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L&i gii thidu

Bdc 8 vi ndm citrinin 12 mdt chét chuyén héa thir cip clia polyketid ¢6 trong thic phdm va thive 3n
chan nudi dugc sinh ra bdi mét sé loai nam thudc cac chi Penicillium (vi dy P. citrinum), Aspergillus (vi
dy A. candidus) va Monascus (vi dy M. purpureus), chli yéu sau thu hoach. Citrinin xuét hién chi yéu
trong cac loai ngil céc dwoc bao quan nhw gao, ngd, la mi, la mach, yén mach va lia mach den.
Citrinin c6 thé dwoc tim thay nhur mot chat gay 6 nhiém trong gao dé 1én men bdi Monascus purpureus
va thye pham bd sung theo cong thire.

CANH BAO 1: Cin thic hién cac bién phap phong ngira va bao vé thich hop khi thwe hién céc
bwéc lam viéc véi héa chit doc hai.

CANH BAO 2: Viéc sir dung tiéu chudn nay c6 thé lién quan dén cac vt liéu, hoat déng va thiét
bj nguy hiém. Tiéu chuin nay khéng diwra ra tit ca cac vin dé an toan lién quan dén viéc sir
dung chiing. Ngwdi str dung tiéu chudn nay c6 trach nhiém thiét lap cac bién phap thwe hanh
an toan va sirc khoe phit hop ciing nhw xac dinh kha nang ap dung cac gié¢i han quy djnh trwéc
khi sir dung.

CANH BAO 3: Citrinin dwoc biét 1a ¢6 dic tinh gay ddc cho than, 1am héng cac éng lwgn gan

cua than [6].
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Thwe pham - Xac dinh citrinin bang sac ky léng hiéu ning cao-
hai l4n khdi phd (HPLC-MS/MS)
Foodstuffs — Determination of citrii:in in food by HPLC-MS/MS

1 Pham vi ap dung

Tiéu chudn nay quy dinh phwong phap xac dinh ham Iwgng citrinin trong thyre phdm [ngl cbc, gao men
dd (RYR)], thdo mdc va thuc phdm bd sung bing sic ky Idng hiéu ning cao-hai lan khéi phd (HPLC-
MS/MS).

Phwong phap nay da dugc xac nhan ddi voi citrinin trong gao men dd va trong thire pham bd sung
theo cong thirc trong khoang tir 2,5 ug/kg dén 3 000 pg/kg va trong bt mi trong khodng tir 2,5 pg/kg
dén 100 pa/kg.

Kinh nghiém tir cac phong thir nghiém cho thay phwong phap nay ciing c6 thé ap dung ddi véi gao
tréng, cac loai thdo mdc nhw bdt la bach qua va thire phdm b sung theo céng thirc trong khodng tir
2,5 pg/kg dén 50 pg/kg.

2 Tailiéu vién din

Céc tai liéu vién din sau rét can thiét cho viéc ap dung tiéu chudn nay. Déi véi cac tai liéu vién dan ghi
n3m cong bd thi ap dung phién ban duwoc néu. D4 véi cac tai liéu vién dan khéng ghi n3m céng bé thi
ap dung phién ban méi nhat, bao gdm ca céac stra ddi, bd sung (néu cd).

TCVN 4851:1989 (ISO 3696:1987), Nudc ding dé phan tich trong phong thi nghiém — Yéu cau ky thuét
va phuong phép the

3 Thuéat ngir va dinh nghia

Trong tiéu chudn nay khéng c6 thuat ngl nao dugc dinh nghia.
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4 Nguyén tic

Phan mau th( dwoc 1am dm bang dung dich acid chlorhydric va dwoc chiét bing hén hop ethyl
acetat/acetonitril/acid acetic bang trong 60 min. Magnesi sulfat va natri chloride dwgc thém vao dich
chiét, khudy va ly tam dé loai bd nudc va @& hén hop tach pha. Thu ldy phan dich ndi phia trén, loc,
thém dung dich noi chuan va phan tich biing LC-MS/MS pha dao. Viéc dinh lweng dwa trén méi lién hé
gitra ty 1& citrinin/citrinin-3C va ndng @b citrinin.

5 Thudc thir

Chi st dung thudc thlv tinh khiét phan tich va nuéc phi hop véi loai 1 clia TCVN 4851:1989
(1ISO 3696:1987), trir khi ¢o quy dinh khac. Ciing c6 thé si dung cac dung dich ¢6 ban san trén thi
trirdng véi cac déc tinh twong dwrong véi cac dung dich duoc néu duwoi day.

5.1 Ethyl acetat, loai tinh khiét phan tich hodc cao hon.

5.2 Acetonitril, loai dung cho LC-MS.

5.3 Acid acetic bing (CH;COOH), loai tinh khiét phan tich hodc cao hon.
5.4 Acid acetic bang (CH;COOH), loai diing cho LC-MS.

5.5 Magnesi sulfat (MgSO;), khan, loai tinh khiét phan tich hozc cao hon.
5.6 Natri chloride (NaCl), loai tinh khiét phan tich hodc cao hon.

5.7 Dung djch acid chlorhydric (HCI), loai tinh khit phan tich hodc cao hon, phan thé tich @(HCI)
= 37 % (40 axit).

5.8 Nwéc (H,0), da khir ion (siéu tinh khiét).

5.9 Nwéc (H20), loai diing cho LC-MS.

5.10 Methanol (MeOH), loai diing cho LC-MS.

5.11 Amoni acetat (CH;COONHS,), loai ding cho LC-MS.
5.12 Dung djch chiét1

Cho 10 mL acid acetic bang (5.3) vac 990 mL nwéc (5.8) va tron (nwdc + acid acetic bing, 99+1, phan
thé tich). Hoa tan 100 g natri chioride (5.6) trong 1 L hdn hop nay va thém 16 mL dung dich acid
chlorhydric (5.7). Dung dich nay c6 thé st dung trong 1 thang néu dwoc bao quan & nhiét dé phong.
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5.13 Dung dich chiét 2

Trdn 240 mL acetonitril (5.2) v&i 750 mL ethyl acetat (5.1) va 10 mL acid acetic béng (5.3). Dung dich
nay (ethyl acetat + acetonitril + acid acetic bang, 75+24+1, phan thé tich) co thé sl dung trong 1 thang
néu duoc bdo quén & nhiét d§ phong.

