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i
LOI CAM POAN

Téi xin cam doan ludn an: "Nghién cieu phwong phdp sdc ky long hiéu ning
cao dau do hupnh quang dé phdn tich dong thoi aflatoxin Bl, B2, G1, G2 trong mjt
56 logi thie phdm " 13 cong trinh nghién ciru ctia chinh minh duéi sy hudng din khoa
hoc ctia tap thé huéng din. Ludn 4n sir dung thong tin trich dAn tir nhiéu ngudn tham
khéo khac nhau va céc thong tin trich din dugc ghi 16 ngudn gde. Céc két qua nghién
clru ctia t6i dugce cong bb chung véi cac tac gia khac di dugce sy nhét trf cia dong tac
gia khi dua vao ludn an. Chinh vi vay, cac két qua nghién ciru dam bao trung thyc va
khéch quan nhit. Pdng thoi, két qua nay chua ting xuét hién trong bit ctr mdt nghién
ctru ndo. Luén an duge hoan thanh trong thoi gian téi lam nghién clru sinh tai Hoc
vién Khoa hoc va Cong nghé, Vién Han 1am Khoa hoc va Cong nghé Viét Nam. Céc
s6 lidu, két qua néu trong luan én la trung thue, néu sai t6i hoan toan chju trich nhiém

trude phat luat.

Ha Noi, ngay ) thang 06 nam 2025

Nghién ciru sinh

Nguyén Thanh Duy



i
LOI CAM ON

Loi ddu tién, em xin bay to long biét on sau sc t6i PGS.TS. Nguyén Quang
Trung, PGS.TS. Nguyén Tién Pat va TS. Nguyén Quéc Hing, nhiing thiy c6 di tan
tinh huéng din, giup d& va tao moi didu kién thuan loi cling nhu luén dong vién va
ang ho dé em c6 thé hoan thanh t6t nhét luan dn ctia minh.

Téi xin chan thanh cam on dé tai “Xay dung qui trinh phéan tich ddng thoi
aflatoxin B1, B2, G1, G2 bing phuong phép khong din xuét véi k§ thuat UPLC-FD
va khao s4t ham lugng aflatoxin trong mét sb loai thuc pham trén dja ban Thanh Phé
Hd Chi Minh, ma sb: 48/2020/HD-QPTKHCN?” &3 hd trg kinh phi cho tdi thue hién
ludn 4n nay.

Toi xin chin thanh cam on Ban Léanh dao, Tép thé cén bd Phong Phan Tich
Séc Ky — Trung Tam Dich Vu Phan Tich Thi Nghiém TpHCM, d tao diéu kién vé
co so vat cht, trang thiét bi nghién ctru va gitp d& t6i hét stic nhiét tinh trong sudt
qud trinh thue nghiém.

Tdi xin chan thanh cam on Trung tdm Nghién ctiu va Phét trién cong nghé cao,
- Vién Han 1dm Khoa hoc va Cong nghé Viét Nam da tao didu kién thuén loi va gitp
d& 61 hoan thanh moi thi tuc cén thiét trong qué trinh lam nghién ctu.

T6i xin chan thanh cdm on Ban Lanh dao, Phong Pao tao, Khoa Héa hoc va
cdc Phong chire niing cuia Hoe vién Khoa hoc va Cong nghé di tao diéu kién tot nhat
cho t0i trong qué trinh hoc tdp va nghién ctru dé luan 4n cta tdi dugc hoan thanh.

Téi xin chan thanh cam on céc nha khoa hoc da gitp dd, déng gép nhidu y
kién qui béu lién quan dén ludn 4n ciing nhu dénh gid chit lugng luan 4n dé ban luan
an dugc hoan thién hon,

Cudi cling, ti xin giri 10 cdm on siu séc nhat dén nhitng ngudi than yéu trong
gia dinh, ddng nghiép va ban bé da luén quan tdm, dong vién khich 1¢, ting h¢ va gitp

dd toi trong sudt qua trinh hoc tap va nghién ctu..

Nghién ciru sinh

Nguyén Thanh Duy



il

MUC LUC
LOT CAM DOAN......oooetetee ettt sissssssssssssssssss s s s i
LOT CAM ON...cooorrrmrrreissiieneeeees e ssssssssssssss e sssss s ssssss oo ii
IMUGC LUC ..ottt ettt stess et et sss st esssavesssssssessssssnsstsssensesesnsensessssensensen 11
DANH MUC CHU VIET TAT ..cooooooorriieeeeeeenssssssssssssssssssssssesssssssssssssssssssssssss s ssssseee v
DANH MUC BANG .....cooovoveveieeeenrensssssissssesessesssssss s ssssssssss s sssssssssssssssssssssssssssssseee vii
MO DAUL...ooeeereerereeeesesssssisssiss s ssssssssss s s s 1
CHUONG 1. TONG QUAN ....coomiiereeeeeeeeeeeeesseeeesseeseeesseeessesseesssss s ssssseeesesseessssesesessesassesens 4
1.1. Gi6i thiéu vé doc t6 NAmM mMAC AflAtOXIN c....vveeeeeeeeee oo 4
1.2. Pdc tinh va gidgi han cho phép ctia aflatoXin..........cccoeeveeviieiiiiniiieieceie e 8
1.2.1. DOC tinh cUa aflatOXIN ..oovvveiiieiiiie ittt et s et s bt e e e ssaaee s eans 8
1.2.2. Gidi han cho phép cuia aflatoXin .......cceeevevieveiienieneceeeeeeee e 10
1.3. Phoi nhiém va nhiém doc ctia con nguoi dbi voi doc t aflatoxin .................. 10
1.3.1. Nguy co nhiém aflatoxin trong thure pham...........c...cooovvurveereeererreereesressesones 11
1.3.2. Panh gia mtrc d6 phoi nhidm aflatoxin va tic dong dén sirc khoe con nguoi.. 12
1.3.3. Tinh hinh nhidm doc t& aflatoxin ¢ NUGC NEOA ...........eeeereeeeereesere s 15
1.3.4. Tinh hinh nhidm doc t& aflatoXin trong NUGC..........ceeeeeeeeeeeeeeeeeeeereeeeeereseeees 20
1.4. Phuong phap phan tich aflatoxin trong thue Pham..........c.cooeeeeeveeeeeeeeeeeeeeeeene. 23
1.4.1. Phuong phap chiét va 1am sach aflatoxin...............cooeoeveeeeeeeeeeeeeeeeeeseeseeesseenes 23
1.4.2. Céac phuong phap phat hién va dinh lugng aflatoXin ...........ccceeevevnniiciinnnne 26
CHUONG 2. POI TUONG VA PHUONG PHAP NGHIEN CUU.......coovvvrrsecrsirvnrrne 41
2.1. DOT tUONE NBIIBN CUUL ..ot ee e 41
2.2. Hoé chit va trang thiét bi AUNEZ CU o e 41
2.2 1 HOA CHAL ..ot 41
2.2.2. Thi8t D] VA AUNE CU....veeeeeeeeeeeeeeeee e 43
2.3. N61 dung va phuong phap nghi€n Clru.........ccoeeviiiieiieiiieie e 44
2.3.1. Phuong phap phan tich dong thoi aflatoxin (B1, B2, G1 va G2) trén thiét bi
UPLCFD .ottt senes 46
2.3.2. Phuong phép chiét tach aflatoxin (B1, B2, G1 va G2) trong nén mau déu phong,
bot 6t, nho Kho, VA DAP hat......ccveieiiiiiii e e 48

2.3.3. Phuong phap xac nhan gié tri sir dung ctia phuwong phap phan tich aflatoxin (B1,
B2, G1 va G2) trong mau dau phong, bot 6t, nho kho va bap hat ...........c.ccooevveeeenne, 53
2.3.4. Phuong phép danh gia mdi nguy hai doc t6 aflatoxin ddi véi strc khoé con ngudi
theo 3 thé trang giy, binh thuong va thita CAN ............coveveeveeeeeeeeeeeeeeeeeeeeere e, 60



v

2.3.5. Phuong phap thu thip va bao qUAN MAU.........ccceveeveeeeeeeeeeeeeereeeeeeeeee s, 62
2.3.6. Phuong phap XU 1 S8 TEU cooovvvveeevreeerieeersereei e eeess s sesss oo 63
CHUONG 3. KET QUA VA THAO LUAN ......ooomieemeeeeeeeeeceseeeceseeeseeesseeeeseeseesses s 64
3.1. Khao sat diéu kién sic ky dé phan tich dong thoi aflatoxin (B1, B2, G1 va G2)
trén thiét bi sac Ky 10ng UPLC-FD .......c.coocviiiiiiiiieceeeeeeee e e 64
3.1.1. T6i wu hoa thanh phan Pha GONG ............ovveveeeeeeeeeeeeeeeeeeeee e, 64
3.1.2. P 6n dinh cua tin hiéu aflatoxin (B1, B2, G1 va G2) trén UPLC-FD............. 66
3.1.3. Khoang tuyén tinh va duong ChUAN.............o..ooueweeeeeeeeeeeeeee oo, 68
3.2. Khéo sat qui trinh chiét aflatoxin (B1, B2, G1 va G2) trong nén mau déu phong,
bot 6t, nho Kho, VA DAP hat.......cccviiiiiiii e 69
3.2.1. Khao sat dung méi chiét aflatoxin (B1, B2, G1 va G2) trong nén mau dau phong,
bot 6t, nho KhO va bap hat .......ccooeiiii e 69
3.2.2. Khao sat anh huong nén mau dén qui trinh chiét aflatoxin (B1, B2, G1 va G2)
trong nén mau dau phong, bot 6t, nho khd, vabap hat ..., 72
3.3. Xac nhan gid tri st dung cia phuong phap........cceeeeeeieiniieniieie e, 74
I T B 5 T 1] s 1o 4 0 (o YIRS 74
3.3.2. Gidi han phat hién va dinh Iuwong ctia phuong phap........ccccevvveieviiicieeei, 75
3.3.3. B chum (d¢ lap lai RSDr va d¢ tai lap RSDr) va do dang cia phuong phap. 81
3.3.4. HE 88 Pha 10BN AU ......veeeeeeeeeeeeeeeeee e eee e eee e eee e ee e eeeee. 84
3.3.5. DO khong GAm BA0 A0 .....cveeuieiieiieiiieieeeee e 88
3.3.6. DO ON QNN MAU ...o.eovvverieeeeeeeees e sst st snseens 88
3.3.7. Dam bao chit luong két qua thir NGHIEM «.......c.eveeeeeeeeeeeeeeeeee e, 90
3.4. Nghién ctru ham lugng aflatoxin (B1, B2, G1 va G2) trong mau dau phong, bot
6t, nho kho va bap hat thu thap trén thi trrong.......cceevevieeiiieiee e, 101
3.4.1. Ham luong aflatoxin (B1, B2, G1 va G2) trong mau dau phong, bot 6t, nho kho
VADAP ALttt st st ettt s neenean 101
3.4.2. So sanh giita ty 1& vuot ngudng aflatoxin B va tong aflatoxin ...................... 113
3.4.3. Mbi twong quan giira ham luong nhiém aflatoxin (B1, B2, G1 va G2) véi tong
N i 11014 11 PSR STTRRUPRRRP 114
3.4.4. Méi twong quan giita ham luong nhidm aflatoxin B1 va tong aflatoxin......... 122

3.4.5. Banh gia rui ro phoi nhiém cua aflatoxin B1 qua vi¢e tiéu thu dau phong, bot 6t
, 1110 KNO VA DA AL .ot eee s es s se s ese e 126



DANH MUC CHU VIET TAT

Viét tat Tiéng Anh Tiéng Viét
ACN Acetonitrile Acetonitril
Association of Official Hiép hoi hop tac phan tich chinh
AOAC ' ‘
Analytical Collaboration thirc
Cuc quan 1y thue pham va duoc
FDA Food and Drug Administration ,
pham
FD Flourescence detector DPau do huynh quang
High performance liquid Sic ky 16ng hiéu ning cao
HPLC ghp q y long g
chromatography
LARC International Agency for Co quan qudc té nghién ciru ung
Research on Cancer thu
TIAC Immunoaffinity column Cot ai luc mién dich
LC- Liquid chromatography — Sic ky long ghép khdi phd 2 1an
MS/MS tandem mass spectrometry
o Gid1 han phat hién cua phuong
MDL Method detection limit
phap
S Gi61 han dinh lugng ctuia phuong
MQL Method quantitation limit
phap
MeOH Methanol Metanol
ML Maximum limit Gi6i han toi da
PBS Phosphate Buffered Saline Dém Phét phat




vi

Vietnamese Technical Quy chuan Viét Nam
QCVN _
Regulations
RSD Relative standard deviation Do 1éch chuén tuong doi
Rs Resolution Do phan giai
Te Tailing factor Hé s6 kéo dudi
TLC Thin layer chromatography Sac ky 16p mong
TCVN Vietnamese Standards Tiéu chuén Viét Nam
Ultra - high performance liquid | Sic ky 16ng siéu hiéu nan
UPLC gnp q y long g
chromatography
WHO World Health Organization T chuc y té thé gisi




vil

DANH MUC BANG

Bang 1.1: Tinh chat hoa 1y ctia mot s loai aflatoxXin [71]....eweeeveeveeeeeeeeeeeeeeeeeeeeenans 8

Bang 1.2: Gi6i han cho phép (ML) ctia aflatoxin trong mot s6 loai thyc pham
theo qui dinh cla CAC NUGC ...ovviiieiiieciiiiie e 10

Bang 1.3: Tong hop két qua nhiém aflatoxin tir 2015 - 2020 ciia cac nuGc trén
ERE ZIGT ettt 17

Bang 1.4: Tong hop két qua phén tich aflatoxin ctia mot s cong trinh nghién ciru
12 VAT \\F: 1 o DR 21

Bang 1.5: Tém tat mot sb phuong phéap phan tich aflatoxin & trong va ngoai nudc
................................................................................................................. 33
Bang 1.6: So sanh gidi han phat hién thiét bi (iDL) dugc tinh toan tir ba k¥ thuat..38
Bang 2.1: Cac dung dich chuan lam viéc cia aflatoxin (B1, B2, G1 va G2)........... 42

Bang 2.2: Chuén bi mau thém chuén cho qua trinh chiét aflatoxin (B1, B2, G1 va
G2) trong mau dau phong, bot 6t, nho khd va bap hat...........cccceeeenie. 49

Bang 2.3: BPudng chuin trén nén mau mau dau phong, bot 6t, nho kho va bép hat
................................................................................................................. 52

Bang 3.1: Do phan giai (Rs) va hé s6 kéo dudi (Tr) cac pic aflatoxin (B1, B2, G1
va G2) ¢ nong d6 10 pg/L voi cac thanh phan pha dong khac nhau....... 65
Bang 3.2: Diéu kién sic ky phén tich ddng thoi aflatoxin (B1, B2, G1 va G2) .......66

Bang 3.3: Cac thong s danh gia do 6n dinh pic aflatoxin (B1, B2, G1 va G2)
trén thi€t bi UPLC-FD ....cccoiiiiiiiiee e 67
Bang 3.4: Hé s6 twong quan R2 va phén trim d6 1éch duong chuén dung dich ....... 68

Bang 3.5: B¢ thu hdi va do 1ap lai cua qui trinh chiét aflatoxin (B1, B2, G1 va
(G2) trong cac mau thuc pham .........ccceeeiieeciiieiiecie e 71

Bang 3.6: Két qua do anh hudng nén mau (%) tir duong chuén trén dung dich va
nén mau thyc pham (0,5 — 50 pg/L va Hg/Kg) .vevevevieiiiiieeiieeee e 73
Bang 3.7: Gi6i han phat hién cta phuong phap trén nén mau dau phong, ................. 76
Bang 3.8: Hiéu suét thu hdi va d tai lap tai nong d6 MQL trén mau dau phong, ......80
Bang 3.9: B chum va do ding cta 12 miu dau phong thém chuan trong .............. 82
Bang 3.10: Po chum va do ding ctia 12 mau bot 6t thém chuin trONg...ccvveeerenne. 82
Bang 3.11: By chum va d¢ ding cua 12 mau nho kho thém chuan trong................. 83
Bang 3.12: P chum va d¢ dung cua 12 mau bap hat thém chuén trong ................. 84

Bang 3.13: B¢ dung va do tai lap ctia cac mau pha lodng véi hé sé pha loang khac



viii
Bang 3.14: D6 khong dam bao do mé rong cua aflatoxin trén nén mau du phong,
0ot 6t, Nho KO VA DAP NAL........eeeeeeeeeeeeeeeeee e 88

Bang 3.15: D6 6n dinh cua aflatoxin (B1, B2, G1 va G2) trong cac miu thém
chuén & ndng d6 5,0 va 12,5 pg/kg véi cac didu kién bao quan khac

Bang 3.16: D6 6n dinh cua aflatoxin (B1, B2, G1 va G2) trong cac miu thém
chuén & ndng do 50 va 125 pg/kg véi cac didu kién bao quan khac

101 1 10 OSSR 90
Bang 3.17: Két qua thir nghiém aflatoxin (B1, B2, G1 va G2) trén nén mau dau

phdng gitra cac phong thi nghi€m..........cccoeeviiieiiiiiieeeee e 91
Bang 3.18: Két qua thir nghiém aflatoxin (B1, B2, G1 va G2) trén nén mau bot

Gt gitta cac phong thi nghi€m ..., 92
Bang 3.19: Két qua thtr nghiém aflatoxin (B1, B2, G1 va G2) trén nén mau bip

hat gifta cac phong thi nghi€m............coccoiiiiiiiiiiiiee s 92
Bang 3.20: Két qua thtr nghiém aflatoxin (B1, B2, G1 va G2) trén nén mau nho

kho gitra cac phong thi nghi€m............ccocoeviiiiiiiiiiiii e, 93
Bang 3.21: Tém tit két qua nghién ctru qui trinh dong thoi ..........ovvvvveveveeene, 96

Bang 3.22: So sanh quy trinh thyc hién phan tich dong thoi aflatoxin (B1, B2,
G1, va G2) trong bot 6t theo quy trinh nghién ctru va tiéu chuin Viét

INAINL e 100
Bang 3.23: Bang tong hop chi tiét két qua khao sat ham luong aflatoxin (B1, B2,

G1 va G2) trong thuc pham trén dia ban TpHCM .........ccccoeiiiiiiniennnn, 102
Bang 3.24: Bang thong ké mé ta sy phan bd trung binh ham luong ddc 6 aflatoxin

(B1, B2, G1 va G2) trong dau phong .........ccccecveeviieiiiieniieeieeeieeeen 106
Bang 3.25: Bang thong ké mé ta sy phan bd trung binh ham luong ddc 6 aflatoxin

(B1, B2, G1 va G2) trong bOt Gt .....ooveveieeiiiiiiiiciiccicieeeceecs 108
Bang 3.26: Ty 1¢ nhiém AF va vuot ngudng AFBI, tong AF trong....................... 109

Bang 3.27: Bang thong ké mé ta sy phan bd trung binh ham luong ddc 6 aflatoxin
(B1, B2, G1 va G2) trong DAP ..ccevveeveiieeiieeieieeeieciiee et 111
Bang 3.28: Phén tich hdi quy hé s theo bién phu thudc tong AF nén dau phong.115
Bang 3.29: Phan tich hoi quy hé s theo bién phu thudc tong AF nén bot 6t......... 118
Bang 3.30: Phan tich hoi quy hé s6 theo bién phu thudc tong AF nén bép hat ......120
Bang 3.31: Két qua vé nong do AFB1 va tong AF tir chuong trinh thanh thao va
ngoai suy nong do tong AF tir dudng chuan nén bap. ...........cceeeneeeeee. 122
Bang 3.32: Két qua vé nong d6 AFBI tir chuong trinh thir nghiém thanh thao va
ngoai suy nong do tong AF tir duong chuan nén bap........c..cceeeneeeeee. 125



X
Bang 3.33: Két qua vé ndng do tong AF tir chuong trinh thanh thao va ngoai suy
nong do AFB1 tir duong chudn nén bap........ccoeceveviieeniienieneieeieee, 125
Bang 3.34: Luong phoi nhidm wéc tinh hang ngay cua AFB1 qua khau phan an
O nguoi nam truong thanh theo ..., 128
Bang 3.35: Luong phoi nhi®m wéc tinh hang ngay ciia AFB1 qua khau phan in
O nguoi nlt trudng thanh theo ... 129



X

DANH MUC HINH

Hinh 1.1: CAu tric phan tir cac 10ai aflatoxXin [63]....oveveveveeeeeeeeeeeieeeeeeeeeeesenans 8

Hinh 1.2: Nguyén tic tao dan xuit AFBI1 phan tich trén ddu do huynh quang véi
cac dan xuat bao gdm: acid trifluoroacetic (TFA, 1), Brom (Br, 2), 16t
(12, 3) [ ettt 30

Hinh 1.3: Sic ky ctia dung dich chuén aflatoxin (1 pg/L) dugc tiém véi ba phuong
phap khac nhau: (A) HPLC-FD co6 tao dan xuét trudce cot; (B) UPLC-

FD khéng tao dan xudt; va (C) LC/MS/MS [97]..veeeeeeeeeeeeeeeeeeeeeens 37
Hinh 2.1: So d6 bd tri thi nghiém phuong phap nghién ciru aflatoxin trong thuce

PRAI (..ot 46
Hinh 2.2: Luu dd qui trinh chiét dy kién AF trong nén mau déu phong ................. 51

Hinh 3.1: Sic ky d6 chuan 10 pg/L dinh mirc bing ACN/HCOOH 0,2% v&i thanh
phan pha dong 0,1% HCOOH/ACN/MeOH (64/18/18) 65

Hinh 3.2: Sic ky d6 chuén aflatoxin (B1, B2, G1 va G2) néng d6 12,5 pg/L ......... 67
Hinh 3.3: DPuong chuin dung dich aflatoxin (B1, B2, G1 vd G2) ...c.ovvverereen. 69

Hinh 3.4: So sanh hé s goc ciia duong chuan dung dich (mau do) va duong chuin
trén mau (mau xanh) trén 4 loai mau dau phong, bot Gt, nho kho va

Hinh 3.5: Sic ky dd so sanh thoi gian luu cua cac aflatoxin (B1, B2, G1 va G2)
gitta mau thém chuin MQL va mau tring ciia cac nén mau thue pham

Hinh 3.6: Sic ky do giéi han phat hién ctia phuong phap trén nén mau dau phong,
bOt 6, NK0 KNO VA DAP A ... 78

Hinh 3.7: Biéu d6 kiém soat hiéu suét thu hoi aflatoxin B1 trong nén dau phong ...94
Hinh 3.8: Biéu d6 kiém soat hiéu suit thu hdi aflatoxin B1 trong nén bot 6t ... 94
Hinh 3.9: Biéu d6 kiém soat hiéu suét thu hoi aflatoxin B1 trong nén bap hat-........ 94
Hinh 3.10: Biéu dd kiém soat hiéu suat thu hdi aflatoxin B1 trong nén nho kho.....95

Hinh 3.11: Ti 1& miu nhiém doc td aflatoxin trong 4 nén dau phdng, bot 6t, nho
kho va bap hat trén dia ban TPHCM .........oveeveeeeeeeeeeeeeceeeeeeeeeeeeeseeeae 104

Hinh 3.12: So sanh ty 1& (%) nhiém aflatoxin (B1, B2, G1 va G2) va vuot ngudng
AFBI, téng AF trong dau phong thd va ché bién...........ccvevvveeeeeveeeen., 106



xi
Hinh 3.13: Biéu dd so sanh ty 1& mau nhiém AF va vuot ngudng AFBI, tong AF
trong bot 6t han kin va khong han kin.........ccccocceeeiiiiiiiiiiieeee, 110

Hinh 3.14: So sanh ty 1& phan trim (%) nhiém aflatoxin (B1, B2, G1 va G2) va
vuot ngudng AFBI, tong AF d6i véi béap hat va bip ché bién ............. 111

Hinh 3.15: So sanh ty 1& (%) nhidm AFBI1 va vuot ngudng AFBI, tong AF ddi
VO oo 113

Hinh 3.16: Biéu d0 so sanh mau nhiém aflatoxin vuot ngudng cho phép gitta
AFBI va tong AF véi ca hai thong sb trong dau phong, bot 6t va bip

Hinh 3.17: Mbi trong quan giita ham luong 6 nhiém AFBI va tong sb AF d6i
v6i nén dau phong, Ot Gt VA BAP.......cveveeeeeeeeeeeeeeeeee oo 122

Hinh 3.18: Biéu d6 so sanh rai ro dan sb (tinh trén 100,000 nguoi/ndm) nguy co
ung thu qua khau phan an nhiém AFBI1 giita nam va nit ¢ thé trang
gay, binh thudng VA BEO P ... 131



MO PAU

Viét Nam 1a mot qudc gia co ty trong san xuat ndng nghiép cao véi nhiéu san
pham xuét khau c6 gié tri. Tuy nhién, mot trong nhitng thach thirc ddi v6i nganh san
xudt ndy 14 san pham c6 thé bi nhiém doc t6 vi ndm, trong d6 c6 aflatoxin (AF). Ndm
Aspergillus 13 tac nhan chinh san sinh AF, mot loai doc t6 c6 kha ning gay hai nghiém
trong cho sirc khoe con ngudi va dong vat, bao gdm ton thuong DNA, ung thu va di
tat phat trién. Tiép xuc 1au dai v6i AF co thé dan dén ngd doc cap tinh, gy ton thuong
gan nghiém trong. Tré so sinh va tré nhé 13 nhom dé bj anh hudng nhit do hé trao ddi
chat chua hoan thién va ty 1& hip thu cao hon so v6i ngudi 16n [118]. Aflatoxin phd
bién gdm aflatoxin Bl (AFBI), aflatoxin B2 (AFB2), aflatoxin G1 (AFGI1) va
aflatoxin G2 (AFG2), trong d6 AFB1 dugc phén loai 1a chat gdy ung thu nhém 1 theo
Co quan Nghién ctru Quéc té vé Ung thu (IARC) [60]. Céc thuc phdm nhu loai hat
¢6 dau (dau twong, ddu phong, hat hudng duong va hat bong), ngii cde (bép, lua mién,
lta mi, va gao), gia vi (6t, hat ti€u den, rau mui, ngh¢, va girg) va cac loai trai cay
khé (nho khé, qua hd trin, hanh nhdn, va qua 6c ché) thudng bi nhidm aflatoxin sinh
ra boi loai nAm Aspergillus spp. Ngoai tac dong dén sirc khoe con ngudi, AF con dan
dén thiét hai kinh té dang ké do thuc pham bi 6 nhiém trén dién rong [49].

Trong s6 cac thue phém cO nguy co nhiém AF cao, nho kho, bot 6t, bép hat va
dau phong 1a nhitng san phdm phd bién, co gia tri dinh dudng cao va dong vai tro
quan trong trong khau phan an hang ngay. Nho kho rét gidu chét dinh dudng va ning
lugng, thuong duogc ti€u thu truc tiép hodc st dung trong ché bién thuc phém. Bot 6t
12 mot loai gia vi quan trong, gop phan tao huong vi dic trung cho nhiéu mén an. Bip
hat 14 thuc pham phd bién, dugc sir dung da dang trong ché bién tir thyc pham twoi
séng dén cac san phim cong nghiép ché bién sin. Pau phong 1a loai hat dinh dudng
quen thudc, dugc tiéu thy rong rai dudi nhiéu hinh thtc nhu an truc tiép, lam bo dau
phong, banh keo va dau dn. Ngoai tAm quan trong trong thire phim va ché do an udng,
ca bon san pham nay déu thuéc nhom thyc pham qui dinh mirc gigi han téi da cho
phép theo tiéu chuin Viét Nam va qudc té can duogc kiém soat nghiém ngit [47; 108].

Vi vy, viéc phét hién va dinh lugng AF trong nhom thuc phdm nay bang mot phuong



phap xanh, nhay va hiéu qua 13 diéu can thiét ¢ dam bao an toan thyc phim va ngin
ngira cac nguy co tiém an vé strc khoe con ngudi.

Hién nay, cac phuong phép phan tich thudng duge sir dung dé xac dinh AF 1a
sdc ky ban mong, ELISA [47], sic ky 16ng hiéu ning cao v6i dau do huynh quang
(HPLC-FD) két hop dan xuét trudce cot hodc sau cot [12; 13; 125; 126], sdc ky 1ong
két hop khéi phd (LC-MS/MS) [25; 36; 80; 103]. Tuy nhién, cic phuong phap nay
van con ton tai mot hodc mot sé han ché nhu: d6 nhay thép, duong tinh gia, quy trinh
phirc tap hodc chi phi cao. Trong khi d6, sac ky long siéu hiéu nang v6i dau do huynh
quang (UPLC-FD) duoc thiét ké v6i mot budng do tin hiéu huynh quang c6 thé tich
dong chay 16n va dén thily ngan-xenon, t6i uvu hoa d6 nhay ma khong can dan xuét
[24]. Phuong phap nay ndi bat nhd kha ning tiét kiém thoi gian, giam dung méi va
than thién véi méi trudng. Tuy nhién, cic nghién ciru vé phan tich dong thoi aflatoxin
(B1, B2, G1 va G2) bang UPLC-FD ¢ Viét Nam con rat han ché.

Do d6, dé tai luan an “Nghién ctru phuong phép sic ky 16ng hiéu ning cao dau
do huynh quang dé phan tich déng thoi aflatoxin B1, B2, G1, G2 trong mot s loai
thuc phdm” dugc thuc hién véi mong mudn gop phan vao viée phat trién mot phuong
phép phan tich hiéu qua nhdm x4ac dinh dong thdi AFB1, AFB2, AFG1, AFG2 trong
bdn loai thyc phadm thuong c6 nguy co phoi nhiém 1a ddu phong, bot 6t , nho kho va
bép. Luan an duoc thuc hién véi cac muc ti€u sau:

> Nghién ciru phat trién phwong phép phan tich dong thoi aflatoxin (B1, B2, G1
va G2) trong dau phong, bot 6t, nho kho, bép bﬁng UPLC-FD, khong dan Xuét,
gitip tiét kiém thoi gian, giam dung méi va don gian hoa quy trinh.

> Nghién ctru xdc dinh ham luong aflatoxin (B1, B2, G1 va G2) trong cac mau
dau phong, bot 6t, nho kho va bép hat thu thap tai cac cho trén dia ban Tp.HCM

trong nam 2020-2022.

> Nghién ctru danh gia mdi nguy hai doc td aflatoxin théng qua chi s6 lwong an
vao co thé hang ngay (EDI) va bién d6 phoi nhiém (MOE) d6i voi ca nguoi

nam va nir truong thanh theo 3 thé trang giy, binh thuong va thira cn.



Nhirng déng gép ma&i cua ludn an

- Lan dau tién tai Viét Nam, nghién ctru chuan hoa phuong phap phan tich
déng thoi aflatoxin B1, B2, G1, G2 trong dau phong, bot 6t, nho kho va bép
trén thiét bi sic ky 1ong siéu hiéu ning cao dau do huynh quang UPLC-FD
khong dan xuat. Phuong phap nay c6 nhiéu wu diém vuot troi: quy trinh don
gian, d6 nhay cao (LOD 0,1 pg/kg; LOQ 0,3 pg/kg), tiét kiém thoi gian va
dung méi, than thién v&1 moi truong, bao vé stc khde va dap rng murc gidi
han cho phép theo QCVN 8-1/2011/BYT, dé tng dung trong phong thi
nghiém.

- Panh gia ban dau vé su hién dién va phan bd aflatoxin trong cac mau thuc
pham thu thap tai TP. HCM; phat hién mdi twong quan chit ché giira AFB1 va
tong aflatoxin, dé xuat mo hinh du bao nguy co nhiém doc té.

- Lan dau tién danh gia phoi nhiém AFBI1 qua khau phan 4n ¢ ba nhom thé
trang (giy, binh thuong, thira can) ciia nguoi trudng thanh tai Viét Nam, cung

cap dir liéu quan trong cho danh gia rui ro stc khoe cong dong.



CHUONG 1. TONG QUAN
1.1. Giéi thiéu vé ddc t6 nAm méc aflatoxin

e Diéu ki¢n hinh thanh aflatoxin

Aflatoxin (AF) 1a nhom doc t6 vi ndm c6 cAu tric bis-furanocoumarin, thudc
loai chat chuyén hoa thir cip. Cac hop chat nay bao gom bon dang chinh:AFBI,
AFB2, AFG1 va AFG2, trong d6 AFB1 duoc xem la doc tinh manh nhat. Trong pham
vi cua luan an nay, thuat nglr “aflatoxin” s€ dugc viét tat la “AF” dé chi chung cho
nhém doc to néu trén.

O nhiém aflatoxin (AF) trong cdy trong 1a mot mdi de doa toan cau, anh huéng
nghiém trong dén an toan thyc pham, chat lwong thirc in chin nudi, ciing nhu gay tac
dong tiéu cuc dén nén kinh té nong nghiép va cac nganh cong nghiép quy mé nho
phu thudc vao san xuét ciy trong [70]. Ndm c6 thé xam nhiém cdy trong trong cac
giai doan thu hoach, bdo quan va van chuyén, dan dén sy hinh thanh mot s6 doc td
nam moc. Cac doc tb nay duoc tao ra bdi mot s6 loai nAm dudi dang chat chuyén hoa
thir cip, trong d6 AF 1a mot trong nhiing loai doc hai nhat. Aflatoxin dugc tong hop
boi nhiéu loai ndm nhu Aspergillus, Penicillium, Fusarium va Alternaria, trong d6
Aspergillus flavus va Aspergillus parasiticus dugc xac dinh 1a hai loai tao ra cac
chung AF c6 doc tinh cao nhat [107].

Viéc san sinh doc t6 ndm mébc phu thudc vao ngudn thue phim, enzyme va cac
yéu t6 méi trudng khac nhau. Tuy nhién, cac diéu kién thuan loi cho nAm AF khéng
phai lac nao ciing o 1oi cho viée san sinh AF [85]. Cac yéu t6 duoc tom tit nhu sau:

Cac yéu td vat Iy nhu pH, anh sang, do am, nhiét do, do &m tuong ddi va cac
khi trong khi quyén 14 nguyén nhan gay 6 nhiém AF. NAm mdc san sinh ra AF c6 thé
phat trién & pham vi pH rong (1,7-9,3), nhung pham vi pH ti wu 1a (3-7) [137]. Su
hién dién cta anh sang ciing anh hudéng dang ké dén qua trinh san sinh AF; trong diéu
kién bong tdi, luong AF duoc tao ra ting cao, trong khi &nh sang mat troi ¢6 tac dung
{rc ché o rét [111]. DO 4m cao 1a diéu kién thuan 1gi cho nAm phat trién. D6 4m tuong
d6i (85%) 1a tbi uu cho viéc san sinh AF, trong khi d6 4m tuong d6i 95% lam ting

san sinh AF 1én mirc dang ké [37]. V& nhiét 0, Aspergillus flavus cho thay kha ning



ton tai va phat trién trong khoang nhiét do rong tir 12°C dén 48°C. San sinh AF c6
thé x4y ra trong pham vi nhi¢t d§ rdng, nhung khoang 25°C dén 35°C 1a diéu kién toi
uu [121]. Pang cha y, ¢ nhiét d6 cao, ty I¢ san sinh AFB cao hon AFG, nhung & nhiét
d6 thap, mirc san sinh cua hai loai nay c6 xu huéng cin bang [91]. Thanh phan khi
quyén, dac biét 1a ty 1¢ cta Oz va CO> cling anh hudéng dén viéc san sinh AF. Viéc
san sinh AF va sy phat trién cta ndm bj (rc ché & mirc CO; cao hon va mic Oz thép
hon [83]

Yéu t6 dinh dudng: Qua trinh san sinh AF chiu anh huéng dang ké boi thanh
phan dinh dudng ctia cht nén bao gdm cac yéu té dinh dudng nhu carbon, acid amin,
Nito, Lipit va mdt s6 nguyén t6 vi lwong. Chat nén gidu carbohydrat dugc chimg
minh 13 hd trg san sinh AF hiéu qua hon so véi chat nén giau lipit, do carbohydrat
cung cap ngudn carbon d& dang cho sy phat trién cia nidm [81]. Trong sb cac
carbohydrat, glucose, ribose, saccarose, xylose va glycerol 1a nhitng chit nén 1y
tudng, trong khi pepton, lactose va sorbose khong c6 kha ning thuc day su hinh thanh
AF [79]. Nito dac biét & dang nitrit va nitrat, cling dong vai trd quan trong trong viéc
gia tang san sinh AF boi Aspergillus flavus (A. flavus) [132]. Lipit, mot thanh phan
thiét yéu khéac, dugc phat hién c6 kha ning thic day san sinh AF manh hon & chét
nén giau chit béo so voi chat nén it chit béo [114]. Ngoai ra, vitamin, acid amin va
ion kim loai ciing thiic dy san sinh AF khi dwgc két hop phu hop. Céac acid amin nhu
glyxin, glutamat va alanin cting v6i mot s6 kim loai hoa tri hai nhu k&m va magié
thiic day san sinh AF [27]. Viéc san xuat AF ting gap 4, 5 va 19 1an vdi ndng d6 kém
lan luot 14 20, 50 va 100 (mg/L) [79]. Acid amin nhu tyrosin thuc ddy san sinh AF,
trong khi n6 bi trc ché boi tryptophan. Viéc san sinh AFB1 dugc ho trg bai arginin,
glycin, acid glutamic va acid aspartic & ndng d6 0,5% [30].

Céc yéu to sinh hoc bao gém cac loai nam, cé dai va cac ton thuong do con
trang gy ra. Co dai thudng canh tranh ngudn dinh dudng, giy cing thing sinh hoc
cho cay trong, tir d6 lam ting nguy co san sinh AF. Mirc d san sinh AF chu yéu phu
thudc vao loai nam, trong d6 con tring déng vai tro trung gian quan trong khi tao ra
cac vét thuong trén cdy lam gia ting cing thang va cung cip diéu kién thuan loi cho

cac loai nam aflaoxigenic phat trién va gy 6 nhiem [70].



Qua trinh san sinh AF con chiu anh hudng boi timg ching ndm cy thé
Aspergillus flavus thuong san sinh lugng AF thap hon so voi Aspergillus parasiticus
[84]. Su 6 nhiém cay tréng trudc thu hoach 1a hién tuong phé bién do su ton tai tu
nhién cua A. flavus trong dat. Sau thu hoach, 6 nhiém tiép tuc dién ra trong qu4 trinh
bao quan, khi 4. flavus phat trién manh trén cac hat thuc phdm, gdy ra sy hu hong va
lam giam chat lugng nong san [76]. Nhiing yéu t6 sinh hoc nay nhdn manh vai tro
quan trong ctia viéc kiém soat con tring, giam canh tranh tir cé dai va quan 1y moi
treong bao quan nham han ché t6i da nguy co 6 nhidm AF trong chudi san xuét nong

nghiép.

e Lich sir nghién curu aflatoxin

Aflatoxin dwgc phat hién vao ndm 1960 khi hon 100000 con ga tdy non chét &
Anh trong mét vai thang do mét cin bénh ma khi md xac thiy c6 xuét huyét va hoai
tir & gan kém theo ton thuong & than. Nguyén nhan bénh khong duoc biét rd vi vay
nguoi ta goi 1a bénh “X” ctia ga tay. Sau do, nhitng vu tuong tu cling dugc quan sat
thdy trén vit con & Ao, ga & Tay Ban Nha, ca hdi & My. Cac nha bac hoc dd nhanh
chong timra mdi lién hé gitra cac vu nhiém doc dé véi viéc cho an kho dau dau phong
va ho ciing thdy rang bénh nay khong nhiing xay ra dbi véi gia cAm ma con véi ca
gia stuc dac biét 1a heo, bé va cuu [71].

Sau khi diéu tra cin than vé cac vu dich, cin bénh nay dugc phat hién c6 lién
quan dén bita dn cia nguoi Brazil. Mot nghién ctru chuyén siu vé bot dau phong da
tiét 16 ban chét doc hai ciia AF, do no tao ra cac triéu ching dién hinh cua bénh “X”.
Véi nhirng ¢ ging phat hién ngudn doc té trén cac thuc pham, cac nha khoa hoc da
quan sat va phan 1ap dugc loai nAm A. flavus trén cac hat ddu phong mdc va trén laa
mi moc [71].

Viéc kham pha ra AF di kich thich cac nha khoa hoc nhiéu nganh tap trung
nghién ctru vé tt ca cac mit ciia AF va anh hudng cua no tdi ste khoe ciia con nguoi
va dong vat. Ho da danh gia rang mdi naim AF d4 gdy ton that rat nhiéu triéu do la

cho lwong thuc va thuc pham trén toan thé gigi [71].



e Tinh chit ciia aflatoxin

Céac AF thudng nhidm trén cac loai nong san thyc pham. Hién nay nguoi ta
d3 tim thdy khoang 18 loai AF khac nhau: B (B1, B2); B2a ; B3 (Parasiticol); G (G1,
G2); G2a ; M (M1, M2); M2a ; GM1, GM2, GM2a ; P1, Q1, Q2a; Aflatoxicol RO;
Aflatoxicol M1; Aflatoxicol H1; Aspertoxin [118]. Tuy nhién, c¢6 4 loai chinh thuong
gip nhat gdm 4 hop chat ciia nhom bis-furanocoumarin, 14 san pham trao doi chat tao
boi ndm Aspergillus flavus va Aspergillus parasiticus, duoc dat tén 1a B1, B2, G1,
G2. Bbn chit duoc phan biét trén co sd mau phat quang cta chung. Ki hiéu “B” 1a
chir viét tat ciia Blue (mau xanh duong) dudi tia UV va chir G 1a chir viét tat cta
Green (mau xanh 14 cay) [71; 118].

Aflatoxin G1 c6 cAu triic rit gin v6i cau trac AFB1: no c6 hai chtc lacton, con
AFBI chi c6 mét (Hinh 1.1). Bang cach hydro khtr ndi déi trong nhan hydrofuran tan
cung cua AFB1 va AFGI, hai san phém doc khac sé thu duoc la AFB2 va AFG2.
Carnaghan da tim thay dan xuat hydroxy ciia AFB1, AFB2 trong sita bo va thit bo
duoc goi 1a aflatoxin M1 va aflatoxin M2 (M 14 chit viét tit cua Milk). Aflatoxin M1
va aflatoxin M2 c6 huynh quang mau xanh tim.Trong bdn loai AF thi AFB1 thudng
dugc tim thiy & ndng do cao nhat, tiép theo 14 AFG1, trong khi d6 AFB2 va AFG2
ton tai & ndng do thap hon [63; 71].

Céc AF 1a tinh thé tring, bén v6i nhiét 46 (Bang 1.1) va kho bi phan huy trong
qua trinh ché bién. Cac AF it tan trong nuéc (10 — 20 pg/ml), tan nhiéu trong cac
dung mdéi phan cyc nhu chloroform va methanol dac bi¢t trong dimethysunfoxit [63;

71].



AFLATOXIN G1

AFLATOXIN G2

Hinh 1.1: Céiu tric phan tir céc loai aflatoxin [63]

Bang 1.1: Tinh chat hoa 1y ctia mot s6 loai aflatoxin [71]

Trong Budce Budce
Nhiét do .
| Cong thuc lugng Huynh song hap | song kich
Aflatoxin nong chay
phéan tu phan tu 0) quang thu (nm) | thich (nm)
(g/mol)
AFBI1 C17H1206 312 268-269 | Xanhlam | 223-362 425
AFB2 C17H140¢ 314 286-289 | Xanhlam | 265-363 425
AFGl1 C17H1207 328 244-246 | Xanhluc | 243-362 450
AFG2 C17H1407 330 229-231 | Xanhluc | 265-363 450

1.2. Doc tinh va gi¢i han cho phép cua aflatoxin

1.2.1. Dgc tinh cua aflatoxin

Aflatoxin B1 dugc phan loai 1 Nhom I, nhém cac chat gdy ung thu theo Co

quan Nghién ctru Ung thu Qudc té (IARC). Cac bénh gy ra boi viée tiéu thu AF

duogc goi la aflatoxicosis. Aflatoxicosis man tinh dan dén ung thu, uc ché mién dich

va mot s6 bénh 1y khac véi dién bién bénh 1y cham. Trong khi dé aflatoxicosis cip

tinh c6 thé dan dén tir vong [60; 118].




Aflatoxinosis 1a mgt tinh trang ngd doc nghi€ém trong, phat sinh tur viéc ti€u thu
cac loai nAm Aspergillus, dac biét 1a Aspergillus flavus, dudi dang bao tir hodc qua
thuc phém bi nhiém ddc. Tinh trang nay co thé dan dén bénh ly aflatoxicosis ¢ ca
ngudi va dong vat, bao gdm hai dang chinh: cp tinh va man tinh [118].

Aflatoxicosis min tinh thuong biéu hién & ngudi thong qua cac bénh Iy nguy
hiém nhu ung thu gan, ung thu biéu mé té bao gan, suy giam hé mién dich, cham phat
trién va xo gan, dic biét & tré em suy dinh dudng. Trong khi d6, aflatoxicosis cip tinh
thudng ¢ triéu chimg nghiém trong hon nhu sét cao, non mtra, ¢b trudng, suy gan,
phu né chi va vang da, kém theo ty 1é tir vong cao hon dang ké so voi dang mén tinh
[118].

Mic di ndng do cu thé ciia AF c6 kha nang gay bénh chua duoc xac dinh mot
cach chinh x4c, cac nghién ctru da goi ¥ rang ndng do khoang 1000 pg/kg trong thuc
pham c6 thé gy doc cho nguoi. Pdi véi dong vat, mic do an toan thudng dao dong
tr 50-300 pg/kg. Pang chu y, cac dot bung phat 16n cua bénh aflatoxicosis da duogc
ghi nhén tai An D6 (1974) va Kenya (1981). Tir nim 2004 dén nay, toan cau di bao
c40 hon 500 ca mic va 200 ca tir vong lién quan dén cin bénh nay, cho thiy mirc do
nguy hiém va sy can thiét cua cac bién phap kiém soat chit ch& [118].

Aflatoxin dugc phan loai 1 chat gy ung thu Nhém 1 theo Co quan Nghién ciru
Ung thu Quéc té (IARC), véi bang chimg rd rang cho thiy su phoi nhidm kéo dai c6
thé dan dén ung thu gan, than, phoi hodc rudt két & ca con nguoi va dong vat. Dic
biét, tai cac khu vuc nhu chau Phi va chau A, ung thu gan nguyén phat, thuong dugc
goi 14 ung thu biéu mo té bao gan (HCC), c6 mdi lién hé chit ché voi AFBI. Thong
ké toan cau uéc tinh rang khoang 4,6-28,2% céc trudng hop HCC 1a hiu qua truc
tiép cua viéc tiéu thu thuc phém nhiém AF. Hon ntra, AFB1 dugc dic trung 1a chét
gay ung thu thuéc Nhom 1, dic biét nguy hiém khi tiéu thu véi lidu lugng tir 20—120
ng/kg mdi ngay trong khoang thoi gian tir 1 dén 3 tuan. Ung thu biéu mé té bao gan
khong chi 1a tac dong chinh cua viéc phoi nhiém AF ma con 1a nguyén nhéan ctia 75—
85% tong sd trudng hop ung thu gan trén toan thé gidi. Mot vi du dang chi y 1a tai

Tanzania, vao nim 2016, di ghi nhan 1480 truong hop mdi méc ung thu gan cé lién
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quan truc tiép dén AF, nhdn manh muc d6 nghiém trong va anh hudng rong 16n cua
chat gay ung thu nay [118].
1.2.2. Gioi han cho phép cua aflatoxin

Do doc tinh va kha ning giy ung thu cao cua AF, gidi han tdi da cho phép
(Maximum Limit, ML) cua chung dugc qui dinh rat thép, dac biét 1a thuc phém danh
cho tré¢ em (Bang 1.2) [47; 60].

Bang 1.2: Giéi han cho phép (ML) ctia aflatoxin trong mot s6 loai thyc pham theo

qui dinh cua cac nudc

ML, ng/kg
San pham Aflatoxin Chau Trung
R My , Nhat | Viét Nam
Au Quoc
AFBI 5 N.A 5 N.A 5
Ot bot
Tong AF 10 20 N.A 10 10
AFBI 5 N.A 5 N.A 5
Nho kho
Tong AF 10 20 N.A 10 10
Pau AFBI 2 N.A 5 N.A 2
phong Téng AF 4 20 N.A 10 4
AFBI 2 N.A 5 N.A 2
Bip hat
Tong AF 4 20 N.A 10 4

Chii thich: N.A. khéng ap dung
1.3. Phoi nhiém va nhiém ddc ciia con ngwoi doi véi doc té aflatoxin

Aflatoxin 12 mdi de doa nghiém trong ddi vé6i an toan thuc phém toan cau, anh
huong dén nhiéu loai nong san nhu ngi cde, cac loai hat c6 dau, gia vi, stra va san
phém tir sita. O nhiém AF c6 thé xay ra & moi giai doan, tr trrdc thu hoach dén sau
thu hoach va kho bi loai b hoan toan ngay ca khi ché bién thuc pham do ham luong
cao va tinh 6n dinh nhiét. Tiép xtc v6i AF gay ra cac hoi ching strc khoe nghiém

trong, bao gdm ngd doc cap tinh va méan tinh. Do d6, danh gia rui ro déng vai tro thiét
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yéu trong viéc quan ly va giam thiéu nguy co, gop phan dam bao an toan thuc pham
va suc khde nguoi tiéu dung [51] .

Theo yéu cau ciia Uy ban Chau Au, Uy ban vé Chit giy 6 nhiém trong chudi
thuc phdm dé dua ra quan diém khoa hoc vé nguy co sitc khoe con ngudi lién quan
dén su hién dién cua AF trong thuc phélm. Danh gia ddc tinh cia AF dbi véi con
ngudi, ude tinh ché d6 an ubng mirc @6 phoi nhiém cua ngudi dan Lién minh Chau
Au (EU) vé6i AF va danh gia rii ro sitc khoe con ngudi d6i voi dan sé6 EU do phoi
nhiém wdc tinh qua ché d6 an udng aflatoxin (B1, B2, G1 va G2) duoc coi la ¢6 nguy
co danh gia. Puoc tim thiy thuong xuyén nhit AF trong cic mau thuc phim bi 6
nhiém 1a AFB1 va ba loai khac thuong khong duoc tim thay néu khong ¢ su hién
dién AFBI1 [116].

1.3.1. Nguy co nhiém aflatoxin trong thwc phim

Aflatoxin 12 mot trong nhiing doc t6 vi ndm nguy hiém nhét, xuat hién phd
bién trong thuc phdm do su xAm nhidm cua cac loai Aspergillus, dic biét 1a A. flavus
va A. parasiticus. Trong d6, A. flavus chu yéu san sinh AFB1 va AFB2, thuong duogc
tim thay trong ngil cdc, ddu phong va gia vi. Trong khi d6, A. parasiticus khong chi
tao ra AFB1 va AFB2 ma con tong hop thém AFG1 va AFG2, giy nhiém chu yéu
trong cac loai hat c6 dau va trai cay kho [99].

Céc diéu kién méi trudng nhu do 4m cao, nhiét d6 4m ap va phuong phap bao
quan khong hop 1y 14 nhirng yéu t& quan trong thuc ddy su phat trién ctia ndm méc
va sy hinh thanh aflatoxin. Trong chudi cung g, tir khau thu hoach, ché bién, van
chuyén dén bao quan, cac diéu kién khong dam bao co thé thic ddy su phat trién cia
nam Aspergillus spp., tac nhan chinh san sinh AF [49]. Trong nghién ctru ndy, bon

loai thuc phdm phé bién c6 nguy co nhiém AF bao gom:

> Dau phong va bip hat

Hai loai thuc pham nay dic biét dé bi nhiém Aspergillus flavus ngay tir giai
doan thu hoach, dic biét trong mua mua khi do 4m moi truong cao. Phuong phap

phoi say truyén thong co thé khong dam bao do kho can thiét (<10% d6 4m), tao diéu
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kién thuan loi cho ndm mdc phat trién. Ngoai ra, qué trinh bdo quan hoac kho chtra
khong dat tiéu chuan, c6 d6 am cao, s& lam gia ting nguy co hinh thanh AF, de doa

an toan thyc pham va stc khoe nguoi tiéu dung [19; 73].

> Bt 6t

La san pham ché bién tir 6t kho, bot 6t o nguy co nhiém aflatoxin néu nguyén
lidu dau vao di bi nhiém Aspergillus spp.. Do qua trinh nghién khong tiéu diét duoc
ddc td, aflatoxin c6 thé ton tai trong san phém cudi cung. Hon nira, néu diéu kién bao
quan khong duoc kiém soat chat ché, dic biét khi do 4m va nhiét ¢ khong on dinh,
nam mdc c6 thé tiép tuc phat trién va san sinh doc td, 1am tang muc do 6 nhiém theo

thoi gian [53].

» Nho kho

Nho khé c¢6 ham lugng dudng cao, tao ngudn dinh dudng ddi dao cho vi ndm
phat trién. Khi dugc bao quan trong diéu kién khong phu hop, chang han nhu moi
truong ¢ d6 am cao hoic tiép xuc v6i ngudn nhiém Aspergillus parasiticus, nguy
co nhiém AF c6 thé xay ra. Do dac tinh hut 4m cta nho khd, viéc kiém soat do 4m
trong qua trinh bao quéan 1 yéu té then chdt dé ngan chin sy hinh thanh va tich liy
aflatoxin [95].

1.3.2. Pdnh gid mirc d¢ phoi nhiém aflatoxin va tic dpng dén sirc khée con nguwoi

Panh gia mirc d6 phoi nhiém trong ché d6 an udng 1a mot trong nhitng yéu t6
thiét yéu ciia qué trinh danh gia rii ro cung cip bang chimg khoa hoc vé luong chét
gy 6 nhiém an vao udc tinh (EDI) dua trén lugng chat gdy 6 nhidm cé trong mot mit
hang thyc pham cu thé va mic tiéu thy dbi v6i mat hang thuc pham d6. Nhirng nguy
co tiém an dbi voi strc khoe con ngudi do str dung thuc pham bi nhiém AF trong ché
do an uéng da dugc danh gid boi maot sb co quan khoa hoc bao g@)m T6 chire Luong
thue va Nong nghiép/T6 chirc Y t& Thé gi¢i (FAO/WHO), Uy ban Chuyén gia vé Phu
gia Thyc pham (JECFA) va Hoi dong EFSA vé cic chat giy 6 nhiém trong chudi
thuc pham [116].
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Két qua danh gia nay ciing giup cac nha quan 1y dua ra chién luoc truyén thong
hiéu qua ma ho can biét diéu gi dang gay ra rui ro cao nhat va tat ca nhimng ai c6 nguy
co cao. Doi véi cac AF gay ung thu va nhiém doc gen, cac nghién ciru da duoc thyc
hién bang cach st dung hai phuong phap mo ta dic diém rui ro chinh bao gém (1)
udce tinh nguy co ung thu gan, dya trén Viém gan B (HBsAg+) va kha nang gay ung
thu ctia AF (FAO/WHO, 1999) va (2) udc tinh Bién d6 phoi nhiém (MOE). Déi véi
AF, MOE ttir 10.000 tré 1én sé khong dugc nguoi dan quan tam. Mot phuong phap
khac dwa trén chi s6 nguy hiém (HI) ciing di duoc st dung dé nghién ctru cac chét
gy ung thu. Gia tri HI 16n hon 1 cho thdy nguy co strc khoe tiém an ciia bénh ung
thu gan [116].
1.3.2.1. Mikc tiéu thu trung binh hang ngdy cia ddu phong, bot ét, nho khé va bdp

hat tai Viét Nam

Cudc khao sat dya vao muec tiéu thu trung binh dau phong, bdt 6t, nho kho va
bap hat hang ngay tinh trén dau ngudi (kg/ngudi/ngay). Theo bao cdo cua td chic
lwong thuc va nong nghiép lién hiép quc trong khoang thoi gian 2019 - 2021, mirc
tiéu thy bap dung cho thuc pham cta Viét Nam 1a 8,1 kg/ ngudi/nam twong tng mirc
tiéu thu 1a 0,02219 kg/nguoi/ngay [100].

Theo nién giam théng ké cua hoi ddng qudc té vé hat va trai ciy siy [58], muc
tiéu thu dau phong trung binh & Viét Nam la 536995000 kg/nam tir nam 2019 — 2021,
twong (mg mirc tiéu thu binh quéan 1a 0,01493 kg/nguoi/ngay tng voi dan sé nam
2021 12 98510000 nguoi [128].

Déi v6i nho kho, do chua tim duoc sb lidu théng ké, nén lua chon hat dé cuoi
thay thé, murc tiéu thu hat dé cudi trung binh ¢ Viét Nam la 10930667 kg/nam tir nam
2019 — 2021, twong trng mirc tiéu thu binh quan 1a 0,000030 kg/nguoi/ngay g véi
dan s6 nam 2021 13 98510000 nguoi [128].

Am thyc Viét Nam 1a mot trong nhitng nén 4m thyc phong phii va da dang
nhit thé gi6i, duoc tao nén tir sy két hop hai hoa giira cac nguyén liéu twoi ngon va
cac loai gia vi dac trung, bao g@)m 10 loai gia vi truyén théng nhu muéi, tiéu, Ot,

chanh, nudc mam, tuong 6t, ging, toi va cac loai rau thom. Vi vay, bdt 6t dugc cho
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1a chiém 10% tong muc tiéu thu gia vi. Theo bao cdo tir thu vién Helgi nim 2021
[57], mlrc ti€u thu gia vi cua nguodi Viét Nam la 1,05 kg/nguoi/nam tuong Gng
0,002876712 kg/nguodi/ngay va tuong ung muc tiéu thu bot 6t la 0,00029
kg/nguoi/ngay.

Tét ca dit liéu tiéu thu thuc phém duoc uoc tinh cho ca nam va nir & cac nhém
theo thé trang dinh dudng cho ngudi giy, binh thuong va thira can.
1.3.2.2. Phdn logi thé trang dinh duong cua nguoi Viét Nam dya trén chi s6 thé trong
Body Mass Index (BMI)

Theo vién dinh dudng TPHCM, chi s6 thé trong BMI dugc dung phd bién nhat
dé phat hién ngudi gdy dm, suy dinh dudng hay thira can, béo phi véi cac mirc do
ning nhe khac nhau trén 1am sang va trong cong dong. Dbi v6i ngudi trudng thanh
(> 18 tudi), chi s6 BMI duoc ap dung cho ca nam va nit, khong ap dung cho phu nit
mang thai, van dong vién, nguoi gia va mot sd trudng hop bénh 1y. Chi sé BMI cua
mot ngudi tinh bang trong luong (kg) chia cho binh phuong chiéu cao tinh bang mét
(m) nhu sau: BMI = c4n ning (kg)/chiéu cao (m)? [130].

