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Tém tat

Viéc lam dung cac chat tang trudng thuc vat trong nong nghiép, dac biét la cac chat co
ngudn géc tdng hgp nhém cytokinin, ¢é xu hudng ngay cang gia tang. Trong nghién ctiu nay,
phuong phap xac dinh hai chat tang trudng thuc vat nhdm cytokinin gom 6-benzylaminopurine
va forchlorfenuron trong gia d6 da dugc nghién ctiu xay dung dua trén ky thuét chiét QuEChERS
két hop véi LC-MS/MS. Diéu kién sac ky gom cot pha ddo C ,, pha dong & ché do gradient véi
hai kénh H,O va MeOH c6 b6 sung thém hon hgp acid formic 0,1% va amoni formate 10 mM.
Detector khdi phd ba tit cuc, v6i nguodn ion hoa dién tit duong (ESI+), ché do theo doi da phan
ting (MRM) da dugc stt dung dé€ khing dinh sy c6 mat clia cdc chit nghién ctiu. Quy trinh xti Iy
mau dugc t6i uu theo phuong phap QuUEChERS sti dung Acetonitrile (ACN) chtia 1% acid acetic
lam dung moi chiét, PSA lam chét hap phu cho hiéu qua chiét t6t. Phuong phap xay dung cd
LOQ la 3,0 pg/kg véi do thu hoi tii 79,1 - 117%, do lap lai tu 3,0 - 7,0% dat yéu ciu theo quy dinh
ctia AOAC va chau Au. Phuong phép da dugc ting dung dé phan tich mot s6 mau gié dé trén dia
ban thanh phé Ha Noi, ¢6 5/6 mau dugc phat hién c6 6-benzylaminopurine v6i ham lugng vugt
gidi han t6n du t6i da theo quy dinh chau Au.

Tit khéa: LC-MS/MS, QuEChERS, 6-benzylaminopurine, forchlorfenuron, gid do.

1. DAT VAN PE

Gia d6 1a thuc phdm truyén théng ctia nudc ta, dugc nhiéu ngudi va chudng trong cac
moén an hang ngay nho ham lugng dinh dudng cao cung huong vi thom ngon. Viéc san xudt
gid do co thé thuc hién dé dang tai cac ho kinh doanh nho hoédc tham chi tai tliing gia dinh. Tuy
nhién, cay gia d6 san xudt trong diéu kién khong st dung cac chét ting trudng thudng dai va
nho, khong bit mat do d6 ngudi san xudt b sung cac chit tang trudng thuc vat [1]. Trong thaoi
gian vlia qua, da xuat hién thuc trang lam dung cac chat kich thich sinh truéng trong san xuat
gid d6 nham truc 1gi, bat chép cac tac hai dén stic khoe ngudi tiéu dung.

Trong cac chat kich thich sinh trudng thuc vat, cytokinin la nhém chat dugc st dung phd
bién trong gia d6. Cac cytokinin tdc dung 1én qud trinh phan hoa té bao, kich thich sy phén chia
té€ bao manh & thuc vat do ching hoat héa qua trinh tng hgp acid nucleic va protein [2]. Tuy
nhién, mot s6 chat cytokinin tdng hop cd thé gay cac tac dung c6 hai trén nguoi va dong vat
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thi nghiém. Hai chét 6-benzylaminopurine (6-BA) va forchlorfenuron (CPPU), thuéc nhém
cytokinin téng hop, khong ndm trong Danh muc thudc bao vé thuc vat dugce phép st dung do
Bo Nong nghiép va Phét trién Nong thon ban hanh [3], do d6 viéc st dung hai chét nay trong
san xudt gia d6 la bat hgp phap. Viéc st dung 6-BA va CPPU trdi phép trong san xuit gia do
nhiéu khd ning van dang dién ra bat chip quy dinh phap luat hién hanh. Vi thé viéc xac dinh
dong thoi hai chat nay trong gida d6 rat dugc quan tdm, gép phan hoé trg trong céng tac quan
ly thi trudng, ban hanh quy dinh kiém soat ham lugng 6-BA va CPPU trong san phdm gia do.