5.14 Dung dich pha lodng

Trén 80 mL methanol (5.10), 18 mL nwéc (5.9) va 2 mL acid acetic bang (5.4). Dung dich nay
(methanol + nwéc + acid acetic bang, 80+18+2, phan thé tich) c6 thé st dung trong 1 thang néu duoc
bao quan & nhiét 36 phong.

5.15 Amoni acetat/acid acetic bang trong nwéc

Hoa tan 9,5 g amoni acetat (5.11) trong 12,5 mL nwéc (5.9), sau d6 thém 12,5 mL acid acetic bing
(5.4) va tron ky. Dung dich nay c6 thé st dung trong 12 thang néu dwgc bo quan & < -18 °C.

546 Pha ddng A: amoni acetat/acid acetic bing trong nwéc, ndng do mol ¢ = 5 mmol/l

Cho 1 mL amoni acetat/acid acetic bang trong nwéc (5.15) vao 999 mL nwéc (5.9) va tron k.

5.17 Pha dong B: amoni acetat/acid acetic bang trong methanol, ¢ = 5 mmol/l

Cho 1 mL amoni acetat/acid acetic bang trong nwéc (5.15) vao 999 mL methanol (5.10) va tron ky.

5.18 Citrinin, chit chudn phan tich, dd tinh khiét > 99 %, vi du tinh thé hoic dung dich chuén da
duwgc chirng nhan.

5.19 Dung dich chudn géc citrinin, ndng d9 khéi lwgng p = 500 pg/mL

Can 5 mg citrinin tinh thé, chinh xac d&n 0,1 mg cho vao binh dinh m&c dung tich 10 mL va hoa tan
véi acetonitril (5.2) va thém acetonitril dén vach. Néng do khéi lwgng cla dung dich chudn géc nay
phdi dwoc kiém tra. Didu nay c6 thé dat dugc thong qua phép phan tich LC-MS/MS déi véi dung dich
chuén @3 dwoc ching nhan (5.18) hodc bing phwong phap do quang xac dinh ndng do st dung hé sé
hép thu mol [8].

C6 thé st dung dung dich chuan da dwoc chirng nhan (5.18) 1am dung dich chudn gbc.
5.20 Dung dich chudn lam viéc citrinin, p = 100 pg/mL

Dung pipet ldy 1 mL dung dich chuan géc (5.19) cho vao 4 mL dung dich pha loang (5.14) va déng héa
hén hop.

Xac dinh va sl dung hé sb hiéu chinh (xem 5.19) dé hiéu chinh ndng @ chinh xac clia dung dich
chuén 1am viéc (o = 100 pg/mL). C6 thé bd qua budc ndy khi st dung dung dich chudn da dugc chimg
nhan (5.18).

Dung dich chudn gdc va dung dich chuan lam viéc co thé s dung trong 12 thang néu dwoc bao quan
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& nhiét 6 < 18 °C, tranh anh sang va tranh am.
5.21 Dung dich chudn trung gian citrinin, p = 1 ug/mL

Dung pipet 14y 50 pL dung dich chudn 1am viéc citrinin (5.20) cho vao 4 950 pL dung dich pha loang
(5.14) d@é thu dwoc 5 mL va ddng héa hdn hop.

S dung dung dich chuén trung gian nay lam dung dich thém chuan cho cac thir nghiém 86 thu hdi. Dung
dich nay ¢4 thé bén trong 3 thang néu dwoc bdo quan trong binh mau nau (6.13) & < =18 °C.

5.22 Dung dich chuan géc citrinin3C, ding lam dung dich chudn d biét ndng dé khéi lugng,
vidy p =100 pg/mL

Sau khi m&, dung dich chuan géc cé thé dwgc st dung trong 12 thang néu duec bdo quan & < -18 °C
trong binh mau nau (xem ngay hét han trong Gidy chi*ng nhan phan tich).

Néu citrinin*? C & dang tinh thé thi hoa tan trong mét leong thich hop acetonitril (5.2) dé thu dwoc dung
dich chudn géc ¢6 nbng dd khéi lgng phii hop (vi du: p = 100 pg/mL). Dung dich chudn géc nay co
thé s dung trong 12 thang néu dwoc bao quan & < -18°C.

5.23 Dung djch chudn trung gian citrinin-**C, p = 100 ng/mL

Pha lodng dung dich chuin gbc citrinin3C (5.22) véi dung dich pha loang (5.14) va trdn déu dé thu
duoc dung dich chuan trung gian citrinin3C & ndng @6 p = 100 ng/mL. S& dung dung dich nay lam
chét ndi chuan (ISTD) va thém vao tirng dich chiét mau, dung dich hiéu chuan (5.24) va dung dich kiém
soat citrinin (5.25).

Dung dich nay cé thé st dung trong 6 thang néu dwgc bdo quan trong binh mau nau & nhiét d < ~18 °C.
Kiém tra d¢ on dinh clia dung dich nay sau 6 thang.

5.24 Dung dich hiéu chuin

Chuén bj c4c dung dich hiéu chuan (trong dai tlr 0,25 ng/mL dén 50 ng/mL) vi du néu trong Bang 1, st
dung dung dich chuan trung gian citrinin (5.21) va dung dich pha loang (5.14). Bdng héa cac hdn hop.

BA&t d4u véi dung dich hiéu chuln 6, dung dich nay sau d6 dwoc siv dung G& chuan bj dung dich hiéu
chuén 1, 2 va 3 (xem Bang 1).

M&i dung dich hiéu chuén (tir 1 dén 6) l&y ra 45 pL, thém 5 pL dung dich chudn trung gian citrinin®® C
(5.23) va tron,

Ciing cé thé tang thé tich dung dich hiéu chun va dung dich chuén trung gian theo mot ty 1& khac.



