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LOI CAM DOAN

T6i xin cam doan ddy 1a cdng trinh nghién ctu cua riéng toi. Cac sd liu, két
qua néu trong luan an 1a trung thue va chua ting duoc ai cdng b trong bat ky cong

trinh nao khéac.

Tac gia

Nguyén Quang Huy



LO1 CAM ON

Ludn an nay duoc hoan thanh véi sy hd tro, giup dd, dong vién cua cac Thay
Cd, gia dinh va ban be, dong nghiép.

T6i xin guri 1oi cam on chan thanh va sau sic d¢én PGS.TS. Nguyén Thi Anh
Hwong va PGS. TS. Nguyén Thi Minh Thw di giao dé tai va tan tinh huéng dan toi
trong qua trinh nghién ctu, tao moi diéu kién tét nhat dé tdi hoan thanh luan an nay.

T6i xin chan thanh cam on cac thay ¢ gido Khoa Hda hoc dac biét 1a cac thay
cb gido tai b0 mén Hoa Phan Tich, Truong Pai Hoc Khoa Hoc Tu Nhién, Pai Hoc
Qudc Gia Ha Noi da truyén dat nhitng kién thirc, ki ning dé t6i hoan thanh cac mén
hoc trong khda hoc nay ciing nhu ap dung vao thuc té.

T6i xin cam on cac anh chi em nghién cau sinh, hoc vién va sinh vién trong
nhdm nghién ctru sir dung phuong phap dién di mao quan CE-C*D cua Bo moén Hoa
Phan tich, Truong Pai Hoc Khoa Hoc Ty Nhién, PHQG Ha Noi di giup d& va phoi
hop Vi tdi trong qué trinh nghién ciru dé tdi c6 két qua nhu ngay hom nay.

T6i xin cam on cong ty 3Sanalysis (http://www.3sanalysis.vn/) da cung cap
thiét bi dé tdi thuc hién nghién cau nay.

Cubi cing t6i xin cam on gia dinh, ban bé di quan tam, dong vién gilp toi

hoan thanh luan an nay.

Ha Noi, ngay thang nam 2023

Nghién ctu sinh

Nguyén Quang Huy
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DANH MUC CAC CHU VIET TAT

Ky hiéu Thudt ngi tieng Anh Thugt ng# tiéng Viet

Ace Acetic acid Acid acetic

AOAC Association of Official Hiép hoi cac nha Hoa hoc phan tich
Analytical Chemists chinh thong

Arg Arginine (2—amino—5— Arginin (Acid 2—amino—5-
guanidinopentanoic acid) guanidinopentanoic)

BCP Bromocresol PurpleME Bromocresol tim

CD Capacitively coupled Detector dg dan khong tiép xtc ket
contactless conductivity noi kiéu tu dién
detector

CE Capillary Electrophoresis Phuwong phap dién di mao quan

CZE Capillary zone electrophoresis = Phwong phap dién di mao qudn vung

EOF Electroosmotic flow Dong dién di tham thau

EMS Electrospray mass Khoi phé phun dién tir
spectrometry

ESI Electrospray ionization lon hoa phun dién tu

FID Flame ionization detector Detector ion hoa ngon lira

GC Gas chromatography Sac ky khi

His Histidine (2-Amino—-3—(1H- Histidin (acid 2-Amino—-3—(1H-
imidazol-4—yl) propanoic acid) = imidazol-4—-yl) propanoic)

HPLC High—performance liquid Sdac ky long hiéu nang cao
chromatography

IC lon chromatography Sac ky ion

ID Internal diameter Puong kinh trong

ICP-OES Inductively coupled plasma - Quang phé phat xa nguyén tiz
optical emission spectrometry  plasma két hop cam ung

LOD Limit of detection Gioi han phét hién
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LOQ Limit of quantification Gioi han dinh luong

MDL Method detection limit Gidi hgn phét hién cua phwong phap

MQL Method quantification limit Gioi han dinh luwong Cua phuong

phap

MES 2—-morpholin—4- Acid 2-morpholin—4—
ylethanesulfonic acid ylethanesulfonic

MECC Micellar electrophoresis Sdc ky dién di mao qudn dién dong
capillary chromatography hoc kiéu micelle

MS Mass spectrometer Khei phé

PLP pyridoxal 5'-phosphate pyridoxal 5'-phosphate

RSD Relative standard deviation D¢ léch chuan twong doi

SD Standard deviation Pé léch chuan

TCVN Vietnamese Standards Tiéu chudn Viét Nam

TPCN Functional foods Thuc pham chic nang

Tris 2—Amino—2-hydroxymethyl— 2—Amino—2-hydroxymethyl—
propan-1,3—-diol propan-1,3—-diol