Theo két qua cong b théng ké cua tong diéu tra Dinh dudng toan quéc giai
doan 2019 — 2020 dugc BO Y té cong bd nam 2021 [26], chiéu cao trung binh d6i véi
nam 1a 168,1 cm va nit 156,2 cm va dya vao chi s BMI ddi véi thé trang ngudi gay
(16 — 18,4); binh thuong ( 18,5 — 24,9); nguoi béo phi (25 — 40) tuong ung trong
lwong co thé trung binh (kg b.m/ngudi) ddi véi nam 48,60; 61,32; 91,84 va ddi véi
ntr 41,96; 52,94; 79,29.
1.3.2.3. Cdc chi sé danh gid méi nguy hai déc t6 aflatoxin doi voi sikc khoé con nguroi

Céc chi sé danh gia mdi nguy hai doc tb AF bao gdbm:

-Liéu phoi nhiém hang ngay (Estimated Daily Intake - EDI) 1a chi s6 udc tinh
lvong AF ma mdt ngudi tiéu thu hang ngay théng qua thuc phim bi nhidm AF hoic
an phai thuc phém duoc san xuét boi dong vat da tiép xuc voi AF, 12 mét budce quan
trong trong viéc xac dinh nguy co strc khoe ddi véi con nguoi [63].

-Bién d6 phoi nhiém (Margin of Exposure — MOE) 1a chi s danh gia muc do

an toan cta phoi nhiém AF dua trén kha ning gy dot bién gen va ung thu cua no.
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Bién do phoi nhiém 14 ty 1& cta lidu chuan thip nhat (BMDL) c6 thé giy anh hudng
nghiém trong va lidu phoi nhidm [39; 43]. Gi4 tri BMDL10 cho AFB1 120,170 pg kg
Tbhwd ) [4; 133].

-Chi s6 ruii ro nguy co déi véi ste khoé con nguoi: 1a chi s§ wdc tinh sb ca
ung thu gan do aflatoxin gay ra trén 100000 ngudi moi nim, dya trén mirc do
phoi nhiém thuc té trong cong dong. Pé danh gia nguy co ung thu gan do phoi
nhiém AFBI, cac nha nghién ctru tinh toan dya trén ty 1¢ nguoi Viét Nam bi nhiém
virus viém gan B (HBV) va muac do nguy hiém ctia AFB1. Cu thé, dbi voi nguoi
khong nhiém HBV, nguy co ung thu gan 1a 0,01 trudng hop mdi nam trén 100000
ngudi néu ho tidu thy 1 ng AFB1 trén mdi kg thé trong mdi ngay, trong khi d6i véi
ngudi nhiém HBV, nguy co nay cao hon, 1én dén 0,3 truong hop mdi nam trén 100000
ngudi v6i cung mirc phoi nhiém AFB1 [39]. Tai Viét Nam, ty 1é nhiém HBV c6 thé
1én dén 20% dan sb. Do do, ty 1¢ nay duoc ding dé tinh nguy co trung binh giy ung
thu gan trong cong ddng nhu sau: Ngudi nhiém HBV (20% dan s6) ¢6 nguy co ung
thu 14 0,3 truong hgp mdi nim trén 100.000 ngudi véi modi 1 ng AFBI1 trén mdi kg
thé trong mdi ngay va ngudi khong nhiém HBV (80% dan sb) co nguy co thap hon,
chi 0,01 truong hop mdi nim trén 100.000 ngudi. Vi thé, kha ning giy ung thu 1a
0,068 =0,3 x 0,2+ 0,01 x 0,8 [39]. biéu nay c6 nghia 1a vé1 mic photi nhiém 1 ng
AFBI trén mdi kg thé trong mdi ngdy, nguy co giy ung thu gan trung binh trong cong
ddng 14 0,068 truong hop mdi ndm trén 100000 ngudi.

-Chi s nguy hiém (Hazard Index — HI) 1a chi sé danh gid mic do rui ro cta
AF d6i véi stc khoe con ngudi.

1.3.3. Tinh hinh nhiém djc t6 aflatoxin ¢ nwdc ngoadi

Trong cac nim gan ddy, cac nudc déu khong ngimg kiém soat tinh trang an
toan thuc pham nham bao vé strc khde ngudi tiéu dung, trong d6 c6 AF. Tir ndm 2005
dén nam 2017, Mahato va cong su da thong ké két qua nghién ciru AF trong thuc
pham cac nude trén thé gisi cho thdy mot s nén mau nhidm AF vé6i ham lugng cao
nhu bot 6t (0,025 — 40,9 pg/kg, Thd Nhi Ky), gao (0,1 — 308 ug/kg, An Do), bo bo
(0,4 — 25,1 pg/kg, Tunisia), hat phi (0,07 — 43,6 ug/kg, Thd Nhi Ky), bap (48 - 383
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ng/kg, An Do), dau phong (15 — 11900 pg/kg, Ethiopia), san pham tir ddu phong (0,2
— 513,4 pg/kg, Pai Loan) va hat diéu (0,6 — 31,5 pg/kg, Brazil) [82]. Tir ndm 2015
dén nam 2020, Jallow va cong su da théng ké co dén 53 cong trinh nghién ciru vé AF
trong 17 loai thuc phdm khac nhau tir hon 30 quéc gia (Bang 1.3). Két qua thong ké
cho thdy mot sé nén mau nhim AF vé6i ham lugng cao nhu bip (0 — 3760 pg/kg,
Uganda); bap (0 — 3000 pg/kg, Niger va Benin); bap (1,9 — 458,2 pg/kg, Argentina);
dau phong (0,2 - 2177,2 nug/kg, Thd Nhi Ky); gia vi (2,2 — 1118,3 pg/kg, Lebanon);
tra (1,2 — 116,2 pg/kg, Ma Réc) [63].

Mot sd thuc phém va thtrc an bi anh huéng AF nhiéu nhét bao gém dau phong,
cac loai hat, qua sung, bip, gao, gia vi va trai cdy kho [88]. Tir két qua tong hop cua
89 bai bao voi 18097 mau ngii cbc, Andrade va cong su két luan ti 16 mau nhidm it
nhit mot loai AF 13 37,6 % [11]. Diéu nay cho thiy, con nguoi ddi mat véi nguy co
ung thu rat cao do tiéu thu truc tiép cac san pham c6 nhidm AF du véi liéu lugng nhod
hodc théng qua cac loai thuc phdm khéc (thit, ca) khi chiing tiéu thy thirc dn nhiém
AF. Do dé, viéc phan tich ham lugng AF trong céc loai thuc phém, nguyén li¢u thirc
an chin nudi luén nim trong ké hoach danh gia an toan thuc phadm hang nim cua cac

nudc, the hién qua sé cong trinh cong bd khoa hoc dugce cong bo.
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1.3.4. Tinh hinh nhiém djc t6 aflatoxin trong nwéc

Niam 2016, Bui Thi Mai Huong va cong sur da cong bd két qua khao sat ham
luong AFBI, ochartoxin A va fumonisin v&i 1134 mau (dai dién cho 42 loai thuc
pham tiéu thy hang ngdy) tai tinh Lao Cai biang phuong phap do mat d6 quang. Két
qua cho théy co 61 87,5% loai thuc phém nhiém AFB1, véi ham luong cao nhét duge
phat hién trong trirg va sira (5,326 pg/kg), thit (4,077 ng/kg). Tuy nhién, hai loai sdn
pham nay lai khong c¢6 qui dinh vé ML trong QCVN 8-1:2011/BYT [28].

Niam 2019, Nguyén Thi Thanh Xuén va cong su di danh gia thuc trang nhiém
AFBI trong bap & Son La bang phuong phép Kit-Elisa. Két qua khao sat trong 378
mau bap cho thdy c6 204 miu (54%) va 141 mau (37,3%) nhiém AFBI lan luot &
ngudng bang hodc cao hon 5 va 20 pg/kg. Piéu nay cho thiy sb lugng mau bap vuot
qua gioi han cho phép ML = 5 pg/kg theo QCVN 8-1:2011/BYT 1a hon 90%, mdt
con s6 dang bao dong [98].

Nam 2020, D4 Hitu Tudn va cong su da sir dung ky thuat sic ky long ghép
khéi phé LC/MS/MS dé xac dinh AFB1, ocharatoxin, fumonisin B1 va zearalenone
trong thuc pham va danh gia nguy co nhiém doc t trong 606 mau tai khu viyc Ha
Noi, Thanh Héa va Ha Giang, gdm 144 méu gao, 189 mau bap, 144 mau lac va 129
mau me. Két qua cho thdy AFB1 duoc phat hién nhidu nhat voi 116/606 mau (chiém
19,1%), trong d6 bap nhidm nhiéu nhat v&i 57/189 miu (30,2%), tiép theo 1a lac véi
34/144 mau (chiém 23,6%). Trong bap, ham luong AFB1 dao dong trong khoang
66,0 — 66,1 pg/kg (Ha Giang); 2,56 — 2,62 pg/kg (Ha Noi) va 5,31 — 5,39 pg/kg
(Thanh Héa). Tuong tw, ham luong AFB1 trung binh trong mau lac tai Ha Giang, Ha
Nbi va Thanh Hoa lan luot 14 16,5; 9,2 va 4,9 ng/kg. Cac két qua AFBI trung binh
trong bép va lac déu cao hon gi61 han toi da cho phép cua Viét Nam. Ngugc lai, ham
luong AFBI trung binh trong gao va mé déu tuong ddi thap, dép tmg ML trong qui
chuén Viét Nam ctia Bo Y té, 1an luot 14 0.4 — 2,0 ug/kg va 0,37 — 1,7 pg/kg. C6 mot
diém dang luu y 1a ham luong AFBI (ciing nhu cac loai mycotoxins khac) trong hau
hét cac mau tai Ha Giang luon cao hon cac khu vuc con lai. Cac két qua diéu tra cho
thiy, nguyén nhan c6 thé dén tir viéc tich trir mau trong thoi gian dai & diéu kién binh

thuong ciia dong bao H’Mong trude khi nong san duoc dua di tiéu thu [39].



21

Két qua tong hop cia 3 cong trinh trén duoc trinh bay trong Bang 1.4 cho thiy
tinh hinh nhiém AFB1 la dang bo dong.

Bang 1.4: Tong hop két qua phan tich aflatoxin ctia mot s6 cong trinh nghién ctru

tai Viét Nam
Khu Déi tirgng mdu (s6 lwong) S6 mdu nhiém Khodng nong ML, | Tai liéu
vuc aflatoxin (ty lé ao, ug/kg ug/kg | tham
%) khao
Gao va san pham (81) 54 (67%) 2,4-3,02 5
Lua mi va san pham (27) 0 (0%) 0-2(<MDL) 2
Ngii cdc khac (27) 27 (100%) 3,206 (TB) 2
Cac loai cu (54) 27 (50%) 1,67 - 2,67 N.A.
Hat d4u va san pham (108) 81 (75%) 2,61 3,11 N.A.
bau hu (27) 0 (0%) 0-2(<MDL) | N.A.
Hat c6 dau (27) 27 (100%) 4,086 (TB) 2
I(;a;oi Rau (27) 27 (100%) 2,47 (TB) N.A. [28]
buong hoac keo (135) 135 (100%) 4,033 (TB) N.A.
Gia vi (27) 27 (100%) 3,847 (TB) 5
Dau, m& dong vat (54) 54 (100%) 3,382 (TB) N.A.
Thit va san pham thit (297) 270 (90.9%) 3,99 4,17 N.A.
Trung va sira (108) 108 (100%) 5,325 (TB) N.A.
Ca (54) 27 (50%) 1,8-2,8 N.A.
San pham thay san khac (81) 81 (100%) 1,85 3,18 N.A.
Ha Bip (189) 57 (30,2%) 2,56 - 66,1 5
Noi Lac (144) 34 (23,6%) 49-16,5 2
Thanh Gao (144) 13 (9,0%) 0,4-2,0 5 >
Hoa Me (129) 12 (9,3%) 037-1,7 N.A
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Khu Poi tirong mau (s6 lwong) S6 mau nhiém Khodng nong ML, | Tailiéu
viee aflatoxin (ty lé do, ug/kg ug/kg | tham
%) khao
Ha
Giang
Son , 204 (54,0%) >5.0
Bip (378) 5 [98]
La 141 (37,3%) >20,0

N.A. Khong c6 qui dinh, TB: Trung binh

Bén canh d6, mot s6 khao sat vé tinh hinh nhiém doc t& AF cling da duoc cong
b tai cac hdi thao khoa hoc trong nudc va qua bo dai. Dé danh gida muc do xuét hién
cua AFBI trong thuc té, Vien Y té cong cong tai TP.HCM di xem xét mau thuc phém
Iy hanh trén thi truong hodc do cac cong ty va co sé ché bién mang t6i dang ky kiém
nghiém. Két qua cho thiy trong 115 miu (gém san pham ché bién tir dau phong nhu
dau phong da ca, keo dau phong v.v...; nudc tuong lam tir ddu nanh; dd hop chay
lam tr cac loai dau va bot mi; ca phé; thirc an gia suc) thi AFB1 c6 trong 30% mau
ca phé; 42,9% mau nudc twong; 66,7% mau dd hop chay; 68,2% mau dau phong va
san phém tor dau phong. Pac biét, AFB1 c6 voi ti I€ cao trong 94,6% mau thirc an gia
stc. Nhu vay, ctr trung binh 3 mau thtr nghiém chung cho céc loai thi c6 mdt mau co
doc td AFB1. Néu cin cir theo tiéu chudn cho phép thi chi riéng cic mau nudc tuong
tuy t6i 42,9% c6 AFB1 nhung déu chi & mic 1,87 — 5,90 pg/kg (tiéu chuin cho phép
1a 10 pg/kg), con trong cic miu khac hau hét déu co AFBI véi ham luong rit cao.
Ca biét co nhitng mau chira tir 140 - 300 pg/kg [22].

Tai HOi1 nghi khoa hoc cua Vién Pasteur TPHCM lan tht 19, mét bao céo
nghién ctru cong bd trong Tap chi Y hoc du phong, cho biét tir thang 5 — 6/2017, cac
nha nghién ctru Vién Pasteur TPHCM thu thap ngau nhién 48 mau 6t kho tai cac cho
va tiém tap hoa trén dia ban 5 tinh phia Nam gém Viing Tau, Binh Phudc, Binh
Duong, Dong Nai va TPHCM. Két qua kiém nghiém cho thiy 48 mau 6t kho déu c6
su hién dién cta vi nAm aflatoxin. Trong dé ca 48 mau déu nhiém AFBI, 35 mau

nhiém AFB2, 11 mau nhiém AFG1. Ham luong AFB1 trong 48 mau 14 0,13 — 46,57
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ng/kg. Trong d6 c6 16 mau nhidm vuot mirc t6i da cho phép 5 pg/kg va trong 16 mau
d6 c6 6 mau vuot 10 pg/kg [21].

Nam 2018, Thanh tra B NN-PTNT da thanh 1ap 2 doan kiém tra dot xut tai
mot s6 co s& san xuét, kinh doanh 6t bdt tai 10 tinh, thanh, gém: Ha Noi, Thura Thién
- Hué, ba Nang, Quang Nam, Quang Ngii, TP.HCM, Déng Thap, Déng Nai, Ba Ria
- Viing Tau va Binh Phuéc. Tong cong 262 miu ot bot, 6t kho nguyén lidu tai cac co
s& san xuat, ho kinh doanh trong cho dan sinh va si€u thi dugc niém phong dé tién
hanh phén tich. Két qua kiém nghiém AF phat hién 95/262 mau phan tich vuot
ngudng du luong aflatoxin cho phép, chiém 36,25%. Trong s6 mau phat hién ton du
aflatoxin, ty 1& chiém nhiéu nhét 1a & ho kinh doanh trong chg voi 48,6%, siéu thi
21,62%, tai co s& san xuit va kho bao quan 1a 30,7% [23].

Céc dit liéu trén noi 1én mot sy tiém an nhiém doc t AF trong mot s6 thuc

phém tai cac cho dan sinh, hd kinh doanh tai cac cho.

1.4. Phwong phap phan tich aflatoxin trong thwe pham
1.4.1. Phwong phdp chiét va lam sach aflatoxin

Céc ky thuat chiét va 1am sach thuong dugc sir dung dé phan tich AF 1a chiét
long-1ong (LLE), chiét long-ran (LSE), chiét siéu am, chiét 1ong siéu t6i han (SFE),
chiét pha ran (SPE) va cac phuong phap “Nhanh, D&, R¢, Hiéu qua, Chic chin va An
toan” (QUEChERS) [1].
1.4.1.1. Chiét léng-léng (LLE)

Quy trinh chiét 1ong-1ong 14 phuong phap don gian, dé thyc hién va chi phi
thap dé tich AF. N6 dua trén hé sd phan bd va cac dic tinh hoa tan khac nhau cua
doc té ndm mdc trong pha hitu co hodc pha nude hodc trong hdn hop két hop cua
ching. Tuy nhién, nhuoc diém cta cac k¥ thuat chiét nay 1a n6 khong cung cap chat
phan tich sach phu hop trong moi truong hop [1].

Can c6 mot phuong phap chiét hidu qua dé phat hién va dinh luong, dinh tinh
AF trong cac mau thuc phim va thirc dn chin nudi. Aflatoxin thudng hoa tan trong
cac dung moi phan cuc nhu aceton, acetonitril, chloroform va methanol. Do do,
aflatoxin c6 thé duoc chiét xuat bang cach sir dung bat ky dung moi nguyén chat nao

duoc d& cap hoidc két hop cac dung méi nay ciing nhu véi mét lwong nhé nude [1].
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1.4.1.2. Chiét Iong-rin (LSE)

K§ thuat chiét 1ong-ran 1 mot phuong phap chiét don gian va dé dang khac dé
tach AF bﬁng cach sur dung cac chit nén ran c6 do phan tan khac nhau. Ban dau, viéc
lwa chon dung méi chiét phit hop va hiéu qua nhit 1a budc quan trong dé chiét thanh
phan can chiét. Dung méi chiét duoc sir dung thudng xuyén nhit 13 hdn hop
methanol/nudc hodc acetonitril/nude & cac ty 1€ khac nhau. Vi du, hén hop 80%
methanol/nuéc duoc chimg minh 13 t6i vu nhat dé chiét xuit AF trong trudng hop
mau hat nhuc dau khiu [1].

Viéc lya chon methanol dé su dung tiép theo cling dugc uu ti€n hon vi khang
thé dung nap ndng do methanol cao hon acetonitril. Methanol ciing thich hop dé phan
tach béng sdc ky vi AF c6 thé do dugc ma khong bi nhiéu. Hiéu suat chiét bi anh
huéng dang ké boi thanh phan cua chat chiét, ty 16 miu/dung moi va thoi gian chiét.
Qua trinh chiét bao gdm céc budc khac nhau nhu viéc cAn mau da dong nhat, bd sung
dung méi chiét phu hop. Sau khi chiét, mau duoc loc va 1am sach trude khi phan tich
[1].
1.4.1.3. Chiét siéu am

Hiéu suét chiét long-rin c6 thé duoc cai thién dang ké khi sir dung song siéu
am. Trong qué trinh chiét siéu am, vat chtra (vi du: binh, 6ng ly tdm hodc lo) chira
mau can chiét va dung méi chiét thuong duge ngdm vao bé siéu am co chia nude.
Sau mot vai pht, dudi tac dong cta truong siéu am trong chat long lam ting dang ké
su chuyén cac chat phan tich tir miu sang dung mai chiét, do d6 lam ting kha ning
thu hoi va hiéu qua chiét [1].
1.4.1.4. Chiét Iéng siéu t6i han (SFE)

Chiét 16ng siéu toi han str dung chat 16ng siéu toi han dé chiét hop chat can
thiét tir nén mau. Quy trinh SFE chu yéu duoc sir dung hiéu qua dé tach céc phan tir
hitu co phan cyc. Trong qua trinh chiét xuit AF phan cuc bang SFE, mot sb van dé
da phat sinh, vi dy, d¢ thu hoi thép va néng do chat déng chiét cao. Hon nia, lipit c6

thé gay kho khin trong qué trinh lam sach va tach sac ky [1].
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1.4.1.5. Chiét pha ran (SPE)

K§ thuat chiét pha ran duoc coi 1a phuong phép chinh xac va dang tin ciy nhat
dé 1am sach hdn hop trude khi wdc tinh dinh tinh va dinh lugng. Véi su trg gitp cua
SPE, chét phén tich can thiét c6 thé dugc tach riéng va cac thanh phan khong mong
mudn c6 thé gdy tré ngai trong qua trinh phén tich c6 thé duoc loai bé mot cach chinh
xac [1].

SPE 1a mdt qua trinh gém nhiéu buédc, bit dau tir viéc hoat hoa, sau do 1a nap
mAu, rira va cudi ciing 13 rira giai chat phan tich can thiét. Trong SPE, chét phan tich
can thiét s& duoc lién két v4i thanh phén nén miu hodc dugc loai bo khoi mau.
Aflatoxin thuong dugc phén tich bang cot C-18 (octadecylsilane). Mot tmg dung dic
trung ctia SPE 1a cot lam sach 4i luc mién dich (IAC) va cot lam sach da chirc ning
(MFC) bao gom cot MultiSep®, MycoSep® va Myco6inl. Viéc chiét xuat AF thuong
dugc thuc hién sau budc lam sach. Ky thuat lam sach phé bién dugc st dung la sac
ky cot i luc mién dich (IAC) va cot lam sach da chtrc ning Mycosep (MFC). Céac k§
thuat lam sach nay duoc coi la lya chon tot nhat dé phan 1ap muc tiéu chat phan tich
AF va lam sach hoac loai bé cac thanh phén khong mong mudn trude khi ude dinh
lwong bang HPLC [1].

Ky¥ thuat séc ky i luc mién dich duoc ching minh 1a c6 do chinh xac va dic
hiéu cao vé kha ning dao nguoc lién két gitta khang nguyén va khang thé dé phan
1ap, 1am sach va tach phéan tir quan tim khéi nén mau. Trong qua trinh lam sach, mau
chat 1ong da chiét dugc dua vao IAC chira cac khang thé cu thé dé lién két voi AF da
¢ dinh trén bé mit ran nhu silica. Khi mau chiét di chuyén xuéng cot IAC, aflatoxin
lién két v6i cac khang thé va duge giir lai trén cot. DE loai bo cac protein khong lién
két va tap chat, budc rira thuong duoc yéu cau st dung chat dém cudng do ion thich
hop hoac nudc cét. Sau do, AF duoc thu hdi hoic loai bo khoi IAC béng cach st dung
cac dung méi tinh khiét nhu acetonitril hodc methanol dé pha v lién két giira khang
thé va AF [1].

Cot lam sach da chirc nang (MFC) Mycosep ciing dugc cong nhan 1a phuong
phap tot nhat dé lam sach AF. N6 don gian, dé sir dung, tién dung va 1a k¥ thuat lam

sach nhanh chong chi trong mot budc. Cac cdt nay dugce thiét ké dé gilr lai mot sb
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nhoém hop chat co ban nhat dinh c¢é thé gy nhiéu trong phan tich HPLC. Mt khéc,
cdt MFC cho phép céac phan tir quan tam di qua cdt. Trong quy trinh lam sach MFC,
sau khi chiét aflatoxin bang dung mai thich hop, mot phan dich chiét duoc dua qua
cot MFC duoc thiét ké dic biét dé phan tich AF. Cac hop chat co thé gy can trd s&
duoc giir lai trong MFC, trong khi AF s& di qua c6t [1].

1.4.2. Cac phwong phap phat hién va dinh luwgng aflatoxin

1.4.2.1. Phuwong phap hoa sinh test nhanh

Phuong phap hod sinh mién dich mang tinh dic hiéu cao, dua trén nguyén ly
két hop giita khang nguyén va khang thé dac hi¢u. Nhitng phuong phap pho bién nhét
1a xét nghiém mién dich hap thu lién két enzyme (ELISA), thiét bi dong chay (LFD)
va phuong phap hoa hoc. Cac xét nghiém nhanh 13 khong thé thiéu dé cung cap két
qua phan tich trong thdi gian ngén. Cac quy trinh nay cho phép thuc hién phan tich
dé dang véi muc gia thap hon, ngay cé tai dia diém lay mau. Phan 16n cac phuwong
phép nhanh chéng dugc sir dung dé do AF 1a cac xét nghiém mién dich dya trén phan
g ctia mot khang thé dic biét va khang nguyén cua chét phan tich [93].

Muc dich cua k¥ thudt ELISA 1a xac dinh dinh tinh hodc dinh lugng doc to
nam mdc duge tim thiy trong mau phan tich, dya trén viée ap dung cac khang thé dic
trung cho cac hop chat can phan tich. Phuong phap nay duwa trén phan tmg mau lién
két voi enzyme. Cac hé thong phén tich ELISA nay 1a thiét bi sang loc tuyét voi, cung
cap két qua dinh luong trong khoang thoi gian ngan va nhu da dé cap trude do, chung
cling thudng ¢ thé dugc sir dung tai dia diém lay mau. Tuy nhién, phan tich ELISA
ctia cac loai mau phirc tap hon, nhu thirc dn hdn hop, c6 thé cho két qua khong chinh
xac. Mot s6 phuong phap test nhanh khac nhu xét nghiém mién dich phong xa (RIA),
xét nghiém mién dich Fluoroi (FIA), xét nghiém mién dich huynh quang canh tranh
(CFIA), xét nghiém mién dich hoa phat quang (CLIA) [93].

Xét nghiém mién dich dong chay bén (LFIA), (LFA) hoic thiét bi dong chay
bén (LFD): Co s& clia phuong phap nay la phat hién thanh phan dugc phan tich bang
cach lién két voi mot khang thé cu thé trong ving thir nghiém, khang thé nay duoc
dit trén mot mang cd dinh trén que thir. Ngoai ving thtr nghiém con ¢ ving kiém

sot trén mang dé xac minh hoat dong chinh xé4c ctia thir nghiém. Khi dich chiét mau
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chay trén mang, no s& vuot qua ving kiém tra va kiém soat va tlly thudc vao nong do
ctia chat doc, ca hai vach (kiém tra va kiém soat) hoac chi vach kiém soat s& hién thi.
Que thtr ¢6 thé dugc danh gia bang mit thudng hodc bang thiét bi doc. Khi can két
qua dinh lugng, viéc danh gia dugc thyc hién bﬁng mot thiét bi (quang ké phan xa),
do cuong d6 cua vach kiém tra va vach dbi chimg, dong thoi danh gia két qua trén co
so dir liéu duge xac dinh. Que thir sic ky mién dich 13 mot k¥ thuat nhanh chong, dé
thuc hién, 1y tudng va tiét kiém chi phi ngay ca khi phan tich mot mau don 1é. Tuong
tu nhu k¥ thuat ELISA, phan tng chéo va hiéu trng ma tran xay ra trong qua trinh
phan tich mot sé san pham nhét dinh s& han ché kha nang tng dung cta que thir [93].

Tiéu chuén ciia Uy ban an toan thuc phdm va tiéu chuin cia An Do (FSSAI)
str dung hdn hop dung méi MeOH/H20 (8/2) dé chiét mau mau bap, hat bong, dau
phong va bo dau phong, dich loc dugc pha lodng véi hdn hop dung moi chiét, sau d6
dugc xac dinh bang bo kit ELISA [47]. Uu diém: phuong phap test nhanh xac dinh
téng aflatoxin trong mau, khong can dau tu thiét bi dét tién. Han ché: phuong phap
gip mot s6 tré ngai khong xac dinh dugc timg AF trong mau va dé bj dwong tinh gia.
1.4.2.2. Phwrong phdp sdc ky 16p mong TLC va 16p méng hiéu niang cao HPTLC

Phuong phap séic ky 16p mong (TLC) duogc sir dung rong rii dé xac dinh ham
luong aflatoxin 1an dau tién vao nhitng ndm 1960. TLC 14 k¥ thuat phan tach duoc
biét dén nhiu nhit nhung co thé né khong con duoc st dung rong rii nita. Su phd
bién clia nd c6 thé lién quan dén tinh don gian va gia thanh thap, vi cac yéu cau vé
cong cu & mirc co ban 1a nho. Trong cac phong thi nghiém hoéa hoc, TLC ¢6 thé duoc
st dung dé theo dbi tién trinh phan tng, xac dinh do tinh khiét cia mét chét hodc xéac
dinh cac hop chét c6 trong mot hdn hop nhat dinh [93].

Phuong phap sac ky 16p mong hiéu ning cao (HPTLC) cho phép dinh lugng
c6 chon loc va chinh xac hon. Sy khac biét chinh gitra cac k¥ thuat (TLC va HPTLC)
c6 thé xuét phat tir sy khac biét vé kich thudc hat cua pha tinh, d6 nhay va phuong
phap xir 1y dir liéu ctia chiing. Khi dinh lugng ndng d6 AF trén cac tim TLC két hop
v6i phép do mat dd huynh quang, gidi han phat hién & 6t bot do, c4, bap va lta mi 1a

0,5 ug/kg. Mic du trén thyuc té, TLC van la phuong phéap tham chiéu duoc chap nhan
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dé phat hién AF nhung phan tich dinh lugng AF da duoc thay thé bang HPLC va
UPLC trong hau hét cac truong hop [93].

Tiéu chuan FSSAI dua ra qui trinh phan tich AF trén mot sé miu khac nhau:

> Nén mau lac, sian pham tir hat c6 dau va ngii cc: phén tich sang loc AF bang
phuong phap sic ky ban mong [47]. Uu diém: phuong phap don gian, ré tién,
ap dung cho moi phong thi nghiém. Han ché: d& bi duong tinh gia, st dung
dung moi ly trich chloroform, benzen doc hai, khong dinh lugng chinh xac

tung AF.

> Pau phong, san pham dau phong va ngii cde: mau duge chiét bang hdn hop
dung méi aceton/H>0 (85/15), lic 45 phut. Dich loc duge lic v6i dung moi
chloroform, léy 16p chloroform di thdi khd, dinh mic lai bﬁng 2 mL
chloroform, chuyén vao minicolumn (chira CaSOs4, florisil, silica gel), thém 3
mL hdn hop dung méi chloroform-aceton, sau d6 chiéu dén UV va nhan biét
bang mau sic phat quang mau xanh duong [47]. Uu diém: khong can dau tu
thiét bj phan tich, xac dinh duogc tong AF trong tirng nén mau. Han ché: khong
dinh luong chinh x4c timg AF trong mau, stt dung dung mdi doc hai dé chiét

nhu chloroform, aceton.

1.4.2.3. Phurong phdp sdc ky long ghép khéi pho LC-MS/MS

K§ thuat khdi phé LC-MS, dic biét 1a bo ba tir cuc LC-MS (LC-MS-QQQ),
da tré thanh k¥ thuat phat trién nhanh nhét hién c6 dé phan tich doc t6 ndm mdc.
Nhiing loi ich cua k¥ thuat LC-MS dé phan tich doc t nAm mdc di duge cong nhan
va khai thac tr 1au. C6 thé xac dinh déng thoi nhiéu loai doc td nAm mdc béng LC-
MS theo ty 16 khéi lwong trén dién tich (m/z) cta chat phan tich, mot théng sb dic
trung khdi phd giup nhan dang cu thé hon dya trén khdi lugng phan tir cia chit phan
tich muc tiéu. Tac dong cua k¥ thuat LC—MS hién dai di duoc biéu thi bang do nhay
vuot troi trong dinh luong, d§ dac hi¢u trong viéc xac dinh va sb luong doc t6 nAm
mdc c6 thé duge phén tich trong mot phan tich. Tuy nhién, phuong phap nay bi can
trg bdi gia thanh cao va chi phi dao tao nhan luc cho hoat dong chuyén mon va phat

trién phuong phép cta ching [1; 93].
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Tiéu chuan FSSAI di dua ra qui trinh phan tich AF trén nén gia vi, tra, ca phé,
hat nhuc dau khdu va gao: Miu dugc chiét bang 100 mL hdn hop dung moi
MeOH/H-0, thém 5 g NaCl tron déu, loc mau, léy 10 mL dich loc thém 40 mL dém
Tween 20, qua cot i luc mién dich, rira giai va dinh mirc bﬁng MeOH trudc khi tiém
vao hé thdng sic ky long ghép khdi phd HPLC-MS/MS [47]. Uu diém: phuong phap
dinh lugng chinh x4c ting AF trong mau, str dung qui trinh xir Iy mau don gian, dung
moi chiét than thién moi trudng. Han ché: chi phi ddu tu cho hé thdng sic ky long
ghép khdi phd qua cao, thém vao d6 ky thuat van hanh thiét bi rat phirc tap.

Tac gia Ouakhssase va cong sy da cong bd phuong phap phan tich AF trong
bip bing phuong phap LC-MS/MS. Phuong phap st dung dung méi chiét
ACN/MeOH (4/6) va hdn hgp mudi MgSOa4 va NaCl, ly tam, tach 16p, 1ay 16p trén
qua siéu loc cellulose trude khi tiém mau vao hé thdng séc ky 1ong ghép khdi phd
LC-MS/MS [103]. Uu va nhuoc diém cta phuong phap nay giéng voi phuong phap
tiéu chuan FSSAL.

Tac gia Shencong Lv va cong su d3 sir dung phuong phap LC-MS/MS dé dinh
luong AF trén mot sé nén mau nhu dau phong va san pham dau phong. Mau duoc
chiét bang hdn hop ACN/H,O/HCOOH (70/29/1), sau d6 duoc ly tdm, qua siéu loc,
trude khi tiém mau vao hé thng sic ky [80]. Uu va nhuoc diém cia phuong phap
nay gidéng véi phuong phéap tiéu chuin FSSAL

Tac gia Lé Truong Giang va cac dong nghiép da cong bd phuong phap phan
tich AF trong hat diéu bang sac ky long ghép khdi phd d6 phan giai cao UHPLC-
HRMS. Mau duoc chiét hdn hop dung méi MeOH/H,0 (6/4), lam sach dich loc bang
cot chiét pha ran, trude khi tiém mau vao hé thdng UHPLC-HRMS [74]. Uu va nhugc
diém cua phuong phép nay gidng voi phuong phap tiéu chuan FSSALL
1.4.2.4. Phurong phdp sdc ky 1ong hiéu ning cao dau do huynh quang HPLC-FD

Phuong phép sic ky 16ng cao 4ap-dau do huynh quang (HPLC-ED): Pay la
phuong phap tham chiéu dé phat hién AF dua trén sic ky cho két qua chinh xéc cao.
Céc thanh phén tach biét dugc phét hién bang ddu do huynh quang thi can phai tao
dan xuit true hodc sau cot dé ting dic tinh huynh quang ty nhién cua AFBI va

AFG1. Qua trinh tao dn xuat nay co thé dua trén céc nguyén tic dién hoa hodc quang
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hoa. Pé tao din xuét dién hoa acid trifluoroacetic (TFA), kali bromua (KBr) hoac it
c6 thé duoc sir dung lam thude thir [93].

Tao dan xut sau ¢t (PCD) bao gdm qua trinh brom héa dién héa duoc coi 1a
phuong phap duoc sir dung rong rai dé phan tich AF. Dan xuit sau cot co thé dat
dugc bang pyridinyl hydrobromid perbromid (PBPB) hoic bang pin dién hoa
(KobraCell) trong d6 KBr dugc thém vao pha dong. D¢ ting cudng dic tinh/phan
rmg huynh quang ctia AF, PCD str dung idt ciing c6 thé dugce coi 1a phwong phap phat
hién AF. Mot nhuge diém 16n cia PCD st dung ibt 12 kha ning tao dan xuét cta 16t
lién tuc giam theo thoi gian va do do, dd nhay cua k¥ thuét cling giam di song song
va hoa chat manh KBr, ciing lam giam tudi tho cua thiét bi [93].

Viéc tao dan xuét hoa hoc cua AFBI va AFGI thuong duoc yéu cau dé cai
thién d6 nhay vi huynh quang ty nhién ciia AFB1 va AFGI c6 thé khong du dé dap
{rmg gidi han phat hién can thiét. Hinh 1.2 mé ta cac phan (mg tao dan xuit cia AFB1
vé6i acid va halogen. Trong phan tng dau tién, acid trifluoro acetic (TFA) thiy phan
vong furan thir hai cia AFB1 dé tao ra AFB2a c6 d6 huynh quang cao, trong khi brom
va i6t 1an luot duoc sir dung 1am thude thir hoa hoc trong phan tng tao dan xuét thir
hai va thtr ba. Khi cac halogen nay phan tmg véi AFB1, chung tao ra cic dan xuét
AFBI c6 tinh huynh quang cao [1].

TFA
30 min, 50C
——J—

HO o o OCH;

TFA derived aflatoxin B;
o

o (=] o
Br;

o Br
o | 2| 4s, 20C
- B

Br o o OCH;
f Br, derived aflatoxin B;
2 o o

[=] o OCH3
Aflatoxin B, .
1, I, derived aflatoxin B, |
1
40s, 60°C
e
I o o OCH;

Hinh 1.2: Nguyén tic tao dan xuit AFB1 phén tich trén dau do huynh quang véi

w

cac dan xuit bao gém: acid trifluoroacetic (TFA, 1), Brom (Bra, 2), I6t (12, 3) [1]
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Ngoai ra, HPLC véi dau do huynh quang (FD) cling véi chiéu xa bang tia cuc
tim (UV) 254 nm, déc tinh huynh quang ctia cac thanh phan AFBI1 va AFGI sé ting
d6 nhay tuong duong véi qué trinh tao dan xuét dién hoa, ciing dugc sir dung trong
phong thi nghiém dé thay thé viéc tao din xuét trude va sau cot. Thém nira, k¥ thuat
HPLC-LIF, véi huynh quang do laser gay ra (LIF) dya trén phan tich anh sdng huynh
quang phét ra trong qué trinh chiéu xa laser. Ung dung ciia n6 khong phd bién vi
HPLC-FD 1a mét k¥ thuét ré hon va phi hop dé phat hién aflatoxin [93].

Tiéu chudn Viét Nam TCVN 7930:2008 ap dung cho cac nén mau ngii cdc,
qua ¢ vo va san pham cua ching trong phan tich AF. Theo d6, mau duoc chiét tach
voi hon hop methanol va nude. Sau d6 dich chiét duoc loc, pha loang véi nudc, va
str dung cot ai lyc chira khang thé dic hiéu ddi voi aflatoxin (B1, B2, G1, va G2).
Céc AF duoc phan tach, tinh ché va co dic trén cot sau khi duoc tach khoi khang thé
v6i methanol. Ham lugng AF duoc xac dinh bang sac ky 1ong hiéu ning cao (HPLC)
pha déo va phat hién bing huynh quang va dan xuét sau cot voi iod [125]. Uu diém:
phuong phap dinh lwong chinh xac ham luong tong AF va timg AF trén nén mau cu
thé véi ham luong AF 16n hon 8 pg/kg. Nhuoc diém: Pham vi 4p dung khong dap
{rmg yéu cdu murc gidi han cho phép nhiém doc t6 cia QCVN 8-1:2011/BYT, phuong
phap dung din xuét sau cot béng Tod, ton kém, phtrc tap va ddc hai.

Tiéu chuidn quéc gia TCVN 9522:2012 dugc ap dung cho phéan tich AFBI
trong thyc pham ché bién tir ngii céc danh cho tré nhé va tré so sinh. Phan mau thir
dugce chiét béng hon hop methanol va nude. Dich chiét duoc loc, pha loang véi nude
mudi trong dung dich dém phdt phat (PBS) dén ndng d6 dung méi quy dinh va dua
1én cot &i lyc mién dich c6 chtra cac khang thé dac hiéu véi AFBI1. Sau khi rira gidi
khéi cot, AFBI1 dugc dinh luong béng sac ky 1édng hi€u ndng cao pha ddo co dan xuét
sau ¢Ot v4i brom hoa va dau do huynh quang. Vié¢c tao dan xuit sau cot dugc thuc
hién bang Brom, sinh ra tir phuong phép dién hoa hoic bang pyridinium hydrobromua
perbromua (PBPB) [126]. Uu diém: Gidi han phat hién ciia AFB1 12 0,05 pg/kg, dap
g ML trong nén ngii cdc cho tré dudi 36 thang tudi. Han ché: chi xac dinh AFBI,
khoéng dinh lugng cac AFB2, AFG1 va AFG2, phuong phap dung thém hé théng dan

xuat sau cOt, ton kém, phurc tap va doc hai.
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Tac gia Marl E.Benvenuti va cong su di st dung phuong phap UPLC-FD dé
dinh luong AF trén nén mau ngii coc. Mau duoc chiét bang hdn hgp MeOH/H,O
(8/2), sau do6 dugc lam sach bﬁng coOt ai luc mién dich, trude khi mau duoc tiém vao
hé thong séc ky [24]. Uu diém: Khong str dung dan xuit trude va sau cot, khong sir
dung thiét bi sic ky 16ng ghép khéi pho dt tién, dung moi chiét than thién méi trudng.
Han ché: chi ap dung nén ngii cdc, giéi han phat hién tong AF dudi 20 pg/kg, khong
dap ung gio1 han cho phép ML theo QCVN 8:1/2011/BYT.

Céc bude chuin bi miu, xir Iy mau va cac k§ thuat phan tich ciing nhu gidi
han dinh lugng, gidi han phét hién cia mot sb nghién ctru dugc cong bd trong va
ngoai nudc ¢ trén vé viée xac dinh AF trong cac nén mau khac nhau duoc tom tat

trong Bang 1.5.
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s So sanh cac ky thudt phan tich khac nhau

Hai k¥ thuat HPLC-FD véi tao dan xuit trudc ¢t bang acid trifluoroacetic
(ISO 16050:2011) [41; 97] va LC-MS/MS (FDA) [77; 97] d4 duoc dugc chon dé so
sanh voi UPLC-FD khong tao dan xuét. Tiéu chi danh gia dya trén gii han phat hién
cua thiét bi & ciing néng d6 chuin. Chon téng AF ndng d6 1 pg/L (lan luot 13 0,4;
0,1; 0,4; 0,1 ddi voi AFB1, AFB2, AFG1, AFG2). Hinh 1.3 thé hién sic ky dd coa
AFBI1, AFB2, AFG1 va AFG2 thu duoc béng ba k¥ thuat khac nhau.

D\ 0202007200706 Afla G 0.4pph B1 0.4ppb G2 0.1 ppb B2 0.1ppbled |
W |

‘:;_'_BI G2 po

(©)

Hinh 1.3: Sic ky cta dung dich chuan aflatoxin (1 pg/L) duoc tiém véi ba phuong
phap khac nhau: (A) HPLC-FD c6 tao dan xuét trude cot; (B) UPLC-FD khong tao
dan xuit; va (C) LC/MS/MS [97]

Hinh dang sédc ky dd thu dugc bang HPLC-FD (Hinh 1.3 A) cho thiy duong

nén cao hon so v6i UPLC-FD, mic du 20 ul mau da duoc tiém. Thir ty thoi gian luu
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cua Aflatoxin B1, B2, G1, G2 cling khac nhau gitta HPLC-FD va UPLC-FD (hoac
LC/MS/MS) (Hinh 1.3 B, C) do aflatoxin duoc dan xuét hodc khong din xuét. Sic
ky dd cua k§ thuat UPLC-FD ciing cho thiy cac pic sic nét va cudng do cao so véi
cac k¥ thuat khac. Viéc tach cac pic trong HPLC va UPLC t6t hon LC.

UPLC dua trén nguyén tic kich thuéc hat ciia pha tinh nho hon 2 um va déi
v6i HPLC thuong tir 3 d¢én 5 pm. Kich thudc hat tic dong dang ké dén khuéch tan,
cac phan tir chit phan tich thuc hién dé chuyén tir pha dong sang bé mit cua hat va
xung quanh cac hat mét it thoi gian hon khi kich thudc hat giam. Cac hat 16n hon
khién cac phan tir chat phan tich di chuyén dai hon, theo nhitng con dudng gian tiép
hon [97; 123]. Trong nghién ctru nay, cot UPLC BEH C18 véi cac hat 1,7 um; Cot
HPLC-MS CI18 véi cac hat 5 pm; va c6t HPLC C18 v6i cac hat 5 pm. Viéc chon
UPLC véi cot BEH C18 gitip giam dang ké thoi gian phan tich cling nhu mire tiéu
thu dung mai.

Bang 1.6: So sanh giGi han phat hién thiét bi (iDL) dugc tinh toan tir ba k¥ thuat

N , UPLC-FD (khong LC/MS/MS (khong
HPLC-FD (dan xuat) N ) N )
Néng do AF dan xuat) dan xuat)

(ng/L) RT | SN | iDL | RT | SN | iDL | RT | S/N | iDL
(min) | (0=3) | (ug/L) | (min) | (0=3) | (ug/L) | (min) | (n=3) | (pg/L)

AFB1 0,4 7,41 17 10,071 | 8261 | 16 | 0,075 | 4,312 | 4 0,300

AFB2 0,1 11,61 4 0,075 | 6,675 | 30 | 0,010 | 4,306 | 6 0,050

AFGl1 0,4 6,24 10 | 0,120 | 6,055 | 13 | 0,092 | 4,061 5 0,240

AFQG2 0,1 9,09 3 0,100 | 4,977 | 39 | 0,008 | 4,047 6 0,050

Ghi chu: iDL=3*Cpin/(S/N)

Gioi han phat hién thiét bi (iDL) cua AFB1, AFB2, AFG1 va AFG2 dat duoc
ciia UPLC-FD nam trong khoang 0,008 — 0,092 pg/L, thip hon so véi LC-MS/MS
(trong khoang k¥ thuat 0,05 — 0,24 ug/L) va HPLC-FD (trong khoang 0,071 — 0,12
ug/L) (Bang 1.6), Dya trén IDL, thé tich tiém, dong pha dong va sy phén tach cac
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pic, k¥ thuat UPLC-FD cho thiy nhiéu uu diém hon so véi ki thuat HPLC-FD va
LC/MS/MS.

% Téng két lai, cdc phwong phdp phan tich aflatoxin ciia cdc tdc gid trong va

ngoai nwdc co nhirng wu diém va han ché sau:

Déi voi cac phuong phép st dung sic ky ban mong TLC, ¢t mini column, kit
Elisa thuong dung dinh tinh tong ham lugng aflatoxin (B1, B2, G1 va G2), phuong
phap nhanh nhung dé bi duong tinh gia va kho khan trong viéc dinh luong chinh xac
tirng AF trong mau.

Phuong phép sir dung sic ky 10ng ddu do khdi phé ciing 1a mét trong nhiing
phuong phap dinh lugng va cho két qua chinh xac cao, tuy nhién gia thanh dau tu cao
rat nhidu so v6i sic ky 1ong dau do huynh quang, thém vao d6 k¥ thuat van hanh thiét
bi rat phuc tap.

Phuong phap sir dung sac ky 1ong dau do huynh quang 1a phuong phap dinh
lwong va cho két qua chinh xac, dap tmg yéu cau khit khe mirc cho phép doc tb AF
trong thuc phdm cta ctia B y té va cic nude trén thé gidi. Tuy nhién, cdc phuong
phap trén str dung dung méi ly trich nhu chloroform, benzen va sir dung cac dan xuat
sau cOt va trude cdt doc hai va gay anh huéng moi truong.

% Tir cdc thong tin va div liéu trinh bay 6 phdn tong quan cho thiy:

Nhiing phét hién tir cac nghién ciru trude ddy nhan manh nguy co nhiém AF
cua cac loai hat nhu dau phong, nho kho, bép va bot 6t, néu bat mdi lo ngai dang ké
vé an toan thuc phém, dic biét su tiém 4n nhiém doc td AF tai cac cho dan sinh, ho
kinh doanh tai cac chg - noi cung cip thuc pham chu yéu cho ngudi tiéu ding nhung
diéu kién bao quan va kiém soat chat lugng chua dugc thuyc hién chat ché. Tai
TP.HCM, hé théng cho dan sinh déng vai trd quan trong trong viéc cung cap thyc
phiam hang ngay cho ngudi dan. Tuy nhién, viéc bao quan tai cho thuong chua dap
mg dugc cac tiéu chuan nghiém ngat vé an toan thyc pham, nhu khong kiém soat tét
nhiét 4o, do am, dé xay ra hién tugng nhiém chéo gifra cac 16 hang, lam gia tang nguy
co nhiém doc t6 vi nAm, trong do c6 aflatoxin. Do d6, viéc khao sat ham lugng AF

va d4anh gia mic do 6 nhiém AF trong dau phong, bot t, nho kho va bap 1a hét sirc
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can thiét, tir 46 ddnh gia sy phoi nhiém cling nhu nhiing rii ro vé sirc khoe con nguoi
khi tiép xtc voi doc t6 nay.

V& mit phan tich, hién nay, cac phuong phap tiéu chuin nhu TCVN
7930:2008, TCVN 9522:2012, TCVN 10638:2014, AOAC 2005.08, AOAC 994.08
quy dinh phan tich dong thoi aflatoxin (B1, B2, G1, G2) trén mot s6 nén miu phd
bién nhu dau phong, bép, qua hd tran, bot Gt, ngil cde... b?mg phuong phap sdc ky
16ng hiéu ning cao véi dau do huynh quang (HPLC-FD), c6 st dung k¥ thuét dan
xuét trude hodc sau cot dé tang cuong tin hi¢u phat hién. Mac du dam bao yéu clu vé
d6 chinh xac va do nhay, cac phuwong phap ndy van ton tai mot s han ché, bao gdm
thoi gian phan tich kéo dai, tiéu ton lwong 16n dung méi hitu co va yéu cau hé théng
dan xuét chuyén biét, gy anh huong dén hiéu suit phan tich ciing nhu tic dong méi
truong. Bén canh d6, mot nghién ctru da ung dung phuong phap UPLC-FD khong
dan xuét, 4p dung trén nén ngii cbc, v4i gidi han phat hién tong aflatoxin (AF) cao
hon mutc quy dinh cia QCVN 8-1:2011/BYT. Nghién ctru nay ké thira hé thong
UPLC-FD va quy trinh xt Iy mau tir cac nghién cru trude, dong thoi téi wu hoa
phuong phap phi hop v6i cac nén miu da dang hon, bao gébm dau phong, bot 6t, bip
hat va nho khé, ma khong can sir dung dan xuat. Phuong phap nay khong chi dép tmg
yéu cau do nhay theo QCVN 8-1:2011/BYT, ma con hudng dén moi truong xanh voi
nhirng vu diém nhu tiét kiém thoi gian phan tich, giam lwong dung méi phan tich, it
gy 6 nhiém moi trudng, bao vé strc khde ngudi thao tac, qui trinh xir Iy mau don
gian. Ngoai ra, nghién ctru con hudng dén viéc ude luong modi nguy hai va danh gia
rti ro ung thu lién quan dén AF, nhim cung cip cai nhin téng thé hon vé mirc d6 anh

hudng cua doc to AF doi vai stic khoe cong dong.
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CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Poi twong nghién ciru
Céac chat doc tb6 AFB1, AFB2, AFG1, AFG2 va tong AF (AFBI+AFB2+
AFGI1+AFG2) trong dau phong, bot 6t, nho kho va bap hat.

2.2. Ho4 chit va trang thiét bi dung cu
2.2.1. Héa chit

Céc hoa chat va vat liéu st dung trong nghién ctru bao gém acetonitril HPLC
(ACN, ThermoFisher, M¥) v4i do tinh khiét > 99,9% va ham luong nude < 0,02%,
acid formic (HCOOH, Merck, Dirc) ¢6 do tinh khiét > 99,9% vé6i ham luong acid
acetic < 0,05%, va methanol HPLC (MeOH, Merck, Dirc) v6i d6 tinh khiét > 99,9%
va ham luong nudc < 0,02%. Cot i luc mién dich aflatoxin (IAC, Vicam, M¥) dugc
str dung véi toe d6 dong chay 1-3 mL/pht, mirc nhiém chéo chat khac < 0,01% va
thé tich cot 3 mL. Nudc cét hai lan loai ion dugc l4y tir thiét bi Milli-Q Direct 8 ctia
hang Merck Millipore. Natri clorua (NaCl, Merck, Dtic) c6 d6 tinh khiét > 99% va
d6 4m < 0,5%; Dung dich dém phdt phat pH 7.4 (PBS). Dung dich chuan aflatoxin
(LGC standards GmbH, Purc) gdm Bl: 2 pg/mL, B2: 0,5 pg/mL, G1: 2 pg/mL va
G2: 0,5 pg/mL trong dung moi ACN.

Chuan bi dung dich chuan AF dugc pha theo trinh tu sau: Chuan gbc Co (5
ng/mL), bao gdm 2 pg/mL AFBI, 0,5 pg/mL AFB2, 2 pg/mL AFG1 va 0,5 pg/mL
AFG2 trong dung moéi ACN, dugc luu triv ¢ nhiét d6 2-8 °C va sur dung trong 12
thang. Ttr chuén gdc, chuén trung gian 1 (CTG1, 500 pg/L) dugc pha biang cach lay
chinh xac 1 mL dung dich Co vao binh dinh mirc 10 mL va pha loing dén vach bang
ACN. Tiép theo, chuan trung gian 2 (CTG2, 50 pg/L) duoc chuan bi bang cach 1y 1
mL CTG vao binh dinh mic 10 mL, sau d6 pha lodng bang dung dich 0,2%
HCOOH/ACN (1:1) va chuan trung gian 3 (CTGs, 10 pg/L) dugc pha bang cach lay
1 mL CTG: vao binh dinh mac 5 mL va pha lodng bang dung dich 0,2%
HCOOH/ACN (1:1) dén vach. Cudi cung, chuén lam viéc dugc pha bang cach lay
mot thé tich can thiét dung dich chuén trung gian vao lo va thém 0,2% HCOOH/ACN
(1/1) sao cho tong thé tich 13 1 mL (1000 pL) duoc trinh bay trong Bang 2.1:
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Bang 2.1: Cac dung dich chuin lam viéc cua aflatoxin (B1, B2, G1 va G2)

Chuéin Coi Co2 Cos Cos Cos
Nong do chuan
. 10,0 50,0 50,0 50,0 50,0
trung gian
Cra(ug/L)
Thé tich Verg 50 100 200 400 1000
thém (uL)
Thé tich
V ACNHCOOH 02% 950 900 800 600 0
thém (uL)
Nong d9 chuan 0,50 5.0 10,0 20,0 50,0

lam viéc (ng/L)

Nong d6 chuan | AFB1: 0,20 | AFB1:2,0 | AFB1:4,0 | AFB1:8,0 | AFBI1:20,0

AFBUAFBY 1 Appg): 0,05 | AFB2: 0,50 | AFB2: 1,0 | AFB2: 2,0 | AFB2: 5,0

AFG1/AFG2
(ng/L)

AFGI1: 0,20 | AFG1:2,0 | AFG1:4,0 | AFGI1: 8,0 | AFG1: 20,0

AFG2: 0,05 | AFG2:0,50 | AFG2: 1,0 | AFG2:2,0 | AFG2:5,0

Cac dung dich dugc chuén bi nhu sau:

e Dung dich 0,1% HCOOH: Liy 1 mL HCOOH tinh khiét (> 99,9 %) vao binh
dinh mac 1000 mL, thém H,0O dén vach, lic déu va siéu 4m trong 5 phit.

e Dung dich 0,2% HCOOH: Liy 2 mL HCOOH tinh khiét (> 99,9 %) vao binh
dinh mac 1000 mL, thém H,O dén vach, lic déu va siéu 4m trong 5 phit.

e Dung dich 0,2% HCOOH/ACN (1/1, v/v): Lidy 50 mL dung dich 0,2%
HCOOH vao binh dinh mtc 100 mL, thém ACN dén vach, ldc déu va siéu am
trong 5 phut.

e Dung dich ACN/H,O (6/4, v/v): Liy 600 mL ACN vao binh dinh mirc 1000
mL, thém H>O dén vach, lac déu va siéu 4m trong 5 phut.

e Dung dich MeOH/H:O (8/2, v/v): Lay 800 mL MeOH vao binh dinh mtc
1000 mL, thém H>O dén vach, lic déu va siéu am trong 5 phut.
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2.2.2. Thiét bi va dung cu

Céc thiét bi va dung cu duoc dung trong nghién ciru bao gom:

- Hé thong sic ky 16ng siéu hiéu ning ACQUITY H CLASS UPLC-FD Waters
v6i cac thanh phan chinh bao gdm bom 4 kénh (S6 Seri M15QSM234A; Singapore),
bom mau ty dong FTN (S6 Seri M15SD1942G; Singapore), dau do huynh quang FD
(S Seri M15UPF301G; Singapore), cot sac ky.

+ Bom 4 kénh: 1a mot trong nhiitng thanh phan quan trong ciia hé thong UPLC,
c¢6 kha ning diéu chinh ty 18 pha dong voi nhiéu dung méi khac nhau. Bom nay c6
thé phdi hop t6i da 4 dung méi khac nhau dé tao ra cac gradient pha dong, giup kiém
soat tot hon qua trinh tach sic ky. Bom 4 kénh c6 kha ning cung cip ap suét rat cao
(1én dén 15,000 psi hodc cao hon) dé thuc hién céc phép tach séc ky trén cot c6 do
phan giai rat cao [16].

+ Bom mau ty dong FTN (Flow Through Needle): sir dung mot kim tiém c6
kha ning truyén mau truc tiép vao dong pha dong sic ky mot cach chinh xac va tir
dong. Kim tiém nay duoc thiét ké sao cho mau s& duge hut tir 1o vao kim tiém va sau
d6 dugc tiém vao dong chay qua cot sic ky, voi thé tich tiém tir 0,1 — 10 ul [16]

+ Dau do huynh quang (FD - Fluorescence Detector): hoat dong dua trén kha
ning cua cac phan tir huynh quang nhu AF, hip thu anh sdng & budc séng kich thich
(excitation wavelength) va phat xa anh sang & budc séng dai hon (emission
wavelength) [16]. Qua trinh ndy dién ra qua hai giai doan:

¢ Giai doan kich thich (Excitation - Ex): 1a qua trinh trong d6 cac phan tir
huynh quang hép thu ning lugng tir mot ngudn sang cd budc sdng xac
dinh, 1am cho ching chuyén tir trang thai co ban 1én trang thai kich
thich. Ngudn sang dén xenon phét ra anh sang c6 budc song kich thich
phu hop. Budc song kich thich dugc chon lgc thong qua cac b loc
quang hoc hodc may don sic dé dam bao chi mot dai hep cia quang
phd di qua. Khi 4nh sang kich thich chiéu vao miu, cac phan tir huynh
quang héap thu ning luong va chuyén lén mirc ning luong cao hon,

chuan bi cho giai doan phat xa.
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e Giai doan phat xa (Emission- Em): 1a qua trinh trong d6 céc phan tr
huynh quang, sau khi hap thy ning luong & giai doan kich thich, cac
phan tir huynh quang khong thé duy tri trang thai nang luong cao va sé
nhanh chéng giai phong ning luong du thira dé quay vé trang thai co
ban. Nang lugng du thira nay dugce phat ra dudi dang anh sang c6 bude
song dai hon. Anh sang phat xa di qua bo loc quang hoc hodc may don
sac dé loai bo anh sang kich thich con lai. Sau do6, né dugc dau do quang
dién thu nhan va chuyén d6i thanh tin hiéu dién dé phan tich va dinh
lwong chit huynh quang c6 trong mau.

