BQ GIAO DYC VIEN HAN LAM KHOA HQC
VA PAO TAO VA CONG NGHE VIET NAM

HQC VIEN KHOA HOC VA CONG NGHE

Nguyén Minh Chau

NGHIEN CUU PHAN TiCH PANH GIA HAM LUQNG IODIDE
VA IODATE TRONG MQT SO SAN PHAM TU SUA BANG

PHUONG PHAP SAC KY LONG GHEP NOI KHOI PHO
NGUYEN TU NGUON PLASMA CAM UNG CAO TAN

LUAN VAN THAC ST HOA PHAN TiCH

Ha Ngi — 2023




BQ GIAO DYC VIEN HAN LAM KHOA HQC
VA PAO TAO VA CONG NGHE VIET NAM

HQC VIEN KHOA HOC VA CONG NGHE

Nguyén Minh Chau

NGHIEN CUU PHAN TiCH PANH GIA HAM LUQNG IODIDE
VA IODATE TRONG MQT SO SAN PHAM TU SUA BANG
PHUONG PHAP SAC KY LONG GHEP NOI KHOI PHO
NGUYEN TU NGUON PLASMA CAM UNG CAO TAN

Chuyén nganh: Hoa phan tich
Ma s0: 8440118

LUAN VAN THAC ST HOA PHAN TICH

NGUOI HUONG DAN KHOA HOC:

TS. Duong Tuén Hung

Ha Ngi — 2023




LOI CAM POAN

T6i xin cam doan két qua nghién cizu trong ludn van ndy la céng trinh
nghién citu cua toi dira trén nhing tai liéu, sé liu do chinh ti tu tim hiéu va
nghién cizu. Chinh vi vdy, céc két qua nghién cizu dam bao trung thyc va khach
quan nhdt. Pong thoi, két qua ndy chura tirng Xudt hién trong bdt ciz mét nghién
citu ndo. CAc sé liéu, két qua néu trong ludn vdin la trung thic néu sai toi xin
hoan toan chju trach nhiém.

Tac gia

Nguyén Minh Chau



LOI CAM ON
Ludn van nay dwoc hoan thanh tai Vién Hoa hoc — Vién Han 1am Khoa
hoc va Cong nghé Viét Nam va Vién kiém nghiém an toan vé sinh thuc pham
Qudc Gia.

Toi xin bay té loi cdm on sdu sdc, sy khAm phyuc va kinh trong nhat tdi
TS. Duong Tudn Hung - Nguoi dé tdn tam hwéng dan chi day cho toi vé mdt
chuyén mdn, va teo moi diéu kién thudn loi nhdt cho tdi trong suét thoi gian

thuc hién lugn van.

Toi xin chan thanh cdm on lanh dao va cdc dong nghiép khoa Kim logi
vi khoang — Vién kiém nghiém an toan vé sinh thuc pham Qudc gia vé si iing
hé to 16n, nhiing loi khuyén bé ich va nhiing gop y quy bau trong viéc thyec hién
va hoan thién lugn van.

TOI xin tran trong cam on Ban lanh dao Hoc vién Khoa hoc va Cong
nghé, Vién Hoa hoc va Vién kiém nghiém an toan vé sinh thuc pham Quéc Gia
da givip dé va tao diéu kién thugn lei cho tdi trong qué trinh hoc.

Toi xin bay té 10ng biét on chdn thanh va sdu sdc nhdt téi toan thé gia
dinh, ban bé va nhitng nguwoi than da luon luén quan tam, khich 1é, dong vién
t6i trong suét qua trinh hoc tdp va nghién citu.

Xin tran trong cam on!



MUC LUC
MUC LUC .ottt ettt een st iii
Danh muc cac ky hidu va chit VI8t tAt ........cooeveevreerieeeceee s v
Danh mMUC DANG. .......coiiiiiiiiii e Vi
Danh muc hinh .....coooiiiiic e Vii
1Y (O 57N 6 JS OO 1
CHUONG 1. TONG QUAN NGHIEN CUU.....oeoreeeeeeeeeeeereeeeeeeseeesnenn. 5
1.1. TONG QUAN CHUNG VE IODINE, DANG IODINE VA VAI TRO
CUA CHUNG DOI VOI SINH HOA CON NGUON......ooveeeeeeereeeseen, 5
1.1.1. Téng quan chung vé iodine va cac dang ton tai cua iodine.............. 5

1.1.2. Anh hudng cua iodine va cic dang iodine (iodide, iodate) ddi véi

SINH NOA CON NEUOT..eiiiviiiiiiiiie e 9
1.1.3. Ham lugng, sy phan bd va su chuyén hoa cac dang 1odine (iodide,
i00ate) trong thire PhAM .........c..cvvvveeeeeeeeeeseee e 11
1.2. TONG QUAN CAC PHUONG PHAP PHAN TiCH......c..ccocvvunnnne, 13
1.2.1. Cac phuong phap xéac dinh iodine tong $6............cvvvrvrrrererennenns 14
1.2.2. Cac phuong phap xé&c dinh dang iodine...........coeviviriiiiiiinninenne. 17
1.2.2.1. Tinh hinh nghién Cu#u trén thé gidi........ccovvvvvevreieeeeereenn, 17
1.2.2.2. Tinh hinh nghién cizu ¢ Viet Nam.........ccccceevveveieencceece 19
CHUONG 2. POI TUQGNG VA PHUONG PHAP NGHIEN CUU............... 23
2.1. DOI TUONG NGHIEN CUU ..ottt 23
2.2. PHUONG PHAP NGHIEN CUU .....coooiieeiieiieeeeeeee s 23
2.2.1. Thiét bi, dung cu, h0a Chal.........ccoovvrveieieeeieieseeeeee s 26
2.2.2. Chuén bi hoa cht, ChAt CHUAN «....c.ovveeeeeeeee e, 28
2.2.3. Tbi uu héa diéu kién phan tich iodide va iodate trén HPLC-ICP-MS
................................................................................................................... 29
2.2.3.1. DBiéu kién phan tich trén ICP-MS...........cccovvveiveeeiesieseenas 29
2.2.3.2. Diéu kién phan tich trén hé thang sdc ky léng hiéu ndng cao

[z L= ) OO 30
2.2.4. T6i uu hoa quy trinh X0 1Y MAU .....c.ovveeeireeereieeeeeese s 30
2.2.4.1. X Iy 50° bG VA DAO QUAN MAU.......cvoeereeveerereeieeeeeeres s, 30

2.2.4.2. Khdo sat quy trinh Xiz I MAU SIa .......cccevvveieeiersiesinnis 30



2.2.5. X4ac nhén gié tri st dung ctia phuong phap ........ccoooeevvviiiiiiieen 31
2.2.6. Phan tich mau, xtr li s6 liéu, danh gia két qua phan tich ................ 33
CHUONG 3. KET QUA VA THAO LUAN ......cocooveeeeeeeeeeeeeeeeeeeee e, 34
3.1. TOI UU PIEU KIEN PHAN TiCH IODINE BANG ICP-MS............ 34
3.1.1. Lua chon sb khbi PhaN tich.....ccociiiii 34
3.1.2. T6i vu cac dicu Kin trén ICP-MS......c.ovoeeieeeeeeeeeeeeeeeeeeeeeeenn 34
3.2. TOI UU BIEU KIEN PHAN TiCH TREN HE THONG SAC KY LONG
HIEU NANG CAO (HPLC) ...covveiececececteieecs sttt 36
3.2.1. Khao sat thanh phan pha dONg..........cccevervveeeeeieeeeeeeeee s, 36
3.2.2. Khao SAt tOC 0 AONG ....ceveveeeeeeeeeeeeee e 37
3.2.3. Khao sat anh hudng ctia ndng do boric acid trong pha dong ......... 39
3.2.4. Khao sat pH pha @0ng.........ccocovviiiiiiii e 40
3.2.5. Diéu kién tdi uu trén hé thiét bi HPLC-ICP-MS.....cocoveveeeenn. 42
3.3. TOL UU BPIEU KIEN XU LY MAU .....cooiiiiiieeieeeeeeeee e 43
3.3.1. Khao sat dung moi Chibt .........coovvvveeeeieiesieeeeeee e ee e, 44
3.3.2. Khao sat tac nhan két ta protein...........ccoeevvvrrerrersnsrnsensiessnenes 46
3.3.3. Khdo sat anh huong cua nhiét do Chiét MAU....ovovveeeeeeeee e, 49
3.3.4. Khao sat anh hudng cta thoi gian chiét mau..........ccccveeeeeeveeeeenne, 52
3.4. XAC NHAN GIA TRI SU DUNG CUA PHUONG PHAP................. 55
3.4.1. Xay dung duong ChUAN ..........cccoveueveeeeeeeeeeeee e 55
3.4.2. Gi6i han phat hién (LOD), giéi han dinh lugng (LOQ) cia phuong
PP et anes 57
343 DO IAP L@1.iiiiiiiiiiiii 59
344, DO AU NOT .ottt ettt ettt er e 60
3.4.5. S0 sdnh phuong Phap........ccoeviiiiiiii e 63
3.5. PHAN TICH MAU THUTC ...t en e sen e 64
KET LUAN VA KIEN NGHLIL.....oocuiveteteteeeeeeeeeeesetesee et esese s seen s 71
PHU LUC .ottt ettt ettt en et et en et s et ene et s s s esenaeseneens 73

TAI LIEU THAM KHAO .....coooieoeeeeeeeeeeeeeeeeeeeeet e eeeee et en s anen s 74



Danh muc c4c ky hiéu va chir viét tit

Ki hiéu Tiéng Anh Dién giai
Atomic Absorption s .
AAS Pho hap thu nguyén tir
Spectroscopy
AOCAC Association of Official Hiép hoi cac nha hda hoc
Analytical Chemists phan tich chinh thac
EU European Union Uy ban chau au
Cuc quan ly thuc pham va
FDA Food and Drug Administration ued a, y e Phd
dugc pham Hoa Ky
High Performance Anion
HPAEC-PAD E>_<change Chromatography Sic ky_trao d6i ion hiéu ning
with Pulsed Amperometric cao Vvai detector xung ampe
Detection
High Performance Liquid Sac ky long hiéu nang cao
HPLC-ICP-  |Chromatography - Inductively |ghép ndi khéi pho nguyén ti
MS Coupled Plasma Mass ngudn plasma cam ng cao
Spectrometry tan
lon Chromatography with . s
IC-DC . Sac ky ion vai dau do d6 dan
Conductivity Detector
Liéu luong gay chét trun
LDso Lethal Dose \eu tong gay che J
binh
LOD Limit of Detection Gidi han phat hién
LOQ Limit of Quantification Gidi han dinh Iuvgng
QCVN Quy chuan Viét Nam
SD Standard Deviation Do léch chuan
TCVN Tiéu chuan Viét Nam
_ Ultraviolet - Visible Phé hap thu quang phan tir ti
UV-Vis i 2
Spectroscopy ngoai kha kien
WHO Word Health Organization To6 chirc Y té thé gioi




Vi

Danh muc bang

Bang 1.1. Dang iodine ton tai trong cac d6i twong mau (Ref [10]) ......cvuvee..... 7
Bang 1.2. Mot s6 phuong phap phan tich Iodine tong sb va dang lodine....... 20
Bang 2.1. Thong tin CAC MAU NGNIEN COU .....veveveceeceeeeeee e, 23
Bang 3.1. Céc thong sd téi wu tu dong caa thiét bi ICP-MS .........cccoeoeeee... 34
Bang 3.2. Céc thong sé tiéu chuan can dap tng cua hé ICP-MS Nexion 350X
......................................................................................................................... 35
Bang 3.3. Cac diéu kién téi uu phan tich dang iodine trén hé thiét bi HPLC-
O 1Y T 43
Bang 3.4. Cac thong s6 danh gia dudng chuan phan tich..........c..ccvvvvveeeee. 56

Bang 3.5. Gigi han phat hién iodide, iodate trén nén mau sira bot, sita long . 57
Bang 3.6. Gigi han dinh luong iodide, iodate trén nén mau sita bot, sira long

......................................................................................................................... 57
Bang 3.7. K&t qua phan tich 13p lai MAU STa DO ....ce.veeeeeeeeeeeeeeeeeee e, 59
Bang 3.8. Két qua phan tich 13p lai MAU STA 1ONG .....vevevveeeeeeeeeeeeeeeeen, 59
Bang 3.9. Do thu hoi trén NéN MAU ST BOL........c.veeeeeeeeeeeeeeeeee e, 61
Bang 3.10. Do thu hoi trén MAU STA IONG .......vveeeeereeeeeeeeee e, 62
Bang 3.11. Két qua phan tich cac mau trén hai thiét bj ICP-MS va HPLC-ICP-
1Y TP 63
Bang 3.12. K&t qua phan tich MAU thUC.......c.c.cveieeeceeeeeeeeeee s 64

Bang 3.13. Ham luong iodide, iodate, tong iodine va iodine theo cong bo (trén
nhan san pham) ca CAC SAN PRAM STA..........ceveeiereeeeeeeeee s e, 65



vii

Danh muc hinh

Hinh 1.1. Sy chuyén hoa cua cac dang iodine trong qua trinh xi 1y nhiét..... 12
Hinh 1.2. So dd cau tao hé thdng ICP-MS.........c.oooeuieeeeeeeeeeeeeeeeeeeeeeen, 16
Hinh 2.1. So @ khéi hé théng sac ky 16ng hiéu ning cao.........c..ccceevvveeeene. 25
Hinh 2.2. So d6 khéi hé th6ng HPLC-ICP-MS .......c.ooieeeeeeeeeeeeeeeeeees 26
Hinh 2.3. Hé thdng ICP-MS Nexion 350X (Perkin Elmer, Hoa Ky).............. 27
Hinh 2.4. Xac dinh LOD bang cAch tinh S/N ........coevveeeieeeeeeeeeeee e 32
Hinh 3.1. Sic ky d6 dung dich chuan hdn hop 20 ppb trong diéu kién pha dong
SRR 36
Hinh 3.2. Sic ky d6 dung dich chuan hdn hop 20 ppb trong diéu kién pha dong
2 e e e e e e e e e i ——— e e e e i ———— e e e e i E———ee e e i tr—reee e e areeaeaaarreeeeeaares 37
Hinh 3.3. Sac ky d6 dung dich chuan hén hop 20 ppb trong diéu kién téc do
dong: 0,65 MIPNUL ........ooveeeieee e 38
Hinh 3.4. Sic ky d6 dung dich chuan hén hop 20 ppb trong diéu kién téc do
dong: 0,75 MIPNUL .....c.ooiiee e 38
Hinh 3.5. Sac ky do6 dung dich chuan hén hop 20 ppb trong diéu kién téc do
dong: 0,85 MIPNUL.......cceeieie e e 38
Hinh 3.6. Khao sét anh hudng cua ndng do boric acid trong pha dong.......... 39
Hinh 3.7. Séc ky db khao séat anh huéng cta ndng do boric acid trong pha dong
......................................................................................................................... 40
Hinh 3.8. Sic ky d6 cua dung dich chuan hdn hop 20 ppb trong diéu kién pha
AONG PH 6,0 ... 41
Hinh 3.9. Sic ky db cua dung dich chuan hdn hop 20 ppb trong diéu kién pha
AONG PH 6,5 . i 41
Hinh 3.10. Séc ky d6 caa dung dich chuan hdn hop 20 ppb trong diéu kién pha
AONG PH 7,0 s 41
Hinh 3.11. Séc ky d6 caa dung dich chuan hdn hop 20 ppb trong diéu kién pha
AONG PH 7,5 s 42
Hinh 3.12. Séc ky d6 caa dung dich chuan hdn hop 20 ppb trong diéu kién pha
AONG PH 8,0 s 42
Hinh 3.13. Sac ky d6 phan tich mau sita bot khi chiét trong nuéc deion....... 44

Hinh 3.14. Sac ky d6 phan tich mau sita bot khi chiét trong dung dich......... 45



viii

Hinh 3.15. Sic ky do phan tich mau sita bot khi chiét trong dung dich acetic

Y01 [0 R PSR 45
Hinh 3.16. Sic ky d6 phan tich mau sira bot khi chiét trong dung dich ACN
2000ttt e e e e e b rr e e e e e e e aa e rrraeeeeeeesananrrrees 45
Hinh 3.17. Sic ky d6 phan tich mau sita bot véi tac nhan két tua protein 1a TCA
......................................................................................................................... 47
Hinh 3.18. Sic ky d6 phan tich mau sira bot vai tac nhan két tia protein 1a
CarreZ 1, CAITEZ ... 47
Hinh 3.19. Sac ky d6 phan tich mau sira bot véi tac nhan két taa protein 1a
O T VT 47
Hinh 3.20. Sic ky do phan tich mau sira bot véi thé tich Carrez 1, Carrez 11 1a 1
01 SO 48
Hinh 3.21. Sic ky d6 phan tich mau sita bot véi nhiét do chiét 30 °C.......... 49
Hinh 3.22. Sic ky d6 phan tich mau sita bot véi nhiét do chiét 40 °C........... 50
Hinh 3.23. Sic ky d6 phan tich mau sita bot véi nhiét do chiét 50 °C........... 50
Hinh 3.24. Sic ky d6 phan tich mau sira bot vai nhiét do chiét 60 °C............ 50
Hinh 3.25. Sic ky d6 phan tich mau sita bot voi nhiét do chiét 70 °C.......... 51
Hinh 3.26. Anh huong cua nhiét d6 chiét dbi véi dang iodide va iodate ....... 51
Hinh 3.27. Sac ky d6 phan tich mau sita bot vai thoi gian chiét 10 phut....... 52
Hinh 3.28. Sac ky d6 phan tich mau sita bot vai thoi gian chiét 20 pht....... 53
Hinh 3.29. Séc ky d6 phan tich mAu sira bot vai thoi gian chiét 30 phit....... 53
Hinh 3.30. Séc ky d6 phan tich mAu sita bot vai thoi gian chiét 40 phit....... 53
Hinh 3.31. Sac ky d6 phan tich mau sita bot vai thoi gian chiét 50 phdt....... 54
Hinh 3.32. Anh huong cua thoi gian chiét d6i véi ham luong dang iodide va
[0 F= UL S SSR 54
Hinh 3.33. Quy trinh X&r 1Y MAU t8 Ul....cvveeveeeerceeeeeeeee s, 55
Hinh 3.34. Duong chuan xac dinh 100ate ............cc.cccevvveveieeeieesessesiesseeinean, 56
Hinh 3.35. Puong chuan xac dinh 10dide .........c.o.oveeveeereeeeeeeee e 56
Hinh 3.36. Sac ky d6 cua lodate tai LOD trén nén sita bot ...........cccccvvvenene. 58
Hinh 3.37. Sac ky d6 cua lodide tai LOD trén nén sita bot ..........cccocvvvenene. 58
Hinh 3.38. Sic ky d6 cua lodide tai LOD trén nén sita 1ong ........c..cc.coeeveeeee. 58

Hinh 3.39. Sic ky d6 cua lodate tai LOD trén nén sira long ...........c..co.veee... 59



Hinh 3.40. Ham lugng iodide va iodine téng s trong cac san pham sita bot 67
Hinh 3.41. Ham luong iodide trong C4C San Pham STa...........cocvvvvvveevreereenn. 68



MO PAU

lodine 12 mét trong nhitng nguyén t6 vi luong can thiét cho sy séng cua
nhiéu sinh vat, dic biét dong vai trd quan trong ddi v&i su phat trién cta co thé
con ngudi. lodine 12 vi chat dinh dudng gilp tuyén giap tong hop hormone diéu
chinh qué trinh phaét trién cta hé than kinh trung wong, hé sinh duc va céc bo
phan khac trong co thé nhu hé tuan hoan, hé tiéu hoa, hé bai tiét, giup duy tri
nang luong cho co thé hoat dong. Ngoai ra, iodine con tham gia vao qua trinh
chuyén hoa beta — caroten thanh vitamin A, qua trinh tong hop protein hay hap
thu gluxit trong rudt non...