UV-Vis Ultraviolet — visible Phwong phdp quang phé UV-Vis

spectrometry  spectrometry

IUPAC International Union of Pure Lién minh Quac té vé Hoa hoc co

and Applied Chemistry

ban va Héa hoc ing dung
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MO AU
1. Tinh cip thiét, muc tiéu va ndi dung cia luan an

Glucosamin 1a mét nguyén liéu tdng hop proteoglycan, di duoc Co quan danh
gia Dugc pham Chau Au xép vao danh muc thubc gilp cai thién cau tric xuong khép
d6i vé6i bénh viém khép [6]. Glucosamin thuong duoc két hop cung canxi (mét
khoang chat can thiét trong su hinh thanh va chuyén héa cia xwong) trong cac san
pham dugc pham va thuc pham chie niang (TPCN) lién quan dén cac van dé vé xuong
khép. Bén canh d6, vitamin la nhitng chét hiru co ¢6 vai trd quan trong va dic biét
can thiét ddi véi cac qua trinh chuyén hoa, dam bao hoat dong binh thudng ciing nhu
su sinh truong va phat trién cua co thé [54, 70]. Trong d6, cac vitamin nhom B tan
trong nudc ¢4 vai trd quan trong trong qua trinh trao d6i chat caa té bao, hinh thanh
c4c té bao mau va than kinh, cung cap nang lugng hd tro chuyén hoa, ngin ngira cac
di tat bam sinh, giGp tim mach khoe manh va ndo bo phat trién [54]. Thém vao do,
magie 12 mot loai khoang chat thuong dugc két hop vai vitamin Bs gitp duy tri luong
duong huyét, ngan ngira bénh tim mach, cai thién hé than kinh va phat trién thai nhi.
Tuy nhién, hau hét cac chat nay co thé khdng tu tong hop dugc ma can b sung tir
bén ngoai vao. Viéc bd sung glucosamin va cac vitamin khong chi thong qua thuc
pham hang ngay nhu rau cu, thit, tring. .. ma con thong qua dugc pham hay cac loai
TPCN [17]. Tuy vao d¢ tudi, thé trang va gidi tinh ma co thé mdi ngudi can bd sung
mot luong chat khac nhau [44]. Do @0, viéc xac dinh chinh xac ham lugng glucosamin
Vva c4c vitamin c6 trong duoc pham va TPCN la can thiét va quan trong dé dam bao
chat lugng san pham dugc pham, TPCN va st khoe ngudi tiéu dung.

Trén thé gisi, cac nghién ciru xac dinh glucosamin va cac vitamin da dugc thuc
hién bang nhiéu phuong phap nhu: phuong phap sic ky léng hiéu ning cao (HPLC)
[7, 10, 21, 35], phuong phap dién hoa [23, 40, 80, 81], phwong phap quang phd hap
thu phan to (UV-Vis) [51, 53, 58, 85], phuong phap dién di mao quan (CE) [4, 25,
27, 47, 48, 72]. Tuy nhién, hau hét cac nghién ciru déu xac dinh cac chat mot céch
riéng ré, di san pham bo sung dong thoi nhung lai can ding nhiéu phuong phéap khac

nhau dé kiém nghiém. Do d6, néu c6 mot quy trinh phén tich ddng thoi cac chat s&
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gitip tang cudng hiéu qua phan tich, dic biét trong cing mot san pham. Phuong phap
dién di mao quan tich hop detector do d6 dan khong tiép xic CE-C*D c¢6 uu diém
vuot troi 1a ¢d thé xac dinh duge ddng thoi cac chét co tinh chit hoan toan khéc nhau
nhu mét sé loai khoang chat (Mg, Ca) va mot sé vi chat hiru co (glucosamin, cac
vitamin nhém B). Hon nita, phuong phap CE-C*D con ¢6 cac vu diém: trang thiét bi
nhé gon, c6 thé tu dong hoa, sir dung lwrong mau va hda chit nho, chi phi phan tich
thap. Trén co s& d6, dé tai “Nghién ciu xay dwng phwong phdp phin tich
glucosamin, mgt sé vitamin va khoang chat trong dwoc pham, thuc pham chic
nang” da dugc thyc hién nham gop phan vao viéc phat trién phuong phép phan tich
CE-C*D trong kiém tra, danh gia chat luong cac mau dugc pham va TPCN trén thi
truong bao gom:
- Xa&c dinh glucosamin dong thoi véi canxi.
- Xac dinh vitamin Bs dong thoi véi magie.
- Xac dinh dong thoi mét sé vitamin nhom B (vitamin By, vitamin Bs va vitamin Bo).
Véi cac muyc tiéu néu trén, noi dung nghién ctu caa luan an bao gom:
- Nghién ctru, khao sat cac diéu kién téi vu dé xac dinh dong thoi cac chat phan
tich bang phuong phap CE-C*D:
e Khao sat dung dich dién ly: thanh phan, pH, nong do.
e Khao st thé tach.
o Khao sat diéu kién bom mau dua trén phuong phéap thay dong hoc
kiéu xi phong: thoi gian bom mau va chiéu cao bom mau.
- DPéanh gid phuong phép phan tich:
e  Xay dung dudng chuan.
e  Xac dinh gidi han phat hién (LOD), gi6i han dinh lugng (LOQ).
e  Danh gia d6 dac hiéu cua phuong phap phan tich.
e  Danh gia d6 chum cia phuong phép phan tich.
e  Danh gia d0 dtng cua phuong phap phéan tich.
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- Ap dung quy trinh dé phan tich dong thoi ham lwong cta canxi va glucosamin;
ham lugng cua magie va vitamin Bs; ham lwgng cua vitamin By, vitamin Bs,
vitamin By ¢6 trong mau dugc pham va mau thyc pham chic néng.