Bang 1 - Vi du vé dung dich hiéu chudn thich hgp
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Dung dich Néng dd Téng thé tich | Dung dich Dung dich Dung djch
hiéu chuén khéi lwgng chuintrung | hiéuchudn6 | pha loang

gian citrinin (5.14)

(5.21)
ng/mL pL pL pL pL

1 0,25 1 000 5 995

2 0,5 1000 10 990

3 1 1 000 20 980

4 10 1 000 10 990

5 20 1000 20 980

6 50 1000 50 950

5.25 Dung dich kiém soat citrinin, p = 25 ng/mL

Chuén bj dung dich kiém soat citrinin tir dung dich chun da duoc chibng nhan (5.18). Ngoai ra, chuin bj
mét dung dich kiém soat citrinin ti dung dich chuan géc citrinin doc 1ap thich hop da dwoc kiém tra bang
phuong phap do quang hodc da dwoc kiém tra bang dung dich chuin da dwgc ching nhan (5.18).
Chudn bj dung dich kiém so4t (o = 25 ng/mL) béng cach pha loang dung dich chuén géc, s& dung dung
dich pha loang (5.14).

Thém 5 pL dung dich chun trung gian citrinin*C (5.23) vao 45 ul dung dich kiém soat truwéc khi
phan tich. Dung dich kiém so4t nay bé&n trong 3 thang néu duwoc bao quan trong binh mau nau & nhiét
d6 <-18 °C.

6 Thiét bj, dung cu
St dung cac thiét bi, dung cu théng thudng clia phong thir nghiém va cy thé nhir sau day.

Déi véi dung cu thly tinh, t6t nhét 13 st dyng dung cu mau nau dé gidm tac déng clia 4nh sang va sy
phan hiy citrinin.

6.1 Can phong thir nghiém, d¢ chinh xac 0,01 g.

6.2 Can phan tich, d¢ chinh xac 0,1 mg.

6.3 May lic phong thir nghiém.

6.4 May ly tam, thich hop cho 6ng ly tam dung tich 50 mL.

6.5 May ly tam, thich hop cho éng ly tdm dung tich 1,5 mL.
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6.6 Pipet, co thé diéu chinh, vi du tir 1 pL d@&n 1 000 pL, thich he'p cho dung méi hiru co, c6 d4u tip
thich hgp.

6.7 Ong ly tam, dung tich 50 mL.

6.8 Ong ly tam, bang polypropylen (vi du éng Eppendorf ®), dung tich 1,5 mL.

6.9 Xyranh, dung tich 2 mL.

6.10 Dau loc xyranh, bing polytetrafluoroethylen (PTFE), ¢ c&18 0,2 pm.

6.11 Lo nhé mau néu ding cho bdé bom mau, cé ndp vin hodc trong dwrong, dung tich 1,5 mL.
6.12 Ong Idng trong lo nhoé bing thiy tinh.

6.13 Binh mau nau.

6.14 Hé théng LC-MS/MS, gbm cac bd phan sau:

6.14.1 Bom LC, thich hop cho qua trinh ria giai gradient.

6.14.2 Hg@ théng bom, c6 kha nang bom mot lwong dung dich ¢é 69 chinh xac thich hop.

6.14.3 Cot LC, vi du cot HSST3 C18, c& hat 1,8 pm, kich thwdc 2,1 mmx 100 mm va bd loc so bd
hodc tién cot twong tng

Céc cdt c6 kich thudc khac nhau ciing co thé duoc st dung khi ddm bdo phan tach dwdng nén nham

phan biét cac pic cla citrinin véi tat ca cac tin hiéu khac.
6.14.4 Bo &n nhiét clia cot.

6.14.5 Thiét bj do hai IAn khéi phd (MS/MS), cd kha ning thie hién ion héa citrinin va theo déi da
phan (ng (MRM) véi dai déng di réng.

6.14.6 Hé théng danh gia di liéu.

7 Cach tién hanh
7.4 Chuin bj miu thir

Nghién min m3u phdng thlr nghiém, déng héa va bdo quan & noi téi trwdc khi ldy phan miu thir dé
phén tich,

1} Eppendorf Ia tén thwong mai cia éng ly tdm do Eppendorf International cung cap. Thang tin ndy dua ra dé& thuan tién cho
ngudi st dung tiéu chudn va khdng an dinh phai sir dung san phdm nay. C6 thé sir dung céc san phdm twong ty néu cho két
qua fong dueong.

10
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7.2 Chiét citrinin
Can 4,00 g mAu phong thir nghiém da ddng nhét, chinh xac dén 0,02 g, cho vao ong ly tam 50 mL (6.7).

Thém 10 mL dung dich chiét 1 (5.12), sau d6 thém ngay 20 mL (Ver) dung dich chiét 2 (5.13) va day
nap ong.

St dung may lac phong thr nghiém (6.3), l&c hdn hop trong khodng 1 h, & nhiét d phong.

Sau d6, thém 6,0 g magnesi sulfat (5.5) va 1,5 g natri chloride (5.6) vao hén hop va l&c manh ngay trong
30 s dé tranh két tinh muéi.

CHU THICH Budrc thyc hién nay tda nhiét va lam néng Ién vira phai lwong chira trong dng.
Léc hén hop bang may I&c phong thir nghiém (6.3) trong khoang 3 min.
Tach céc pha bang cach ly tam (6.4) trong khodng 5 min & khodng 4 000g.

Loc 1 mL pha httu co qua bg loc xyranh PTFE (6.9, 6.10) vao éng ly tam dung tich 1,5 mL (6.8). D& phan
tich cac mé c6 mic dd 6 nhiém cao (vi du gioi han téi da = 2 000 pg/kg), pha lodng dich chiét dén 20 Ian.

VIDY Phaloang 10 pL dich chiét clia cac mau bj & nhiém cao trong 180 pL dung dich pha loang (5.14) va ddng héa hdn hop.

Néu dich chiét da pha lodng nay bj duc (d4c biét véi gao men dd) thi chuyén mdt lwong dich chiét da
pha loang (> 1 mL) vao dng ly tam 1,5 mL khéc (6.8) va ly tam lai & khoang 4 000g (6.5).