+ Cot BEH C18 (150*2,1 mm; 1,7 um) tuong thich hé théng UPLC, st dung
pha tinh C18 phd bién trong sic ky 16ng dao pha, chiéu dai cot 150 mm, duong kinh
trong 2,1 mm va kich thuéc hat nhé (1,7 um) gitip ting dién tich bé mat va hi¢u suat
phan tach cao va thoi gian phéan tich nhanh hon, thich hop phan tich cac hop chét it
phan cuc cho dén khong khong cuc.

- Céc dung cu hd tro khac bao gdm: may lic, may vortex, may ly tAm, bon siéu
am, h¢ loc pha dong, can phan tich hién thi dén 0,0001 g, can phan tich miligram hién
thi dén 0,001 mg; dung cu micropipet c6 khoang do 20-200 uL; 100-1000 pL, cac
dng dong dung tich 100 mL, 500 mL va 1000 mL; binh dinh murc ¢ dung tich 5 mL,
10 mL, 25 mL va 50 mL, lo thuy tinh 1,5 mL, binh c6 nép day loai 1 lit, 6ng ly tam
nhua PTFE 50 mL, giéy loc xanh duong kinh 11 cm , mang loc PTFE véi kich thudc
loc 0,45 pm, duong kinh 13 mm.

2.3. Noi dung va phuwong phap nghién ciru
» Noi dung nghién ctu

Luan 4n tap trung 4 ndi dung nghién ciru chinh, nham xay dung va mg dung
phuong phap phén tich dong thoi cac aflatoxin B1, B2, G1 va G2 trong mot s loai
thyc pham. Cu thé nhu sau:

— Nghién ctru khao sat didu kién sic ky thich hop dé phan tich ddong thoi
aflatoxin (B1, B2, G1 va G2) trén hé thdng sic ky 16ng siéu hiéu ning dau do huynh
quang (UPLC-FD) va nghién ctru khao sat qui trinh chiét tach aflatoxin (B1, B2, G1
va G2) trong cac loai hat bao gém dau phdng, bot 6t, nho kho va bép hat.
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— Nghién ctru xac nhan gia tri st dung ctia phuong phap phén tich aflatoxin
(B1, B2, G1 va G2) trong dau phong, bot 6t, nho kho va bép hat.

— Nghién ctru xac dinh ham Iugng aflatoxin (B1, B2, G1 va G2) trong cac
mau dau phong, bot 6t, nho kho va bép hat thu thap tai cac cho trén dia ban Tp.HCM
trong nam 2020-2022.

— Nghién ciru danh gia méi nguy hai doc t aflatoxin thong qua chi s6 luong
an vao co thé hang ngay (EDI) va bién d6 phoi nhiém (MOE) ddi véi ca ngudi nam
va nit trudng thanh theo 3 thé trang gay, binh thudng va thira can.

» Phuong phap nghién ctru

Dé danh gia mirc do 6 nhidm aflatoxin (B1, B2, G1 va G2) trong cic nén mau
thuc pham gém dau phong, bot 6t, nho khé va bap hat, phuong phap nghién ciru duoc
thiét ké theo so dd Hinh 2.1. Thiét ké nay bao gdm cac budc tir thu thap, bao quan
mau dén phan tich dinh luong bang thiét bi hién dai, nham dam bao d¢ chinh xac va
tin cdy cao. Cu thé, nghién ctru sir dung phuong phap phan tich AF trén thiét bi sic
ky long siéu hiéu ning dau do huynh quang UPLC-FD, két hop vé6i quy trinh chiét
tach phu hop véi timg loai nén mau. Pong thoi, cac phuong phap x4c nhan gia trj sir
dung, danh gia mdi nguy hai, xir 1y s6 liéu dwogc thuc hién dé dam bao tinh khoa hoc

va dg tin cdy cua két qua nghién ctu.
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Hinh 2.1: So d6 bd tri thi nghiém phwong phép nghién ciru aflatoxin trong thuc phdm
2.3.1. Phwong phdp phan tich déng thoi aflatoxin (B1, B2, GI va G2) trén thiét bi
UPLC-FD

Trong nghién ciru nay, phuong phép sic ky dugc xay dung dua trén tham khao
tur tai liéu cua Marl E. Benvenuti va cong su [24]. Cu thé, pha dong dugc sur dung co
thanh phan H.O/ACN/MeOH véi ty 16 64/18/18, cot sic ky BEH C18 (150 x 2,1 mm;
1,7 um), budce song kich thich Ex = 365 nm, budc song phat xa Em =455 nm va nhiét
do cot dugce duy tri on dinh & 40°C.

Téi wu hoa diéu kién sac ky dé phan tich dong thoi aflatoxin (B1, B2, G1 va
G2), nghién ctru 3 yéu t6 bao gdm thay d6i thanh phan pha dong nham cai thién kha
ning tach va phat hién cac chét, danh gia d6 6n dinh cua tin hiéu, xac dinh khodng

tuyén tinh va duong chuan.
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2.3.1.1. T6i wu hod thanh phan pha déng

Thanh phan pha dong rat quan trong vi n6 anh hudéng dén tin hiéu pic va thoi
gian luu gitt ciia chat phan tich [35]. Ngoai ra, HCOOH 1a mét thanh phan hd trg phd
bién clia pha dong khi sir dung phan tach sac ky long pha dao. Trong mot sd trudng
hop, néng @ HCOOH thap dugc thém vio trong pha dong gitp cai thién hinh dang
dinh cua sy phan tach cac pic tao thanh [127].

Dua trén cac nghién ciru da cong bd [24; 47; 72; 126], nghién ctru nay khao
sat 2 diéu kién pha dong bao gdm H,O/ACN/MeOH (56/22/22), HoO/ACN/MeOH
(64/18/18). Céc thi nghiém dugc thyc hién bang cach tiém dung dich chuan hén hop
aflatoxin (B1, B2, G1 va G2) véi ndng d6 10 pg/L vao hé thong séic ky 1ong UPLC-
FD.

Sau khi lya chon duge diéu kién pha dong dé khao sat, nghién ctru tiép tuc
diéu chinh ty 1& phan traim HCOOH b6 sung vao pha dong vdi cac mirc ndng do 1an
luot 13 0%, 0,1%, va 0,2%. Mbi diéu kién pha dong dugc thuc hién 13p lai 3 lan dé

dam bao tinh chinh x4c va tai lap cua két qua.

Tiéu chi lua chon diéu kién pha dong t61 vu dua trén:

« Do phan giai (Rs): Pat yéu cau Rs > 1,5 ¢é dam bao kha ning tach biét hoan
toan gitra cac pic dai dién cho aflatoxin [40; 119; 127] .

« Heé s6 kéo dudi (Ts): Nam trong khoang 0,8 < Tr< 1,5 dé dam bao hinh dang
pic sic nét va dbi xung, ho tro tang do chinh xac trong dinh lugng [40; 119;
127].

2.3.1.2. Khdo sat d on dinh cia tin hiéu phan tich aflatoxin (B1, B2, GI va G2)

Trong nghién ctru ndy, dung dich chuin AF ndng d6 12,5 pg/L duogc tiém lip
lai 6 1an. Qui trinh phén tich dat tinh twong thich hé thong khi d6 lap lai (RSD;) thoi
gian Iuu va dién tich pic khong quéa 2%, d6 phan giai Rs > 1,5 va hé s6 kéo dudi 0,8
<T¢< 1,5 [127].
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2.3.1.3. Khao sat khodng tuyén tinh va dweong chudn

Khoang tuyén tinh ciia mot phuong phap phan tich 1a khoang ndng do & do co
sy phu thudc tuyén tinh gitra tin hi¢u do dugc va néng do chit phan tich. Trong
nghién ciru nay, khoang tuyén tinh dugc dénh gia dua trén viéc xay dung duong chuan

cua tung AF.

Cach xdc dinh:

Puong chuan duoc xay dung trén dung dich v6i 5 diém chuan twong ng véi

cac nong do: 0,5; 5,0; 10,0; 20,0; 50,0 ug/L chudn AF (xem Béang 2.1).

Tiéu chi chdp nhin: Pudng chuin c6 0,99 <R? < 1, trong d6 R? 13 hé sb twong

quan binh phuong [61]

Nong do tinh toan dugc trén ting diém chuan khong léch quéa 15% so véi gia

tri thuc, ngoai trur nf‘mg do tai diém MQL khong vuot qua 20% [61].

2.3.2. Phwong phdp chiét tich aflatoxin (B1, B2, G1 va G2) trong nén mdu diu
phéng, bét 6t, nho khé, va bip hat

Phuong phap chiét tach aflatoxin (B1, B2, G1 va G2) trong miu thuc pham
bao gdm cac budc chinh: dong nhat mau, chiét tich AF bang hon hop dung méi hitu
co (methanol hodc acetonitril) va tinh sach bang phuong phép séc ky 4i luc mién dich
(immunoaffinity chromatography). Tiép theo, cac hop chit AF dugc dinh luong bang
k¥ thuét sic ky 1ong siéu hiéu ning két hop dau do huynh quang (UPLC-FD).

Hiéu qua ctia phuong phép chiét tach dugc danh gia dya trén cac tiéu chi nhu

hiéu sudt thu hdi va d6 chinh x4c trong phan tich.
2.3.2.1. Chudn bi mau lrcfng ddu phong, bot ot, nho kho, va bcfp hat

Mau déu phong, bot 6t, nho kho va bip hat dugc phan tich theo phuwong phap
sir dung dan xuét acid trifluoroacetic va xac dinh trén thiét bi sic ky long dau do
huynh quang (theo phwong phap HPLC — FD d3 dugc cong nhan ISO 17025). Két
qua khong phat hién vdi gi6i han phat hién va giéi han dinh lugng cta phuong phap
lan luot MDL = 0,1 pg/kg va MQL = 0,3 pg/kg. Mau nay duoc sir dung lam mau

trang trong sudt qué trinh chiét mau va xac nhan gia tri sir dung ctia phwong phap.
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2.3.2.2. Chudan bi mau thém chuan cho qud trinh chiét aflatoxin (B1, B2, GI va G2)

Mau duoc thém chuén tai 3 mirc ndng d6 biang cach iy thé tich can thiét cua

dung dich chuan trung gian vao 5 g mau trang theo Bang 2.2.

Bang 2.2: Chuén bj mau thém chuén cho qua trinh chiét aflatoxin (B1, B2, G1 va

G2) trong mau dau phong, bot 6t, nho kho va bép hat

Nong d6 timg AF Thé tich . , Khoi
\ , Nong do chuan .
Murc nong do tuong rng thém chuan lugng mau
AF (ug/mL)
(B1/B2/G1/G2, pg/kg) (uL) (2)
Nén dau phong va bép hat thém chuan tai néng do ML; 5xML va 10xML
ML 2/0,5/2/0,5 50 0,5 5
5xML 10/2,5/10/2,5 25 5 5
10xML 20/5/20/5 50 5 5
Nén bot 6t va nho kho thém chuén tai nong dé ML; 5xML va 10xML
ML 5/1,25/5/1,25 125 0,5 5
5xML 25/6,25/25/6,25 62,5 5 5
10xML 50/12,5/50/12,5 125 5 5

2.3.2.3. Khdo sdt dung méi chiét aflatoxin (B1, B2, G1 va G2) trong cdc nén mau déu
phéng, bot 6t, nho khé va bdp hat

Giai doan chiét miu: Aflatoxin hoa tan tot trong dung méi phan cuc va nhiéu
nghién ctru d3 chi ra ring qua trinh chiét AF hiéu qua dat duoc khi sir dung hdn hop
dung méi ACN/H20 hodc MeOH/H2O [6; 18; 47; 80; 131].Trong nghién ctru nay,
thyc hién khao sat 2 hn hop dung moéi MeOH/H:0 (8/2) va ACN/H,0 (6/4) dé chiét
AF trong cac nén mau dau phdng, bot 6t, nho kho va bép hat.

Giai doan lam sach mau: duogc thuc hién béing cach str dung cot ai luc mién
dich (IAC), day 1a k¥ thuat lam sach dic trung va hiéu qua trong quy trinh chiét tich
AF [6; 18; 47; 80; 131]. Trong nghién ctru nay, cot IAC dugc lya chon véi céc thong
s6 k¥ thuat nhu tbc d6 dong chay 1-3 mL/pht, thé tich cot 3 mL va mirc nhiém chéo
chat khac < 0,01%. Cot IAC chira cac khang thé don dong aflatoxin B1, B2, G1, G2

co dinh trén bé mat ran, c6 kha nang lién két dac hiéu vaoi AF.
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Theo hudng dan st dung tir nha san xuat (Vicam), dung dich chiét phai duoc
pha loang trudc khi qua cot IAC dé dam bao ty 1¢ dung méi trong dung dich khong
vuot qua 5% ddi véi ACN va 20% dbi véi MeOH. Trong nghién ctru nay, hai loai
dung dich pha lodng trudc khi qua cot IAC duoc khao sat gdm: dung dich dém phdt
phat (PBS) va H:20.

Cach thuc hién: Mau tréng duoc thém chuin AF & 3 muc néng do ML,
5xMLva 10xML (ML 1a gi6i han cho phép AFB1 trong mau theo QCVN 8-
1:2011/BYT) (xem bang 2.2) dé khao sat qui trinh chiét AF dugc trinh bay ¢ Hinh
2.2. Céc yéu t6 khao sat bao gdm: dung mdi chiét (MeOH/H20 (8/2) va ACN/HO
(6/4) ) va dung dich pha loang trudce khi qua cot IAC (dém PBS va H,O). Nhu vay,
c6 tong cong 1a 4 qui trinh chiét QT1, QT2, QT3 va QT4. Thuc hién 6 thi nghiém/nén
mau/ti 1¢ dung mdi/ndng do, twong tmg 72 thi nghiém/nén mau/cach chiét/3 nong do.

Dura vao cac tai li¢u tham khao qui trinh chiét tach AF [6;18;47;80; 131], qui
trinh chiét mau du kién duoc trinh bay ¢ Hinh 2.2 bao gdm can mau, thém dung méi
chiét miu, lam sach mau béng cot TAC, rira giai, thdi kho, dinh mac mau, qua mang

loc trude khi mau duge tiém vao thiét bi UPLC-FD.
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5 gam mau

v

20 mL MeOH/H,O (8/2)

v

Vortex, siéu am 30 phaut, ly
tam 9000 vong/phut, trong
3 phat, loc qua gidy loc

v

20 mL ACN/H,O (6/4)

v

Vortex, siéu am 30 phut,

ly tdm 9000 vong/phut
trong 3 phut, loc qua gidy

loc
|
QTiy oT2v Qrav vOT4
20 mL H>O 20 mL PBS 20 mL H,O 20 mL PBS
| | i [ [
Vortex, ly tam 9000 vong/phut trong 3 phut
Léy 20 mL dich loc qua c6t ai lyc IAC
Rira cot bang 20 mL H,O
Rtra gidi 3 mLMeOH
+Thoi kho
binh mic 1 mL dung dich 0.2% HCOOH/ACN (1/1)
Loc PTFE 0.45 um
A
UPLC-FD

Hinh 2.2: Luu d6 qui trinh chiét du kién AF trong nén miu déu phong

bot 6t, nho kho va bap hat

Hiéu qué chiét cta qui trinh dugc danh gia bang hiéu suat thu hoi va do lap

lai. Tiéu chi lya chon cho hiéu suét chiét phai cao nhét trong khoang 70-120% va d6

lap lai RSDr trén nén miu khong qua 20% theo phu luc F- AOAC 2019 [14].
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2.3.2.4. Khdo sdt anh hwéng nén mau dén qui trinh chiét tach aflatoxin (BI, B2, G1,
G2) trong nén mau dau phéng, bot 6t, nho khé, va bdp hat

D6 anh huong nén mau (ME) 1a hién tugng xdy ra khi cac thanh phan trong
nén mau gy can trd hodc anh huong dén tin hiéu ctia chat phan tich, tir d6 dan dén
sai 1éch trong két qua dinh luong [32]. Pé danh gid mirc d6 anh hudng nay, duong
chuéin trong dung moi va trén cac nén mau dau phdng, bét 6t, nho khd va bép hat
dugc xay dung.

Puong chuan trong dung médi dugc thiét 1ap chi tiét tai Bang 2.1. Cac duong
chuan trén nén mau duoc xay dung bang cach thém chuan AF vao cic nén miu, sau
d6 thuc hién qui trinh chiét tach va lam sach nhu mé ta.

Do anh hudng nén mau duge dinh lugng thong qua phéan tram gia tri tuyét dbi
IME (%) , dwoc tinh toan dya trén hé s6 goc ctia phuong trinh duong chuén trong nén
mau so voi dudng chudn trong dung méi [32].

hé s6 géc ctia dwong chuin trong nén mau

IME (%)| =( — 1) x 100

hé s6 géc cia dwomg chudn trong dung moi
D6 anh huong nén mau khong anh huong: IME (%)| < 20%

D6 anh hudng nén mau anh huong mire trung binh: [ME (%)] = 20% - 50%
D6 anh hudng nén mau anh huong: [ME (%)| > 50%.

Bang 2.3: Duong chuin trén nén miu mau dau phong, bot 6t, nho kho va bép hat

Chuan Co1 Co2 Cos Cos Cos
Nong d6 chuan AF (ug/L) 50 500 500 500 | 5000
Thé tich thém chuan (uL) 50 50 100 200 50
Khéi lugng mau (g) 5 5 5 5 5
Nong d6 chuan trén mau (pg/kg) 0,5 5 10 20 50
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2.3.3. Phuwong phap xdc nhan gia tri sir dung ciia phwong phdp phdn tich aflatoxin
(B1, B2, G1 va G2) trong mdu diu phong, bét 6t, nho khé va bip hat

Trudce khi &p dung phuong phép phan tich aflatoxin (B1, B2, G1 va G2) trén
cac mau thuc té nhu dau phong, bot 6t, nho kho va ba“ip hat, viéc nghién ctru xac nhan

gié tri str dung cua phuong phap 1 budc khong thé thiéu.

Xac nhan gi tri str dung cua phuong phép qua cic thong sd quan trong nhu
dd chon loc, gidi han phat hién, gidi han dinh luong, d6 chinh xac (d6 dung va do
chum), do pha loang mau, do 6n dinh mau, d6 khong dam bao do va dam bao két qua
phan tich ¢ dam bao rang phuong phap dap tmg cac yéu cau khit khe vé do chinh
xéc, do tin cay va kha ning ap dung trén cac nén mau thue pham phirc tap. Cc budc

nghién ciru cu thé dé x4c nhén gia trj st dung cta phuong phap phan tich nhu sau:
2.3.3.1. Khao sat do chon loc

D9 chon loc 1a mdt dac tinh quan trong trong phan tich héa hoc, thé hién kha
ning cua phuong phap phan tich trong viéc phan biét va xac dinh chinh xac chit phan
tich cu thé trong sy hi¢én dién cua cac chét khac, chéng han nhu tap chét, thanh phﬁn

nén mau hoic cac chit dong phan [61].

bé danh gia do chon lgc, nghién ctru dugce tién hanh chuan bi mot mau tréng
va mot mau thém chuin AF tai mirc gi6i han dinh luong. Cac mau nay duoc xir 1y
theo qui trinh phan tich di dugc trinh bay tém tit muc 3.2.1. Mdi miu dugc tiém vao
hé thong sic ky mot 1an dé thu thap tin hiéu. So sanh tin hiéu dién tich pic thu duwgc

gilta mau trang va mau thém chuan.

D9 chon loc duge danh gid dya trén ti€u chi chép nhén sau: khong Xuét hién

c4c pic twong Umg trong mau trang tai thoi gian lwu d3 duoc xac dinh cua AF [45].
2.3.3.2. Khdo sat gioi han phat hién va gioi han dinh luong cua phwong phdp

Gi6i han phat hién (MDL) 1a ndng do thap nhét cua chat phén tich trong mau
(Cumin) 6 thé phat hién dugc nhung chua thé dinh luong duoc [61].

Céch thyc hién: Miu trang duoc thém chuan AF & nong do 0,25 pg/kg (ndng
d6 AFBI1, AFB2, AFG1, AFG2 tuong tmg 0,1; 0,025; 0,1; 0,025 pg/kg) bang cach
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thém 25 pL chuan Crc2 = 50 pg/L vao 5 gam mau va dugc xir Iy theo qui trinh chiét
mau duge tom tit muc 3.2.1.

Mau duoc phan tich lap lai 6 14n va xac dinh ty 1€ tin hi€u chia cho nhiéu nén
(signal to noise ratio), trong d6 S 1a chiéu cao tin hiéu cta chat phan tich va N Ia
nhiéu dudng nén.

__ 3xCmin

Céch xac dinh MDL theo cong thirc: MDLinh toan = SN

Gi61 han phat hién duoc chép nhan tai néng d0 ma tai @6 tin hiéu 16n gép 2-3

lan nhidu dudng nén. Tiéu chi chip nhan 3 < S/N <10 [61]

Gi6i han dinh lwong (MQL) 1a ndng d6 t6i thiéu ciia mot chat co trong mau
thir ma phuong phéap c6 thé dinh luong dat duoc d6 chinh xac va do ding chap nhan
duoc [61].

Cach xac dinh MQL: MAu tring duoc thém chuin AF ¢ nong d6 0,75 pg/kg
(néng do AFB1, AFB2, AFG1, AFG2 tuong tng 0,3; 0,075; 0,3; 0,075 pg/kg) béng
cach thém 75 pL chuan Craz = 50 pg/L vao 5 gam mau va dugc xtr Iy mau theo qui
trinh chiét mau & muyc 3.2.1.

MAu duoc phan tich 1ap lai 12 1an. Tinh toan hi¢u suat thu hoi, do tai lap. Tiéu
chi chép nhan MQL phai dat dugc do chinh xac (dd tai 1dp dat dugc < 20%) va do
dung (hiéu suat thu hoi dat trong khoang 70 — 120%), theo quy dinh cua
SANTE/12682/2019 va Phu luc F cia AOAC 2019 [14; 113]
2.3.3.3. Khao sat dé chum (d¢ lap lai RSD,va do tdi lap RSDg) va do dung cua phwong
phdp

Do lap lai (RSD:) 1a mire d6 gan nhau cua cac két qua thu dugc khi cing mot
mau dugc phéan tich nhiéu 1an trong cung diéu kién thi nghiém, cing thiét bi, cing
ngudi thye hién nham danh gia tinh 6n dinh ciia phuong phap phan tich trong ciing
diéu kién thyc hién [61].

Céch x4c dinh RSD,: Miu trang duoc thém chuan AF tai 3 murc nong d6 ML,

5xML, 10xML (xem bang 2.2), tvong tmg néng do AFB1 trong mau lan luot:
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Nén dau phong va nén bap hat: 2 pg/kg, 10 pg/kg va 20 pg/kg
Nén bot 6t va nén nho khé: 5 pg/kg, 25 ng/kg va 50 pg/kg
Mau duge xtr Iy theo qui trinh chiét mau duoc tom tit muc 3.2.1

Mobi muc n@)ng do duogc thuc hién 6 1an thi nghiém. Tinh dg 1éch chuin SD va

dd léch chuan tuong ddi RSD:x tai cac murc néng do thém vao theo cong thirc

n
1
SD = n_lz(xk—x)z
k=1

100xSD
Xt

% RSD; =% CV =

X : Nong do trung binh céac thi nghiém

Do tai 13p (RSDR) 12 murc 6 gn nhau cua cac két qua thu dwoc khi cung mot
mau duoc phan tich trong cac diéu kién khac nhau, bao gom thiét bi khac, phong thi
nghiém khac, ngay thyc hién khac hoac nguoi thyc hién khéac nham danh gia tinh on
dinh ctia phuong phap phan tich trong diéu kién thuc hién khac nhau [61].

Céch x4c dinh RSDr: Mau trang duoc thém chudn AF tai 3 mirc ndng do tuong
tu nhu d6 1ap lai, duoc thyc hién 1 ngay khac so véi ngay thuc hién d6 lap lai.

Tiéu chi danh gia d6 chinh xac qua 2 thong sb do lap lai RSD; (%) va do tai
1ap RSDR (%) theo timg mirc ndng d ¢ phu luc F — AOAC 2019 [14]

Do ding (hiéu suét thu hoi - recovery) biéu thi mirc dd gan nhau giita gia tri
thu dwogc tir phan tich va gia tri thuc [61], bing cach xac dinh mau tring dugc thém
chuin AF tai 3 muc n@)ng do tuong tu nhu do 1ap lai va do tai 1ap, tinh d¢ diung theo
cong thure sau day:

Recovery (%) = C« x 100/Cyt

Ci: 1a ndng do thém chuin vao mau

Cy: 1a ndng do thuc té thu duoc
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Tiéu chi danh gia 6 dung theo ting mirc ndng do & phu luc F — AOAC 2019
[14]
2.3.3.4. Khao sat hé s6 pha lodng mau

Hé s6 pha lodng 1a mot tiéu chi danh gia kha ning cua phuong phép phén tich
khi mau dugc pha lodng dé danh gia 46 chum va d6 dung sau khi pha loang mau [61].

Céch x4c dinh: MAu tring dugc thém chuin AF ¢ ndng do cao bang cach thém
125 pL chudn ndng d6 5000 pg/L vao 5 gam mau, twong Gng ndng do thém vao trén
mau 1a 125 pg/kg. Mau duoc xt Iy theo qui trinh chiét mau duogc tom tit muc 3.2.1,
sau d6 mau duoc pha lodng bang dung dich 0,2% HCOOH/ACN véi 5 hé sb pha
loang £=5; 10; 20; 50; va 100 trudc khi tiém mau vao hé théng UPLC-FD.

Tiéu chi chdp nhén recovery va RSDr theo tirng mirc ndng d6 & phu luc F —

AOAC 2019 [14]
2.3.3.5. Khao sat do khong dam bao do

Do khong dam bao ciia phép do (uncertainty in measurement — U) 1a thong sb
gan voi két qua ctia phép do, thong sd nay dai dién cho do phan tan cua két qua.

Céch xac dinh do khong dam bao do dwa vao két qua phé duyét phuong phap:

Do khong dam bao do tong hop [46; 48]:

Un (%) = Up2 +U,2

Trong do6:

Up duogc tinh tr d6 tai lap, tuc 1a % Up = % RSDr

U, dugc tinh tir d6 chéch ciia higu suét thu hoi, U, = 100 — recovery

b khong dam bao do mo rdng, voi hé sb phu k=2

Ue (%) =k.Un=2Un

D6 khong dam bao do mé phai dap ung tiéu chi theo huéng dan d6 khong dam
bao do cia Uy ban Tiéu chuin thuc phdm qubc t& CAC/GL 54-2004 & mirc ndng do
<100 pg/kg 1a 44% [33].
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2.3.3.6. Khdo sdt do on dinh mau

Do 6n dinh 14 kha ning gitr nguyén ham luong chét phén tich trong mot khoang
thoi gian nhat dinh, dudi cac diéu kién luu trir khac nhau [61].

Trong nghién ctru ndy, mau tring duoc thém chuan AF tai 2 mirc ndng do ML
va 10xML (theo bang 2.2), véi mdi mirc n@)ng do thyc hién 3 thi nghiém, tuong tng
v6i nong d6 AFBI trong mau nhu sau:

+ Nén dau phong va nén bap hat: 2 pg/kg, 20 pug/kg

+ Nén bot 6t va nén nho kho: 5 pg/kg, 50 pg/kg

Mau duge luu trit va xtr Iy theo cac diéu kién sau day:
+ Diéu kién 1:

e Mau thém chuan duoc xit Iy theo quy trinh chiét mau duoc tom tit muc
3.2.1 va tiém vao hé théng UPLC-FD ngay sau khi chuén bj.
e Mau duoc tiém lip lai mau sau 24 gio, v6i mau duoc luu trit trong

buéng tiém mau o nhiét do 20°C va trong ti lanh & 4°C.
+ Piéu kién 2:

e Mau thém chuan dugc luu trit ¢ nhiét 46 -20°C trong 10 ngay.
e Sau thoi gian luu trit, mau duoc ldy ra va dé on dinh ¢ nhiét d6 phong,
sau d6 xir 1y theo quy trinh chiét mau duogc tém tit muc 3.2.1 va tiém

vao h¢ thong UPLC-FD.
+ Piéu kién 3:

e  Mau thém chuén dugc luu trit ¢ nhiét d6 -20°C trong 21 ngay.
e Sau thoi gian luu tri, mau duoc léy ra va dé 6n dinh ¢ nhiét do phong,
sau d6 xir 1y theo quy trinh chiét mau duogc tom tit myc 3.2.1 va tiém

vao hé théng UPLC-FD.
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Tiéu chi chép nhan: d§ sai biét (%) gitra néng dd ban dau va néng d6 thu duoc
khong vuot qua 20% va hé sd bién thién (%CV) tinh todn cho mdi noéng d6 khong
16n hon 15% cho it nhit 67% s6 mau thuc hién mau lap [61].

Céch xac dinh % d¢ sai biét (D) theo cong thirc sau:

D (%) = [Nong d6 thu dugc — Nong d6 ban dau| x100/Nong do ban dau
2.3.3.7. Bam bdo chat lwong két qua thir nghiém

Pé dam bao két qua phan tich aflatoxin (B1, B2, G1 va G2) dat duoc do tin
cdy va pht hop v6i phuong phap nghién ctru, viéc kiém soat va danh gia chat luong
thong qua cac phuong phap nhu so sanh lién phong, tham gia chuong trinh thanh
thao, va x4y dung biéu do kiém so4t (control chart) 1a rit can thiét. Nhitng cong cu
nay khong chi gitip xac dinh do chinh xac va do 1ap lai ciia phwong phap ma con dam
bao két qua thir nghiém nhét quan khi 4p dung trong cac diéu kién phan tich khac
nhau.

» So sanh lién phong

Lién phong 14 so sanh két qua thir nghiém gitta cac phong thi nghiém (PTN)
nham danh gia tinh nhit quan va do chinh xac ciia két qua ciing nhu x4c dinh sy chénh
1éch giira cac PTN [42; 124]. Trong nghién ciru nay, cac mau duoc chuan bi va phan

tich tai 3 PTN dat chirng nhan ISO/IEC 17025 véi cac phwong phéap cu thé nhu sau:
« PTN I: Ap dung phuong phap UPLC-FD, khong sir dung dan xuét.
« PTN 2: Ap dung phuong phap UPLC-FD, c6 st dung dan xuat.
« PTN 3: Ap dung phuong phap LC-MS/MS, khong sir dung dan xuét.
Phuong phap thuc hién cho nén mau déu phong va bot ot

Trong qué trinh phan tich miu thuc té theo phwong phéap ciia PTN 1, cac miu
ngau nhién dugc lya chon c6 ham lugng aflatoxin (B1, B2, G1, va G2). Cac mau nay

duogc sir dung 1am co s& dé so sanh lién phong. Cuy thé:

o Mau dau phong (MM12101 02084): Khong phat hién AFG1 va AFG2; phat
hién AFB1 (4,14 ng/kg) va AFB2 (0,54 pg/kg).
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« Mau bot 6t (MMI12101_02027): Khong phat hién AFG2; phat hién AFBI
(10,3 pg/kg), AFB2 (0,54 pg/kg), va AFG1 (2,26 pg/kg).
M&i mau dugc chia thanh cac 6ng ly tam nhya (25 g/6ng), sau d6 giri dén PTN

2 va PTN 3, mdi phong nhan hai 6ng ly tim cho ting loai nén mau.
Phuong phap thuc hién cho nén mau nho khé va bap hat

Mau ngau nhién duoc lua chon khong phat hién ham luong aflatoxin (B1, B2,
G1, va G2) va miu nay dugc thém chuan AF dé kiém tra kha nang phat hién va do

chinh xac.

« Mau bip hat vang (MM12205_03023): M&i ong ly tdm chira 5 g mau duogc
thém 50 pL chuin nong d6 500 pg/L (AFB1: 200 pg/L, AFG1: 200 pg/L,
AFB2: 50 pg/L, AFG2: 50 pg/L), tuong ing ndng d6 trén mau 1a 5 pg/kg
(AFB1: 2 pg/kg, AFGI1: 2 pg/kg, AFB2: 0,5 ng/kg, AFG2: 0,5 png/kg).

« Mau nho kho (MM12205 02854): Mbi 6ng ly tdm chtra 5 g miu dugce thém
125 pL chuan ndng d6 500 pg/L, twong Gng ndng do cudi 1a 12,5 pg/kg
(AFB1: 5 ng/kg, AFG1: 5 pg/kg, AFB2: 1,25 ng/kg, AFG2: 1,25 png/kg).

Mau bép hat va nho kho duoc gui doc 1ap dén caba PTN 1, PTN 2, va PTN 3,

moi phong nhin 5 6ng ly tam cho moi loai nén mau.

Céc miu dau phong, bot 6t, nho kho va bap hat duoc bao quan ¢ nhiét do < -

20 °C va thoi gian giri mau va nhan két qua trong vong 10 ngay.

Ti€u chi danh gia: d chénh 1éch gitra cac PTN thong qua d0 tai lap (%RSDr).
tai mtrc nong d6 < 100 pg/kg 1a < 22% theo phu luc F — AOAC 2019 [14]

» Chuong trinh thtr nghiém thanh thao
Thtr nghiém thanh thao 1a mot dang dac biét ctiia so sanh lién phong, dugc thuc
hién boi mot td chire hodc don vi doc lap. Trong chuong trinh nay, cac mau thir duoc
phan phdi dén cac phong thi nghiém tham gia dé phan tich. Két qua phén tich dugc
giri lai cho don vi t6 chtrc dé dénh gia va so sanh, dua trén tiéu chi thdng ké Z-score

v6i ngudng chap nhan trong khoang —2 < Z < 2 [42; 124]
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Trong nghién ctru nay, phong thi nghiém tham gia chuong trinh thir nghiém
thanh thao do Romer Labs t6 chirc. Nén mau l1a mau bap (CSSMY021 — M21411AF),
vé6i tong sb lwong phong thi nghiém tham gia 1a 523. Phuong phap phan tich dua vao
phuong phap UPLC-FD khong sir dung dan xuit.

> Kiém soat biéu d6 control chart

Biéu d0 kiém soét (Control Chart) 1a cong cu quan trong trong quan 1y chét
luong, duoc ap dung dé giam sat va danh gia sy 6n dinh ctia qui trinh [42; 124]. Trong
nghién clru nay, viéc xay dung biéu d6 kiém soat duge thuc hién theo 3 bude sau:

Budc 1: Thu thap dir lidu duoc thuc hién trong loat phan tich mau hang ngay,
bang cach thém chuén vao miu tring cia timg nén mau & mirc MQL = 0,3 ng/kg cta
AFBI.

Budc 2: Tinh toan cac thong sb kiém soat qua cac gia tri:

+ Gia tri trung binh Xtb: Tinh to4n trung binh cua tat ca cac lan thuc hién

+ Gi6i han kiém soét trén UAL=Xtb + 3S

+ Gi6i han kiém soat dudi LAL=Xtb - 3S

+ G161 han canh bao trén UWL=Xtb + 2S

+ G161 han canh bao duoi LWL=Xtb - 2S

+ Trong d6 S 1a d6 1éch chuan SD cua dir licu.

Budc 3: Panh gia biéu d0 kiém soét bang cach theo ddi va danh gia xu huéng
ctia biéu d6 dé phat hién kip thoi cac dau hiéu bat thuong nham duy tri tinh 6n dinh
va do tin cay cua két qua phan tich hang ngay [42; 124].

2.3.4. Phwong phdp ddnh gid méi nguy hai djc té aflatoxin doi véi sicc khoé con

ngwoi theo 3 thé trang gy, binh thwong va thiva cén

Phuong phap danh gid mirc d6 nguy hai cua aflatoxin déi véi sirc khoe con
ngudi thong qua cac chi sé 1idu phoi nhidm hang ngay (Estimated Daily Intake - EDI),
bién do phoi nhidém (Margin of Exposure - MOE) va chi s6 nguy hiém (Hazard Index
- HI). Phuong phap thyuc hién bao gdm viéc thu thap dit liéu vé ham lugng AF trong
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dau phdng, bdt 6t, nho kho va bép hat. Dua trén cac dit liéu khau phﬁn an hang ngay,
cac nhom ddi tugng duge phéan chia theo chi s6 co thé (Body Mass Index - BMI) dé
phan tich theo ba thé trang: gy, binh thuong va béo phi ap dung cho ca ngudi nam

va nit trudng thanh.

Céc chi s6 EDI, MOE, rui ro dan s6 va HI duoc tinh toan, sau d6 so sanh EDI
va MOE giita cac nhém thé trang nham danh gid nguy co phoi nhiém aflatoxin ddi

vé6i ting d6i twong. Cac budc danh gia cu thé duoc trinh bay chi tiét nhu sau:

2.3.4.1. Déanh gid lieu phoi nhiém EDI qua mirc tiéu thy thirc pham nhiém aflatoxin
theo thé trang con nguoi

Liéu phoi nhiém hang ngay EDI (ug/kg thé trong mdi ngay) = Mtrc d6 doc td
nam méc trung binh (pg/kg) x mirc tidu thu lwong thyc trung binh (kg/ngudi/ngay) x
trung binh trong luong co thé (kg thé trong/nguoi) [39].

Khi két qua dugc bao céo (dudi mirc LOD hodc LOQ) cao hon 50% thi ham
luong doc t6 aflatoxin trong thuc phém duoc thuc hién bﬁng hai truong hop dua trén
huéng dan ciia Co quan An Toan Thyc phidm Chau Au [39; 44].

(1) cach tiép can giéi han dudi (LB) bang cach thay thé phuong phap két qua
du6i LOD bang 0 va két qua dudi LOQ theo LOD [39; 44].

(2) cach tiép can gi6i han trén (UB) bang cach thay thé cac két qua bén dudi
LOD bang LOD va két qua duéi LOQ theo LOQ [39; 44].
2.3.4.2. Bdnh gid bién dg phoi nhiém MOE

Bién d6 phoi nhiém MOE 1 ty 1¢ cta liéu chuan thap nhat (BMDL) c6 thé gay
anh hudéng nghiém trong va lidu phoi nhiém [39; 43]. Gia tri BMDL10 cho AFBI la
0,170 pg kg ' bw d 1) [4; 133].

Bién do phoi nhidm duoc tinh bang coéng thirc: MOE = 0,170/EDI

Khi gia tri MOE nhé hon 10000, AFB1 gy nguy co tiém 4an cho sirc khoe
cong dong [4; 138].
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2.3.4.3. Pdnh gid rii ro nguy co doi véi sirc khoé con ngueoi

Rui ro dan sb (truong hop mdi nam trén 100.000 ngudi) = Kha ning giy ung
thu x liéu tiép xuc [39].

Tai Viét Nam, kha nang gay ung thu 1a 0,068 theo udc tinh ngudi nhiém HBV
(20% dan sd) va khong nhiém HBV (80% dan sd) [39].

Rui ro dan sd (truong hop mdi nam trén 100.000 ngudi): Pay 14 sé ca ung thu
gan do aflatoxin gy ra trén 100.000 ngudi moi nam.
2.3.4.4. Bdnh gid chi sé nguy hiém (HI)

Chi s6 nguy hiém HI 1a chi s6 danh gia mirc d6 riii ro ctia AF d6i véi strc khoe
con ngudi bang cach chia EDI cho TD50 cua AFBI (3,2 pg/kg thé trong/ngay trén
chudt), chia cho h¢ s6 khong chic chan 1a 50000. TD50 1a lidu gay ra khéi u & 50%
dong vat dugc thtr nghiém, véi cong thire tinh HI = EDI/ (TD50 x 50000) [38].

Néu gia tri HI > 1, sy phoi nhiém AFB1 trong thuc pham c6 kha ning gy anh
huong x4u dén strc khoe. Nguoc lai, néu gia tri HI < 1, céc tac dong bat 1gi tiém an
d6i véi stc khoe con ngudi do sy phoi nhiém AFBI1 trong thuc pham 1a khong dang
ké [38].

2.3.5. Phwong phdp thu thip va bio quin mdu

Trong nghién ctru nay, 400 mau dau phong bao gom (370 dau phong tho va
30 dau phong ché bién); 400 mau bot 6t; 400 mau nho kho va 400 mau bap hat (100
mau bép hat tréng, 100 mau hat vang, 200 mau bép ché bién) duoc thu thap tai 12
quan (Quan 1 — Quéan 12), quan Tan Binh, quan Tan Pha, quan Thu Puc, quan Phu
Nhuan, quan Go Vép, quan Binh Thanh, quan Binh Tan va huyén Hooc Mén cua
Thanh phé Hd Chi Minh bang phuong phap 14y mau ngiu nhién.

Mau dau phong va miu bot 6t duoc thu thap tir thang 01 dén thang 04 nim
2021 va tir thang 01 dén thang 05 ndm 2022 d6i voi mau nho kho va bip hat. Trong
qué trinh léy mau, cac thong tin dia diém léy mau, tén mau, xult xtr/thwong hiéu,
dang mau ciing nhu cach bao quan di duoc ghi lai. Mau sau khi thu thap s& dugc

chuyén dén bo phan tiép nhan mau ciia phong thi nghiém dé dugc ma hoa va dong
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nhit mau. Mau dugc luu & nhiét @6 < -20 °C néu chua dugc phan tich ngay trong
ngay.

M3di miu dugc mi hoa theo cau traic MM 12YM-XXXXX, trong d6: MM - Ma
mau; 1 - Khu vuc Thanh phé HO Chi Minh; 2Y - Nam léy mau ( vi du: 21 12 ndm
2021); MM: 2 ky tu dai dién cho thang trong nam tir 01 dén 12; XXXXX - S thtr tuw
mau: chudi 5 sb dai dién cho sd thir tu cia miu, bat dau 00001 dén 99999. Vi du:
MM12101-00124: c6 nghia 14 m3 mau & Thanh phd H6 Chi Minh, duoc 14y mau vao
nam 2021, thang 01 voi s6 thr tw 00124.

2.3.6. Phwong phdp xir ly so liéu

Dit liéu duoc xir Iy va phan tich thdng ké trén phan mém Microsoft Excel 2019
va phan mém Empower 3 tinh toan tir thiét bi phan tich UPLC-FD Waters. Cac mau
c¢6 nong do aflatoxin (B1, B2, G1 va G2) dudi giéi han phat hién (thdp hon LOD)
duoc coi la béng 0 [39; 44]. Phan tich tvong quan Pearson, Anova, kiém dinh t-test
va phan tich hoi quy truyén tinh (phdn mém SPSS 22.0) duoc thuc hién dé danh gia
mdi lién hé gitra ham luong aflatoxin (B1, B2, G1 va G2) va tong AF trong cic mau

dau phong, bot 6t, nho kho va bip hat.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Khio sat diéu kién sic ky dé phan tich dong thoi aflatoxin (B1, B2, G1 va
G2) trén thiét bj sic ky 16ng UPLC-FD
3.1.1. Téi wu hod thanh phan pha djng

Trong phan tich sac ky 1ong, viéc Iya chon thanh phan pha dong tdi wu dong
vai trd quan trong trong viéc dam bao hiéu suét tach, do phan giai (Rs) va hé sb kéo
dudi (Tr), nham dap (mg cac tiéu chi phan tich khat khe. Do phan giai Rs duoc yéu
cau dat tbi thiéu 1,5 dé dam bao sy tach biét hoan toan gitra cac pic dai dién cho AF,
trong khi hé s6 kéo dudi Tr can dat trong khoang 0,8 < T¢< 1,5 dé duy tri hinh dang
pic ddi ximg, qua d6 cai thién do chinh xac va kha nang tai 1ap két qua phan tich. Dya
trén cac nghién ctru da cong bd [24; 47; 72; 126], nghién ctru nay khao sat 2 diéu kién
pha dong ban dau: (A) H.O/ACN/MeOH (56/22/22) va (B) H.O/ACN/MeOH
(64/18/18). Két qua thu duoc Bang 3.1 cho thdy pha dong B c6 dd phan giai Rs cao
hon va dap tng tidu chi Rs > 1,5, trong khi hé s6 kéo dudi Tr ctia pha dong nay nam
trong khoang yéu cau (0,8 < Tr< 1,5). Nguogc lai, pha dong A khong dat tiéu chi voi
Tr > 1,5 [40; 119; 127].

Ngoai ra, viéc bd sung mot lwong nhé HCOOH vao trong pha dong gitp cai
thién hinh dang dinh céc pic tao thanh [127]. Do do, pha dong B dugc lya chon dé
tiép tuc t6i wu hoa bﬁng cach diéu chinh néng doé HCOOH, tao thanh hai pha dong bod
sung: (C) 0,1% HCOOH/ACN/MeOH (64/18/18) va (D) 0,2% HCOOH/ACN/MeOH
(64/18/18). Két qua cho thiy pha dong C dat d6 phan giai Rs cao nhat va hé sb kéo
dudi Tr nho nhit. Ca ba pha dong B, C, D déu théa mén tiéu chi diéu kién sic ky thich
hop Rs > 1,5 va 0,8 < Tf < 1,5 [40; 119; 127]. Vi vay, thanh phan pha dong t6i uu
duogc xac dinh 1a 0,1% HCOOH/ACN/MeOH (64/18/18).



65

Bang 3.1: Do phan giai (Rs) va hé s6 kéo dudi (Tr) cac pic aflatoxin (B1, B2, G1 va
G2) ¢ ndng d6 10 pg/L véi cac thanh phan pha dong khac nhau.

H,O/MeOH/ H>O/MeOH/ 0,1% 0,2%
ACN ACN HCOOH/ACN/ HCOOH/ACN/
AF | (56/22/22) (64/18/18) | MeOH (64/18/18) | McOH (64/18/18)
(n=3) (n=3) (n=3) (n=3)
Rs Tt Rs Te Rs Tt Rs T
AFBI1 3,0 1,6 4.4 1,5 4,5 1,5 4.4 1,5
AFB2 1,7 1,6 1,8 1,5 1,9 1,5 1,9 1,5
AFGI1 2,5 1,5 3,7 1,2 3,8 0,9 3,7 1,2
AFG2 1,7 1.4 1,4 1,4
1000]
RT (min) Rs Tr
8.004 AFG2 5.205 1.39
' AFGl  6.392 3.73 0.99
600+ 0 AFB2 7.043 1.86 1.49
8 E AFB1 8.785 4.47 1.48
2 : : w1 1
400 - -
g o
I
i Ul
0.00+4 [ /\E} X X
000 200 400 600 a0 100 RO 4

=
3
&®

Hinh 3.1: Sic ky do chuan 10 pg/L dinh mic bang ACN/HCOOH 0,2% véi thanh
phan pha dong 0,1% HCOOH/ACN/MeOH (64/18/18)

Mot sic ky dd dai dién chuan 10 pg/L dinh mac bang ACN/HCOOH 0,2%
duoc thuc hién trén c¢ot phan tich C18 (150 x 2,1 mm; 1,7 um) & nhiét do 40 °C, voi
toc do dong 0,2 mL/phut va thé tich tiém 5 pL, budc song kich thich 365 nm va phat
xa 455 nm voi Rs thu duoc gitta cac pic AFG1 (3,8), AFB2 (1,9), AFBI (4,5) duoc
trinh bay Hinh 3.1. Thi tu rira giai cac AF trong hé sic ky pha dao phu thudc vao do
phan cuc ctia hop chét, kha nang twong tac gitta hop chat can phan tich véi pha tinh

va pha dong. PJ phan cuc cac aflatoxin dua vao gia tri log Kow, 1a hé ) phan bd
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trong 2 dung mdi N-octanol/nudc. Chit ndo c6 Kow cang nho thi cang phan cuc [55;
104; 110]. Gié tri Log Kow cua 4 aflatoxin nhu sau: AFG1 (0,5), AFG2 (0,71), AFB1
(1,23), AFB2 (1,45) [59]. Két qua phan tich cho thiy cac aflatoxin trong sic ky dd
rira giai theo thir ty AFG2 > AFG1 > AFB2 > AFBI.
Tom lai, diéu kién sac ky phéan tich dong thoi cac AFB1, AFB2, AFG1, AFG2
trén thiét bi UPLC- FD duogc tom tit theo Bang 3.2.
Bang 3.2: Diéu kién sic ky phan tich dong thoi aflatoxin (B1, B2, G1 va G2)

trén thiét bi UPLC-FD

Théng s6 Piéu kién/Thong s cai dit
Cot sic ky Cot phan tich Cis (150 x 2,1 mm; 1,7 um)
Pha dong 0,1% HCOOH/MeOH/ACN (64/18/18)

Chuong trinh pha déng | Ping dong (Isotactic)

Thé tich bom méu 5uL
Nhiét d6 cot 40 °C
Téc d6 dong 0,2 mL/phut

Budce song kich thich Agx = 365 nm

Dau do fluorescences FD L .
Budc song phat xa Agm =455 nm

3.1.2. Pé én dinh ciia tin hiéu aflatoxin (B1, B2, GI va G2) trén UPLC-FD

Két qua Bang 3.3 cho thiy cac thong s6 phan tich aflatoxin (B1, B2, G1, G2)
déu dap ung tiéu chi chip nhan % RSD thoi gian luu va dién tich pic khong qua 2%,
do phan giai Rs > 1,5 va hé s6 kéo du6i 0,8 < Tr<l1,5 [40; 119; 127]. Cu thé, gia tri
RSD (%) thoi gian luu va dién tich pic (n=6) 1an luot < 0,11% va < 0,59%, nam trong
giéi han cho phép (< 2%). Hé sb kéo dudi Tt cia cac chat (AFBI: 1,50; AFB2: 1,36;
AFG1: 1,32; AFG2: 1,28) déu nam trong khoang chép nhan (0,8 <Tr<1,5). PO phan
giai Rs (n=6) ddi vdi pic lién sau dat AFBI (4,68), AFB2 (1,98), va AFGI1 (3,85),
thoa mén tiéu chi Rs > 1,5. Nhiing két qua nay khang dinh rang diéu kién sic ky dugc
thiét 14p trong Bang 3.2 1a 6n dinh dé phan tich ddng thoi aflatoxin (B1, B2, G1, G2)
trén hé thong UPLC-FD.
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Mot sic ky dd minh hoa dung dich chuin AF ndng d6 12,5 pg/L (trong d6
néng dd cuia AFB1, AFB2, AFG1 va AFG2 lan luot 12 5; 1,25; 5 va 1,25 ng/L), voi

diéu kién sic ky phan tich theo Bang 3.2 dugc trinh bay & Hinh 3.2

Bang 3.3: Cac thong s6 danh gia d6 6n dinh pic aflatoxin (B1, B2, G1 va G2) trén
thiét bi UPLC-FD

Tén RSD (%) thoi gian | RSD (%) dién tich | DJ phan giai Hé s6 kéo duoi
chat luu (n=6) pic (n=6) Rs (n=6) Tt (n=6)
AFBI1 0,09 0,59 4,68 1,50
AFB2 0,07 0,58 1,98 1,36
AFG1 0,10 0,28 3,85 1,32
AFG2 0,11 0,18 - 1,28
] '
1 6:00— ‘ :.:‘ % RT (min) Rs T Area
= PR § ‘ |‘|| AFB2 6911 197 134 2464786
10.001 g | ||| AFBL 8600 471 149 1871616
s i |
] | ||| ‘ ‘ |
N || |
4.00] ‘ ||I ‘ |I | II
o |I III ||| | I| I'n || III\.
R al. I .f_\..&l Ikél ! e

Minutes

Hinh 3.2: Sic ky do chuén aflatoxin (B1, B2, G1 va G2) ndng d6 12,5 pg/L

minh hoa tinh 6n dinh cua tin hi¢u céac pic.
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3.1.3. Khodng tuyén tinh va dwong chudn

Puong chuan duoc xay dung trén dung dich ACN/HCOOH 0,2% véi 5 diém
chuin AF tai céc néng do: 0,5; 5,0; 10,0; 20,0; 50,0 ug/L, tuong tng vdi cac néng do
0,2; 2,0; 4,0; 8,0; 20,0 ng/L cho AFB1 va AFGI va 0,05; 0,5; 1,0; 2,0; 5,0 ug/L cho
AFB2 va AFG2. H¢ s6 tuyén tinh (R?) va phan trim d¢ léch cua timg diém chuin

duoc trinh bay trong Bang 3.4 va Hinh 3.3.

Két qua phan tich cho thiy hé sé binh phwong twong quan (R?) cta cac duong
chuan cho timg chi tiéu (AFB1, AFB2, AFG1, AFG2) déu dat > 0,9999, khang dinh
d6 tuyén tinh rat t6t cia phuong phap. Phan trim d6 léch gitta nong d6 tinh toan va
gié tri thyc tai ting diém chuan déu ndm trong gidi han < 15%, dap tng tiéu chi chap
nhan theo ICH MI10 Guideline: Pudng chuin: 0,99 <R2< 1 va néng do tinh toan
duoc trén tirng diém chuan khong 1éch qua 15% so vdéi gia tri thuc, ngoai trur néng do

tai diém MQL khong vuot qua 20% [61].
Bang 3.4: Hé s6 twong quan R? va phan trim d6 1éch dudng chuin dung dich

aflatoxin (B1, B2, G1 va G2)

Chi Khoang nong dd R? Y=ax+b % do 1éch
tiéu (ng/L)

AFBL 1 0,2;2,0;4,0; 8,0;20,0 | 0,9999 Y=405607 X-28567 <15%
AFB2 1 0,05; 0,5; 1,0; 2,0; 5,0 1,0 Y=2412175 X-30294 <18%
AFGL 1 0,2;2,0; 4,0; 8,0; 20,0 1,0 Y=199754 X-13236 <15%
AFG2 1 0,05; 0,5; 1,0; 2,0; 5,0 1,0 Y=2066844 X-40448 <15%
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Dién tich (1xE6)

Purong chudn AFB1 (0,20 -20,0 pg/L) Buréing chudn AFB2 (0,05 -5,0 pg/L)

9.0 14.0
;D y =405607x - 28567

R*=10.9999
1.0

6.0
5.0
40
30
20
10
0.0

y =2412175x - 30294
R*=1

120

Dién tich (1xE6)

0.00 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Nong dd (ug/L)

000 050 100 150 200 250 3.00 350 400 450 500 550

| Nong dé (pg/L)

Dién tich {1xES)

Pudng chudn AFG1 (0,20 20,0 pg/L) PmEEIUAR AFGE (RS 51N
12.0 y = 2066844x - 40448

y=199754x - 13236 R=l
RP=1

100
8.0
6.0

Dién tich (1xE6)

4.0
2.0

0.0
0.00 2.00 4.00 6.00 8.00 10.0012.0014.0016.00 18.00 20.00 22.00 0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50

Nong dé (ug/L) Néng db (ug/L)

Hinh 3.3: DPudng chuin dung dich aflatoxin (B1, B2, G1 va G2)
trong khoang noéng do 0,5 — 50 pg/L

3.2. Khio sat qui trinh chiét aflatoxin (B1, B2, G1 va G2) trong nén miu du
phéng, bt 6t, nho khd, va bip hat

3.2.1. Khdo sdt dung méi chiét aflatoxin (B1, B2, GI va G2) trong nén miu diu
phéng, bt 6t, nho khé va bip hat

Aflatoxin hoa tan tot trong dung méi phan cuc va nhidu nghién ctru da chi ra
rang qua trinh chiét xuat AF hiéu qua dat dugc khi st dung hdn hop dung moi
ACN/H,0 hodc MeOH/H-0, két hop ¢t ai luc mién dich (IAC) dé 1am sach mau
gitp tang do chon loc. Trude khi dua qua cét IAC, dung dich chiét can duoc pha
lodng bang dung dich dém phdt phat (PBS) hodc H.O dé dam bao diéu kién tdi wu
cho qua trinh lam sach [6; 18; 47; 80; 131].

Céc yéu t6 khao sat cho qui trinh chiét AF (Hinh 2.2) tir cac mau dau phong,
bt 6t, nho kho va bip hat bao gom: dung mdi chiét (MeOH/H2O (8/2) va ACN/H.0
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(6/4)) va dung dich pha lodng trudc khi qua cot IAC (dém PBS va H20). Tir d6, bon
qui trinh chiét khac nhau (QT1, QT2, QT3, va QT4) di duoc thiét 1ap (Hinh 2.2).

Két qua nghién ctru 4 qui trinh chiét (QT1, QT2, QT3, QT4) st dung hai hdn
hop dung m61 MeOH/H»O (8/2) va ACN/H»0 (6/4), cung v6i hai dung dich pha loang
(PBS va H,0) dé chiét aflatoxin (B1, B2, G1 va G2) trong cac mau dau phong, bot
ot, nho kho va bép hat, tai ba murc néng do thép, trung binh va cao, tuong ung véi
gi61 han cho phép theo QCVN 8-1:2011/BYT (ML, 5xML va 10xML), da duoc trinh
bay chi tiét & Bang 3.5.

Nghién ctru hiéu suit chiét dwgc danh gia qua 2 thong sé do thu hdi va do lap
lai nham danh gia cac budc phan tich sau khi chiét mau, cha yéu 1a hidu qua cia cot
ai luc mién dich sir dung cac dung méi khac nhau va do chinh xac cua phan tich bang
UPLC-FD. Tiéu chi lwa chon cho hiéu suit chiét phai cao nhat trong khoang 70-120%
va do6 lp lai RSD; trén nén mau khong qua 20%, dap ung tiéu chi chip nhan hiéu
suét thu hoi va do 1ap lai cho tung murc n@)ng do theo phu luc F — AOAC 2019. Két
qué khao sat tir 4 qui trinh & Bang 3.5 cho théy.

- Qui trinh stir dung dung moi ly trich MeOH/H>O (8/2) va dugc pha loang dich
loc bang HO trudce khi qua cot i lwc mién dich IAC (QT1) 1a qui trinh xtr 1y ti vu
cho nén bap (H = 90,3 — 99,8%, RSD; < 2%).

- Qui trinh str dung dung moi ly trich MeOH/H»O (8/2) va dugc pha loang dich
loc bang PBS trudc khi qua c6t i lwe mién dich IAC (QT2) 13 qui trinh xt 1y ti uu
cho nén nho khé (H = 72,4 — 95,4%, RSD; < 3%), nén bot 6t (H= 70,1 —97,8%, RSD:
<6%).