- Phan tich ddi ching nham danh gia d6 tin cay cua phuong phap CE-C*D.

2. Piém méi, nhitng déng gép méi vé mit khoa hoc va thuc tién caa luan an

% Vé mdt khoa hoc
LAn d4u tién da phat trién thanh céng phuong phap CE-C*D nhiam xéc dinh ddng
thoi céc chat co tinh chat hoan toan khac nhau trong cting mét quy trinh bao gém
cac khoang chat, glucosamin va cac vitamin nhém B trong mau dugc pham va
TPCN theo 03 quy trinh phan tich bao gém: phan tich dong thoi canxi va
glucosamin, phan tich déng thoi magie va vitamin Be; phéan tich déng thoi cac
viamin By, vitamin Bs va vitamin Bao.

% Vé mgt thyec tién
Phuong phap CE-C*D véi cac uu diém vé hé thiét bi gon nhe, gia thanh thap rat
phu hop véi hoan canh, diéu kién kinh té - xa hoi ¢ Viét Nam. Cac quy trinh phan
tich dugc xay dung trong luan an don gian, dé thuc hién, c6 do chinh xéac cao, phu
hop dé ap dung phan tich cac khoang chat, glucosamin va cac vitamin nhém B
trong mau duoc pham va thuc pham chirc ning; 6 tiém niang ap dung trong kiém
soat chat lugng dugc pham va thuc pham chirc ning; c6 ¥ nghia thyuc tién 16n d6i

Véi viéc dam bao quyén loi va siic khoe tot nhat cho nguoi tiéu dung.
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CHUONG 1: TONG QUAN

1.1.  Téng quan vé glucosamin va canxi

Glucosamin va canxi 1a hai chat quan trong duoc st dung tir 1au cho su phat
trién caa hé xuong khép, lién két chung cua hai chat cung cap sy toan ven cho ciu
trdc xuong.
1.1.1. Glucosamin

Glucosamin 1a mét amino-monosaccharide va 1a nguyén liéu dé tong hop
glycosaminoglycan- chit c6 vai trd quan trong cau tao nén mé sun va mé xuong Khép
Vva c4c chat khéc lién quan dén tao gan, day chang, 16p dich nhay & khop [6]. Khi di
vao co thé, glucosamin cé tac dung kich thich céac té bao & sun khép tang tong hop
va tring hop tao nén céu tric proteoglycan binh thuong. Két qua caa qua trinh tring
hop 14 tao thanh muco-polysaccharide, thanh phan chinh cau tao nén sun khép.

Ngoai ra, glucosamin ciing dong thoi Gc ché cac enzym pha huy sun khép nhu
collagenase, phospholipase A2 va giam cac goc tu do superoxide pha huy té bao sinh
sun, kich thich san sinh mé lién két ciia xwong, giam mat canxi & xuong. Glucosamin
con lam ting san xuat chat nhay dich khép nén gidp giam ma sét gitra cac khop va
giam dau. Vi vay, glucosamin khéng chi lam giam céc triéu chirng cia bénh xuong
khép (dau, cing khap, khé van dong) ma dong thoi ngan ngira bénh tién trién, phuc
hoi cau tric sun, giap diéu tri tan goc chix khong chi la cac triéu chang.

Cong thirc cau tao cua glucosamin duogc thé hién trong hinh 1.1.

OH

0
HO

HO

NH,
OH

Hinh 1.1. Céng thic cau tao cia glucosamin
- Tén IUPAC: (3R, 4R, 5S)-3-Amino-6-(hydroxymethyl) oxane-2,4,5-triol.
- Cong thuc phan tir: CeH13NO:s.
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- pKa=7580,2

- Khéi luong mol phan ti: 179,17 g/mol

- Glucosamin la chat ran, mau trang, khéng mui, nhiét d6 néng chay: 88 °C.

