+ Tinh s6 diém IP: Cac PAs déu c6 s diém IP =4, thoa min yéu cau phan tich trén khdi pho.
+ Ty I¢ ion: 1—)6} v6i phuong phap khdi pho, ty 1& ion 1a tiéu chi dé khang dinh sy c6 mat
cua chat phan tich. tién hanh phan tich trén mau chuan va mau thém chuan, so sanh ty 1¢ ion thu
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duogc. Cac két qua dugce trinh bay & Bang 2. Theo tiéu chuan ctua EC/625/2002.

Bdng 2. Ty I¢ ion cua cdc EAs

EAs Ergosine Ergocrytine Ergocorsine Ergocristine
Méu chudn 25,4 98,5 88,2 34,1
Miu tring thém
, 24,8 96,1 83,5 31,8
chudn
% sai léch cho phép +20% +10 % +10 % +20 %
Khodng cho phép 20,3 -30,5% 88,7 - 108,4% 79,4 - 97,0% 27,3 -40,9%

+ Phdn tich mdu trang, mdu chudn va mau trang thém chudn:

Quan st sic do Hinh 6 cuia ergosine (dai dién cho 4 EAs phan tich) cho thiy mau tring
khong co tin hi¢u cua chat phan tich, mau trang thém chuan c6 pic ¢ thoi gian trung khép
v6i1 thoi gian luu cua chuan tuong ung (chénh Iéch thoi gian luu khong qua 2%). Nhu vay,
phuong phap dép Gng yéu cau vé thong so tham dinh tinh dac hiéu d€ phan tich cac EAs.

Ergosine

Mau trang

Ergosine

Chuan 10 ng/mL

Ergosine

M3u trang

thém chuan

Hinh 6. Minh hoa sac déo mdu trang thém chudn, mdu chudan va mau trang cua Ergosine

3.3.2. Gioi han phat hién (LOD) va gioi han dinh luvong (LOQ)

Tién hanh phan tich mau trang thém chuan v6i ndng do thap con c6 thé xuat hién tin hiéu
chét phan tich. Phan tich 13p lai 6 1an. Tién hanh xé4c dinh ty 1¢ S/N tu dong theo phﬁn mém cla
thiét bi. Gii han phat hién 1a ndng d6 ma tai d6 c6 S/N = 3. Gidi han dinh luong 14 gidi han ma
tai d6 S/N = 10 hay LOQ = 3,3LOD. Phuong phap da dat dugc LOD = 0,3 pg/kg, LOQ = 1,0
ng/kg cho ca 4 EAs phan tich, duoc thé hién ¢ Hinh 7 voi Ergosine dai dién.
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Hinh 7. Sic d6 mdu thém chudn ergosine tai 1,0 ug/kg
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3.3.4. Puong chudn

Tién hanh thém chuin vao dich chiét mau trfmg & cac muc néng do 5; 10; 20; 50, 100
ng/kg va phan tich trén LC-MS/MS. Xay dung dudng phu thudc giita dién tich pic va nong
d6 tuong tng. Puong chuan duoc 1ap theo phan mém cua thiét bi. Cac két qua cho thay trong
khoang ndng d6 di khao sat, tin hiéu cac EAs c6 su trong quan tuyén tinh v6i ndng do, voi
hé s twong quan tuyén tinh r > 0,99. Pudng chuan cé thé duoc 1ap trén nén dung moi hoic
nén mau.

3.3.5. D¢ lap lai va dé thu hoi

Do lap lai va do6 thu hdi cia phuong phap duoc danh gia bang cach thém chuan vao mau
ngil cbe da duge xac dinh khong chira EAs, tién hanh phén tich theo quy trinh di x4y dung. Cac
mau duge thém chuan & cac mic ndng do 5; 10; 50 pg/kg. Cac két qua phan tich cho thay, gia
tri 6 thu hoi trung binh cta cac EAs nam trong khoang 90,6 - 102.,8%, d6 1éch chuan tuong d6i
tir 3,7 - 12,5%. Cac két qua nay cho thay phuong phap c6 do chinh xac dp ing yéu cau cia

AOAC (d6 thu hdi 60 - 115% va d6 1éch chuan tuong d6i < 21% tai nong do 10 pg/kg).

3.3.6. Ung dung phan tich EAs trong mdu thwc pham

Trén co s¢ phuong phap di xay dung, ching t6i tién hanh xac dinh ham luong EAs trong
mot sé mau thue pham trén thi truong bao gdm ngd, laa my va bot ngii cdc dinh dudng. Qua
khao sat 90 mau (30 mau mdi loai san phdm) cho thay chua c6 mau dwong tinh vai 4 chat EAs.

Cac mAu thém chuan duoc phan tich song song ¢6 do thu hdi tir 89,3 - 99,7%, dap ung yéu cau

theo AOAC. Phuong phéap c6 LOD twong tu v6i mot sé nghién ctru khac [2, 3], tuy nhién viéc

chua x4c dinh cac doc td EAs trong cac mau thuc phém & Viét Nam c6 thé do diéu kién thoi tiét

& Viét Nam c6 su khéc biét so v6i cac nude chau Au va loai thuc phém cac doc td EAs thuong

xuét hién 13 Ita mi, lta mach vén 1 céc san phém thuc phém it dugc st dung tai Viét Nam.

4. KET LUAN

Su dung LC-MS/MS pha dong ACN va (NHy4),CO5 200 mg/L c6 pH = 8 két hop voi xir Iy
mAau bang dung méi hiru co trong dém, 1am sach bang PSA, nhom nghién ctru di xay dung dugc
quy trinh phén tich EAs trong thuc pham v6i LOQ 1a 1 pug/kg; gia tri do thu hoi trung binh ciia cac

EAs nam trong khoang 90,6 - 102,8%, d6 1éch chuan tuong ddi tir 3,7 - 12,5%. Ap dung quy trinh

dé phan tich 90 mau thuc pham cho thiy chua phat hién mau dwong tinh v6i chat phan tich, nhom

nghién ciru tiép tuc mé rong trén cac ddi twong khac dé phat hién mdi nguy.
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Summary

SIMULTANEOUS DETERMINATION OF FOUR ERGOT ALKALOIDS IN FOOD USING
LIQUID CHROMATOGRAPHY TANDEM MASS SPECTROMETRY (LC-MS/MS)

Tran Cao Son', Tran Hoang Giang'*, Nguyen Thi Men?, Nguyen Thi Ha Binh!
Le Dinh Chi?, Nguyen Thi Phuong Lan’, Nguyen Thi Anh Huong*

National Institute for Food Control

’Ha Noi University of Pharmacy

Vietnam Food Administration

“VNU University of Science, Vietnam National University, Hanoi

A simple and accurate LC-MS/MS method has been developed for the simultaneous
determination of four ergot alkaloids (EAs) including ergosine, ergocryptine, ergocristine and
ergocorsine in food. The studied EAs were extracted and cleaned up using QUEChERS technique
then separated using C18 column and quantified by MS/MS detector. The positive ESI source
was used in this study together with multi-reactive ion monitoring mode. The method, which
has been validated according to AOAC International requirements, showed good specificity,
with the linearity varying from 5.0 - 100 pg/kg, the LODs and LOQs were 0.3 pg/kg and 1.0
png/kg; the repeatability and recovery were from 3.7 - 12.5% and 90.6 - 102.8%
respectively. The method has been applied to determine the EAs concentration in 90 corn, wheat
and cereal samples, of which no samples were detected with the studied EAs.

Keywords: LC-MS/MS, ergot alkaloids, ergosine, ergocryptine, ergocristine, ergocorsine,
corn, wheat, cereal.
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