Nhiéu phuong phap da dugc xay dung d€ xac dinh ton du cac chit 6-BA va CPPU, trong
do6 phuong phéap ELISA [4], LC-MS/MS két hgp ciing quy trinh xt Iy mau béng ky thuat SPE
[5], QUEChERS [6-7] dugc ting dung chu yéu. Phuong phap ELISA thuc hién don gian, tiét
kiém, dua trén viéc sti dung khang thé dac hiéu nhan biét cytokinin cho d¢ chinh xac cao. Tuy
nhién phuong phap nay khong hiéu qua trong viéc xac dinh dong thoi cac chat do khong dap
ting dugc yéu ciu vé dong khang thé dac hiéu. Phuong phap st dung LC-MS/MS dugc ting
dung ngay cang nhiéu trong phan tich dong thoi du lugng cac chat kich thich sinh truéng do uu
diém cho d¢ nhay va d¢ chinh xac cao, dé két hgp véi cac phuong phap xt ly mau, c6 kha nang
xac dinh nhiéu chat dong thoi trong mot 14n phén tich. Nhiéu nghién ctiu [6-8] dugc cong bo
da cho théy hai phuong phap xt ly mau theo ky thuat SPE va QuEChERS déu dugc ting dung
hiéu qua d€ phan tich déng thoi 6-BA va CPPU cho d¢ thu hoi cao. Tuy nhién, ting dung ky
thuét SPE yéu cau c6 pha tinh dac hiéu cho ca 6-BA va CPPU, gay kho khén trong cong tac xu
ly thudng quy. Trong khi d6, phuong phap QUEChERS yéu cau ky thuét xi ly mau don gian, tiét
kiém dung moi, thoi gian nén dugc ting dung ngay cang rong rai.

Trong nghién ctiu nay, ky thuéit xtt Iy mau QuEChERS két hgp LC-MS/MS da dugc lya
chon d€ khao sat xay dung phuong phéap, thdm dinh phuong phap va ting dung d€ xac dinh ham
lugng 6-BA va CPPU trén nén mau gia do.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Déi tugng nghién ciiu

Hai cytokinin t6ng hgp 6-benzylaminopurine (6-BA) va forchlorfenuron (CPPU) dugc
lya chon lam d6i tugng nghién ctiu. Nén mau trong nghién ctu la gia d6. Mau trang gia d6 dugc
chudn bi bang phuong phdp tu trong, cdc mau gid d6 thuc té€ dugc mua tii cdc chg trén dia ban
thanh phé Ha Noi.
2.2. Hoa chat

Chuén g6c 6-BA va CPPU véi d6 tinh khiét 1an lugt 98,51% va 99,6% (nguyén trang) dugc
mua tii hang Dr. Ehrenstorfer. Cac dung méi tinh khiét dung cho chay sac ky gobm methanol,
acetonitril, acid formic, acid acetic va cdc héa chat MgSO, khan, NaCl, CH,COONa, HCOONH,
dugc mua tu hang Merck; nudc cat hai lan dugc lay tii may loc nudce siéu tinh khiét Milli-Q; bot
lam sach d-SPE: bot PSA, bot C18 dugc cung cap boi Agilent.

2.3. Thiét bi, dung cu

Hé thong sac ky long khoi ph6 hai lan ctia SCIEX (My) gom bom sic ky Exion LC 20AD
gan dau do khoi phd AB SCIEX Triple Quad 6500+. Hé thong dugc di€u khién bang phan mém
Analyst version 1.7. Céc thiét bi khac bao gom: May déng nh4t mau (Phillips); can phén tich
chinh xac dén 0,01 mg (MS105, Mettler Toledo); can ky thuat, chinh xdc dén 0,01 g (ME2002T,
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Mettler Toledo), mdy ly tim (Mikro 200R, Hettich); may lac xody (Vortex 3, IKA) va mdy siéu
am (S300H, Elma).

Cot tach sac ky la cot UPLC BEH C18 (2,1x 50 mm; 1,7 pm), Waters. Cac dung cu co ban
trong phong thi nghiém: Micropipet tiy chinh thé tich tit 10 dén 100 pL va tit 100 - 1.000 puL
(Eppendorf), binh dinh mtic cac loai, 6ng ly tdm, 6ng dong.