Theo T4 chuc Y té Thé gigi (WHO), thiéu iodine I1a nguy@n nhan dinh
dudng hang dau gay cham phat trién tri tu¢, anh huong dén hon 1 ty ngudi trén
toan thé gisi, hau hét Ia tré so sinh va tré nho. Do véi phu nit mang thai, thiéu
iodine gay ra su cham phét trién cua thai nhi, d6i khi dan dén di tat bam sinh,
thai Tuu [1].

lodine c6 thé dugc cung cap cho co thé qua nhiéu ngudn khac nhau. Hai
ngudn cung cap iodine chinh hién nay dang duoc st dung dé bd sung cho co
thé con nguoi la iodine c6 ngudn gbc tu nhién nhu trong sira va ché pham sira,
tring, rong bién... hoac cac ché pham bo sung iodine (muéi iodine, thuc pham
bao vé sirc khoe. ..). Hién nay nhiéu nghién ctru y khoa da chi ra anh huéng xau
cua viéc tiéu thu nhiéu mudi ddi véi sic khoe con ngudi. Do 6, sira va cac ché
pham sita hay phd bién hon 1a cac san pham dinh dudng cong thic ngay cang
tré thanh ngudn cung cap iodine chinh cho con ngudi théng qua ché do an hang
ngay. Theo dit liéu vé luong thirc 4n tiéu thy caa tirng Qudc gia thi sita va cac
ché pham sita dong gop 13 — 64% luong iodine khuyén nghi hang ngay [2].

Bén canh do, tré so sinh va tré nho thuong dua vao sira cong thice dé bo
sung cac chat dinh dudng thiét yéu trong qua trinh phét trién ban dau. Do do,
trén phuong dién quan 1y d6i vai cac san pham dinh dudng cong thic cho tré
so sinh, tré nho va phu nir mang thai, cac quy dinh thuong duoc dua ra vaoi cac
tiéu chuan cao vé cac chi tiéu dinh dudng va chi tiéu an toan. Hién nay ¢ Viét



Nam mdi chi quy dinh ham luong téi thiéu cac nguyén té khoang va vi lugng
can thiét trong cac san pham sita cong thirc, nhu Thong tu 31/2019/TT-BYT
quy dinh ham luong iodine téi thiéu dbi véi cac san pham sita twoi ding trong
chuong trinh stra hoc dwong la 14,3 pg/100mL [3]. Tuy nhién viéc tiéu thu qua
it hoic quéa nhiéu iodine déu khién cho tré so sinh va tré nho dé mac cac van dé
lién quan dén sirc khoe dac biét 1a vé tuyén giép.

Ham luong iodine trong sita va ché pham sita thuong khoéng on dinh do
giong bo, ngudn thirc an cho bo ¢6 bd sung cac hoat chat chira iodine, ché pham
sat khuan nam va duoc sir dung sau mdi 1an vat cling nhu qua trinh xir ly nhiét
nhu say, thanh tring, tiét tring. lodine thudng duoc b sung trong ché d6 an
dudi dang Kl hoac KIOs. Tuy nhién, trong qua trinh chan nudi cling nhu qua
trinh san xuat sira tai c4c nha may, iodine thudng bi chuyén hoa giira cac dang
tén tai va mat di do hién tuong thing hoa thanh I,. Pién hinh 13 nam 2012,
Trung tam an toan thyc pham Hong Kéng théng bao hai loai sita cia Nhat Ban
1a Wakodo 850g va Morinaga 850g c6 ham luong iodine thap hon nhiéu so véi
tiéu chuan caa Uy ban tiéu chuan quéc té vé thuc pham (Codex) [4].

Bén cach d6, kha ning hap thu ciing nhu hoat tinh sinh hoc cua iodine
phu thudc vao dang ton tai va ham luong caa tirng dang trong thuc pham. lodide
va iodate 1a hai dang ton tai pho bién cua iodine trong ty nhién. Todide dugc
b&o cao 1a c6 hoat tinh sinh hoc cao hon ciing nhu kha nang hap thu tét hon
iodate. lodide tuy kém bén hon nhung lai it thé hién doc tinh hon iodate, cu thé
khi danh gia chi sb LDsp trén chudt qua duong uéng thi iodide 1a 3320 mg/kg
thé trong [5] trong khi iodate 1a 500 — 1100 mg/kg thé trong [5, 6].

Van dé hao hut iodine trong qua trinh 1y va san xuat sita ciing nhu ché
pham sita c6 thé 12 mot trong nhitng nguyén nhan chinh dan dén hién tuong cac
san pham tir sita c6 ham lugng iodine khong dam bao theo quy dinh. Do d6, dé
danh gia chat luong cac san pham tir sita ngoai xac dinh ham luong iodine téng
s6, viéc phan tich cac dang ton tai cta iodine (iodide, iodate) 1a hét sirc can
thiét.

Céc phuong phap xac dinh iodine & dang iodide va iodate da duoc nhiéu
nha nghién ctru trén thé gidi quan tam va phat trién. Mot sé phuong phép trudc



day thuong str dung chiét chon loc sau d6 phén tich bang hé thong sac ky trao
d6i ion hiéu ning cao voi detector xung ampe (HPAEC-PAD), sac ky ion voi
detector d6 dan (IC-CD) va detector UV-Vis, hodc bang sic ky loai trir kich
thugc (SEC) két hop voi khdi phd plasma cam ng cao tan (ICP-MS). Tuy
nhién cac phuong phap nay déu co nhiéu han ché nhu giéi han phat hién Ion,
dé bi anh huéng bai nén mau, qua trinh xt Iy mau phuc tap, tbn nhiéu thoi gian.
Nhiing nim gan day sic ky long hiéu ning cao két hop véi phép do khéi phd
plasma cam ting cao tan (HPLC-ICP-MS) da duoc sir dung rong rai va trg thanh
mot cdng cu hiéu qua dé xac dinh céc dang kim loai trong nhiéu dbi twong mau
kh&c nhau, do gigi han phat hién thap, do 6n dinh va chinh xac cao, cling véi
kha nang xtr Iy nhiéu nén mau phuc tap.

Xuat phat tir nhitng luan diém do, t6i da lya chon dé tai “Nghién cru
phan tich ddnh gid ham lwong iodide va iodate trong mét sé s@n pham tir sia
bang phwong phdp sic ky léng ghép néi khéi phé nguyén tiz nguén plasma
cam #ng cao tan”,

Muc tiéu caa nghién cwu:

- Xay dung quy trinh phan tich dong thoi iodide va iodate trong mot sd
san pham tir sita bang phuong phap sac ky long ghép ndi khdi phd nguyén tix
nguon plasma cam tng cao tan (HPLC-ICP-MS).

- Ung dung phan tich va dnh gia chat lugng mot sd san pham sita trén
thi truong.

Néi dung nghién ciru bao gom:

1. Nghién cau tong quan vé iodine, cac dang ton tai cua iodine (iodide,
iodate) va phuong phéap xac dinh iodine ciing nhu cac dang ton tai cua
iodine (iodide, iodate);

2. Nghién ctu tbi wu diéu kién phan tich dong thoi iodide va iodate trén hé
théng HPLC-ICP-MS;

3. Nghién ctu t6i uu quy trinh xtr Iy mau phan tich déng thoi iodide va
iodate trong mot s san pham sira hién nay trén thi truong ;

4. Xac nhan gia tri sir dung caa phuong phap phan tich dong thoi iodide va
iodate bang HPLC-ICP-MS;



5. Ung dung quy trinh phan tich ¢éng thoi iodide va iodate trong sira va
mot s6 san pham tir sira trén thi truong hién nay.
Nhirng dong gép cia luan van:

Dang 1odide v6i hoat tinh sinh hoc cao hon, it thé hién doc tinh va kha
nang hap thu vao co thé con nguoi tot hon iodate. Tuy nhién iodide duge cho
1a kém bén hon iodate, d& that thoat trong qua trinh san xuat nhu sdy, thanh
tring, tiét tring. Chinh vi thé nghién ctru tap trung vao xac dinh cac dang ton
tai cua iodine trong mot s6 san phém stta nhu stra cong thire, stra tuoi, sira
chua... c6 ¥ nghia khoa hoc va thyc tién cao. Nghién ctru cung cap mot quy
trinh phan tich dong thoi hai dang iodide va iodate trong cac san pham tir sita
bang phuong phap HPLC-ICP-MS dura trén trang thiét bi hién dai va ngay cang
tré 1én phd bién tai Viét Nam. Két qua nghién ctiru khong chi gidp nguoi tiéu
ding danh gia duoc so bo thanh phan dinh dudng, cu thé 1a ham luong cac dang
iodine trong cac san pham sita, ma con giup cho cac co quan chirc nang co co

so khoa hoc dé kiém soat chat lugng cac san pham stra trén thi truong.



CHUONG 1. TONG QUAN NGHIEN CcUU

1.1. TONG QUAN CHUNG VE IODINE, DANG IODINE VA VAI TRO
CUA CHUNG POI VOI SINH HOA CON NGUOI

1.1.1. Tong quan chung vé iodine va cic dang ton tai ciia iodine

Iodine dugc phat hién vao nam 1811 bdi nha hdéa hoc nguoi Phap
Bernard Courtois (1777-1838) [7, 8]. lodine la mot phi kim thuoc nhom
halogen (VIIA) trong bang hé théng tuan hoan. O nhiét do thuong, iodine c6
dang tinh thé mau xam. Khi dun néng, iodine bi thiang hoa tao thanh chat khi
mau tim hong c6 mui kho chiu, cé thé gy ton thuong nghiém trong cho mat,
miii va niém mac hong. lodine chi tan it trong nwdc, nhung lai hoa tan trong
nhiéu chat long khéac dé tao ra dung dich mau tim dic trung. Iodine c6 thé ndng
chay ¢ 113,5 °C (236,3 °F) va s6i ¢ 184 °C (363 °F) [7].

So véi cac nguyén té hoa hoc khac cling nhom thi iodine kém hoat dong
hon. Céc hop chat phé bién nhat cua iodine 1a hop chat caa cac kim loai kiém
nhu sodium (natri) va potassium (kali). Ngoai ra né con tao hop chat vai mot
s6 halogen khac nhu iodine monobromide (IBr), iodine monochloride (ICI) va
iodine pentafloride (IFs) [7].

Thuoc tinh quan trong nhat caa iodine 1a c6 kha ning tiéu diét vi tring.
Do d6, iodine duoc tng dung trong san xuat thudc st tring va mot sé ung dung
y té khéc [8].

Todine c6 dén 42 ddng vi, tuy nhién trong d6 chi c6 duy nhat dong vi 71
la bén, 6n dinh va dugc tim thiy nhiéu nhit trong tu nhién. Cac déng vi con lai
déu 1a dong vi phong xa. Hau hét cac dong vi nay duoc (ng dung vao hai myc
dich chinh 13 thuong mai va y té. Trong cac tng dung y té, cac déng vi nay
dugc dua vao co thé bénh nhan qua dudng miéng. Cac ddng vi sau d6 di khap
co thé theo méu. Khi di chuyén trong co thé con ngudi, chling phat ra bic xa.
Buc xa d6 ¢ thé duoc phat hién bang cach st dung phim X-quang. Théng qua
cac mo hinh buc xa d6, cac chuyén gia y té ¢ thé nhan biét co thé dé hoat dong
thé nao [7].

MJi d6ng vi iodine dugc (tng dung trong y té theo nhiéu cach khac nhau.



Pong vi I dugc tng dung trong cac nghién cau vé ndo, than va tuyén giap.
Dong vi %1 duoc tng dung trong cac nghién ciu vé tuyén tuy, tuyén giap, gan,
va su hap thu khoang chét trong xwong. Bong vi 1 thi duoc @ng dung trong
cac nghién cau vé gan, than, phdi, ndo, tuyén tuy va tuyén giap [7].

Thong thuong iodine duoc san xuat tir nudc bién hodc nudc mudi chiét
XUt tir cac giéng dau c6 chua téi 150 mg /L. CAc tap chat nhu dat sét, cat va
dau duoc loai bo bang cach loc bo, dung dich sau loc dugce dua qua mét ludng
sulphur dioxide réi qua mot s6 thung chira cac bo day dong. Copper diiodide
hinh thanh tiép tuc duoc loai bé bang céch loc, rira bang nudc, say kho va
nghién min. San pham sau dé dugc dun ndéng vaéi potassium cacbonate dé tao
ra potassium iodide , cudi ciing iodine duoc tao thanh 1a san pham caa phan
ung oxy hoa vai dichromate va sulfuric acid [9].

Bén canh d6, iodine con dugc diéu ché tai cac phong thi nghiém tir ngudn
nguyén liéu tu nhién nhu tao be, rong bién va mot s6 loai cay khac do dac tinh
hap thy iodine caa chiing trong qua trinh sinh truéng. Theo quy trinh nay, rong
bién dugc siy kho va dbt chay ¢ nhiét do cao; tro duoc hoa tan vao nudc; loc
lay dung dich, ¢d dung dich sau loc dén khi mudi bi két tinh lai, cac mudi sau
két tinh nhu sodium sulfate (natri sulfat) va sodium chloride (natri clorua) duoc
loai bo; dung dich con lai dugc ¢ dic bang cach 1am bay hoi nudc. Gan lay
phan nudc trong 1a mudi cua iodine. Dung khi chlorine (clo) hay MnO, va
H,S0,4 dé oxi hoa I trong dung dich thanh I, sau d6 cho I, thing hoa ta s& thu
duoc iodine [9].

Trong cac hop chat, iodine ton tai & nhiéu trang thai oxy hda khéac nhau:
-1, 0, +1, +3, +5, +7 va d& dang bi chuyén hda giira cc dang oxy héa trong
nhitng diéu kién nhat dinh. Cac dang cua iodine c6 lién quan dén viéc van
chuyén iodine tir khong khi, dat, nudc vao thuc pham va tir thyc pham dén co
thé con ngudi. Trong nudc, hau hét iodine ton tai & dang iodide va iodate. Trong
co thé ngudi va dong vat co va khac, iodine dugc tuyén giap tong hop dé sinh
tong hop hormone triiodothyronine (Ts) va Thyroxine (T4), ngoai Ts, T4 thi
iodine ciing ton tai dudi dang monoiodotyrosine (MIT), diiodotyrosine (DIT),
reverse triiodothyronine (rTs) gitp lién két protein trong tuyén giap véi cac mo.



Trong sita, hau hét iodine dugc tim thay dudi dang iodide, ngoai ra c6 mot s6
hop chat iodine dang hitu co [10].

Bang 1.1. Dang iodine ton tai trong cdc doi trong mau [10]

Dang iodine Cong thic héa hec Nén mau
lodide I Nudc, dong vat, stra
lodate [oFy Nudc, sta
Elemental iodine P Khong khi
Periodate [ory Nuéc
Hypoiodite 10 Khong khi, nudc
Methyl iodide CHGsl Khong khi, nuéc
Methyl di-iodide CHoal, Khong khi, nuéc
Ethyl iodide CoHsl Khong khi, nudc
Propyl iodide CsH/I Khong khi, nudc
Butyl iodide CaHol Khoéng khi, nudc
Methyl iodide bromide CHBrl Khong khi, nudc
Triiodothyronine C1sH1213NO4 bong vat, stra
Thyroxine C15H1114NO4 bong vat, sira
Monoiodotyrosine CoH10INO; bong vat, sira
Diiodotyrosine CoHgloNO3 bong vat, stra
Reverse triiodothyronine Ci5H1215NO4 bong vat, stra




Tuy nhién trong tu nhién, iodine tén tai cha yéu & hai dang 1a iodide va
iodate nén trong nghién curu nay chi tap trung phan tich, danh gia ham lugng
va anh hudng cua hai dang nay d6i voi co thé con ngudi.

lodide 1a chat khir manh, n6 d& dang bi oxy hda bai cac hop chat oxy hoa
manh nhu nhu sulfuric acid dac, potassium permanganate (KMnO,), khi
chlorine (Cly) :

4KI+2C0O,+0, - 2K,COz3+2 1,

Pay chinh 1a can ctr khoa hoc trong viéc lya chon pha dong hay dung
mai chiét, viéc st dung céc pha dong hay dung méi chiét co tinh oxy hda manh
nhu HNO3, H;0,... trong phan tich cac kim loai va phi kim thong thuong s€
lam chuyén hda iodide thanh iodine. Mic du iodide khong mau, nhung trong
c4c dung dich iodide c6 thé c6 mau hoi nau do qua trinh oxy hoa iodide thanh
iodine bang oxy trong khi quyén. Cac phan tir cia iodine (l,) tao thanh lai két
hop véi iodide dé tao thanh polyiodua (I + 1~ — 137) [8].

lodine thé hién trang thai oxy hda +5 trong iodic acid manh (H103), c6
thé d& dang khir nude dé tao ra chat ran mau trang iodate pentoxide (1,0s).

lodate phé bién nhat 1a potassium iodate c6 cong thic hoa hoc KIOs.
Potassium iodate (K10s3) 1a mot hop chat gom cac ion K* va 105 theo ty I 1:1,
khéi lugng mol caia n6 1a 214 g/mol, nhiét dd ndng chay 1a 560 °C. Trai nguoc
véi iodide thi iodate lai o tinh oxy hoa nén viéc lua chon dung méi ciing nhu
pha dong hay tac nhan trong qua trinh chiét can tranh st dung cac chat ¢ tinh
khir. Potassium iodate 1& mot chat ran mau tring khéng mui, véi cac tinh thé
min va cau trdc tinh thé caa loai don hinh. O nhiét do cao hon, né trai qua phan
ung phan huy nhiét, giai phong oxy phan tir va potassium iodide:

KIO; — 2Kl + 30,

Trong nudc, potassium iodate c6 do hoa tan thay ddi tir 4,74 g/100mL
tai 0 °C; dén 32,3 g/100mL & 100 °C, tao thanh dung dich nudc khdng mau.
Ngoai ra, potassium iodate khong tan trong ethanol va nitric acid, nhung hoa
tan trong sulfuric acid loang [11].

Potassium iodate 1a mét chat oxy hda manh nén né cé thé gay ra hoa


https://vi.wikipedia.org/wiki/Kali
https://vi.wikipedia.org/wiki/Iod
https://vi.wikipedia.org/wiki/Oxy
https://vi.wikipedia.org/wiki/H%E1%BB%A3p_ch%E1%BA%A5t
https://vi.wikipedia.org/wiki/T%E1%BB%B7_l%E1%BB%87
https://vi.wikipedia.org/wiki/Ch%E1%BA%A5t_oxy_h%C3%B3a

hoan néu tiép xudc vai vat liéu d& chay hoac cac chat khir. Potassium iodate c6
thé duoc diéu ché bing cach cho mot base chta potassium nhu potassium
hydroxide vai iodic acid [11]:

HI1O; + KOH — KIO3 + H,O

1.1.2. Anh hwéng cia iodine va cac dang iodine (iodide, iodate) déi véi sinh

hoa con nguoi

Trong co thé ngudi, iodine chi chiém mot luong rat nho nhung n6 doéng
vai tro quan trong cho su phat trién cia co thé ca vé thé chat 1an tri tug. lodine
tham gia vao qua trinh diéu hoa hoat dong trao doi chét trong co thé con nguoi.
Do d6, thiéu hyt iodine c6 thé ngian can sy ting truong va phat trién binh
thuong, dic biét ddi vai phu nit mang thai co thé gay say thai, thai luu, con d6i
véi tré so sinh va tré nho gay suy giam nhan thue, cdi coc, cham phét trién [9].

lodine dong vai trd quan trong trong viéc tong hop hormone tuyén giap
thyroxin, 1a hormone diéu chinh qué trinh phat trién caa hé than kinh trung
wong, hé sinh dyc, tim mach va mot s6 bo phan khac trong co thé. Cu thé khi
co thé hap thy, iodine duoc van chuyén vao tuyén giap dudi dang iodide, lién
két vé6i tyroxine co trong thyroglobulin dé tao thanh iodotyrosine. Théng qua
co ché ghép ndi, tién chat 3-monoiodotyrosine (MIT) va 3,5-diiodotyrosine
(DIT) két hop dé tao thanh hormone tuyén giap 3,5,3',5'-tetraiodothyronine
thuong duoc goi 1a thyroxine (T4) va 3,5,3'-triiodothyronine (T3). Nhiing
hormone nay déng mat vai tro quan trong trong viéc diéu chinh hoat dong cua
té bao, ting truong va phat trién ndo bo [10].