- Tan tdt trong nuéc (d6 tan 108 mg/L & 25 °C, hoi tan trong methanol soi, it
hoa tan trong methanol hoic ethanol lanh, thuc té khong hoa tan trong ether
hoac chloroform.

Glucosamin trén thj trudng dugc st dung trong hd tro diéu tri thoai héa khép

gom c6 bdn dang chinh glucosamine sulfate, glucosamine hydrochloride, N-acetyl
glucosamine va glucosamine sulfate potassium chloride. Cac dang mudi phé bién nay

dugc trinh bay trong bang 1.1.

Bang 1.1. Cac dang mudi glucosamin thurong gap

X ) Khoi lugng mol Cong thac
Tén thong thuong Cong thac phan ta A ,
phan tir (g/mol) cau tao
CH,OH
0. OH
Glucosamine sulfate (CsH13NOs5)2S04 456,52 OH S04
OH T
2
HO
Glucosamine o,
) CeH14CINOs 215,63 OH  '5COH
hydrochloride o
1SNHZzHCI
HO
o OH
N-Acetylglucosamine CsH1sNOs 221,21 LN
HN\H/
(@]
Glucosamine sulfate H Moo
- - 605’51 HOHO . 50, 2KCL
potassium chloride | Ci2H2sCloK2N2 O14S o
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Dang bao ché caa glucosamin kha da dang véi cac ham lwong khéc nhau, cé thé
ké dén nhu: vién nén, bot hoic dung dich ubng, dung dich tiém. Céac ché pham
glucosamin dugc cung cap véi ham lwgng rat khac nhau. Trong hau hét cac nghién
clru, nguoi ta str dung tong liéu 1200-1500 mg glucosamin/ngay. Ngoai ra, néu két

hop vai chondroitin thi liéu dugc khuyén dung 1a 1200 mg/ngay.
1.1.2. Canxi

Canxi 1a mot khoéng chat quan trong va can thiét trong qua trinh hinh thanh,
cau tao khung xwong. Khoang 98% lugng canxi trong co thé tap trung ¢ xuong va
rang va 2% phan bé trong mau dé thyc hién cac chirc ning than kinh co, dong mau.
Trong mau, canxi ton tai dudi 3 dang l1a khoang 50% dudi dang ion Ca?*, phan con
lai két hop voi protein huyét twong (chu yéu 1a albumin) va mot phan nho dudi dang
phtic hop véi phosphat, citrat va cacbonat. Canxi dugc hap thu vao co thé théng qua
thuc pham hang ngay bao gém cac san pham tir sita, cai xoan, bong cai xanh, cac loai
hat, ...[14]

e Tac dung
Canxi la khoang chét giit vai trd quan trong trong co thé con ngudi .Trong co
thé nguai, canxi 1a thanh phan co ban ciu tao nén xwong, rang va thuong két hop voi
phospho lam cho xuong, ring chic khoe. Ngoai ra, canxi can cho qué trinh hoat dong
cua than kinh co, hoat dong cua tim, chuyén hoa cua té bao va qua trinh déng mau.
Canxi di vao co thé qua an uéng duoc hap thu boi rugt non, dai trang va dao thai qua
than [86].

Tuy nhién, con ngudi thudng khong cung cap da lugng canxi can thiét cho co
thé gay nén su thiéu hut canxi. D4i vai tré nho, tré s& bi coi xwong, cham ting chiéu
cao va mot sé tré thuong bi giat minh, dé néi cau. B6i véi ngudi 16n, nguoi cao tudi,
viéc thiéu hyt canxi gay ra tinh trang than kinh suy nhuoc, tinh than khong 6n dinh,
mat ngu hodc ngu li bi va c6 thé dan t6i bénh lodng xwong, xp xuong hay ting huyét
ap. Pac biét, lugng canxi trong mau thiéu s& gay hoi chizng ha canxi mau thuong gap

& moi lta tudi. Cac dau hiéu biéu hién nhu t& & mot s6 bo phan trong co thé (ludi,
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moi, cac dau ngodn tay, ddu ngoén chan). Trong truedng hop nang, ¢ hién tuong co co
Xay ra trén toan bo co thé (chan, tay dot nhién bi co rat, cang lai, kho cir dong, dau

dén, co giat khu trd) va cé thé bi co thét cac co ho hap gay kho thé.

o Ham luwong

Trén thyc té, nhu cau canxi caa co thé dugc xac dinh vao mdi twong quan cua
canxi véi photpho. Di vai moi lira tudi, ty sé Ca/P téi thiéu 13 > 0,8 va ty sé nay tét
nhat ndam trong khoang tir 1 dén 1,5, dac biét ddi vai tré em [49]. Lwong canxi nén
tiéu thy ddi véi timg d6 tudi khac nhau duoc thé hién nhu sau:

> Tré tir 0 - 6 thang: can 300 mg/ngay.