2.4. Khao sat va thaim dinh phuong phap
2.4.1. Diéu kién LC-MS/MS

Khao sat va lya chon diéu kién khéi phd: tiém truc tiép dung dich chudn hén hgp hai
cytokinin c6 néng d6 100 ng/mL vao hé thong khéi phé bang kim tiém 1 mL. Lua chon ché do
ion hoa, ion me, cac ion con ctia hai chét, t6i uu cac thong s6 cua thiét bi khoi pho.

biéu kién sac ky long: Khao sat qua trinh tach véi cdt sac ky pha ddo UPLC BEH C18
(2,1x 50 mm; 1,7 um). Khao sat thanh phan va ti 1é pha dong theo chuong trinh gradient dung
mdi v6i hai kénh: kénh A (H,0), kénh B (MeOH), dugc b6 sung chat tao nén cho qud trinh ion
héa ctia hé thong khoéi phd. Thuc hién khao sat hai hé dung moi cé bé sung acid formic 0,1% véi
hé dung méi c6 bs sung hon hgp hai thanh phan acid formic 0,1% va amoni formate 10 mM.
2.4.2. Phuong phdp xit ly mau

Phuong phép xti ly mau du kién ban dau dugc tham khdo tu cdc ngudn tai liéu [6-7] nhu
sau: can 10,0 g mau gia d6 da dugc xay dong nhét vao 6ng ly tim 50 mL c6 nap kin. Thém 10 mL
dung moi acetonitrile chiia 1% acid acetic, lac bing tay trong 60 s d€ dong hoa. Thém 4 g MgSO,
khan, 1 g NaCl, tiép tuc lac trong 60 s va ly tdim & 6.500 vong/phut trong 5 phuat. Hat 3 mL dich
16p trén vao 6ngly tim 15 mL da chiia san 150 mg MgSO, va 50 mg C18, lic xody 30 s, ly tam &
6.500 vong/phut trong 5 phat. Hut dich vao lo mau 2 mL va phén tich trén thiét bi LC-MS/MS.
2.4.3. Thdm dinh phuong phdp phan tich

Thdm dinh phuong phap phan tich dugc thuc hién theo tailiéu hudng dan chuyén khao két
qua dudgc so véi tiéu chudn quy dinh bdi AOAC [8] va Hoi dong chau Au (SANTE/ 2019/12682)
[9]. Céc thong s6 thdm dinh gom anh hudng nén, dé dac hiéu, gidi han dinh lugng, gidi han
phat hién, duong chuén, d6 dung, do lap lai.

2.5. Ung dung phuong phap

Phuong phap da dugc ing dung d€ xac dinh dong thoi 6-BA va CPPU trong 06 mau gia
do6 dugc 14y ngau nhién tai cac chg & Ha Noi.
3. KET QUA VA BAN LUAN
3.1. Piéu kién LC-MS/MS
3.1.1. Diéu kién khéi phé

St dung ché d ESI (+), tiém tryc tiép dung dich chuén hon hgp c¢6 nong do 1 pg/mL cta
02 chét phan tich d€ khao sat cic manh ion va sy phan manh. Két qua ctia qud trinh phan manh
dugc trinh bay ¢ Bang 1, manh ion cé cudng do cao hon dugc dung dé€ dinh lugng.
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Bdng 1. Két qud phan tdch cdc madnh va diéu kién t6i uu cho hai cytokinin

Chdt phin tich  Ion me (m/z)  Ion con (m/z) CE (eV) CXP (V)

9L,1* 33 10
6-BA 226,1
65,0 73 8
129,0* 30 14
CPPU 248,0
93,0 47 12

Chui thich: * mdnh dinh lugng
3.1.2. Diéu kién sdc ky long
Chuong trinh gradient pha dong dugc khao sat va lua chon duya vao thdi gian luu va hinh
dang, d¢ can xting cua pic sac ky. So sanh két qua tu khao sat thanh phan pha dong c6 bd sung
acid formic 0,1% v6i hon hop acid formic 0,1% va amoni formate 10 mM, cho théy viéc bs sung

thém hon hgp acid formic va amoni formate cho hinh dang pic nhon va can xting cho ca 6-BA
va CPPU, ti 1¢ thanh phan pha dong cling dugc khao sat, két qua trinh bay trong Bang 2.