7.3 Quy trinh thém chuén

Thém 80 pL dung dich chuan trung gian citrinin (5.21) vao phin mau thi¥ 4 g (twong (rng véi phan khéi
lwong citrinin 20 pg/kg mAu) va @& can béng it nhat 30 min & nhiét d§ phong. Déi véi cac mire 6 nhiém
khac, chinh ndng d6 thém chudn béng cach thém thé tich thich hop. Ngoai ra, c6 thd sl dung chét
chun da dwoc chirng nhan.

Thém 10 mL dung dich chiét 1 (5.12), thém ngay 20 mL (Vex) dung dich chiét 2 (5.13) va day ndp éng.
Chiét citrinin ra khdi mau nhw mé ta trong 7.2.

7.4 Chuén bi dung dich miu thir

Chuyén 45 pL dich chiét da loc (7.2) vao éng 1dng (6.12), thém 5 pL dung dich chuén trung gian
citrinin"13C (5.23) va tron déu.

D4t éng vao 1o nhd mau nau (6.11) va vin nip lai.

X& Iy dung dich hiéu chuan (5.24) va dung dich kiém soét (5.25) theo cach twrong tu.

11
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Bom mét Iong thich hop céc dung dich thir nay vao hé théng LC-MS/MS (6.14) va Iwu y riing viéc phan
tich LC-MS/MS phai duwoc thue hién trong vang 24 h sau khi chiét, do tinh khong &n dinh clia citrinin.

7.5 Phan tich LC-MS/MS
7.5 Yéu ciu chung

Cot phan tich, thanh phan pha ddng, ché d6 cai d3t gradient va thé tich bom phai dwoc chon va két
hop sao cho cac didu kién nay cho phép dat dwoc sw phan tach chdp nhan dwoc va két qua tin cay &
mdc yéu cau, véi dd chon loc di @& thu duoc ty 1& nghi ngd sai léch thap c6 thé chp nhan duoc.

Téi wu hoa cac thong sb phan tich (chen ché do ion héa, chon cac manh khéi ion me va ion con, téi vu
héa dién ap qua con va ning lwong va cham) béng cach truyén va bom tirng dung dich chun phan
tich citrinin va ISTD.

Dé kiém tra d6 dn dinh clia hé théng LC-MS/MS, bom dung dich kiém soét (5.25).
7.5.2 Diéu kién van hanh LC-MS/MS

Bom cac dung dich kiém soat, dung dich pha lodng va cac dich chiét theo thir tv sau:
- Dung dich kiém soat (5.25; d& kiém tra xac nhan);

- Dung dich pha loang (5.14; dé kiém tra xac nhan mirc G nhiém tlr mau tredc sang mau tiép theo
qua cac lan bom mau);

- Dung dich hiéu chuén (5.24);
~ Dung dich kiém soat (5.25; d& kiém tra xac nhan tinh phii hop clia hé théng);

~ Dich chiét mau (7.3, 7.2) (bao gém dung dich pha loang (5.14) va dung dich kiém soat (5.25) sau
m&i 6 1an dén 10 1an bom miu);

- Dung dich kiém soat (5.25);
~ Dung dich pha loang (5.14).

Khi str dung cét (6.14.3), pha dong A (5.16) va pha dong B (5.17), ty | rira gidi quy dinh trong Bang
A1, cac cai dit sau day dwoc chirng minh Ia c6 thé 4p dung dwoc.

Téc do dong: 0,5 mL/min;
Nhiét dg 16 cot: 40 °C;
Thé tich bom: 1 uL;

12
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Nguén ion: phun dién;
Ché @ ionhéa:  ché dd ion am;
Kiéuphantich:  ché do theo ddi da phan rng (MRM) ctia 3 kénh;

nhiét @& ngudn 150 °C, nhiét d6 khir dung mdi 450 °C, déng khi kh(r
dung méi 1 000 L/h, dong khi qua con 150 Uh va dién dp mac quan 1 kV.

Cai dat nguodn ion:

Céc thong sb cai dat LC néu trén co thé duge coi nhw 1a gid tri hwéng dan. Tuy thude vao cot dugc st
dung, phai didu chinh ty 1& rira giai va/ho3c toc d dong sao cho dat dwoc s phan tach tét nhat gitra
chét phan tich va cac thanh phan chiét khac clia nén miu.

Khi st dung ion dwong 13m ion me va si that thot ion durong ddng vai trd chuyén khdi ion dinh lwong,
thi phai theo ddi it nhat hai ion dinh tinh.

Cac thdng sd khéi phd thich hep dugce néu trong Bang 2.

Bang 2 - Cac didu kién khéi phd riéng ctia chit d& phan tich citrinin

Chét phan | Theigian lon me bién ap lon con miz (nang lwong va cham)
tich hwu [M + MeOH-HI | quacéng
min miz ion lon dinh lon dinh tinh | lon dinh tinh
v hrong thir 1 thir 2
Citrinin 281,0 50 249,0 205,0 177,0
(15eV) (25 eV) (30eV)
38
Citrinin*C 294,0 50 262,0 na? na
(15eV)
2 khong ap dung.

Do d6, céc didu kién do t6i wu ddi v&i ion dinh lweng va ion dinh tinh phai dwoc xac dinh phu thude vao
céu hinh clra tirng thiét bi. Qua trinh chuyén khéi c6 ty & tin hiéu trén nhiéu Ién nhat phai dwgc chon
lam ion dinh lwong.

C6 thé dat dwoc dd nhay t6i da thong qua viéc chon ché dd ion héa téi wu, cac ion me va ion con cling
nhu téi wu hda dién 4p qua con va nang lugng va cham.

Cac vi dy vé sic ky d6 duoc liét ké trong Phy luc B.
7.6 Dinh danh

Xac dinh citrinin bing cach so sanh thai gian lwu clia dung dich higu chudn véi thdi gian lwu clia dung
dich mAu thiv. Xac dinh chét phan tich dya trén it nhat hai 1an chuyén khéi. Ngoai ra, thoi gian Iwu (cac
pic & ¢ hai vét khéi lgng) va ty 1 dién tich pic phai phi hep véi dung dich hiéu chuén.
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Théi gian lwu va cac ty | ion phai phl hop [3].