Tré tir 6 - 11 thang : can 400 mg/ngay.
Tré tir 1 - 3 tudi: can 500 mg/ngay.
Tré tir 4 - 6 tudi: can 600 mg/ngay.
Tré tir 7 - 9 tudi: can 700 mg/ngay.
Nguoi tir 10 - 18 tudi: can khoang 1000 mg/ngay.

vV VvV VY YV V V

Nguoi tir 18 - 50 tudi: can khoang 1000 mg/ngay.
> Phu nit ¢6 thai, ngudi cao tudi: can bo sung lugng canxi nhiéu hon voi
khoang tir 1200 mg/ngay - 1500 mg/ngay.
1.2.  Téng quan vé vitamin Bg va magie
Magie va vitamin Bs hoat dong nhu nhitng coenzym trong chuyén hoa protein,
glucid va lipid. Su két hop gitra magie va vitamin Be mang lai tic dung cai thién tam
trang, giam tinh trang lo lang, cai thién chét luong giac ngu, giam nguy co mac bénh
tim, tiéu duong tuyp 2 ciing nhiéu van dé khac. ..
1.2.1. Vitamin Be
Vitamin Bg 6 nhiéu trong cac loai thuc pham nhu: thit bo, thit heo, thit gia cam,
c4, tring, pho mat, ngii cb¢c nguyén hat, khoai tdy, mam dau nanh, dau phong, rau
bina, ca rot, stp lo, bap cai, dwa hau, chubi,...[20]. Vitamin Bs ciling dugc mot s6 vi
khuan duong ruét tng hop, cung cdp mot phan cho co thé.
e Cdutric
- Cong thizc phan tir 1 CsH12CINO3, khéi lwong mol phan tir: 205,64 g/mol.

18


https://nhathuoclongchau.com.vn/bai-viet/benh-tieu-duong-tuyp-2-la-gi-20942.html

- Cong thire cu tao cua vitamin Be duoc thé hién trong hinh 1.2.

HO

OH

HO X
=

N
HCI

Hinh 1.2. Céng thizc cdu tqo cua vitamin Be

- Trong dung dich nudc, vitamin Bs c6 hang sé phan li acid pKa = 9,4.

- D06 hoa tan: trong nudc (222,2 g/L); trong ancol (11,1 g/L), it tan trong
acetone; khong tan trong ether, chloroform.

- Vitamin Bs ton tai duéi 3 dang: pyridoxine, pyridoxal, pyridoxamin.
Pyridoxine hydrochloride duoc chuyén thanh dang hoat dong, pyridoxal 5'-
phosphate (PLP) va né khac vai pyridoxin & nhém thay thé tai vi tri '4'. Ba
dang nay c6 thé chuyén hoa 1an nhau.

e Tac dung
Vitamin Bg dong vai trd nhu mot coenzym trong cac phan @ng cua co thé, gidp
t6ng hop cac chat dan truyén than kinh nhu taurin, serotonin, dopamin, histamin,.. .
va cac acid amin can thiét. N6 tham gia chuyén hoa cac chat sinh ning lugng nhu
dam, dudng, béo, dic biét, gitr vai trd quan trong trong chuyén hoa glycogen du trix
thanh glucose do d6 d¢am bao duoc sy on dinh caa duong huyét. Vitamin Bs gilp
giam tinh trang thiéu méau do tryc tiép tham gia vao quéa trinh tao hemoglobin, gidp
han ché kha nang hinh thanh soi than do hd tro dao thai oxalat qua duong nuéc tiéu.
Ngoai ra, vitamin Bs con gilip tang cudng mién dich, giam cholesterol, phat trién nfo
bo [54].
o Ham luong
Ham lugng vitamin Be hang ngay can cho cac d6i tuong khac nhau la khéac nhau,
tang theo do tudi [47]:

> Tré < 6 thang tudi: 0,1 mg/ngay.

> Tré 6 - 12 thang tudi: 0,3 mg/ngay.