- Qui trinh st dung dung moi ly trich ACN/H20 (6/4) va dugc pha loang dich
loc bang HO trudce khi qua cot i lwc mién dich IAC (QT3) 1a qui trinh xt 1y ti uu
cho nén mau dau phong (H = 85,7 — 99,2%, RSD; < 6%).
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Qui trinh chiét aflatoxin (B1, B2, G1, G2) trong nén mau dau phong, bot ot,

nho kho va bap hat duoc tom tit nhu sau:

Mau bép (QT1): Can 5 g miu trén can phan tich (hién thi dén 0,1 mg), thém
20,00 mL MeOH/H,O (8/2), lic bang vortex, siéu am 30 phut, ly tim 9000 vong/phut
trong 3 phut, loc qua giéy loc xanh. Léy 5,00 mL dich loc, thém 20,00 mL H>O, lac
bang vortex, ly tim 9000 vong/phut trong 3 phut, 14y 20,00 mL dich loc qua cot ai
luc IAC, rira cot bang 20 mL H,O. Rira giai 3,00 mL MeOH, thoi kho, dinh mtc 1,00
mL dung dich 0,2% HCOOH/ACN (1/1), qua mang loc PTFE 0,45 pm. Mau duoc
tiém vao hé UPLC-FD.

Mau bot 6t va nho kho (QT2): Can 5 g mau trén cin phan tich (hién thi &én
0,1 mg), thém 20,00 mL MeOH/H,O (8/2), lic bing vortex, siéu 4m 30 phut, ly tim
9000 vong/phut trong 3 phut, loc qua gidy loc xanh. L4y 5,00 mL dich loc, thém 20
mL PBS, lic bang vortex, ly tim 9000 vong/phit trong 3 phut, 1dy 20,00 mL dich loc
qua cot 4i lyc IAC, rira cot bang 20 mL H»O. Rira giai 3,00 mL MeOH, thoi khé, dinh
mirc 1 mL dung dich 0,2% HCOOH/ACN (1/1), qua mang loc PTFE 0,45 um. Mau
duoc tiém vao h¢ UPLC-FD.

Mau dau phong (QT3): Can 5 g mau trén can phan tich (hién thi dén 0,1 mg),
thém 20,00 mL ACN/H,O (6/4), lic bang vortex, siéu 4m 30 phat, ly tim 9000
vong/phit trong 3 phut, loc qua gidy loc xanh. Lay 5,00 mL dich loc, thém 20 mL
H»0, lic bang vortex, ly tim 9000 vong/phut trong 3 phit, 1dy 20,00 mL dich loc qua
cot 4i luc IAC, rira cot bang 20 mL H,O. Rira giai 3,00 mL MeOH, thdi kho, dinh
muc 1,00 mL dung dich 0,2% HCOOH/ACN (1/1), qua mang loc PTFE 0,45 pm.
Mau dugce tiém vao hé UPLC-FD.
3.2.2. Khao sdt anh huéng nén méu dén qui trinh chiét aflatoxin (B1, B2, GI va
G2) trong nén mau ddu phong, bét 6t, nho khé, va bip hat

Puong chuén AF duoc xay dung trong dung dich vai céc néng do: 0,5; 5,0;
10,0; 20,0; 50,0 pg/L (xem bang 2.1) va trén cac nén miu dau phdng, bot 6t, nho kho
va bép tai cac néng do: 0,5; 5,0; 10,0; 20,0; 50,0 pg/kg (xem bang 2.3) dé danh gia

phan trim anh huéng nén mau duva trén hé sé cua phuong trinh duong chuén [32].
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hé s6 goc cua dwong chuan trong nén mau

|%ME| =( —1)x 100

hé s6 goc cua dwong chuin trong dung moi

D6 anh hudng nén mau duge coi 13 khong anh huéng, trung binh hoidc anh
huong 16n néu gia tri [%ME]| 1an luot 1a < 20%, 20 — 50%, > 50%. Két qua Bang 3.6
va Hinh 3.4 cho thiy |%ME| duoc tinh toan voi gia tri tir 2.8 dén 18,1% d6i véi AFBI,
AFB2, AFG1 va AFG2, trong d6 bot 6t bi anh huéng nhiéu nhét trong qua trinh chiét
AF, v6i |%ME| = 13,9 — 18,1 %, diéu nay c6 thé do thanh phan cé trong bot 6t chira
sac tb mau do (Carotenoids) va sac t6 mau xanh (Chlorophyll) gay can trd qué trinh
ly trich. Tuy nhién, |%ME| déu thap hon 20% theo qui dinh, nén dudng chuan trong
dung dich duoc sir dung dé xac nhan gia tri sir dung phuwong phéap thay cho xay dung

duong chuan trén nén mau ton nhiéu cong strc, thoi gian va hoa chat.

Bang 3.6: Két qua do anh hudng nén mau (%) tir dwong chun trén dung dich va

nén mau thyc pham (0,5 — 50 pg/L va pg/kg)

N AFBI AFB2 AFGI AFG2
cn
miu | PUong oo p | Puong oo, Puong o e Duong o
chuan chuan chuan chuan
b Y = Y = Y = Y =
d‘il;‘f 138000X 1310000X 67500X 1120000X
3040 -13400 + 8320 - 4740
oy = Y = Y = Y =
Gt | 113000X | 18,1 | 1110000X | 153 |58100X | 13,9 | 924000X + | 17,5
+9290 19900 + 8720 5080
Y = Y = Y = Y =
Pau | 127000X | 8,00 | 1240000X |5,34 |65600X | 2,81 |1030000X | 8,04
- 5410 -8840 1920 - 20600
Y = Y = Y = Y =
Bip | 123000X | 10,9 |1200000X |84 | 63400X | 6,10 |993000X - | 11,3
- 3660 - 4120 +537 5040
Y = Y = Y = Y =
Nho | 124000X | 10,1 | 1200000X | 8.4 | 63700X |5,63 |992000X -| 114
- 5560 + 3060 +7030 3340
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Hinh 3.4: So sanh hé sé goc cua duong chuan dung dich (mau do) va dudng chuan

trén mau (mau xanh) trén 4 loai mau dau phong, bot 6t, nho kho va bép hat.

3.3. Xac nhan gia tri sit dung ctiia phwong phap

3.3.1. Dg chon loc

Phuong phép c6 tinh chon loc vi khi so sanh sic ky d6 (miu tring, mau thém

chuin MQL), tai thoi gian luu ctia cac chit AFB1, AFB2, AFG1, AFG2 trong sdc ky

d6 miu trang khong xuét hién nhidu gay ra do thanh phan nén miu gy ra [61]. Hinh

3.5 minh hoa cho d6 chon loc 4 nén mau dau phong, bot 6t, nho kho, va bflp hat.
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Hinh 3.5: Sic ky d6 so sanh thoi gian luu cua cac aflatoxin (B1, B2, G1 va G2)

gitra mau thém chuan MQL va mau trang cta cac nén mau thuyc pham

3.3.2. Gidi han phat hién va dinh lwong cua phwong phdp

e Gidi han phat hién MDL

Gidi han phat hién cua thiét bi (iDL) ddi v6i AFB1, AFB2, AFG1, AFG2 dat
dugc bang hé thong UPLC-FD, vdi gia tri 1an luot 14 0,075; 0,010; 0,092; 0,008 pg/L
[97]. Dua trén qui trinh phén tich AF trong nén mau (muc 3.2.1), véi ty 1& khdi luong
mau va thé tich cudi cung 13 1/1, mirc ndng do thap nhat dugc bd sung dé xac dinh
MDL 14 0,10 pg/kg. Cu thé, miu tring dugc thém chuan AF & ndng do 0,25 pg/kg
(néng do AFBI1, AFB2, AFG1, AFG2 tuong tng 0,1; 0,025; 0,1; 0,025 ug/kg). Thuc
hién 6 1an va tinh toan MDL dua vao tiéu chi 3 < S/N < 10.



Két qua phén tich cho thay ty 18 tin hiéu trén nhidu (S/N) ctia cac chit AFBI1,
AFB2, AFG1, AFG2 déu dat gia tri cao hon ngudng yéu cau (S/N > 3) dé xac dinh

gi6i han phat hién (MDL). Két qua tinh toan dugc trinh bay trong Bang 3.7, cho thay

i6i han phat hién (MDL) tinh toan dat duoc rit thip, twong tng véi tirng nén mau

nhu sau:

Pau phong: (AFB1:0,008; AFB2:0,01; AFG1:0,097; AFG2:0,01 (ng/kg))

Bot 6t: (AFB1:0,06; AFB2:0,009; AFG1:0,09; AFG2:0,009 (ng/kg))

Nho kho: (AFB1:0,08; AFB2:0,01; AFG1:0,09; AFG2:0,009 (ng/kg))

Bip hat: (AFB1:0,09; AFB2:0,01; AFG1:0,08; AFG2:0,008 (ng/kg))

Trong do:

MDLiinh toin = 3 X Cnin/(S/Nb), Crmin: NOng d6 trén mau nho nhat, S/Nu: theo tin
hiéu trén nhiu nén d4p tng tidu chi 3 < S/N < 10 [61]. Hinh 3.6 minh hoa S/N cho
tirng aflatoxin (B1, B2, G1 va G2) trén 4 nén mau.

Chon mirc MDLiinh tosn cao nhat cho timg AF trén 4 nén mau dé cong bo murc

gidi han phat hién chung, vai tiéu chi MDLcong b6 > MDLitinh toan, 520 cho MDLecong b6

dap ung tiéu chi chip nhan muc gidi han cho phép trén 4 nén mau theo QCVN 8-
1:2011/BYT. Gi6i han cong bd cho timg AF trén 4 nén mau 1a MDL = 0,1 pg/kg

Bang 3.7: Gi6i han phat hién cuia phuong phép trén nén mau dau phong,

b6t 6t, nho kho va bap hat

. . A . Mat; thém S/Nu MDL,tlnh MDL cong b 5
Nén mau Tén chat chuan Chmnin (n =6) toan (ng/ke)
(ng/kg) (ng/kg) #

AFB1 0,100 4,0 0,075 0,1
AFB2 0,025 6,6 0,011 0,1

Dau phong
AFG1 0,100 3,1 0,097 0,1
AFQG2 0,025 6,6 0,011 0,1
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MaAu thém

MDL tinh

s ) ' S/N ong b
Nénmiu | Ténchit | chudn Cumin (n _‘6"’) todn Ml)(tgc/‘l’('g bo
(ng/kg) (ng/kg)
AFBI 0,100 5,0 0,060 0,1
AFB2 0,025 8,6 0,009 0,1
Bot 6t
AFG1 0,100 3,3 0,091 0,1
AFG2 0,025 8,7 0,009 0,1
AFBI1 0,100 4,0 0,075 0,1
AFB2 0,025 6,9 0,011 0,1
Nho kho
AFG1 0,100 32 0,094 0,1
AFG2 0,025 8,0 0,009 0,1
AFBI 0,100 3,3 0,091 0,1
AFB2 0,025 6,8 0,011 0,1
Bép hat
AFG1 0,100 3.8 0,079 0,1
AFG2 0,025 9,4 0,008 0,1
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Hinh 3.6: Sic ky d6 gidi han phat hién cia phuong phap trén nén mau déu phong,
bot 6t, nho kho va bap hat

Nhan xét: Phuong phap phan tich dong thoi aflatoxin (B1, B2, G1 va G2)
khéng st dung dan xuit bang UPLC-FD nhung van dat duoc MDL thdp hon hoic
tuong dwong so voi cc ky thuat co din xuat trude hodc sau cot. Pidu nay c6 thé dugc

1y giai bdi mot sO yeu to sau:

> Hé théng UPLC-FD, véi dau do huynh quang sir dung dén thuy ngan-
xenon két hop voi budng do tin hiéu huynh quang c6 thé tich dong chay
16n, gitp toi ru héa d6 nhay ma khong can dan xuat hoa.

> Téi wu hoa pha dong: Thanh phan pha dong duoc diéu chinh dé ting
cuong kha ning phan tach va dap img huynh quang. Dic biét, b6 sung
HCOOH (axit formic) gitp cai thién do sic nét cua pic sic ky, ting
cuong do nhay cua phuong phap.

> Quy trinh xir Iy miu hiéu qua: Dung méi ly trich va pha lodng (PBS
hoic H:0) duoc t6i vu hda nhim ting kha ning hoa tan aflatoxin, tao

diéu kién thuan lgi cho qué trinh lam sach bﬁng coOt ai luc mién dich.
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e Gidi han dinh lwong ciia phwong phap MQL

Gi6i han dinh luong (MQL) thudng duge thiét 1ap tai mic 3 x MDL [61]dé
dam bao phuong phap phén tich c6 d6 nhay va do chinh x4c can thiét dap img mirc
gid1 han cho phép theo QCVN 8-1:2011/BYT [108]. Murc gidi han phat hién MDL
dugc xac dinh 13 0,1 pg/kg theo AFBI, 1am co s& dé tinh toan ndng do bd sung phu
hop cho viée xac dinh MQL. Mau tring duoc bd sung chuidn AF ¢ ndng do 0,75
ng/kg, trong d6 cac thanh phan AFB1, AFB2, AFG1, AFG2 c6 ndng d6 lan luot 13
0,3; 0,075; 0,3; 0,075 pg/kg trén moi nén mau. Mau duge phan tich lap lai 12 lan dé
danh gia hiéu suat thu hdi va do tai lap. Tiéu chi chdp nhan muc gii han dinh luong
(MQL) yéu cau d6 chum (%RSDr < 20%) va d6 ding (H% = 70 — 120%), theo tiéu
chi chép nhén cua tiéu chudn SANTE/12682/2019 va Phu luc F cia AOAC 2019 [14;
113]

Két qua tir Bang 3.8 cho thiy gi6i han dinh luong MQL ddi v6i AFB1; AFG1
10,3 pg/kg va AFB2; AFG2 14 0,075 pg/kg trong 4 nén mau dau phong, bot 6t, nho
khé va bap hat. Cuy thé cac thong sb hiéu suat thu hoi (H%) va do tai lap (%RSDR)

cho tirng nén miu nhu sau:
Nén dau phong: H% = 94,9% - 99,4%; %RSDr: 1,21% - 2,06%
Nén bot 6t: H% = 81,6% - 94,3%; %RSDr: 2,01% - 6,90%
Nén nho kho: H% = 86,4% - 96,9%; %RSDr: 1,07% - 2,31%
Nén bép hat: H% = 71,8% - 85,7%; %RSDr: 1,91% - 6,97%

Chon mirc gi6i han dinh luong cao nhit dé cong bd MQL cho timg AF trén 4
nén mau sao cho MQLcongbs dap tng tiéu chi chap nhan mirc gii han cho phép trén

4 nén mau theo QCVN 8-1:2011/BYT.

Gidi han dinh luong cong bd cho AFB1, AFB2, AFG1, AFG2 trén 4 nén mau
dau phong, bot 6t, nho kho va bap hat 1a MQL = 0.3 pg/kg.
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Bang 3.8: Hi¢u suit thu hoi va do tai 1ap tai néng do MQL trén mau dau phong,

b6t 6t, nho kho va bap hat

Nong do thém | Nong do thwe té | Hiéu suét thu Do téi lap MQL,

chuin (ug/kg) | (ug/ke, n=12) | hdi (%, n=12) RSDx(%, | congbd

n=12) (ng/kg)

Nén dau phong
AFBI 0,300 0,290 97,3 1,74 0,3
AFB2 0,075 0,071 94,9 1,68 0,3
AFGl1 0,300 0,290 96,7 2,06 0,3
AFG2 0,075 0,074 99,4 1,21 0,3
Nén Bot 6t
AFBI 0,300 0,250 84,5 2,16 0,3
AFB2 0,075 0,070 92,9 2,06 0,3
AFG1 0,300 0,240 81,6 6,90 0,3
AFG2 0,075 0,070 94,3 2,01 0,3
Nén nho kho

AFBI 0,300 0,260 86,4 1,92 0,3
AFB2 0,075 0,073 96,9 1,07 0,3
AFGl1 0,300 0,270 91,3 2,31 0,3
AFG2 0,075 0,071 95,0 1,81 0,3
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\ \ ; . Do tai Lip MQL
Nong do thém | Nong do thwe té | Hi¢u suat thu ,
huin (ng/kg) | (ng/kg,n=12) | hdi (%, n=12) RSDa (%2, cdng bo
chuan (ng/kg png/kg, n= 0i (%, n=
n=12) (ng/kg)
Nén bép hat
AFBI 0,300 0,248 82,8 6,97 0,3
AFB2 0,075 0,064 85,7 4,15 0,3
AFG1 0,300 0,220 73,5 4,24 0,3
AFG2 0,075 0,054 71,8 1,91 0,3

3.3.3. D¢ chum (d¢ lap lai RSDr va d¢ tai lap RSDr) va do ding ctia phuwong
phap

Két qua nghién ctru do chum (d6 lap lai % RSD;, d¢ tai lap % RSDg) va do
dung (hiéu suét thu hdi %H) theo Bang 3.9 — 3.12, cho timg AFB1, AFB2, AFGI,
AFG?2 trén 4 nén miu dau phong, bot 6t, nho kho va bép hat dat theo phu luc F — AOAC
2019 tiéu chi chap nhan hiéu sut thu hdi %H, do lap lai %RSD; va d6 tai lap %RSDr
cho timg murc ndng d6 < 100 pg/kg nhu sau:

Nén dau phong (Bang 3.9): do 1ap lai %RSD; < 4%, d0 tai lap %RSDr < 4%
va do ding (%H) dat mirc cao trong khodng ndng d6 0,5 - 20 ug/kg, cu thé: AFBI (
94,9 -98,1%), AFB2 (91,7 -98,6%), AFG1 (95,5 -99,8%), AFG2 (76,5 -96,0%).

Nén bot 6t (Bang 3.10): do lap lai %RSD; < 3%, do tai lip %RSDr < 3% va
d6 dung (%H) dat mirc cao trong khodng nong d6 1,25 - 50 pg/kg, cu thé: AFBI1 (
84,1-85,3%), AFB2 (83,4-85,0%), AFG1 (84,6-86,4%), AFG2 (81,8-82,9%).

Nén nho khé (Bang 3.11): d0 lap lai %RSD; < 3%, d6 tai lap %RSDr < 3%
va do ding (%H) dat muc cao trong khodng ndng do 1,25 - 50 pg/kg, cu thé: AFBI
(86,4-97,3%), AFB2 (91,5-96,9%), AFG1 (86,9-97,1%), AFG2 (80,9-95,0%).
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Nén bép hat (Bang 3.12): do lap lai %RSD; < 2%, d6 tai lip %RSDr < 2% va
d6 ding (%H) dat muc cao trong khoang ndng d6 0,5 - 20 pg/kg, cu thé: AFBI (81,1
-97,9% ), AFB2 (82,6 -99,6%), AFG1 (80,4 -99,2%), AFG2 (82,0 -99,9%).

Bang 3.9: D6 chum va do dung cua 12 mau dau phong thém chun trong

khoang 5-50 pg/kg

Nong d6 thém chuan 5 pg/kg | Nong do thém chudn 25 pg/kg | Nong d6 thém chuan 50 pg/kg
AFBI1: 2, AFB2: 0,5 AFBI1: 10, AFB2: 2,5 AFBI1: 20, AFB2: 5
Tén
o AFG1: 2, AFG2: 0,5 AFG1: 10, AFG2: 2,5 AFG1: 20, AFG2: 5
chat
%RSD; | % RSDr | % H | %RSD: | % RSDr % H % RSD: | % RSDr %H
(n=6) (n=12) | (n=12) (n=6) (n=12) (n=12) (n=6) (n=12) | (n=12)
AFBI1 1,07 1,09 98,1 0,23 0,32 94,9 0,73 1,88 97,3
AFB2 0,38 0,85 98,6 0,22 0,25 91,7 0,86 3,94 92,3
AFG1 0,39 0,90 99,8 0,16 0,31 95,5 0,57 1,48 97,0
AFG2 0,16 0,18 96,0 0,11 0,45 84,6 0,58 2,98 76,5
Bang 3.10: B chum va d¢ dung cua 12 mau bot 6t thém chuin trong
khoang 12,5-125 pg/kg
Nong d6 thém chuan 12,5 Nong d6 thém chuan 62,5 Nong d6 thém chuan 125
ng/kg ne/kg ng/kg
Tén AFBI1:5,AFB2: 1,25 AFBI1: 25, AFB2: 6,25 AFB1: 50, AFB2: 12,5
chét AFG1:5,AFG2: 1,25 AFG1: 25, AFG2: 6,25 AFG1: 50, AFG2: 12,5
% RSD; | % RSDr % H % RSD: | % RSDr % H % RSD: | % RSDr %H
(n=6) (n=12) | (n=12) (n=6) (n=12) | (n=12) (n=6) (n=12) | (n=12)
AFBI1 0,59 1,55 85,3 0,31 1,04 85,0 0,24 0,29 84,1
AFB2 0,23 0,49 84,8 0,21 0,45 85,0 0,21 0,56 83,4
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Nong d6 thém chuan 12,5

Nong d6 thém chuén 62,5

Nong d6 thém chuan 125

pg/kg ng/kg ng/kg
Ten AFBI1: 5, AFB2: 1,25 AFBI: 25, AFB2: 6,25 AFBI: 50, AFB2: 12,5
chét AFG1: 5, AFG2: 1,25 AFG1: 25 ,AFG2: 6,25 AFG1: 50 , AFG2: 12,5
%RSD: | %RSDr| %H | %RSD; | %RSDx| %H | %RSD: |%RSDr| %H
(n=6) m=12) | 0=12) | (=6) | (n=12) | (n=12) | (=6) | (n=12) | (n=12)
AFG1 0,46 0,61 86,1 0,37 0,53 86,4 0,12 0,15 84,6
AFG2 0,44 0,64 82,7 0,12 0,18 82,9 0,25 0,46 81,8

Bang 3.11: D6 chum va dg dung cua 12 mau nho kho thém chuéin trong

khoang 12,5-125 pg/kg

Nong d6 thém chuan 12,5

Nong d6 thém chuén 62,5

Nong d6 thém chuén 125

ng/kg ng/kg ng/kg

Ten AFBI1:5,AFB2: 1,25 AFBI1: 25, AFB2: 6,25 AFBLI: 50 ,AFB2: 12,5

chat AFG1:5,AFG2: 1,25 AFGI1: 25, AFG2: 6,25 AFGI1: 50, AFG2: 12,5
% RSD; | % RSDr % H % RSD; | % RSDr % H % RSD; | % RSDr %H

(n=6) (n=12) (n=12) (n=6) (n=12) (n=12) (n=6) (n=12) (n=12)

AFB1 0,33 0,46 97,3 0,31 0,50 92,8 0,23 0,61 89,3
AFB2 0,62 1,05 94,7 0,10 0,57 92,8 0,37 0,82 91,5
AFG1 0,68 0,86 97,1 0,29 0,70 90,8 0,26 0,80 86,9
AFG2 0,28 0,61 80,9 0,16 0,90 90,7 0,43 0,74 88,9
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Bang 3.12: D6 chum va do ding cta 12 mau bép hat thém chuan trong

khoang 5-50 ng/kg

Nong do thém chuén 5 pg/kg

AFB1: 2, AFB2: 0,5

Nong d6 thém chuan 25 pg/kg

AFBI1: 10, AFB2: 2,5

Nong d6 thém chuan 50 pg/kg

AFBI: 20, AFB2: 5

::; AFGI: 2, AFG2: 0,5 AFGI: 10, AFG2: 2,5 AFGI1: 20, AFG2: 5
%RSD; | % RSDr | % H % RSD: | % RSDxr %H | %RSD; | % RSDr %H
(n=6) (n=12) (n=12) (n=6) (n=12) (n=12) | (n=06) (n=12) (n=12)
AFB1 0,87 1,06 81,1 0,15 1,03 84,4 0,66 0,76 97,9
AFB2 | 0,28 0,53 82,6 0,24 1,28 88,7 0,32 0,54 99,6
AFGI1 1,04 1,52 82,2 0,29 0,47 80,4 0,36 0,59 99,2
AFG2 | 0,24 1,50 82,0 0,18 0,27 83,6 0,09 0,44 99,9

3.3.4. H¢ s6 pha loiing mdu

d6 tai lap < 10%. Két qua nay dap tmg tiéu chi chdp nhan hi¢u sut thu hoi va do tai

lap theo phu luc F — AOAC 2019 ¢ cac mirc ndng d tir 1-100 pg/kg. Nhu vay viée

Két qua Bang 3.13 cho thiy, tat ca dung dich pha lodng cta tirng nén mau dau

phong, bot 6t, nho kho va bap hat déu cho hiéu sudt thu hoi dat tir 80,3 % — 104 % va

pha loing mau khong anh hudéng dén d6 chum va do dang cia phuwong phép.

duong chuan dung dich dugc x4y dung 5 diém bao phu cac mirc ndng do MQL, mirc

gidi han cho phép (ML) va (2xML). Truong hop mau vuot ngoai dudng chuin, mau

Do d6, khi xac nhan gia tri sit dung phuong phap va phan tich mau thuc té,

phai duogc pha lodng bang dung dich ACN/HCOOH 0,2%.
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3.3.5. Do khong dam bdo do

Két qua Bang 3.14 cho thdy do khong dam bao do mé rong ciia 4 nén mau dau
phdng, bot 6t, nho kho, va ba"ip hat déu dat theo tiéu chi chép nhan theo CAC/GL 54-
2004 véi d6 khong dam bao do mo rong < 44 % tai ndng do < 100 pg/ke.

Bang 3.14: Do khong dam bao do mé rong cia aflatoxin trén nén mau dau phong,

bot 6t, nho kho va bap hat

Khoang Do khong dam bao do Uexp (%)
Nén mau ndng do
(ng/ke) AFB1 AFB2 AFG1 AFG2
Dau phong 0,3-20 7,20 13,2 6,90 28,6
Bot 6t 0,3-50 30,7 28,1 31,7 30,9
Nho kho 0,3-50 19,1 12,8 18,6 24,6
Bép hat 0,3-20 30,8 25,6 37,8 37,4

3.3.6. Pé én dinh méu

Do 6n dinh aflatoxin (B1, B2, G1 va G2) clia cac mau dau phong, bép hat thém
chuin & mirc 2 mirc ndng do 5 pg/kg va 50 pg/kg; trong khi mau bot 6t va nho kho &
2 mirc nong d6 12,5 pg/kg va 125 pg/kg vai cach thirc bao quan nhu sau:

e Bio quan 1: Mau thém chuan da xir Iy mau luu tr dong (20 °C) trong 24 gid
e Baio quan 2: Mau thém chuin di xur Iy mau lwu ta lanh (4 °C) trong 24 gid
e Bao quan 3: Mau thém chuan chua xtr Iy luu ti dong (-20 °C ) trong 10 ngay
e Bao quan 4: MAu thém chuan chua xir 1y Iuu ti déng (-20 °C) trong 21 ngay
Két qua thu duoc do sai biét D (%) va hé s6 bién thién CV (%) theo Bang 3.15
—3.16, cho tuing AFB1, AFB2, AFG1, AFG2 dat theo tiéu chi chép nhan D <20% va
CV < 15% cho it nhat 67% s6 mau thyc hién mau ldp theo ICH M10 guideline [61].
Nhan xét: Két qua nghién ctru theo Bang 3.15 va 3.16 cho thdy mau 6n dinh

trong diéu kién nhiét 6 -20 °C it nhat 21 ngay. Vi thé, ddi voi mau giri kiém aflatoxin
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(B1, B2, G1 va G2), néu chua phan tich ngay 1ap tirc, mau phai duoc bao quan ngin
dong & nhiét 6 -20 °C.
Bang 3.15: Do 6n dinh cua aflatoxin (B1, B2, G1 va G2) trong cdc mau thém chuéin

& ndng d6 5,0 va 12,5 ng/kg véi cac didu kién bao quan khac nhau

N . Néng " Bédo quan 1 Béao quén 2 Béao quan 3 Béao quan 4
miu chit | (ko) %CV | %D | %CV| %D | %CV| %D | %CV| %D
(0=3) | (0=3) | (0=3) | (0=3) | (0=3) | (0=3) | (n=3) | (n=3)
AFBI 2 0,67 1,16 1,18 | 0,78 1,24 1,24 | 2,30 | 5,68
bau | AFB2 0,5 0,71 0,68 | 0,78 1,36 1,04 | 7,01 1,99 | 4,63
phong | AFG1 2 0,21 0,02 1,32 | 0,84 | 0,39 | 2,78 1,06 | 4,97
AFG2 0,5 0,21 1,46 | 037 | 3,75 | 0,65 15,6 1,04 | 5,69
AFBI1 5 0,17 | 0,12 | 0,18 | 0,24 | 0,27 1,93 0,26 | 6,56
| AFB2 1,25 0,29 | 0,79 | 0,56 | 0,28 | 2,80 | 2,26 | 0,26 | 3,68
Bt AFGI 5 0,36 | 0,04 | 0,52 1,46 | 0,19 1,63 0,22 10,9
AFG2 1,25 0,56 1,00 | 042 | 0,58 | 0,33 | 495 | 0,26 | 3,01
AFBI 5 0,17 1,58 | 0,25 | 2,04 | 0,40 1,11 1,09 | 3,36
Nho | AFB2 1,25 1,06 | 3,90 | 345 1,84 | 0,22 | 2,71 0,44 | 9,52
khé | AFGI1 5 0,34 1,92 | 0,74 1,86 | 0,31 0,40 | 0,65 | 7,66
AFG2 1,25 0,15 1,82 | 0,11 1,95 | 048 16,5 | 0,71 2,61
AFBI 2 1,39 | 0,10 | 0,56 | 0,04 | 3,87 | 9,30 1,70 | 8,83
Bip | AFB2 0,5 0,28 1,87 1,12 | 3,09 | 3,89 104 | 0,38 | 0,81
hat | AFGI 2 0,55 | 2,13 0,26 | 2,62 1,86 | 2,56 | 0,94 | 8,41
AFG2 0,5 0,63 1,95 | 0,24 | 244 1,16 | 3,50 | 043 1,95




90

Bang 3.16: Do 6n dinh cua aflatoxin (B1, B2, G1 va G2) trong cdc mau thém chuéin

& ndng d6 50 va 125 pg/kg véi cac didu kién bao quan khac nhau

Béo quan 1 Béo quan 2 Béo quan 3 Béo quan 4
%CV | %D [ %CV | %D | %CV| %D | %CV | %D
(0=3) | (0=3) | (0=3) | (0=3) | (0=3) | (n=3) | (n=3) | (n=3)
AFBI1 20 0,26 1,91 0,53 1,71 1,06 | 0,77 1,23 1,08

Nén Tén | Nong do
mau chat | (ug/kg)

bau | AFB2 5 0,25 | 0,09 | 0,06 | 3,01 0,27 | 042 | 0,24 | 3,78
phong | AFG1 20 0,02 | 2,72 | 0,57 | 2,63 0,72 | 0,51 0,49 | 227
AFG2 5 0,24 | 0,20 | 0,21 490 | 0,14 | 9,53 0,10 | 21,6

AFBI 50 0,11 0,96 | 048 1,71 0,23 4,57 | 0,11 6,60
AFB2 12,5 0,76 | 0,46 | 045 1,72 | 0,26 | 3,38 | 0,25 5,00
AFGlI 50 0,36 | 0,69 | 0,62 | 2,20 | 0,39 | 5,51 0,42 10,6
AFG2 12,5 0,46 | 0,50 | 0,10 1,36 | 0,27 | 3,05 0,04 | 4,58
AFBI 50 0,12 | 0,55 0,79 | 0,56 | 0,90 1,02 | 0,10 | 6,99
Nho | AFB2 12,5 0,22 1,26 | 0,69 | 0,06 | 0,57 | 6,60 | 0,08 10,4
kho | AFGI 50 0,35 1,42 | 0,23 1,31 0,36 1,98 | 0,16 | 5,55
AFG2 12,5 0,12 1,25 | 0,27 | 041 037 | 428 | 034 | 9,79
AFBI 20 0,53 0,86 | 0,53 1,13 0,66 | 533 0,73 9,17

Bot 6t

Bip | AFB2 5 0,18 | 0,21 0,27 | 0,27 1,24 8,45 | 0,08 19,4
hat | AFGI 20 0,86 | 0,08 | 024 | 042 1,15 | 9,80 1,49 16,4
AFG2 5 0,10 | 0,04 | 0,25 | 0,03 0,18 15,0 | 0,35 19,3

3.3.7. Pam bdo chit liwong két qud thir nghi¢m
3.3.7.1. Két qua so sanh lién phong

Do tin cdy cua qui trinh phén tich duoc danh gia thong qua két qua so sanh

lién phong hoac chuong trinh thir nghiém thanh thao.

Két qua so sanh lién phong duoc trinh bay ¢ Bang 3.17 - 3.20 cho thdy, clng
mot mau thir nghiém, mac du thyc hién phan tich trén cac phuong phap khac nhau:
phuong phap tiéu chuan DIN EN 14123:2008-03 st dung HPLC-FD ¢6 dan xuét
trude cot, phwong phap nodi bo HD.PP.04/TT.SK sir dung thiét bi LC/MS/MS, phuong
phap nghién ctru UPLC -FD khong st dung dan xuét theo qui trinh chiét mau muc
3.2.1 va diéu kién sac ky Bang 3.2 tuy nhién két qua d tai lap RSDr thu dugce tir 3
phong thir nghiém khac nhau twong ddi tot, dat theo phu luc F — AOAC 2019 tiéu chi
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chap nhéan do tai 1ap (%RSDR) giita 3 phong thi nghiém tai mirc nong d < 100 pg/kg
la <22% nhu sau:

Nén d4u phong (Bang 3.17): %RSDr dat duogc dbi voi AFB1 va AFB2 lan luot
145,20 % va 2,90%.

Nén bot 6t (Bang 3.18): %RSDr dat dugc ddi voi AFB1, AFB2 va AFGI lan
luot 12 0,95%; 5,09% va 1,45%.

Nén bap hat (Bang 3.19): %RSDr dat dugc ddi véi AFB1, AFB2, AFGI1 va
AFG2 lan lugt1a 11,0 %, 9,6 %, 6,3 % va 10,8 %.

Nén nho khé (Bang 3.20): %RSDr dat dugc ddi véi AFB1, AFB2, AFG1 va
AFG?2 lan luot 12 8,84%, 6,23 %, 5,11 %, va 10,2 %.

Bang 3.17: Két qua thir nghiém aflatoxin (B1, B2, G1 va G2) trén nén miu dau

phong gitra cac phong thi nghiém

. Mau dau phong (ug/kg)
Dién giai Phuong phép
AFB1 |AFB2 AFGl AFG2
Phong thi | ypLC-FD, khong din KPH, KPH,
hiem 1 ) 4,14 10,54
nghiem xuat MDL=0,1 | MDL= 0,1
Phong thi  |[DIN EN 14123:2008-03 KPH, KPH,
4,00 0,51
nghiém 2 mod MDL=0,5 | MDL= 0,5
Phong thi KPH, KPH,
HD.PP.04/TT.SK 4,43 0,53
nghiém 3 MDL=0,1 | MDL= 0,1
Gia tri trung
4,19 10,53 - -
binh
Do tai lap
520 12,90 - -
RSDr (%)

KPH: Khong phat hién
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Bang 3.18: Két qua thir nghiém aflatoxin (B1, B2, G1 va G2) trén nén mau bot 6t

gitra cac phong thi nghiém

. Mau déu phong (pg/kg)
Diéen giai Phuong phép
AFB1 |AFB2 | AFGl | AFG2
Phbng thi KPH,
hiém 1 UPLC-FD, khong dan xuat
nghiem 10,3 0,54 2,26 (MDL=0,1
Phong thi DIN EN 14123:2008-03 KPH,
nghiém 2 mod 10,3 0,53 2,20 (MDL=0,5
Phong thi KPH,
HD.PP.04/TT.SK
nghiém 3 10,5 0,49 2,21 (MDL=0,1
Gia tri trung binh 10,4 0,52 2,22 -
Do tai lap RSDr
(%) 0,95 5,09 1,45 -

KPH: Khong phat hién
Bang 3.19: Két qua thir nghiém aflatoxin (B1, B2, G1 va G2) trén nén mau bap hat

gitra cac phong thi nghiém

Mau bap hat thém chuan (ug/kg)

Dién giai Phuong phap
AFB1 |AFB2 |AFG1AFG2 [Total
Phong thi )
A UPLC-FD, khong dan xuat 1,97 0,48 1,89 0,48 |4,82
nghiém 1

Phong thi EVN-R-RD-1-TP-5060
nghiém 2 | (Ref,DIN EN 14123:2008-03)

2,12 0,58 2,13/ 0,59 5,42

Phong thi
HD.PP.04/TT.SK 1,70 0,52 1,95/ 0,51 |4,68
nghiém 3

Gia tri trung

binh

1,93 0,53 1,99 0,53 |4,97

bo tai lap
RSDr (%)

11,0 9,60 6,30, 10,8 |7,90
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Bang 3.20: Két qua thir nghiém aflatoxin (B1, B2, G1 va G2) trén nén mau nho kho

gitra cac phong thi nghiém

Mau nho khé thém chuén (ng/kg)

Dién giai Phuong phap
AFB1 |AFB2 |AFG1AFG2 [Total
Phong thi N ’
A UPLC-FD, khong dan xuat 4,74 1,31 4,68 1,13 |11,9
nghiém 1
Phong thi EVN-R-RD-1-TP-5060

5,18 1,27 5,09 1,29 12,8
nghiém 2 | (Ref.DIN EN 14123:2008-03)

Phong thi
HD.PP.04/TT.SK 4,34 1,16 4,65 1,06 |11,2
nghi¢m 3

Gia tri trung

4,75 1,25 481 1,16 12,0
binh

Do tai lap

8,84 6,23 5,11 10,2 6,81
RSDr (%)

3.3.7.2. Chuong trinh thu nghiém thanh thao

Chuong trinh Aflatoxin/Fumonisins trong bap (CSSMY021 — M21411AF)
vao thang 12 nam 2021 do Romer Labs t6 chirc, véi su tham gia ciia 523 phong thi
nghiém. Két qua phong thi nghiém theo phuwong phap nghién ciru phit hop voi két qua
ctia chwong trinh (- 2 < Z-score < 2) duoc xac dinh bang ma 21411AF-234, bao gdm
cac gia tri sau: Tong AF (25,8 pg/kg, Z-score = -0,9), AFB1 (20,9 pg/kg, Z-score = -
0,9), AFB2 (4,9 ng/ kg, diém Z = -0,7), AFG1 va AFG2 khong duoc phat hién [115].
3.3.7.3. Biéu do kiém sodt control chart

Biéu dd control chart thu duoc tir thang 01/2021 — 05/2022 ddi véi chi tiéu
AFBI tai mirc ndng d6 MQL (0,3 pg/kg) trong cac mau dau phong, bot 6t, nho kho

va bép hat dugc kiém soat qua hiéu sudt thu hoi tir cac mau QC duoc trinh bay & céc

Hinh 3.7 — Hinh 3.10.
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Hinh 3.7: Bidu dd kiém soat hiéu suat thu hdi aflatoxin B1 trong nén d4u phong
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Hinh 3.8: Biéu do kiém soat hiéu suét thu hoi aflatoxin B1 trong nén bot 6t
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Hinh 3.9: Biéu dd kiém soat hiéu suét thu hdi aflatoxin B1 trong nén bz?ip hat
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Hinh 3.10: Biéu d0 kiém so4t hiéu suat thu hoi aflatoxin B1 trong nén nho kho

Két qua biéu dd kiém soat hiéu sudt thu hdi tir 1 dén 22 diém QC cho thay:

Gia trj nam trong gidi han kiém soat: Tét ca cac diém dir liéu déu nam
trong giGi han canh bao (UWL va LWL), khong c6 diém nao vuot qua
gi6i han hanh dong (UAL va LAL). Diéu nay cho thiy qua trinh dang
duoc kiém soat.

Xu huéng hé théng: Khong c6 6 diém lién tiép ting hodc giam, va

khéng c6 9 diém lién tiép ndm ciing mot phia ciia dudng trung binh.

Két qua nay néi 1én qua trinh ki€ém soat hiéu suat thu hoéi 6n dinh va két qua

phan tich trong khoang thoi gian nay dugc dam bao.

o Tom tit két qud nghién civu dat dwoc

Sau qua trinh khao sat va xac nhan gia tri sir dung phuong phap phan tich déng thoi

aflatoxin (B1, B2, G1 va G2) trong 4 nén mau dau phdng, bot 6t, nho kho va bép hat

bang phuong phap khong dan xuét véi ky thuat UPLC-FD, cac két qua duge tom tit

trong Bang 3.21.
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Bang 3.21: Tém tit két qua nghién ctru qui trinh dong thoi

aflatoxin (B1, B2, G1 va G2) trén thiét bi UPLC-FD

Noi dung nghién
STT | ducfu . Céc tiéu chi chdp nhan Két qua dat duge
1 Khao sat didu kién séc ky dé phén tich ddng thoi aflatoxin (B1, B2, G1 va G2)
11 Téi wu hoa thanh Do phan giai Rs > 1,5 Do phan giai Rs: 1,9-4,5
phén pha dong Hé s6 kéo dudi 0,8 <T¢<1,5 | Hé so6 kéo dudi T¢: 0,9-1,5
Lya chon pha dong
0,1%HCOOH/ACN/MeOH (64/18/18)
1.2 Khéo sat do én | -Thoi gian luu (% RSD <= | Pat: % RSD =0,07-0,11% (n=6)
dinh tin hi¢u trén | 2%)
UPLC-FD -Dién tich pic (% RSD <= | bat: % RSD =0,18-0,59% (n=6)
2%)
-Bo phéan giai Ry> 1,5 Pat: Ry=1,98-4,98 (n=06)
-Hé s6 kéo du6i 0,8 < Tf<1,5 | Pat: Tr = 1,28-1,5 (n=6)
1.3 | Khao sat khodng | Puong chuin: 0,99 <R?< | Dat vdi hé s twong quan duong chuin: R
tuyén tinh va | 1, = 0,9999, v&i khodng ndng d6 0,2 - 20,0
dudng chuin ng/L cho AFBI1 va AFG1 va 0,05 - 5,0
pg/L cho AFB2 va AFG2.
Do 1éch: n@)ng do tinh toan | Pat: % d6 1éch: 15-18%
dugc trén timg diém chuan <
15% so voi gia tri thuc (trir
nf)ng do tai diém MQL <
20%
2 Két qua khéo sat qui trinh chiét aflatoxin (B1, B2, G1 va G2) trong nén mau déu phong, bot 6t,
nho kho, va bép hat
2.1 Khao sat dung méi chiét aflatoxin (B1, B2, G1 va G2)
2.1.1 | Nén dau phong - H% chiét 1a 60-115% Pat : %H = 85,7 - 99,2%

-P¢ lap 1ai RSDr < 21%

bat : %RSDr < 6%
Lira chon dung méi chiét ACN/H,0 (6/4)
- H,0




97

Noi dung nghién .
STT ’ gne A . A A Két qua dat dugc
ctru Céc tiu chi chap nhan
2.1.2 | Nén bot 6t - H% chiét 12 60-115% Pat: %H = 70,1 - 97,8%
-bo lap 1ai RSDr < 21% bat : %RSDr < 6%
Dat, lwa chon dung méi chiét MeOH/H,O
(8/2)-PBS
2.1.3 | Nén nho khd - H% chiét 1a 60-115% Dat: %H = 72,4 - 95,4%
-Dbo lap 1ai RSDr < 21% Pat : %RSDr <3%
Dat, lwa chon dung méi chiét MeOH/H,O
(8/2) - PBS
2.1.4 | Nén bip hat - H% chiét 1a 60-115% Dat : %H = 90,3 —99,8%
-Do 1ap 1ai RSDr < 21% bat : %RSDr < 2%
Dat, lya chon dung moi chiét MeOH/H,0
(8/2) - H,O
2.2 Khao sat anh huong nén miu dén qui trinh chiét aflatoxin (B1, B2, G1 va G2) trong nén mau
dau phong, bot 6t, nho kho, va be"lp hat
2.2.1 | Nén dau phong Do anh huéng nén miu | Dau phong: 2,81 — 8,04%
- (%ME) khong anh huodng
222 én bot 6 ot ot - 9
Nén bot 6t (%ME < 20), anh huong Bot 6t: 13,9 - 18,1%
2.2.3 | Nén nho kho trung binh (20 < %ME< 50). | Npo kho: 5,63 — 11,4%
anh huong dang ké (%ME
2.2.4 | Nén bap hat >50). Bap hat: 6,1 — 11,3%
3 Xac nhan gia tri st dung ctia phuong phap
3.1 Do chon loc Tai thoi gian luu clia cac chit | Pat, phuong phap c6 tinh chon loc
AFBI, AFB2, AFG1, AFG2
trong sic ky dd mau tring
khéng xuat hién nhiéu gay ra
3.2 Gidi han phat hién | MDL: Tin hiéu trén nhiéu | MDL =0,1 pg/kg cho timg AFB1, AFB2,
MDL va dinh | nén dap ung tiéu chi 3 <S/N | AFG1, AFG2 trén 4 nén miu véi S/N =

lugng MQL trén
4 nén miu dau
phong, bot 6t, nho
kho, va bép hat

<10

3,10-9,61

MQL: Tiéu chi chip nhan
hiéu suét thu hdi khoang 70-
120%, d6 tai lap RSDg <
20%

Dat : Nén dau phong
% H:94,9 - 99,4%
% RSDr < 3%

Dat : Nén bot 6t
%H: 81,6 -94,3%
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STT

Noi dung nghién

curu

Céc tiéu chi chip nhan

Két qua dat dugc

% RSDr < 7%

Dat : Nén nho kho

% H : 86,4 —96,9%

% RSDr < 3%

Pat : Nén bép hat

%H:71,8-857%

% RSDgr < 7%

Gidi han dinh luong MQL=0,3 png/kg cho
tung AFB1, AFB2, AFG1, AFG2 trén 4
nén miu dau phong, bot 6t, nho kho, va

bép hat

33

D6 chum (do lip
lai RSDr va d tai
lap RSDg) va do
ding cua phuong

phap

Do chum (d¢ 1dp lai RSDr %
va d6 tai lap RSDr %) khong
vuot qua 22%, do dung phai
nim trong khoang 60-115%
theo ti€u chi phu luc F-
AOAC 2019

Dat: Nén dau phong
%H:76,5-99,8%

% RSDr va % RSDr < 5%
Dat : Nén bot 6t
%H:81,2-872%

% RSDr va % RSDr < 3%
Dat: Nén nho kho

% H: 80,9-97,3%

% RSDr va % RSDr <2%
Dat: Nén bép hat

% H : 80,4-99,2%

% RSDr va % RSDr <2%

34

Hé sé pha lodng

mau

Hiéu suét thu hdi (%H) va do
tai lap dat theo ti€u chi
AOAC 2019
phu luc F-AOAC 2019

theo tiéu chi

% H: 80,3 — 104%

% RSDg <10%

Pha lodng miu bang ACN/HCOOH 0,2%
vai cac hé sé pha lodng khac nhau khong
anh huéng dén d6 chum va d6 dung cua

phuong phap.

35

b6 khong dam
bao do

Do khong dam biao do mo
rong % Uexp < 44 % tai nong
d6 <100 ng/Kg

Pbat: Nén dau phong

% Uexp : 7,2 - 28,6%
Dat: Nén bot 6t

% Uexp: 28,1 - 31,7%
Dat: Nén nho kho

% Uexp : 12,8 —24,6%
Pat: Nén bép hat
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STT

Noi dung nghién

curu

Céc tiéu chi chip nhan

Két qua dat dugc

% Uexp : 25,6 —37,8%

3.6

D6 6n dinh miu

Do sai biét % D <15%

Hé sb bién thién % CV <
20%

Dat: Nén dau phong
%D :0,02-15,6%
% CV: 0,02 —2,30%
Dat: Nén bot 6t
%D :0,04-10,9%
% CV: 0,04 —2,80%
Dat: Nén nho kho
%D :0,4-16,5%
% CV: 0,1 -3,5%
Dat: Nén bép hat
%D : 0,04 -19,4%
% CV: 0,08 —3,89%

3.7

Pam bao két qua

thtr nghiém

Két qua so sanh lién phong:
danh gia d¢ tai 1ap RSDr %
khéng vugt qua 22% cua 3
phong lab tai ndng d6 < 100
ng/kg

Dat: Nén dau phong
% RSDr < 6%

Dat :Nén bot 6t

% RSDr < 6%

Dat: Nén nho kho
% RSDr < 11%
Dat: Nén bép hat

% RSDr < 12%

Tham gia thir nghiém thanh
thao theo chuong trinh AF
trong bip (CSSMY021 —
M21411AF), Tiéu chi (- 2 <

Z-score <2)

Téng AF (25,8 pg/kg, Z-score =

'079)a

AFB1(20,9 pg/kg, Z-score = -0,9) AFB2
(4,9 ng/ kg, diém Z = -0,7). Pat theo tiéu

chi (- 2 <Z-score <2)

Kiém soat miu QC hang
ngdy & muc ndéng do MQL
ddi voi AFBI theo biéu db
Control Chart

Dap tg hiéu suét thu hdi tai mirc ndng do
MQL theo tiéu chi AOAC 2019 va théng

ké dit liéu, theo ddi biéu do control chart

Tém lai: Qui trinh phan tich ddng thoi aflatoxin (B1, B2, G1 va G2) trong nén
mau dau phong, bot 6t, nho kho va bap hat bang phuong phap khong dan xuat voi k§
thuat UPLC-FD da dat duoc cac wu diém nhu tiét kiém thoi gian phan tich, giam
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lugng dung moi, it gy 6 nhiém moi trudng, bao vé strc khoe nguoi thao tac, qui trinh

xtr Iy mau don gidn, it ton dung moi.

Mot vi du dién hinh & Bang 3.22 phén tich dong thoi 10 mau bot 6t tuong tmg
20 1an tiém mau bao g@)m 1 mau dung mdi, 5 dung dich chuan, 1 miu tréng, 1 mau
kiém soat (Q0C), 10 mau bét 6t, 1 mau tréng va 1 mau QC nham so sanh qui trinh
phan tich dinh lugng déng thoi aflatoxin B1, B2, G1, G2 trong bot 6t trén hé théng
sac ky 10ng siéu hiéu ning dau do huynh quang (UPLC-FD), khong st dung din xuét
v6i qui trinh theo tiéu chuan TCVN 10638:2014 trén thiét bi HPLC- FD, ¢ dung dan

Xuat sau cot.

Bang 3.22: So sanh quy trinh thuc hién phan tich dong thoi aflatoxin (B1, B2, G1,

va G2) trong bot 6t theo quy trinh nghién ctru va tiéu chuan Viét Nam

. Phuong phap nghién ctru | Phwong phép tiéu chuan TCVN
Cac muc thuc hién
UPLC - FD 10638:2014 (HPLC-FD)
Lugng dung moi MeOH: 300-340 mL MeOH: 2900-3000 mL
tiéu hao ACN: 80-120 mL ACN: 80-120 mL
Lam sach mau cot IAC Céo Co
Bo dan xut sau cot Khoéng Co
Hoa chat sir dung
. ) Khong Pyridini hydrobromua perbromua
dan xuat sau cot
Quy trinh xir Iy mau ft thao tac, don gian Nhiéu thao tac, phtic tap
Thoi gian phan tich 420-460 phut Khong cuy thé

Khi so sanh hai phuong phap phén tich ddng thoi aflatoxin (B1, B2, G1, va
G2) trong bot 6t, phuong phap nghién ciru UPLC-FD cho thay nhiéu uu diém hon so
v6i phuong phép tiéu chuidn TCVN 10638:2014 (HPLC-FD). Trudc hét, vé luong
dung mdi tiéu hao, phuong phap UPLC-FD sir dung it MeOH hon déng ké (300-340
mL so véi 2900-3000 mL), trong khi lugng ACN tiéu hao twong duong. Diéu nay

gitip giam chi phi hoa chét va tac dong mdi trudng. Ngoai ra, quy trinh xtr Iy mau cua
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UPLC-FD don gian va it thao tic hon so véi phuong phap TCVN, gitip tiét kiém thoi
gian va giam nguy co sai sot trong qua trinh thuc hién. Dac biét, phuong phap nay
khong yéu cau st dung bo din xuét sau cot va hoa chét pyridini hydrobromua

perbromua, giup giam su phuc tap trong quy trinh phan tich.

3.4. Nghién ctru ham lwgng aflatoxin (B1, B2, G1 va G2) trong miu diu phjng,
bot &t, nho khé va bap hat thu thap trén thj treong
3.4.1. Ham lwgng aflatoxin (B1, B2, GI va G2) trong mdu diu phong, bt 6t, nho
khé va bép hat
Mau dau phong, bot 6t, nho kho va ba“ip hat dugc thu thip tir cac cho tai
TP.HCM va phan tich dong thoi aflatoxin (B1, B2, G1, G2) bang phuong phap
UPLC-FD khong dan xuat. Két qua chi tiét vé sé mau nhiém ting loai AF va téng

AF duogc trinh bay trong Bang 3.23 va Hinh 3.11.
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Bang 3.23: Bang tong hop chi tiét két qua khao sat ham luong aflatoxin (B,
B2, G1 va G2) trong thuc pham trén dia ban TpHCM

Nén miu S6 mau nhiém (phan tram, %) S6 mau S6 mau
Min-max (ug/kg) vuot vuot
- ngudng ngudng
AFBL | AFB2 | AFGL | AFG2 | Tong | ool aoap
A s | e
Pau 117 66 25 - 117 62 59
phong | (29,3%) | (16,5%) | (6,3%) (293%) | (15,5%) | (14,8%)
thova | 031. | 031- | 030- 031 -
chébién | 554 110 12,5 668
(n=
400)
Pau 107 60 23 - 107 57 54
phong | (28,9%) | (16,2%) | (6,2%) (28,9%) | (15,4%) | (14,6%)
thd 031- | 031— | 0,30- 0,31
(n= 554 110 12,5 668
370)
Pau 10 6  |267%) | - 10 5 5(16,7%)
phong | (333%) | (20.0%) | (35 (333%) | (16,7%)
chébien | 032 | 043~ | 0,62 0,32 -
(n=30) | 130 24,5 155
286 152 91 1 286 132 99
Botot(n | (71,5%) | (38,0%) | (22,8%) | (0.3%) | (71,5%) | (33,0%) | (24,8%)
=400) | 0,30- | 030- | 030- | 0- | 030-
121 8,18 8,54 | 037 127
Biphat | 104 83 49 1 104 86 79
twhng, | (26:0%) | (20.8%) | (123%) | (03%) | (26,0%) | (21,5%) | (19,8%)
vang va
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Nén miu S6 mau nhiém (phan trim, %) S6 mau S6 mau
Min-max (pg/kg) vuot vuot
- ngudng ngudng
AFBI | AFB2 | AFGl | AFG2 | Téng | . Lt | 1hng AF,
A ke | ditees
bapché | 032- | 034- | 032- 0-— 0,32 —
bién 494 29,7 4,87 0,37 525
(n=400)
Bép hat 64 61 43 1 64 62 60
tring | (64,0%) | (61,0%) | (43,0%) | (1,0%) | (64,0%) | (62,0%) | (60,0%)
(n=100) | 0,38- | 034— | 032- 0-— 0,38 —
494 29,7 4,87 0,37 525
Bép hat | 5(5,0%) | 2 (2,0%) | 2 (2,0%) - 5(5,0%) | 2(2,0%) | 2(2,0%)
vang 0,50— | 043— | 049- 0,5
(n=100) | 6,23 0,5 0,67 7,34
o 35 20 | 4(2,0%) - 35 22 17 (8,5%)
B::‘p he | 17.5%) | (10.0%) 034 (17,5%) | (11,0%)
bién (n= ’
200) 032- | 037- 1,21 0,32 -
46,8 4,02 50,8
Nho kho
(n=400) | ) ) ) ) ) )

(-): Khong c6 mau nao nhiém aflatoxin, MDL = 0,1 pg/kg cho tit ca cac chat; Khoang Min — Max: chi c4c mu dinh lugng dugc chinh
xac ¢ gia tri cu thé do dugc trén mirc MQL
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H Diu
phong
W Bot 6t
0.00%
Nho
H Bip

Hinh 3.11: Ti 1é mAu nhiém ddc to aflatoxin trong 4 nén dau phong, bot 6t, nho kho

va bap hat trén dia ban TpHCM

O nhiém AF trong cay trong 1a mdi de doa toan ciu anh huéng dén an toan
thuc pham va thirc dn chin nuéi. Cdy trong ¢ thé bi nhiém nam trong céac giai doan
khac nhau, bao gém thu hoach, bao quan va van chuyén, dan dén san sinh doc t6 ndm
mdc [70]. Theo két qua trinh bay ¢ Bang 3.23 va Hinh 3.11, ty 16 mAu nhiém AF
trong bot 6t 1a cao nhét (56,41%), tiép theo 1 dau phong (23,08%), bip hat (20,51%),
nho kho (0,0%). Trong sd cac loai AF, mirc ¢4 6 nhiém AFBI1 1a cao nhat, tiép theo
1a AFB2, AFG1 va AFG2. Hon nita, néu mau khong bi nhiém AFBI thi ba loai AF
con lai ciing s€ khong c6 mat. Khao sat nay dung voi tac gia da nghién ciru AFBI,
AFB2, AFG1 va AFG2, vi cac doc t6 ndim mbc nay chi yéu duoc tao ra boi cac chung

nam san sinh doc td, cu thé 1a Aspergillus flavus va Aspergillus parasiticus [116].

e Ham lwong aflatoxin trong méu nho kho

Trong tong sé 400 miu nho kho bao gdm cac loai nho khé den, vang, xanh
nhap khau dén tir cac nude My, Uc, Han Quée, Chi Lé va mot s6 loai nho kho khong
nhan hiéu khac. Khong c¢6 mau nao con lai duoc phat hién co6 chira AFB1, AFB2,
AFG1 va AFG2. Két qua thu dugc phi hop véi cac nghién ctru trude ddy, khong tim
thdy mau nao vuot qua mirc cho phép cua tong AF (ML = 10 pg/kg) va AFB1 (ML
= 5 ug/kg), nhu sau: Tac gia [18] da khao sat 170 mau nho kho xudt khau & Pakistan,
trong d6 chi co 5% trén téng sé6 miu nhiém AF, dao dong tir 0,15-2,58 pg/kg va
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khong c6 mau nao vugt ngudng cho phép. Tac gia [136] khao sat 25 mau nho den
khong hat & Tho Nhi Ky, két qua phat hién 16/25 mau c6 tong nong do AF dao dong
tir 0,02 - 2,07 pg/kg va khong c6 mau nao vugt ngudng cho phép.