Ngoai ra, iodine con ¢ vai trd trong viéc chuyén hda beta - caroten thanh
vitamin A, tong hop protein hay hap thu duong trong rudt non [11].

Bén canh nhitng loi ich véi suc khoe, viéc bo sung qua nhiéu iodine trong
khau phan an ciling tiém an nhitng anh huong khdng tot véi sirc khoe con ngudi.
Luong iodine cao thuong duoc dung nap tét & hau hét nhitng nguoi khoe manh
va khdng gay ra van dé gi vé sic khoe. Pién hinh nhu & mot s6 qudc gia nhur
Han Quéc, Nhat Ban, nguoi dan thudng xuyén an rong bién la nguon iodine
doi dao nhung ciing khong c6 nhiing anh huéng lén ddi véi suc khoe. Tuy


https://vi.wikipedia.org/wiki/Ch%E1%BA%A5t_kh%E1%BB%AD
https://vi.wikipedia.org/wiki/Kali_hydroxide
https://vi.wikipedia.org/wiki/Kali_hydroxide
https://vi.wikipedia.org/wiki/Axit_iodic
https://vi.wikipedia.org/wiki/N%C6%B0%E1%BB%9Bc
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nhién, & mot s6 ngudi mac bénh tuyén gidp tu mién hoic ¢ tién st thiéu iodine
man tinh c6 thé nhay cam véi viéc bo sung thém iodine. Du thira iodine ciing
c6 thé dan dén san xuat qua nhiéu hormone tuyén giap, gay bénh cuong giap;
dau hiéu cua tinh trang nay 1a su trao doi chat gia ting véi cac biéu hién nhu
tang nhip tim, chan tay run, khé the, mét moi [12]. Mot s nghién cau dich t&
hoc da chi ra rang tiéu thu nhiéu rong bién c6 lién quan dén viéc ting nguy co
mac mot sb loai ung thu tuyén giap, dic biét 1a & phu nit sau man kinh [13].

Tuy nhién, doc tinh cling nhu sinh kha dung cta cac dang iodine la khac
nhau. Nhiéu nghién ctru da chi ra rang sinh kha dung cua iodine dang vo co
nhu iodide 1a 96,4% & nguoi binh thuong, trong khi ctua iodine dang hiru co,
chang han nhu monoiodotyrosine 1a 80%. Mac du sinh kha dung qua duong
udng cua iodine tir iodate hau nhu twong duwong vai sinh kha dung tir iodide &
ngudi va chudt, nhung doc tinh cia iodide va iodate la khac nhau. Nghién cuu
ctia Laverock va cac cong sy cho thay doc tinh cua iodate cao hon iodide. O
licu trén 10 mg/kg khi tiém qua duong tinh mach, iodate gay doc tinh cao dbi
v6i vong mac [14].

Stewart H. Webster va cac cong su da nghién ctru va danh gia doc tinh
cua iodate théng qua cac thi nghiém gay doc cap tinh dang don liéu trén chuot
trang. Két qua nghién cau cho thay néu o liéu luong du Ién, iodate co thé gay
ngd doc va tir vong, hau hét cac trudng hop tir vong nguyén nhan déu do ton
thuong cap tinh & than; & lidu luong 140-500 mg/kg trong lwong & lam ting
pH dich da day, gy thoéi hoa, ton thuong thanh da day. Két qua nghién cau
cling cho thay potassium iodate va sodium iodate c6 doc tinh qua duong miéng
va trong phdc mac tuong tu nhau [5].

Ngoai ra, & liéu cao, iodate co thé gay kich tng & niém mac miéng, da,
mét va duong hd hap. Céc thi nghiém vé doc tinh cua potassium iodate ¢ dong
vat da cho thay véi liéu 0,2-0,25 g/kg trong luong co thé qua dudng udng co
thé gay budn ndn, réi loan duong rudt, khé thé, ngodi ra cac xét nghiém 1am
sang sau hon cho thay c6 ton thuong & gan, than va niém mac ruot [11].

Bén canh do, iodate con c6 kha nang gay doc gen va la tdc nhan gay mot
s6 bénh ung thu nhu ung thu tuyén gidp [6]. Do d6, viéc phan tich va danh gia
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ham luong ting dang iodine cu thé 12 iodide va iodate thay vi dinh luong iodine
tong sd co y nghia vo cung quan trong trong viéc danh gia ham luong dinh
dudng cua c4c san pham sita, qua d6 gitp ngudi tiéu ding cé cai nhin tong quan
d6i véi cac san pham sita, cling nhu gitup cho cac co quan chirc ning co co s
khoa hoc dé kiém soat va giam sat chat luong cac san pham sita trén thi truong.
Péng thoi nghién ctu ndy con cé ¥ nghia dbi véi cac cong ty, doanh nghiép
san xuat ché bién sira trong viéc gop phan ly giai nguyén nhan cac san pham dé
bi hao hut ham luong iodine, tir d6 c6 cai tién trong quy trinh san xuat, ché bién
hay bao quan gidp lam bén viing va on dinh iodine nham mang lai san pham c6
chat luong tt nhat cho nguai tiéu ding.

1.1.3. Ham hrong, sw phan bo va sw chuyén hoa cac dang iodine (iodide,
iodate) trong thwe pham

Co thé con ngudi ¢d thé hap thu iodine qua nhiéu nguon khac nhau. Hién
nay hai nguon cung cap iodine chinh dang duoc sir dung dé bo sung cho co thé
con ngudi 1 iodine ¢d nguon gbc tu nhién nhu sita va ché pham sira, trang,
rong bién... va cac ché pham bé sung iodine nhu muéi iodine, thuc pham bao
vé suc khoe....

Tuy nhién do tinh chat hoa hoc cua iodine dé thang hoa & nhiét d6 thuong
va tinh chat oxy héa manh ciing nhu khir manh caia hai dang iodide, iodate nén
ham lugng cua iodine tong sé ciing nhu ham lugng cac dang iodine trong thuc
pham thuong bi anh huong béi nhiéu yéu td nhu pH moéi trudng thuc pham,
phan tng hoda hoc giita iodine va céc thanh phan khac c6 san trong thuc pham,
qua trinh ché bién, xu ly thuc pham dudi tac dong cua nhiét do, thoi gian ché
bién...

Liejun Liu va cac cong su [15] ciia minh di nghién ciru sy chuyén hoa
iodate thanh iodide va iodine trong mudi in dudi tac dung cua nhiét d6. Theo
d6 15 mau thuc pham duoc ndu chin c6 sir dung mudi iodate, nhiét d6 nau va
pH ctia mau thyc pham ciing duoc xac dinh. lodine trong mau thuc pham sau
khi nau chin dugc chiét bang nudc khir ion, sau d6 duoc dem phan tich trén
thiét bi HPLC-ICP-MS. Két qua nghién ctiu cho thay c6 96,4% + 14,7% iodate
chuyén thanh iodide va iodine trong d6 c6 86,8% + 14,5% iodate duoc chuyén


https://pubmed.ncbi.nlm.nih.gov/?term=Liu+L&cauthor_id=28157618
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d6i thanh iodide; 9,6% * 6,2% chuyén thanh iodine va dé bi thing hoa & nhiét
do thuong. Gigi han phat hién, giéi han dinh lugng cta phuong phap HPLC-
ICP-MS twong ung lan luot la 0,70 pg/L ddi véi iodide (0,69 pg/L d6i voi
iodate) va 2,10 pg/L ddi véi iodide (2,06 pug/L d6i véi iodate), do léch chuan la
2,6% va d¢ thu hoi 12 101,6% + 2,6%.

lodine measured
by HPLC/ICP-MS

- 192
o 0 0 o —
Loy k r 0y b r

Hinh 1.1. Sw chuyén hoa cua cac dang iodine trong qué trinh xa Iy nhiét

Tuy nhién, do nhiing anh huéng xau cua mudi an dbi véi sac khoe con
ngudi nén ngay nay bang nhirng nd lec tuyén truyén caa nganh y té, lugng mudi
trong khau phan an ngay cang duoc cit giam, do d6 lwong iodine b sung cho
con ngudi trong mubi in theo d6 ciing giam dan. Thay vao d6 ngudn thuc pham
giau dinh dudng 14 sira va ché pham sita ngay cang trd thanh ngudn cung cap
iodine chinh cho con nguoi. Dit liéu lugng thuc pham tiéu thy & ting qudc gia
cho thy sita va cac san pham tir sita cung cap 13 — 64% lugng iodine dugc
khuyén nghi hang ngay [2]. Viéc tiéu thy sira va cac san pham sita & mdi quéc
gia la khac nhau ciing nhu ham lwong iodine trong mdi san pham sira 1a khac
nhau, do d6 ham lugng iodine b6 sung cho co thé khé dinh luong duoc théng
qua khau phan an.

Ham luong iodine trong sita va ché pham sita bi anh huong bai nhiéu
yéu té nhu giéng bo, ngudn thirc an cho bo, chit khang iodine nhu
glucosinolates c6 trong mét s loai thirc an, va cach khir tring niim vi sau moi
lin Vit [2].
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Bén canh nhitng yéu t6 vé giéng va diéu kién chin nubi thi quy trinh san
XUat sira va ché pham sira ciing 1a mot trong nhitng yéu té anh huong dén ham
luong iodine trong sita. Olivia L. van der Reijden va cac cong su tai dai hoc
Cambridge da tién hanh cac thi nghiém dé danh gia anh huong cua cac qué
trinh san xuat sita va ché pham sita ¢én ham luong iodine. Thi nghiém sé 2
trong nghién cau cta nhom tac gia cho thay c6 dén 75% iodine bi that thoat
trong véang sira, diéu d6 co nghia hiéu suat thu hoi iodine trong san pham nay
chi dat 25%. Tuy nhién sau qua trinh lam dong va lam chin thi ham luong iodine
lai tang 1,6 — 2,3 lan sau lam dong va 1,6 — 2,6 1an sau khi lam chin. Ddi vai
cac san pham phomai viéc bo sung mudi iodine trén bé mat phomai bén canh
nhitng loi ich vé mat cam quan nhu cai thién huong vi, ting kha nang tach
whey, thiic day qua trinh hinh thanh vo phomai, né con mang lai gié tri vé mat
dinh dudng vi 12 ngudn bo sung iodine dbi dao. Két qua nghién ctru cling cho
thay qua trinh xa ly nhiét khong c6 anh huéng nhiéu dén ham lugng iodine,
diéu nay khac véi nhiing gia thuyét truéc day cho rang iodine bi mat do hién
tuong thing hoa, ty 1é thu hdi iodine & cac san pham sau khi qua thanh tring,
tiét tring van dat dén 81 — 93% [16].

Tuy nhién quy trinh san xuat sira va ché pham sita & mdi qubc gia co
nhiing dac th riéng biét. Vi vay, dé ¢ nhimg phan tich danh gia chinh xac va
cu thé hon ddi véi cac san pham sita trong nudc, nghién ciu ndy con duoc thuc
hién dé dua ra cai nhin tdng quan vé dang iodine ton tai trong céc san pham sira
hién nay trén thi truedng, su that thoat va hao hut so véi ham lugng cong bé trén
nhan san pham. Qua d6 vira gitp nguoi tiéu ding lya chon duoc nhiing san
pham chat lugng vira gitip cac co quan quan Iy c¢6 can cir dé Kiém tra danh gia
va giam sét viéc tuan thu quy dinh vé an toan thuc pham.

1.2. TONG QUAN CAC PHUONG PHAP PHAN TiCH

Céc phuong phap thuong duoc sir dung dé xac dinh iodine bao gém cac
phuong phap phan tich iodine va cac phuong phap phan tich dang iodine
(iodide, iodate).


https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Olivia%20L.%20van%20der%20Reijden&eventCode=SE-AU
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1.2.1. Cac phwong phap xac dinh iodine tong s6

Phuong phap chuin dd: Theo TCVN 10657: 2014 [19], nguyén tic cta
phuong phap chuan d6 xac dinh ham luong iodine tong so 1a oxy hoa iodide
thanh iodate bang sodium iodide trong méi trudng dém va loai bo chat oxy hoa
du bang formic acid. B6 sung hydrochloric acid va potassium iodide dé tao ra
iodine tu do tuong wrng véi luong iodate ¢ mat.

Sau d6 chuan do luogng I, giai phong bing dung dich chuan sodium
thiosulfate (Na;S,0s) Vi chi thi 1a hd tinh bot.

I+ 3 CIO =105 + 3CI
0 +61"+6H" =31+ 1"+ 3H,0
I, + 2Na,S;03 = 2Nal + Na,S404

Uu diém cua phuong phap nay 1a dé thao tac, phan tich nhanh, chi phi
phat sinh thap. Tuy nhién phuong phap c6 nhuoc diém 1a d6 nhay thap, chi
phan tich mau c6 ham luong iodine ¢& ppm va d& anh huong bai nén mau.

Phuong phap do phé hap thu phan tir UV-VIS: Gilfedder va cac cong
su da nghién ctu phuong phap don gian dé dinh luong iodine trong mau dat,
tram tich bang phuong phap chiét & nhiét do 1én dén 1000°C va dich sau chiét
duoc phan tich trén hé théng quang phé hap thu phan tir UV-Vis. Cac mau dugc
d6t chay trong dong oxy va hoa tan trong nudc deion, dich mau sau d6 duoc
dem loc truge khi phan tich. Dich chiét dugc dinh lwong bang phuwong phéap do
pho As®— Ce**, theo d6 iodide xUc tac cho qua trinh oxy hoa As®* thanh As>*
va khir Ce** thanh Ce®*. Ba mau vat liéu chuan duoc phan tich véi hiéu suat thu
hoi tot (97 — 113%) va do léch chuan RSD (<5%). Phuong phap cho gidi han
phat hién 12 nho hon 50 ng iodine véi d tin cay 1a 95%. Dbi vai mot sé6 mau
tram tich giau hitu co (20 —30% carbon hitu co) va ham luong iodine cao thi
phuong phéap dugc cai tién bang cach tang toc do dong oxy va giam thoi gian
d6t chay mau [20].

Phuong phap quang phd phat xa nguyén tir nguén plasma cam @ng
cao tan (ICP-OES): véi phuong phap nay chat phan tich duogc kich thich 1én
mtrc nang luong cao bang ngudn Plasma cam &ng cao tan tir d6 phat xa ra cac
buéc song dic trung. Bé tranh céc yéu té gay nhiéu tir nén mau, can lya chon
budc song phu hgp. Tin hi¢u cuong d6 cia budc song dac trung ty 1€ thuan véi



15

nong do chat phan tich. Do han ché vé d6 nhay ciing nhu do chinh xac nén
phuong phap nay it duoc lya chon dé xac dinh truc tiép ham luong iodine hozc
chi sir dung trong truong hop cac mau coé ham lugng iodine cao vé&i cac qua
trinh xur [i mau thich hop.

M. Sager da dé xuét phuong phap xac dinh iodine & mtc ham luong cao
trong mau sau khi tach phosphorus (nguyén t6 ¢ anh huong 16n dén phé cua
iodine) bang phuong phéap két taa. Theo d6 dé xac dinh iodine, nhém nghién
ctru d3 hoa tan hodc oxy héa cac chat nén hiru co bing potassium chlorate
(KCIlOs) trong nitric acid lodng dé chuyén iodine vé dang KIlOs; bén hon.
Phuong phap da loai trir anh huéng cua phosphorus bang cach két tua voi
aluminium hydroxide hozc iron hydroxide. Sau khi thém cac mudi nhém hoac
sat ¢ dang nitrate, sulfate; ammonia duoc sir dung dé diéu chinh pH vé 8,8.
Hién tugng két taa tot hon dugc quan sat thay khi sir dung aluminium hydroxide
va cd thém 10 — 30 mg dat sét/5 mL mau. Tach két taa tao thanh bang céach ly
tam hoac gan dich vao binh dinh mac. Loc dung dich qua mang loc va xac dinh
ham lugng iodine trén ICP-OES [17].

Vtorushina, E.A va cac cong su da van dung qua trinh giai phong hoi cua
phan @ng oxy hoa khir dé giam giéi han phat hién cua iodine trong cac mau
sinh hoc khi phan tich trén hé théng ICP-OES. Quy trinh duoc phét trién dé
phan tich ham lugng iodine trong cac mau sira, nguyén liéu thuc vat va cac ché
pham duoc pham théng qua qué trinh tao hoi oxy héa sau khi pha mau bang vi
séng trong dong oxy va tao hoi khir sau khi phan hay mau trong 10 vi séng sur
dung acid. Giéi han phat hién ciia phuong phap lan luot 12 0,018 — 0,037 mg/kg
va 0,058 — 0,072 mg/kg sau qua trinh tao hoi oxy hoa va khir twong ung tuy
thudc vao loai mau thir. Do chinh xéac cia quy trinh duoc xac nhan bang két
qua phan tich mau vat liéu chuan 1a Powder BCR 150 (mau sita bot gay) va
BCR 279 (mAu rau diép bién) [18].

Phuong phap khdi pho plasma cao tan cam wng (ICP-MS): day la
phuong phap dugc &p dung nhiéu trong phén tich luong vét va siéu vét. Khoi
pho plasma cao tan cam ung (ICP-MS) 1a mot k§ thuat phan tich ¢ kha nang
xéc dinh d6ng thoi nhiéu nguyén té véi do chinh xac cao. Phuong phap st dung
nguon cam ung cao tan ICP véi detector khdi phd dé phan tich cac ion nguyén
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t6. Ngon ltra plasma vai nhiét dé cao 6.000 — 10.000 °C, ion hda nguyén tir cia
cac nguyén té trudc khi tgi hé thdng khdi phd. Céc ion theo ty 1& khi
luong/dién tich cua tirng nguyén té duoc tach trong b loc khdi ti cuc, detector
khéi phé véi o phan giai cao ghi nhan tin hiéu theo sé khéi dic trung cua ting
nguyén tb va khuéch dai qua éng nhan quang dién.

FPlasma

Interface
Plasma gas

Quadrupole
Auxiliary / Torch

gas \.‘ j
.711-—3
Carrier—" t b Spray
gas chamber
Sample

Detector
Nebulizer o ene

Hinh 1.2. So d6 cdu tao hé thong ICP-MS

ICP-MS ¢6 nhiéu uu diém nhu kha niang xt Iy duoc mau phuc tap nhu
thay hai san, méau, huyét thanh, nudc tiéu, v.v. boi nang luong Ién ciia nguon
ICP, luong mau it, thoi gian phan tich nhanh, gigi han phét hién, gii han dinh
lugng thap, d6 6n dinh va do chinh xac cao.