> Trétr1-3tudi, 4 - 8tudi, 9 - 13 tudi: theo thr ty 12 0,5 mg/ngay; 0,6
mg/ngay; 1 mg/ngay.
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> 14 - 19 tudi: Nam 1a 1,3 mg/ngay, nit 1a 1,2 mg/ngay.
> 20 - 50 tudi: 1,3 mg/ngay & ca nam va nit.
> > 50 tudi: nam 1a 1,7 mg/ngay, nir 12 1,5 mg/ngay.
» Phu nir c6 thai hoac cho con bu la 2,1 - 2,2 mg/ngay.
e Dang bao ché
Vitamin Be c6 cac dang bao ché va ham luong chii yéu nhu sau:
- Vién nén 10 mg/vién, 25 mg/vién, 50 mg/vién, 100 mg/vién, 250 mg/vién,
500 mg/vién.
- Vién nén tac dung kéo dai 100 mg/vién, 200 mg/vién, 500 mg/vién.
- Vién nang tac dung kéo dai 150 mg/vién.
- Thudc tiém 100 mg/ml.
1.2.2. Magie
Magie 1a mot khoang chat can thiét dé co thé c6 thé van hanh tot. Magie c6 mit
trong thanh phan caa hon 300 enzym khéc nhau, co vai trd diéu hoa cac chirc ning
va nhiéu qua trinh chuyén hoa niang lugng. Khoang 50 - 70% lugng magie trong co
thé tap trung ¢ xuong, phan con lai phan bd ¢ t6 chiic co, té chirc mé mém va mot
lugng nho (khoang 1%) trong mau. Magie c6 mat trong nhiéu ngudn thic an, thuc
pham khac nhau. Céc thuc pham chara mét lwong nho magie gdm cac loai rau 1a xanh
nhu rau chn vit, ngii cd¢ nguyén hat va cac loai hat. Cac loai thuc pham c6 chét xo
thudng ciing 1a ngudn cung cap magie [34].
e Tac dung
Luong magie trong méau luon duoc duy tri & mac 6n dinh dé dam bao moi hoat
dong cua co thé dién ra binh thuong. Magie tham gia vao hang trim qua trinh quan
trong cua co thé, bao gébm qué trinh kiém soat cach thirc hoat dong cuia co bap va day
than kinh. Magie dong vai tro gitp co thé xay dung céc té bao xwong méi, ting mat
d6 khoang xuong, 1am giam ty 1& gdy xwong do lodng xuong. Magie ¢6 thé gitp cho
co thé con ngudi chéng viém, bao vé trai tim, giam ty 1é mac tiéu duong, giam nguy

co dot quy. Ngoai ra, b sung magie con gidp cai thién tinh trang lo au, stress.

20



Magie di vao co thé qua an udng, duoc hap thu bai rudt non va dai trang. Tuy
nhién, co thé c6 thé khong hap thu da lugng magie can thiét, ngay ca khi da an mot
ché d6 an udng lanh manh. Do dé, viéc bé sung nhitng thuc pham giau magie 1a vo
cling can thiét. Co thé duy tri ndong d6 magie bang cach diéu hoa su hp thu va dao

thai hoic tai hap thu ¢ than.

Tuy nhién, hau hét moi nguoi khong cung cip du lugng magie can thiét cho co
thé mdi ngay. Su thiéu hut magie trong mau cé thé gap ¢ tinh trang suy dinh dudng,
kém hap thu va vai sy dao thai qua nhiéu magie qua than. Sy thiéu hut magie nhe va
vira ¢ thé khdng c6 hoic ¢d rat it cac triéu chiung khong dic hiéu. Sy thiéu hut kéo
dai hoic nang co thé gay budn ndn, chan an, mét moi, 10 1an, co that co, co giat, thay
d6i nhip tim va cam giac té hoic ngtra. Su thiéu hut magie ciing c6 thé anh huong
dén sy trao doi canxi va 1am tram trong thém sy thiéu hut canxi.

e Ham luong

Trén thuc té, mot phu nit truéng thanh can khoang 310 mg/ngay va 320 mg/ngay
sau 30 tudi, riéng phu nir mang thai can 40 mg/ngay. Pan ong truéng thanh duéi 31
tudi can 400 mg/ngay. Tré em nén dugc cung cap tir 30 mg/ngay dén 410 mg/ngay,
tly thudc vao do tudi va gisi tinh cua ching. Tuy nhién, bo sung qua nhiéu magie s&
dan dén sy du thira va gay ra cac triéu chirg nhu budn ndn, yéu co, mat cam giac
ngon miéng va nhip tim khong déu [34].