Bdng 2. Chuong trinh gradient pha djng toi vu

Théi vian Kénh A Kénh B
(mi%c ) (acid formic 0,1%, amoni format (acid formic 0,1%, amoni format
0,1mM trong niidc) 0,1mM trong MeOH)
0+1,5 90% 10%
1,5+ 4,6 10% 90%
4,6 + 6,0 90% 10%

3.2. T6i uu quy trinh xt ly mau

T6i uu hoa quy trinh xt Iy mau tép trung vao kha nang thu dugc t6i da chéit phén tich &
dich chiét cu6i cung, dugc thé hién qua thong s6 do thu hoi ctia chét phan tich. D€ dat muc dich
trén, nghién ctu tap trung t6i uu boén thong s6 ctia quy trinh, gobm: dung moi chiét, thoi gian
va ky thuat chiét, loai chat hap phu dugc stt dung & budc lam sach, lugng chat hap phu st dung.

Trong qud trinh xt ly mau, c6 kha nang cao xuét hién cac chat dugc chiét dong thai véi
chét phan tich, tao ra anh hudng nén lam tdng hodc giam tin hiéu ctia 6-BA va CPPU & hé thong
khoi phd. D€ giam thi€u anh hudng nén dén két qua khao sat diéu kién xut ly mau, do thu hoéi
dugc tinh theo hiéu sudt phén tram (%) gitia tin hiéu tt mau khao sét trén tin hiéu mau chudn
trén nén trang.

Mau khao sat la mau dugc thém chudn trudce khi thuc hién quy trinh xt Iy mau theo thong
s6 can khao sat. Mau chuén trén nén tring la mau dugc pha tit dung dich chudn va dich chiét
ctia mau trang gia do theo quy trinh xt Iy mau du kién.

3.2.1. Khdo sdt dung moi chiét

Khao sat so sanh hiéu qua chiét cdc dung moéi: ACN, CH,COOH 0,1% trong ACN,
CH,COOH 0,5% trong ACN, CH,COOH 1% trong ACN, HCOOH 1% trong ACN. Két qua
dugc trinh bay ¢ Hinh 1.
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Hinh 1. Biéu dé khdo sdt dung mai chiét

Két qua cho thady, khi ting nong d6 acid hiéu sudt chiét c6 xu huéng giam dan vi nong
do acid cao giy nén su ion hoa chét phan tich, giam kha nang phan b6 vao pha ACN khi tach
pha ACN khéi hon hop v6i H,O. Tuy nhién, anh hudng ctia acid dung moéi dén hi¢u suat chiét
CPPU khong thay d6i nhiéu & cac miic acid thép vi hai chét phén tich déu c6 tinh base yéu. Vi
vay, CH,COOH 1% trong ACN di dugc chon lam dung méi chiét.
3.2.2. Khdo st logi chdt hdp phu

Thay d6i thanh phan chat hdp phu trong budc d-SPE, 1an lugt la PSA (50 mg), C18 (50
mg), PSA: C18 (25 mg : 25 mg). Két qua danh gia anh hudng ctia cac chat hap phu dén hiéu suit
chiét dugc thé hién ¢ Hinh 2.
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W G-B4 WCPPU

Chét hip phu
Hinh 2. Biéu d6 khdo sdt chdt hdp phu

Két qua khao sat cho thay hiéu suat thu hoéi khi st dung PSA cao hon C18. Trong budc
d-SPE, yéu ciu vé chit hdp phu tdi uu khong chi lam sach nén mau ma con khong duge hdp
phu gay mat chat phan tich ti dich chiét. Cac cytokinin trong nghién ctiu déu la nhiing chat
kém phan cuic nén c6 ai luc véi C18 cao hon PSA. Vi vay, C18 c¢6 kha nang lam mat chat phan
tich gy giam hiéu sudt thu hoi. Thanh phan dinh duéng tham khao cua gia d6 gém c6 glucid,
protid, cac vitamin nhém B, C, rét it chat béo. Trong hai chat hap phu dugc khao sat, PSA c6 kha
ndng luu gi nhiing chat c6 ban chat acid, cac chat phan cuc, C18 c6 kha nang luu gi nhing
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chét béo, khong phan cuc, vi vdy kha nang lam sach nén mau cua PSA pht hop hon C18. Vi vy,
chon PSA (50 mg) 1a chat hap phu.