Marcia F Mesko va cac cong su di phat trién phuong phap xac dinh
iodine trong cac mau thuc pham bang phép do khoi pho plasma cam @ng cao
tan (ICP-MS) sau khi phan huy trong 10 vi séng MIC (Microwave induced
combustion). Khéi luong mau c6 thé 1én dén 500 mg, theo d6 cac mau thuc
pham nhu gan bo, tinh bot ngd, sira bot hodc bot mi duge dbt chay hoan toan
bang hé théng MIC. St dung 50 pl ammonium nitrate 6 mol/L lam chat hd trg
danh Itra va cac binh dwoc nap 15 bar O,. Viéc st dung H,0, 0,9 mmol/L,
(NH,4)2CO3 10 d¢én 50 mmol/L va tetramethylammonium hydroxide 56 mmol/L
d3a duoc nghién ciu 1am dung dich hap thu, ciing cho thay phil hop cho budc
héi luu sau qué trinh d6t chdy mau [19].

Todor I. Todorov va Patrick J. Gray da bao cao mot phuong phap xac
dinh iodine trong nhiéu mau thuc pham va vat liéu bang phuong phéap khéi pho
plasma cam tng cao tan (ICP-MS) sau qua trinh chiét vai dung dich kiém. Bé
danh gia d6 ding cua phuong phap, nhém nghién ctu da str dung 7 mau vat


https://pubmed.ncbi.nlm.nih.gov/?term=Mesko+MF&cauthor_id=20464381
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lieu chuan va 21 mau thyc pham b sung vi chat dinh dudng. Phuong phap cho
gidi han dinh luong d6i véi mau thuc pham dang rin 1a 36 ng/g, do léch chuan
(% RSD) trong khoang 2 — 7%, d6 thu hoi ddi véi mau vat liéu chuan va cac
mau thuc pham bd sung vi chét lan luot 1a 85-105% va 81 — 119% [20].

lodine tong sb trong thuc pham co thé chiét ra khoi nén mau trong mai
truong kiém tetramethylammonium hydroxide (TMAH) sau dé xac dinh bang
phuong phap khéi phd plasma cao tan cam tng ICP-MS theo TCVN
9517:2012. lodine trong sita va cac san pham dinh dudng ciing c6 thé duoc xur
ly bang nitric acid trong 10 vi séng, sau d6 kiém hda véi dung dich ammonium
trudc khi tién hanh phan tich trén ICP-MS theo AOAC 2012.14 [21].

Phuong phép xac dinh iodine tong sé con cé thé duoc thyc hién bang cac
ki thuat khac nhu do quang dua trén phan ung xc tac [22], sic ky khi [23],
chuan d6 dién cuc chon loc ion [24], sic Ky trao do6i ion hiéu ning cao Véi
detector PAD [25] hoic detector dién hoa [26], hay quang phd hap thu nguyén
tr AAS [27].

1.2.2. Cac phwong phap xac dinh dang iodine
1.2.2.1. Tinh hinh nghién ciru trén thé gidi

Cac phuong phap xac dinh iodine ¢ dang iodide va iodate trong thuc
pham néi chung va san pham sita néi riéng da dugc nhiéu nha nghién cau trén
thé giGi quan tdm va phat trién.

Tac gia Lipika Basumallick va Jeffrey Rohrer da nghién ctru xac dinh
d6ng thoi iodide va iodate trong sita cong thirc va sira dau nanh bang ky thuat
sac ky ion véi detector xung ampe. MAu trude khi phan tich duoc hoan nguyén
theo céng thirc pha caa nha san xuat. Sau d6 1ay 10 mL mau sau hoan nguyén
vao 6ng ly tam 50 mL, thém 2 mL acetic acid 3%, thém tiép 8 mL nuéc deion
va lic déu, ly thm mau ¢ 5000 vong/phit trong 5 phat dé tach béo va protein.
Tiép tuc cho mau qua cot chiét pha rin Dionex OnGuard Il véi toc do 4
mL/phut, loai 3 mL dau cia dich mau. Thu lay phan dich loc dem phan tich.
Khéo sat sau hon nhom nghién ciru cho thay chiét mau trong méi truong acid
c¢6 diéu nhiét & 70 °C trong 1 gio cho hiéu suat chiét iodine tot hon. Phuong
phap cho khoang tuyén tinh cua iodide trong khoang 0,005 — 10 mg/L vaéi hé
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sb hoi quy tuyén tinh 1a 0,9998; d6 chum RSD < 0,6%, d¢ thu hdi cua iodide
trong khoang 82 — 115% [28].

Tac gia Niemann, R.A va céc cong su da xac dinh iodide va thiocyanate
trong sita bot va sira cong thic bang ky thuat sac ky ion vai detector diode array
(PAD) [25]. Phuong phap sir dung tién cot véi muc dich 1am giau chét phan
tich trudc khi dan mau vao cot trao doi ion. Phuwong phap cho gi6i han dinh
luong iodide trong cac mau dang long la 0,04 mg/L, cac mau dang bot 12 0,2
mg/kg.

Luiza Fernandez Sanchez va Joanna Szpunar phat trién phuong phép xéac
dinh cac dang iodine trong sira va sita cong thirc bang sac ky ray phan tir (SEC)
két hop vai phd khéi plasma cao tan cam tng (ICP-MS). Céac dang khac nhau
cua iodine duoc ria giai khoi cot thong qua dung dich dém Tris nong d6 30
mM trong 40 phut, sau d6 phan tich trén thiét bi ICP-MS véi giéi han phat hién
khoang 1 pg/L. Viéc bo sung sodium dodecyl sulfonate (SDS) di cai thién dang
ké hiéu suat thu hoi iodine trong cac mau vang sita. lodine dugc tim thay c6
mat cha yéu dudi dang iodide trong tat ca cac mau trir sira cong thirc cho tré so
sinh (chiém 15 — 50% iodine téng sd) [29].

K§¥ thuat LC-ICP-MS ciling duoc Jennifer Nelson, Lawrence Pacquette,
va cac cong su ung dung dé xac dinh dong thoi cac dang iodine va dang bromine
trong sita cong thirc. Phuong phap xac dinh 04 chat iodide, iodate, bromate,
bromide trong thoi gian chua dén 6,5 phat, voi khoang 1am viéc cua duong
chuan 0 — 100 ppb, gisi han phat hién < 0,67 ppb. Do chinh xac cia phuong
phép duoc danh gia qua mau SRM 1849a (NIST) cho chi tiéu iodine véi hiéu
suat thu hoi 103%. Cac mau phan tich khéng cho thay su ¢ mat caa bromate
va iodate. Ham luong iodide trong khoang 25,9 — 54,5 ug/100 kcal nam trong
khoang cho phép theo tiéu chuan cua My va Trung Québc, nhung ndm ngoai
gidi han cua EU (t6i da 29 pg/100 keal) [30].

Pé xac dinh ham luong 105 va I trong nudc ngam nhém tac gia Liu Wei,
Li Bing va cac cong su [31] da sir dung phuong phép sic ky long hiéu ning cao
str dung cot sac ky 1CS-A23 ghép ndi khdi phd plasma cam wng cao tan (HPLC-
ICP-MS). Céc dang iodine lan lugt dwoc rira giai bang ammonium carbonate
0,03M. Qua khao sat, nhém tac gia nhan thay tin hiéu cua 105 va I én dinh


https://pubs.rsc.org/en/results?searchtext=Author%3ALuiza%20Fernandez%20Sanchez
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trong dung dich KOH 0,05%. Phuong phap duoc ap dung xac dinh 103 va I’
trong nuGC NGam Vi gidi han phét hién caa 105 va I 1an luot 12 0,035 pg/L va
0,025 pg/L.

Nam 2019, nhém nghién ctu gdm Weina Zhang va cac cong sy da phat
trién phuong phap xac dinh dang iodide va iodate trong mau nuéc bién c6 ham
lwong mudi cao bang phuong phap sac ky long hiéu niang cao ghép ndi khoi
phd plasma cam @ng cao tan. Trong nghién ctu ndy, nhém st dung cot trao doi
anion phan tach hiéu suit cao (lon Pac AG11, Dionex) va pha dong la dung
dich (NH4),CO3 8 mmol/L dé tach iodide va iodate. Viéc lya chon pha dong 1a
(NH4)2CO3 cho hiéu suat tach tot. Phuong phap cho khoang tuyén tinh 14 0,1 -
100 pg/L d6i véi ca 2 dang, gisi han phat hién ddi véi iodate va iodide lan luot
140,015 ug/L va 0,081 pg/L [32].
1.2.2.2. Tinh hinh nghién cvu ¢ Viét Nam

Cho dén nay ¢ Viét Nam nhiing cong trinh nghién ctu vé xac dinh ham
luong iodine cling nhu cac phuong phap xac dinh ham lugng iodide va iodate
trong thuc pham noi chung va san pham sira noi riéng van con rat han ché.

Nam 2012, Téng cuc tiéu chuan do luong chét luong ban hanh TCVN
9517:2012 vé x4c dinh ham luong iodine trong thuc pham bang phuong phap
pho khéi nguyén tir nguon plasma cam ung cao tan (ICP-MS) [33]. Theo do,
cac hop chat iodine duoc chiét ra khoi mau bang thudc thir kiém manh & nhiét
d6 cao. Sau khi loai cac thanh phan khéng hoa tan, dung dich phun swong dugc
nguyén tir hda va ion hoa trong plasma cam {ng cao tan. Cac ion dugc tach ra
khoi plasma bang hé thong lay mau va b tach hinh nén, dugc tach trong may
do pho khéi luong dya theo ty ¢ khdi luong/dién tich cua chung va dugc xac
dinh bang hé thong detector.

Lé Vian Ha va cac cong su [34] trong nhoém nghién cau caa Vién kiém
nghiém an toan vé sinh thuc pham Quéc gia da tién hanh nghién ciru phuong
phap xac dinh ham luong iodide va iodate trong gia vi man bang phuong phap
pho khoi plasma cam g cao tan ghép ndi sic ky 1ong hiéu ning cao (HPLC-
ICP-MS). Trong nghién ctru nay, iodine dudi dang iodate va iodide trong cac
loai gia vi man duoc chiét véi nudc deion bang bé rung siéu am c6 diéu nhiét,
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sau d6 xac dinh bang phuong phap phé khdi plasma cam ¢ng cao tan ghép noi
sac ky long hiéu nang cao (HPLC-ICP-MS).

Theo d6, phuong phap cling da dugc Xac nhan gia tri sir dung vai cac
thong s6 nhu dudng chuan 1am viéc ¢6 hé sé xac dinh R2> 0,995, gigi han phat
hién (LOD) cua iodate va iodide twong tmg la 0,06 mg/kg va 0,079 mg/kg; do
léch chuan tuong d6i lap lai (RSDr) trong khoang 2,57 — 5,22%, d6 thu hdi
(R%) trong khoang 83,5 — 108%, dap ¢ng tét cac yéu cau theo quy dinh cua
AOAC. Nghién ctu di tién hanh phan tich 43 mau gia vi man khac nhau bao
gom muébi an, bot canh iod, hat ném, dau hao, nudc tuong, nudc mam. Két qua
cho thay mat ti 1é cao (76,9%) cua cac mau mudi dn va bot canh ¢6 ham luong
téng s6 cua iodate va iodide thap hon so v6i mic quy dinh. Trong khi do, cac
mau gia vi man khac c6 chira ham luong dang ké cua iodine chu yéu duéi dang
iodide. Két qua cua nghién ciru nay di gop phan danh gia so bo thuc trang dang
ton tai cta iodine trong cac san pham gia vi man thu thap trén dia ban thanh
phd Ha Noi [34].

Mot sé cong trinh nghién ctiru xac dinh cac dang iodine trong cac nén
méu khac nhau duoc tong hop trong Bang 1.2.

Bang 1.2. Mét s6 phuwong phdp phan tich Iodine tong sé va dang lodine

Téac gia/ Tai | Poi twong | Chat phan K§ thuat sir Két qua dat
liéu mau tich dung duoc
TCVN 6487 | Bot canhiod lodate Chuan d6 véi|Gigi han dinh
—1999 natri thiosufate |luwong > 1,1

mg/kg
TCVN 9699 | Mubi an lodate Chuan d6 véi | Gigi han dinh
: 2013 natri thiosufate |luong > 1,1
mg/kg
TCVN 9517 | Thuc pham lodine ICP-MS, thay | B0 lap lai RSD,
: 2012 phan véi dung | < 7,8%; @0 tai
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dich kim | 1ap RSDr <
TMAH 19%
AOAC Stra va san lodine ICP-MS, thuy | Gigi han dinh
2012.14 pham dinh phan véi nitric | luong 5,0
duong acid trong 10 vi | ug/100g; hiéu
song, sau do | suat thu hoi 90
kiém hoa voi |—105 %
ammonia
Lipika Sita cong| lodideva |Sac ky ion véi| Do chum RSD
Basumallick | thac lodate detector  xung | < 0,6%; d¢ thu
va  Jeffrey ampe, chiét | hoi trong
Rohrer trong acetic acid | khoang 82 -
3% bang bé rung | 115%
siéu am
Deanna Nugc  bién lodide Sac ky ion voi | Gigi han phét
Hurum and | va cac dung detector do dan | hién 15 pg/L;
Jeff Rohrer | dich nudc dién giéi han dinh
mubi khac lugng 50 pg/L;
hiéu suat thu
hoi 77 — 85%
Niemann, Sitra bot va lodide Sac ky ion véi | Gigi han dinh
R.A va cong | sita  cbng detector mang | lugng mau long
su thac diod 0,04  mgl/kg;
mau rin 0,2

mg/kg
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Luiza Stra va sta lodide va Sac ky loai trir | Gigi han phét
Fernandez cong thuac lodate kich thudc két|hién 1,0 pg/L
Sanchez va hop vai ICP-MS

Joanna

Szpunar

Lawrence Stra  cbng lodide va LC-ICP-MS, Gi6éi han phat
Pacquette, | thuc lodate chiét trong nuéc | hien < 0,67
Jenny & 50 °C trong 1 | pg/L; hiéu suét
Nelson gio thu héi mau

SRM 103%
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CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. POI TUQNG NGHIEN CUU

Déi twong nghién ciu 12 cac san pham tir sita nhu sita cdng thirc danh
cho tré so sinh va tré nho, sira cdng thic danh cho phu nir mang thai va nguoi
treong thanh, hay céc san pham sira phd bién trén thi truong nhu sita twoi (sira
tuoi nguyén liéu, Stta tuoi thanh trung, stra twoi tiét trung), sitra chua, sira dac
vang sira, phomai, bo.

Cac mau sira (52 mau) dugc thu thap tai cac cira hang, siéu thi trén dia
ban thanh phé Ha Noi. Cac mau nghién ctu bao gom sira bot cho tré em, sita
bot cho nguoi trurdng thanh, stra dac, sira chua, vang sira, sita tuoi, bo, phomai.
Thai gian thu thap mau ddi véi cac mau sita bot, sira dic, sita tuoi co thoi han
bao quan lau Ia thang 1/2023 dén thang 2/2023, dbi voi cac mau co thoi han
bao quan ngan, dé phan huy nhu sita chua, vang sita, bo, phomai thi duoc thu
thap ngay trudc thoi diém phan tich khoang 1-2 ngay. Thong tin vé cac mau
thu thap dugc tong hop trong Bang 2.1.

Bang 2.1. Théng tin cac mau nghién cuu

STT Loai mau S6 lrgng mau
Stra bot cho tré em 14
Stra bot cho nguoi trudng thanh

7
Stra dac 5
Stra chua 5
Véang sira 5
6
5
5

Stra tuoi

Bo
Phomai
Tong 52

O N O O | W N| -

2.2. PHUONG PHAP NGHIEN CUU

CAac mAu sita va san pham sita 1a nhitng nén mau cé thanh phan kha phuc
tap, ham luong protein cao, hon nita ham luong iodine tong s6 cling nhu dang
iodide va iodate trong sira va mot s6 ché pham sira rat thap nén viéc dinh lugng



24

chinh xac ham lugng cua iodine téng sé ndi chung hay cac dang iodine noi
riéng (chu yéu la dang mudi iodide, iodate cua kim loai kiém va kiém thd) doi
hoi phai sir dung phuong phap c6 d6 nhay va do chon loc cao. Dya trén cac tai
licu tham khao, c6 thé thiy hudng nghién ctru x4c dinh iodine trong thuc pham
hién nay cha yéu dua trén ky thuat ICP-MS.

Phuong phap ICP-MS ra doi vao dau nhimg nam 80 cua thé ky trudc va
ngay cang ching to 1a k§ thuat phan tich c6 wu diém vuot troi so vai cac ky
thuat phan tich khac nhu quang phd hap thu nguyén tir (AAS), quang pho phat
xa plasma cam tng (ICP-AES hay ICP-OES)...nho ¢6 d6 nhay, d6 lap lai, do
chinh xé&c cao va xéac dinh dong thoi dugc hang loat cac kim loai trong thoi gian
phan tich ngan. Hon nira, khi ghép ni véi sac ky long hiéu ning cao véi hiéu
qua tach tét, sy 6n dinh va chinh xéc cao rat phi hop dé ung dung phan tich cac
dang ton tai caa kim loai nang ndi chung va dang iodine noi riéng.

HPLC-ICP-MS Ia hé thong c6 sy ghép néi giita hai hop phan riéng biét
la hé thdng sac ky long hiéu niang cao va hé théng khéi pho plasma cao tan cam
ung.

Nguyén ly hé thong sic ky Iéng hiéu niing cao (HPLC)

Sac ky long hiéu nang cao (HPLC) vé co ban 1a mét dang sac ky cot dugc
cai tién. Thay vi dung mdi di qua pha tinh nhé giot duéi tac dung cua trong luc,
no bi tac dong dudi &p suat cao Ién toi 400 atm, diéu d6 1am cho qua trinh tach
xay ra nhanh va hiéu qua hon nhiéu. T4t ca cac phuong phap sic ky, bao géom
HPLC hoat dong theo ciing mot nguyén tic co ban; tdch hdn hop chét thanh
cac thanh phan riéng ré do su khac biét vé &i luc tuong tac cua cac phan tir khac
nhau ddi véi pha dong va pha tinh duoc str dung trong qua trinh tach.
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Hinh 2.1. So' d6 khéi hé théng sac ky léng hiéu néing cao

Nguyeén ly hoat dong cua hé thiét bi HPLC dugc thé hién qua Hinh 2.1,
bao gom hé thong bom, kim bom, cdt, detector va bo tich hop hoic hé thong
thu nhan va hién thi. Trung tam caa hé thdng 1a cot tach noi qué trinh tach chat
duoc dién ra.

Theo d6, cac chat phan tich duogc tach trén cot sac ky, trude khi di vao
ngudn ion hoa cua hé thong ICP-MS dé dinh tinh va dinh luong, cac ion duoc
dinh luong theo nguyén tic ty & khdi lugng/dién tich. Hé thong ICP-MS bao
goém ngudn ICP nhiét do cao tir 6.000-10.000 °C véi detector khbi phé MS c6
d6 nhay cao. Ngudn ICP bién ddi cac nguyén ti ciia cac nguyén té trong mau
thanh céc ion. Cubi cung, ion nay duoc tach théng qua hé ti cuc va dinh luong
bang phép do pho khéi. Tin hiéu cua chat phan tich ty 1& véi nong do cua chat
phan tich [35].