Nho kho 12 mét trong nhiing loai thyc pham xuat nhap khau c6 gi tri cao nén
cac cong nghé nhu sy kho, dong goi, bao quan duoc chi trong nham giam dang ké
viéc phat sinh doc té AF. Mot trong nhitng phuong phap xir 1y bang ozone trudc khi
sdy nho, duoc cho 1a kha thuan loi vé thoi gian sdy va chat luong san pham cubi cing,
dong thoi ¢ hiéu qua trong viée giam sy phét trién cia ndm mdc va nim men, dic
biét 1a trong qua trinh bao quan nho kho lau dai. Mot phuwong phap khac 1a Iuvu huynh,
trong d6 sulfur dioxide (SO2) dugc st dung dé ngin chin sy phat trién cua vi sinh vat
va bdo quan mau sdc va huong vi trong thuc phém, dac biét 1a nho kho [8]. Ngoai ra,
nho kho gidu carbohydrat ¢ thé dugc phii dé ngan nudc xam nhap va phuong phap
bao quan kin tao ra méi trudng nghéo O, giau CO». Nhiing diéu kién nhu vay khong

thudn lgi cho sy phat trién va san xuét AF [95].

o Ham lwong aflatoxin trong méu diu phong

o Miic dp nhiém trung binh déc té aflatoxin trong mau diu phong

Str dung bo dir lidu két qua thir nghiém (n=400) v6i 370 mau dau phong thd
va 30 mau dau phong ché bién theo Bang 3.24 cho két qua trung binh ctia AFBI 1a
18,5 png/kg; AFB2 1a 1,72 ng/kg; AFG1 12 0,11 pg/kg va tong AF 13 20,3 pg/kg. Mirc
d6 nhiém trung binh AFB1 cao gip hon 9 1an murc gi6i han cho phép (ML =2 pg/kg)
va tong AF gip hon 5 1an murc giéi han cho phép (ML = 4 ug/kg).
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Bang 3.24: Bang thong ké mo ta su phan bd trung binh ham
luong doc t6 aflatoxin (B1, B2, G1 va G2) trong dau phong

Tén chat Ham luong trung | D6 1éch chuan | S6 mau
binh (pg/kg) SD (pg/kg)
AFBI 18,5 77,1 400
AFB2 1,72 8,00 400
AFG1 0,11 0,83 400
AFG2 0,00 0,00 400
Tong AF 20,3 83,5 400

o Sw khdc bigt vé ham lwong aflatoxin trong cdc loai dgu phéng thé

va ché bién

Két qua kiém dinh Independent-Samples T Test bang phan mém SPSS 22.0
cho thdy khong c6 su khac biét trung binh c6 y nghia thong ké vé ham luong AF ddi

v6i mau dau phong thd va dau phong da duoc ché bién (xem chi tiét phu luc IV).

35.0% 33.3%
30.0% 289%
:\; . 0
£ 25.0%
2 20.0% 20%
= 20.0% 0 6. 16.7%
< 10.2% 15.4% ' 14.6%
o 15.0%
€
«w 10.0% 6. 2% 6.7%
= 5.0%
0.0%0.0%
0.0%
AFB1 AFB2 AFG1 AFG2 vuwot nguwdng vwot nguwdong

) . ) . . AFB1 t6ng AF
Cac loai aflatoxin (B1, B2, G1 va G2) va tong AF

B Diu phdngthd M DAau phdng ché bién

Hinh 3.12: So sanh ty 1& (%) nhiém aflatoxin (B1, B2, G1 va G2) va vuot ngudng
AFBI, tong AF trong dau phong tho va ché bién
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Két qua duoc trinh bay trong Bang 3.23 va Hinh 3.12 cho thay ty 1& phan tram
(%) mau nhiém AFB1, AFB2, AFG1, AFG2. Ty 1& mau vugt qua mirc cho phép ddi
véi AFB1 (ML = 2 pg/kg) va tong AF (ML = 4 pg/kg) gan nhu tuong tu & ca dau
phong thé va ché bién. Khi so sanh ty 1& 6 nhiém giita ddu phong tho va ché bién, ty
1€ phﬁn tram nhu sau: AFB1 (28,9% so véi 33,3%), AFB2 (16,2% so véi 20,0%),
AFGI (6,2% so voi 6,7%) va AFG2 (0,0% so véi 0,0%). Ngoai ra, ty 1€ mau vuot
mirc cho phép ddi véi AFBI 1a 15,4% dbi v6i dau phong thd va 16,7% ddi véi dau
phong di qua ché bién, trong khi d6i v6i tong AF lan luot 12 14,6% va 16,7%. Nhing
két qua nay cho thay rang ché bién khong phai 1 yéu t6 chinh lam giam muc do 6

nhiém AF trong dau phong.

Tac gia Martins [90] d& nghién ctru va két luan rang chi rang 13 khong du dé
kiém so4t AF trong dau phong. Ham lugng AF c6 thé bi phan hily trong diéu kién
trén 160°C va trong thoi gian ché bién kéo dai, didu nay ciing ¢ thé anh huéng dén
mau sic cta ddu phong. Mit khac, tac gia E Ginting [50] goi ¥ rang viéc phén loai
dau phong 1am nguyén liéu thd va sau d6 xur 1y nhiét co thé 1am giam ham luong AF
trong san pham cudi cung. Cac phuong phap ché bién nhu rang, chién va niu ap suét
da dugc chimg minh 13 1am giam dang ké ndng do AF trong dau phong [112]. Tuy
nhién, AF thé hién tinh on dinh nhiét cao, ngay ca ¢ nhiét do trén 100°C, diéu nay
ngan chin su phan hity nhiét hoan toan trong qua trinh san xuat thuc pham [102]. Mot
khi AF duoc hinh thanh trong dau phong thi khong dé dang loai bo duoc. Nhiéu chién
lugc phong ngira va quan 1y khac nhau da duoc dé xuat ddi véi AF trong dau phong
trong giai doan trude va sau thu hoach, bao gém phan loai, phan chia mat d9, kiém
soat dd Am cua hat, chan, phan loai mau sdc va str dung bién phap kiém soat sinh hoc

trén dong rudng [99].

e Ham luong aflatoxin trong médu bét 6t

o Mirc dp nhiém trung binh dic té AF trong mdu bét ot

St dung bo dir liéu két qua thir nghiém (n=400) nhu Bang 3.25 cho két qua
trung binh ciia AFBI1 14 7,71 pg/kg; AFB2 14 0,46 pg/kg; AFG1 13 0,23 pg/kg va tong
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AF 1a 8,41 pg/kg. Murc d6 nhiém trung binh cia AFB1 cao hon mirc gidi han cho
phép (ML = 5 pg/kg), trong khi tong AF thap hon murc cho phép (ML = 10 pg/kg).

Bang 3.25: Bang thong ké mo ta su phan bé trung binh ham luong
doc tb aflatoxin (B1, B2, G1 va G2) trong bt 6t

Tén chat Ham lugng trung | D6 1éch chuan S6 mau
binh (ng/kg) SD (ng/kg)
AFBI1 7,71 14,1 400
AFB2 0,46 0,92 400
AFG1 0,23 0,77 400
AFG2 0,00 0,02 400
Téng AF 8,41 15,1 400

Két qua trinh bay tai Bang 3.23 cho thiy, d6i v6i mau bot 6t c6 286 mau nhiém
AFBI1 voi néng do dao dong tir 0,3 dén 121 ng/kg, chiém 71,5% sb mau, c6 152 mau
c6 chira AFB2 (0,30 dén 8,18 pg/kg), chiém 38,0% sd mau, ¢6 91 mau nhiém AFG1
(0,30 — 8,54 pg/kg), chiém 22,8% sé mau. Chi c6 mot mau duoc phét hién c6 AFG2
(0,37 pg/kg). Biéu dang luu ¥ 14 ty 16 miu vuot ngudng cho phép vé AFB1 (ML =5
ng/kg) va AF tong sé (ML = 10 pg/kg) do Bo Y té quy dinh (QCVN 8-1:2011/ BYT),
14 33,0% ddi voi AFBI va 24,8% dbi voi AF.

Nhiing phat hién nay phu hop v6i mét sé nghién ctru duoc cong bd. Tac gia
Seta va cong sy [117] da khao sat 120 miu bot 6t & Tho Nhi Ky, trong d6 55 mau
(62,5%) vuot qua mirc cho phép ciia AFBI theo Uy ban Kiém tra Chau Au (ML= 5
ng/kg). Tuong tw, Rajendran va cong su [109] khao sat 42 miu 6t bot & mién Nam
An Do va 66,7% mau bi nhiém téng sé6 AF vuot qua ngudng cho phép do Uy ban
Kiém tra Chau Au dit ra (ML= 10 pg/kg).

Diéu kién bao quan khong thich hop co thé gop phan dang ké vao su phat trién
ctia ndm mdc trong 6t va bot 6t. Diéu can thiét 1a phai xem xét kha ning cac loai ndm
c6 thé tao ra nhiéu loai aflatoxin, c6 thé gdy nguy hiém nghiém trong cho strc khoe

[7].
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o Anh hwéng ciia viéc bio quin mau trong bao bi kin va khéng kin

dén mau nhiém aflatoxin

Két qua kiém dinh Independent-Samples T Test cho thdy khong c6 su khac
biét trung binh (c6 ¥ nghia thong k&) vé ham luong AF dbi v6i mau bot 6t han kin
(7,02 pg/kg) va khong han kin (9,80 pg/kg).

Trong téng s6 400 mau bot &t bao gém 200 mau bdt 6t dugce bao quan bao bi
han kin va 200 mau trong bao bi khong han kin, véi két qua Bang 3.26 va Hinh 3.13,
cho thiy ty 18 nhiém AF giira bot 6t khong han kin va han kin nhu sau: AFB1 (75,5
so voi 67,5%), AFB2 (44,0 so vdi 32,0%), AFG1 (24,5 so voi 21,0%) va AFG2 (0,5
s0 v6i 0,0%). Piéu nay cho thiy ty 16 mau phat hién AF trong bot 6t khong duoc dong
kin cao hon so véi bot 6t han kin. Hon nira, ty 16 mau vuot qua gidi han cho phép d6i
v6i AFB1 va tong AF & bot 6t khong han kin cao hon (1an luot 1a 38,0% va 28,5%)
so voi han kin (1an luot 14 28,0% va 21,0%). Nhiing phat hién nay chi ra rang bot 6t
dugc bao quan trong bao bi kin di 1am giam mot phan nguy co phat trién ctia nim
Aspergillus, do d6 ngin chin viéc san xuat aflatoxin. Viéc giam rui ro nay co thé 1a
do viéc han ché san pham tiép xuc véi oxy va d6 4m trong khong khi, do d6 1am giam

kha ning phat trién ciia nam méc [129].
Bang 3.26: Ty 1¢ nhiém AF va vuot ngudng AFBI, tong AF trong

bot 6t han kin va khong han kin

Nén miu S6 mAu nhidm (ph?ln tram, %) L = L =
SO mau vuot SO mau vuogt
Min-max (png/kg) ngudng AFBI1, | ngudng téng
- ti 18 (% AF, ti 18 (%
AFBI AFB2 AFG1 AFG2 Téng AF He %) SH1E (%)
Bot 6thankin | 135 (67.5%) | 64 (32.0%) | 42 (21,0%) 135(67,5%) | 56(28,0%) | 42 (21,0%)
(n = 200) 030-121 | 033-8,18 | 0,30-8,54 0,30 - 127
Bototkhong | 151 (75,5%) | 88 (44,0%) | 49 (24,5%) | 1(0,5%) | 151(75,5%) | 76 (38,0%) | 57 (28,5%)
han kin 031-102 | 030-459 | 030-562 | 0,0-037 | 0,31-109
(n = 200)

(-): Khong phét hién thiy véi MDL = 0,1 pg/kg
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Cac loai aflatoxin (B1, B2, G1 va G2) va tong AF ond

Hinh 3.13: Biéu d6 so sanh ty 1& mau nhiém AF va vuot ngudng AFBI, tong AF
trong bdt ot han kin va khong han kin

Vi vay, néu mot san pham trai qua quy trinh khép kin va duoc bao quan tét,
bat dau tir khau tim ngudn nguyén liu thd dén khau dong goi, niém phong thanh
pham tai nha may thi c6 thé giam thiéu hiéu qua kha nang hinh thanh doc tb nim mdc
n6i chung va 6 nhiém AF néi riéng. Do d6, cac san phadm ché bién nay s& mang lai

murc dd an toan cao hon cho ngudi ti€u dung.
e Ham lwong aflatoxin trong méu bip
e Mikc dj nhiém trung binh déc té AF trong mdu bip
Str dung bo dir liéu két qua thir nghiém (n=400) nhu Bang 3.27 cho két qua
trung binh ctia AFB1 1a 7,60 pg/kg; AFB2 14 0,66 pg/kg; AFG1 130,12 pg/kg va tong

AF 14 8,38 pg/kg. Mtrc d6 nhiém trung binh AFBI cao gip 4 1an muc gii han cho
phép (ML = 2 pg/kg) va tong AF cao hon gap 2 1an muc cho phép (ML = 4 pg/kg).
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Bang 3.27: Bang thong ké mé ta su phan bd trung binh ham luong
doc 6 aflatoxin (B1, B2, G1 va G2) trong bap

Tén chét Ham luong trung | Do 1éch chuan SO mau
binh (ng/kg) SD (ng/kg)
AFBI 7,60 31,5 400
AFB2 0,66 2,58 400
AFG1 0,12 0,48 400
AFG2 0,00 0,02 400
Téng AF 8,38 34,1 400

o Sw khdc biét vé ham lwgng aflatoxin trong cdc loai bip thé va bdp

ché bién

Két qua kiém dinh Independent-Samples T Test cho thay c6 su khac biét trung
binh vé ham luong tong AF d6i v6i bap hat tho va bap da duoc ché bién, gid tri trung

binh ham luong tong AF bép tho 13 14,8 pg/kg cao hon so véi bip ché bién 1a 1,96

ng/kg.
40.0%
. 34.5%
_35.0% 31.5% 32.0% 31.0%
X 9
< 30.0%
,E) 25.0% 22.5%
<
C 20.0% 7.5%
>
w0
e 15.0% . 1.0%
0.0% 8.5%
@ 10.0% 27
=
5.0% 9
0 I 2'0/0 O.S(V().O% I
0.0% - —
AFB1 AFB2 AFG1 AFG2 vwot ngwéng vwot ngwdng
AFB1 tong AF

Céc loai aflatoxin (B1, B2, G1 va G2) va téng AF
Em B3p hat M B3p ché bién

Hinh 3.14: So sanh ty 1¢ phan trim (%) nhiém aflatoxin (B1, B2, G1 va G2) va
vuot ngudng AFB1, tong AF ddi v6i bap hat va bip ché bién
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Két qua khao sat 200 bip hat bao gdm hat vang, hat tring tuoi va 200 bap ché
bién bao gdm céc loai bap rang, cac loai banh bap, snack bap, cac loai bap chién, bip
rang, cic loai bot bap va sita bap duoc trinh bay trong Bang 3.23 va Hinh 3.14 thé
hién ty 1& phan tram (%) mau nhiém AFB1, AFB2, AFG1 va AFG2. Theo khao sat,
ty 16 mau vuot mirc cho phép AFB1 (ML = 2 pg/kg) va tong AF (ML = 4 ug/kg)
trong bép hat cao hon tir 2,0 - 11,0 1an so véi bép ché bién. Mot phan tich so sanh vé
ty 16 nhim AF giira bip hat va bip ché bién cho két qua sau: AFBI (34,5 so véi
17,5%), AFB2 (31,5 so v6i 10,0%), AFG1 (22,5 so véi 2,0%) va AFG2 (0,8 so véi
0,0%). Hon nira, ty 16 mau vuot qua muc cho phép dbi véi AFB1 dugc tim thay 1a
32,0% trong bép hat va 11,0% trong bap ché bién, trong khi d6i v6i tong AF, cac gia
tri nay 1an luot 1a 31,0% va 8,5%. Nhiing phat hién nay chi ra rang ca bap hat va bip
ché bién déu bi nhiém AF. Tuy nhién, bip hat d& bj nhiém AF hon so véi bip ché
bién.

biéu nay cling co thé 1y gidi do AF 1a mot chit doc hai duge san xuit bai nam,
ddc biét 1a Aspergillus flavus va Aspergillus parasiticus, trong cady nong nghiép nhu
hat bap. Nhiém nidm c6 thé xay ra ¢ hat bap ca trén dong rudng va trong qua trinh bao
quéan. Piéu kién nhiét d6 va han han 1a mot trong nhing yéu t pho bién nhit dan dén
san sinh AF trén dong rudng. Cac phuong phap khac nhau, bao gdm phan loai, lam
sach, xay xat va nau chin, c¢6 thé giup giam sy hién dién cia AF. Ngoai ra, cic quy
dinh va quy trinh kiém tra nghiém ngit 1a rat can thiét dé loai bo cac san phim bi 6

nhiém trude khi chiing tré thanh san pham bap [70].
e Sw khdc bigt vé ham lwong aflatoxin trong cdc loai bép tho

Két qua kiém dinh Independent-Samples T Test cho thay c6 su khac biét trung
binh vé ham lugng AF ddi véi cac loai bap thd, gia tri trung binh ham luong AF bap
hat trang 1a 29,4 pg/kg cao hon so véi bap hat vang 13 0,16 pg/kg.
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m Bép hat trdng twoi  m B3p hat vang kho

Hinh 3.15: So sanh ty 1¢ (%) nhiém AFBI va vuot ngudng AFBI, tong AF dbi véi
hat twoi tring va vang kho

Két qua Bang 3.23 va Hinh 3.15 cho thidy 200 mau bip hat gdm 100 mau hat
trang twoi va 100 mau hat vang kho. Két qua chi ra rang cac gidng bap trang c6 thé
dé bi nhiém AF hon vi chung c6 ty 1é nhiém cao hon dang ké (64,0%) so voi hat bép
vang kho (5,0%). Hon nita, ty 16 mau vuot qua gii han cho phép ddi voi AFBI va
téng AF 0 hat tréng cao hon déng ké (lén luot 1a 62,0% va 60,0%) so voi hat vang
(1an luot 14 5,0% va 2,0%). Piéu kién moi trudng va sy hién dién cta sau bénh c6 thé
g6p phan gay nhiém nim trong hat. Do d¢, diéu quan trong 13 phai thyc hién cac chién
luge két hop cac gidng bap khang bénh vai cac bién phap canh tac néng nghiép duoc
khuyén nghi. Bang cach do, an toan thyc pham c6 thé dugc dam bao va co thé ngin
chan su xut hién cua 6 nhiém AF trong cay luvong thuc [70; 134].

3.4.2. So sanh giita ty I¢ vuot nguwong aflatoxin Bl va téng aflatoxin

Hinh 3.16 cho théy khi sé mau dau phong, bot ot, bép nhiém téng AF vuot
mirc cho phép thi sé mau nhiém AFB1 vuot mirc quy dinh it nhat ciing twong duong
v6i s6 mau nhiém tong AF vuot mic d6. Piéu nay c6 thé két luan rang néu mot mau

bi nhiém aflatoxin vuot ngudng tong AF thi mau d6 ciing vuot ngudng AFBI.
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Hinh 3.16: Biéu do so sanh mau nhiém aflatoxin vuot ngudng cho phép giita AFB1
va tong AF véi ca hai thong s6 trong ddu phong, bot 6t va bap hat
3.4.3. Méi twong quan giiva ham lwong nhiém aflatoxin (B1, B2, G1 va G2) véi

tong aflatoxin

AFBI thuong 1a loai AF phd bién va doc hai nhét, va sy hién dién ctia n6 c6
thé gop phan dang ké vao tong AF. Mbi twong quan gitra 6 nhiém AFBI va tong AF
thuc té s& phu thudc vao sy hi¢n dién va $6 luong cta cac loai AF khac trong mau.
Mic du AFB1 thuong 14 trong tAm chinh nhung diéu quan trong can luu ¥ 13 cac AF
khac nhu AFB2, AFG1 va AFG2 ciing c6 thé c6 mat va dong gop vao ham luong
tong AF. Do d6, can phai kiém tra va phan tich toan dién dé xac dinh chinh xé4c téng

ham lugng AF [70].

Qua trinh danh gia mébi lién hé gitta ham lugng tung AFB1, AFB2, AFGI,
AFG2 va tong AF dugc thuc hién dua trén bo dit liéu gdm két qua 400 mau phan tich
AF tir ba nén mau: dau phong, bot 6t va bap hat (xem bang 3.23). Trudc khi phan
tich, dir liéu dugc xtr Iy théng ké dé loai bo sai s6 tho, dam bao do tin cay. Tiép do,

kiém tra phan phdi chuan duoc tién hanh nham dép tng cac gia dinh can thiét cho
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phan tich twong quan va hodi quy; biéu d6 Histogram cho thiy phan du phan bd ddi

xtng dang chudng gan v6i phan phdi chuan, biéu do P—P Plot xac nhan phan du c6

xu huéng tuan theo phan phdi chuin, biéu dd Scatterplot cuia phan du cho thiy su

phan bd ngiu nhién quanh tryc hoanh, dap Gng gia dinh vé tinh dong nhét phuwong

sai. Sau khi cac gia dinh dugc théa man, phan tich twrong quan Pearson dugc ap dung

dé danh gia mbi quan hé giira cac AF, hoi quy tuyén tinh da bién, v6i kiém tra da

cong tuyén thong qua hé s phong dai phuong sai VIF va kiém dinh y nghia thdng ké

béng gia tri Sig (p-value) tir kiém dinh t. Tiép theo, danh gia sy phi hop ciia mé hinh

bang cach phan tich ANOVA véi kiém dinh F dé danh gia muc d6 phu hop ciia mé

hinh héi quy va chi s6 Durbin-Watson (DW) dé kiém tra hién tuong ty twong quan

chudi bac nhat. Cubi cung, dua ra mo6 hinh dy bdo téng AF véi tung AF, cu thé mé

hinh dy béo cho tirng nén mau nhu sau:

o Nén diu phong:

Phan tich tuong quan Pearson cho théy cac bién doc lap AFB1, AFB2, AFGI,

AFG2 déu c6 su trong quan tuyén tinh voi bién phu thudc tong AF, trong d6 AFBI,

AFB2 c6 sy tuong quan manh vdi hé sb tuong quan Pearson 1a 0,998 va 0,747, con

AFG1 c¢6 su tuong quan yéu hon véi hé s6 twong quan 1a 0,583, trong khi AFG2

khong co su twong quan véi tong AF. Do vdy, s& thuc hién loai bién AFG2 dé phan

tich hoi quy.

Bang 3.28: Phan tich hdi quy hé s6 theo bién phu thudc tong AF nén dau phong

Hé s6 khong Hé sé ) ,

; Théng ké da co é

chudn hod chuin hod ong ké da cong tuyen
Mo hinh Sai i Hé s6 phong dai
B sb Beta Dung sai hﬁm psai (i/lf)

chuén p &
1 (Hang s6) |-2,274E3| 0,000 0,000 {0,000

AFBI 1,000 | 0,000 0,92510,000 0,000 0,434 2,305
AFB2 1,000 | 0,000 0,096 | 0,000 | 0,000 0,505 1,978
AFG1 1,000| 0,000 0,010]0,000]0,000 0,666 1,502




116

Két qua phan tich hdi quy theo Bang 3.28 thiy hé sb phong dai phuong sai
(VIF) 1a mét chi s6 danh gia hién tugng cong tuyén trong mo hinh hoi quy. Hé s6 VIF
cang nho, cang it kha ning xay ra da cong tuyén. Tac gia Hair va cong su [54] cho
rang, ngudng VIF tir 10 trd 1én s& xay ra da cong tuyén manh. Bang 3.28 cho thdy hé
s6 VIF cua céc bién doc lap (1,502 — 2,305) déu nho hon 10, do vy dit liéu khong vi
pham gia dinh da cong tuyén.

Gia tri Sig kiém dinh t (student) cua cac bién AFB1, AFB2, AFG1 déu < 0.05
c¢6 nghia 1a hé s6 hoi quy ciia bién AFB1, AFB2, AFG1 déu khac 0 mot cach cé y
nghia théng ké, cac bién AFB1, AFB2, AFG1 déu c6 tac dong lén bién phu thudc
tong AF.

Két qua phan tich hoi quy cho thdy AFB1 c6 tac dong manh nhét véi tong AF
(hé s 13 0,925), trong khi AFB2 va AFGI c6 tac dong rat yéu véi hé sé lan luot 1a
(0,096) va (0,01). Két qua thu dugc phuong trinh/mé hinh héi quy du bao tong AF
tr AFB1, AFB2 va AFG1 nhu sau:

Téng AF (@suphong = 0,925% AFBI + 0,096 *AFB2 + 0,010*AFG1 (3.1)

DPdnh gid tinh phit hop ciia mé hinh héi quy: Két qua phan tich ANOVA — Pau
phong bén dudi cho thiy két qua kiém dinh F dé danh gia gia thuyét sy phu hop cua
md hinh hdi quy. Gia tri sig kiém dinh F bang 0.000 < 0.05, c¢6 ¥ nghia thong ké. Do
d6, mé hinh hdi quy 1a phu hop.

ANOVA? — Diu phong

Model Sum of Squares | df | Mean Square | F Sig,
1 Regression| 2779842 556 3| 926614,185(0,0000,000°
Residual 0,000| 396 0,000
Total 2779842,556| 399

a, Dependent Variable: tong AF;
b, Predictors: (Constant), AFB1, AFG1, AFB2

Két qua tom tat mo hinh tir bang Model Summary® — dau phong cho thiy gia
tri R? hiéu chinh (adjusted R square) bang 1,00. Diéu nay khang dinh cac bién doc
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1ap (AFB1, AFB2, AFGI) giai thich dugc 100% su bién thién cua bién phu thude
téng AF, khong co cac bién ngoai mé hinh.

Ngoai ra, két qua bang Model Summary ciing dwa ra gia tri Durbin—
Watson (DW) dé danh gia hién tuong tu twong quan chudi bac nhat. Gia tri DW =
2,084 nam trong khoang 1,5 dén 2,5 nén két qua khong vi pham gia dinh tyu tuong
quan chudi bic nhit theo Yahua Qiao (2011) [106]

Model Summary® -diu phong

Model|] R |R Square | Adjusted R Square | Std, Error of the Estimate | Durbin-Watson
1 1,000° 1,000 1,000 0,00000 2,084

a, Predictors: (Constant), AFB1, AFG1, AFB2

b, Dependent Variable: tong AF

Tir cac dénh gid trén cho thdy phuong trinh hdi quy (3.1) ¢6 gia tri thong ké dé du
béo tong AF tir ndng d6 cia AFB1, AFB2 va AFGI trong mau dau phong co gia tri

thong ké tét dé du doan thuc nghiém trong vung gia tri ma thi nghiém nghién ctru.

Téng AF (d4u phong) = 0,925* AFB1 + 0,096 *AFB2 + 0,010*AFG1

e Nén bot 6t

Phan tich tuong quan Pearson cho théy cac bién doc lap AFB1, AFB2, AFGI,
AFG2 déu c6 su trong quan tuyén tinh voi bién phu thudc tong AF, trong d6 AFBI,
AFB2 c6 sy turong quan manh voi hé sb tuong quan Pearson 1a 0,998 va 0,807, con
AFG1, AFG2 ¢c6 su tuong quan yéu hon voi hé sé twong quan 13 0,413 va 0. Do vay,

s& str dung day du cac bién nay dé phan tich hdi quy.
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Bang 3.29: Phan tich h6i quy hé s theo bién phu thudc tong AF nén bot 6t

Hé s6 khong He 50 Théng ké da cong
, chuan £
chuan hoé hod tuyén
Mo hinh t Sig, -
. Heé s6 pho
Sai s0 Dung G.SOP ong
B chuin Beta sai dai phuong
" sai (VIF)
1 (Hang s6) |-2,165E"° 0,000 0,000 | 0,000
AFBI 1,000 0,000 0,931 0,000] 0,000 0,345 2,900
AFB2 1,000 0,000 0,061| 0,000 ( 0,000 0,369 2,712
AFGl 1,000 0,000 0,051 0,000] 0,000 0,755 1,324
AFG2 1,000 0,000 0,001 { 0,000] 0,000 0,848 1,179

Két qua phan tich hdi quy theo Bang 3.29 cho thiy hé sb phéng dai phuong
sai (VIF) 1a mot chi s6 danh gia hién tugng cong tuyén trong mé hinh hdi quy. Hé sb
VIF cang nho, cang it kha ning xay ra da cong tuyén. Tac gia Hair va cong su [54]
cho rang, ngudng VIF tir 10 tré 1én s& xay ra da cong tuyén manh. Bang 3.29 cho
thiy hé sd VIF cua cac bién doc 1ap (1,179 — 2,900) déu nho hon 10, do vay dir liéu
khong vi pham gia dinh da cong tuyén.

Gia tri Sig kiém dinh t (student) cua cac bién AFB1, AFB2, AFG1, AFG2 déu
16n hon 0,05 ¢6 nghia 1a hé s6 hdi quy cta bién AFB1, AFB2, AFG1, AFG2 déu khéc
0 mdt cach c6 y nghia thdng ké, cac bién AFB1, AFB2, AFG1, AFG2 déu c6 tac dong
1én bién phy thudc tong AF.

Két qua phan tich hoi quy cho thdy AFB1 c6 tac dong manh nhét véi tong AF
(hé s6 12 0,931), trong khi AFB2, AFG1 va AFG2 c6 tac dong rat yéu voi hé s6 lan
luot 14 (0,061), (0,051) va (0,001). Két qua thu duoc phuong trinh/mé hinh hdi quy
du bao téng AF tir AFB1, AFB2, AFG1 va AFG2 nhu sau:

Toéng AFpic oy = 0,931% AFB1 + 0,061 “AFB2 + 0,051*AFG1 + 0,001* AFG2 (3.2)

Pdnh gid tinh phi hop ciia mé hinh hoi quy: Két qua phan tich ANOVA — bot
6t cho thiy két qua kiém dinh F dé danh gia gia thuyét sy pht hop ctia mé hinh hoi
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quy. Gi4 trj sig kiém dinh F bang 0.000 < 0,05, c¢6 ¥ nghia thong ké. Do d6, mé hinh

héi quy 14 phu hop.
ANOVA? — Bjt 6t
Model Sum of Squares | df [Mean Square| F Sig,
1 Regression 91155,414| 4| 22788,853|0,000|0,000°
Residual 0,000|395 0,000
Total 91155,4141399

a, Dependent Variable: tong AF;
b, Predictors: (Constant), AFG2, AFB1, AFG1, AFB2

Két qua tom tit mo hinh tir bang Model Summary® — bot 6t cho thiy gia tri R2
hiéu chinh (adjusted R square) bang 1,00. Piéu nay khang dinh cac bién doc lap
(AFB1, AFB2, AFG1, AFG2) giai thich dugc 100% su bién thién cuia bién phuy thudc
téng AF, khong co cac bién ngoai mé hinh.

Ngoai ra, két qua bang Model Summary ciing dua ra gia tri Durbin—
Watson (DW) dé danh gia hién tuong ty twong quan chudi bac nhét. Gia tri DW =
1,780 nam trong khoang 1,5 dén 2,5 nén két qua khong vi pham gia dinh ty tuong
quan chudi bac nhat theo Yahua Qiao (2011) [106].

Model Summary® — Bot ¢t

R Adjusted R Std, Error of the Durbin-
Model|] R Square Square Estimate Watson
1 1,000* 1,000 1,000 0,00000 1,780

a, Predictors: (Constant), AFG2, AFBI1, AFG1, AFB2;

b, Dependent Variable: tbng AF

Tir cac danh gid trén cho thay phuong trinh hdi quy (3.2) c6 gia tri théng ké dé du
béo tong AF tir ndng d6 ciia AFB1, AFG1 va AFG2 trong mau 6t bot co gia tri thong
ké tot dé du doan thyc nghiém trong ving gia tri ma thi nghiém nghién ctru.

Téng AF (bot 6t) = 0,931* AFB1 + 0,061 *AFB2 + 0,051*AFG1 + 0,001* AFG2

e Nén bip

Phan tich tuong quan Pearson cho théy cac bién doc lap AFB1, AFB2, AFGI,
AFG2 déu c6 su tuong quan tuyén tinh vé6i bién phu thudce téng AF, trong d6 AFBI,
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AFB2 c6 sy twong quan manh voi hé sb tuong quan Pearson 1a 1,000 va 0,949, con
AFG] c6 su tuong quan yéu hon véi hé sb trong quan 1a 0,360; trong khi AFG2 véi
hé s6 turong quan 0,036 va nhung gia tri Sig. (2-tailed) = 0,468 16n hon 0,05 khong
c¢6 ¥ nghia théng ké nén AFG2 khéng c6 su twong quan vé6i tong AF. Do vay, s& thuc
hién loai bién AFG2 dé phan tich hoi quy.

Bang 3.30: Phan tich hdi quy hé s theo bién phu thudc tong AF nén bip hat

A A LRA Hé s6 ,
H¢ s6 khong ¢ fo Thong ké da cong
. ) chuan tuvén
chuan hoa hod y
Mo hinh t Sig, -
‘ Heé so6 pho
Sai s0 Dung e-so phong
B chudn Beta sai dai phuong
" sai (VIF)
(Hang s6) | -0,001 | 0,001 -1,000 | 0,318
AFBI 1,000 0,000 0,924 |13542,266( 0,000 | 0,116 8,628
AFB2 0,999 0,001 0,076 | 1093,676 | 0,000 | 0,113 8,870
AFGl1 1,022 0,002 0,014 569,658 | 0,000 | 0,857 1,167

Két qua phan tich hoi quy theo Bang 3.30 thdy hé sé phong dai phuong sai
(VIF) 1a mét chi s6 danh gia hién tugng cong tuyén trong mo hinh hoi quy. Hé s6 VIF
cang nho, cang it kha ning xay ra da cong tuyén. Tac gia Hair va cong su [54] cho
rang, ngudng VIF tir 10 trd 1én s& xay ra da cong tuyén manh. Bang 3.30 cho thdy hé
s6 VIF cua céac bién doc lap (1,167 — 8,870) déu nho hon 10, do vy dit liéu khong vi
pham gia dinh da cong tuyén.

Gia tri Sig kiém dinh t (student) cua cac bién AFB1, AFB2, AFG1 déu < 0.05
c6 nghia 1a hé s6 hoi quy ciia bién AFB1, AFB2, AFG1 déu khac 0 mot cach co y
nghia théng ké, cac bién AFB1, AFB2, AFG1 déu c6 tac dong lén bién phu thudc
tong AF.

Két qua phan tich hdi quy cho thidy AFBI c6 tic dong manh nhét véi tong AF
(hé s 13 0,924), trong khi AFB2 va AFG1 c6 tac dong rat yéu véi hé sé lan luot 1a
(0,076) va (0,014). Két qua thu dugc phuong trinh/mé hinh hdi quy dy béo tong AF
tir AFB1, AFB2 va AFG1 nhu sau:
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Tong AF (bip nay = 0,924% AFB1 + 0,076 *AFB2 + 0,014*AFG1 (3.3)

Pdnh gid tinh phit hop ciia mé hinh hoi quy: Két qua phan tich ANOVA —
bép hat cho thay két qua kiém dinh F dé d4nh gia gia thuyét sy pht hop ctia md hinh
hdi quy. Gia tri sig kiém dinh F bang 0,000 < 0,05, c¢6 ¥ nghia théng ké. Do d6, mé
hinh hdi quy 1a phu hop.

ANOVA? — bip hat
Model Sum of Squares | df | Mean Square F Sig,
I Regression | 462926,753| 3| 154308,918|618402809,575 0,000°

Residual 0,099 396 0,000
Total 462926,852 399

a, Dependent Variable: téng AF; b, Predictors: (Constant), AFB1, AFG1, AFB2

Két qua tom tat md hinh tir bang Model Summary® — bép hat cho thiy gia tri
R? hiéu chinh (adjusted R square) bang 1,00. Diéu nay khang dinh cac bién doc lap
(AFB1, AFB2, AFG1) giai thich duoc 100% su bién thién cta bién phu thudc téng
AF, khong c6 céc bién ngoai mé hinh,

Ngoai ra, két qua bang Model Summary ciing dwa ra gia tri Durbin—
Watson (DW) dé danh gia hién tugng tu twong quan chudi bac nhat. Gia tri DW =
1,892 nam trong khoang 1,5 dén 2,5 nén két qua khong vi pham gia dinh tu tuong
quan chudi bic nhit theo Yahua Qiao (2011) [106]

Model Summary® — bip hat

R Adjusted R Std, Error of the
Model R [ Square Square Estimate Durbin-Watson

1 1,000% | 1,000 1,000 0,01580 1,892

a, Predictors: (Constant), AFB1, AFG1, AFB2;

b, Dependent Variable: tdng AF

Tir cac dénh gid trén cho thdy phuong trinh hdi quy (3.3) ¢6 gia tri thong ké dé du
béo tong AF tir nong d6 cia AFB1, AFB2 va AFG1 trong miu bép hat ¢ gia tri théng

ké tot dé du doan thyc nghiém trong ving gia tri ma thi nghiém nghién ciru.

Téng AF (bip hat) = 0,924* AFB1 + 0,076 *AFB2 + 0,014*AFG1
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3.4.4. Moi twong quan giita ham lwong nhiém aflatoxin B1 va tong aflatoxin

Tir két qua trinh bay mbi twong quan giira cac AFB1; AFB2; AFG1; AFG2
v6i tong AF, cho thdy AFBI1 c6 tac dong manh nhat véi tong AF (hé sd > 0,92) trén
ca 3 nén mau dau phdng, bot 6t, bép & muc 3.4.3. M6 hinh hdi quy tuyén tinh logarit
duoc thyc hién theo bién y (Log(tong AF) va x (Log(AFBI1), ca 2 bién x, y déu duoc
chuyén ddi bang Logarit dua trén cac gia tri ham luong AFB1 va téng AF c6 sin
trong ba nén miu d4anh gia hé s6 twong quan R2 va ngoai suy két qua gittra AFB1 va

tong AF tir duong tuyén tinh [67]

Nén bt ot e p g
Bau phéng ) ’ Nén bap

. 1.019x+ 0.0176
3 y=1.019%+ 0.
s y=L0UEce 0056 o R-091 ¢
R2=0.9987 ‘ '

3
| y=1.0167x+0.0205
R?=0.9987

Log (t8ng AF)
-
Log (téng AF)
Log (t&ng AF)

g 5
5 5
i
1 g -D=D 05 1 15 2 25 3 -1.0000 usn/uu' 0000 05000 10000 15000 20000 25000 - -05
5 05
05

B ) 1 Log (AFB1)
Log (AFB1) Log (AFB1)

Hinh 3.17: Mdi twong quan giita ham lugng 6 nhiém AFBI va tong s6 AF ddi véi

nén dau phong, bot &t va bép

Nhu dugce mé ta trong Hinh 3.17, hé sé twong quan (R?) gitta Log(AFB1) va
Log(tong AF) cao dang ké va nhat quan trén ca ba nén mau, vai gia tri R? bang hoic
16n hon 0,99 [135]. Cu thé, hé s6 R? cta bot 6t, dau phong va bap 1an luot 14 0,9941;
0,9987 va 0,9987. Nhiing sb liéu nay cho thdy méi quan hé chit ché gitra ham luong
AFBI di biét trong mot mau va téng ham luong AF duoc ngoai suy (tong ciia AFBI,
AFB2, AFG1, AFG2) nhu duoc biéu thi bang dudng tuyén tinh trong Hinh 3.18. Piéu
nay cho thiy rang cac nén miu khac nhau c6 thé biéu thi cac mirc khac nhau 6 nhidm
tung loai doc to (AFB1, AFB2, AFGI1 va AFG2) dugc tao ra boi cac chung nim
Aspergillus cu thé [9]. Mtrc d6 6 nhiém c6 thé bi anh huéng béi cac yéu td nhu loai

san pham, diéu kién méi trudng va chung Aspergillus cu thé [9; 93]
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Bang 3.31: Két qua vé nong do AFB1 va tong AF tir chuong trinh thanh thao va

ngoai suy ndng do tong AF tir dudng chuin nén bip.

chuong trinh

Néng do . . Néng d6 tdng AF Su khac Z-
Ma phong thi Nong d¢ tong ] i Phuong
AFBI ngoai suy tir Log biét score
nghi¢m AF (ng/kg) phap
(ng/kg) (AFBI) (ng/kg) (%D)
21411AF-234 20,9 25,8 23,0 10,7 -1,30 | HPLC-FD
21411AF-51 22,6 27,7 25,0 9,7 -1,03 | HPLC-FD
21411AF-29 25,4 31,0 28,1 9,3 -0,59 | HPLC-FD
21411AF-522 26,0 31,4 28,8 8,3 -0,49 | HPLC-FD
21411AF-503 24,6 30,3 27,1 10,4 -0,72 | HPLC-FD
HPLC-
21411AF-24 24,5 30,0 27,1 9,7 -0,74
MS/MS
HPLC-
21411AF-33 23,0 28,0 254 9,3 -0,97
MS/MS
HPLC-
21411AF-465 25,4 29,4 28,1 44 -0,59
MS/MS
HPLC-
21411AF-482 31,9 37,3 354 5,0 0,44
MS/MS
Két qua
26,3 32,3 29,1 10,0 -0,45

Bang 3.31 cung cip cai nhin tong quan vé mdi twong quan giita AFBI1 va tong

AF, trinh bay két qua thu duoc tir mot sé phong thi nghiém tham gia chwong trinh thir
nghi¢m thanh thao (CSSMY021 — M21411AF) vao thang 12 nam 2021 [115]. Ma
kiém tra ctia chuong trinh nay 1a 21411AF-234. Bang ndy so sanh cac két qua trong

phong thi nghiém vé ndng d6 tong AF dugc ngoai suy tir nong d6 AFB1 d3 biét bang

cach sir dung ham Trend cta duong chudn duogc trinh bay trong Hinh 3.17. Mic du

st dung cac phuong phép va ky thuat phan tich khac nhau nhu HPLC-FD va HPLC-

MS/MS, két qua van phu hop, dua vao su khac biét phan tram (%D) giita tong AF

dugc do trong phong thi nghiém va cac gia tri ngoai suy dua trén mdi twong quan

gitta Log (AFB1) va Log (t6ng AF) thu dugc tir dudng tuyén tinh nén bép trong




124

Hinh 3.18. Phan trim sai biét dao dong tir 3,8% dén 10,7%, dap ng céc tiéu chi chap
nhan néu trong ICH - M10 cua Hoi nghi Qudc té vé Hai hoa trong hoa hoc [61], trong
d6 quy dinh %D khong duoc vuot qua 20%, phan trim (%D) dugc xac dinh bang
cong thure sau:

% D = [(Gi4 tr1 ngoai suy — Gia tri thuc) x100/Gid tri thuc]

- Gia tri ngoai suy: nong d6 tong AF thu duoc tir phép ngoai suy dudng chuin
khi biét ndng d6 AFB1 cua phong thi nghiém.

- Gia tri thuc: ndng do tong AF thu dugc tir phong thi nghiém.

Phuong phéap nay dam bao két qua chinh xac trong gi6i han chip nhan dugc.
Nhitng phat hién nay c6 gia tri & dy doan ndng do tong AF va AFB1 khi biét ham
lvong AFB1 hoic tong AF.

Ngoai ra, phuong phap sic ky 16ng hiéu ning cao véi phat hién huynh quang
(HPLC-FD) hoic sic ky long hiéu ning cao véi phuong phap khéi phd (HPLC-
MS/MS), x4c dinh mdi chat, cy thé 1a AFB1, AFB2, AFG1, AFG2 va tong AF. Nong
d6 cua tong AF trong Bang 3.31 duoc ngoai suy tir két qua cua dudng chuin, diém
Z-score, biéu thi do 1éch gitra két qua va do léch chuin muc tiéu (opt), sau do6 dugc
tinh toan. Tinh toan nay rat quan trong trong viéc danh gia sy phi hop ctia chuong
trinh thr nghiém thanh thao. Piém Z-score dao dong tur -1,30 dén 0,44.

Piém Z-score dugc tinh bang cong thic [34]:

Diém Z-score = (xi — xpt)/ opt

« xi thé hién két qua ciia phong thi nghiém

* xpt 1a gia tri dugc gan tu chuong trinh

« opt 1 d6 1éch chuan chuong trinh
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Bang 3.32: Két qua vé nong do AFB1 tir chuong trinh thir nghiém thanh thao va

ngoai suy ndng do tong AF tir dudng chudn nén bip

Ma phong thi Néng do Néng do téng Néng do téng AF ngoai suy Z- Phuong
nghiém AFBI (pg/kg) AF (ng/kg) tr Log (AFB1) (ng/kg) score phap
21411AF-005 19,9 - 21,9 -1,46 Elisa
21411AF-010 27,3 - 30,2 -0,29 Elisa
21411AF-013 24,9 - 27,5 -0,67 Elisa
21411AF-026 28,6 - 31,7 -0,08 Elisa
21411AF-089 23,7 - 26,2 -0,86 LFD

(-): Khong cung cép; LFD: Thiét bi dong chay bén, Chuong trinh thanh thao véi AF: x, = 32,28; 6, = 7,12 [115]
Bang 3.33: Két qua vé nong do tong AF tir chuong trinh thanh thao va ngoai suy

ndéng do AFBI1 tir dwong chuan nén bip

Ma phong thi Nbng d6 tong Nbng d6 Nong d6 AFBI1 ngoai suy tir Z- Phuong
nghiém AF (pg/kg) AFBI (pg/kg) Log (t5ng AF) (ng/kg) score phap
21411AF-007 28,3 - 25,5 -0,13 Elisa
21411AF-008 37,8 - 33,9 1,32 Elisa
21411AF-009 33,3 - 30,0 0,64 LFD
21411AF-016 33,0 - 29,7 0,59 Elisa

(-): Khong cung cép; LFD: Thiét bi dong chay bén, Chuong trinh thanh thao AFB1: X, = 26,27; 6, = 5,78 [115]

Mot s6 két qua cia AFB1 va tong AF thu dugc bang phuong phap thir nghiém
mién dich hap thu lién két v6i enzyme (ELISA) va thiét bi dong chay bén, nhu dugc
trinh bay trong Bang 3.32 va 3.33. Cac phuong phép nay chi xac dinh nong d6 AFB1
hodc tong AF ma khong dinh luong dong thoi AFBI va téng AF. Sau d6, ndng do
cua téng AF hodc AFBI c¢6 thé duoge ngoai suy dua trén duong chuén. Diém Z-score
turong tng nam trong khoang tir -1,46 dén -0,08 (ddi v6i ndng do tdng AF duoc tinh
toan) va tir -0,13 dén 1,32 (d6i voi ndong 46 AFB1 duoc tinh toan).

Tat ca cac két qua diém Z-score déu bat nguon tir nong dé ngoai suy va ching

dap mg tiéu chi chip nhan vé sai s6 diém Z trong khoang tir +2 dén -2 [115]. Nhiing
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phat hién nay xac nhan do tin ciy ctia phuong trinh duoc str dung dé ngoai suy két

qué tong AF tir két qua AFB1 va nguoc lai, ciing ¢6 do tin cdy khoa hoc cta né.

Diéu nay cling dung cho 2 nén con lai bang cach kiém tra két qua so sanh lién
phong. Theo két qua Bang 3.18 cho thdy nén bot 6t véi AFBI (10,3 pg/kg); AFB2
(0,54 pg/kg); AFG1 (2,26 ug/kg); AFG2 (0 pg/kg), tong AF = AFBI + AFB2 +
AFG1 + AFG2 = 13,1 pg/kg. Két qua ngoai suy tong AF tir AFB1 cua duong chuan
tuyén tinh y = 1,019X + 0,0176 & Hinh 3.17 v&i hé s6 hdi qui R2 =0,9941 1 11,2
pg/kg, tuong img do sai biét %D = 14,4%.

Dbi v6i nén dau phong, két qua Bang 3.19 cho thdy AFB1 (4,14 pg/kg); AFB2
(0,54 ng/kg); AFG1 (0 pg/kg); AFG2 (0 pg/kg), tong AF = AFBI1 + AFB2 + AFG1
+ AFG2 = 4,68 pg/kg. Két qua ngoai suy tong AF tir AFB1 ctia duong chuén tuyén
tinh y=1,0178X + 0,0256 & Hinh 3.17 véi hé s6 hdi qui R2 =0,9987 13 4,50 pg/ke,
tuong ung do sai biét %D = 3,8%.

Tém lai, nghién ctru d3 dwa ra mé hinh du bao mdi twong quan gitta AFB1 va
téng AF trong cac nén mau ddu phong, bot 6t, bip hat c6 tinh tmg dung cao, gitip cac
phong thi nghiém va doanh nghiép du doan ham luong téng AF dua trén AFB1 va

nguoc lai, ho trg cong tac kiém soat chat lugng va an toan thyc phém.

3.4.5. Ddnh gid rii ro phoi nhiém cia aflatoxin Bl qua viéc tiéu thu ddu phéng,
bét 6t , nho khé va bép hat

3.4.5.1. Banh gia mirc tiéu thu hang ngay

Trung binh mtrc tiéu thu dau phong 14 0,01493 kg/ngay/ngudi va bap hat ding
trong thuc pham 13 0,02219 kg/ngay/ngudi cao gap hon 50 lan so véi muc tiéu thy
ctia bot 6t va nho kho (0,00029 va 0,00030 kg/ngudi/ngay). Gia tri ndy cho thiy hai
san pham bot 6t va nho kho chi 1a thyc pham phy trong thuc don hang ngay cta nguoi
dan Viét Nam.
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3.4.5.2. Pdnh gid rii ro gy ung thir qua liéu phoi nhiém hang ngay EDI

Dua vao két qua ham luong doc t& nAm mdc trong thuc phim va luong tiéu
thu thyc phdm hang ngay, liéu luong tiép xtc doc t6 nAm mdc AFB1, dugc tinh toan
cho tig thé trang giy, binh thudong va thira can d6i véi nam va nit trudng thanh.

Trong nghién ciru nay, gi4 tri LB trung binh dugc sir dung dbi v6i cac loai mau
cé ti 1€ phat hién trén LOQ, cu thé LB trung binh dau phong, bép hat, bot 6t 1an luot
1a 18,5; 7,60; 7,73 ng/kg va UB cho cac mau khong phat hién doc t6 AFBI trong
mAu, trong trudng hp nay 1a nho khé véi UB trung binh 13 0,1 pg/kg.



13

3

3

3

10°0 00008 a3 6LSETS L10 2000 890°0 00000°0 816 o028 0£000°0 010
“ n “ A “ n A n . (007=1)
10°0 00008 a3 806Tt€ L1 £00°0 890°0 00000°0 €19 Suony) yuig 0£000°0 010 | oon
10°0 00008 a3 LLLILT L1°0 $00°0 890°0 00000°0 9’8y Ago 0£000°0 010
8€°0 00008 a3 120L L10 L1°0 890°0 20000°0 816 098 62000°0 €L°L
n , n h h “ “ h . (007=1)
LSO 00008 a3 8899 L1°0 70 890°0 $0000°0 €19 Suony yuig 62000°0 €L°L o 156
1L°0 00008 a3 S1LE L1 1€°0 890°0 $0000°0 9'8y Ago 620000 €L°L
L'8T 00008 a3 96 L10 STl 890°0 $8100°0 816 028 612200 09°'L
n , “ n . h “ “ h . (007=1)
0y 00008 a3 819 L1°0 L'81 890°0 $L200°0 €19 Suony yuig 612200 09°'L s
TS 00008 a3 06k L1°0 9T 890°0 LYE00°0 9'8h Ago 612200 09°'L
0Ly 00008 a3 9°9g L10 0z 890°0 10£00°0 816 098 £6510°0 $'81
(00t=1)
€0L 00008 a3 8'LE L1°0 9°0€ 890°0 0S100°0 €19 Sueny) yuig £6510°0 $'81 Buoyd
$'g1 nea
€01 00008 a3 667 L1 9'g€ 890°0 89500°0 9'8y Ago £6710°0
ugTo (Ke3uy (e ny (ronSuyur'q
‘ BIU/M
H ogyo | mqBy/Bn) 0N e (wigu/rQn5u Bun ke | (KeSu/By/An) ) (AeSujonsu/dy) | GVAY
wory Anfu | Suoyy lgav | wouiogd | PVET ] 0007001 U2B UUR) | gypy (1aa) yuiq Suny quiq ®
oSO | OSeH | emoosal | opuord | OVIQNE |  9S ugpormy ey | wouuioyd | SuonjSuosy | Suengyr | Sunn Ay nononi | €AV

ueod eny} eA Suony) yuiq ‘Aes 3uen 9y

0ay) yuey) Suony weu on3u o ug ugyd neyy enb [gV end AgSu Suey yup oon wgryu royd Suong ¢ ¢ Suey

8CI




10°0 0000$ ¢ 86£€HY L1°0 £00°0 890°0 00000°0 £6L 02g 0£000°0 10
10°0 0000S Tt 9v0967 L1°0 £00°0 890°0 00000°0 6TS Suony yuig 0£000°0 10 (00%=u) o OYN
10°0 0000S (4 PP9TET L1°0 $00°0 890°0 00000°0 0Ty I87) 0£000°0 10
0 0000S (4 7909 L1°0 61°0 890°0 £0000°0 €6L 09g 620000 €LL
99°0 0000S T¢ LYOY L1°0 67°0 890°0 £0000°0 6TS Suony yuig 620000 €LL (007=u) 19109
£€8°0 0000S (4 80T€¢ L1°0 9¢°0 890°0 $0000°0 0Ty I87) 620000 €LL
8°cE 0000S Tt 6°6L L1°0 Sl 890°0 €1200°0 €6L 09g 612200 09°L
86 0000S ¢ v'es L1°0 L1T 890°0 61€00°0 6°CS Suonyy quig 612200 09°L (00p=u) deg
879 0000S (4 € L1°0 €L 890°0 207000 0Ty I87) 612200 09°L
e 0000$ T¢ 8°8Y L1°0 L'€T 890°0 8¥£00°0 €6L 09g £6v10°0 $81
n n ) “ “ k n “ , n (00r=1)
S8 0000S (4 9T L1°0 g'se 890°0 12500°0 6CS Suony quig €6v10°0 S8l .
Sugyd ne@
€01 00008 a3 8'5T L1°0 Ltb 890°0 85900°0 0Ty Ago £6110°0 S8l
ugyo (Ke3uy HOW ny) (tonSu/w‘q
[HwQIy | oeyo | mqSyAd) | woru (KeSuy (wgu/1on3u Sun 3 | (AeSu/3y/3M) 3y) (AeSu/1on3u/3y)
Angu SuQty 194V toyd Mq3y/EM) | 000001 Uen yun) | Sugu (taa) yuiq Suny yuiq Suny (8v/81)
oSID | 9S9H | emoOgAL | opuolg | OVIANG 0s ugp o1 10y ey wrqu toyq | SuonSudil | Suen ur figy nen AN Q@ 194V

ued eny) ea 3uony) yuiq ‘Ae3 Suen QUi

6¢C1

oay} yueyy Suony nu ron3u o ug ugyd neyy enb gV eno Ae3u Suey yun don wrqu royd Juon :g¢*¢ sueq




130

Két qua Bang 3.34 va 3.35 cho thay : P6i v6i ngudi nam va nit theo thé trang
giy, binh thuong va thira can, lidu phoi nhiém trung binh véi AFB1 ¢ dau phong 1a
cao nhét (ni: 0,00348 — 0,00658 va nam: 0,00301 — 0,00568 pg/kg/ngay), ké dén la
bép hat (nit: 0,00213 — 0,00402 va nam: 0,00184 — 0,00347 pg/kg/ngay), bot 6t (ni:
0,00003 — 0,00005 va nam: 0,00002 — 0,00005 pg/kg/ngay) va nho kho véi liéu phoi
nhiém trung binh qua nho, kém thém chi sé nguy hiém HI < 1 nén khong giy nguy

hiém cho suc khoé cong dong.

Theo két qua trinh bay & Hinh 3.11, ty 16 miu nhiém AF trong bot 6t 1a cao
nhét (56,41%), tiép theo 1a dau phong (23,08%), bap hat (20,51%). Tuy nhién, liéu
phoi nhiém trung binh bot 6t thap nhét, ké dén bap hat va dau phong, diéu nay dugc
ly giai nhu sau: So sanh bot ot va bap hat, LB trung binh AFB1 gan bang nhau 7,73
ng/kg (bot 6t) va 7,60 pg/kg ( bap hat), nhung miec tiéu thu bot 6t thap hon gan 100
1an so voi murc tiéu thu bip hat nén lidu trung binh phoi nhiém bot 6t thap hon bép
hat. Con mirc tiéu thu ddu phong (0,001493 kg/ngudi/ngay) khong thap hon nhiéu so
v6i bap hat (0,002219 kg/ngudi/ngay), tuy nhién LB cua AFB1 ciia dau phong (18,5
ng/kg) cao hon gip 2 1an so véi bap hat (7,60 pg/kg). Didu nay dan dén lidu phoi
nhiém AFBI1 ctia ddu phong cao hon bap hat.

Nguy co ung thu cia AFB1 di v6i ngudi nam va nit trudng thanh tuy theo
thé trang theo thlr ty tr cao xuéng thép, cu thé nhu sau: dau phdng (ntr: 23,7 — 44,7
va nam: 20,4 — 38,6 truong hop ung thu trén 100,000 nguoi mdi nam), ké dén 1a bap
hat (nit: 14,4 — 27,3 vanam: 12,5 — 23,6 truong hop ung thu trén 100,000 ngudi moi
nam), bot 6t (ntr: 0,19 — 0,36 va nam: 0,16 — 0,31 trudong hop ung thu trén 100,000
ngudi mdi ndm) tuy theo thé trang. Két qua nay cho thiy nguy co ung thu tir khau
phan 4n bi nhidm AFB1 d6i voi ngudi nir cao hon nam trong trudng hop phoi nhidm
cung thé trang va dong thoi két qua cho thdy ngudi co thé trang gy yéu nguy co ung
thu gy ra do nhiém AFBI1 sé& cao nhét, ké dén 1a ngudi binh thudng va cudi cing 1a

nguoi thura can ( Hinh 3.18).
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Hinh 3.18: Biéu d so sanh rui ro dan sé (tinh trén 100,000 ngudi/nam) nguy co ung thu
qua khau phan in nhiém AFBI giita nam va nir ¢ thé trang giy, binh thuong va béo phi.