1.3.  Téng quan vé vitamin By, vitamin Bsva vitamin Bo
1.3.1. Vitamin B:

Vitamin B1 1a hop chat phé bién trong tu nhién cé nhiéu trong cac thuc pham
nhu: nAm men, c&m gao, mam laa mi, ming tay, dau xanh, hat vimg va cé luong nho
trong sira, trang, thit, gan, than. Trong d6, nAm men cung cap mot luong vitamin By
rat Ion nén thudng duoc dung vao muc dich chita bénh khi co thé bi thiéu hut loai
vitamin nay. Nhin chung, vitamin B1 c6 & hau hét trong dong vat va thyuc vat, tuy

nhién ham lwong cua nd trong céc loai nay thap.
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e Cautric
cl CHs
N+ \
/k OH
Hinh 1.3. C()ng thi/C cdu tqo cua vitamin By
- Cong thire phan tir: C12H17N4OS*, khéi lwgng phan ta: 265,355 g/mol.
- Cong thirc cau tao cua vitamin By dwgc thé hién trong hinh 1.3.
- Tén goi khac cua vitamin Bz la thiamin hay aneurine.
- b6 tan: trong nudéc (10° mg/L), glycerol (55,6.10° mg/L), ethanol 95% (10*
mg/L), tan nhiéu trong metanol, khong tan trong benzen, hexan, cloroform va ether.
- Hang s6 phan li pKa = 10,3 (nhém — NH,).
e Tac dung
Vitamin By giup dam bao qua trinh trao d6i chat, ngin ngira ton thuong than
kinh, duy tri hé mién dich khoe manh [20, 54]. Nho vay, c6 thé phong va tri bénh
Beri-Beri, gitp tim mach khoe manh, cai thién tri nhg, lan da, thi luc... Tac dung
quan trong nhat caa vitamin Bi 12 viéc ngin ngira ton thwong hé thdng than kinh.
Khi thiéu hut vitamin B1 s& gay nén 2 loai bénh chinh: bénh Beri-Beri (phi né
khd, phu né u6t), bénh ndo Wernicke (c6 thé hiéu 1a gay réi loan nhan céch, giam tri
nhé, tram cam, réi loan tdm than...). Tuy nhién, néu sir dung vitamin Bz voi ham
lugng cao trong thoi gian dai thi ¢6 thé dan dén ngod doc hodc cé thé dé lai nhing
phan ng phu nguy hiém.
o Ham luong
Tuy vao cac dbi tuong khac nhau ma ham lwong vitamin By can thiét 1a khéc
nhau va sé& tang theo do tudi. Vi du: tré so sinh tir O - 6 thang can 0,3 mg/ngay; tré tur
4 - 6 tudi can 0,9 mg/ngay; tré em tir 7 - 10 tudi can 1,0 mg/ngay; phu nit tir 19 tudi tro
1&n can 1,0 - 1,1 mg/ngay: dic biét phu ni ¢ thai va cho con b can 1,5 - 1,6 mg/ngay
[44].
e Dang bao ché

Vitamin Bz ¢6 cac dang bao ché va ham luong chi yéu nhu sau:
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- Vién nang — duong udng: ham lugng 50 mg/vién

- Vién nén — duong udng: ham lwong 50 mg/vién, 100 mg/vién, 250 mg/vién

- Dung dich — duong tiém: ham lugng 100 mg/ml
1.3.2. Vitamin Bs

Vitamin Bs 1a mot vitamin tan trong nudce, duoc tim thay trong thuc vat va dong
vat. Day 1a hop chit rat phd bién trong cac ngudn thuc pham quen thudc hang ngay
nhu: pho mat, ngd, trang, gan, thit, lac, ddu Ha Lan, dau nanh, men bia ruou, mam
lGa mi, thach hoang gia, sita chua, 18 tau, nim, sup lo va cac loai hat.

e Cautric
- Cong thuc phan tir: CoH17NOs; khéi lwong phan ti: 219,235 g/mol.

- Cong thirc cau tao cua vitamin Bs dugc thé hién trong hinh 1.4.

HiC CH; © 0

HO /\/lk
N OH

H
OH

Hinh 1.4. Céng thizc cdu tqo cua vitamin Bs
- Tén goi khac cua vitamin Bs: propanoic; acid pantothenic.
- Tan tot trong nudc, benzen, etyl ete, axit axetic; tan vira phai trong ether,
ancol; khéng tan trong benzen, cloroform.
- Hang s6 phan li acid 1a pKa = 4,41 (hhéom — COOH).
e Tac dung
Vitamin Bs gop phan hinh thanh coenzyme A, né can thiét cho tat ca cac hoat
dong chuyén héa ning luong cua té bao, tao diéu kién thuan loi cho qua trinh phét
trién va do bén cua da ciing nhu niém mac. Bén canh dé, vitamin Bs ciing 6 vai trd
trong qua trinh phat trién chic ning cta hé than kinh trung wong [36]. Ngoai ra,
vitamin Bs con tac dung 16n trong viéc 1am dep nhu chdng 140 héa, ngin ngira man
do, viém da.
Trong thuc té, viéc thiéu hut vitamin Bs chi dugc tim thiy & nhitng ngudi suy