Duéi ddy 1a hinh anh hé théng sic ky long hiéu niang cao duoc ghép ndi
vé6i phép do khéi phd plasma cao tan cam tng [36].
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Hinh 2.2. So d6 khéi hé thong HPLC-ICP-MS

Su ghép ndi gitra hai hé théng HPLC va ICP-MS la giai phép tuyét voi
cho phan tich nguyén té do két hop giita d6 dic hiéu dya trén kha ning tach
cua sic ky long hiéu ning cao va do nhay cao caa detector khéi pho plasma
cam @ng cao tan. Do d6, phuong phap nay da dugc ung dung nhiéu trong cac
nghién ctu phéan tich dang.

2.2.1. Thiét bi, dung cu, héa chat
Thiét bi:

- Hé théng HPLC-ICP-MS Nexion 350X (Perkin Elmer, Hoa Ky) st
dung trong nghién ctru nay duoc trang bi ¢ ca ba ché 6 do chuan, va cham,
va phan ang, tich hop hé théng bom mau tu dong dung dé dua mau vao bo phan
tao sol khi. B phan sac ky long sir dung cot anion NI1-424 (5 pm x 4,6 mm x
100 mm, Shodex) (Xem Hinh 2.3).
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Hinh 2.3. Hé thong ICP-MS Nexion 350X (Perkin Elmer, Hoa Ky)

- Bé rung siéu am (Elmer) dugc dung dé chiét cac dang iodine tir nén
mau.

- May lic Vortex hoic may lic ngang

- May ly tdm lanh

- May do pH

- May xay Philips dé d¢ong nhat

- Can phan tich (Mettler Toledo) c6 d6 chinh x4c dén 0,0001 g.

- Cén ky thuat (Mettler Toledo) d6 chinh xac 0,01 g.

Dung cu:

- Ong ly tdm loai 50 ml (Falcon) dé chira dung dung dich mau.

- Mang loc mau 0,22 um (Minisart) dwoc ding dé loc mau trudc khi phan
tich.

- Cac micropipette va dau tip (Eppendorf) duoc st dung dé hit cac thé
tich hoa chat chinh xac va pha chuan.

- Céc dung cu thong thuong khac caa phong thi nghiém nhu b chia héa
chat ty dong (Dispenser), binh dinh mirc cac loai 25; 50; 100ml (IsoLab), giay
loc bing xanh, tii dung mau cac loai ciing duoc sir dung.

Hoa chat:

- Chat chuan, hoéa chat: chuan don I 1000 ppm (Merck), mubi KlOs;
(Merck), mubi EDTA (Merck), KH;PO4 (Merck), K2SO4 (Merck), boric acid
(Merck), Sodium-1-octane sulfonate OSA (Merck), NH;OH (Merck).
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- Acetic acid (Merck), Methanol (Merck), Acetonitrile (Merck)

- Trichloroacetic acid (Merck), Ammonium sulfate (Merck)

- Potassium hexacyanoferrate(ll) trihydrate (hay Potassium ferrocyanide
trihydrate) K4[Fe(CN)g].3H,0 (Merck)

- Zinc acetate (CH3COOQO),Zn (Merck)

- Nudc deion

- Khi argon ¢6 d6 tinh khiét 99,999% (Messer)

- Céc dung dich chuan hoéa thiét bi caa hang Perkin Elmer va dung dich
lam mat (cho Chiller) ciing duoc st dung.

2.2.2. Chuén bi héa chit, chat chuin
Chudn bi pha déng:

- Pha dong 1: KH2,PO4 (5mM) : K;SO4 (15mM): EDTA (5mM) pH 7,0

Can 0,68059 KH.PO; 2,6145g K,SO4; 1,8602 g EDTA vao céc thay
tinh 100 ml; hoa tan hdn hop bang nudc deion; chuyén vao binh dinh mic 1000
ml; trang rira coc nhiéu lan; lac déu va chinh pH dén 7,0; dinh mac dén vach
bang nudc deion.

- Pha dong 2: Acid boric (20 mM) : Sodium - 1- octane sulfonate OSA
(0,9 mM)

Can 1,236 g acid boric; 0,195 g OSA vao coc thuy tinh 100 ml, hoa tan
hdn hop trong coc bang nudc deion; chuyén vao binh dinh mac 1000 ml; trang
rara co¢ nhiéu 1an; lac déu va dinh mirc dén vach bang nude deion.

Chudn bi cac dung dich chudn trung gian:

Dung dich chuan géc 105”1000 ppm: can 0,1227 g KIOs cbc thiy tinh
100 mL, ding nudc deion hoa tan mudi va chuyén vao binh dinh mac 100 ml,
dinh mic téi vach bang nudc deion.

Dung dich chuén trung gian hdn hop 10 ppm: hat 1,0 ml dung dich chuan
g6c 103 1000 ppm va 1,0 ml dung dich chuan gdc I 1000 ppm vao binh dinh
muc 100 ml, dinh muc téi vach bang nudc deion.

Dung dich chuan trung gian 1 ppm: hit 2,5 ml dung dich chuan trung
gian 10 ppm vao binh dinh muac 25 ml, dinh muc téi vach bang nuéc deion.
Chudn bi cac dung dich chudn lam vigc:
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Chuan bi ddy dung dich chuan lam viéc c6 nong do 2,5; 5; 10; 25 ppb:
hit chinh xé&c lan lugt 62,5 pl; 125 pl; 250 pl; 625 pl dung dich chuan trung
gian 1 ppm vao céc binh dinh mic 25 ml va dinh muc ti vach bang nuéc deion,
lic déu. Day dung dich chuan dugc pha méi hang ngay trude khi sir dung.

Chuan bj ddy dung dich chuan 1am viéc c6 ndng do 50; 100 ppb: hat
chinh xac 1an luot 125 pl va 250 pl dung dich chuan trung gian 10 ppm vao cac
binh dinh mirc 25 ml va dinh muc téi vach bang nuéc deion, lic déu. Day dung
dich chuan dugc pha mai hang ngay trude khi st dung.

Chudn bi hoa chat, thudc tha:

- Dung dich acetic acid 4%: lay chinh xac 4 mL acetic acivao binh dinh
mirc 100 mL. Thém nudc deion téi vach va lac déu. Bao quan dung dich & nhiét
do thuong.

- Dung dich methanol 30%: lay chinh xac 30 mL methanol vao 6ng dong
réi chuyén vao binh dinh mac 100 mL. Thém nuéc deion téi vach va lac déu.
Bao quan dung dich & nhiét 6 thuong.

- Dung dich acetonitrile 20%: 1ay chinh xac 20 mL acetonitrile vao dng
dong rdi chuyén vao binh dinh mtc 100 mL. Thém nudce deion téi vach va lic
déu. Bao quan dung dich ¢ nhiét do thuong.

- Dung dich trichloroacetic acid 5%: hoa tan 5 g trichloroacetic acid trong
nuée deion va dinh mac dén 100 mL.

- Dung dich (NH,),SO,4 3.93M: hoa tan 51,93 g trichloroacetic acid trong
nude deion va dinh mic dén 100 mL.

- Dung dich Carrez | (Potassium hexacyanoferrate(ll)
K4[Fe(CN)g].3H,0): can 15 g Potassium hexacyanoferrate(ll) hoa tan trong
100 mL nudc deion. Bao quan ¢ nhiét do phong.

- Dung dich Carrez Il (Zinc sulfate ZnSO,4.7H,0): can 30 g zinc sulfate
hoa tan trong 100 mL nudc deion. Bao quan ¢ nhiét do phong.

2.2.3. T6i wu héa diéu kién phan tich iodide va iodate trén HPLC-ICP-MS
2.2.3.1. Piéu ki¢n phan tich trén ICP-MS

Thong s6 quan trong nhét trong phan tich ICP-MS 1a lya chon s6 khoi
sao cho ddng vi ctia né phd bién va it bj anh hudng boi cac da nguyén tb khac.

Céc yéu t6 khac cua thiét bi ciing anh hudng dén do nhay ctia phép do nhu: luu
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luong khi mang, cong suét tao plasma, thé thau kinh ion, do sau plasma,.. Cac
thong s6 duogc t6i wu hoa ty dong sir dung dung dich chuan hoa thiét bi (Nexion
setup solution) theo hudng dan van hanh thiét bi cua hing Perkin Elmer.

2.2.3.2. Piéu ki¢n phan tich trén hé théng sdic ky long higu ning cao (HPLC)

Céac dang iodine trong mau sau khi dugc chiét tach ra khoi nén mau duoge
dua 1én cot sic ky, tai day iodide va iodate dugc tach dwa trén tinh chét, kich
thude phan tr nho 4i luc cia chiung d6i voi pha dong va pha tinh. Nhiing yéu
t6 quan trong trong qua trinh tach trén HPLC nhu thoi gian luu, d6 phan giai
cac chat, cuong do tin hi¢u chét phan tich phu thudc vao nhiéu yéu t6 s& duoc
khao sat dudi day nhu: thanh phan pha dong, nong do6 cac chat trong pha dong,
pH pha dong, tdc do dong.

2.2.4. T6i wu héa quy trinh xir Iy miu
2.2.4.1. Xur Iy so' bé va bdo quin mu

Cac mau nhu sira bot, sita dic, sira chua...sau khi mua vé dugc bao quan
& diéu kién thich hop theo khuyén céo cuia nha san xuat néu chua xir Iy mau
fudn.

Déi voi cadc mau sita dang long nhu sita tuoi thanh tring, sita tuoi tiét
tring...thi lac k§ mau, chuyén mau vao tui zipper c6 kich thudc phi hop, dong
nhat it nhat 5 hop/lo.

Ddi voi mau sira dang sét hay dic nhu sita chua, sita dic, vang sira thi
ddng nhat it nhat 6 hop/lo, sir dung méy xay dé ddng nhat mau.

Ddi voi mau sita bot thi dung thia nhua tron déu mau dé dam bao dugc
d6ng nhit.

Péi v&i mau dang ran nhu bo, phomai thi d6ng nhat téi thiéu 200 gram
mau, ding may xay mau dé dam bao mau dugc dong nhat ky truéc khi can.

Cac mau sau khi dong nhat dugc bao quan trong cac diéu kién thich hop
dé tranh hat 4m va tranh tac nhan vi sinh vat 1am bién ddi ciu trac va dic tinh
cia mau.
2.2.4.2. Khdo sdt quy trinh xir Iy mdu sira

Mau duogc chiét trong dung méi thich hop déng thoi sir dung mét sb tac
nhan dé két tua loai bo protein sira. Mot s6 dung méi chiét duoc lra chon dua
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trén céc tai liéu tham khao, tinh chat hoa hoc dic trung cua hai dang iodide va
iodate dé dam bao khéng c6 su chuyén hoa giita cac dang nhu nudc deion, acid
axetic, dung moi hiru co nhu methanol (MeOH), acetonitrile (ACN)...

Mot sb tac nhan phd bién thuong st dung dé két taa protein trong sita
duoc khao sat trong nghién ctu nay la trichloride acetic acid (TCA),
ammonium sulfate (NH4).SO4, hay hon hop Carrez | va Carrez Il.

Theo d6, quy trinh xtr Iy mau dugc dé xuat nhu sau: sau khi can, mau
duoc hoa trong dung mdi chiét. Sau d6 dich mau duge dem di lic ngang hoic
lac vortex dé dam bao mau duoc hoa tan hét vao dung mai. Sau khi lac vortex
mau dugc dem di rung siéu am trong bé rung c6 diéu nhiét & nhiét do va thoi
gian xac dinh dé chiét iodide va iodate c6 trong mau. Sau khi chiét bd sung tac
nhan két taa vao dich mau, lic nhe dich mau, chuyén dich mau vao binh dinh
muc 50 mL va dinh mie dén thé tich xac dinh bang dung mai chiét, roi dem di
ly tam lanh (20 °C) ¢ 6000 vong/phut trong 5 phit, mau sau ly tim di tach két
taa, hut 1y phan dich trong loc qua mang 0,22 um trudc khi phén tich trén hé
théng HPLC-ICP-MS.

2.2.5. Xac nhan gia tri sir dung ctia phwong phap

Sau khi khao sét t6i wu dugc cac thdng sé vé quy trinh xtr Iy mau va
thong s6 phan tich trén hé thong HPLC-1CP-MS, tién hanh xéac nhan gia tri st
dung caa phuong phap gom cac théng sé dudi diy nham dam bao d6 chinh xac
va tin cay cua phép do.

Khodng tuyén tinh va dwong chudn

Khao sat su phu thugc tuyén tinh cua dién tich peak sac ky vao nong do
cua cac chat. Tir dung dich chuan gdc, tién hanh pha lodng thanh dung dich
chuan trung gian va day dung dich chuan lam viéc c6 nong do 2,5; 5; 10; 25;
50; 100 ppb. Sau d6 tién hanh bom dung dich chuan lam viéc vao hé théng
HPLC-ICP-MS va ghi nhan tin hiéu dién tich hoic chiéu cao cua hai dang
iodate va iodide. Thiét lap phuong trinh twong quan giira nong do va dién tich
peak cua tirng chat theo phuong trinh hoi quy tuyén tinh. Puong chuan xay
dung duoc phai ¢ hé sb twong quan R? > 0,995, va dé chéch cac diém nong do
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ding xay dung duong chuan khong dugc vuot qué +15% cho tat ca cac nong
d6 va < 20% tai gia tri LOQ theo quy dinh caia AOAC [37].
Gigi hgn phat hi¢gn (LOD), gidi han dinh lweng (LOQ)

Lwa chon mau tring dé danh gia gidi han phat hién, gidi han dinh luong
ctua phuong phap. Mau tring 12 mau khéng cho tin hiéu tai thoi gian luu cua
chét phan tich. Qua khao sat mau thuc, lya chon hai mau traing gom mét mau
s{ra bot va mot mau sita nudc.

Gidi han phét hién (LOD) la ndng d6 thap nhit caa chat phan tich ma hé
théng phan tich con cho tin hiéu phan tich khac vai tin hiéu mau trang hoac tin
hiéu nén. Bé xac dinh LOD cua phuong phap, tién hanh thém chuan iodide va
iodate & nong do thap hon giGi han thap nhat trong duong chuan, phan tich lap
lai 4 lan, xac dinh néng d6 ma tai do ty 18 tin hiéu/nhiéu bang 3 (S/N=3)

4

Hinh 2.4. Xdc dinh LOD bang cach tinh S/N

Gidi han dinh luong (LOQ) 1a nong d6 tdi thiéu cua chat phan tich ma
c6 thé dinh luong duoc mot cach dang tin cdy. LOQ duogc xac dinh khi ty 18 tin
higu/nhidu bing 10 (S/N=10).

Do lap lai

Qua khao sat nhan thay nhiéu mau ham lugng iodate khong c6 hoic rat
thap nén trong nghién ctru nay dé danh gia cac thong sé nhu do lap lai, do tai
lap, d6 thu héi, mau trang thém chuan duoc st dung dé nghién ciu va phan
tich. Theo d6, mau tring thém chuan dang iodide va iodate sau khi chiét theo
quy trinh di duoc khao sat s& duoc bom vao hé thong LC-ICP-MS ¢ céac diéu
kién da chon. Thyc hién phan tich Iap 6 lan trong cing diéu kién. Do lap lai cua
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phuong phap dugc danh gia thong qua do Iéch chuan lap lai (SDy) va do léch
chuan tuong dbi lap lai (RSDy).
- Gia tri trung binh :

— 1 n
X==
n

i
i=1

Trong d6 x 12 gi trj trung binh sé hoc cua tap hop céc gia tri x; , con X;
la gia tri két qua caa mdi 1an thi nghiém.

- B¢ léch chuan lap lai:
Zn:(xi _;)2
SDz\/—i:1
n-1

- Po léch chuan tuwong ddi lap lai:

RSDI = 22100

X
Pj thu héi
Do thu hoi duge x4c dinh dua trén viéc thém mot lugng chat chuan da
biét ctia chat phan tich vao trong nén mau thuc. Luong chat chuan thém vao
mau phan tich phai dam bao sao cho nong d6 cua chat can nghién ciu sau khi
thém chuan nam trong khoang da khao sat. Do thu hdi (R%) duoc tinh nhu sau:

Rop = (Cmre = Cm) 4
Ce
Trong d6:  Cmsc : Nong d6 trong mau thém chuan
Cm :Nong do trong mau
C. :Nong do chuan thém
Tai mdi ndng d6 thém chuan tién hanh 1am 13p lai 3 1an. Céc théng s vé
d6 thu hoi duoc tham chiéu véi tiéu chuan AOAC ¢ cac mic nong do tuong
ung [37].

2.2.6. Phan tich miu, xir Ii s6 liéu, danh gia két qua phan tich

Phuong phap sau khi da xac nhan gia tri sir dung, dugc (rng dung phén
tich trong mot s6 san pham tir sira ¢6 bén trén thi truong.

Xtr Iy két qua phan tich bang céc thuat toan thdng ké sir dung phan mém
Excel, Minitab.
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CHUONG 3. KET QUA VA THAO LUAN
3.1. TOI UU PIEU KIEN PHAN TiCH IODINE BANG ICP-MS

3.1.1. Lya chon s0 khoi phan tich

Mot trong c&c nguyén tic lua chon sé khdi dé phan tich cac nguyén té

trén ICP-MS la:
- Pong vi 1a phé bién nhat trong ty nhién
- Pong vi it bi anh huong boi su tring khoi

Trong truong hop cua iodine, dong vi duy nhat tén tai va 6n dinh trong
tu nhién 1a 21 (100%) [38]. Cac dong vi khac cua iodine 1a cac dong vi phong
xa duoc tong hop (1231, 1241, 1251 129] 131] 1351y \/j vay dong vi I duogc lya chon
dé phan tich iodine ciing nhu dang iodide va iodate.

Pdng vi %7l ciing khong bi anh huang béi su tring khéi nén lya chon
ché d6 do chuan (khong sur dung khi va cham) dé c6 thé dat duoc do nhay tot
nhat [39].

3.1.2. T6i wu cac diéu kién trén ICP-MS

Cac thdng s ¢ anh huong dén do chinh xac, d6 nhay, o 6n dinh cua
phép phén tich nhu cong suit RF, luu luong khi mang, luu luong khi plasma,
d6 sau plasma, ... dugc téi wu tu dong st dung dung dich chuan hoéa thiét bi
theo huéng dan caa hing Perkin Elmer. Két qua dugc thé hién nhu trong Bang
3.1.

Bdng 3.1. CAc thdng sé tdi wu ti déng cua thiét bi ICP-MS

Thongsé | Gia tri dwoc chon Théng so Gia tri dwoc chon
Cong suat RF 1200 W S6 lan quét khoi 20 lan
Luu lugng khi , - 3
0,82 L/min So lan do lap 3 lan
mang
Luu luong khi . A e
19,0 L/min Do sau Plasma Chinh & to1 wu
plasma
Thoi gian tré 500 ms Kiéu do (Mode) | Chuan (standard)
Thé quét pho ‘
. | ’p Auto theom/Z | Bong vi 127
trueong ti cuc

Trong cé4c thdng sé trén, cong suat cao tan RF, d6 sau plasma, va luu
luong khi mang la quan trong nhat, quyét dinh dén d6 nhay, d6 6n dinh cua
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phép do. Cong suat cao tan 12 tan sé radio cung cap cho cudn cam tao plasma.
Cong suat cang 1on nhiét 6 ngon lira plasma cang 16n va nguoc lai, quyét dinh
hiéu suat qua trinh ion hoa va nguyén t héa mau.