8 Tinh két qua

8.1 Yéu ciu chung

Tién hanh hiéu chun da diém bang dung dich hiéu chun (xem vi dy trong Bang 1).
CHUTHICH D3 d6 thu hdi duoc chdp nhan durge néu trong Tai ligu tham khao [4] va [7].

8.2 Tinh toan v&i chat ndi chuin

Thure hién hiéu chun da diém (dwng dwdng chudn tuyén tinh bing cach dyng db thi ty 1@ citrinin/citrininC
do dwoc trong cac dung dich hiéu chuin theo ndng @ néu trong Bang 1).

Doi v&i db thi hdi quy tuyén tinh, ty 1é dién tich pic cla chét phan tich so v&i ty |&é ndng d6 twong (mg.
Ndng do khéi lwgng cla citrinin trong dung dich da bom dwoc suy ra tir phwong trinh hdi quy tuyén
tinh, tinh bang nanogam trén mililit (ng/mL), xem Céng thirc (1):

A, Ps

=a
cal
Ao Pisto

+bgy (1

Trong d6:
As  la dién tich pic ctia chét phan tich trong dung dich hiéu chuén;
Assto 1a dién tich pic clia chat ndi chuan trong dung dich hiéu chuan;
aca la dd déc clia dwdng chuan duoc xac dinh bdi cac dung dich hiéu chudn;

pa 12 ndng @6 khéi lwgng clia chat phén tich trong dung dich hiéu chudn, tinh bang nanogam

trén mililit (ng/mL);

pisto 13 ndng @6 khédi Iong chét ndi chuln trong dung dich hiéu chudn, tinh bing nanogam trén
mililit (ng/mL);

bear 12 giao diém clia dwdng chudn véi truc tung dugre xac dinh bdi cac dung dich hiéu chuan.

Tinh ndng dé khéi lwong clia chét phan tich trong dung dich miu tht p!, bing nanogam trén mililit
(ng/mL) theo Céng thirc (2):

P =—_—Psm 2
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Trong d6:

A. ladién tich pic cia chat phan tich trong dung dich mau th,
bea 13 giao diém truc clia dwong higu chuan dugc xac dinh béi cac dung dich higu chuén;
Asoro 13 dién tich pic clia chat ndi chuan trong dung dich méu thiy;

aca la 0 déc cla dudng chuin dugc xac dinh bdi cac dung dich hiéu chudn;

Pieoto 13 ndng dd khéi lwong clia chét ndi chudn trong dung dich mau thi, tinh bing nanogam
trén mililit (ng/mL).

Tinh phan khéi long w, clia chét phan tich trong phan miu thi, tinh bing nanogam trén gam (ng/g)
theo Coéng thire (3):

5
w, =20V poscw = pixD )
m

5

Trong dé:

Ps 1 ndng @9 khdi lvgng clia chat phan tich trong dung dich mau thir, tinh bing nanogam trén
mililit (ng/mL);

Vex 12 thé tich dung dich chiét (& day [a: 20,0 mL);
ms  la khéi lwgng clia phan mau thiy (& day 1a: 4,0 g);

D  1ahé sb pha loang (D = 5,0), bing Ves/ms va khi can thiét, 4p dung hé s6 pha loang bd sung
(20 1an) d& cé D = 100.

Phan mém xt ly dir liéu cd thé dwoc s dung dé tw dong két hop viéc hiéu chinh nhitng dnh hwéng
lén nén mau (chét ndi chuan citrinin'*C) va hé sb pha loang (D = 5, do budc chiét va néu can pha
loang bd sung thi hé sb pha lodng b sung 12 20).

Két qua hiéu chinh d¢ thu hdi dwoc tinh bing Cong thire (4).
w.
Wa, 84 higu chinh =$"100 (4)
Trong d6:

Wa, aa hieu chinn 13 phan khdi Igng @4 hiéu chinh clia chét phan tich, tinh bing nanogam trén gam
(ng/g);
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ws  1a phén khdi long cla chét phan tich, tinh bang nanogam trén gam (ng/g);

RR Ia phan tram hiéu suat thém chuan thu dugrc tlr thir nghiém vé dd thu hi.

9 DP6 chum
9.1 Yéu céu chung

Chi tiét vé phép ther lién phong thtr nghiém vé d6 chum ctia phwong phap dwoc tém tit trong Phuy
luc C. Céc gi4 tri thu dwerc tir phép thir lién phong thiz nghiém cé thé khéng ap dung duwoc cho cac dai
ndng 6 va nén mAu khéac véi cac dai ndng d6 va nén mau da néu trong Phy luc C.

9.2 Pglaplai

Chénh léch tuyét ddi gitra cac két qua cua hai phép thir ddc I1ap, don Ié thu dwoc khi st dung cling mét
phwrong phép, trén vét ligu thir gibng hét nhau, do mdt nguwdi the hién, st dung cling thiét bi, trong
khoang thdi gian ngén, khong qua 5 % céc tredng hep virot qua gidi han 13p lai rtrong Bang 3.

9.3 Po tai lap

Chénh léch tuyét ddi gitra cac két qua clia hai phép thir don 18 thu dworc khi st dung cling mét phuong
phap, trén vt liéu thir gidng hét nhau bdi hai phong thir nghiém, khéng qua 5 % céc triedng hop vugt
qua gidi han tai 1ap R trong Bang 3.