3.2.3. Khdo sat ti lé lugng chdt hdp phu

Thay d6i s6 lugng dich chiét ban ddu khi hat vao 6ng d-SPE, lan lugt: 5, 4, 3, 2, 1 mL, git
nguyén lugng PSA & miic 50 mg. Két qua dugc dua ra tai Hinh 3.

120%
100%
B0
60%%
R (%) a0%
2050
0%

5-BA CPPU

5m Aml m3ml @2ml mlin

Thé tich dung dich mau (mL)
Hinh 3. Biéu d6 khdo sdt lugng PSA

Két qua dua ra & Hinh 3 cho thay khi giam lugng dich chiét cho vao 6ng d-SPE, dong
nghia v6i tang ti 1¢ lugng chat hap phu so véi dich chiét thi tin hiéu thu dugc tang 1én va dat
khoang 100% & thé tich 1 mL. Vi vy, thé tich dung dich mau 1 mL da dugc lya chon ma khong
tién hanh khéo sat & cac thé tich nho hon.

3.2.4. Quy trinh xi ly mdu t0i uu

Sau qua trinh khdo sat, quy trinh xt ly mau t6i uu dugc dua ra nhu sau: Can 10,0 g mau
gia d6 da dugc dong nhat hoa vao ong ly tam 50 mL c6 nidt kin. Thém 10 mL dung moéi ACN, lac
bang tay trong 30 s két hgp siéu am trong 30 s. Thém 4 g MgSO,, 1 g NaCl, lac tay 60 s, ly tam &
6.500 rpm trong 5 phut. Hat 1 mL dich 16p trén vao 6ng da chia san 150 mg MgSO, va 50 mg
PSA, lac xody trong 30 s, ly tdm & 6.500 rpm trong 5 phat. Hut dich vao lo mau 2 mL va phan
tich trén thiét bi LC-MS/MS.

3.3. Thdm dinh phuong phap
3.3.1. Anh hudng nén

banh gia anh huéng nén (Matrix effect - ME) bang phuong phap dung hai duong chuin
cho moéi chit: mau chuén trén nén trang va mau chuén trén dung moi, so sanh hé s6 goc hai
duong chudn dé xem xét anh hudng nén. ME dugc tinh 1a chénh léch ctia hé s6 goc dudng
chuin pha trén nén mau so véi dudng chudn pha trén nén dung moi. Két qua danh gia anh
hudng nén dugc dua ra tai Bang 3.

Bdng 3. Két qud ddnh gid dnh hudng nén

Cytokinin ME trung binh (%) RSD (%)
6-BA - 84% 12,1
CPPU -73% 7,8
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Két qua dua ra & Bang 3 cho thdy anh hudng ctia nén mau 1én tin hiéu chat phén tich la
rdt 16n. Cu thé, cic cytokinin déu chiu danh hudng nén am lam giam tin hiéu, vi viy cin st dung
dudng chudn pha trén nén mau trang d€ tinh két qua phén tich do anh hudng nén vuot qua +
20% theo AOAC [8]. Tuy nhién, gia tri dao dong ctia danh hudng nén déu nam trong khoang cho
phép (15%) cho théy viéc stt dung dudng chudn trén nén c6 thé loai trit danh hudng nén nhung
van dam bao vé tinh chinh x4c.