Trong khi Iuu lwong khi mang ti I& thuan véi luong mau dua vao plasma,
va do sau plasma c6 anh hudéng dén cuong d6 vach phd. Céc théng sb trén dugc
td1 uu dong thai sao cho vira dat duoc tin hiéu cao nhat caa cac nguyén td, vira
giam duoc anh huéng nhidu nén. Viéc tdi vu dugc thyc hién bang dung dich
chuan hoa thiét bi cua hang c6 chira cac nguyén té c6 sb khdi tir nhé nhu Be
(9), dén sé khéi trung binh In (115) va s6 khoi Ién nhu U (238). Sau khi thuc
hién ti uu tu dong, yéu cau kiém tra cac thong so tiéu chuan can phai dat duoc
nhu trong Bang 3.2.

Bang 3.2. Céc thdng sé tiéu chudn cdn ddp g cia hé ICP-MS Nexion 350X

o Cuong d tieu chuan | Cwong dd thuc té
Thong so kiem tra

(cps) (cps)

Be 9 > 2000 3385

In 115 > 40000 52105

U 238 > 30000 70057
Background 220 <2 1,367
CeO 156/ Ce 140 <0,025 0,020
Ce*™ 70/ Ce 140 <0,03 0,021

Trong d6, &6 nhay cua thiét bi chu yéu duya trén tinh dap tng vé cuong
d6 cua nguyén té Indium, ti 16 CeO/Ce va Ce**/Ce. Cuong do thuc té cua cac
thong s trén sau mdi lan kiém tra hang ngay c6 thé thay doi, nhung van phai
dat dugc theo tiéu chuan cua hang dé dam bao do 6n dinh, do nhay cua thiét bj.
Vi vay, viéc vé sinh thuong xuyén cac giao dién mau (sampler cone, skimmer
cone, hyper skimmer cone), torch, ciing nhu bao dudng thiét bi dinh ky 1a can
thiét.
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3.2. TOI UU PIEU KIEN PHAN TiCH TREN HE THONG SAC KY
LONG HIEU NANG CAO (HPLC)

3.2.1. Khao sat thanh ph?ln pha dong
Pha dong 1a yéu t quyét dinh dén hiéu qua tach sic ky. Nhin chung, pha
dong c6 thé anh huong dén: do chon loc cua hé pha, thoi gian luu giir cia chét
tan, hiéu luc cua cot tach (dai lugng Nef), d6 phan giai cua cac chat, do rong
cua peak sic ky...Tham khao mat sé tai liéu vé phan tich dang iodine va iodine
tong sb va khuyén cao cua nha san xuat vé diéu kién tach dang iodine, pha dong
dugc lva chon khao sat la:
- Pha dong 1: 0,9 mM OSA va 20 mM boric acid trong nudc deion
- Pha dong 2: 5 mM KH,PO,4 15 mM K3SO4, 5 mM EDTA trong nudc
deion, diéu chinh 6 pH =7
Phan tich dung dich chuan hdn hop 2 chit iodide va iodate c6 nong do
20 ppb str dung hai pha dong véi toc do dong 0,6 ml/phdt, két qua thu duoc cac
sac ky d6 nhu dudi day:

Mix of std 20 ppb : 1127 : 1

‘\ 105

1000

Peak # | Thoi gian Iwu (min) | Tén chat | S6 khdi | Dién tich | Chiéu cao

1 1.584 lodate 1127 250,037 48,966

2 8.048 lodide | 127 295,908 6,700

Hinh 3.1. Sdc ky dé dung dich chudn hén hgp 20 ppb trong diéu kién pha
dong 1
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Mix of std 20 ppb: 1127: 1

vttt AR AN A AN AN Al b I A ot bt N o et A i Al st DA

Peak #| Theoigianlwu | Ténchat | S6 khdi | Dién tich | Chiéu cao
(min)
1 1.378 lodate 1127 | 174,596 28,161
2 8.634 lodide 1127 | 137,339 2,971

Hinh 3.2. Sdc ky dé dung dich chudn hén hgp 20 ppb trong diéu kién pha
dong 2

Két qua trén sic ky dd trén 2 pha dong cho thdy mic du thoi gian ria
giai gan tuong duong, tin hiéu nhidu duong nén thap; nhung trong diéu kién
chay pha dong 1 (0,9 mM OSA va 20 mM boric acid trong nuéc) tin hiéu dién
tich va chiéu cao cua peak ghi nhan dugc caa ca hai dang iodide va iodate déu
cao hon dbi voi pha dong 2. Ti 1& S/N khi chay pha dong 1 ciing cho két qua tét
hon d6i véi dang iodide. Do d6 pha dong 1 gém: 0,9 mM OSA va 20 mM boric
acid trong nudc deion dugc lya chon dé tién hanh céc khao sét tiép theo.

3.2.2. Khao sat tbc do dong

Téc d6 dong pha dong 1a yéu té lién quan truc tiép téi thoi gian luu va
d6 phan giai cua cac chat phan tich. Téc do dong phai dam bao khong qué nho
dé giam thoi gian phan tich nhung ciing khong qua 16n dé giit 6n dinh &p suat
cho cot va hé thong bom. Khao sét tc d6 dong bom mau & 3 muc: 0,65; 0,75;
0,85 ml/phdt. Két qua duoc chi ra trén Hinh 3.3 — Hinh 3.5.
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Hinh 3.3. Sdc ky dé dung dich chudn hén hop 20 ppb trong diéu kién téc do
dong: 0,65 ml/phat

Mix of std 20 ppb, TF = 0.75ml/ph : 1127 : 1

Hinh 3.4. Sdc ky dé dung dich chudn hén hgp 20 ppb trong diéu kién téc do
dong: 0,75 ml/phat

——r— T T T T T T ]

Hinh 3.5. Sdc ky dé dung dich chudn hén hgp 20 ppb trong diéu kién téc do
dong: 0,85 ml/phat
Quan sat c4c sac ky d6 thu duoc cho thay, khi tang téc d6 dong thoi gian
lwu cua cac chat phan tich giam giup tiét kiém duoc thoi gian phén tich va dung
mdi st dung. Nghién ciru khong thuc hién cac khao sat ¢ tbe do dong cao hon
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do su giam thoi gian luu cta cac chét phan tich 1a khong dang ké va dé phi hop
véi luu lwgng dong khi mang (0,82 ml/phdt, xem Bang 3.1). Do d6, tbc d6 dong
pha dong 0,85 ml/phut 1a diéu kién téi vu sau khao sat.
3.2.3. Khao sat anh hwéng ciia ndng d9 boric acid trong pha dong

Ham luong acid boric trong pha dong lai dong vai tro kiém soat do phan
cuc va 1a yéu té quan trong gop phan rira giai cac chat phan tich ra khoi cot
tach. Do d6, nhém nghién ctu tién hanh khao séat anh huong cua ham luwong
acid boric trong pha dong & cac muc ndng do 10; 20; 30 mM. Khao sét thuc
hién véi dung dich chuan hon hop c6 nong do 20 ppb. Két qua sy phu thuoc
cua tin hiéu phan tich cac dang iodide, iodate véi pha dong trong diéu kién nong
d6 acid boric thay doi dugc thé hién & Hinh 3.6.

150000 -
—o—|odate
lodide
100000 -
X
©
o
o
c
O
@
= 50000 A
O T T T 1
0 10 20 30 40

Néng dé boric acid (mM)
Hinh 3.6. Khdo sét anh hweng cua nong dé boric acid trong pha déng

Tur biéu do cho thdy, khi tang nong do boric acid trong pha déng tir 10
dén 30 mM, tin hiéu c&c chat phan tich giam dan. Mdc du vdy, khong c6 si
khac biér dang ké vé thoi gian luu va tin hiéu peak cia dang iodide thu duoc
van bj tU, chan peak dodng, khéong dap img tot vé dé nhay so véi dang iodate
(Hinh 3.7. Sdc ky d6 khao sat anh hwong cuia néng do boric acid trong pha
dong
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). Do d6, boric acid c6 nong ¢6 10 mM duoc lua chon cho nhitng khao sat tiép
theo dé rira giai iodide ra sém hon nhiam ting cudng d6 nhay va tiét kiém thoi
gian phan tich.

Mix of std 20 ppb, TF = 0.85mliph : 1127: 1

\‘ 0,9 mM OSA, 10 mM Boric acid, TF= 0,85 ml/pht

i iy 1) e 1 o e e S

Mix of std 20 ppb, TF = 0.85mliph : 1127 : 1

0,9 mM OSA, 20 mM Boric acid, TF= 0,85 ml/phat

R s
|\ S SRR
e e s P e :
Mix of std 20 ppb, TF = 0.85ml/ph : 1 127 : 1
4000-
‘ ; ; — ¢
0,9 mM OSA, 30 mM Boric acid, TF= 0,85 ml/phat
18000+
16000+
0( ‘\
l
1000( J
8000- ‘
‘\
A |
4]3‘:‘: ‘
2000 | \‘ 4 e
A.w A o S o . R A A S R R s irl At oot

Hinh 3.7. Sdc ky dé khdo sat anh hwong cua néng dé boric acid trong pha
dong
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3.2.4. Khao sat pH pha dong

Trong khao sat pH cua pha dong, nhdm nghién ciu thuc hién thi nghiém
dua trén pha dong véi nhitng thanh phan duoc lya chon trude d6, khoang pH
duoc lra chon dé khao sét tir 6-8 vai budc nhay 14 0,5 va duge diéu chinh bang
dung dich ammonia 10%. Két qua duoc chi ra trén Hinh 3.8 — Hinh 3.12.

Hinh 3.8. Sdc ky dé cua dung dich chudn hon hop 20 ppb trong diéu kién pha
dong pH 6,0

L e s e e e e o e L B e o o e e e o s S e S s s S B s S Sy S e

Hinh 3.9. Sdc ky dé cua dung dich chudn hdn hop 20 ppb trong diéu kién pha
dong pH 6,5

Hinh 3.10. Sdc ky do cua dung dich chudn hén hop 20 ppb trong diéu kién
pha dong pH 7,0
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Hinh 3.11. Sdc ky do cua dung dich chudn hén hop 20 ppb trong diéu kién
pha dong pH 7,5

Hinh 3.12. Sdc ky do cua dung dich chudn hén hop 20 ppb trong diéu kién
pha dong pH 8,0

Két qua khao sat cho thay khi pH tang thi thoi gian luu cta cac chat phan
tich giam dan. Trong tat ca cac truong hop khao sét, sic ky do cua hai dang
iodide va iodate déu c6 do phan giai tét; tuy nhién, trong diéu kién pH = 8,0
chan peak iodide gon hon va thoi gian luu ngan nhat. Nghién ciu khong tién
hanh khao sat & gia tri pH > 8,0 do khuyén céo caa nha san xuat vé khoang pH
lam viéc cua cot tach (pH = 2 — 8 ). Do d6 gia tri pH = 8,0 1a diéu kién téi wu
duoc lua chon.

3.2.5. Pi¢u kién tdi wu trén hé thiét bi HPLC-ICP-MS

Qua qué trinh khao sat va téi wu, cac diéu kién phan tich trén thiét bi
ghép nbi HPLC-ICP-MS Nexion 350X ciia hang Perkin Elmer duoc tong hop
trong Bang 3.3.
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Bang 3.3. Cdc diéu kién t6i wu phdn tich dang iodine trén hé thiét bj HPLC-

ICP-MS
Cat Cot anion NI-424
0
' (5 um x 4,6 mm x 100 mm, Shodex)
. Acid boric (10 mM) : Sodium-1- octane
Pha dong
HPLC sulfonate OSA (0,9 mM) pH 8,0
Thé tich tiém mau 25ul
Tbc do pha dong 0,85 ml/phat
Pdng vi 127]
Cong suit RF 1200 W
Luu luong khi mang 0,82 L/min
ICP-MS
Luu luong khi Plasma 19,0 L/min
S6 1an quét khéi 20
Thoi gian tré 500 ms

3.3. TOI UU PIEU KIEN XU LY MAU

Nhu dé cap dén trong muc 2.2.4.2, diéu kién xir If mau ban dau duoc dé
xuat nhu sau: mau duoc chiét trong dung mai thich hop dong thoi sir dung mot
sb tac nhan dé két taa loai bo protein sita. Mot s6 dung mdi chiét duoc lra chon
dwa trén cac tai liéu tham khao, tinh chat héa hoc dic trung cua hai dang iodide
va iodate dé dam bao khéng cé su chuyén héa giira cac dang nhu nudc deion,
acetic acid, dung moi httu co nhu methanol (MeOH), acetonitrile (ACN)...

Mot s tac nhan pho bién thuong st dung dé két taa protein trong sita
duoc khao sat trong nghién ctu nay la trichloride acetic acid (TCA),
ammonium sulfate (NH4).SO4, hay hon hop Carrez | va Carrez Il.

Theo d6, sau khi can, mau duoc hoa trong dung mdi chiét. Sau dé dich
mau duoc dem di lic ngang hoic lac vortex dé dam bao mau dugc hoa tan hét
vao dung moi. Sau khi lac vortex mau dugc dem di rung siéu am trong bé rung
c6 diéu nhiét & nhiét do va thoi gian xac dinh. Sau khi chiét bd sung tac nhan
két taa vao dich mau, lac nhe dich mau, chuyén dich mau vao binh dinh muc
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va dinh mic dén thé tich xac dinh bang dung méi chiét, rdi dem di ly tdm lanh
(20 °C) & 6000 vong/phut trong 5 phit, mau sau ly tim da tach két taa, hat 1ay
phan dich trong loc qua mang 0,22 pm trude khi phan tich trén hé théng HPLC-
ICP-MS.

3.3.1. Khao sat dung moi chiét

Trong sita va san pham sita ham luong iodide va iodate thudng rat thap,
do d6 quy trinh phan tich yéu cau phai chiét duoc hoan toan ca hai dang va
qué trinh chiét phai dam bao cac dang iodine khong bi chuyén héa. Nghién
ctru tap trung vao mot sé dung méi chiét khac nhau dé khao sat, muc tiéu dé
dua ra quy trinh nhanh, chinh xac, phu hop véi diéu kién phong thi nghiém
va quan trong nhat c6 kha niang phan tich duoc véi diéu kién cot va pha dong
da lua chon.

Tham khao mot sé tai liéu [26, 30] va tinh chat hoa hoc dic trung cta
hai dang la iodide cé tinh khtr con iodate thi ¢ tinh oxy héa manh nén mot
s6 dung méi chiét dugc lya chon nhu sau: nudc, acid acetic 4%, dung dich
MeOH 30%, dung dich ACN 20%.

Khao sat so bd trén nén mau sira bot, theo d¢6 mau chi chira dang iodide,
khdng chira iodate nén dé danh gia qua trinh chiét ciing nhu sy chuyén dang
gitra iodide va iodate trong qué trinh chiét thi iodate dwoc bo sung dudi dang
dung dich chuan pha tir mudi KI103. Cac diéu kién chiét khac duoc giit ¢b dinh
nhu: thoi gian chiét 30 phat, nhiét do chiét 50 °C (nhiét &6 hoan nguyén cua
stra). Két qua dugc thé hién qua Hinh 3.13 — Hinh 3.16.

et nUOC

Hinh 3.13. Sdc ky do phan tich mau siza bét khi chiét trong niréc deion
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Khao sat MeOH : 1 127 : 1

100000+
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Hinh 3.14. Sac ky do phan tich mau sira bgt khi chiet trong dung dich
MeOH 30%
Khao sat Acid Axetic 4% : 1 127 : 1
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Hinh 3.15. Sdc ky do phan tich mdu siza bét khi chiét trong dung dich acetic
acid 4%

Khao sat ACN : 1127 : 1
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Hinh 3.16. Sdc ky do phan tich mdu siza bét khi chiét trong dung dich ACN
20%
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Két qua sic ky do trong Hinh 3.13 — Hinh 3.16 cho thay chi khi chiét
trong dung mai 12 nuéc deion thi mai thu dugc tin hiéu cao va can ddi cua hai
chat iodide va iodate. Trong hau hét cac truong hop chiét trong cac dung mai
khac chi thu duoc tin hiéu cua iodide, ching té c6 thé dat gia thuyét iodate da
bi chuyén hda thanh iodide hodc mat di trong qué trinh chiét c6 tuong tac véi
thanh phan trong nén mau hozic dung mai chiét. Hién twong peak cua iodide bi
td, bi ché, khong dbi xting, chan peak rong, bi kéo dudi con quan sat thay trong
cac truong hop st dung dung mdi chiét co thanh phan hitu co nhu methanol va
acetonitrile. Vi vay, dung moi chiét 1a nudc deion dugc lya chon dé khao séat
cac diéu kién tiép theo.

3.3.2. Khio sat tic nhan két tiia protein

Két qua sic ky dd Error! Reference source not found. cho thiy mic
di chiét trong dung méi 1a nudc deion cho tin hiéu cua ca 2 dang iodide va
iodate nhung peak cua iodate bi ti do mau chi xir I trong nudc deion con nhiéu
can protein, dich mau con duc nhiéu, gay nhiéu nén anh huong dén chat phan
tich ¢ ham luogng thap nhu iodate. Vi thé mau sita sau chiét phai két taa protein
dé 1am sach mau, giam nhiu duong nén va giam anh huéng nén mau dén chat
phan tich, dam bao do chinh xac cua két qua phan tich trén hé thong sac ky,
vira gilip nang cao tudi tho cua cot sac ky.

Nguyeén tac cia ky thuat nay 1a sir dung tac nhan tao két taa dé loai di
phan on luong protein ¢ trong nén mau. Tac nhan gay két taa protein thuong
dung la axit hiru co (nhu acid trichloroacetic, acid perchloric...), dung moi hitu
co (nhu methanol, acetonitrile. ..), mudi vo co (nhu (NHz)2SO4, hdn hop Carrez

| va Carrez ll, ...).
Pé két tha protein trong mau sira, nghién cau tap trung vao khao séat cac
tac nhan nhu mudi (NH4).SO,, hdn hop Carrez | va Carrez Il, acid

trichloroacetic (TCA). Theo d6, mau sau khi chiét trong nudc deion, rung siéu
am ¢ nhiét do va thoi gian xac dinh, bo sung tac nhan két tua protein, chuyén
vao binh dinh mtrc 50 mL va dinh muic dén vach bang nudc deion, lac déu dich
mau. Pem mau ly tim lanh (20 °C) & 6000 vong/pht trong 5 phit. Sau dé mau
duoc loc qua mang 0,22 um trude khi phan tich trén hé théng HPLC-ICP-MS.
Két qua phan tich dugc thé hién qua Hinh 3.17 — Hinh 3.19.
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Hinh 3.17. Sdc ky do phan tich mdu siza bét véi tac nhan két tua protein 1a
TCA

Chiet carreez : 1127: 1
ases
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Hinh 3.18. Sdc ky do phan tich mau siza bét véi tac nhan két tia protein la
Carrez I, Carrez Il

Khao sat (NH4)2504 : [ 127 : 1
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Hinh 3.19. Sdc ky do phan tich mdu siza bét véi tac nhan két tua protein la
(NH.),S04



48

Séc ky dd khao sat cac tac nhan két tiia protein cho thay déi véi tac nhan
acid trichloroacetic (TCA) va ammonium sulfate (NH4).SO; chi xuat hién peak
sic ky dic trung cua iodide va khdng cho thay sy xuat hién caa dang iodate.
Diéu d6 c6 nghia khi chiét trong nudc deion str dung 2 tac nhan nay dé két tua
protein thi iodate d bi chuyén hoa thanh dang iodide hodc mat di do hién tuong
thang hoa trong qué trinh chiét. Str dung tac nhan Carrez I, Carrez 11 cho peak
sac ky dic trung tai thoi gian luu ctia ca hai dang iodide va iodate. Do vay, tac
nhan két taa 1a Carrez |, Carrez II duoc lya chon dé thuc hién cac khao sét tiép
theo.