Bang 3 - Dir liéu xac nhan gia trj s dung dbi véi citrinin

Mau Mirc nhiém Trung binh, X r R
Hg/kg Hg/kg Hg/kg
Gao men dd (RYR) Thép 38,0 8,7 16,8
Gao men dé Cao 1913 342 544
Bot mi Thép 31,1 6,6 12,3
Thuc phdm bd sung - RYR (FS-RYR) Thép 22,1 7.7 15,4
Thye phédm bd sung - RYR Cao 1867 262 1085
La bach qua (GBL) Thép 30,2 7.8 21,0
Thye phdm bd sung - GBL (FS-GBL) Thép 21,7 89 227

10 Bao cdo thir nghiém
Bdo cao thtr nghiém phai tuan theo TCVN ISO/IEC 17025 va phai bao 96m it nhét cac di liéu sau:
a) moi thdng tin can thiét d& nhan biét mau (loai mau, ky hiéu);
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b) vién dan tiéu chuan nay;
c) ngay va loai quy trinh 14y mau (néu biét);
d) ngay nhan miu;
e) ngay thir nghiém;

f) cac két qua thir nghiém va don vj biéu thj, khi cin thiét d6 thu hdi phai dwgc cong bd ciing véi cac
két qua thir nghiém va cac két qua thir nghiém c6 dwec hiéu chinh véi cac @6 thu hdi d6 hay khang;

g) moi dic diém cu thé quan sat dwec trong qua trinh thir nghigm;

h) moi thao tac khéng dwgce quy dinh trong phwong phap ndy hodc dwgc coi la tily chon cb thé anh
huéng dén két qua.

17
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Phuluc A
(tham khao)

Vi du vé cac diéu kién dbi voi hé thdng LC-MS/MS thich hop

A.1 Cai dat thiét bi sic ky WATERS Acquity H-class két hop Xevo® TQ-S?

Céc cai a3t may séc ky néu trong Bang A.1 ¢6 thé dwgc coi 1a cac gid tri hwdng dan. Cac didu kién séic
ky chinh xac phy thudc vao phong thi¥ nghiém va do d6 cé thé thay ddi nhe. Can d3m bao hé théng

phan tich thich hop bang cach do cac dung dich chuan.

Bang A.1 - Cai dat thiét bj sic ky

Hé théng UHPLC Acquity H-class (Waters két hop Xevo® TQ-S)
Thé tich bom 1L
Cot Cat Waters HSST3 C18 (c& hat 1,8 pm, kich thwdc 2,1 mm x 100 mm)
co tién cot bdo vé
Téc d déng 0,5 mL/min
Nhiét 4o 40°C

Dung dich rira giai A

Nudc + CHaCOOH 0,05 % (phan thé tich) + amoni acetat 5 mmol

Dung dich rira gidi B

Methano! + CHaCOOH 0,05 % (phan thé tich) + amoni acetat 5 mmol

Gradient

Thei gian Dung djch rira gidi A | Dung djch rira giai B
min % %
0 70 30
6,5 10 90
8,0 0,0 100
9,0 0,0 100
10 70 30

Vi du vé séc ky @b dugc néu trong Phu luc B.

A.2 Cai dit detector khdi phd

T4t ca cac thong sb cai dit detector sau day c6 thé duoc coi la gié tri hudng din. Cac didu kién do
chinh xac phy thudc vao thiét bi twong (rng va do d6 ¢ thé thay ddi nhe. Can dam bao hé thdng phan

tich thich hgp béng cach do dung dich chudn.

2 Waters Acquity H-class két hep v&i Xevo TQ-S 1 vi dy vé san phim duwoc sl dung va khdng 4n dinh phai si? dung san

phdm ndy. Co thé str dung cac san phdm trong t néu cho két qua twong duong.
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- Ngubdn ion: phun dién;
- Ché d6 ion hoa: ché do ion am bang ché do theo déi da phan (mg (MRM);

- Cai d3t ngudn ion (ion héa phun dién (ESI-));

Nhiét o ngudn 150 °C
Nhiét d§ khlr dung madi 450 °C
Téc d6 dong khi khir dung méi 1000 Lth
Téc @ dong khi chay qua céng ion 150 L/h
Pién 4p mao quan 100 kV

Théi gian quan sat (dwell time) cho tat ca cac chuyén khdi 0,038 s
Téc d6 dong khi va cham 0,15 mL/min

Ap suét phun 7,00 kPa
- Céc dung dich kiém soét c6 thé dwa ra dir liéu néu trong Bang A.2.

Bang A.2 - Két qua do véi dung dich kiém soat

Théng sé Gia trj kiém tra
Thei gian lwu ciia citrinin 3,5 min @én 4,3 min
Mtrc @6 nhi&m citrinin tir mau <1%
treérc sang mau tiép theo
Tin hiéu/nhiéu m/z 249 >10
B rdng pic véi citrinin 10 % <0,15 min
Ap suét téi da gradient <100 MPa

Mrc @6 nhiém tir mau triedrc sang méu tiép theo = “dién tich pic clia dung dich pha loang’/'dién tich pic
clia dung dich kiém soat 1 ng/mL".

Néu mirc d nhiém tlr mau tredc sang miu tiép theo > 1 % thi:
~ rira bom 10 I3n;
- bom tir 10 pL dén 25 pL dé rira kim bom mau;

- rlra cot 30 min béng 95 % pha déng B & téc dd dong 0,5 mL/min.
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Phuluc B
(tham khao)

Sac ky do dién hinh

Trong céc hinh dwdi day, TargetLynx 4.1 (Waters)® da duoc str dung dé x@ ly dir ligu. Céc két qua duoc
TargetLynx hiéu chinh tw ddng v& hiéu (ng ndn miu véi chat ndi chudn citrinin®C va cho hé s pha
lodng D = 5,0 va tinh hé s6 pha lodng bd sung (20 Ian) dé thu dwgc hé sé pha loang cudi cling D = 100,
khi can. :

Hinh B.1 d@én Hinh B.5 thu dwoc bang cach cai dit thiét b theo Phuy luc A. Cac hinh cho thdy MRM
chudn héa ddi véi citrinin va citrinin*C dwec phat hién trong dung dich kiém soat va cac dich chiét
mau dugc thém chuin, FD-RYR, bdt mi, GBL va FS-GBL. Chuyén khéi dinh liegng va chuyén khéi
khang dinh dwoc dua ra.