3.3.2. B ddc hiéu
Sac ky d6 cia mau trang, mau thém chudn va mau chuén pha trong dung méi & noéng do
20 ng/mL cta hai cytokinin dugc trinh bay trong Hinh 4.
[T e e | ot

CPPU : " Chuan
" 20 ng/mL

= g Mau thém chuan
Mau trang

6-BA - Chuan
20 ng/mL

Mau trang Mau thém chuan

Hinh 4. Sdc ky dé thdm dinh d¢ ddc hiéu chdt 6-BA va CPPU

Theo két qua tu sic ky do, thoi gian luu ctia chat phén tich ¢ mau thém chudn triing véi
thaoi gian luu trén mau chuén dung méi, & mau trang khong xudt hién pic tai thdi gian luu tuong
ling, dap ting yéu cau theo tiéu chudn ctia Hoi déng chau Au [9].

Ti s6 ion va d¢ léch ctia hai Cytokinin trong mau thém chuin va mau chudn dung méi
dugc trinh bay & Bang 4.

Bdng 4. Két qud so sdnh ti s6 ion

Mau chudn dung Dé léch

Chdt phén tich  Mau thém chudn g Yéu cdu
moi R i
6-BA 15% 12% 25% + 30%
CPPU 49% 51% - 4% +30%

Két qua dua ra tai Bang 4 cho thdy d6 1éch gitia mau thém chuén va mau chuin dung méi
déu ndm trong gidi han cho phép trong tiéu chudn ctia Hoi dong chau Au [9].
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3.3.2. Gi6i han dinh lugng, gidi han phdt hién

Thuc hién thém chuén & cac mic nong do 10, 3,0, 1,0 pg/kg trén mau gia do, xu ly mau
theo quy trinh phan tich d€ xac dinh gia tri LOQ va LOQ dua trén ty 1¢ tin hiéu trén nhiéu (S/N)
lan lugt khoang bang 3 va 10. Két qua xdc dinh LOD va LOQ dugc trinh bay & Bang 5.

Bdng 5. Gid tri LOQ, LOD cua cdc chdt

Chdt phan tich LOQ (ug/kg) LOD (ug/kg) MRL Chéu Au (ug/kg)
6-BA 3,0 1,0 10
CPPU 3,0 1,0 10

Cac gia tri LOD va LOQ déu thip hon so v6i muc giéi han ton du t6i da theo quy dinh
Chau Au cho thay phuong phap phtt hgp dé phan tich céc chat trén nén mau gid do.

3.3.3. Budng chudn

Thuc hién tiém cdc mau chudn pha trén nén mau trang & cac mtic ndng do trong khoang
tu 3 - 200 pg/kg vao hé thong LC-MS/MS. Cac phuong trinh dudng chuin déu c6 hé s6 tuong
quan R 16n hon 0,995 va d¢ 1éch tai cac di€ém khong qua 15%. Két qua dugc trinh bay & Bang 6.

Bdng 6. Phuong trinh dudng chudn

Chdt phan tich Phuong trinh dudng chudn Hg¢ s6 tuong quan R
6-BA Y =8638,4x + 9651,6 0,9958
CPPU Y =52417x - 155115 0,9966

3.3.4. D¢ dung va do lap lai

Thuc hién phan tich cic mau thém chuin & 03 muc néng d6: 3,0, 10, 20 pg/kg. Mbi miic
ndng do phan tich 1dp lai 06 14n riéng biét, tinh ti budc can mau. Két qua phén tich d6 dung va
do lap lai dugc thé hién trong Bang 7, cac d6 thu hdi déu nam trong khoéng 79,1 - 117% va RSD
khong qua 20%, chiing minh phuong phap phén tich dap ting dugc yéu cau vé d6 dung va lap
lai theo tiéu chudn ctia AOAC [8] va Hoi dong chau Au [9].