Pé danh gia kha nang anh huong cia tac nhan két taa protein Carrez |,
Carrez 11 d6i véi ca 2 dang iodide va iodate trong qué trinh chiét, tién hanh
khao sét thé tich Carrez 1, Carrez Il sir dung. V&i thé tich Carrez I, 11 sir dung
khi lwong mau can khoang 1 gram thi mau sau ly tdm, bang cam quan nhan
thay thé tich Carrez str dung & muc 0,5 mL chua du dé két tia duoc hét protein
trong mau, dich mau van con duc. Vi khdi luong mau can khoang 1 gram nhan
thay bo sung 1 mL Carrez | va 1 mL Carrez Il protein trong mau duoc két tua
hoan toan sau ly tam, thu duoc dich trong sudt. Dich mau dem phan tich cho
sac ky d6 nhu Hinh 3.20.

Hinh 3.20. Scic ky do phan tich mau siza bét véi thé tich Carrez I, Carrez 11 1a
1mL

Két qua phan tich cho thy tai thé tich Carrez I, 11 b6 sung & mic 1,0 mL
cho peak cua ca hai dang déu nhon, can ddi, ham lugng iodide va iodate thu hoi
tai mirc nay dat 90-98%. Do do, thé tich Carrez I, |1 t6i wu dé co thé chiét dugc
toan bo ca 2 dang iodide, iodate la 1,0 mL.



49

3.3.3. Khdo sat anh hudéng cia nhiét do chiét miu

Do tinh chét hoa hoc dic trung cua iodate va iodide 1a cé tinh oxy hoa
va tinh khir, cling véi d6 thi sita 1a nén mau kha phirc tap véi nhiéu thanh phan
khac nhau nhu vitamin, khoang chat, acid amin...nén & mot diéu kién nhiét do
thich hop nao d6 c6 thé dan dén cac phan ang hoa hoc giita iodide, iodate voi
cac thanh phan khac c6 trong sira, do d6 khao séat nhiét do chiét dong vai tro
quan trong trong qua trinh xt Iy mau. Liejun Liu va cac cong sy [17] cia minh
d3 nghién ctu anh huong cua nhiét do dén sy chuyén hda iodate thanh iodide
va iodine trong mudi dn. Cac mau thuc pham duoc nau chin cé sir dung mudi
iodate, nhiét do nau va pH ctia mau thyc pham ciing duoc xac dinh. lodine trong
mau thuc pham sau khi nau chin duoc chiét bang nude khir ion, sau d6 duoc
dem phan tich trén thiét bi HPLC-ICP-MS. Két qua nghién cau cho thay c6
96,4% + 14,7% iodate chuyén thanh iodide va iodine trong d6 c6 86,8% =
14,5% iodate duoc chuyén dbi thanh iodide va 9,6% + 6,2% chuyén thanh
iodine la iodine dang phan tir va dé bi thang hoa & nhiét do thuong.

Nghién ciru tién hanh khao sat anh huong caa nhiét do chiét mau sira bot
& khoang nhiét do tir 30 — 70 °C véi budc nhay 1a 10 °C cho mdi thi nghiém.
Do mau sita bot chi chira iodide nén tién hanh bé sung iodate & ham lugng 40
1g/100g mau. Két qua thu duoc duoc trinh bay trong Hinh 3.21 — Hinh 3.26.

nhiet do chiet 30 do : 1127 : 1

nhist do chist 30 do” 1127 "1
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Hinh 3.21. Sdc ky do phan tich mau siza bét véi nhiét dg chiét 30 °C
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Hinh 3.22. Sdc ky do phan tich mdu siza bét véi nhiét dg chiét 40 °C

nhiet do chiet 50 do : 1 127 : 1
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Hinh 3.23. Sdc ky do phan tich mdu siza bét véi nhiér dg chiét 50 °C

nhiet do chiet 60 do : | 127 : 1
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Hinh 3.24. Sdc ky do phan tich mau siza bét véi nhiét dg chiét 60 °C
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nhiet do chiet 70 do : [ 127 : 1
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Hinh 3.25. Sdc ky do phan tich mdu siza bét véi nhiét dg chieét 70 °C
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Hinh 3.26. Anh hwong cua nhiét dé chiét déi véi dang iodide va iodate

Biéu do chi ra rang, khi ting nhiét do chiét mau tir 30 °C dén 50 °C ham
luong ca 2 dang iodide va iodate déu c6 xu hudng ting dan, hiéu suat thu hoi
d6i voi iodate tang tir 58,6% dén 91,9%, iodide ting tir 54,3% dén 91,8%. Khi
tiép tuc ting nhiét d6 tir 50 °C dén 70 °C thi hiéu suat thu hoi ca hai dang lai c6
xu huéng giam dan, cu thé do thu hoi iodate giam tir 92% xudng 56,8%, iodide
giam tir 91,5% dén 67,2%. Diéu ndy cho thay tai nhiét 6 50 °C I nhiét do
hoan nguyén cua sita thi cho hiéu suét chiét cao nhat. Biéu nay cd thé giai thich
do ¢ nhiét do thap chua du dé hoa tan ca 2 dang iodide, iodate, do d6 khi két
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tua protein thi mét phan iodide, iodate bi mat trong qua trinh loai két taa, tuy
nhién & nhiét d6 cao lai 1a yéu t6 thac day cho phan tng chuyén hoa iodate
thanh iodide. Ngoai ra, iodide I1a chat khir manh nén cé thé phan ang véi mot
s6 thanh phan c6 tinh oxy hoa trong sira nhu ascorbic acid dan dén ham luwong
iodide giam khi tiép tuc ting nhiét d6 chiét. Vi vay, nhiét d6 chiét téi wu dé dat
hiéu suat thu hdi tot nhat cho ca hai dang iodide va iodate 1a ¢ 50 °C ciing chinh
la nhiét d6 hoan nguyén cua sira.
3.3.4. Khao sat anh hwéng ciia thoi gian chiét miu

Khao sat danh gia anh huéng cua thoi gian chiét mau trong qua trinh xir
Iy dén ham lugng chat phan tich vira nham muc dich dam bao hiéu suat chiét
mau tbi vu vira gilp tiét kiém thoi gian xa Iy mau. Nghién ciu duoc khao séat
& cac murc thoi gian 10 dén 50 phat véi bude nhay 14 5 phit cho mdi thi nghiém
trong diéu kién nhiét do 50 °C. Két qua danh gia trén nén mau sita bot cd bod
sung iodate & mirc 40 ug/100g dugc thé hién trong Hinh 3.27 — Hinh 3.31.

thoi gian chiet 10p : 1127 : 1
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Hinh 3.27. Sdc ky do phan tich mdu siza bét véi thoi gian chiét 10 phut
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thoi gian chiet 20p : 1 127 : 1

Time (min)
Hinh 3.28. Sdc ky dé phan tich mdu siza bét véi thoi gian chiét 20 phut

thoi gian chiet 30p : 1 127 : 1
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Hinh 3.29. Scc ky do phan tich mdu siza bét véi thoi gian chiét 30 phut
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Hinh 3.30. Scic ky do phan tich mdu siza bét véi thoi gian chiét 40 phut
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thoi gian chiet 50p : 1 127 : 1
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Hinh 3.31. Scic ky do phan tich mdu siza bét véi thoi gian chiét 50 phut
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Hinh 3.32. Anh hwong cua thoi gian chiér doi véi ham lirong dang iodide va
iodate

Két qua phan tich cho thiy ham luong iodate thu duoc ban dau ¢ xu
huéng tang khi tang thoi gian chiét va dat cyc dai tai 30 phut. Sau do, khi tiép
tuc tang thoi gian chiét, ham luong iodate lai ¢ xu hudng giam dang ké (Hinh
3.32). Piéu nay c6 thé ly giai do mot phan iodate di chuyén héa thanh iodide
hodc mat di do tao thanh iodine khi ting thoi gian chiét.

Trong khi d6 ham luong iodide chiét duoc c6 xu huéng ting khi ting
thoi gian chiét mau tir 10 dén 30 phut va c6 xu huéng tang nhe khi tiép tuc ting
thoi gian chiét. Mac du vay, su khéac biét vé két qua phan tich sau thoi gian
chiét mau 40 phat va trén 50 phut 1a khéng dang ké (Hinh 3.32). Ham luong
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iodide tang do mot phan iodate chuyén thanh iodide. Vi vay, trong nghién cuau
nay, thoi gian chiét mau tbi vu dugc lya chon 1a 30 phut.

Nhu vay, tir cac két qua khao st trén, quy trinh xir Iy mau phan tich dang
iodide va iodate trong sita va san pham sira duoc trinh bay theo so d6 sau:

Can khoang 1 g mau vao ong ly tam 50 mL

A 4

Thém 30 ml nuéc deion, lic vortex/lic ngang

A 4

Rung siéu am & nhiét @6 50 °C trong 30 phut

A 4

B6 sung 1mL Carrez I, lic nhe, thém tiép 1mL

Carrez 11

\ 4
Chuyén dich mau vao binh dinh mtc 50 mL
va dinh muc dén vach bang dung méi chiét

A 4

Ly tdm lanh (20 °C) 6000 vong/phut trong 5 phut

A 4

HUt phan dich trong

A\ 4

Loc mau qua mang loc 0,22 um

A 4

Phan tich bang LC-ICP-MS

Hinh 3.33. Quy trinh x Iy mau téi weu
3.4. XAC NHAN GIA TRI SU DUNG CUA PHUONG PHAP

3.4.1. Xay dung dwong chuin

Véi cac diéu kién da chon, tién hanh khao sat sy phu thudc tuyén tinh
cua dién tich peak sic ky vao néng do cua cac chat. Két qua xay dung duong
chuan duoc thé hién trén Hinh 3.34 va Hinh 3.35. Phuong trinh dudng chuan
va hé s6 hdi quy tuyén tinh duoc tinh toan va thé hién trong Bang 3.4.
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Hinh 3.35. Puwong chudn xdc dinh lodide
Bang 3.4. Cac thdng sé danh gid dwong chudn phan tich
PR . \ A A b9 chéch tai
Chat phan Phwong trinh dwong | HE so twong A X
) < nong do thap
tich chuan guan i
nhat
lodate y = 14634x + 4317 1,000 1,54
lodide y = 18280x + 595 1,000 0,76

Puong chuan 1am viée xac dinh cac dang iodide va iodate bang HPLC-
ICP-MS déu cho hé sé tuong quan R?> 0,995, va 6 chéch < 10% tai mac néng
d6 chuan thap nhat, dap tng tét yéu cau vé dinh luong. Khoang lam viéc voi
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day chuan tir 2,5 — 200 ppb dap tmg duoc toan bo ndng do dang iodide va iodate
trong céc san pham sira. B6i véi mot sé mau c6 ham lugng cao va nhiéu béo
nhu bo, phomai, sy pha lodng 1a can thiét dé thu duoc tin hiéu do cua iodide va
iodate trong khoang 1am viéc cua dudng chuan, dong thoi gilp giam sy nhiém
ban hé théng. Budng chuan 1am viéc duoc chuan bi va xay dung méi hang ngay
trude khi phan tich.

3.4.2. Gi6i han phat hién (LOD), gi¢i han dinh lwgng (LOQ) cua phwong
phap

Nghién ctu tap trung tham dinh cac thong sé trén hai nhom déi tuong
chinh la stra dang bot (sira cong thire cho tré em) va sita dang long (Stra tuoi tiét
trang).

Gidi han phat hién (LOD), gigi han dinh lugng (LOQ) ctia phuong phap
duoc tinh toan dya vao ty 1& tin hiéu trén nhiéu (S/N = Signal to noise ratio).
Qua khao sat nhan thay hau hét cac san pham sita pho bién trén thi truong déu
c¢6 ham luong iodide & ngudng cao nén dé danh gia gidi han dinh luong, trong
nghién ciru nay ddi twong mau dung dé khao sét 1a mau trang trc mau sira bot
khong c6 iodide va iodate (tap trung vao cac san pham sita chwa phd bién trén
thi truong). Phén tich 13p lai 4 1an mau trang c6 bd sung chuan dang iodide va
iodate & ndng d6 thap hon nong do thap nhat ciia duong chuan ma tai do ty 1é
tin hiéu/nhiu bang 3 (S/N = 3).

Bang 3.5. Gisi han phét hién iodide, iodate trén nén mdu siza bét, sira long

Nén mau Sira bét Sira long
LODodate 0,024 mg/kg 0,010 mg/L
LODodgide 0,024 mg/kg 0,010 mg/L

Bang 3.6. Gidi han dinh hrong iodide, iodate trén nén mau siza bét, siza long

Nén mau Sira bot Sira léng

LOQodate 0,079 mg/kg 0,033 mg/L

LOQ odide 0,079 mg/kg 0,033 mg/L
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Batch: TB_Sua bot

LOD1:1127:1
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Hinh 3.36. Scc ky do cua lodate tgi LOD trén nén siza bt
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Hinh 3.37. Sdc ky do cua lodide tai LOD trén nén siza bt

Batch: TB_sua nuoc2
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Hinh 3.38. Sdc ky do cua lodide tgi LOD trén nén siza long
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Hinh 3.39. Sdc ky do cua lodate tgi LOD trén nén siza long

Trong cac phuong phap phan tich cong cuy, gidi han phat hién ctia phuong
phap phu thudc rat nhiéu vao d6 nhay cua thiét bi. Vi vay, dé duy tri dugc hiéu
ning cua phuong phap, viéc bao tri, vé sinh va thay thé, kiém tra dinh ky cac
vt tu tiéu hao nhu torch, cdn mau, bo phan tao sol khi mau 1a hét sirc can thiét.
Gioi han phat hién nay nho, phi hop dé xac dinh ham luong chat trong mau
thuc té do d6 phuong phap dap tng dugc tot viéc kiém tra ham luong céc dang
iodide va iodate trong nén mau sira.

3.4.3. D¢ lap lai

Do lap lai 1a mot thong sé danh gia do chinh xac cua phuong phap cho
phép danh gia do chum cua cac két qua phan tich.

Panh gia d6 1ap lai ciia phuong phap trén mau trang thém chuan: 1am lap
lai 6 lan trén 2 nén mau sita bot va sita long qua khao sat khong chua iodide,
iodate. Két qua duoc tong hop o bang duéi day:

Bang 3.7. Két qud phan tich 1dp lai mdu siza bét

STT Ham lwgng iodide (mg/kg) | Ham lwgng iodate (mg/kg)
1 0,58 0,64
2 0,59 0,63
3 0,61 0,63
4 0,59 0,63
5 0,59 0,64
6 0,58 0,66
Trung binh 0,59 0,64
RSDr 1,84 1,75

Bang 3.8. Két qua phan tich Igp lai mdu siza léng

STT Ham lwong iodide (mg/L) | Ham lwgng iodate (mg/L)
1 0,22 0,24
2 0,21 0,23
3 0,21 0,23
4 0,19 0,23
5 0,20 0,24
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6 0,20 0,23
Trung binh 0,21 0,23
RSDr 3,95 0,84

Két qua phan tich cho thay do lap lai cia phuong phap 1a twong ddi tot
trén cac nén mau sira bot, sita Iong dao dong trong khoang tir 0,84 — 3,95% dap
ting t6t yéu cau caia AOAC [37].

3.4.4. P thu hdi

Do thu hoi hay d6 dang cua phuwong phap 1a mét trong nhitng thong sé
dé danh gia do chinh xéac. Do thu hdi ciia phuong phap duoc xac dinh bang céch
thém chuan tai 3 mac 5 pg/L, 25 pg/L, 100 pg/L iodide va iodate (ndng d6 dich
mAu) trén ca 2 nén mau sira bot va sita nudc. Tai mdi mic thém chuan thi
nghiém duoc lap lai 3 1an, két qua thu dugc chi ra trong Bang 3.9. Bo thu hoi
trén nén mau sita bot va Bang 3.10. D6 thu hoi trén mau sira long.

Déi véi nén mau sita bot: do thu hoi iodide trong khoang 86,4 — 102%,
iodate trong khoang 101 — 107%. Trong khi d6 véi nén mau sira long thi do thu
hoi cua iodide 1a 81,5 — 92%, con iodate 12 91,3 — 113%. CAc gia tri vé do thu
hoi véi timg nén mau déu dap ung tt yéu cau theo AOAC, phil hop véi yéu
cau phan tich dinh lugng mau thuc, diéu ndy cho thay quy trinh hoan toan phu
hop dé phan tich cac nén mau sita nhu sira chua, Sita tuoi, sita bot. ..
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Bang 3.9. D¢ thu hoi trén nén mau siza bt

Ch?ilfC[F]hﬁn Khéi ll(rg’ng cin ;::ﬁ gfé‘c Dién tich peak | Néng dp cudi | Ham lwong | ' 1€ ﬁcfot;f)‘;; chudn | po thu hdi

9) (ml) (counts) (ng/L) (mg/kg) (ml) (%)

2,0150 50 82805,74 5,25 0,13 0,025 105

2,0078 50 83353,44 5,29 0,13 0,025 106

2,0051 50 8404371 5,33 0,13 0,025 107

2,0056 50 396510,03 25,72 0,64 0,125 103

lodate 2,0078 50 388356,20 25,18 0,63 0,125 101
2,0136 50 389862,28 25,28 0,63 0,125 101

2,0061 50 1578901,91 102,84 256 0,500 103

2,0816 50 1600581,19 104,25 250 0,500 104

2,0412 50 1595303,35 103,91 255 0,500 104

2,0150 50 88635,37 4,85 0,12 0,025 97,1

2,0078 50 93239,59 5,00 0,13 0,025 102

2,0051 50 78062,53 4,32 0,11 0,025 86,4

2,0056 50 454365,49 23,32 0,58 0,125 933

lodide 2,0078 50 458600,96 2353 0,59 0,125 94,1
2,0136 50 476386,35 24,43 0,61 0,125 97,7

2,0061 50 1892510,89 95,93 239 0,500 95,9

2,0816 50 1866054,52 94,60 227 0,500 94,6

2,0412 50 1741789,84 88,32 216 0,500 88,3
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Bang 3.10. A¢ thu hoi trén mdu sira long

Chﬁ::?cfr)]hﬁn Khdi ll(rq’ng cian ;ll:ﬁ ::rlc;’lc Dién tich peak Nong d6 cudi | Ham lwong The tic]l_lot;g:l chuin Do t(l)lll hoi

9) (ml) (counts) (ng/L) (mg/kg) (ml) (%)

5,0032 50 218447,15 4,74 0,05 0,025 94,8

5,0014 50 22443431 4,88 0,05 0,025 97,7

5,0132 50 257183,09 5,67 0,06 0,025 113

5,0120 50 1005398,85 23,57 0,24 0,125 94,3

lodate 5,0044 50 998376,70 23,40 0,23 0,125 93,6
5,0034 50 999001,16 23,41 0,23 0,125 93,7

5,0088 50 3871067,67 92,12 0,92 0,500 92,1

5,0061 50 3837096,70 91,31 0,91 0,500 91,3

5,0198 50 3963443,22 94,33 0,94 0,500 94,3

5,0032 50 234362,05 4,17 0,04 0,025 83,3

5,0014 50 229650,53 4,08 0,04 0,025 81,5

5,0132 50 257594,81 4,60 0,05 0,025 92,0

5,0120 50 1173453,74 21,69 0,22 0,125 86,7

lodide 5,0044 50 1139413,75 21,05 0,21 0,125 84,2
5,0034 50 1134505,99 20,96 0,21 0,125 83,8

5,0088 50 4797960,12 89,31 0,89 0,500 89,3

5,0061 50 4787315,95 89,11 0,89 0,500 89,1

5,0198 50 4784829,79 89,06 0,89 0,500 89,1
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Bé tri thi nghiém, thuc hién danh gia trén 6 mau, so sanh ham luong
iodine téng s6 phan tich trén ICP-MS véi tong 2 dang iodide va iodate phan
tich trén HPLC-ICP-MS. Két qua danh gia duoc téng hop trong Bang 3.11.