Két qua nghién ctru nay pht hop v6i cac nghién ctru khéc tai mién Bac Viét
Nam, véi rii ro ghi nhan dbi v6i nguoi truong thanh (tr 0,23 — 0,29 trudng
hop/100,000 nguoi/ndm & Ha Noi; 0,65 dén 1,28 ca & Thanh Ho4, va rui ro tai Ha
Giang tur 14,3 — 21,0 truong hop) [39], va nghién ctru tai Indonesia véi rui ro tur 0,1
dén 35 ca 100,000 ngudi/nam [99]. Ngoai ra, két qua nay van thip hon nghién ctru
rti ro dan sé & mot sé nude Chau Phi ( tir 0,1 — 2,4 truong hop & Gambia; 33,1 ¢
Tanzania; 8,7 ¢ Benin; 11 — 29,2 & Kenya; cho dén Ghana cao nhit 70,1 truong hop)
[120]. Nhitng khac biét nay 1am ndi bat mirc d6 phoi nhiém aflatoxin va thoi quen in
udng khac nhau giira cac khu vuc, nhdn manh nhu cdu danh gia rui ro cuc bd va can
thiép c6 muc tiéu dé giam thiéu tic dong cta phoi nhiém AFBI1 d6i véi sirc khoé
[120].
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3.4.5.3. Pdnh gid bién dg phoi nhiém MOE va chi sé nguy hiém HI

Két qua Bang 3.34 va 3.35 cho thiy cac gia tri MOE ddi voi phoi nhiém AFB1
ddi v&i nam va ni truéng thanh qua khau ph?m an dau phong, bép, bot ot, nho kho

dugc chia thanh 2 nhom nho theo khuyén nghi cia MOE nhu sau:

Nhom nguy co: MOE thap hon 10000 bao gom dau phong (nit: 25,8 — 48,8
vanam: 29,9 — 56,6 tuy theo thé trang), twong tmg chi s6 nguy hiém HI theo d6 nguy
hiém ting dan (nit: 103 — 54,4 va nam: 88,7 — 46,9 tuy theo thé trang) va bap hat (
nit: 42,3 — 79,9 va nam: 49,0 — 92,6 tuy theo thé trang), twong tng chi sé nguy hiém
HI theo d6 nguy hiém ting dan (nit: 62,8 — 33,8 va nam: 54,2 — 28,7 tuy theo thé
trang). Nhirng két qua nay cho thay ca déu phong va bap hat déu gay ra rui ro strc
kho¢ dang ké do gia tri MOE thdp hon 10000 va chi sé HI cao hon 1, tuy thudc vao
trong luong co thé. Diéu nay nhin manh sy can thiét phai co cac chién luoc giam sat

va quan 1y rii ro chit ch& ddi véi cac miat hang thyc pham nay.

Bot 6t, mac du dugce phan loai vao nhom rui ro cao dya trén cac gia tri MOE (
nit: 3208 — 6062 va nam: 3715 — 7021 tuy theo thé trang), twong Gmg chi s6 nguy
hiém HI theo d6 nguy hiém ting dan (nir: 0,83 — 0,44 va nam: 0,71 — 0,38 tuy theo
thé trang). Diéu nay cho thay rang trong khi bot 6t bi nhiém AFB1 cao nhét, nhung
ty 1¢ tiéu thu thap lam giam thiéu rui ro chung, nén bot 6t dugc xép vao nhom rii ro
thap hon mic du gia tri MOE dudi 10000. Tuy nhién, néu mirc tiéu thu trung binh
cao hon 0,0038 kg/ngudi/ngay, dic biét 1a ¢ nhitng ngudi dudi 42 kg c6 thé cd nguy

co ung thu cho thay can phai co cac bién phap tiéu thu co y thic.

Nhoém it nguy co: Nho khé thudc nhoém rui ro thap, véi MOE cao hon 10000 (
nit: 234645 — 443398 va nam: 271776 — 513579 tuy theo thé trang), tuong tng chi sb
nguy hiém HI theo d6 nguy hiém cho ca nam va nit theo thé trang 1a 0,01. Diéu nay
cho thiy rui ro khong dang ké d6i véi strc khoé cong dong va phu hop véi mire phoi
nhiém AFB1 tdi thiéu lién quan dén viéc tiéu thu nho kho, phan anh tinh an toan cua

loai thuc phim nay vé mit rai ro ung thu lién quan dén AFB1.
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KET LUAN

Qua qua trinh nghién ctru, luan an da hoan thanh muc tiéu dé ra va thu dugc

cac két qua nhu sau:

- Pa nghién ciru va phat trién quy trinh phan tich dong thoi aflatoxin (B1, B2,
G1 va G2) trong ddu phong, bot 6t, nho kho va bip hat bang thiét bi sic ky 1ong siéu
hiéu niang dau do huynh quang (UPLC-FD), khong dan xuét. Quy trinh ndy 13 mot
budc tién mdi so v6i cac phuong phap trude day nho cac vu diém vuot troi: tiét kiém
thoi gian, gidm dung moi, than thién moi truong, bao v¢ strc khde, quy trinh xur ly
mau don gian, d6 nhay cao (LOD 0,1 pg/kg, LOQ 0,3 ng/kg), dap tng quy dinh qubc

té va trong nudc, dé trién khai trong phong thi nghiém.

- Nghién ctru di x4c dinh 1an dau tién ty 1& nhiém aflatoxin trong cac mau thuc
phém tai Viét Nam va xay dung md hinh dy bao téng aflatoxin dua trén aflatoxin B1.
Két qua khao sat cho thay bot 6t c6 ty 16 nhiém aflatoxin cao nhét (56,41%), tiép theo
1a dau phong (23,08%) va bap hat (20,51%), trong khi nho kho khong phat hién nhiém
aflatoxin (0%). Pang cha ¥, nghién ctru di chirmg minh méi twong quan chit ché giira
aflatoxin B1 va téng aflatoxin trong ca ba nén miu (dau phong, bot 6t, bép hat), véi
cac md hinh du béo tuyén tinh c6 hé sé twong quan R2 cao (> 0,9941), gitip kiém soat

va du bao nguy co nhiém aflatoxin trong thuc pham.

- Nghién ctru di wéc tinh mirc d6 phoi nhiém aflatoxin B1 trong khau phan in
hang ngay cho ba thé trang (giy, binh thudng, thira cn) cia ngudi trudng thanh. Két
qua cho thidy mirc d6 phoi nhiém aflatoxin B1 c¢6 mbi lién hé v6i nguy co ung thu,
trong d6 nhom nguodi gy véi nguy co cao nhat (38,6 ca/100.000 nam va 44,7
¢a/100.000 nir). Phu nit va ngudi gdy dic biét d& bi tén thwong, can cac bién phap
phong ngtra phu hop. Dau phong va bip hat c6 nguy co nhiém aflatoxin B1 cao, anh
huong dén stc khoe cong dong. Nguoc lai, bot 6t c6 nguy co nhiém nhung tac dong

nhe hon, va nho khé an toan véi nguy co nhiém thap va khong gay hai sirc khoe.



134

DANH MUC CONG TRINH CUA TAC GIA

. Nguyén Thanh Duy, Nguyén Thuy Ngan Ha, Nguyén Lam Kiéu Diém, Pang Thi
Kim Hang, Ly Tuan Kiét, Nguyén Quoéc Hung, Lé Thanh Tho, Chu Van Hai,
Nguyén Quang Trung (2022), Xdy dung va tham dinh quy trinh phdn tich
aflatoxin B1, B2, G1, G2 trong bét dn diam bang ky thudt sdc ky long siéu hiéu
nang dau do huynh quang UPLC-FD, Tap chi Phan tich Hoa, Ly va Sinh hoc, sb
1, tap 27, trang 77-81.

. Nguyén Thanh Duy, Nguyén Thuy Ngan Ha, Nguyén Lam Kiéu Diém, Pang Thi
Kim Hang, Ly Tuan Kiét, Nguyén Quoc Hing, Lé Thanh Tho, Chu Van Hai,
Nguyén Quang Trung (2022), Tham dinh phwong phdp phdn tich aflatoxin Bl,
B2, G1, G2 trong bdp bang phwong phép sdc ky long dau do huynh quang UPLC-
FD va khao sdt mét s6 mdau bdp va san pham tir bdp trén dia ban TPHCM, Tap
chi Phan tich Héa, Ly va Sinh hoc, $6 2, tap 27, trang 183-188.

. Thanh Duy Nguyen, Thuy Ngan Ha Nguyen, Tuan Kiet Ly, Quoc Hung
Nguyen, Thanh Tho Le, Van Hai Chu, Tien Dat Nguyen, Dinh Vu Le (2023), 4
high-performance method for quantitation of aflatoxins Bl, B2, G1, G2: Full
validation for raisin, peanut matrices, and survey of related products at Ho Chi
Minh City, Food Science and Nutrition, Vol 11, IssuelO, pp, 5639-6707,
(https://doi,org/10,1002/fsn3,3594).

. Thanh Duy Nguyen, Thuy Ngan Ha Nguyen, Tuan Kiet Ly, Quoc Hung
Nguyen, Thanh Tho Le, Tien Dat Nguyen, Ngoc Minh Truong (2024), Health
risk assessment of dietary aflatoxin Bl exposure in common food matrices in
Vietnam, Acta Chromatographica (https://doi.org/10.1556/1326.2024.01286)

. Nguyén Thanh Duy, Nguyén Thuy Ngan Ha, Nguyén Lam Kiéu Diém, Ding Thi
Kim Hang, Ly Tuin Kiét, (2024), Quy trinh phdn tich dinh hrong dong thoi djc
16 aflatoxin B1, G1, B2, G2 trong bét &t bang phirong phdp khéng dan xudt véi
ky thudt sdc ky long siéu hiéu nang dau do hupnh quang, Bang sdang ché djc
quyén gidi phdp hitu ich s6 3872 do Cuc So Hiru Tri Tué d3 cép theo quyét dinh
s6 142123/QD-SHTT , ngay cap 04/12/2024.



10.

135

TAI LIEU THAM KHAO

Abbas M., 2021, Chromatographic Techniques for Estimation of Aflatoxins in
Food Commodities. In L. B. Bola Abdulra'Uf (Ed.), Aflatoxins - Occurrence,
Detoxification, Determination and Health Risks, (pp. 224), Rijeka:
IntechOpen.

Abdallah M.F., Girgin G., & Baydar T., 2019, Mycotoxin Detection in Maize,
Commercial Feed, and Raw Dairy Milk Samples from Assiut City, Egypt, Vet
Sci, 6(2).

Adetunji M.C., Alika O.P., Awa N.P., Atanda O.0., & Mwanza M., 2018,
Microbiological Quality and Risk Assessment for Aflatoxins in Groundnuts

and Roasted Cashew Nuts Meant for Human Consumption, J Toxicol, 2018,
1308748.

Adugna E., Abebe Y., Dejen M., Alemu M., Guadie A., Mulu M., Bizualem
E., Worku M., & Tefera M., 2022, Risk assessment of aflatoxin in red peppers
from selected districts of Amhara region, Ethiopia, Cogent Food &
Agriculture, 8(1), 2123769.

Agbetiameh D., Ortega-Beltran A., Awuah R.T., Atehnkeng J., Cotty P.J., &
Bandyopadhyay R., 2018, Prevalence of Aflatoxin Contamination in Maize
and Groundnut in Ghana: Population Structure, Distribution, and Toxigenicity
of the Causal Agents, Plant Dis, 102(4), 764-772.

Agriopoulou S., Stamatelopoulou E., & Varzakas T., 2020, Advances in
Analysis and Detection of Major Mycotoxins in Foods, Foods, 9(4), 518.

Ahmed F., & Asif Asghar M., 2021, Aflatoxins Occurrence in Spices. In
Aflatoxins - Occurrence, Detoxification, Determination and Health Risks):
IntechOpen Crotia.

Aktas T., 2015, Some Applications to Retain the Quality of Fruits and
Vegetables during Drying and Storage in Turkey, Japan Journal of Food
Engineering, 16(1), 29-36.

Alameri M.M., Kong A.S., Aljaafari M.N., Ali H.A., Eid K., Sallagi M.A.,
Cheng W.H., Abushelaibi A., Lim S.E., Loh J.Y., & Lai K.S., 2023, Aflatoxin

Contamination: An Overview on Health Issues, Detection and Management
Strategies, Toxins (Basel), 15(4), 246.

Ali N., Hashim N.H., & Shuib N.S., 2015, Natural occurrence of aflatoxins
and ochratoxin A in processed spices marketed in Malaysia, Food Addit
Contam Part A Chem Anal Control Expo Risk Assess, 32(4), 518-532.



1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

136

Andrade P., & Caldas E.D., 2015, Aflatoxins in cereals: worldwide occurrence
and dietary risk assessment, World Mycotoxin Journal, 8(4), 415-431.

AOAC Official Method 2005.08, 2005, Aflatoxins in Corn,Raw Peanuts,and
Peanut Butter - Liquid Chromatography with Post-Column Photochemical
Derivatization.

AOAC Official Method 994.08, 1997, Aflatoxins in corn,Almonds,Brazil
nuts,Peanuts,and Pistachio nuts. Multifunctional column (mycosep) method.

AOAC Official Methods of Analysis, 2019, Guidelines for Standard Method
Performance Requirements , Appendix F, p. 9.

Apen Daneil O., Daneil Ochi O., Adejumo A., Hadiza L.M., Abubakar N.S.,
Atehnkeng J., Rinde H.A., Mailafiya C S., & Hussaini A.M., 2016,
Mycotoxicological Concerns with Sorghum, Millet and Sesame in Northern
Nigeria, Journal of Analytical & Bioanalytical Techniques, 7(5).

Application Note, 2010, ACQUITY UPLC H-System Guide - Revision B,
Waters Corporation, USA.

Aristil J., Venturini G., Maddalena G., Toffolatti S.L., & Spada A., 2020,
Fungal contamination and aflatoxin content of maize, moringa and peanut

foods from rural subsistence farms in South Haiti, Journal of Stored Products
Research, 85.

Asghar M.A., Ahmed A., & Igbal J., 2016, Aflatoxins and ochratoxin A in
export quality raisins collected from different areas of Pakistan, Food Addit
Contam Part B Surveill, 9(1), 51-58.

Astoreca A., Vaamonde G., Dalcero A., Ramos A.J., & Marin S., 2012,
Modelling the effect of temperature and water activity of Aspergillus flavus
isolates from corn, Int J Food Microbiol, 156(1), 60-67.

Bakoye O.N., Baoua I.B., Seyni H., Amadou L., Murdock L.L., & Baributsa
D., 2017, Quality of maize for sale in markets in Benin and Niger, J Stored
Prod Res, 71, 99-105.

Bao Khoa hoc va doi séng. Ot khd nhiém Aflatoxin doc hai thé nao? (25-12-
2017) [Available from: https://khoahocdoisong.vn/ot-kho-nhiem-aflatoxin-
doc-hai-the-nao-post15191.html.

B4o nguoi lao dong. Aflatoxin B1 - Doc t6 vi nAm dang tan cong chiing ta (03-
04-2020) [Available from: https://nld.com.vn/suc-khoe/aflatoxin-b1-doc-to-
vi-nam-dang-tan-cong-chung-ta-52082.htm

Bao Thanh Nién. Phat hién nhiéu mau 6t bot chira doc td aflatoxin co thé gay
ung thu gan (27-05-2018). [Available from: https://thanhnien.vn/thoi-su/phat-




24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

137

hien-nhieu-mau-ot-bot-chua-doc-to-aflatoxin-co-the-gay-ung-thu-gan-
963788.html.

Benvenuti M.E., & Di Gioia A.J., 2009, Rapid analysis of aflatoxins without
derivatization using ultra  performance liquid chromatography and

fluorescence detection, Waters Corporation, U.S.A.

Bessaire T., Mujahid C., Mottier P., & Desmarchelier A., 2019, Multiple
Mycotoxins Determination in Food by LC-MS/MS: An International
Collaborative Study, Toxins (Basel), 11(11).

Bo Y Té. Cong b két qua tong diéu tra Dinh dudng ndm 2019-2020 (15 -04 -
2021) [Available from: https://moh.gov.vn/tin-noi-bat/-
/asset_publisher/3Yst7YhbkAS5j/content/bo-y-te-cong-bo-ket-qua-tong-ieu-
tra-dinh-duong-nam-2019-2020.

Bolu S., Foluke S., Nusy E., Mary A., Risikat A., Daramola K., Atitebi A.,
Victor O., & Ahmed R.N., 2014, Effect of Vitamins, Amino Acids and Phyto-
Active Biomolecules on Aspergillus flavus in Poultry Production. In S. J.
Thatha Gowder (Ed.), Pharmacology and Therapeutics), Rijeka: IntechOpen.

Bui HT.M., Le T.D., Do T.H., Leon B., & Anders D., 2016, Dietary exposure
to aflatoxin B1, ochratoxin A and fuminisins of adults in Lao Cai province,
Viet Nam: A total dietary study approach, Food and Chemical Toxicology, 98,
127-133.

Castellari C.C., Cendoya M.G., Marcos Valle F.J., Barrera V., & Pacin A.M.,
2015, [Extrinsic and intrinsic factors associated with mycotoxigenic fungi

populations of maize grains (Zea mays L.) stored in silobags in Argentina],
Rev Argent Microbiol, 47(4), 350-359.

Chang P.K., Hua S.S., Sarreal S.B., & Li R.W., 2015, Suppression of
Aflatoxin Biosynthesis in Aspergillus flavus by 2-Phenylethanol Is Associated
with Stimulated Growth and Decreased Degradation of Branched-Chain
Amino Acids, Toxins (Basel), 7(10), 3887-3902.

Chauhan N.M., Washe A.P., & Minota T., 2016, Fungal infection and
aflatoxin contamination in maize collected from Gedeo zone, Ethiopia,
Springerplus, 5(1), 753.

Chawla S., Patel H.K., Gor H.N., VaGhela K.M., SolaNKi P.P., & Shah P.G.,
2017, Evaluation of Matrix Effects in Multiresidue Analysis of Pesticide
Residues in Vegetables and Spices by LC-MS/MS, Journal of AOAC
international, 100(3), 616-623.

Codex Alimentarius Commission CAC/GL 54-2004, 2004, Guidelines on
Measurement Uncertainty, 1-8.



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

138

Cordeiro F., Emons H., & Robouch P., 2022, Is the z score sufficient to assess
participants’ performance in proficiency testing? The hidden corrective action,
Accreditation and Quality Assurance, 27(3), 145-153.

Cui X., Muhammad I., LiJ., Li R., Jin H., Guo Z., Yang Y., Hamid S., Cheng
P., & Zhang X., 2017, Development of a UPLC-FLD Method for Detection of
Aflatoxin B1 and M1 in Animal Tissue to Study the Effect of Curcumin on
Mycotoxin Clearance Rates, Front Pharmacol, 8, 650.

Deng Y., Wang Y., Deng Q., Sun L., Wang R., Wang X., Liao J., &
Gooneratne R., 2020, Simultaneous Quantification of Aflatoxin B(1), T-2

Toxin, Ochratoxin A and Deoxynivalenol in Dried Seafood Products by LC-
MS/MS, Toxins (Basel), 12(8), 488.

Ding N., Xing F., Liu X., Selvaraj J.N., Wang L., Zhao Y., Wang Y., Guo W.,
Dai X., & Liu Y., 2015, Variation in fungal microbiome (mycobiome) and
aflatoxin in stored in-shell peanuts at four different areas of China, Front
Microbiol, 6, 1055.

Dini A., Esmaeili Nadimi A., & Behmaram K., 2022, The Effect of Monitoring
System on Risk Assessment of Aflatoxins in Iran's Pistachio Nuts Exported to
the E.U. During 2012 - 2018, Iran J Pharm Res, 21(1), €123951.

Do T.H., Tran S.C., Le C.D., Nguyen B.T.H., Le T.T.P., Le H.T.H., Le T.D.,
& Nguyen T.H.T., 2020, Dietary exposure and health risk characterization of
aflatoxin B1, ochratoxin A, fumonisin B1, and zearalenone in food from
different provinces in Northern Vietnam, Food Control, 112, 1-21.

Dolan J.W., 2002, Peak Tailing and Resolution, LC Resources Inc., Walnut
Creek, California, USA.

EN ISO 16050:2011, 2011, Foodstuffs - Determination of aflatoxin B1, and
the total content of aflatoxins B1, B2, G1 and G2 in cereals, nuts and derived
products - High-performance liquid chromatographic method.

Eurachem Guide, 2014, The Fitness for Purpose of Analytical Methods - A
Laboratory Guide to Method Validation and Related Topics.

European Food Safety Authority, 2005, Opinion of the scientific committee
on a request from EFSA related to A harmonised approach for risk assessment
of substances which are both genotoxic and carcinogenic. , EFSA Journal,
282, 1-31.

European Food Safety Authority, 2010, Management of left-censored data in
dietary exposure assessment of chemical substances, EF'S4 Journal, 8(3).

European Medicines Agency EMEA/CHMP/EWP/192217/2009 Rev. 1 Corr.
2** 2012, Committee for Medicinal Products for Human Use —Guideline on



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

139

Bioanalytical Method Validation, European Medicines Agency Amsterdam,
The Netherlands.

Federal Agency for the safety of the food chain ( FASFC), 2012, Estimating
measurement uncertainty in quantitative chemical analysis, Lab P508
Measurement uncertainty -V.01.

Food Safety and Standards Authority of India (fssai), 2016, Manual for
methods of analysis of mycotoxins.

Frenkel R., Farrance 1., & Badrick T., 2019, Bias in analytical chemistry: A
review of selected procedures for incorporating uncorrected bias into the
expanded uncertainty of analytical measurements and a graphical method for
evaluating the concordance of reference and test procedures, Clinica Chimica

Acta, 495, 129-138.

Gallo P., Imbimbo S., Alvino S., Castellano V., Arace O., Soprano V.,
Esposito M., Serpe F.P., & Sansone D., 2021, Contamination by Aflatoxins
B/G in Food and Commodities Imported in Southern Italy from 2017 to 2020:
A Risk-Based Evaluation, Toxins (Basel), 13(368), 1-13.

Ginting E., Rahmianna A.A., & Yusnawan E., 2018, Aflatoxin and nutrient
contents of peanut collected from local market and their processed foods, /OP
Conference Series: Earth and Environmental Science, 102, 8.

Gurikar C., Shivaprasad D.P., Sabillon L., Nanje Gowda N.A., & Siliveru K.,
2023, Impact of mycotoxins and their metabolites associated with food grains,
Grain & Oil Science and Technology, 6(1), 1-9.

Habibipour R., Tamandegani P.R., & Farmany A., 2016, Monitoring of
aflatoxin G1, B1, G2, and B2 occurrence in some samples of walnut, Environ
Monit Assess, 188(12), 669.

Hadil M.V, John K.Z., Paranitharan V., & Karthikeyan S., 2022, Mycotic
contamination and aflatoxin potential of molds in Capsicum annum (chili), and
chili powder commercialized in south Indian markets, Toxicon, 210, 109-114.

Hair J.F., Black W.C., Babin B.J., & Anderson R.E., 2010, Multivariate Data
Analysis. In 7th (Ed.), Pearson, (pp. 761), New York.

Harris M.F., & Logan J.L., 2014, Determination of log Kow Values for Four
Drugs, Journal of Chemical Education, 91(6), 915-918.

Hathout A.S., Abel-Fattah S.M., Abou-Sree Y.H., & Fouzy A.S.M., 2020,
Incidence and exposure assessment of aflatoxins and ochratoxin A in Egyptian
wheat, Toxicol Rep, 7, 867-873.



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

140

Helgi L., 2021, Spice Consumption (Total) rose 106% to 204 kt in Vietnam in
2021, Prague 6, 160 00, Czech Republic.

INC, 2022-2023, Nuts & Dried fruits statistical yearbook by the International
Nut and Dried Fruit Council Foundation. In, (pp. 77).

Information N.C.f.B. PubChem Identifier: CID 14421 (03-09-2022)
[Available from: https://pubchem.ncbi.nlm.nih.gov/compound/14421.

International Agency for Research on Cancer (IARC), 2002, Some Traditional
Herbal Medicines,Some Mycotoxins, Naphthalene and Styrene (Vol. 82).

International Conference on Harmonization (ICH) M10 Guideline, 2022,
Bioanalytical Method Validation and Study Sample Analysis In): International
Council for Harmonisation of Technical Requirements for Pharmaceuticals for
Human Use.

Ismail A., Akhtar S., Riaz M., Gong Y.Y., Routledge M.N., & Naeem I., 2020,
Prevalence and Exposure Assessment of Aflatoxins Through Black Tea
Consumption in the Multan City of Pakistan and the Impact of Tea Making
Process on Aflatoxins, Front Microbiol, 11, 446.

Jallow A., Xie H., Tang X., Qi Z., & Li P., 2021, Worldwide aflatoxin
contamination of agricultural products and foods: From occurrence to control,
Compr Rev Food Sci Food Saf, 20(3), 2332-2381.

Jean F.B., Philippe A.N., Karim K., Mariam O., Sylvain R.B., Eloi S., &
Nicolas B., 2015, Assessment of aflatoxin B1 and ochratoxin A levels in

sorghum malts and beer in Ouagadougou, African Journal of Food Science,
9(7), 417-420.

Jeong S.E., Chung S.H., & Hong S.-Y., 2019, Natural occurrence of aflatoxins
and ochratoxin A in meju and soybean paste produced in South Korea, Applied
Biological Chemistry, 62(1).

Kim D.H., Hong S.Y., Kang J.W., Cho S.M., Lee K.R., An T.K.,, Lee C., &
Chung S.H., 2017, Simultaneous Determination of Multi-Mycotoxins in
Cereal Grains Collected from South Korea by LC/MS/MS, Toxins (Basel),
9(3).

Kissell R., & Poserina J., 2017, Chapter 2 - Regression Models. In R. Kissell
& J. Poserina (Eds.), Optimal Sports Math, Statistics, and Fantasy, (pp. 39-
67), Academic Press.

Kollia E., Tsourouflis K., & Markaki P., 2016, Aflatoxin B1 in sesame seeds
and sesame products from the Greek market, Food Addit Contam Part B
Surveill, 9(3), 217-222.



69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

141

Kujbida P., Maia P.P., Aratjo A.N.d., Mendes L.D., Oliveira M.L.d., Silva-
Rocha W.P., Brito G.Q.d., Chaves G.M., & Martins I., 2019, Risk assessment
of the occurrence of aflatoxin and fungi in peanuts and cashew nuts, Brazilian
Journal of Pharmaceutical Sciences, 535.

Kumar A., Pathak H., Bhadauria S., & Sudan J., 2021, Aflatoxin
contamination in food crops: causes, detection, and management: a review,
Food Production, Processing and Nutrition, 3(1), 1-9.

Kumar V.V., 2018, Aflatoxins: Properties, Toxicity and Detoxification,
Nutrition & Food Science International Journal, 6(5), 1-4.

Kunsagi Z., Breidbach A., & Stroka J., 2012, Report on the 2011 Proficiency
Test of the European Union Reference Laboratory for Mycotoxins, for the
Network of National Reference Laboratories - Determination of Aflatoxin B1
in Baby food, Maize powder, Animal feed and Test solution, Reference
Materials and Measurements.

Lavkor 1., & Var1.,2017, The Control of Aflatoxin Contamination at Harvest,
Drying, Pre- Storage and Storage Periods in Peanut: The New Approach. In
Aflatoxin-Control, Analysis, Detection and Health Risks).

Le T.G., & Tran L. T.T., 2020, Determination of aflatoxin B1, B2, G1, G2 in

cashew nut by UHPLC-HRMS, Vietnam Journal of Chemistry, 58(4), 540-
547.

Lee H.S., Nguyen-Viet H., Lindahl J., Thanh H.M., Khanh T.N., Hien L.T.T.,
& Grace D., 2017, A survey of aflatoxin Bl in maize and awareness of
aflatoxins in Vietnam, World Mycotoxin Journal, 10(2), 195-202.

Leger R.J.S., Screen S.E., & Shams-Pirzadeh B., 2000, Lack of host
specialization in  Aspergillus flavus, Applied and Environmental
Microbiology, 66(1), 320-324.

Liao C.-D., Lin H.-Y., CHIUEH L., & SHIH D., 2011, Simultaneous
Quantification of Aflatoxins, Ochratoxin A and Zearalenone in Cereals by
LC/-MS/MS, Journal of Food and Drug Analysis, 19, 259-268.

Lien K.-W., Wang X., Pan M.-H., & Ling M.-P., 2019, Assessing Aflatoxin
Exposure Risk from Peanuts and Peanut Products Imported to Taiwan, Toxins,
11(2).

LiuJ., Sun L., Zhang N., Zhang J., Guo J., Li C., Rajput S.A., & Qi D., 2016,
Effects of Nutrients in Substrates of Different Grains on Aflatoxin Bl
Production by Aspergillus flavus, Biomed Res Int, 2016, 7232858.

Lv S.,, Wang H., Yan Y., Ge M., & Guan J., 2020, Quantification and
confirmation of four aflatoxins using a LC-MS/MS QTRAP system in



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

142

multiple reaction monitoring, enhanced product ion scan, and MS(3) modes,
Eur J Mass Spectrom (Chichester), 26(1), 63-77.

Ma X., Wang W., Chen X., Xia Y., Wu S., Duan N., & Wang Z., 2014,
Selection, identification, and application of Aflatoxin B1 aptamer, European
Food Research and Technology, 238(6), 919-925.

Mahato D.K., Lee K.E., Kamle M., Devi S., Dewangan K.N., Kumar P., &
Kang S.G., 2019, Aflatoxins in Food and Feed: An Overview on Prevalence,
Detection and Control Strategies, Frontiers in microbiology, 10, 2266.

Mahbobinejhad Z., Aminian H., Ebrahimi L., & Vahdati K., 2019, Reduction
of aflatoxin production by exposing Aspergillus flavus to CO2, Crop
Protection, 8(4), 441-448.

Mahfuz M., Gazi M.A., Hossain M., Islam M.R., Fahim S.M., & Ahmed T.,
2018, General and advanced methods for the detection and measurement of
aflatoxins and aflatoxin metabolites: a review, Toxin Reviews, 39(2), 123-137.

Mannaa M., & Kim K.D., 2017, Influence of Temperature and Water Activity
on Deleterious Fungi and Mycotoxin Production during Grain Storage,
Mycobiology, 45(4), 240-254.

Mannani N., Tabarani A., Abdennebi E.H., & Zinedine A., 2020, Assessment

of aflatoxin levels in herbal green tea available on the Moroccan market, Food
Control, 108.

Marco c.L., TErEnzlo B., Amedeo P., & PaoLa B., 2015, Mycotoxin
occurrence in maize produced in Northern Italy over the years 2009-2011:

focus on the role of crop related factors, Phytopathologia Mediterranea, 54,
212-221.

Martinez-Miranda M.M., Rosero-Moreano M., & Taborda-Ocampo G., 2019,
Occurrence, dietary exposure and risk assessment of aflatoxins in arepa, bread
and rice, Food Control, 98, 359-366.

Martins L.M., Sant'Ana A.S., Fungaro M.H., Silva J.J., Nascimento M.D.,
Frisvad J.C., & Taniwaki M.H., 2017, The biodiversity of Aspergillus section
Flavi and aflatoxins in the Brazilian peanut production chain, Food Res Int,
94,101-107.

Martins L.M., Sant'Ana A.S., lamanaka B.T., Berto M.1., Pitt J.I., & Taniwaki

M.H., 2017, Kinetics of aflatoxin degradation during peanut roasting, Food
Res Int, 97, 178-183.

Matumba L., Sulyok M., Njoroge S.M., Njumbe Ediage E., Van Poucke C.,
De Saeger S., & Krska R., 2015, Uncommon occurrence ratios of aflatoxin



92.

93.

94.

95.

96.

97.

98.

99.

100.

143

B1,B 2, G 1, and G 2 in maize and groundnuts from Malawi, Mycotoxin Res,
31(1), 57-62.

Meena I.L., Var L., Saglam S., Uckun O., Tekin A., O, & Savas O., 2019,
Presence of some mycotoxins in peanuts from harvest to storage, Agricultural
research communication centre, 42, 862-866.

Miklés G., Angeli C., Ambrus A., Zetai A., Kerekes K., Farkas Z., zwiak A.J.,
Nagy A., Kardos V., & Bartdk T., 2020, Detection of Aflatoxins in Different
Matrices and Food-Chain Positions, Frontiers in microbiology, 11, 1916.

Nada E.D., Lucia G., & Michele S., 2019, Multimycotoxins occurrence in
spices and herbs commercialized in Lebanon, Food Control, JFCO 6246, 1-
26.

Naeem I., Ismail A., Rehman A.U., Ismail Z., Saima S., Naz A., Faraz A., de
Oliveira C.A.F., Benkerroum N., Aslam M.Z., & Aslam R., 2022, Prevalence
of Aflatoxins in Selected Dry Fruits, Impact of Storage Conditions on
Contamination Levels and Associated Health Risks on Pakistani Consumers,

Int J Environ Res Public Health, 19(6), 3404.

Nafuka S.N., Misihairabgwi J.M., Bock R., Ishola A., Sulyok M., & Krska R.,
2019, Variation of Fungal Metabolites in Sorghum Malts Used to Prepare
Namibian Traditional Fermented Beverages Omalodu and Otombo, Toxins
(Basel), 11(3).

Nguyen T.D., Nguyen T.N.H., Dang T.K.H., Nguyen L.K.D., Ly T.K,,
Nguyen Q.H., Le T.T., Chu V.H., Nguyen T.D., & Le D.V., 2023, A high-
performance method for quantitation of aflatoxins B1, B2, G1, G2: Full
validation for raisin, peanut matrices, and survey of related products at Ho Chi
Minh City, Food Sci Nutr, 11(10), 6509-6521.

Nguyen X.T.T., Nguyen T.T.T., Nguyen H.V., Tran K.N., Johanna L., Delia
G.R., Ha TM., & Hu S.L., 2019, Assessment of aflatoxin B1 in maize and
awareness of aflatoxins in Son La, Vietnam, Infection Ecology &
Epidemiology, 8(1), 1-8.

Norlia M., Jinap S., Nor-Khaizura M.A.R., Radu S., Samsudin N.I.P., & Azri
F.A., 2019, Aspergillus section Flavi and Aflatoxins: Occurrence, Detection,
and Identification in Raw Peanuts and Peanut-Based Products Along the
Supply Chain, Frontiers in microbiology, 10, 2602.

OECD/FAOQ, 2022-2031, The Agricultural Outlook of The Organisation for
Economic Co-operation and Development (OECD) and the Food and
Agriculture Organization (FAO) of the United Nations, In).



101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

I11.

144

Oliveira M.S., Rocha A., Sulyok M., Krska R., & Mallmann C.A., 2017,
Natural mycotoxin contamination of maize (Zea mays L.) in the South region
of Brazil, Food Control, 73, 127-132.

Omwoma S., 2019, Aflatoxin B1: Chemistry, Environmental and Diet Sources
and Potential Exposure in Human in Kenya. In Aflatoxin Bl Occurrence,
Detection and Toxicological Effects): IntechOpen.

Ouakhssase A., Chahid A., Choubbane H., Aitmazirt A., & Addi E.A., 2019,
Optimization and validation of a liquid chromatography/tandem mass
spectrometry (LC-MS/MS) method for the determination of aflatoxins in
maize, Heliyon, 5(5).

Philip Stefl. What is log Pow? The O/W partition coefficient in SDS (03-09-
2022). [Available from: https://www.gesi.de/en/blog/2017/02/06/what-is-
log-pow-the-o-w-partition-coefficient-in-sdss.

Pires P.N., Vargas E.A., Gomes M.B., Vieira C.B.M., Santos E.A.D., Bicalho
A.A.C., Silva S.C., Rezende R.P., Oliveira I.S., Luz E., & Trovatti Uetanabaro
A.P., 2019, Aflatoxins and ochratoxin A: occurrence and contamination levels
in cocoa beans from Brazil, Food Addit Contam Part A Chem Anal Control
Expo Risk Assess, 36(5), 815-824.

Qiao Y., 2011, Instertate Fiscal Disparities in America In 2th (Ed.), Routledge,
(pp. 218), New York and London.

Quadri S.H., Ms N., K¢ C., Shantaram U., & Hs E., 2012, An overview of
chemistry, toxicity, analysis, and control of aflatoxins, International Journal
of Chemical and Life Sciences, 2, 1071-1078.

Quy chuan Viét Nam QCVN 8-1:2011/BYT, 2011, Quy chuan k§ thuat quic
gia ddi voi gi6i han 6 nhiém doc t8 vi nAm trong thuc phélm, Bo Y té.

Rajendran S., Shunmugam G., Mallikarjunan K., Paranidharan V., &
Venugopal A.P., 2021, Prevalence of aflatoxin contamination in red chilli
pepper (Capsicum annum L.) from India, International Journal of Food
Science & Technology, 57(4), 2185-2194.

Reijenga J., Van Hoof A., Van Loon A., & Teunissen B., 2013, Development
of Methods for the Determination of pKa Values, Anal Chem Insights, 8, 53-
71.

Rushing B.R., & Selim M.I., 2019, Aflatoxin B1: A review on metabolism,

toxicity, occurrence in food, occupational exposure, and detoxification
methods, Food Chem Toxicol, 124, 81-100.



112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

145

Salve A.R., LeBlanc J.G., & Arya S.S., 2021, Effect of processing on
polyphenol profile, aflatoxin concentration and allergenicity of peanuts, J
Food Sci Technol, 58(7), 2714-2724.

SANTE/12682/2019, 2020, Analytical quality control and method validation
procedures for pesticide residues analysis in food and feed.

Scarpari M., Punelli M., Scala V., Zaccaria M., Nobili C., Ludovici M.,
Camera E., Fabbri A.A., Reverberi M., & Fanelli C., 2014, Lipids in
Aspergillus flavus-maize interaction, Frontiers in microbiology, 5, 74.

Schoberl A., 2021, Romer Labs Check Sample Survey -
Aflatoxins/Fumonisins in Corn (CSSMY021 — M21411AF), Austria.

Schrenk D., Bignami M., Bodin L., Chipman J.K., Del Mazo J., Grasl-Kraupp
B., Hogstrand C., Hoogenboom L.R., Leblanc J.C., Nebbia C.S., Nielsen E.,
Ntzani E., Petersen A., Sand S., Schwerdtle T., Vleminckx C., Marko D.,
Oswald I.P., Piersma A., Routledge M., Schlatter J., Baert K., Gergelova P.,
& Wallace H., 2020, Risk assessment of aflatoxins in food - Efsa Panel on
Contaminants in the Food Chain EFSA4 J, 18(3), e06040.

Seta E., & Erkmenb O., 2014, Occurrence of Aflatoxins in Ground Red Chili
Pepper and Pistachio Nut, International Journal of Food Properties, 17(10),
2322-2331.

Shabeer S., Asad S., Jamal A., & Ali A., 2022, Aflatoxin Contamination, Its
Impact and Management Strategies: An Updated Review, Toxins (Basel),
14(5), 307.

Shabir G.A., 2004, Step-by-Step Analytical Methods Validation and Protocol
in the Quality System Compliance Industry, Journal of validation technology,
10,314-324.

Shephard G.S., 2008, Risk assessment of aflatoxins in food in Africa, Food
Addit Contam Part A Chem Anal Control Expo Risk Assess, 25(10), 1246-
1256.

Siciliano 1., Berta F., Bosio P., Gullino M.L., & Garibaldi A., 2017, Effect of
different temperatures and CO2 levels onAlternaria toxins produced on
cultivated rocket, cabbage and cauliflower, World Mycotoxin Journal, 10(1),
63-72.

Sserumaga J.P., Ortega-Beltran A., Wagacha J.M., Mutegi CK., &
Bandyopadhyay R., 2020, Aflatoxin-producing fungi associated with pre-
harvest maize contamination in Uganda, Int J Food Microbiol, 313, 108376.



123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

146

Suryavanshi R.U., Paulbudhe N.J., & Rajasekaran S., 2021, HPLC VS UPLC:
The extent of the area in analytical chemistry, International Journal of
Creative Research Thoughts, 9(9), 796-809.

The National standard TCVN ISO/IEC 17025:2017, 2017, General
requirements for the competence of testing and calibration laboratories, In).
Ha Noi.

Tiéu chuan Viét Nam TCVN 7930:2008, 2008, Thuyc pham — xac dinh
aflatoxin B1 va tong aflatoxin B1, B2, G1 va G2 trong ngii cbc, qua cd vo va
san pham ctia chung — phwong phap sic ki 16ng hiéu ning cao c6 dan suit sau
cot va lam sach bé“mg cot ai luc mién dich.

Tiéu chuén Viét Nam TCVN 9522:2012, 2012, Thuc phém - xac dinh aflatoxin
BI trong thuc pham ché bién tir ngii cdc danh cho tré so sinh va tré nho -
phuong phap sic ky long hiéu ning cao (HPLC) c6 lam sach bang cot ai luc
mién nhiém va detector huynh quang, Ha Ndi.

Tome T., Zigart N., Asar Z.C., & Obreza A., 2019, Development and
Optimization of Liquid Chromatography Analytical Methods by Using AQbD
Principles: Overview and Recent Advances, Organic Process Research &
Development, 23(9), 1784-1802.

Téng cuc thdng ké. Dan s, lao dong va viéc 1am nam 2021 ( 13 -01 - 2022)
[Available from: https://www.gso.gov.vn/du-lieu-va-so-lieu-thong-
ke/2022/01/infographic-dan-so-lao-dong-va-viec-lam-nam-2021/.

Udomkun P., Wiredu A.N., Nagle M., Miiller J., Vanlauwe B., &
Bandyopadhyay R., 2017, Innovative technologies to manage aflatoxins in
foods and feeds and the profitability of application Food Control, 76,127-138.
Vién Nghién Ctru Dinh Dudng Thanh phd HO Chi Minh. Theo déi tinh trang
dinh dudng bang chi s6 BMI (17 - 01 -2021) [Available from:
https://viendinhduongtphcm.org/vi/dinh-duong-co-ban/theo-doi-tinh-trang-

dinh-duong-bang-chi-so-bmi.html.

Wacoo A.P., Wendiro D., Vuzi P.C., & Hawumba J.F., 2014, Methods for
Detection of Aflatoxins in Agricultural Food Crops, Journal of Applied
Chemistry, 2014, 1-15.

Wang B., Han X., Bai Y., Lin Z., Qiu M., Nie X., Wang S., Zhang F., Zhuang
Z.,YuanJ., & Wang S., 2017, Effects of nitrogen metabolism on growth and
aflatoxin biosynthesis in Aspergillus flavus, J Hazard Mater, 324(Pt B), 691-
700.




133.

134.

135.

136.

137.

138.

139.

147

Wang Y.-j., Nie J.-y., Yan Z., Li Z.-x., Cheng Y., & Farooq S., 2018, Multi-
mycotoxin exposure and risk assessments for Chinese consumption of nuts
and dried fruits, Journal of Integrative Agriculture, 17(7), 1676-1690.

Watkins K., & Carleo J., 2021, Reducing Aflatoxin in Grain Corn, NC State
University, College of Agriculture and Life Sciences.

Wayne W.L. Evaluating Association Between Two Continuous Variables (25-
09-2023) Boston University School of Public Health2021 [

Yilmaz S.O., 2017, The contamination rate of aflatoxins in-ground red
peppers, dried figs, walnuts without shell and seedless black raisins
commercialized in sakarya city center, Turkey, ltalian journal of food science,
29(4), 591.

Yoshinari T., Noda Y., Yoda K., Sezaki H., Nagasawa H., & Sakuda S., 2010,
Inhibitory activity of blasticidin A, a strong aflatoxin production inhibitor, on
protein synthesis of yeast: selective inhibition of aflatoxin production by
protein synthesis inhibitors, J Antibiot (Tokyo), 63(6), 309-314.

Zhang W., Liu Y., Liang B., Zhang Y., Zhong X., Luo X., Huang J., Wang Y.,
Cheng W., & Chen K., 2020, Probabilistic risk assessment of dietary exposure
to aflatoxin B(1) in Guangzhou, China, Sci Rep, 10(1), 7973.

Zhao Y., Wang Q., Huang J., Ma L., Chen Z., & Wang F., 2018, Aflatoxin

B(1) and sterigmatocystin in wheat and wheat products from supermarkets in
China, Food Addit Contam Part B Surveill, 11(1), 9-14.



PL-1

PHU LUC

Phu luc 1: Két qua phan tich dir liéu tir phan mém SPSS 22.0

Bang PL1.1. Bang phan tich méi tuong quan (Correlation) gitta cac aflatoxin (B1, B2, G1 va G2) véi tong
AF trong nén dau phong

AFBI AFB2 AFG1 AFG2 Tong AF
AFB1 Pearson Correlation o - "
1 0,699 0,571 R 0,998
Sig, (2-tailed) 0,000 0,000 , 0,000
N 400 400 400 400 400
AFB2 Pearson Correlation - o o
0,699 1 0,464 R 0,747
Sig, (2-tailed) 0,000 0,000 , 0,000
N 400 400 400 400 400
AFGl1 Pearson Correlation " . -
0,571 0,464 1 R 0,583
Sig, (2-tailed) 0,000 0,000 , 0,000
N 400 400 400 400 400
AFG2 Pearson Correlation b b b b b
Sig, (2-tailed) , , s R
N 400 400 400 400 400
Téng AF Pearson Correlation . o o
0,998 0,747 0,583 R 1
Sig, (2-tailed) 0,000 0,000 0,000 ,
N 400 400 400 400 400

**Correlation is significant at the 0,01 level (2-tailed),

b, Cannot be computed because at least one of the variables is constant

Bang PL1.2. Bang thng ké két qua ham luong trung binh dau phong thé va ché bién

Loai N Gia tri trung binh Do 1éch chuan SD Sai sb chuén so voi
) (ng/ke) (ng/ke) gia tri trung binh
AF Tho 370 21,4 86,3 4,49
Ché bién 30 6,46 28,2 5,15




Bang PL1.3. Bang két qua kiém dinh Independent Samples T-test gitta d4u phong tho va ché bién

PL-2

Levene's Test for

Equality of t-test for Equality of Means
Variances
D4u phong tho va ché 95% Confidence
bién Std, Error Interval of the
. Sig, (2- Mean . .
F Sig, t df i . Differenc Difference
tailed) | Difference
e
Lower Upper

AF  Equal variances
3,677 0,056 0,944 398 0,346 14,96656
assumed

Equal variances

2,192 86,017 0,031 14,96656
not assumed

15,84714| -16,18801( 46,12113

6,82790

1,39318 | 28,53994

Béang PL1.4. Bang phan tich mdi tuong quan Correlation giira cac aflatoxin (B1, B2, G1 va G2)

va tong AF trong nén bot 6t

AFB1 AFB2 AFG1 AFG2 AFs
AFBI Pearson Correlation 1 0,786** 0,371%* 0,099* 0,998**
Sig, (2-tailed) 0,000 0,000 0,047 0,000
N 400 400 400 400 400
AFB2 Pearson Correlation 0,786** 1 0,268** 0,172%* 0,807**
Sig, (2-tailed) ,000 0,000 0,001 0,000
N 400 400 400 400 400
AFG1 Pearson Correlation 0,371%* 0,268** 1 0,351%** 0,413%**
Sig, (2-tailed) 0,000 0,000 0,000 0,000
N 400 400 400 400 400
AFG2 Pearson Correlation 0,099* 0,172** 0,351%** 1 0,122*
Sig, (2-tailed) 0,047 0,001 0,000 0,015
N 400 400 400 400 400
Téng AF Pearson Correlation 0,998** 0,807** 0,413%* 0,122%* 1
Sig, (2-tailed) 0,000 0,000 0,000 0,015
N 400 400 400 400 400

**_Correlation is significant at the 0,01 level (2-tailed),

* Correlation is significant at the 0,05 level (2-tailed),




PL-3

Bang PL1.5. Bang thong ké két qua ham luong trung binh bot 6t dong goi han kin va khong han kin

Loai N Gia tri trung binh D6 léch chuan SD Sai s6 chuén so véi
oai
) (pg/kg) (png/kg) gia tri trung binh
AF Han kin 200 7,02 13,5 0,96
Khoéng han kin 200 9,79 16,5 1,16
Bang PL1.6. Bang két qua kiém dinh Independent Samples T-test gitra bot 6t dong goi han kin
va khong han kin
Levene's Test for
Equality of T-test for Equality of Means
Variances
B6t 6t dé i han ki
© Ot doAng go1 bl Xl 95% Confidence
va khong han kin
. Sig, (2- Mean Std, Error Interval of the
F Sig, t df , . . :
tailed) | Difference | Difference Difference
Lower Upper
Equal variances
3,668 | 0,056 [ -1,835 398 0,067 | -2,76575 1,50702 | -5,72847 | 0,19697
assumed
AF
Equal variances
-1,835 | 383,646 | 0,067 | -2,76575 1,50702 | -5,72881 | 0,19731
not assumed

Bang PL1.7. Bang phan tich mdi tuong quan Correlation gitra cac aflatoxin ( B1, B2, G1 va G2)
va tong AF trong nén bap hat

AFB1 AFB2 AFGl1 AFG2 Tong AF
Pearson Correlation 1 0,940** 0,344 ** 0,028 1,000%*
AFBI1 Sig, (2-tailed) 0,000 0,000 0,576 0,000
N 400 400 400 400 400
Pearson Correlation 0,940%** 1 0,377** 0,039 0,949%**
AFB2 Sig, (2-tailed) 0,000 0,000 0,435 0,000
N 400 400 400 400 400
Pearson Correlation 0,344 ** 0,377** 1 0,500%** 0,360**
AFGI1 Sig, (2-tailed) 0,000 0,000 0,000 0,000
N 400 400 400 400 400
Pearson Correlation 0,028 0,039 0,500%** 1 0,036
AFG2 Sig, (2-tailed) 0,576 0,435 0,000 0,468
N 400 400 400 400 400
Pearson Correlation | 1,000** 0,949** 0,360** 0,036 1
Tong AF Sig, (2-tailed) 0,000 0,000 0,000 0,468
N 400 400 400 400 400

** Correlation is significant at the 0,01 level (2-tailed).
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Bang PL1.8. Bang thong ké két qua ham luong trung binh bip hat vang va hat tring

Loai N Gia tri trung binh Do 1éch chuan SD Sai sb chuén so voi
oai
) (ng/ke) (ng/ke) gia tri trung binh
AF Hat vang 100 0,16 1,02 0,10
Hat tring | 100 29.4 63,1 6,31

Bang PL1.9. Bang két qua kiém dinh Independent Samples T-test giita bap hat vang va hat trang

Levene's Test

for Equality of T-test for Equality of Means
. . . Variances
Bap hat vang va hat Std 95% Confidence
trang . S . i Sig, (2- Mean Error Interval of the
& tailed) | Difference | Differenc Difference
e Lower Upper
Equal 33.95 - -
variances | """ | 0,000 |-4,637| 198 | 0,000 | -2925560 | 630890 | 41 (oces| 1681433
assumed
AF
Equal - -
variances -4,637 199,052 | 0,000 |-29,25560 | 6,30890 41,77375 | 16,73745
not assumed

Bang PL1.10. Bang thong ké két qua ham luong trung binh bap hat va bap ché bién

. Gia tri trung binh Do léch chuan SD Sai s6 chuén so v6i
Loai N (ng/kg) (ng/kg) gia tri trung binh
AF Bip hat 200 14,8 46,9 3,31
Bip ché bién | 200 1,96 6,96 0,49

Bang PL1.11. Bang két qua kiém dinh Independent Samples T-test giira bap hat va bap ché bién

Levene's Test
for Equality of T-test for Equality of Means
) ) ) Variances
Bap hat va bap che 95% Confidence
bién F Si ; daf Sig, (2- Mean Std, Error Intgwal of the
& tailed) Difference | Difference Difference
Lower Upper
Equal
variances | 36,359 | 0,000 | 3,830 398 0,000 12,82885 | 3,34930 | 6,24432 | 19,41338
assumed
AF Equal
variances not 3,830 [207,771 0,000 12,82885 | 3,34930 | 6,22588 | 19,43182
assumed




PL-5

Phu luc 2: Gia tri RSD lap lai, tai lap va d6 thu hdi téi da cho phép theo AOAC

Stt | Hamluong% | Tyléchit | Donvi E;’];ip((}z; 1?5613?; 235) P ding (%)
1 100 1 100% 1,3 2 98-102
2 10 107! 10% 1,8 3 98-102
3 1 1072 1% 2,7 4 97-103
4 0,1 1073 0,1% 3,7 6 95-105
5 0,01 1074 100 mg/kg 53 8 90-107
6 0,001 1075 10 mg/kg 73 11 80-110
7 0,0001 106 1 mg/kg 11 16 80-110
8 0,00001 1077 100 pg/kg 15 22 80-110
9 0,000001 108 10 pg/kg 21 32 60-115
10 0,0000001 1079 1 ug/kg 30 45 40-120
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Phu luc 3: Mot sb séc ky dd minh hoa phan tich cadc mau thuc

g
1 u
40.00 NI
| u
o
q
] ¢ 2 B
30.00- r ~ @
] s o .
o - m
1 ] &
20.004 e =
=
] <
10.001
0.00 . - — -
T O T O ] O O O 1 T O T I T 0 O ] O 0 O 1 O O O ] O O O
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.0(
Minutes
k2l
Peak Name| RT Area Height [Amount Gl Units
amount

=

Afla G2 5.150 | 3178987 | 458422 ( 2.000 1.995 pg/L

Afla G1 6.266 | 1090869 | 135494 | 8.000 8.041 pg/L
Afla B2 |6.918| 4023933 | 399221 | 2.000 2.004 | pg/L
Afla B1 |8.562| 2170123 | 164684 | 8.000 8.103 | ug/L

AWM

|72 tcem -

Hinh PL3.1. ’Phé sic ky cua dung dich chuén hon hop aflatoxin, ndng d6 20 pg/L (hinh trén); va
bang tom tat thong s6 sac ky cta tung chat (hinh duoi) bao gom thoi gian luu (RT), dién tich
(Area), chicu cao (Height), ham lugng ly thuyét (Amount) va thyc t€ (Cal-amount), don vi (Units)

' i E [ ’ 1 X L ¥ ¢ ) ' " 1 J * | v v J | ' v '
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

Minutes
FE
Peak Name RT Area Height | Amount | Units
1| Afla G2 5.216
2| Afla G1 6.353
3| Afla B2 6.911] 1040460 | 80212 0.54 ug!kg'
4 | Afla B1 8.548 | 1098661 | 72900 4.14 | pg/kg

Hinh PL3.2. Pho sic ky ctia mau d4u phong thd (MM12101_02084) phét hién doc t6 AFB2
va AFBI, v&i nong d6 tuong ung 1a 0,54 va 4,14 ng/kg
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Peak Name RT Area Height Amount | Units
1] Afla G2 5.216
2 | Afla G1 6.424 133525 10525 1.04 | pg/kg
3| Afla B2 6.903 65721276 | 5006426 32.35 | yo/kg
4 | Afla B1 8.549 | 139663247 | 9338245| 516.70 | pg/kg

14.00

Hinh PL3.3. Pho séic ky cuia mau dau phong thd (MM12101_02073) phat hién AFG1, AFB2

va AFB1; voi ndng d6 twong Gng 13 1,04, 32,4 va 517 pg/kg

16.00
14.00]
12.004

10.00]

EU

8.00
6.00
4.001

2.004

0.00

0.00

4.00
Minutes
Peak Name RT Area Height | Amount | Units
1| Afla G2 5.216
2 | Afla G1 6.353
3 | Afla B2 6.970 977990 | 106946 25.3 | pg/kg
4 | Afla B1 8.627 | 1958570 | 158516 66 | pg/kg

T T
12.00

14.00

Hinh PL3.3 — F50. Pho sic ky ctia mau dau phong thd (MM12101_02073, pha lodng 50 lan)

v6i nong do AFB2 va AFBI tuong tng 1a 25,3 va 366 pg/kg
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Peak Name RT Area Height Amount | Units
1| Afla G2 5.131 27897 2618 0.021 | ug/kg
2 | Afla G1 6.834 50593 4797 0.35 | ug/kg
3 | Afla B2 7.256 | 48101537 | 3677355 25.35 pg/kgl
4 | Afla B1 9.035| 33852579 | 2203224 135 | pg/kg

Hinh PL3.4. Phé séc ky clia mau dau rang (MM12104_01646) phat hién doc t6 AFG1, AFB2,
va AFB1; v&i nong do tuong ung 1a 0,35; 25,4 va 135 ng/kg
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Minutes
&
Peak Name RT Area Height | Amount | Units
1| Afla G2 5.376
2| Afla G1 6.857
3| Afla B2 7.291 | 4636356 | 453787 24.5 pg/kg‘
4| Afla B1 9.080 | 3251931 | 236926 130 | pg’kg

Hinh PL3.4 - F10. Pho sic ky ciia miu dau rang (MM12104_01646, pha loang 10 lan) voi
nong do AFB2 va AFB1 tuong ung 1a 24,5 va 130 pg/kg
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Minutes
. Peak Name RT Area % Area | Height | Amount | Units
1] Afla G2 5.153 77525 1.88 7439 0.068 | ppb
2 | Afla G1 6.273 295907 7.16 21669 2.255 | ppb
3 | Afla B2 6.924 | 1025831 24.82 76841 0.538 | ppb
4 | Afla B1 8.575 | 2733537 66.14 | 172372 | 10.325 | ppb

Hinh PL3.5. Pho sic ky ctia mau bot 6t (MM12101_02027) phét hién doc to AFG1, AFB2 va
AFBI1; véi nong do tuong tng 1a 2,26; 0,54 va 10,3 pg/kg

6.00 h
5.004
4.00]
o 3.00 =
1 o
] o
2.00 -~
] (&)
1.00 =
] <C
0.00] ». __.—...,.../\\_..,,.______w
0.00 2.00 4.00 6.00 8.00 10.00 " 12loo | " 1aloo |
Minutes
Peak Name RT Area % Area | Height | Amount | Units
1 | Afla G2 5.057 6706 0.48 1267 0.023 | ppb
2 | Afla G1 6.353
3 | Afla B2 6.902 | 559532 39.67 | 40942 0.303 | ppb
4 | Afla B1 8.550 | 844266 59.86 | 54122 3.261 | ppb

Hinh PL3.6. Pho sdc ky ctia mau bot 6t (MM12101_02033) phét hién doc to AFB2 va AFBI;
v6i nong do tuong ung 1a 0,30 va 3,26 pg/kg
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Hinh PL3.7. Pho sac ky cia miu nho kho (MM 12204 00247) khong phat hién aflatoxin
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Hinh PL3.8. Phd séc ky cia mau bap ché bién (MM 12204 00262) khong phét hién aflatoxin
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| DAfla G2 - 5563

| [}Afla G1 - 6.855

000 200 400 600 800 1000
Minutes
PeakName | RT Area | % Area| Height | Amount | Units
1| Afla G2 5.563| 34746| 0.71| 2925| 0.029|ppb
2 | Afla G1 6.855| 54632 1.12| 4891 0.432|ppb
3 |Afla B2 7.571|1901495| 38.83]|112994( 0.816 |ppb
4 | Afla B1 9.464 | 2905554 | 59.34 | 145506  10.676 | ppb

[ —
12.00

14.00

Hinh PL3.9. Phd séc ky ctia mau bép hat tring (MM12204_01961) phat hién doc t6 AFG1,
AFB2 va AFB1; v6i nong do tuong tng 1a 0,43; 0,82 va 10,7 ng/kg

Bang PL3. Bang két qua phan tich mau thuc qua phd sic ky minh hoa

Mau Tén mau Don vi | AFB1 | AFB2 | AFG1 | AFG2
MM12101 02084 | Pau phongtho | pg/kg | 4,14 | 0,54 | KPH | KPH
MM12101 02073 | Pauphongthd | pg/kg | 366 | 25,3 | 1,04 | KPH
MM12104 01646 | Pau phong rang | pg/kg | 130 | 24,5 | 0,35 | KPH
MM12101_02027 Bot 6t ng/kg | 10,3 | 0,54 | 226 | KPH
MM12101_02033 Bot 6t ng/kg | 3,26 | 0,30 | KPH | KPH
MM12204 00247 Nho khé ng/kg | KPH | KPH | KPH | KPH
MM12204 00262 | Bapchébién | pgkg | KPH | KPH | KPH | KPH
MM12204 01961 | Bép hat tring | pgkg | 10,7 | 0,82 | 0,43 | KPH

KPH: Khong phat hién, MDL = 0,1 pg/kg



PL-12

Phu luc 4: Phd huynh quang khéo sat budc song kich thich dung dich
chuén aflatoxin (B1, B2, G1 va G2)

gIE

Aflatoxin G1

s
L

Aflatoxin G2

Mix aflatoxin
(B1,B2. Gl va
G2)

Gl 4 50 ill] 0 il

m

Buoc song huynh quang (nm)
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Phu luc 5: Luu dd thu thap mau, phan tich, tra két qua doc t6 aflatoxin trong

cac nén mau dau phong, bot &t, nho kho, bép hat

~

- MAu dugc chira trong bao bi (nhua, hop gidy, lon) han kin hodc chira trong bao
nhua c6t kin.