L
4 41 42 43 X

1
4 41 42 43 X

CHU DAN
X thai gian, tinh béng min
Y d5 dap (ng clia MS, %

1 MRM dinh Iwgng citrinin 281,0 — 249,0

2 MRM dinh tinh citrinin 281,0 —» 205,0

3 MRM dinh lwgng citrinin c6 gan 3C 294,0 — 262,0
4 MRM dinh tinh citrinin 281,0 -» 177,0

Hinh B.1 - Vi du vé sic ky dd MRM ctia dung dich kiém soat (25 ng/mL)

3 TargetLynx 4.1 (Waters) Ja vi dy vé san phim dugc si dyng va khéng &n dinh phai s dung san phdm nay. Co thé sir
dyng céc san phdm twong ty néu cho két qua trong dwong..
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Y
100% 1

0 1 1 ] 1 | 1 1 = 1 1 ] L 1

3 31 32 33 34 35 36 37 38 39 4 41 42 43 X
Y
IOUE

0 | ] 1 1 | 1 [ i N | 1 1 | 1

3 31 32 33 34 35 36 37 38 39 4 41 42 43 X
Y
100% 3

ot 1 l l 1 l | | A ) | L 1 1

3 31 32 33 34 35 36 37 38 39 4 41 42 43 X
Y
100t

0 1 [ 1 1 | | 1 1 ] i ]

3 31 32 33 34 35 36 37 38 39 4 41 42 43 X

CHU DAN
X thai gian, tinh bang min
Y d dap (rng clia MS, %

1 MRM dinh lwgng citrinin 281,0 — 249,0

2 MRM dinh tinh citrinin 281,0 — 205,0

3 MRM dinh lrgng citrinin co gén 13C 294,0 — 262,0
4 MRM dinh tinh citrinin 281,0 - 177,0

Hinh B.2 - Vi du vé sic ky dd MRM di véi citrinin trong mau tring gao men dé FS
dwgc thém chudn & mirc 50 pglkg
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31 32 33 34 35 4 41 42 43 X

4 41 42 43 X

31 32 33 34 35 4 41 42 43 X

3 31 32 33 34 35 4 41 42 43 X

CHU DAN
X thdi gian, tinh bing min
Y @5 dap tng clia MS, %

1 MRM dinh lwrgng citrinin 281,0 —» 249,0

2 MRM dinh tinh citrinin 281,0 - 205,0

3 MRM dinh lwging citrinin c6 gén 13C 294,0 - 262,0
4 MRM dinh tinh citrinin 281,0 - 177,0

Hinh B.3 — Vi du vé sic ky 4 MRM dbi véi citrinin trong miu trang bdt mi
dwoc thém chudn & mirc 50 pglkg
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0 1 1 1 L L ] A L
3 31 32 33 34 35 36 37 38 39 4 41 42 43 X

2

3 31 32 33 34 35 36 37 38 39

Y 3
100 |
s A
:
¢ F 1 | 1 ] 1 1 | 1 i1
3 31 32 33 34 35 36 39 4 41 42 43 X
Y
100 |-
0: - al 1 1 1 L 1
3 31 32 33 34 35 36 37 38 39 4 41 42 43 X

thai gian, tinh bing min

dd dap (ng clia MS, %

MRM dinh Iwgng citrinin 281,0 —» 249,0

MRM dinh tinh citrinin 281,0 — 205,0

MRM dinh lwgng citrinin cé gén 3C 294,0 — 262,0

chét dinh tinh citrinin MRM 281,0 - 177,0

Hinh B.4 - Vi du vé sic ky dd MRM dbi v&i citrinin trong miu tring 13 bach qua

(GBL) dworc thém chuin & mirc 20 pg/kg
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YE
100
0 1 1 1 1 | 1

3 31 32 33 34 35 36 37 38 39 4 41 42 43 X
Y
100 A

2 &

o E—1 = L1 L B

3 31 32 33 34 35 36 37 38 39 4 41 42 43 X
Y 3
100

0 | 1 L 1 1 1 Rl L 1 1 1 1

3 31 32 33 34 35 36 37 38 39 4 41 42 43 X
Y 4
100

0 ] | ] 1 | 'IA.L 1 !A |

3 31 32 33 34 35 36 37 38 39 4 41 42 43 X

CHU DAN
X théi gian, tinh biing min

Y 4 dap tmg clia MS, %

1 MRM dinh lwgng citrinin 281,0 - 249,0

2 MRM dinh tinh citrinin 281,0 — 205,0

3 MRM dinh lrgng citrinin c6 gén 13C 294,0 - 262,0
4 MRM dinh tinh citrinin 281,0 - 177,0

Hinh B.5 - Vi du v& sic ky d6 MRM dbi véi citrinin trong miu tring FS-ginkgo
biloba dwgc thém chudn & mirc 20 pglkg
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PhulucC
(tham khao)

Dir liéu d6 chum

TCVN 14434:2025

Phwong phap nay dwoc xay dwng bdi phdng thir nghiém “Chét doc va cac chét ty nhién” tai Vién
Sciensano (Tervuren, Bi) trong khuén khé quy dinh Diéu 11, CEN M/520 va dwoc thir nghiém trong thir
nghiém cdng tac vao nam 2016 vai 18 phong thir nghiém st dung mau gao men dé (RYR), bt mi, bt

la bach qua (GBL), thic pham bd sung gao men @b va bt 1 bach qua bj & nhiém tw nhién va duoc

thém chuan.

D( liéu néu trong Bang C.1, Bang C.2 va Bang C.3 thu dwgc trong phép thir lién phong thlr nghiém st
dung LC-MS/MS. Cac két qua dd thu hdi thu dwoc véi cac mau RYR, bdt mi, GBL, thire phdm bd sung

RYR hoic GBL dwoc thém chuan.