Bang 3.11. Két qud phan tich cac mau trén hai thiét bj ICP-MS va HPLC-

ICP-MS
Mau Két qua phan tich trén thiét bi (ug/1000)
1 ICP-MS HPLC-ICP-MS
2 130 139
3 227 234
4 128 134
5 61,2 60,9
6 40,2 44,1
7 15,9 14,4

Thuc hién so sénh gié tri trung binh cua ting cap s6 liéu, ta co:

t-Test: Paired Two Sample for Means

Variable 1 Variable 2
Mean 100.3833 104.4
Variance 5993.282 6499.564
Observations 6 6
Pearson Correlation 0.999432
Hypothesized Mean Difference |0
df 5
t Stat -2.36209
P(T<=t) one-tail 0.032292
t Critical one-tail 2.015048
P(T<=t) two-tail 0.064584
t Critical two-tail 2.570582

Gia tri t tiéu chuan (t Critical two-tail) = 2,57 véi d6 tin cay 95% va 5
bac ty do, 16n hon gid tri t tinh dugc (t Stat) = -2,36 chiing to su khac nhau vé
két qua phan tich iodine khi thuc hién gitta hai phwong phap khong co ¥ nghia
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thong ké. Két qua gop phan khang dinh do chinh xac ciia phuong phap nghién

cuu.

3.5. PHAN TiCH MAU THUC

Quy trinh phan tich sau khi x4c nhan gié tri st dung véi céc thdng s dat
y&u cau duoc ap dung dé phan tich 52 mau thuc té thu thap tai cac ctra hang,
siéu thi trén dia ban thanh phé Ha Noi. Két qua phan tich duoc trinh bay & Bang

3.12 va Bang 3.13.

Bdng 3.12. Két qud phan tich mdu thuc

Péi twong mau/sé lwong mau

Ham lwong (pg/100g)

lodide lodate

Sira bgt cho tré em (n=14)
Stra bot cho tré em cua cac hang 16n trén thi

32,8 - 267 KPH
treong (n=10)
Sita bot cho tré em chuwa pho bién trén thi

. KPH KPH

truong (n=4)
Sira bgt cho ngwoi trwong thanh (n=7)
Stra bt cho nguoi truedng thanh ngoai nhap

83,3124 KPH
(n=5)
Stra bot cho nguoi truedng thanh noi dia (n=2) KPH KPH
CAc logi sira khac (n=21)
Stra dac (n=5) 12,2 -14.9 KPH
Stra chua (n=5) 3,99 - 6,48 KPH
Véng stra (n=5) 27,7325 KPH
Stra turoi nguyén liéu (n=2) 34,8 -48,9 KPH
Stra troi thanh trung (n=2) 26,2 —-31,7 KPH
Stra tuoi tiét trung (n=2) 13,7 -16,8 KPH
San phdam khac ter sia (n=10)
Bo (n=5) KPH KPH
Phomai (n=5) 20,7-425 56-9,2

KPH: khdng phat hién chdt phdn tich, ham lirong nhé hon LOD
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Bang 3.13. Ham lwong iodide, iodate, tong iodine va iodine theo cong bé
(trén nhan sdn phdm) cia cac san pham siza

Ham lwong (ug/100g9)
lodine
Mau lodate | lodide _Tﬁ_ng (cA(“)ng bf)
iodine | trén nhan
san pham
Mau sita bot 01 KPH 30,8 31,3 30,7
Mau sira bot 02 KPH 164 165,9 174
Mau sira bot 03 KPH 264 | 265,6 256
Mau sira bot 04 KPH 39,8 40,1 41,5
Mau sita bot 05 KPH 135 137,9 140
Mau sita bot 06 KPH 83,3 85,4 82,4
Mau sita bot 07 KPH 44,5 47 4 38,5
Mau sita bot 08 KPH 124 | 130,0 119
Mau sira bot 09 KPH 38,4 41,8 40,1
Mau sita bot 10 KPH 128 128,0 136
Mau sita bot 11 KPH KPH 0,2 32,8
Mau sita bot 12 KPH KPH 0,0 44,1
Mau sira bot 13 KPH KPH 0,4 29,8
Mau sira bot 14 KPH KPH 0,3 17,5
Mau sita bot 15 KPH 154 - 149
Mau sita bot 16 KPH 52,1 - 59,1
Mau sira bot 17 KPH 104 - 106
Mau sira bot 18 KPH 147 - 149
Mau sira bot 19 KPH 84,4 - 81,5
Mau sita bot 20 KPH KPH 0,1 45,6
Mau sita bot 21 KPH KPH 0,1 39,5
Mau sita dac 01 KPH 13,1 - -
Mau sita dac 02 KPH 14,8 - -
Mau sita dic 03 KPH 13,7 - -
Mau sira dic 04 KPH 12,2 - -
Mau sita dic 05 KPH 12,9 - -
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Mau sira chua 01 KPH 3,99 -

Mau sira chua 02 KPH 6,22 -

Mau sira chua 03 KPH 4,30 -

Mau sira chua 04 KPH 4,77 -

Mau sira chua 05 KPH 6,48 -

Mau vang sita 01 KPH 27,7 -

Mau vang sita 02 KPH 32,0 -

Mau vang sira 03 KPH 31,0 -

MAu vang sira 04 KPH 32,5 -

MAu vang sira 05 KPH 31,2 -
MAU sita tuoi nguyén liéu 01 | KPH | 31,8 | 328
Mau sita tuoi nguyén liéu 02 |  KPH 43,9 44,9
MAu sita tuoi thanh trung 01 KPH 28,7 29,7

Mau sita tuoi thanh trung 02 KPH 26,2 -

Mau sita tuoi tiét tring 01 KPH 13,7 -

MAu sita tuoi tiét tring 02 KPH 16,8 -

Mau bo 01 KPH KPH -

Mau bo 02 KPH KPH -

Mau bo 03 KPH KPH -

Mau bo 04 KPH KPH -

Mau bo 05 KPH KPH -

Mau phomai 01 5,60 20,7 -

Mau phomai 02 5,89 23,6 -

Mau phomai 03 5,78 25,9 -

Mau phomai 04 5,75 42,5 -

Mau phomai 05 6,20 40,6 -
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Hinh 3.40. Ham lwong iodide va iodine téng sé trong cac san pham sia bgt

Két qua nghién ctu cho thay tat ca cac san pham sira (trir phomai) déu
khdng phat hién iodate. Ham luwong iodide ¢ san pham sita bot cao nhat trong
cac san pham sira, ham luong nay ciing dao dong trong khoang kha 16n (32,8 —
267) do san pham nay tap trung vao nhiéu doi tuong véi cac do tusi khac nhau,
mdi do tudi thi nhu cau iodine khéac nhau.

Cac san pham sira danh cho tré so sinh va tré nhd ¢6 ham lugng iodide
cao nhat do nhu cau vé iodine & d6i twong nay 1a I6n nhat vi sita va cac san
pham sita 1 ngudn thire dn chinh va chii yéu o tré so sinh va tré nho, do d6 bén
canh nguon iodine c6 san trong nguyén lidu thi iodine con duoc bo sung trong
qué trinh san xuat.

Két qua nghién ctu cho thay c6 téi 28,6% (4/14) san pham sita danh cho
tré em chu yéu 1a céc san pham cua mot s6 hdng noi dia chwa ndi tiéng trén thi
truong khdng phat hién ca 2 dang iodide va iodate trong khi trén nhan san pham
van c6 céng bd ham lugng iodine tong sé khé cao. Pay 1a mot van dé kha quan
ngai, cling dit ra huéng phat trién sdu hon cho nghién ctru trong viéc tap trung
danh gia ngudn gdc va sy phan bd caa cac san pham nay.
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Hinh 3.41. Ham lwong iodide trong c&c sdn pham siza

Déi véi cac san pham sira danh cho nguoi truang thanh ham luong iodide
thap hon do ngudn thuc pham b sung iodine cho d6i trong nay kha da dang
bén canh sira va san pham sita con c6 céc loai thuc pham khac ciing 13 nguon
iodine dbi dao nhu trai cdy, ngii coc, triang, hai san va cac san pham cé nguon
géc tir rong bién. Cac san pham sita danh cho nguoi truéng thanh tap trung vao
cac nhom san pham dinh dudng nhu bé sung canxi, san pham dinh dudng bo
sung cho ngudi gid. Két qua nghién ciru cho thay c6 2/7 san pham dinh dudng
cho nguoi trudng thanh khdng phéat hién ca 2 dang iodide va iodate trong khi
trén nhan san pham thi c6 cong bd iodine tong so.

Pbi mot s6 san pham sita bot cho nguoi 16n mac di trén nhan c6 cong
bd ham lwong iodine tong s6 nhung khi phan tich thi khong phat hién ca 2 dang
iodide, iodate. Diéu d6 cho thay viéc phan tich ham lugng dang iodide, iodate
trong cac san pham sira can duoc phét trién rong, danh gia trén nhiéu san pham
hon nira dé cung cap thdng tin vé chat luong cho nguoi tiéu dung, ciing nhu 13
cOng cu gitp cac co quan chirc ning giam sat chat ché thanh phan dinh dudng
d6i véi cac san pham sita trén thi truong.

Két qua phan tich ham luong iodide trong c4c san pham sita bot khdng
c6 sy khac biét 16n véi ham lwong iodine cdng bd trén nhin ddi véi cac san
pham cua cac thuong hiéu 16n trén thi trudng, diéu d6 cho thay chét luong cua
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cac san pham sita nay duoc kiém soét tét trong quy trinh san xuat. Ngudn iodine
trong cac san pham sita bot bén canh sin ¢ trong sita nguyén liéu thi con dugc
b sung vao sau qué trinh sy nén ham luong iodine khdng bi anh huéng bai
qua trinh gia nhiét, siy ¢ nhiét d6 cao.

Déi véi cac san pham sita twoi, ddi twong mau dugc phan 1am 3 nhém
chinh: sira tuoi nguyén liéu, sira tuoi thanh trung va sita tuoi ti€t trung. Stra tuoi
nguyén liéu 1a sira thu duoc tir mot hoac nhiéu 1an vit tir tuyén vi caa dong vat
cho sira khdng bé sung hoic tach bét cac thanh phan cua sira, chua qua xir Iy &
nhiét d6 cao hon 40°C hoic cac bién phap xur 1y twong duong khéc, dung dé
tiéu thu & dang sita long hoic dé ché bién tiép theo. Sita tuoi thanh tring, tiét
trung la stra tuoi nguyén liéu trai qua qua trinh xtr ly nhiét.

Két qua nghién ctru cho thdy ham lwgng iodide trong céc san pham sita
tuoi nguyén liéu 1a cao nhat, sau d6 dén sita tuoi thanh tring va cudi cung la
sira tuoi tiét tring. Stra tuoi thanh tring 12 sita twoi ngay sau khi vat dugc xir ly
& nhiét @6 72 — 90 °C trong khoang 15 — 30 gidy, d¢ giit lai nhitng loi khuan
trong sita. Sau d6 duoc 1am lanh d6t ngot xudng 4 °C va duoc dong goi vao bao
bi. Con sira tuoi tiét trung la sita twoi dugc xur ly ¢ nhiét do cao tir 138 — 141
°C trong 2 — 4 giay. Sau do dugc lam lanh nhanh va dong goéi trong bao bi tiét
tring dac biét. Piéu d6 cho thay quéa trinh xir ly nhiét c6 anh huong dén ham
lugng iodide trong cac san pham sita, véi diéu kién nhiét do thap thi anh huong
d6 khong dang ké, tuy nhién khi xur Iy & nhiét d6 cao thi ham luong iodide giam
Mot nira SO VGi trong sita tuoi nguyén liéu. Do & nhiét do cao c6 thé 1a xdc tac
cho mot s6 phan &ng cua iodide vai cac thanh phan trong sita, va iodine ciing
bi thang hoa & nhiét d6 cao.

Vang sita hay kem sira 1a 16p phan ti cha yéu 1a chat béo ndi 18n két
thanh mang trén bé mit sita khi dun néng hodc dé yén trong mot khoang thoi
gian dai va khong day nap. N6 duogc tach tir 16p trén clng cua sita twoi nguyén
chat thdng qua hé thdng loc ly tam. Trong quy trinh san xuét vang sira ciing trai
qua qua trinh tiét trang & 65 — 90 °C trong 15 — 20 gidy. Két qua nghién cau
cling cho thay ham luong iodide trong vang sita twong dwong trong sita tuoi
thanh tring, do hai san pham nay cling trai qua qua trinh xr Iy & cting khoang
nhiét do trong khoang thoi gian twrong duong nhau.

Ddi véi cac san pham sira chua phai trai qua 2 qua trinh xur Iy nhiét dau
tién 1a quéa trinh thanh tring ¢ 95 °C trong 1 phdt, tiép theo 1a qua trinh dong
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hoéa cling duogc thuc hién ¢ 95 °C va ap suat 200 bar nén ham luong iodide trong
san pham sira ndy bi hao hut dang ké so vai cac san pham sita tuoi thanh tring
va tiét trung. Két qua nghién ciru cho thiy ham lwong iodide trong cac san pham
sira chua déu rat thap, dao dong tir 3,99 — 6,48 ug/100g.

Bo 1a san pham c6 ham lugng béo cao (84%), 1a 16p chat béo dugc tach
ra tir sira, trai qua qua trinh xir Iy nhiét, cay vi sinh vat, 1én men nén ham luong
dinh dudng ndi chung va iodine ndi riéng trong san pham nay rét thap, do do
ngudi tieu ding nén can nhic trong viéc lua chon sir dung san pham nay nhu
ngudn cung cap iodine hang ngay.

Tréai nguoc v4i bo thi phomai lai 1a san pham sau khi loai béo, bén canh
d6 trude khi ¢ chin, phomai con dugc b sung mudi dé ting qua trinh tach nude
va tao cam quan cho mau, do d6 ham lugng iodine téng sé hay iodide va iodate
trong san pham nay khé cao so véi cac san pham sira khac. Két qua nghién ctu
cling chi ra phomai 1a san pham duy nhat c6 chaa dang iodate do bo sung mudi
dudi dang KI10s. Do nhitng anh huéng bat lgi cua iodate d6i voi co thé con
nguoi nén viée danh gia ham luong iodate trong san pham nay can duoc mo
rong trén nhiéu ddi teong san pham khac nhau, dé dua ra khuyén céo cho nguoi
tiéu ding va cong ty san xuat trong viéc kiém soat luong mudi bo sung.
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KET LUAN VA KIEN NGHI

KET LUAN

Luan van “Nghién ciru phdn tich danh gia ham lweng iodide va iodate
trong mét sé san pham tir sira bang phwong phdp sic ky léng ghép néi khoi
phé nguyén ti nguén plasma cam #ng cao tan” da dat duoc mot sé két qua
sau:

- P khao sat cac diéu kién téi uvu quy trinh phan tich dong thoi cac dang
iodate va iodide trong san pham sira bang phwong phap HPLC-ICP-MS Véi
dung méi chiét 1a nudce deion, tac nhan loai protein 1a hdn hop carrez | va carrez
11, thoi gian chiét 1 30 phat va nhiét do chiét 1a 50°C.

- X&c nhan gia tri s dung cua phuong phap phan tich véi cac thong sé
nhu: duong chuan xac dinh cac nguyén té cé hé sé6 R2>0,995; LOD cua iodide
va iodate d6i véi sira long va sita bot 1an luot 12 0,01 mg/L va 0,024 mg/kg;
LOQ cua iodide va iodate ddi véi sita long va sira bot lan luot 14 0,033 mg/L
va 0,079 mg/kg; do léch chuan lap lai cia iodide va iodate ddi véi nén sita long
lan luot 14 3,95 % va 0,84 %; d6 léch chuan Iap lai cua iodide va iodate dbi V4i
nén sita bot 1an luot 14 1,84 % va 1,75 %; do thu hoi cua iodide ddi véi nén mau
sira bot trong khoang 86,4 — 102 %, iodate trong khoang 101 — 107 %; d6i voi
nén mau sira long thi d6 thu hdi caa iodide 14 81,5 — 92 %, con iodate 14 91,3 —
113 %. Gia trj cac thdng sb trén hoan toan dap tng duoc cac yéu cau vé phan
tich ham luwong dang iodide va iodate trong cac san pham sia trén thi truong;
d6 13p lai va do thu hdi nam trong gidi han cho phép cho cac ngudng ndng do
cia AOAC. Nhu véy, phuong phap cho thay c6 do tin cdy va chinh xac tuong
d6i cao, dam bao &p dung phan tich dugc c4c chit trong nén mau.

- B3 ap dung quy trinh phan tich xay dung duoc trén 52 mau véi 8 doi
tugng mau sira khac nhau bao gom sira bot cho tré em, sira bot cho ngudi trudng
thanh, sira dic, sira chua, vang sita, sira twoi, bo va phomai. Két qua cho thay
trir phomai, tat ca cac san pham sira khac déu khong chira iodate. Ham luong
iodide thi khac nhau gitta cac d6i twong mau, cao nhat 1a sita bot, ké dén 1a sita
tuoi nguyén liéu, pho mai, tiép dén 1 sira twoi tiét tring, vang sira, thap nhat 1a
sira chua, trong khi bo khong ¢6 san pham nao phat hién chuaa iodide.

Két qua cua dé tai da gop phan danh gia so bd thuc trang ham lugng cac
dang iodine trong cac san pham sita. Diéu nay giup cho nguoi tiéu dung c6 co
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s& dé lya chon nhitng san pham dam bao chét luong, dap @ng nhu cau sinh hda
cho co thé, vi viéc sir dung thiéu hut hay du thira iodine déu gay ra nhiing tac
hai nhit dinh di voi co thé. Bén canh d6 viéc danh gia ham luong iodide hay
iodine tong sb trong cac san pham sita trén thi trudng giup cac co quan chuc
ning c6 co s& khoa hoc trong viéc tang cudng quan ly, gidm sat ddi vai san
pham ndy. Viéc danh gia qua trinh san xuat gay hao hut iodine tong sé hay céc
dang iodide, iodate ciing gitp cho cac nha san Xuat sita co can cir dé danh gia
anh huong cua timg cong doan trong day chuyén san xuat dén gia tri dinh dudng
ctia san pham, dé tir 46 ¢6 nhiing cai tién trong quy trinh dé nang cao chat luong
san pham. Phuong phép ciing c6 thé &p dung dé kiém nghiém chat luong iodine
trong cac san pham sita dang luu hanh trén thi trudng.

KIEN NGHI

Nghién ctiru van con mot s han ché nhu cd mau khao sét con thap, chua
danh gia duogc trén nhiéu doi twong san pham. Nghién ciru can phai duoc tiép
tuc trién khai va phéat trién sau hon dé danh gia su bién thién ham luong cua
cac dang iodide va iodate theo thoi gian bao quan san pham, nghién ctu cac
tuong tac cua dang iodide, iodate vai thanh phan nén mau va dé xuat diéu kién
san xuat, bién phap bao quan, nham gop phan ngin ngira nguy co thiéu hut iod
trong cong dong.

Ky thuat HPLC-ICP-MS c6 nhitng vu diém vuot tri vé do nhay, tinh
dic hiéu va chon loc. Do vay, can tiép tuc ma rong va ang dung Ky thuat nay
trong cac nghién cau phan tich dang iodine va mot s nguyén té vi lugng khac
véi mire ham luong bd sung thap trong thuc pham, thuc pham chic ning.
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