/- Thu thap mau tai cac dia diém

- béi tuong mau gém: béau phong thé va dau phong ché bién; Bot 6t; Bép hat va
bép hat ché bién; Nho kho; /

.

- Ghi nhan thong tin mau vé dia diém 1dy mau, loai (d6i trong) mau

- Mau duoc boc bén ngoai bing bao nhwra den ¢t kin dé tranh nhidm mau va anh séng

truc tiép.

- Mau dugc van chuyén vé bo phan tiép nhan

- Luu mau nhiét d6 - 20°C néu chua kip phan tich

v

- Cung cip day du thong tin can thiét vao phiéu yéu cau thir nghiém.

- Dan nhan ma hoa mau va chuyén mau cho bo phan chuan bi mau, sau d6 mau duogc
dong nhat va chuyén dén phong thi nghiém.

!

- Phong thi nghiém tién hanh phan tich mau theo qui trinh phan tich phu hop,

- Luu miu nhiét do - 20°C

- Kiém tra va ky duyét két qua
- Lam tha tuc tra két qua

- Luu hd so theo qui dinh
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Phu luc 6: Mot s6 hinh anh thiét bi phan tich va mau thuc té

Céan phan tich L May siéu am

- !

Hinh PL6.1. Mot s hinh anh céc thiét bi phan tich trong thi nghiém



Hinh PL6.2. Mdt sb hinh anh miu thuc té



VIEN HAN LAM CONG HOA XA HOI CHU NGHIA VIET NAM
KHOA HOQC VA CONG NGHE VN Djc Iap - Ty do - Hanh phic
HQC VIEN KHOA HQC VA CONG NGHE

$6: 226/QP-HVKHCN Ha Ngi, ngay 16 thdng 4 ndm 2025

QUYET DINH
Vé viée thanh 1ap Hbi dong danh gia ludn 4n tién si cAp Hoc vién

GIAM POC )
HOQC VIEN KHOA HQC VA CONG NGHE

Cain etk Quyét dinh s6 3 64/OD-VHL ngay 01/03/2025 cua Chu tich Vién Han lam
Khoa hoc va Céng nghé Viét Nam vé viéc ban hanh Quy che T6 chitc va hoat déng ciia
Hoc vién Khoa hoc va Cong nghé,

Can cit Thong tw 56 08/2017/T T-BGDDT ngay 04/4/2017 cua By Gido duc va
Dado tao vé viéc ban hanh Quy ché Tuyén sinh va Doo tao trinh dp Tién si;

Céin ctt Quyét dinh sé 1948/QD-HVKHCN ngay 28/12/2018 cia Gidm dée Hoc
vién Khoa hoc va Céng nghé vé viéc ban hanh Quy dinh dao tao trinh dé tién s7 tai Hoc
vién Khoa hoc va Cong nghé;

Céin cit Quyét dinh scf 848/QD-HVKHCN ngay 31/5/2021 ciia Gidm doe Hoc vién
Khoa hoc va Cong nghé Vé viée cong nhdn nghién civu sinh dot 1 nim 2021 chuong trinh
chdt hiong quéc té;

Cén cir Quyét dmh 56 263/0P-HVKHCN ngay 29/3/2024 cia Gidm déc Hoc vién
Khoa hoc va Céng nghé vé viéc gia han thoi gian hoc tdp lan 1: (12 thang tirngay 31/5/2024
dén ngay 31/5/2025) cho NCS. Nguyén Thanh Duy,

Xet dé nghj ciia Trudng phong Pao tgo.

QUYET PINH:

Piéu 1. Thanh 1ap Hoi dong danh gi4 luan 4n tién si cAp Hoc vién cho nghién ctru
sinh Nguyén Thanh Duy véi dé tai:

“Nghién ciru phwong phép sic ky 16ng hiéu ning cao dau do huynh quang dé
phén tich dong thoi aflatoxin B1, B2, G1, G2 trong mdt so loai thye pham”

Nganh: Héa phén tich Mi s6: 9 44 01 18

Danh séch thanh vién Hgi dong danh gid luan 4n kém theo Quyét dinh nay.

Pidu 2. Hoi ddng c6 trach nhiém danh gia luan 4n tién st theo dung quy ché hién
hanh cia B Gido dyc va Dao tao, Hoc vién Khoa hoc va Cong nghé.

Quyét dinh c6 hidu lye t&i da 90 ngdy k& tir ngdy ky va phai dam bao thoi han
dao tao theo quy dinh ctia Hoc vién Khoa hoc va Céng nghé. Hoi ddng tu giai thé sau
khi hoan thanh nhiém vu.

Diéu 3. Truong phong T6 chirc - Hanh chinh, Trudng phong Dao tao, Trudng
phong K& toan, cac thanh vién c6 tén trong danh sach Hoi ddng va nghién ctru sinh ¢6
tén tai Diu 1 chiu trach nhiém thi hanh Quyét dinh nay./. %

Noi nhin:

- Nhu DPiéu 3;

- Luu hd so NCS;

- Luu: VT, BT. TN16.




DANH SACH HOI P

ONG PANH GIA LUAN AN TIEN SI
CAP HQC VIEN

m tieh Quyét dinh s6 226 /QP-HVKHCN ngay 16/4/2025

VR i
quang dé ph

Nganh: Héa phén tich

AT tich ddng thoi aflatoxin B1, B2, G

idm dée Hoc vién Khoa hoc va Cong nghé)

Mi s6: 9 44 01 18
Ngudi huéng din 1: PGS. TS. Nguyén Tién Pat

Trung tAm Nghién ctru va Phat trién céng nghé cao
Ngudi huéng dan 2: TS. Nguyén Quéc Hing

Trung tdm Dich vu phén tich thi nghiém TP. HCM

Nghién citu phwong phap sdc ky léng hi¢u ning cao d4u do huynh
1, G2 trong mot s6 loai thue phém”

Trach
Ho va tén, hoc ham, Chuyén = ; nhiém
TT hige nganh Co quan cong tac trong B}
ddng
x ; Hoc vién Khoa hoc va Cong ngh¢, .
.TS. én Vi ¢ Ha hil N i ” | Chutich
1 | GS.TS. Nguyén Van Tuyen | Hoéahtiuco Vién Han lam KHCNVN hu tic
) PGS.TS. Nguyén Xuan| Hoa phén Trudng Héa va Khoa hoc sy song, Phan bién 1
Truong tich Dai hoc Bach khoa Ha Noi '
PGS.TS. Vuwong Truong | Hoaphén Trudng Pai hoc Khoa hoc, ey 0
3 | Xuan tich Dai hoc Thai Nguyén Khanbiguia
R Hoa phan Trudng Dai hoc KHTN, e~
4 | PGS.TS. Ta Thi Th : ) o : Phan bi¢n 3
e tich Pai hoc Quoc gia Ha Noi e
. ; Hoéa phén Vién Héa hoc, Uy vién -
5 | PGS.TS. Trinh Thu H : ; ;
bl S tich Vién Han lam KHCNVN Thu ky
PGS.TS. Nguydn Thi Anh | ., .. Trudng Pai hoe KHTN, .
6 4 t Hoa phén tich ) r ) U
Huong ap © Pai hoc Qudc gia Ha Noi yvien
. . T by D * h CA “n H'\ Nf\" ) )
; |PGS.TS. Pham Thi Mai| o pangion | 0 gihoo Cong nghiep HANOL |y

Huong

Bo Cong thuong

Hoi dong gom 07 thanh vién./.%




BAN NHAN XET LUAN AN TIEN Si CAP HQC VIEN

Tén d& tai ludn 4n: Nghién ctiu phuong phap sic ky léng hiéu ning cao diu
do huynh quang dé phén tich déng thoi Aflatoxin B1, B2, G1, G2 trong mot sd
loai thyc pham

Chuyén nganh: Hoa phan tich

M4 s6: 9 44 01 18

Ho va tén nghién ctru sinh: Nguyén Thanh Duy

Thay huéng dan: PGS.TS. Nguyén Tién Pat

TS. Nguyén Qudc Hung

Ho va tén ngudi nhén xét/phan bién luan 4n: GS.TS.Nguyén Vin Tuyén

Co quan cong tac: Hoc vién Khoa hoc va Cong nghé, Vién Han 1am Khoa
hoc va Cong nghé Viét Nam

Noi dung nhan xét:
1. Tinh cin thiét, thoi sw, y nghia khoa hoc va thue tién ciia dé tai:

DPoc t6 vi nAm, dic biét 1a nhém aflatoxin, duoc xem la mdt trong nhitng mdi
nguy nghiém trong dbi véi stiic khoe con ngudi do kha ning gy ngd doc va nguy
co ung thu cao, nhét 13 ung thu gan. Trong bdi canh thuc pham ngay cang da dang
va viéc kiém soat chat lwong gip nhiéu thach thirc, nguy co nhiém aflatoxin trong
thye phdm van ludn hién hitu. Do do, viée phat hién va dinh lugng chinh xéc
aflatoxin trong thuc pham 14 yéu ciu cip thiét nhim bao vé stic khoe cong dong.

Trén co sé d6, dé tai “Nghién ctu st dung phuong phép sic ky 16ng hiéu
ning cao déu do huynh quang dé phan tich aflatoxin B1, B2, G1, G2 trong mot sd
loai thuc pham” c¢é ¥y nghia khoa hoc va thuc tién sau sfc. D8 tai khong chi gop
phén cung cip phuong phap phén tich hiéu qua, do chinh xac cao ma con hd tro
cdng tic gidm sat an toan thuc pham, tir &6 gitip ngén ngira va giam thiéu nguy co
phoi nhiém aflatoxin trong cong ddng.

Do vdy, luén 4n: "Nghién ctru phuong phap séc ky 16ng hiéu ning cao dau
dd huynh quang dé phan tich dong thoi Aflatoxin B1, B2, G1, G2 trong mot sd
loai thue pham " dugc thuc hién 1a cin thiét, c6 y nghia khoa hoc va thuc tién.
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2. Sw khong trung Iip cia dé tai nghién ctru so voi cie cong trinh, luan van,
luiin 4n di cong bo & trong va ngoai nude; tinh trung thue, ré rang va day
dii trong trich din tai liéu tham khdo.

Noi dung nghién ctru ctia ludn an khong co su triung ldp v6i cac cong trinh,

luan vin, luin an da cong bo trong va ngoai nudc.

Céc tai liéu tham khao trong ludn 4n déu dugc trich dan ddy du, r3 rang tuong
g v&i ndi dung trong lun an, cac tai liéu cdp nhét dén nam 2024,

3. Sw phu hop giira tén dé tai voi ndi dung, gitra ndi dung véi chuyén nganh

va mi so chuyén nganh.

Céc ndi dung nghién ctru phan anh ding tén d& tai va hoan toan phi hop véi
chuyén nganh Hoéa phén tich. Cac ndi dung nghién ctru bao gbm:

- Téi uu hoé didu kién séc ky va qui trinh chiét tach aflatoxin (B1, B2, G1 va
G2) trong cac loai hat bao gdm dau phong, bdt 6t, nho kho va bép hat trén hé
théng séc ky 1ong siéu hiéu ning dau do huynh quang (UPLC-FD).

- X4c nhén gi4 tri st dung ctia phuong phap phan tich da t61 uu

- Ap dung quy trinh phén tich aflatoxin (B1, B2, G1 va G2) trong mét s6 nén
mau: ddu phong, bot 6t, nho khd va bép thu thap trén dia ban TPHCM

-Buéc dau danh gia mbi nguy hai doc t§ aflatoxin déi véi stc khoe con
nguoi
4. DO tin ciy va tinh hi€n dai ciia phwong phap da st dung dé nghién ctru.

Phuong phép nghién ctru trong luén an dam bao tinh hop ly va do tin ciy
cao. Cac phuong phap phén tich st dung trong nghién ctu la cdc phuong phap
hién dai, c6 d6 nhay va dd chon loc cao d6i véi céc aflatoxin (B1, B2, G1 va G2)
bing UPLC-FD. Cac phuong phép nghién ctru khdc dugc sir dung trong nghién
ctru déu phi hop véi ting ndi dung nghién ctru, ddm bao muc tiéu nghién ctru da
de ra.

5. Két qua nghién ctru méi ciia tic gid; nhitng déng gép méi cho sw phat
trién khoa hoc chuyén nganh; déng gép maéi phuc vu cho sén xuit, kinh té,
K h Y o~ A bt b K r o~ . r . bl ~ . Fal K
quoc phong, xa hoi va doi song; y nghia khoa hoc, gia tri va dg tin cay cua

nhitng két qua do.

Luéan an nghién ctu vé céc aflatoxin (B1, B2, G1 va G2) trong mot s6 nén
mau thuc phdm véi hai ndi dung chinh 13 t61 wu quy trinh x@ Iy mAu nham phéan



tich cac aflatoxin va ap dung quy trinh nham budc dau danh gid moi nguy hai doc
to aflatoxin doi véi strc khoe con nguoi.

Céc dong gop mdi cua luan an bao gom:

e Pay la nghién ciru dAu tién tai Viét Nam chuan héa phuong phap phén tich
dong thoi bén hop chét aflatoxin (B1, B2, G1, G2) trong cac loai thuc phim phd
bién nhu dau phong, bdt 6t, nho khd va bép bing thiét bi séc ky 1ong siéu hiéu
ning cao két hop dau do huynh quang (UPLC-FD) ma khéng cn budc dan xuét.
Phuong phép nay thé hién nhidu wu diém vuot trdi nhu quy trinh phan tich don
gian, do nhay cao, tiét kiém thoi gian va dung moi, than thién véi moi truong,
ddng thoi bao vé stic khoe ngudi thao téc. Dic biét, phuong phép dép Gng t6t cac
quy dinh v& gidi han an toan aflatoxin theo QCVN 8-1:2011/BYT, va c6 tiém
ning Gng dung rdng rii trong cac phong thi nghiém kiém nghiém thuc phm.

e D& tai cling cung cip danh gid ban dau vé hién trang 6 nhiém va phan bd
aflatoxin trong mét sé thuc phdm tai TP. HCM, dong thoi xdy dung duge mé hinh
du bao nguy co nhiém aflatoxin B1 va téng aflatoxin — mdt cong cu hitu ich cho
cong tac gidm sat an toan thue phdm.

e Lan déu tién tai Viét Nam, nghién ctu tién hanh dénh gid mac do phoi
nhiém aflatoxin B1 théng qua khdu phan #n & ba nhém thé trang khac nhau (gay,
binh thuong, thira cén) ciia nguoi trudng thanh. Két qua thu dugc 1a ngudn dit lidu
c6 gid tri phuc vu cong tac danh gia rii ro sic khde cong ddng do phoi nhiém
aflatoxin trong thue pham.

3 \ R A As A A Y N - ) n ’
6. Uu diém va nhuge diém vé ni dung, két cau va hinh thie ciia ludn 4n.

Lu4n 4n ¢6 bé cuc hop 1y, ndi dung nghién ctu 18 rang, cic phuong phap
nghién ctru hién dai, ddm bao dd tin cdy cao. Céch giai quyét van dé hop ly, dat
duoc nhidu két qua cé y nghia va cé tinh méi, cac tai lidu tham khao cip nhét va
duoc trich dan phu hop véi néi dung trinh bay trong luan an.

7. N§i dung ciia ludn an dd dwoc cong bo trén tap chi, ky yéu Hoi nghi Khoa
X b | L4 . hd r ~ Y ~ A ‘
hoc nao va gia tri cia cdc cong trinh da cong bo

N6i dung, két qua ctia luan an da duge NCS cong b trén 02 bai bao qubc té
chuyén nganh uy tin SCIE (Food Science and Nutrition- QIl; Acta
Chromatographica — Q3); 02 bai trén tap chi qudc gia (Tap chi phan tich Ly, Ho4,
sinh) va 01 qui trinh dugc cip bing Sang ché doc quyén giai phép hitu ich s6 3872
do Cuc S& Htitu Tri Tué cép theo quyét dinh s6 142123/QDb-SHTT, ngay
04/12/2024. Day d&u la nhiing cong trinh cong bd cé chét lugng t&t phan anh day
du ndi dung cua luén an.



A A
8. Keét luan chung:

Luan an dap tng day du cac yéu cau vé ndi dung va hinh thirc clla mot luin
an chuyén nganh Hoa phén tich. Luan an c6 khoi lugng cong viéc kha 16n, dap
Ung day du cac muc tiéu dit ra, dat duogc cac két qua c6 y nghia khoa hoc va thyuc
tién.

Ban tém tat ludn 4n phan anh trung thyc cic ndi dung co ban cuia luén an. Do do,
t6i dong y cho NCS dugc bao vé luén an cap Hoc vién dé nhan bang Tién si.

Ha N¢i, ngay 06 thang 05 ndam 2025
Nguwdi nhan xét

GS.TS. Nguyén Viin Tuyén
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(Mdu 8-HV-Mdu nhdn xét ludn dn)
BAN NHAN XET/ PHAN BIEN LUAN AN TIEN ST CAP HQC VIEN

Tén dé ta:li ludn an: Nghién ctru phuong phap séc ky long higu ning cao dau do huynh
quang dé phan tich dong thoi Aflatoxin B1, B2, G1, G2 trong mot s6 loai thuc pham
Nganh: Hoa phan tich
Mi s6: 9 44 01 18
Nghién ciru sinh: Nguyén Thanh Duy
Thiy hudng din: PGS.TS. Nguyén Tién Dat
TS. Nguyén Quéc Hing
Ho va tén nguoi phan bién luén 4n: PGS. TS. Nguyén Xuan Truong
Co quan cong tac: Truong Hoa va Khoa hoe Su sdng — Dai hoc Bach Khoa Ha Noi

Noi dung nhin xét:

1. Tinh cin thiét, thoi sw, ¥ nghia khoa hoc va thwe tién ciia dé tai luan an
Aflatoxin phé bién gdm aflatoxin B1, B2, G1 va G2, trong d6 aflatoxin B1 duge

xép vao loai chét gdy ung thu nhém 1 theo Co quan Nghién ciru Qubc té vé Ung

thu (IARC). Ngoai tdc dong dén stic khoe, aflatoxin con dan dén thiét hai vé kinh
té dang ké do gy 6 nhiém thuc phém trén dién rdng. Cac loai thye phém nhu hat
¢6 dau (dau tuong, ddu phong, hat hudng duong, va hat bong), ngti cbe (bép, lua,
mién, laa mi, lta gao), gia vi (6t, tiéu den, rau mui, nghé va giing) va cac loai trai
ciy kho (nho khd, hanh nhén va qua éc ché) thudng bi nhiém aflatoxin sinh ra bi
nim Aspergillus. Mot sé phuong phap sic ky thuong dugc st dung dé xdc dinh
aflatoxin nhu HPLC-FD két hop dan xudt trude hodc sau c¢dt va LC-MS/MS. Céc
phwong phap nay ¢6 uu diém 12 do nhay cao nhung van con han ché 1a quy trinh
twong dbi phirc tap hosc chi phi van hanh tuong déi cao. Pé tai clia luan dn nghién
cttu phat trién phuong phap UPLC-FD phan tich ddng thoi aflatoxin B1, B2, G1,

G2 trong mét sb loai thye phdm, nhdm don gian hoa quy trinh phan tich (khéng can

budc din xuét hoa), tiét kiém thoi gian va luong dung mdi st dung. Tir do, dé tai da

bude déu danh gia dugc sy phén b aflatoxin trong cac mau thuc phém thu thap tai

TP. HCM va danh gid mbi nguy hai doc t6 nay voi cong dong. Noi dung nghién ctru

ctia lun an ¢6 tinh thoi su, cp thiét va ¢ ¥ nghia khoa hoc, ¥ nghia thyec tién.

2. Su khéng trung Lip ctia dé tai nghién ciru so véi cdc cong trinh, lujn 4n da
cong bd & trong va ngoai nuwée; tinh trung thwe, ré rang va ddy di trong
trich din tailiéu tham khio
D¢ tai ludn an: “Nghién ciru phuong phap sic ky long hiéu ning cao dau do

huynh quang dé phén tich dong thoi Aflatoxin B1, B2, G1, G2 trong mt s6 loai

thue phidm” khéng trang 1ip voi cac ludn 4n trong nude va tén dé tai tiéng Anh

“Research on high performance liquid chromatography with a fluorescent detector

=



to analyze simultaneously aflatoxin B1, B2, G1, and G2 in various foods” khong
thiy c6 sy tring ldp. Theo tra ctru cho théy, céc sb lidu, cac két qua nghién ciru, cac
nhan xét, két luan cling khong théy tring ldp voi céc luén an da bao v trong nude
va 0 nude ngoal.

Luan dn tham khao 139 tai ligu, trong do hiu hét 1a tai liéu Tiéng Anh, cap nhét
vé& van d& nghién ctru, dugc trich dan day du va 18 rang dam bao do tin cay.

3. Su phu hop giira tén dé tai véi ndi dung, gitta ndi dung véi chuyén nganh

va mé s chuyén nganh

Tén d& tai phtt hop véi ndi dung nghién ctru, ndi dung nghién ciru cua dé tai phu
hop véi chuyén nganh Hoa phan tich, ma s6 chuyén nganh 9.44.01.18.
4. D9 tin cdy va tinh hién dai ciia phwong phap da st dung dé nghién ciru

Phuong phap nghién ctru ctia ludn 4n duge thiét ké logic chit ché va khoa hoc.
Cac quy tr mh/phuo‘ng phap st dung hién dai va tin cdy, gdm quy trinh thu thép va
bao quan mAu, chuén bi mau tring, xi ly mau phan tich (chiét long-long va lam
sach bing cach st dung cot ai lue, IAC), phuong phép phan tich trén tlnet bi UPLC-
FD, danh gia gia tri st dung cua phuong phap phan tich, danh gia moi nguy va
phuong phap xt 1y sb liéu.
5. Két qua nghién ciru méi cia tic gia

Luén 4n da thu duge nhiéu két qua c6 y nghia. Nghién ctru chuén héa phuong
phép phan tich d@)ng thoi aflatoxin B1, B2, G1, G2 trong diu phdng, bt 6t, nho khd
va bép trén thiét bi UPLC-FD khong dan xuat. B9 nhay LOD 0,1 pg/kg vaLOQ 0,3
pg/ke.

Két quc"i danh gid ban ddu vé sy hién dién va phan bb aflatoxin trong cac mau
thuc pham thu thap tai TP. HCM; phat hién mbi tuong quan chit ché glua aflatoxin
B1 va tdng aflatoxin, tir d6 dé xuét md hinh du bdo nguy co nhiém doc t6 nay.

Danh gi4 dugc su phoi nhiém aflatoxin B1 qua khéu phén an & ba nhom thé
trang (gdy, binh thudng, thira can) ciia ngudi trudng thanh ¢ Viét Nam, cung cép dit
liéu quan trong cho danh gi rti ro stc khoe cong dong.

6. Uu diém va nhwoe diém vé ni dung, két ciu va hinh thire ctia ludin 4n
Céc két qua nghién ctru ctia luén an dugc trinh bay trong 132 trang, chia thanh
3 chuong (Téng quan, Déi tugng va Phuong phap nghién ctru, Két qua va Thao
luéin), phan Két lugn va gbm 44 Bang, 23 Hinh, 15 trang Phu luc. Luén én c6 b6 cuc
hop 1y, logic, hinh v& va bang biéu trinh bay 1 rang.
Luén an dap ung day du yéu cu vé ndi dung va hinh thirc ctia mét luan an tién
st chuyén nganh Hoa phan tich.
7. Noi dung ludn an da duge cong b6 trén tap chi, ky yéu hoi nghi khoa hoc
nao va gia tri khoa hoc ciia cdc cong trinh da cong bo o



Téc gia cd 05 cong trinh cong b lién quan dén nodi dung luan 4n. Trong d6 cé
02 bai bao qudc té (01 bai thuéc danh muc SCIE, Q1 va 01 bai thudc danh muc
SCIE, Q3): va 02 bai dang trén Tap chi Phan tich Héa, Ly va Sinh hoc; cung 01
Bang s& hitu tri tué giai phap httu ich da dugc duoc cép theo quyét dinh sb
142123/QB-SHTT. Pay déu la céc tap chi trong nudc va qudc té uy tin.

Céc cong bd déu phan anh ndi dung, két qua nghién ctru chinh trong luan 4n, cé
chat lugng t6t va ¢6 gi tri tham khao.
8. Két lufn chung

Ludn an dap ung ddy da yéu céu vé ndi dung va hinh thirc cia mét ludn én tién
si chuyén nganh Hoa phén tich, ¢é y nghia khoa hoc va c¢6 nhiing déng gép méi.
Ban tém tit ludn an phan 4nh trung thanh ndi dung ctia luén an.

T61 dong y luén an dugc dua ra bao vé trude hoi ddng chim luan an tién si cap
Hoc vién dé nghién cru sinh nhén bang Tién si.

Ha Néi, ngay 06 thang 5 ndam 2025
Ngwoi nhan xét

PGS. TS. Nguyén Xuin Trwong



BAN NHAN XET LUAN AN TIEN ST CAP HQC VIEN

(Ddnh gid ludn dn cap Hoc vién)

Ho va tén ngudi nhan xét/phan bién luén an: Vuong Trudng Xuén

Hoc ham, hoc vi: PGS. TS.

Co quan cong tac: Trudng Pai hoc Khoa Hoc — DH Thai Nguyén

Ho va tén nghién ctru sinh: Nguyén Thanh Duy

Thay hudng din: PGS.TS. Nguyén Tién Pat va TS. Nguyén Québc Hing

Tén d? tai luan &n: “Nghién citu phwong phdp sic ky Iong hiéu ning cao dau do

huynh quang dé phan tich dong thoi Aflatoxin B1, B2, G1, G2 trong mjt so logi

thue phim”
Nganh: Héa phan tich M3 sb: 9.44.01.18

No6i dung nhén xét:

1. Tinh cin thiét, thoi sy, ¥ nghia khoa hoc va thye tién ciia dé tai:

Luan 4n thé hién dugc tinh cép thiét ctia ndi dung nghién ctru, tinh thoi sy vacody

nghia khoa hoc va thuc tién cao.

. Tinh cAn thiét va thoi su:

Luén an tép trung vao van d& 6 nhiém aflatoxin trong thuc phém, mot thach thire
16n dbi véi an toan thue phdm & Viét Nam va trén thé gibi.

Aflatoxin 12 mot doc t6 vi ndm c6 kha nang gdy hai nghiém trong cho strc khoe con
nguoi va dong vat, bao gdm ca nguy co gy ung thu.

Viét Nam la mot quéc gia c6 ty trong san xuét ndng nghiép cao, va viéc kiém soat
aflatoxin trong céc san phdm ndéng nghiép 12 rét quan trong dé bao vé sirc khoe cong
dbng va ning cao chit lugng san pham xuét khéu.

Céc loai thuc phém nhu ddu phong, bot 6t, nho khd va bép hat 12 nhitng thuc phém
phd bién va c6 nguy co cao nhiém aflatoxin, do d6 viéc nghién ctru phuong phap
phan tich hiéu qué cho céc loai thue phdm nay 1a cin thiét.

Luin 4n dé& xudt phuwong phap UPLC-FD, mot phuong phép hién dai c6 nhiéu wu
diém so véi cdc phuong phap truyén thdng, nhu do nhay cao, tiét kiém thoi gian va

than thién véi moi truong.

b. Y nghia khoa hoc:



Ludn 4n gép phén phat trién va tdi wu héa quy trinh phén tich déng thoi aflatoxin
(B1, B2, G1, G2) trong cac loai thie phim bing phwong phap UPLC-FD.

Nghién ctru ndy cung cip dit liéu khoa hoc vé ham lugng aflatoxin trong cac loai
thuc phdm phd bién & Viét Nam, tir d6 gitip danh gia nguy co phoi nhiém aflatoxin
dbi véi ngudi tiéu ding.

Luén an ciing dong gop vao viéc so sanh va danh gia cac phuong phap phéan tich
Aflatoxin khac nhau, 1am rd vu va nhuoc diém ciia timg phuong phap.

¢. Y nghia thwe tién:

Két qua cia ludn an c6 thé duge ing dung trong céc phong thi nghiém kiém nghiém
thuc phém dé& phan tich aflatoxin mot cach nhanh chéng, chinh x4c va hiéu qua.
Quy trinh phén tich dugc phat trién trong luan 4n c6 thé gitip céc co quan quan ly
nha nudc va doanh nghiép thuc phim kiém soat chit lwgng san phdm, dam bao an
toan cho nguoi ti€u dung,.

Céc thong tin v& mre dd 6 nhiém va nguy co phoi nhidm aflatoxin cé thé dugc st
dung dé x4y dung cac bién phap phong ngira va giam thiéu tac hai cta aflatoxin dbi
v6i stic khoe cong dong.

T6m lai, ludn 4n c6 tinh cAn thiét va thoi su cao, dong thdi mang lai ¥ nghia khoa hoc

va thue tidn quan trong trong linh vire an toan thie pham va bao vé sirc khée cong dong.

2.

Sw khong triing Jip ciia dé tai nghifn clru so v6i cde cHng trinh, ludn viin, ludn
4n d4 cong bd & trong va ngoai nwéc; tinh trung thye, rd rang va dy di trong
trich din tai liéu tham khao.

Céac ndi dung ctia ludn an 1a hoan toan méi va khong trung 1dp véi cac cong trinh,
luén vén, luén 4n & trong va ngoai nudce.

Céc s liéu duge trinh bay va trich din day du.

Sw phit hop giita tén dé tai véi ndi dung, giira ndi dung véi chuyén nganh va
mi s6 chuyén nganh.

Tén ctia ludn 4n pht hop véi ndi dung va chuyén nganh, ma sb tién si ctia nganh
Hoa phéan tich

Do tin cdy va tinh hién dai clia phwong phap di siv dung dé nghién ciu.

Luin 4n da sir dung nhiéu phuong phap nghién ciru da dang va hién dai bao gdm
c4c phuong phép Séc ky 16ng siéu hiéu ning (UPLC-FD): Pay 1a phuwong phap sic
ky 16ng hién dai voi ddu do huynh quang, duoc thiét ké dé t5i vu hoa do nhay ma
khong cin din xuét va phuong phép chiét 1éng-rin (LSE), két hop véi céc phuong
phap phan tich théng ké. Vi véy, céc két qua thu duoc trong ludn &n c6 do tin cdy
cao.

Két qua nghién ciru méi clia tic gia; nhitng dong gép mai cho sw phat trién

khoa hgc chuyén nganh; déng gép méi phuc vu cho sin xuit, kinh té, quoc



phong, xa hdi va doi séng; ¥ nghia khoa hoc, gid tri va dd tin ciy ciia nhiing
két qua dé.

- Két qua cia luéin 4n dong gop kién thire mai vao khoa hoc Hoa hoc, nganh Hoa phén
tich.

- Cac két qua da duogce phén tich trén céc thiét bi hién dai va xir Iy théng ké phan tich sb
liéu chit ché va logic, ddm bdo tinh khoa hoc va do tin cdy cao.

6. Uu diém va nhuogc diém vé ndi dung, két céu va hinh thirc ciia luéin an.

e Uu diém

Luéin dn cé nhiing wu diém sau:

1. Hwong tiép cin hién dai va thwe tién: Ludn 4n tap trung phét trién va chun héa
phuong phap phén tich ddng thoi 4 loai aflatoxin chinh (B1, B2, G1, G2) bang k¥
thuat Sic ky 1ong siéu hiéu ning véi dadu do huynh quang (UPLC-FD) ma khéng
cdn tgo dan xudt. Pay 1a mot cai tién dang ké so véi cac phwong phap HPLC-FD
truyén théng doi héi din xuét hoa trude hodc sau cot, gitp don gian héa quy trinh,
tiét kiém thoi gian, hoa chét (diic biét 14 cic tdc nhan din xudt c6 thé doc hai) va
than thién hon véi moi truong.

2. Quy trinh thim dinh phwong phap toan dién: Phuong phap phan tich di duoc
thdm dinh (validation) mdt cach bai ban va chi tiét theo céac tiéu chuin quéc té va
Viét Nam. Cac thong s6 quan trong nhu d¢ chon loc, gigi han phat hién (MDL), gidi
han dinh luong (MQL), khoang tuyén tinh, d6 ding (accuracy - thong qua do thu
hoi), d6 chum (precision - gdbm do lap lai RSDr va d6 tai 1ip RSDR), 4nh hudng cuia
nén miu (matrix effect), 6 6n dinh ctia mau, va d6 khong dam bao do déu duoc
danh gia k§ luong trén ca 4 nén miu thyc pham phirc tap (dau phong, bot 6t, nho
khd, bép hat). Didu nay cung cép bing chirmg manh mé& v& do tin cdy va tinh on dinh
ctia phuong phap.

3. Khao sat va xir Iy 4nh hwéng nén miu: Ludn 4n di nhén dién va danh gid anh
huéng ctia nén méu, mot yéu td quan trong trong phan tich vét cac chét trong thuc
phim, bing cach so sanh dudng chuin dung trong dung méi va dudng chudn dung
trong nén mau. Viéc nay cho théy su cin trong trong viéc dam bao d) chinh xac cua
két qua phén tich dinh lwong.

4. Ung dung thue té va danh gia nguy co: Phuong phap da duoc ap dung thanh cong
dé khao sat ham luong aflatoxin trong céc miu thuc phim thuc té thu thp trén thi
tredng TpHCM, cung cap dit liéu khoa hoc hitu ich vé tinh hinh 6 nhiém aflatoxin
tai dia phuong. Viéc Kkét hop danh gid rti ro phoi nhiém (risk assessment) dua trén
két qua phan tich va luong tiéu thu wéc tinh lam ting gié tri thuc tién clia nghién

clru.



5. So sanh va lam ndi bat wu diém: Luan 4n co sy so sanh truc tiép quy trinh phén
tich mgi (UPLC-FD khong din xuét) véi quy trinh theo TCVN (HPLC-FD ¢6 dan
xudt sau cot), lam rd nhitng vu didm vé tiét kiém dung mai va tiém ning don gian
héa quy trinh.

e Han ché:

Ludn 4n s& hoan thién hon néu cung cp dugc thém céc thong tin sau:

1. So sanh d9 nhay véi cac ky thudt khac: Mic du ludn 4n khing dinh hé théng
UPLC-FD du nhay dé khong cin din xuét, viée so sanh dinh lugng gi6i han phét
hién/giGi han dinh lwgng (LOD/LOQ) dat duge véi cdc phuong phap HPLC-FD c6
dAn xut hodc dic biét 1a LC-MS/MS (dugc xem 12 tiéu chuén vang hién nay vé do
nhay va do chon loc ) trén cing nén mAu thue té cAn duogce 1am 13 hon dé khing dinh
vi tri ctia phuong phép, nhat 13 khi phén tich cic mau gAn ngudng gidi han cho phép
rét thép.

2. Chién lwge 1am sach mAu: Ludn 4n cht yéu dua vao cot 4i luc mién dich (IAC) dé
lam sach méu. Tuy IAC rét hiéu qua vé dd chon loc, nhung chi phi twong d6i cao
va ¢6 thé gip van d& v& dung luvgng cot khi xir Iy mAu nhiém ban ning. Viéc thao
luéin hodc khao sat so bd cac phuong phap 1am sach thay thé (vi du: SPE, bién thé
QUEChERS) ¢6 thé phit hop véi k§ thuat UPLC-FD khong dén xuat nay s& lam ting
tinh toan dién ctia nghién cuu.

3. Pham vi nén miu: Nghién ctru da thuc hién trén 4 nén méu quan trong. Tuy nhién,
viéc thao ludn v& kha ning mé rong phuong phap (bao gdm ca quy trinh chiét tich
va phén tich UPLC-FD) cho cédc nén miu phirc tap khéac (vi du: c4c loai gia vi khac,
sta, thire dn chin nudi) s& gitp danh gia tiém nang tmg dung rong rdi hon cia
phuong phap.

Cau hdi cho tic gid

Duya trén ndi dung luén an, toi xin dit ra cdu hoi dé tac gia c6 thé thao luan séu hon:
Céu 1: D6 nhay va viéc tudin tha giéi han phap ly: Phuong phap UPLC-FD khong
din xuét c6 wu diém 15 rang vé sy don gian va tiét kiém hoa chét. Tuy nhién, so v6i cc
gidi han phép 1y ngay cang nghiém ngit dbi véi aflatoxin (ddc biét 1a AFB1) trong mot
s6 san phim hoic thi trudng cu thé (vi du thue pham cho tré nhé), @ nhay (LOQ) ma
phuong phap dat duge cé di dap ung cho tAt ca cac yéu cdu phén tich tiém ning hay
khong? So sanh dinh lugng voi cée k§ thudt tién tién khdc nhu LC-MS/MS trén nén
méu phire tap (nhu bot 6t ) cho thy hiéu ning twong dbi nhu thé nao?

Chu 2: Tinh bén viing ciia quy trinh 1am sach: Cot 4i lyc mién dich (IAC) da dugc

str dung hiéu qua. Trong qua trinh phan tich cic mAu nhidm ning (nhu mot s6 miu 6t

bot duge bdo cdo nhidm rét cao ), tac gia c6 gip vAn dé vé kha ning tai (capacity) hogic
hién tugng cot bi qua tai (breakthrough) khong? Tinh bén vitng va d6 1ap lai ctia hidu



qua lam sach khi sir dung cac 16 cot IAC khéc nhau hogc tlir cdc nha cung cép khéc nhau
da dugc xem xét nhu thé nao?
Cau 3: Kha niing mé& rong phwong phap: Phuong phap dd dugce thdm dinh thanh
cong cho 4 loai thuc pham. Dya trén kinh nghiém tdi wu hoa quy trinh chiét tach va
kiém soat anh huéng nén miu cho céc loai thuc pham da dang nay, tdc gia dy doan
nhiing thach thirc chinh hodc nhing didu chinh can thiét ndo khi muén mé rong ng
dung phuong phap UPLC-FD khong dan xuét ndy sang cac nén mau quan trong khac
nhung co thé phirc tap hon (vi du: céc loai gia vi, thao dugc, hat co6 dAu khéc, hoic sita
va san pham tir stta)?
7. Nbi dung ciia lufin an di dugc cong b6 trén tap chi, ky yéu Hoi nghi Khoa hoc
nio va gia tri clia cac cong trinh da cong bé.
- Ndi dung cua luén 4n da duoc cong b trong 2 bai bao xudt ban trén tap chi qudc té
thude danh muc WOS (Q1, Q3), 1 s hiru tri tué va 02 bai bao xuét ban trén tap chi
Phan tich Ly - Héa- Sinh.
8. Két luin chung:
- Luén an d4p tung tbt cac ndi dung va yéu cAu ciia ludn 4n tién s nganh Hoa phan tich.
- Bén tém tit luan an phan anh trung thyc ndi dung co ban ctia luan an
- Luan 4n c6 thé dua ra bao vé cap Hoc vién dé nhén bing Tién si.

Théai Nguyén, ngdy 5 thang 5 ndm 2025

Ngudi nhan xét

-

PGS.TS. Vuong Trudong Xuin



(MéNu 8-HV-Méu nhdn xét luén dn)
BAN NHAN XET PHAN BIEN LUAN AN TIEN ST CAP HQC VIEN

Tén d& tai luan 4n: Nghién citu phirong phdp séic ky Iéng hiéu néing cao ddu do hupnh
quang dé phan tich dong thoi Aflatoxin Bl, B2, G1, G2 trong mét s6 loai thurc phdm
Nganh: Hoa phan tich
M s6: 9 44 01 18
Nghién ciru sinh: Nguyén Thanh Duy
Thay huéng dén: PGS.TS. Nguyén Tién Pat
TS. Nguyén Qudc Hung
Ho va tén ngudi phan bién ludn an: PGS.TS. Ta Thi Thao
Co quan cong tac: Khoa Héa hoc- Trudng Pai hoc Khoa hoc T nhién- Pai hoc Quéc

Gia Ha Noi.
NOI DUNG NHAN XET
1.  Tinh cén thiét, thoi sw, ¥ nghia khoa hoc va thye tidn ciia dd tai lujn 4n.

Aflatoxin 1a mot loai doc tb do ndm Aspergillus san sinh phd bién & cac loai nong
san trong diéu kién sinh trudng nhiét doi va bao quén san pham & méi trudong néng 4m nhu
ctia Viét Nam. Tuy TCVN di c6 phwong phap phan tich aflatoxin (AF) bing LC/MS/MS
kha nhay nhung chua that sy phit hop béi thiét bi rit dét, nén kho c6 thé phd bién cho céc
PTN. Viéc phat trién qui trinh phan tich don gian va dat gi6i han phan tich trong thuc phdm
bing thiét bi phd bién trong cac PTN hién nay nhu HPLC s& d& dang ap dung vao thyec tién
phén tich danh gia chit lwgng ndng san bi nhiém aflatoxin qua dé ting cudng duge tap dir
ligu 16n dé danh gia duge mdi nguy hai cia doc t6 aflatoxin véi co thé con ngudi la nhu
cdu rat cép thiét hién nay. Bén canh viéc phat trién cac thiét bj phan tich méi thi cai tién
céc diéu kién phan tich trén co s& cic phuong phap tidu chudn cho phi diéu kién véi cac
loai thiét bj phén tich hién dang dugc trang bi phd bién tai cac phong thi nghiém (PTN) va
xé4c nhén gid tri sir dung ctia phuong phép phan tich dé c6 thé tng dung phén tich hang loat
mAu thye € cing 1a hudng nghién ctu ca”ip thiét nham d4p (g nhanh nhu ciu thye té.

Y nghia khoa hoc, thuc tién cia luin dn:

Luén 4n 13 cong trinh doc 14p nghién ciru vé phat trién qui trinh phén tich déng thoi

4 chét aflatoxin g("im aflatoxin B1, B2, G1, G2 trén thiét bj HPLC- detector huynh quang
(FD) khéng qua qué trinh dén xuét hoa véi cac bude xir Iy mau gdm chiét bing dung méi
methanol/ nuéc (ty 1& thé tich 8/2), 1am sach va lam giau chét phén tich bing cot 4i lyc
mién dich, phén tich trén thiét bj HPLC/FD véi cic didu kién t6i khao sat duoc theo phuong
1



phap don bién. Qui trinh phén tich di duogc xdc nhin diy du cic thong sb theo 1SO
17025:2017.

Luén 4n da phén tich 400 miu ddu phong, 400 miu bot 6t, 400 mAu nho kho va 400
mau bip hat, thu thap tai rit nhiéu quén, huyén cua Tp HO Chi Minh nim 2021, 2022. Két
quéa phan tich ciia ludn 4n dd duge sir dung dé wéce tinh mirc d6 phoi nhidm aflatoxin B1
ctia cac ddi tugng thye phdm ndy véi con ngudi, tinh todn i ro nguy co ung thu tir khiu
phén #n bj nhiém aflatoxin, tir d6 dé xuit cac mire tiéu thy tdi da hang ngay theo thé trang.
Déng gop clia nghién ctru rét ¢ y nghia thue tién trong viée béo vé sirc khoe cong dong.

2. Sw khéng tring Iip ciia dé tai nghién ciru so véi cac cong trinh, luin 4n di cong
bd & trong va mgoai mwde; tinh trung thie, ré rang va diy di trong trich din tai liéu
tham khao.

Pé tai ctia ludn 4n vdi cdc két qua méi thu duge (trong d6 c6 mot sb diém thay doi
trong qui trinh phan tich va két qua v& phan tich cic méu thyc té khong tring lap voi bat
ky mot dé tai, luan vin, ludn 4n ciia céc tac gia khic da duge cong bd & trong va ngoai
nude. Nghién ciru sinh di st dung 118 tai liéu tham khao tir nhiu ngudn i lidu va cap
nhét, trich din tai liéu tham khao r& rang, trung thye va ddy du, danh nhidu thoi gian dé
nghién ciru nghiém thc va tich lity kién thirc lién quan dén luén 4n.

3. Sw phit hop giira tén d& tai voi ndi dung, giika ndi dung v6i chuyén nganh va
mé s6 chuyén nganh.

Ni dung trinh bay trong luin dn phit hop véi tén dé tai va ma sb chuyén nganh Hoa
phén tich da dang ky.

Nbi dung phin két qua va thao lufin bam sét v6i tén dé tai luan an v& phuong phap
phan tich. Ngoai ra, riéng phan sir dung két qua phan tich dé danh gia mdi nguy hai cta do
t6 aflatoxin théng qua lugng dn vao co thé ngudi hang ngdy va bién do phoi nhiém thi
khong lién quan dén tén dé tai ludn 4n nhung giai quyét thém 1 muc tiéu cta ludn 4n dit

ra.
4. DJ tin ciy va tinh hién dai ciia phwong phap da sit dung dé nghién ciru.
Luén 4n da st dung cic phuong phéap nghién ciru sau:

- Phwong phap HPLC-FD dé phan tich dong thoi 4 aflatoxin trong mau bép (ngd),
bot 6t, nho khd va déu phong (lac): mot sb cac didu kién phén tich dwge tham khéo tir cac
cong bd da c6 va khao sat, danh gia lai cac thong sb ciia phiong phép ciing nhu lira chon
diéu kién phit hop v6i thuc t& phén tich va nén mau.



- Céc phuong phép théng ké danh gia céc thong s6 ctia phuong phéap phan tich theo
yéu ciu cia ISO 17025: 2017.

- Phuong phap wéc lugng mdi nguy hai va danh gia roi ro ung thu theo chi din da
dugce sit dung phd bién theo cac tai liéu tham khao.

Nhin chung, cic phuong phap nghién ctru phu hgp v6i phén tich lugng siéu vét doc t6
aflatoxin trong mau thyc pham.

5. Két qué nghién citu méi ciia tdc gid.

+ Xay dung duge qui trinh phén tich dong thdi céc aflatoxin B1, B2, G1, G2 trong
mau bot bip, dau phong, bot 6t va nho khd bing k§ thuat UPLC-FLD khong cén din xuét
hoa, ¢6 ké thira cac didu kién chiét tach va lam sach chit phén tich ciing nhu mét s thanh
phin pha dong. Piém mai 13 pha dong c6 bd sung HCOOH dé ting kha niing tich céc chét
cho nén méu cu thé trong lun 4n.

+ Tién hanh x4c nhén gié tri sir dung ciia phuong phap phén tich véi nén mau phan
tich ddy du cac théng sd theo tiéu chuan TCVN ISO 17025:2017 cho thdy phwong phap c6
do dic hiéu, do chinh xac dat yéu cAu dép tmg nhu cau phan tich cac AF theo quy dinh gidi
han cho phép t6i da aflatoxin B1 12 0,1 pg kg cia QCVN 8:1:2011/BYT.

+ Qui trinh phan tich dé dugc 4p dung dé phén tich 4 loai mau, mdi loai 400 mau
thu thap ngAu nhién tai cic chg trén dia ban TPHCM nim 2021, 2022 va dénh gié sy hién
dién, mirc ham lugng trung binh cia cac AF trong cdc mau nghién citu, chi ra dugc mdi
tuwong quan cao gitta ham lugng AF B1 trong tdng sb cac AF.

+ Trén co s& két qua phan tich thu dugc d& udc tinh mirc dd phoi nhiém AF B1 va tinh
toan rii ré nguy co ung thu trong khau phan #n hang ngay theo thé trang ngudi Viét Nam.
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6. Uu diém va nhwge diém vé ndi dung, két cau va hinh thire ciia lugn dn.

U'n diém: Luén 4n tién hanh khéi lwvong nghién ciru thyc nghiém trén s& hrong mau
thue té rat 1on. Cac phz?m ndi dung thuc nghiém co gin két logic, duge tién hanh c6 hé
théng, theo dung yéu chu ciia ISO 17025 v& phat trién phuong phép phan tich. Céc s6 liéu
thyre nghiém dugc danh gia théng ké dap tng duge yéu ciu vé tinh tin cfy cla két qua phén
tich.

Nhwge diém: - Cac thuat ngit thong ké can dugc dich sang sang tiéng Viét, mot sb
thudt ngit tuy da dich nhung chua rd nghia cin dugc md ngoic tiéng Anh dé nguoi doc
hiéu duoc y dién dat. Viéc bién luéin cac thong tin lién quan dén cac gai tri trung gian thu
duoc khi xir ly th(’")ng ké cén dugc viét gon lai (vi du céc trang 115 dén 121).



T N¢i dung lufin 4n @ dwge cong bd trén tap chi, ky yéu hi nghj khoa hoc nao
va gia tri khoa hoc ciia cic cong trinh dd cong bé.

Nghién ciru sinh minh ching két qua luén 4n trong 05 cong trinh di cong b trong
do6 c6 4 bai bao khoa hoc (2 bai bdo cong b trén tap chi “Phan tich Hoa Ly, Sinh hoc Viét
Nam” ¢6 diém sb 0,75 diém theo hoi d(A)ng chirc danh nganh Hoéa hoc va cong nghé thue
phim), 1 bai bdo trén tap chi Qubc té xép hang Q1, 1 bai béo trén tap chi qubc té xép hang
Q3, 1 giai phap hitu ich dd duoc cip bing sang ché.

Céc cong trinh cong bd déu co lién quan mat thiét dén nodi dung cia luén 4n.
8. Két lugn chung:

Luan 4n dép Gmg céc yéu cdu dbi véi mot ludin 4n tién si qui dinh tai Pidu 30 (Qui
ché 10/2009 va sira ddi, bd sung tai Thong tw 05/2012/TT-BGDDT);

Ban tom tit ludn 4n phan anh trung thanh ndi dung co ban ciia ludn an
Luén 4n c6 thé dua ra bao vé cap Hoc vién d€ nhén hoc vi tién si.

Ha Néi, ngay 05 thdng 5 ndm 2025
Negwdi nhin xét

PGS.TS. Ta Thi Thao



BAN NHAN XET LUAN AN TIEN SI CAP HQC VIEN

Tén d& tai ludn an: Nghién citu phwong phdp sde ky 1ong hiéu ning cao dau
do huynh quang dé phén tich dong thoi Aflatoxin Bl, B2, G1, G2 trong mét s6
loai thuc pham.

Chuyén nganh: Héa phan tich

Ma s6: 9 44 01 18

Nghién cttu sinh: Nguyén Thanh Duy

Thiy hudng dan: PGS.TS. Nguyén Tién Dat

TS. Nguyén Quéc Hing

Ho va tén nguoi nhdn xét luan an: PGS.TS. Trinh Thu Ha

Co quan cong tac: Vién Hoa hoc — Vién Han lam Khoa hoc va Céng nghé
Viét Nam

Noi dung nhan xét:

1. Tinh cin thiét, thoi sw, ¥ nghia khoa hoc va thwe tién ciia dé tai ludn 4n.
Nhiing loai hat ¢6 dau (d4u twong, dau phong, hat hudng duong va hat bong),
ngii coc (bap, lia mién, lia mi, va gao), gia vi (6t, hat tiéu den, rau mui, nghé, va
glmg) va cac loai trdi cdy khd (nho khé, qua hd trin, hanh nhén, va qua 6¢ chd)
thuong bi nhiém aflatoxin (AF) sinh ra bdi loai nam Aspergillus spp. Nam
Aspergillus dugc biét dén viéc san sinh Aflatoxin (AF) véi bdn loai AF phd bién 1a
aflatoxin B1 (AFB1), aflatoxin B2 (AFB2), aflatoxin G1 (AFG1) va aflatoxin G2
(AFG2). Tiép xtc lau dai véi AF c6 thé din dén nhidm doc AF, mét loai ngd doc
cép tinh c6 thé de doa tinh mang va chi yéu gy ton thuong gan.

Céc phuong phap thuong duge sir dung dé phan tich AF nhu séc ky 16p
mong, Elisa, sic ky 16ng hidu niing cao két hop dau do huynh quang véi dan xuét
trude cot hodc sau cot, sic ky 16ng két hop v6i hé théng khdi phd (LC-MS/MS).
Tuy nhién cc phuong phap nay van ton tai mét s6 han ché nhu do nhay thap hoic
thuong cho két qua duong tinh gia, hodc tao dan xuét yéu cau céc hoa chat doc
hai ¢6 thé gy nguy hiém cho stic khée con ngudi va mdi trudng.

Hién tai ¢ rat it nghién ctru dugc cong bb ¢ Viét Nam va trén toan thé gioi
vé phan tich ddng thoi aflatoxin B1, aflatoxin B2, aflatoxin G1 va aflatoxin G2
trong déu phong, bip hat, bot 6t va nho khd bing phuong phap sic ky long si€u
hiéu ning két hop véi dau do huynh quang, dic biét khéng yéu cu dan xudt. Do
do d& tai “Nghién ciiu phuong phdp séc ky [ong hiéu ndng cao dau do huynh



quang dé phan tich déng thoi Aflatoxin Bl, B2, G1, G2 trong mét sé loai thuc
phcfm " 1a can thiét, c6 tinh khoa hoc va c¢é gia tri thyc tién cao.

2. Sw khéong trung lip ciia dé tai nghién ciu so véi cac cong trinh, luin
an da cong bo & trong va ngoai nwéc; tinh trung thwe, ré rang va day du
trong trich dan tai liéu tham khdo.

Tén dé tai va noi dung nghién ctu cua luén an khéng tring 13p véi cdc cong
trinh, ludn van, luén an da cong bd & trong va ngoai nudc. Ludn an st dung tai
ligu tham khao phong phu, ¢6 néi dung phu hop véi 139 tai liéu tham khao, trong
d6 ¢6 130 tai lidu tiéng Anh va 9 tai lidu tiéng Viét, thé hién sy trung thuc, 15 rang
va ddy du, cac tai liéu tham khao cap nhat méi dén nim 2023.

3. Sw phit hop giita tén dé tai véi ndi dung, gika noi dung voi chuyén
nganh va ma sé chuyén nganh.

Luén 4n thuc hién mot khdi lwong 16n cong viée, thu duoc mdt sb két quacédy
nghia khoa hoc va y nghia thuc tién. Tén dé tai va cc noi dung nghién ctru clia
luén an pht hop véi chuyén nganh Héa phén tich. M4 s6: 9 44 01 18 theo chuong
trinh ddo tao ctia Hoc vién Khoa hoc va Cong nghé.

4. D9 tin ciy va tinh hién dai ciia phwong phap da sir dung dé nghién

r

ciru.

Céc két qua trong ludn an c¢6 d¢ tin cdy va d6 chinh x4c cao. Ludn 4n st
dung cc phuong phap phén tich trén thiét bi hién dai UHPLC, phu hop vai noi
dung nghién ctu, ¢ d9 tin cdy va do chinh x4c cao. Cac phuong phép 1dy mau
tuan theo cac quy chudn, tiéu chuin cta Viét Nam va M. Céc két qua duge xir Iy
theo phuong phép théng ké bing cic phin mém wu viét, hién dai.

5. Két qua nghién citu méi ciia tic gid.

- D4 chuan héa phuong phép phan tich dong thoi aflatoxin B1, B2, G1, G2
trong dau phéng, bép, bot 6t, nho khé trén thiét bi séc ky 16ng sidu hiéu ning déu
do huynh quang (UPLC-FLD), khong st dung dan xudt va va dap tng mic gidi
han cho phép theo QCVN 8-1/2011/BYT.

- B4 budce dau danh gid dugc sy hién dién va phan b cua cac doc t6 aflatoxin
trong dau phong, bép, bot ot, nho khé tai cac cho trén cdc quan huyén & Thanh
Phd H6 Chi Minh.

- B déu tién dénh gi4 mtc d§ phoi nhidm doc t§ AFBI trong ddu phong,
bip hat, bot &t va nho khd qua khéu phén an hang ngay & ba thé trang gy, binh
thuodng, thira can cho nguoi trudng thanh nam va nit dé c6 dugc dénh gia tng thé
sy phoi nhiém va nhiing rii ro stc khée ctia con nguoi.



6. Uu diém va nhuoc diém vé ndi dung, két cAu va hinh thire clia luan an,

Luén dn da thuc hién nghién cru ddy du cac noi dung pht hop véi muc tiéu
nghién ctru dé ra voi khéi lugng céng viéc 1ém, c6 nhiéu sd lidu va két qua, phuong
phap phén tich chinh xé4c, ¢6 nhidu diém méi, b cyc hop ly két cdu ludn 4n chit
chg, hinh thirc trinh bay ctia luén an dep va dang theo quy dinh ctia Hoc vién Khoa
hoc va Cong nghé.

Nhuoc diém: Chinh sta mot s 161 in 4n.

7. Noi dung ludn 4n da dwgc cong bo trén tap chi, ky yéu hoi nghi khoa
hoc nao va gid trj khoa hoc clia cic ¢ong trinh da cong bé.

Tac gid di c6 05 bai bao dugce cong bd trén céc tap chi khoa hoc chuyén
nganh trong va ngoai nudc, trong dé ¢6 01 bai dang trén tap chi Food Science and
Nutrition thugc danh muc SCIE (Q1, IF = 4,26), 01 bai dugc ding trén tap chi
Acta Chromatographica (Q3), 02 bai tap chi Tap chi Phan tich Héa, Ly va Sinh
hoc va 01 Bang sang ché doc quyén giai phap hitu ich s6 3872 do Cuc s& hitu tri
tug da cap theo quyét dinh s6 142123/QD-SHTT, cAp ngay 04/12/2024.

8. Két luin chung:

Luén 4n thyc hién mét khdi lugng 16n cong viée, thu duoc mét sd két qua co
y nghfa khoa hoc va y nghfa thyc tién, dap ting cic yéu cau cua ludn 4n tién si
nganh Héa phan tich. Cac két qua cta luan 4n duoc cong bd trén cac tap chi khoa
hoc quéc té va qubc gia c6 uy tin. Ban toém tit ludn an da phan anh trung thanh
ndi dung co ban cua luin an.