Bdng 7. Két qud d¢ ding, do thu hoi

Chdt phan  Ham lugng D¢ thu hoi D) lap lgi (RSD%)
tich ug/kg Két qua (%) Yéu ciu Két qua (%) Yéu ciu

3,0 96 + 107

6-BA 10 84,5 + 95,1 70 - 120% 4,1+70
20 106 + 117 (SANTE)
3,0 100 + 111 60 - 115% < 20%

CPPU 10 79,1 + 87,3 (AOAC) 3,0 + 6,2
20 105 + 113

3.4. Ung dung phuong phap phan tich du lugng cac cytokinin tif cic mau thyc

Phuong phép dugc ing dung dé€ phan tich 06 mau gia d6 dugc mua ngau nhién ti cac chg
(bong Xa, Ha Bong, Xanh, Thugng Dinh, Hom) trén dia ban thanh phé Ha N¢i. Két qua phan
tich dugc dua ra tai Hinh 5.
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Mau gia d6
Hinh 5. Két qua xdc dinh ham lugng 6-BA va CPPU trén mau gid dé

Két qua phan tich dua ra tai Hinh 5 cho thdy phat hién c6 6-BA va CPPU trong ca 06 mau.
Dbdc biét, ham lugng cta 05/06 mau lugng 6-BA phat hién dugc vugt qua MRL theo tiéu chuin
chau Au [10]. Trong d6, khong phat hién miu nao c¢6 ham ligng CPPU cao hon mtic gidi han
du lugng t6i da (Maximum Residue Level - MRL) theo quy dinh ctia chau Au. Nhiing két qua
thu dugc trén 06 mau nay cling cho thay viéc st dung cac chét kich thich tang trudng thuc vat
ngoai danh muc cho phép dac biét la 6-BA van rat phd bién. Tuy nhién, trong nghién ctiu nay,
s6 lugng mau dugc phén tich con qua nho d€ dua ra mot két luan mang tinh dai dién. Diéu nay
doi hdi nhiing nghién ctiu tiép theo trén s6 lugng mau 16n hon va trén nhiéu nén mau khac dé
c6 danh gia day dt hon vé viéc stt dung cac loai chat kich thich tang trudng trong thuc phdm co6
nguodn goc thuc vat.

4. KET LUAN

Phuong phap xac dinh dong thoi hai cytokinin tong hgp (6-BA va CPPU) trén gia do6 da
dugc xay dung dya trén nguyén tac chiét QuUEChERS st dung cdc chit lam sach gom MgSO, va
PSA két hgp véi ky thuét dinh lugng bang LC-MS/MS. Phuong phép da dugc thim dinh dat cac
tiéu chudn ctia Hoi dong Chau Au va AOAC, phu hgp va da tin cay dé phan tich cac san phdm
gia do trén thi trudng. Két qua cho thay su xudt hién ctia 6-BA trong cdc mau gia do véi 5/6 mau
vugt muc gi6i han ton du téi da theo quy dinh cta Chau Au.

LOI CAM ON

Tap thé tac gia tran trong cdm on sy tai trg kinh phi va co s6 vat chat cta Vién Kiém
nghiém an toan vé sinh thuc phdm Qudc gia d€ thuc hién nghién ctu nay.
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Development and validation of LC-MS/MS method for
simultaneous determination of 6-benzylaminopurine and
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Abstract

The overuse of plant growth promoters in agriculture, especially those derived from
a synthetic cytokinin group, is increasing rapidly. In this study, the method for determining
two plant growth hormones of the cytokinin group, including 6-benzylaminopurine and
forchlorfenuron in bean sprouts, was developed based on the QUEChERS extraction technique
in combination with LC-MS/MS detection and quantification. Chromatographic conditions
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include C18 reversed phase column, a gradient mobile phase system with two channels of
H,O and MeOH, with the addition of 0.1% formic acid and 10 mM amonium formate. Triple
quadrupole mass spectrometry detector, with positive electrospray ionization source (ESI+),
multiple reaction monitoring (MRM) mode, was used to confirm the analytes” presence. The
sample preparation process was optimized using QUEChERS approach with acetonitrile as an
extraction solvent, PSA as adsorbent. Method validation data includes the LOQ of 3.0 ug/kg,
the recoveries from 79.1 - 117%, and the repeatability relative standard deviation from 3.0 -
7.0%, which meets the requirements of AOAC and European Union. The method was applied
to analyze some bean sprouts samples in Hanoi city, 5 out of 6 samples were found to contain
6-benzylaminopurine with the content exceeding the EU’s maximum residue limit.

Keywords: LC-MS/MS, QuEChERS, 6-benzylaminopurine, forchlorfenuron, bean sprout.
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