Bang C.1 - Di¥ ligu dd chum déi v&i gao men do va bot mi

Gao men dd Bt mi
Miu tring’| RYR- RYR- |Miutring*| Bdtmi-
mirc thip | mire cao mirc thip
S6 két qua bao cao 17 18 17 17 18
S6 phong thir nghiém cung cAp két qua 14 14 14 14 14
dinh luvgng
S6 ngoai & (phong thlr nghiém) 0 1 1 0 1
S6 két qua dugc chdp nhan 14 13 13 14 13
Gi4 trj trung binh, X , pg/kg 0,1 38,0 1913 1,4 31,1
D0 lech chudn I3p lai, s, pg/kg - 3,1 122 - 24
D9 léch chuén I3p lai trong ddi RSDy, % - 8,1 8,4 - 76
Gioi han |ap lai, r, yg/kg - 8,7 342 - 6,6
D6 léch chuan tai 14p, sr, pg/kg - 6,0 194 - 44
D6 léch chuén tai lap twong d6i RSDr, % - 15,8 10 - 14,1
Gidi han tai 1ap, R, pg/kg - 16,8 544 . 12,3
Do thu héi, % - 80,8 - - 89,8
Gia tri Horwitz-Thompson, pg/kg - 84 278 - 6,9
Gié tri Horwitz-Thompson, %® - 22,0 14,5 - 22,0
Gia trj HorRat . 0,72 0,70 - 0,64

2 Truéng hop khdng co dir liéu dwoce dwa ra thi khdng thé tinh todn théng ké.

b Puwge tinh biing cach st dyng da léch chuan dy doén tir phirong trinh Horwitz-Thompson.
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Bang C.2 - Di¥ liéu d6 chum déi véi thye phdm bd sung gao men doé

Thirc phidm bd sung RYR (FS-RYR)

Miutring* | FS-RYR-mirc thip | FS-RYR-mirc cao
S két qua bao céo 17 17 17
S6 phong thi nghiém cung cap két qua 14 14 14
dinh lugng
S ngoai Ié (phong thir nghiém) 0 1 0
S6 két qua duoc chép nhan 14 13 14
Gi4 trj trung binh, X , pa/kg 0,0 22,1 1867
D9 1&ch chudn I3p lai, s, pglkg - 28 94
D0 léch chudn 13p lai twong d@6i RSD:, % - 12,5 5
Gigi han I3p lai, r, pg/kg - 7,7 262
Do léch chuén tai lap, sr, pg/kg - 54 388
D6 léch chuln tai lap twong d6i RSDr, % - 24,9 21
Gi6i han tai 1ap, R, pg/kg . 15,4 1085
Do thu hoi, % - 78,8 -
Gia trj Horwitz-Thompson, pg/kg - 49 272
Gia trj Horwitz-Thompson, %® - 22,0 14,6
‘Gia trj HorRat - 1,13 1,43

2 Trwdng hop khang cb dir liéu dugc dwa ra thi khdng thé tinh toan théng ke.

b Pugc tinh bing cach st dyng dd léch chuén dy doan tir phrong trinh Horwitz-Thompson.
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Bang C.3 - Di# liéu do chum déi véi bach qua va thwe phim bd sung tiv 1a bach qua

La bach qua (GBL) Thwe pham bé sung-GBL

Miu tring? | GBLmucmip | Mau tring® | FS-GBLmixcao
S6 két qua bao cao 17 18 17 15
86 phong thir nghiém cung cAp két qua dinh
fwong 14 14 14 12
S6 ngoai 1é (phong thlr nghiém) 3 3 1 2
S6 két qua dwoc chap nhan 1 1 13 10
Gid tri trung binh, X , pg/kg 0,1 30,2 0,0 21,7
D6 léch chuén I3p lai, sr, pa/kg - 28 - 3,2
D6 léch chuan 13p lai trong ddi RSD;, % - 9,2 - 146
Gidi han I13p lai, r, pa/kg - 7,8 : 8,9
D6 léch chuln tai lap, sr, palkg - 7.5 - 8,1
D9 lech chudn tai 1ap trong ddi RSDR, % - 24,9 - 37,3
Gidi han tai 1ap, R, pg/kg . 21,0 . 22,7
Do thu hdi, % - 74,9 - 69,2
Gia trj Horwitz-Thompson, pg/kg - 6,6 - 4,8
Gia trj Horwitz-Thompson, %® - 22,0 - 22,0
Gia trj HorRat - 1,18 - 1,70
2 Trwdng hgp khong cé d lidu dwgc dua ra thi khéng thé tinh toan théng ké.
® Pugc tinh bdng cach sir dyng @3 léch chudn dy doan tir phwrong trinh Horwitz-Thompson.
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Thw muc tai liéu tham khao

TCVN ISO/IEC 17025:2017, Yéu ciu vé nang luc cla céc phong thir nghiém va hiéu chuén

TCVN 6910 (ISO 5725) (tat ca cac phan), DY chinh xac (d§ ding va dé chum) cla phuong phap
do va két qua do

SANTE/12089/2016 Guidance document on identification of mycotoxins in food and feed
implemented by 001/01/2017. Avalaible at:

(https://ec.europa.eulfood/sites/food/files/safety/docs/cs contaminants sampling_quid-doc-ident-
mycotoxins.pdf]

Commission regulation (EC) No 401/2006, of 23 February 2006 laying down the methods of
sampling and analysis for the official control of the levels of mycotoxins in foodstuffs. Official
Journal ofthe European Union, L 70, 12-34

Regulation (EC) No 1907/2006 of the European Parliament and of the Council, Official Journal of
the European Union Corrigendum in L 136/3 of 29 May 2007 in its current version

Commission regulation (EU) No. 212/2014 amending regulation (EC) No 1881/2006 as regards
maximum levels of the contaminant citrinin in food supplements based rice fermented with red

yeast Monoscus purpureus. OfficialJournal ofthe European Union, L 67, 3-4

Commission Regulation (EU) No. 519/2014 of 16 May 2014 in its latest version amending
Regulation (EC) No 401 /2006 as regards methods of sampling of large lots, spices and food
supplements, performance criteria for T-2, HT-2 toxin and citrinin and screening methods or
analysis. Official Journal ofthe European Union, L 147, 29-43

Reinhard H., Zimmerli B. Reversed-phase liquid chromatographic behavior of the mycotoxins
citrinin and ochratoxin A. J. Chromatogr. A. 1999, 862 (2) pp. 147-159
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