Luan an “Nghién citu phuong phdp sdc ky 1ong hiéu ndng cao dau do huynh
quang dé phan tich dong thoi Aflatoxin Bl, B2, G1, G2 trong mét sé logi thuc
phdam” dap Gng day di céc yéu clu v ndi dung va hinh thtc theo quy dinh ctia
Hoc vién Khoa hoc va Céng nghé vé chuong trinh dao tao Tién si Héa Phan tich.
T6i dong y dé nghién ctru sinh trinh ban lugn 4n ctia minh bao vé truée hoi ddng
danh gia Luéan an cép Hoc vién dé nhan hoc vi Tién si.

Ha Néi, ngay 06 thdng 5 ndm 2025

Ngwoi nhan xét

#

PGS.TS. Trinh Thu Ha



BAN NHAN XET/ PHAN BIEN LUAN AN TIEN ST CAP HQC VIEN

Tén dé tai luéin 4n: Nghién ciru phwong phap sfic ky 16ng hiéu ning cao diu
do huynh quang dé phén tich ddng théi Aflatoxin B1, B2,
G1, G2 trong mdt s6 loai thwe phdm

Nganh: Hoa phén tich

M3 s6: 9 44 01 18

Nghién ctru sinh: Nguyén Thanh Duy

Thay huéng dén: PGS.TS. Nguyén Tién Pat
TS. Nguyén Qubc Hing

Ho va tén ngudi nhan xét/phan bién luan 4n: PGS. TS. Nguyén Thi Anh Hudng

Co quan cong tac: Truong Pai hoc Khoa hoc Ty nhién, PHQGHN

Noi dung nhan xét:

1. Tinh cln thiét, thoi sw, ¥ nghia khoa hoc va thwe tién ciia dé tai ludn an

Viét Nam 1a mot nuée c6 khi hau nhiét d6i gié mia, rit thuén loi cho sy phat
trién ctia céc loai ndm méc, trong dé c6 nhém ddc t6 vi ndm. Aflatoxin la mot nhém
doc t6 vi nAm thudng gy nén mbi nguy ddi véi sirc khée con nguoi khi an phai thuc
phém bj nhiém nhém chét nay, thdm chi c6 thé dén dén nguy co gy ung thu. Do do,

d& tai “Nghién ctru phuong phap sic ky 1ong hiéu néng cao dau do huynh quang dé

phén tich dong thoi Aflatoxin B1, B2, G1, G2 trong mot s6 loai thuc phdm?” 13 cin

thiét, c6 y nghia khoa hoc va thyc tién trong viée lya chon, thdm dinh va ap dung
phuong phép HPLC-FLD dé phan tich alflatoxin trong mét s6 mau thuc phim.

2. Sw khéng tring kip ciia dé tai nghién ciru so véi cic cong trinh, ludn dn da
cong bd & trong va ngoai nwére; tinh trung thure, 6 rang va day di trong trich
dan tai liéu tham khao

Dé tai va ndi dung luén 4n khéng tring Lip véi cac cong trinh, ludn vin, luan
4n clia cac tac gia khac da cong bd trong va ngoai nudce. Céc tai liéu tham khao duge
trich dan trung thue, 18 rang va dy du.

3. Sw phit hep giita tén dé tai véi ndi dung, giika ndi dung véi chuyén nganh va
mé s6 chuyén nganh

Noi dung luan an phit hgp véi tén dé tai va chuyén nganh Hoéa phan tich mé sb

04401 18.

4. DY tin cly va tinh hién dai ciia phwong phap da siv dung dé nghién ciru

Trong nghién ctru ndy, phuong phap sic ky long siéu hiéu ning ghép ndi

detector huynh quang (UPLC-FLD) dugc sir dung dé phén tich cac déc t6 vi ndm
1



alflatoxin B1, B2, G1, G2. D4y 1a phuong phép phén tich ¢6 dd chon lgc va do nhay
t6t, phit hop véi muc tiéu, ndi dung nghién ciru nhdm phan tich céc chit alflatoxin
nay. Cac phuong phéap chiéu siéu &m va cot ai lyc ciing duoc sir dung két hop nhdm
ting cudong hidu qua phén tich d6i voi 4 chét alflatoxin. Cac phuong phép khic dugce
st dung trong nghién ciru cling déu phu hop véi cic ndi dung tuong tng.
5, Két qua nghién clru méi clia tac gia

Mot s6 két qua dat duge ctia luén én:

- P4 nghién ciru quy trinh phan tich dong thoi 4 alflatoxin B1, B2, G1, G2 trong
4 nédn mAu khéac nhau, gdm: dau phong, bot 6t, bip hat va nho khd, bang
phuong phép UPLC-FLD két hgp xit Iy mau béing chiét siéu am va sir dung cot
41 luc (IAC). Phuong phap di dugc thim dinh, tham gia chuong trinh thir
nghiém thanh thao déap tmg yéu cau, dam bao d¢ tin ciy t6t.

- Phuong phép di dugc ap dung dé danh gia ham lugng cla 4 alflatoxin B1,

B2, G1, G2 trong 1200 mAu dau phong, bot 6t, biap hat va nho khé (mdi loai

400 mAu) thu thap tai céc chg trén dia ban thanh phé HS Chi Minh. Tir do,

ri ro phoi nhiém AFB1 trong khéu phan in hang ngay cling dé dugc ude

tinh theo 3 thé trang (gdy, binh thudng, thira can) cho ca nam va nit nham

canh bdo céc nguy co dén cong dong.
6. Uu diém va nhwge diém vé ni dung, két cau va hinh thic ciia lufn an

Luan 4n c6 khéi lugng thuc nghiém kha 16n, két qua nghién ctru c6 ¥ nghia
khoa hoc va thyc tién trong viéc phén tich ddng thoi 4 alflatoxin B1, B2, G1, G2
trong 4 nén mau khac nhau, gém: déu phdng, bot 6t, bép hat va nho kho, bﬁng
phuong phap UPLC-FLD. Két qua di bude diu danh gia roi ro phoi nhiém AFB1
trong khiu phan #n hang ngay ciing dd duge wdce tinh. Ludn an co két cAu va hinh
thirc dugc trinh bay theo quy dinh dbi v6i ludn an.

Gop y:

- Hién chua thiy c6 ndi dung nghién ctiu, nén bd sung day du dé x4c dinh cac

codng viée can thuc hién ctia luéin &n.

- Ludn 4n con mot s6 13 chinh ta, ddnh may cén ra soat chinh stra.
7. N§i dung ludin n da dwoc cong bd trén tap chi, ky yéu hoi nghi khoa hoc nio

va gia tri khoa hgc ciia cic cong trinh da cong b

NCS va cic ddng tac gia da liét ké 04 cong trinh khoa hoc lién quan dén tuédn
4n va 01 Bang sang ché doc quyén giai phap hitu ich. Trong do, 02 cong trinh cong
bé trén céc tap chi chuyén nganh ctia qubc té: Food Science and Nutrition (ISI, Q1),
Acta Chromatographica (ISI, Q3) va 02 cong trinh cong bb trén Tap chi chuyén
nganh trong nudc: Tap chi phan tich Hoa, Ly va Sinh Hoc (Tap chi thu¢c danh myc
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duge Hoi ddng chirc danh nha nuée tinh diém va thudc danh muc tap chi uy tin quéc
gia cia Quy NAFOSTED). Py déu la céc tap chi chuyén nganh c6 uy tin trong va
ngoai nude véi chét lugng tot.
8. Két luin chung

Luén 4n dép tng cac yéu cau d6i v6i mot ludn 4n tién si chuyén nganh Hoa
phan tich. Ban tém tit luan 4n phan anh trung thanh ndi dung co ban ctia luan én.
Luén &n c6 thé dua ra bao vé cdp Hoc vién dé nhan hoc vi Tién si.

Hé Ni, ngay 06 thang § ndm 2025
Nguwdi nhan xét
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(Méu 8-HV-Mdu nhén xét ludn dn)
BAN NHAN XET LUAN AN TIEN S CAP HQC VIEN

Tén dé tai luén 4n: Nghién ctru phwong phap séc ky 1ong hiéu nang cao déu do huynh
quang dé phan tich ddng thoi Aflatoxin B1, B2, G1, G2 trong mot s6 loai thuc phdm
Nganh: Héa phan tich
Miais6: 94401 18
Nghién ctru sinh: Nguyén Thanh Duy
Thay huéng dan: PGS.TS. Nguyén Tién Dat
TS. Nguyén Qubc Hing
Ho va tén ngudi nhén xét ludn an: PGS.TS Pham Thi Mai Huong
Co quan cong tac: Khoa Cong ngh¢ Hoa, Truong Pai hoc Céng nghiép Ha Noi

Noi dung nhin xét:

1. Tinh cin thiét, thoi sw, ¥ nghia khoa hoc va thye tién ciia dé tai ludn 4n.

Vin d an toan thuc phdm déi véi stc khde con ngudi ¢6 y nghia quan trong
trong cudc sdng. Viét nam 1a mot trong nhiing nuéc c6 nén ndng nghiép phat trién,
v6i nhiéu san pham xuét khiu trén céc thi treong toan thé gioi, dac biét cac san
pham néng san phong phu, ¢6 gié trj kinh té va dinh dudng cao. Tuy nhién dé nang
cao chit lugng, tang gié tri kinh té cua sin phém thi viéc bao quéan, ché bién néng
san ¢6 tim quan trong 16n. Trong qua trinh bao quéan, st dung cac loai thyc phdm
kho nhu gao, d9, lac, ng(“)...néu khong dugc thue hién ding cach, khoa hoc lai rit dé
bi mbc béi cac céc loai ndm doc nhu ho ndm Aflatoxin (AF) véi cac chiing phé bién
nhu aflatoxin B1 (AFB1), aflatoxin B2 (AFB2), aflatoxin G1 (AFG1), aflatoxin G2
(AFG2) trong s6 do6 co aflatoxin B1 (AFB1) c6 kha ning gy ung thu, ton thuong
gan rat 16n. Do dé viéc phén tich, dinh gid ham lugng aflatoxin B1 (AFB1) trong
thuc phédm bao quan khé c6 y nghia rdt quan trong, gitip cho nguoi tiéu ding, co
quéan 1y chét luong an toan thyc phdm c6 bién phép, phuong phéap st dung thuc
phédm dtng cach. D& tai luan én “Nghién ciiu phirong phdp sdc ky Iéng hiéu nang
cao dau do hupnh quang dé phan tich ddng thoi Aflatoxin B1, B2, G1, G2 trong mot
56 logi thuc phdm” ¢6 tinh cép thiét, c6 y nghia thuc tién cao. Trong ludn an, tac gia
da xay dung dugc quy trinh phan tich, danh gia duoc phwong phap sic ky 16ng higu
nang cao déu do dé phan tich ham lugng cac aflatoxin trong mot sb loai thuc phdm
ndng san béao quan khoé nhu dau phong, bot 6t, nho kho, ngd, déng thoi dua ra mot
s6 danh gia v& marc dé rii ro, nguy co anh hudng dén strc khoe con ngudi. Cac két
qua nghién cttu ¢6 tinh thuc tién, thoi su cao dbi vai doi song xa hoi.



2. Su khéng trung lip ciia dé tai nghién ciru so véi céc cong trinh, ludn an da
cong bd & trong va ngoai nwée; tinh trung thye, ré rang va diy du trong
trich din tai liéu tham khio.

Noi dung va cac két qua cong bd ctia Luén 4n khong tring lap vé6i cac cong bd
trong va ngoai nuédc. Pic bidt, két qua cua ludn an da dugc cong bd va dugc clp
Bing doc quyén giai phép hitu ich, didu d6 da khing dinh duoc tinh méi, sé hitu
doc quyén cia nghién ctu sinh.

Céac ndi dung tong quan nghién ctru duge trich din day du, dang quy dinh. Céc
két qua nghién ctru dam bao d¢ tin cdy, tinh trung thuc, cac bién luan véi két qua
thu dugc rd rang, chiit ché, dr—iy du cén cu.

3. Sw phu hop giita tén dé tai véi ndi dung, giita ngi dung véi chuyén nganh
va mi s chuyén nganh.

Tén dé tai luan 4n pht hop véi ndi dung dugce thyuc hién, trinh bay trong ludn 4n.
Noi dung luén én pht hgp v&i chuyén nganh, ma chuyén nganh dao tao ctia NCS.
4. D9 tin cly va tinh hién dai ciia phwong phap da sir dung dé nghién ciu.

Phuong phép phan tich ham lugng cua cac Aflatoxin dugc xay dung va nghién

ctru trén thiét bi sic ky 16ng hi¢u ning cao d4u dd huynh quang, day la phuong phap
mai, thiét bi hién dai, do vay céc két qua phan tich c6 dé tin cdy cao. Pdng thoi, quy
trinh, phuwong phép phan tich duge danh gia day di vé gia trj st dung (dd chon loc,
gi¢i han phat hién, gi6i han dinh lugng, d6 khong dam bao do, do 6n dinh, ...) dugc
thuc hién rat bai ban, dtng nguyén tic. Cac két qua phan tich ham lugng Aflatoxin
trong mau thit nhu mau dau phong, bot 6t, nho khd, bép trén thi truong bing quy
trinh phan tich di xay dyng. Dif liéu phén tich duge xit 1y trén phan mém ban quyén
hién dai, c6 tinh cdp nhét, phén tich twong quan b?mg Pearson, Anova, kiém dinh t-
test, hoi quy tuyén tinh (phin mém SPSS 22.0). Két qua phan tich ham luong
aflatoxin dugc danh gia rti ro, nguy co phoi nhiém déi véi stuc khoe con ngudi bing
cac cong cy, phuong phap méi, cé do tin ciy cao.
5. Két qua nghién ciru méi ciia téc gia
- Nghién ctru thanh cong va chuan héa quy trinh, phuong phap phén tich déng thoi
aflatoxin B1, B2, G1, G2 trong d4u phong, bot 6t, nho kho va bap trén thiét bi sic
ky 16ng siéu hiéu niing cao déu do huynh quang UPLC-FD khéng dan xuit. Phuong
phap nay cé nhidu wu diém vuot troi: quy trinh don gian, d§ nhay cao (LOD 0,1
ng/kg; LOQ 0,3 pg/kg), tiét kiém thoi gian va dung méi, than thién voi méi trudng,
béo v¢ suc khoe va dap (g murc gidi han cho phép theo QCVN 8-1/2011/BYT, dé&
ung dung trong phong thi nghi¢ém. Phuong phép da dugce xay dung va thtr nghiém
phan tich cho 400 mau dau phdng, 400 mau bot 6t, 400 mau nho khd, 400 mau bép
hat tai cdc quén ctia Thanh phd Hd Chi Minh.



- D4 danh gia ban ddu vé sy hién dién va phan bé aflatoxin trong cac mau thuc
pham thu thdp tai TP.HCM nhu déu phdng, bot 6t, nho kho va bip ; phat hién mi
tuwong quan chit ché gitta AFB1 va tong aflatoxin, d& xuét mé hinh du bao nguy co
nhiém doc to.

- Da danh gid phoi nhiém AFB1 bang cac phuong phép, cong cu tién tién qua khiu
phdn #n & ba nhom thé trang (gdy, binh thuong, thira cdn) clia nguoi trudng thanh
(nam, ni¥) tai Viét Nam, cung cdp dit liéu quan trong cho danh gia rui ro stc khoe
cong dong,

5. Uu diém va nhwoc diém vé ndi dung, két cu va hinh thirc ciia luén an.

Luén an dugc trinh bay dep, rd rang, mach lac, b6 cuc ding quy dinh, rat it
16i chinh ta.

Noi dung luén 4n di trinh bay ddy du téng quan vé& doc t& ndm Aflatoxin
trong thue phim (ngudn gbe, chiing loai, doc tinh), nguy co anh hudng dén ste khoe
con ngudi; tdng quan vé& cac phuong phép phén tich, danh gia ham lugng aflatoxin
trong thuc phim va céc két qua nghién ctru ¢6 lién quan.

Phén thyc nghiém téc gia da trinh bay phuong phap nghién ctru, xay dung va
phat trién quy trinh phan tich ddng thoi aflatoxin (B1, B2, G1 va (G2) trong dau
phdng, bot 6t, nho kho va bép hat bing thiét bi sic ky long siéu hiéu ning diu do
huynh quang (UPLC-FD), khong din xuét. So véi cac nghién ctu khac, quy trinh
phén tich cta ludn an cé nhiéu didém vuot trdi nhu tiét kiém thoi gian, giam dung
moi, than thi€n méi truong, bao vé stc khoe, quy trinh xtr Iy mau don gian, d& thuc
hién, d nhay cao (LOD 0,1 pg/kg, LOQ 0,3 pg/kg), phit hop véi céc quy chudn
trong va ngoai nudc.

Téc gia cling da st dung phuong phép phan tich dé dinh lugng Aflatoxin
trong mét s6 mau thye phim kho tai Thanh phé HS Chi Minh. Két qua khéo sét cho
thiy bot 6t co ty 1¢ nhidm aflatoxin cao nht (56,41%), tiép theo 1a ddu phong
(23,08%) va bip hat (20,51%), trong khi nho kh6 khéng phét hién nhiém aflatoxin
(0%). Cac két qua phan tich da chiing té mdi twong quan chit ché gitta aflatoxin B1
va tdng aflatoxin trong c& ba nén mau (d4u phong, bdt 6t, bép hat), véi cdc md hinh
du bdo tuyén tinh c6 h¢ s twong quan R? cao (> 0,9941).

Qua vi€c phan tich ham lugng Aflatoxin cia 400 mau thyc phdm khé nhu
dau phong, bot 6t, nho kho, bip, tic gia da dua ra cic mirc do rui ro, muc do phoi
nhiém anh huéng cia aflatoxin B1 trong khau phan #n hang ngay cho ba thé trang
(géy, binh thuong, thira cén) ctia ngudi trudng thanh. Két qua cho thﬁy muc d¢ phoi
nhiém aflatoxin B1 ¢6 mdi lién hé véi nguy co ung thu, trong d6 nhém ngudi gy
vGi nguy co cao nhit (38,6 ca/100.000 nam va 44,7 ca/100.000 nit). Phy nit va nguoi
gly dic biét d& bj tén thwong, cin céc bién phap phong ngira phit hgp. Dau phong
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va bip hat c6 nguy co nhiém aflatoxin B1 cao, anh huéng dén stre khoe cdng dong.
Nguoe lai, bot 6t ¢6 nguy co nhiém nhung tic dong nhe hon, va nho kho an toan
v6i nguy co nhiém thip va khong gdy hai strc khée. Céc két qua nghién ctru ¢6 y
nghia thyec tién lon.

Mot s6 g6p y nho dé hoan thién ludn 4n: Stia lai mot s6 chi viét hoa (trang 23,
61), mot s6 s6 thir ty bang hinh khop sé v6i phan luan giai; Phan thuc nghiém, noi
dung chuin bj hoa chit chuin AF, dung mdi... nén trinh bay ngin gon, khoa hoc
hon (trang 42); format lai so d6 (hinh 2.2); Phan théng tin ldy méau nén chi rd miu
ly tai cac quén cta Thanh phd HO Chi Minh la liy & cho dan sinh, trung tdm thuong
mai hay tai gia dinh; phuong phap thu thap, lz“iy mau phén tich dugc thuc hién nhu
thé nao?
6.Noi dung lufin 4n da dwgc cong bd trén tap chi, ky yéu hdi nghi khoa hoc nao
va gia tri khoa hoc ciia cdc cong trinh di cong bb.

Noi dung ctia ludn én da dugc cong b 04 bai bao dang trén cac tap chi trong
va ngoai nuge, 01 doc quyén giai phéap hitu ich. Céc cong bd khoa hoc khing dinh
tinh mdi, c6 gid tri khoa hoc trong linh vuc phén tich, danh gi4 chit lugng san phdm
va an toan thuc phim.

7. Két luan chung:
Luén 4n déap ting dugc yéu cau déi véi luan an tién si chuyén nganh. Ban tém tét
luén an phan anh trung thanh noi dung co ban cuta ludn an. Béng y dé luan 4n dugc

dua ra bao v¢ cap Hoc vién dé NCS nhén hoc vi tién si.

Ha Ngi, ngay 0f thang §~ ndim 2025

Ngudi nhian xét g

PGS.TS Pham Thi Mai Hwong



(Mdu 22-HY-Quyét nghi)

VIEN HAN LAM CONG HOA XA HOI CHU NGHIA VIET NAM
KHOA HOC VA CONG NGHE VN Pgc 1ap - Ty do - Hanh phic
HOC VIEN KHOA HQC VA CONG NGHE

Ha Noi, ngay — thang  nam 2025

QUYET NGHI CUA )
HOI DPONG PANH GIA LUAN AN TIEN ST CAp HQC VIEN

Ho va tén NCS: Nguyén Thanh Duy
Tén d8 tai luan an: “ Nghién ciru phwong phdp sdc ky [ong hiéu néng cao ddu do
huynh quang dé phan tich dong thoi aflatoxin Bl, B2, G1, G2 trong mét s6 logi
thuc phdam”
Nganh: Hoa phan tich
Ma sb: 9 44 01 18
Nguoi huéng dan 1: PGS. TS. Nguyén Tién Dat — Trung tdm Nghién ctru va
Phét trién cong nghé cao, Vién Han 1am KHCNVN
Nguoi huéng dan 2: TS. Nguyén Quéc Hung — Trung tdm Djch vy phan tich thi
nghiém Thanh phd Hd Chi Minh.
Quyét nghi cia Hoi dong:
1. Két qua bé phifu dénh gi4 ludin 4n ciia Hoi ddng

- S6 phiéu hop 1¢: 06/06

- 86 phiéu khong hop 1&: 0

- 86 phiéu tén thanh: 06/06

- S6 phiéu xép loai xuét sic: 05/06
2. Nhiing két luin khoa hoc co' bén, nhiing diém méi, dong gép méi clia luéin 4n

Ban luén 4n c6 phuong phap ludn nghién ctru khoa hoc, logic chit ché. Mo
hinh thi nghiém c6 céc 16 déi chimg c6 s6 licu nhiéu, logic va I8p luan, gii thich
rat chit chg nén ¢6 do tin cdy cao. Céc phuong phép nghién ciu, k§ thuat phan
tich 1a céac thiét bi hién dai nhét, dé)ng bd ca céc thiét bi phu tro rat quan trong,
khong thé thiéu duge nén do tin cay cao va phu hop.

Luén én c6 nhitng diém méi, déng'gdp mdi sau:

1) La nghién ctru dau tién tai Viét Nam vé nghién citu chuin hoéa phuong
phép phén tich ddng thevi aflatoxin Bl, B2, G1, G2 trong d4u phéng, bdt 6t, nho
khé va bip trén thiét bi sdc ky léng siéu hiéu ning cao dau do huynh quang UPLC-
FD) khong dan xuét. Phuong phép nay c6 nhidu vu diém vuot troi: quy trinh don
gian, d nhay cao (LOD 0,1 pe/ke; LOQ 0,3 pg/kg), tidt kiem thoi gian va dung
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moi, than thién vai moi truong, bao vé stre khoe va dép mg muc gidi han cho
phép theo QCVN 8-1/2011/BYT, d& ting dung trong phong thi nghiém.

2) La nghién ctru dau tién nghién ciru dénh gia v& sy hién dién va phan b
aflatoxin trong cdc mau thuc phém\thu thap tai TP. HCM; phat hién mdi tuong
quan chat ché gitta AFB1 va tdng aflatoxin, d& xuét mé hinh du bdo nguy co
nhiém doc td.

3) La nghién ctru dau tién danh gia phoi nhiém AFB1 qua khiu phan in &
ba nhém thé trang (gdy, binh thuong, thira can) clia ngudi truong thanh tai Viét
Nam, cung cép dit lidu quan trong cho danh gia rii ro strc khoe cong dong.

3. Co s6 khoa hoe, @9 tin cdy ciia nhirng luin diém va nhiing két ludn néu
trong luiin an |

Hién nay, cdc phwrong phap phan tich thuong dugc st dung dé xéc dinh AF
1a sdc ky ban méng, ELISA, sic ky léng hiéu ning cao véi du do huynh quang
(HPLC-FD) két hop dan xuét trude cOt heidic sau cot, sic ky long két hop khdi
phd. Tuy nhién, cdc phuong phép ndy van con tdn tai mot hodc mot s6 han ché
nhu: d§ nhay thip, duong tinh gia, quy trinh phc tap hodc chi phi cao. Trong khi
do, UPLC-FD duogc thiét ké véi mdt budng do tin hi¢u huynh quang c6 thé tich
dong chay 16n va dén thuy ngAn-xenon, t8i wu hoa dd nhay ma khéng can din
Xuat. Phuong phép nay ndi bat nho kha ning tiét kiém thoi gian, giam dung moi
va than thién voi méi truong, Tuy nhién, cdc nghién ctry vé phén tich ddng thoi
aflatoxin (B1, B2, G1 va G2) bing UPLC-FD & Viét Nam con rit han ché. Do
do, dé tai luan 4n “Nghién citu phuong phdp-séic ky long hi¢u ning cao dau do
huynh quang dé phan tich dong thoi aflatoxin Bl, B2, G1, G2 trong mot s6 logi
thue phdm” dugce thuc hién véi mong muébn g6p phan vao viée phét trién mot
phuong phép phén tich hidu qua nhim x4c dinh dong thoi AFB1, AFB2, AFGI,
AFG2 trong bén loai thuc phdm thuong c6 nguy co phoi nhiém 13 dau phong, bot 6t
, nho khé va bip. Luan 4n duoc thyc hién véi cac muc tidu: (1) Nghién ctru phét trién
phuong phép phén tich dbng thoi aflatoxin (B1, B2, G1 va G2) trong déu phong, bot
ot, nho kho, bap bing UPLC-FD, khéng din xudt; (2) Nghién ctu xéc dinh him
luong aflatoxin (B1, B2, G1 va G2) trong c4c mau dau phong, bdt 6t, nho khé va bép
hat thu thap tai c4c cho trén dja ban Tp.HCM; (3) Nghién ctru danh gia mdi nguy hai
doc t6 aflatoxin thong qua chi s6 lugng n vio co thé hing ngay (EDI) va bién do
phoi nhiém (MOE) déi v6i ngudi truéng thanh.

Luan 4n dé c6 dugc nhitng két luén khoa hoc co ban sau:

1) Da chuan héa phuong phap phan tich dong thoi aflatoxin BI1, B2, G1,
G2 trong dau phong, bép, bot 6t, nhio-khd trén thidt bi sdc ky long siéu hiéu ning
dau do huynh quang (UPLC-FLD), khéng str dung dan xuét va va dap tmg muc
gi61 han cho phép theo QCVN 8-1/2011/BYT.
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2) B bude dau dénh gia duge sy hién dién va phén bé ciia cdc doc t6 aflatoxin
trong déu phdng, bip, bot 6t, nho kho tai céc cho trén cac quan huyén & Thanh Phd
HO Chi Minh. P xéc dinh 13 18 nhidm aflatoxin trong cdc méu thyc phim tai Viét
Nam va xdy dung mé hinh dy bao tong aflatoxin dya trén aflatoxin B1.

3) B da uéc tinh mic 46 phai nhiém déc t6 AFB1 trong dau phong, bép
hat, bét 6t va nho khé qua khau phén #n hang ngay & ba thé trang gdy, binh thuong,
thira can cho ngudi trwdng thanh nam va nit dé cé dugc danh gi tong thé sy phoi
nhiém va nhtng rtii ro sirc khoe ctia.con ngui.

4.Y nghia vé Iy ludin, thye tién va nhiing dé nghi sir dung cac két qua nghién
ciru ciia luéin 4n

- D@ tai ludn 4n c6 tinh thoi sy va cin thiét, c6 ¥ nghfa khoa hoc va thuc
tién trong viéc Ung dung phuong phap phén tich dé xac dinh va dinh luong ddng
thoi aflatoxin B1, aflatoxin B2, aflatoxin G1 va aflatoxin G2 trong dau phdng,
bap hat, bt 6t va nho kho bing phuong phap séc ky 16ng siéu hiéu ning két hop
v6i dau do huynh quang, déc biét khéng yéu ciu dan xuét.

- Két qua nghién ctru ctia ludn 4n 13 co so va tidn @& dé phat trién va ung
dung phuong phép phan tich nay trong viéc x4c dinh aflatoxin trong cdc loai san
phim ndng nghiép va thuc phdm khac.

- Céc két qua nghién ctiu trong ludn an c6 thé duge sir dung trong c4c phong
phén tich vé& chAt luong an toan thuc phdm, va cé thé huéng t6i ing dung dé xay
dung Tiéu chun co sé v& Aflatoxin B 1, B2, G1, G2 trong thyc phim & Viét Nam.
5. Nhirng thiéu sét vé ndi dung va hinh thire ciia ludn an

Can giai thich rd hon vé thuat ngtt “AF” trong phan tong quan?

- Nén dua phan ni dung nghién ctru & chwrong 1, sang diu chuong 2.

- Cén 1am 13 hon vé phan thu nhan mau, noi nhan mau.

- Khi dénh gia phoi nhidm va rii ro stic khde, céc thong sb st dung ddy co
phai la théng s6 clia nguoi Vit Nam hay khong? Can trich din va gidi thich thém.

- Khi tinh todn théng ké x4c dinh phuong trinh hdi quy tuyén tinh cho méi
tuong quan gitta AFB1 va AF, c¢6 loai b6 cac sai sé thé va c6 danh gia phan bd
chuan cho b s6 liéu trude khi nhap s6 lidu'vao dé tinh todn khong?

- Chinh sira mét s6 16i in 4n.
6. Miire d9 dap ng cac yéu ciu cia luan an

- Luén 4n c6 khéi lugng 16n, ¢6 nhiéu két qua va dong gép mdi, phuong
phédp nghién ctu hién dai, két qua dang tin cdy, khong tring 1ap véi két qua cia
cac cong trinh khoa hoc ma cac tac gia khéc da cong bd.

- Ludn én c6 y nghia khoa hoc va thyc tién, pho hop dap tng cac yéu ciu
cua luéin an tién st nganh Héa phan tich (ma sé: 9 44 01 18).



- Nghién ciiu sinh ¢4 trinh d§, xit Iy tt céc s6 liéu két qua nghién ctu va
trd 10 tot cac cAu héi.

- Céc bai bdo dd cong bd cb néi dung pht hop véi néi dung cia luéan an.
Gdom 01 bai trén Food Science and Nutrition(Q1, IF = 4,26), 01 bai trén Acta
Chromatographica (Q3), 02 bai trén tap chi Tap chi Phan tich Hoa, Ly va Sinh
hoc va 01 Bang sang ché doc quyén giai phép hitu ich s6 3872 do Cuc s6 hitu tri
tué da cap theo quyét dinh sé 142123/Q0P-SHTT, cap ngay 04/12/2024. Ban tém
tat luan 4n d4 phan anh trung thanh noi dung co ban cua luén 4n.

- Ban luén an cia NCS Nguyén Thanh Duy dap tmg duoc cac yéu ciu ciia
ludn an Tién s Hoa hoc vé ndi dung va hinh thtrc. Ban tém tét luén an phua hop
v61 ndi dung cua ban luan an.

7. Nhitng diém cAn b sung, sira chiira (nél_l ¢0) trwéde khi nép luin 4n cho Thuw
vién Quéc gia Viét Nam

Hoi dong yéu cau NCS chinh stra theo gop ¥y cua céc thanh vién trong hoi
déng, stra chita mdt 56 151 ché ban in 4n.

8. Kién nghi cia Hi dong vé viée cong nhin trinh d va cap bing tién si cho
nghién etru sinh

- Hoi déng (06/06 thanh vién cé mit) dé nghi Hoc vién Khoa hoc va Cong
ngh¢, Vién Han 14m Khoa hoc va cong nghé Viét Nam cho phép nghién ctru sinh
Nguyén Thanh Duy hoan thanh céc thi tuc dé nhan hoc vi Tién s sau khi d3 didu
chinh, b6 sung va sira chita theo nhiing y kién dong gop cua cac thanh vién trong
Hoi dong.

- Quyét nghi nay duoc 06/06 thanh vién trong Hoi déng chdm ludn 4n nhét
tri thong qua bang biéu quyét cong khai.

THU KY CHU TICH
A= -
PGS.TS. Trinh Tha Ha GS. TS. Nguyén Vin Tuyén
XAC NHAN CUA

HOQC VIEN KHOA HOC VA CONG NGHE
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HQC VIEN KHOA HQC VA CONG NGHE .

(Mau 21-HV-BB ciia HD cdp Hoc vién)

: VIEN HAN LAM CONG HOA XA HOI CHU NGHIA VIET NAM
KHOA HOC VA CONG NGHE VN Boc 1ap - Ty do - Hanh phiic

Ha Néi, ngayol® thiang § néim 2025

BIENBANCUA
HOI DPONG DANH GIA LUAN AN TIEN ST CAP HQC VIEN

Ho va tén NCS: Nguyén Thanh Duy
Tén dé tai lun an: “ Nghién cieu phirong phdp séc ky long hiéu néng cao dau do
huynh quang dé phan tich dong thei aflatoxin Bl, B2, G1, G2 trong mét s6 logi
thuc phdam”
Nganh: Hba phan tich
M4 s6: 9 44 01 18
Nguoi huéng dan 1: PGS. TS. Nguyén Tién Dat — Trung tdm Nghién ciru va
Phat trién cong nghé cao, Vién Han 1am KHCNVN -
Nguoi huéng dan 2: TS. Nguyén Qubc Hung — Trung tdm Dich vu phén tich thi ,’(k@
nghiém Thanh phé HS Chi Minh. f;,:‘g?‘/;;gc Vit
Dai bicu tham dy: GS. TS. V@i Pinh Lam, Gidm déc Hoc vién Khoa hoc Cong 3| on W'
nghé. ok
Phén I: . -
1. Dai dién co sé dao tao tuyé:n bd 1y do, doc quyét dmh clia Gidm déc Hoc yién

Khoa hoc va Céng nghé vé viéc thanh l‘ép H@j déngo danh gia luén 4n tién st

cap Hoc vién va dé nghi Chu tich Hoi dong diéu khién phién hop.

~
) .

2. Chu tiC}{ Hoi déng (‘:6ng b6 danh sach thanh vién c‘(') mit, thﬁng qua chuonog
trinh budi bao vé, dé nghi Thu ky thong béo céc didu kién chuin bi cho budi
bao vé va doc ly lich khoa hoc cia NCS.
$6 thanh vién c6 mit 1a: 06 thanh vién,

© S6 thanh vién véng mit 1a: 01 thanh vien,
3. Thu ky thong béo céc diéu kién cho buéi bao vé.
- Da tap hop ddy dit 07 nhan xét luan 4n ciia 07 thanh vian trong Hoi dong;
- D c6 gidy x4c nhén ctia cac dong tic gia cho phép NCS duoe sir dung bai bao;,
- Luén 4n, théng tin tém tit vé I;hﬁ'ng doéng gép méi ctia luan 4n tién st duoc

dang trén trang web ctia Bd Gido duc & DT ngay 28/04/2025 va website Hoc vién
KH&CN ngay 24/04/2025;



- Tin vé ngdy bao vé di dugc ddng trén trang web ctia Hoc vién KHCN ngay
07/05/2025

- Thu ky Hoi dong doc tém tit LLKH va bang didm ctia NCS.

NCS ¢6 di cac diéu kién dé bao vé ludn 4n tién st cép Hoc vién.

Céc thanh vién hoi dong va nhitng ngudi tham dw nhi trf, khong c6 thic mic
gi v& Iy lich khoa hoc va qud trinh ddo tao ctia nghién ciru sinh.

Nghién ctru sinh trinh bay ndi dung luan 4n trong thoi gian khéng 30 phut.

.~ Cac phan bién doc nhan xét va dit cu hoi

- Phan bién 1: PGS.TS. Nguyén Xuén Trudong véng miit, nhung cé giri ban
nhan xét.

Phan bién 2: PGS.TS. Vuong Truong Xuén doc nhan xét (¢6 vin ban kém
theo) va dit cau hai: "

Céu hoi 1: Bé lam rd tinh bén vitng cia quy trinh lam sach, cé hién tiwong
qud tai véi ¢t lam sach méu khéng? Bién phdp khdc phuc. Co tinh dén su sai
khdc khi sir dung cét chiét cua cde hang khdc nhau khong?

Cdu héi 2: Nhiing diéu chinh cin thiét nao khi mudn ma rong tng dung
phuong phéap UPLC-FD khéng dan xuét nay sang cdc nén mau quan trong
khac nhung c6 thé phite tap hon (vi du: cac loai gia vi, hat ¢6 diu khac, hoic
stta va san phim tir stta)?

Phan bién 3: PGS.TS. Ta Thi Thao doc nhén xét (c6 van ban kém theo) va dit
~cau hoi:

Céu héi 3: Dé hoan thién quy trinh phan tich cé thé hudng t6i kng dung trong
Tiéu chudn co s6 ¢ Viét Nam can mot s6 giai trinh vé hon la tai sao khong
can dan xudt ma LOD lai thap hon so véi tiéu chudn ISO ...?

Lam HPLC tai sao lai cho axit foocmic vao, muc dich dé lam gi?

Cdu hoi 4: C6 nhdt thiét phdi xdy dung dwong chudn trén nén méu thuc
khong? Lam thé nao dé cé thé tang tinh vmg dung ciia phwong phdp cho cdc
nén mau khdc nhau?

Cau hoi 5: Khi tinh todn thong ké xdc dinh phuwong trinh héi quy tuyén tinh
cho moi twong quan gitta AFBI1 va AF, c¢d logi b6 cde sai s6 thé va cé danh
gid phdn bé chudn cho b s ligu trude khi nhdp s6 liéu vao dé tinh todn
khong?

Khi tinh todn tuong quan, tai sao lai dung Logarit (ham lwong) ma khong
diing truc tiép ham luong?

- Cdu hoi 6: Khi danh gid phoi nhiém vé riii ro sipe khoe, cdc thong sé sir dung
ddy cd phdi la thong sé cia nguoi Viét Nam hay khéng? Can trich dén va gidi
thich thém.
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Ra sodt lgi phan tong quan khi néi vé tong AF thi nén cu thé I nhiing logi AF nao?

Tac gia luén an tra 101 cdc cau héi clia phan bién

Tra loi cau hoi 1: Phuong phéap nghién ciru hién tai st dung cot mién dich
(IAC) v6i khd néng tai AFBI 1én dén 500 ng, dat higu sut 98% theo nha san
xuit. Piéu nay cho phép xir Iy céc mau c6 ham lugng AFBI t6i 500 ug/kg ma
van dam béao hiéu qua chiét cao. V6i cac miu c6 ham luvong cao hon (vi du
600 pg/kg), hiéu suat chiét van dat trén 80%, du dap Umg yéu céu phan tich.

Thong thudng, cdc mau vuot ngudng 500 ng/kg 1a kha hiém gip. Trong nerng
tr u.'ong hop ddc bigt khi ham lugng vuot qua murc tai clia khang thé, c6 thé
didu chinh bing cach pha loang — thure hién bang cach ting thé tich dung moi
chiét hogc giam khbi lwong mau va sau cliing pha lofing dung dich chiét truge
khi tiém vao thiét bi phan tich.

Khi thay d6i 16 cot hodic nha cung cap khac nhau, cén luu y rang kha nang tai
. va higu suét cta cot IAC c6 thé thay dbi tlly theo nha san xuit. Trude khi sir
dung cOt tirnha cung cap méi, can doc k§ huéng dan str dung va danh gia hiéu
suét thu hoi qua mau klem soat (QC) ¢ mire gidi han dinh lwgng (LOQ) Mt
thu hoi dat yéu ciu khi ndm trong khoang 70-120%. Trén thyc té, trong phén
16n truong hgp, su khéac biét hiéu suét thu hdi gifta cac 16 hodc cic nha san
xudt 13 khéng dang ké ( 1-5% sai léch do thu hoi).

Tra loi cdu hoi 2: Kha nang mo rong phuong phap UPLC-FD khong dan xuat
1a hoan toan kha thi, diic biét khi nén tang k¥ thuét da duoc thdm dinh thanh
cdng trén bdn loai thyc pham dai dién cho cic nhém nen mAu rét khac biét vé
thanh phan héa hoc va db phtre tap: bot 6t (gia vi giau séc td), dau phong (hat
c6 dau, lipit cao), nho khé (thuc phdm glau duong, carbohydrate) va bap hat
(ngii cbc). Trong tru'o'ng hop mé rong nén mau bot dn ddm véi mic gidi han
cho phép rét thp dbi vou AFBI trong bdt dn dam (0,1 ppb), phuong phap nay
van dam béao do nhay can thiét ‘rhong qua cac cach thirc ning cao ndéng do
mau; glam thé tich dinh mirc cudi tir 1 ml xudng con 0,25-0,5 ml (lam giau
" mau gap 2-4 14n so véi gi61 han phat hién, MDL = 0,1 ppb), hoic ting thé
tich tiém tir 10-20 pl thay vi 5 pl nhu trong phuorng phap nghién ctru. Hai cach
tiép can ndy cling ¢ thé duoc két hop linh hoat dé t6i wu hidu qua phan tich.

Tra loi cdu hoi 3: Phuong phap phéan tich dong thoi aﬂatoxm (B1, B2, Gl va
G2) khong st dung dan xuét bang UPLC-FD nhu*ng van dat duge LOD thip
hon hoéc tuong duong s0 v0i cac k¥ thudt cé din xuat trudce hodc sau cot ( PP
tiéu chuén ISO. ). Pidu nay dugce ly giai boi mot sb yeu t6 sau:

- Téiuuhéa pha déng: Thanh phan pha dong duoc didu chinh dé tdng cuong
kha nang phan tach va dap tng huynh quang. Dac biét, bd sung HCOOH
(axit formic) gilip cai thién do sic nét clia pic séc ky, tang cuong do nhay
cua phuong phap.



- Hé théng UPLC-FD, véi déu do huynh quang su dung deén thuy ngin-
xenon két hop véi budng do tin hidu huynh quang c6 thé tich dong chay
[6n, lwong anh sdng qua mau nhiéu hon, gitip t51 uu héa do nhay ma khong
can dan xuét.

- Quy trinh x@ ly mau hiéu qua: Dung méi ly trich MeOH/H,0 hoic
ACN/H,0 va pha lodng (PBS ho#ic H-0) duoc t8i wu héa nhim tang kha
nang hoa tan aflatoxin, tao diéu kién thuan 1¢i cho qua trinh lam sach bang
cot 4i lye mién djch, giam nhiéu nén, ting tin hidu, ti wu hoa dé nhay ma
khong can dan xuét va lam LOD giam.

Tra [07 cdu hoi 4: Khi phat trién phuong phéap phén tich trong séc ky, viéc xay

dung duong chuén trén nén miu thuc 12 mot bude quan trong dé danh gia anh
hudng ctia nén dbi véi tin hiéu phan tich. Viéc nay duge thue hién bang céch
so sanh giita duong chuan xay dung trong dung dich chuin va duong chuén
xdy dung trén nén mau thyue. Néu két qué cho thiy anh huéng nén khong dang
ké thi c6 thé st dung dudng chuan trong dung dich dé ap dung cho tat ca cac
nén mau da khao sat. Nguoc lai, néu anh huodng nén dang ké, cin xay dung
riéng duong chuén trén timg nén mau cu thé dé dam bao do chinh x4c cta
phuong phap.

Dé tang tinh ing dung ctia phuong phép cho nhiéu nén mau khéc nhau, c6 thé

ap dung cdc bién phép sau:

- Dénh gia anh hudng nén mét céch hé théng va x4c dinh pham vi 4p dung
chung ciia dudng chuédn dung dich.

- St dung ndi chuin phu hop nhim hiéu chinh céc sai sé do nén mau gay
ra va tang d¢ tin cly cta két qua phan tich.

- Tbi vu héa quy trinh xir Iy mAu dé giam thidu anh hudng clia nén.

Tra 161 cau hoi 5: Khi x8y dung phuong trinh hdi quy tuyén tinh mé ti méi
turong quan gitta AFB1 va téng AF, céc gia tri st dung da duogc xir ly théng
ké nhdm loai bo sai s6 thé trude khi phan tich, qua d6 dém bao d6 tin cdy clia
két qua. P& kidm tra cac gid dinh ciia md hinh hdi quy, cic biéu dd sau di
duoc sir dung: Biéu do Histogram cho thiy phan b phan du ¢é dang chubng
d6i ximg, gin véi phén phdi chuin; bidu dd PP Plot véi cac diém ndm gén
duong chéo x4c nhan phéan du c6 xu hudng tuan theo phan phdi chuin; va bidu
dd Scatterplot ctia phan du cho thay sur phan bb ngdu nhién quanh truc hoanh,
_ dap tng gia dinh vé tinh dong nhit phuong sai. Ngoai ra, viéc sir dung logarit
cua ham lugng thay vi gia trj gbc nhim giam anh huéng ctia sy phén tan dix
liéu l6n va tang cuong tinh tuyén tinh trong mdi quan hé gitta hai bién.

Tra 161 céu héi 6: Khi dénh gia phoi nhidm va rai ro ste khoe do aflatoxin,
cic thong sb st dung trong nghién ctu 13 théng sb dic trung cho nguoi Viét
Nam nhu mire tiéu thy hang ngay, thé trang co thé (bao gdm nhom gdy, binh
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10.

11.

thudng va thira can) dugc tinh toan dua trén chidu cao trung binh ctia nam va
nit, két hop véi chi sé BMI tiéu chuén theo phan logi cia Vién Dinh dudng
Quéc gia. Cac thong tin ndy da duoc giai thich va c6 trich dan tai liéu rd rang
trong Phan tong quan, myc 1.3.2: Danh gid mic d6 phoi nhiém aflatoxin va
tdc dong dén st khoe con nguoi.

Ngoai ra, vé thuét ngtt “AF” trong luén an:Trong phan téng quan da ghi cht
rd “AF” 12 viét tit cia aflatoxin. Khi d& cap dén "tong AF", tirc 1a tong cua
bén dang aflatoxin chinh: AFB1, AFB2, AFG1 vi AFG2.

Cac thanh vién khéc trong Hoi dong dua ra y kién nhan xét va ddt cau hoi

PGS.TS. Nguyén Thi Anh Huding: doc nhén xét (c6 vin ban kém theo) va gop
y: Nén dua phan noi dung nghién ctru & chuong 1, sang dau chuong 2.

" PGS.TS. Pham Thi Mai Hu'ong doc nhéan xét (c6 viin ban kém theo) va dat cau

hoi:

Cdu héi: Can lam vé hon vé phén thu nhdn mau, noi nhdn mau.

Nhiing nguoi tham du c6 thé dit cau hoi dé kidm tra kién thie va trinh do
nghién ctru khoa hoc ctia nghién ct sinh

Téac gia luan an tra 101 cac ciu hdi néu ra

Tra loi cdu hoi: Phan thu thap mau ngiu nhién tai tai cac cho trén cac quéan huyén
& Thanh Phé H6 Chi Minh. M3u sau khi thu thép s& dugc chuyén dén bo phan tiép
nhéin mau cla phong thi nghiém ¢ duoc m3 hod va dong nhat mau. Mau duge
luu & nhiét d6 <-20 °C néu chue duoc phan tich ngay trong ngay.

Dai dién tap thé huéng din phat biéu ¥ kidn bing van ban

PGS.TS. Nguyén Tién Dat dai dién tap thé hudng dan phat bidu y kién vé qua
trinh nghién ctru ciia nghién ctu sinh va cam on Hoi ddng danh gia luan an.

Phén II: Hgi dong hop riéng dé bau ban kidm phiéu, b phiéu kin va thio
ludn thong qua quyét nghij ciia Hi dong

L.

Ban kiém phiéu gbém 3 ngudi:
Trudng ban: PGS.TS. Ta Thj Thao
Uy vién: PGS.TS. Pham Thj Mai Huong
Qy vién: PGS.TS. Trinh Thu Ha
- S6 phicu phat ra cho céc thanh vién: 06
- 86 phidu con lai khong ding: 01
Sau khi danh gid tn thanh ludn 4n, ngudi bo phiéu c6 thé xem xét dénh gi4
ludn én dat loai xuat sic hay khong. Luén 4n duge dénh gia xuét séc néu:

a. Luén dn c6 gia tri cao vé khoa hoc, ¢6 déng gop dang ké trong viéc bd sung,
phat trién va lam phong phu thém kién thic ly thuyét cta khoa hoc chuyén
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nganh, dU’O'C thé hién qua céc bai bao da cong bé trén cac tap chi khoa hoc
c6 uy tin vé chét lugng khoa hoc ¢ trong va ngoai nuée, hoic

b. Lufn 4n c6 gid tri khoa hoc va thuc tién, két qua cua ludn an da duoc tng
dung trén dién rong va dugc danh gig cao.

Sau khi tién bo phiéu kin két qua duoc thong qua Nghi quyét ctia héi dong
cham luén 4n.
1. Quyét nghi ctia Hoi d6ng
2. Nghi quyét ctia Hoi dong dugc céc thanh vién Hoi dong nhét tri thong
qua bang biéu quyét cong khai
Phan II1:
1. Trudng ban kiém phiéu cong bo két qua danh gia luan an
Két qua bé phibu danh gi4 luén én nhu sau:
- S phiéu hop 1&: 06/06
- S6 phiéu khéng hop 18: 0
- 86 phiéu tan thanh:06/06
- $6 phibu trong d6 xép loai xuét sic 1a: 05/06
2.. Chu tich Hai dong doc quyét nghi ctia Hoi dong
Chu tich Hoi dong tuyén bb Hoi dong di hoan thanh nhiém vu va trao lai
quyén diéu khién cho Co s6 dao tao

THU KY CHU TICH
PGS.TS. Trinh Thu Ha GS. TS. Nguyén Vin Tuyén
XAC NHAN CUA
HOQC VIEN

HAghgone
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Nguyén Thi Trung




(Méu 6-HV-Bén gidi trinh chinh sira, b3 sung cdp HY)

VIENHANLAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HQC VA CONG NGHE VN Dic 1p - Ty do - Hanh phiic

HOC VIEN KHOA HQC VA CONG NGHE,

BAN GIAI TRINH CHINH SUA, BO SUNG LUAN AN TIEN sf
CAP HQC VIEN

Ngay 28 thang 05 nam 2025, Hoc vién Khoa hoc va Cong nghé da t6 chic danh
gid ludn an tién st cép Hoc vién cho nghién ctru sinh Nguyén Thanh Duy theo Quyét
dinh s6 226/QD-HVKHCN ngay 16 thang 04 nim 2025 ctia Gidm dée Hoc vién.

Dé tai: Nghién ctru phuong phép séc ky léng hiéu ning cao diu do huynh

quang dé phan tich déng thoi aflatoxin B1, B2, G1, G2 trong mét s6 loai thuc phdm

Nganh: Ho4 Phan Tich Ma s6: 94401 18 e

. ﬂc YA

Ngudi huéng dAn khoa hoc: Vo

N . . ¥/ woC V!

Nguoi huéng din 1: PGS. TS. Nguyén Tién Pat — Trung tdm Nghién ciru 'vé? KHOA HO

Phéit trién cong ngh¢ cao, Vign Han lim KHCNVN \goone N

<
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Nguoi huéng dan 2: TS. Nguyén Québc Hung — Trung tAm Dich vu phan tich thi =4+
nghiém Thanh phd HS Chi Minh,
Theo Bién ban ciia Héi ddng, NCS phai b3 sung va chinh stta ludn 4n céc didm

sau day:

_— N¢i dung dé nghi Noi dung da dwoc chinh sira, b sung
chinh sia, b sung (Ghi ré 56 trang/chwong/muc... di duoe chinh sua)

01 Cn giai thich 1 hon i bb sung doan gidi thich ré thujt ngit AF & trang 4,

vé thudt ngit “AF” Chwong 1-Téng Quan, mue 1.1. Gidi thigu vé dpc 6 nim
trong  phin tng | mdc Aflatoxin “ Aflatoxin (AF) 1a nhém dbc t6 vi ndm c6 cu
quan? tric bis-furanocoumarin, thudc loai chat chuyén héa thir cép.
Céc hop chit nay bao gdm bén dang chinh:AFB1, AFB2,
AFG1 va AFG2, trong d6 AFB1 duoc xem 13 doc tinh manh

nhit. Trong pham vi cua luén 4n nay, thudt ngit “aflatoxin” s&

L dugc viét tht 1a “AF” d8 chi chung cho nhém dgc t6 néu trén”.

r , ~ r n A v rLey oA 4 £ A ~ P r
Luwu y: Cdc chit ky xdc nhdn can gin véi nji dung trén cing mét trang gidy. Hoc vién sé khong xdc
A t( I‘v ~ r r h e ] e A
nh@in néu phan chiv ky tich réi véi nji dung
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Noi dung dé nghi

7 ? R
chinh sira, bo sung

A ~ 2 > R
N§i dung da dwoe chinh stra, bo sung

(Ghiro sé trang/chuong/muyc... da duoc chinh sita)

02

Nén dwa phin ndi
dung nghién ctu &
chuong 1, sang dau

chuong 2

Pa chuyén ndi dung nghién cttu tiv Chwong 1 1én Chwong

2: Trang 44-45, Chwong 2, muc 2.3 Npi dung va phwong

phdp nghién cirn.

03

A \ ~

Chn l1am 10 hon vé
k A x

phan thu nhén mau,

noi nhan mau.

Phan thu thip mfu, noi nhin miu da dwoe lam rd & trang
62-63, Chwong 2, myc 2.3.5 Phwong phdp ldy mdu, kém theo
{wu dd minh hoa quy trinh thu thép, phan tich va tra két qua
dde t6 aflatoxin trong cac ndn mAu: dau phdng, bot 6t, nho kho
va béip hat (Phu lyc 5). Quy trinh cy thé nhu sau:

- MAu dugc lay ngAu nhién tai cac cho thudc céc quan, huyén
trén dia ban TP. HO Chi Minh.

- Ghi nhan déy du thong tin v& dia didm, thoi gian ldy méu,
didu kién bao quan va van chuyén mau.

- MAu sau khi thu thdp duge boc bing bao bi PE mau den, ct
kin nhim tranh nhiém chéo va han ché tiép xtc véi anh sang
tryc tiép.

- MAu duoc chuyén dén bo phén tiép nhan mAiu; trong trudng
hop chua tién hanh phén tich ngay trong ngay, mau duge bao
quan & nhiét do 21°C.

- Tai bd phén tiép nhan, mau duge mé hoa va ddng nhét trude
Kchi chuyén dén phong thi nghi¢m phén tich.

- Sau khi phén tich, két qua dugc nhép va luu trft theo quy
dinh.
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Khi dédnh gia phoi
nhidém va rdi ro sic
khoe, cac thong s
stt dyng déy c6 phai
12 thong s6 cla
ngudi Viét Nam hay
khong? Cén trich
ddn va giai thich

thém.

Khi danh gia phoi nhidm va ri ro stc khoe do aflatoxin, céc
thong sb str dung trong nghién ctru 12 thong s6 dic trung cho
ngudi Vigt Nam nhu mirc tiéu thu hang ngay, thé trang co thé
(bao gbm nhom gdy, binh thuong va thira cn) duge tinh toan
dua trén chidu cao trung binh cta nam va nit, két hop voi chi
<& BMI tidu chuén theo phén loai ctia Vién Dinh dudng Qudc
gia va tj 18 ngudi Viét Nam bi nhiém virus viém gan B (HBV)

va mic d6 nguy hiém ciia AFB1 nhim udc tinh kha ning gay

ung thu. Céc thong tin nay da duoe giai thich va co trich dan
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Noi dung d& nghj

2 > A
chinh sira, bo sung

Noi dung di dwge chinh siva, bé sung

(Ghi ré 56 trang/chicong/myc... da dwoc chinh sua)

tai liéu 0 rang & c4c trang:

-Trang 13, Chwong 1-T5ng Quan, muc 1.3.2.1: Mitke tiéu
thy trung binh hang ngay ciia diu phong, bot 6t, nho khé vi
bdp hat tgi Viét Nam

-Trang 14, Chwong 1- -Téng Quan, muc 1.3.2.2: Phan logi
thé trang dinh dwong cia ngwoi Viét Nam dya trén chi s6
thé trong Body Mass Index

-Trang 14-15, Chwong l-Téng Quan, mue 1.3.2.3: Cic chi
sé dinh gid mdi nguy hai djc 18 aflatoxin déi véi sive khoé

con nguwoi
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Khi tinh todn théng
ké xdc dinh phuong
trinh hdi quy tuyén
tinh cho mébi tuong
quan gitta AFB1 va
AF, ¢6 loai bo cac
sai s6 thd va c6 danh
gid phin bd chudn
cho bo sb lidu trude
khi nhap sb liéu vao
dé tinh todn khong?

DPi bb sung ¢ trang 114-115, Chwong 3, muc 3.4.3 Méi
twong quan gifta him lwong nhiém aflatoxin (B1, B2, GI va
G2) véi tong aflatoxin. “ Truée khi phén tich, dit lidu duge xir
ly théng ké dé loai bo sai sb thd, dam bao do tin cdy. Tiép do,
kiém tra phan ph01 chuén duoc tién hanh nhim dap umgﬁ;\

9

gin véi phan phéi chuin, bidu dd P_p Plot x4c nh4n phiiit

: : ! g b
¢6 xu hudng tudn theo phan phéi chuén, bidu dd Sca M
ctia phin du cho thdy su phén bd ngiu nhién quanh truc hoanh,

ddp ting gia dinh vé tinh ddng nhét phuong sai. ....
Vi du minh hoa, phén b6 biéu dd histogram nén bip (n=400).

Histogram
Dependent Variable: AflatoxinTotal
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Ni dung dé nghi
STT 5
chinh sira, bo sung

Nbi dung da dwgce chinh sita, b sung T

(Ghi rd sé trang/chwong/muyc ... dd dugc chinh sita)

06 | Chinh sira mét sb 16

in dn

Chinh stta mot s6 15i in 4n nhw sau:

-Trang 23, Chwong 1-Téng Quan, muc 1.4.1 Phuong phap
chiét va lam sach aflatoxin. Viét lai cho ddng bd cach viét tét
phuong phap QuEChERS “Nhanh, D&, Ré, Higu qua, Chéc
chin va An toan”

Trang 69, Chwong 3, myc 3.2.1 Khdo sdt dung moi chiét

aflatoxin (B1, B2, G1 va G2) trong nén mau diu phong, bit
61, nho kh va bip hat. Viét lai cho ding H20 thay cho H20.
-Trang 114, Chwong 3, muc 3.4.3 Méi twong quan giita ham
litgng nhiém aflatoxin (B1, B2, G1 va G2) véi tong aflatoxin.
Viét thuong tir bang (xem bang 3.23) thay (xem Bang 3.23)

Nghién ctru sinh chén thanh cam on Qui thdy, co trong Hoi ddng danh gia ludn

an tién st cap Hoc vién da gop y va tao co hoi cho NCS hoan thién luén an cla minh.

Xin tran trong cam on./.

Ha Néi, ngay 43 thdng 4 ndm 2048

TAP THE HUONG DAN NGHIEN CcU'U SINH
(Trwong hop c6 02 nguoi hwong dén xin
chit ky ca 02 nguoi, ky va ghi 13 ho tén)
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