dinh dudng. Khi thiéu vitamin Bs khdng gay ra nhitng hau qua nghiém trong nhung
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lau dai s& din dén nhitng bénh Iy gay suy giam stc khoe nhu: té bi tay chan, budn
non, ha dudng huyét, mét moi, kho chiu, mat ngu, tram cam, dau da day [32].
o Ham luong
Ham lugng vitamin Bs hang ngay can cho cac ddi twong khac nhau 1a khac nhau
va ting theo do tudi. Vi du: tré tir 0-6 thang can 1,7 mg, tré tir 14 tudi tré 1én can 5,0
mg va phu nit dang mang thai hodc cho con bd can mét lwgng vitamin Bs cao hon va
nén tham khao ¥ kién béc si [44].
e Dang bao ché
Vitamin Bs c6 cac dang bao ché va ham lugng chu yéu nhu sau:
- Acid pantothenic
Vién nén: 50 mg; 100 mg; 200 mg; 250 mg; 500 mg.
Vién nén giai phong cham: 500 mg, 1 000 mg.
- Calci pantothenat
Vién nén: 10 mg; 25 mg; 50 mg; 100 mg; 218 mg; 500 mg; 545 mg.
- Dexpanthenol (dan chét alcol cua acid D-pantothenic):
Vién nén: 100 mg.
Thudc tiém: 250 mg/ml (6ng tiém 2 ml).
1.3.3. Vitamin By
Vitamin By duoc phét hién dau tién trong nAm men, sau d6 duoc phan lap tu 14
“pina” nén né dugc dat tén 1a acid folic hozc folate [70]. N6 duoc tim thay trong ca
thuc vat va dong vat. Vitamin Be duoc tim thay nhiéu trong gan, c4c loai dau va rau
xanh.
e Cautric
- Cong thirc phan tir: C1sH19N7O0g; khdi lwong phan tir: 441,3975 g/mol.
- Tén goi khac cua vitamin Bg: acid folic, folacin.
- B¢ tan trong nudc: 1,6 mg/L (25 °C); tan nhe trong metanol, it tan trong
etanol va butanol; khéng tan trong acetone, chloroform, ether, benzen.

- Cong thuc cau tao cua vitamin By duogc thé hién trong hinh 1.5.
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Hinh 1.5. Cong thic cdu teo cia vitamin Bg
- Cac hang s6 phan li acid 1a pKaz = 4,65 (nhom —COOH), pKaz = 6,75 (nhém
_COOH), pKas = 9,00 (nhom —NH;).
e Tac dung
Vitamin B gilp giam kha nang bi ung thu, cai thién sic khoe tim mach, ngén
ngira dot quy, tai tao té bao mau va gidp té bao mau phat trién,... Dac biét dbi voi phu
nit mang thai, vitamin By 6 tac dung hd tro thai ky khoe manh déng thoi giam thiéu
bénh khuyét tat 6ng than kinh ¢ thai nhi, gidp thai nhi phat trién cot song va néo bo
[20, 42, 60].

Thiéu vitamin By ciing c6 thé gay ra nhiéu van dé stic khoe khdng mong mudn.
Cac triéu ching thuong gap khi thiéu vitamin Bg: thiéu mau macrocytic, suy nhuoc
va I 1an, suy giam tri nhg, kho tho, bénh than kinh ngoai bién, déi véi phu nir mang
thai khi ham luong vitamin By thap s& lam ting nguy co di tat bam sinh & thai nhi,
tram cam. Khi thiéu vitamin By trong thoi gian dai, né ciing lam phét trién té bao ung
thu do su tong hop va stra chira ADN bi suy giam [42].
Khi bo sung qué nhiéu vitamin Bg s& khdng xuat hién tac dung phu nghiém trong
d6i véi co thé, tuy nhién sir dung lidu qua cao co thé anh huong dén viéc hap thu kém.
o Ham luong
Ham lugng vitamin By hang ngay can cho cac ddi twong khac nhau 1a khac nhau
va ting theo do tudi. Vi du: tré tir 0 - 6 thang can 0,065 mg/ngay, tir 14 tudi tro 1én
can 0,4 mg/ngay va phu nir mang thai can 0,6 mg/ngay [44].
e Dang bao ché
Vitamin By c6 cac dang bao ché va ham luong chi yéu nhu sau:

- Vién nang, vién nén 0,4 mg/vién; 0,8 mg/vién; 1 mg/vién; 5 mg/vién.

25



- Dung dich, thubc tiém: 5 mg/ml (duéi dang mudi natri folat).
- Ché pham phdi hop da vitamin khac nhau véi ham luong khac nhau dé udng,
ché pham phéi hop véi sit.
1.4. Cac phwong phap phén tich

Glucosamin, cac vitamin nhdm B va khoang chat (magie, canxi) chii yéu duoc
xéc dinh riéng ré bang nhiéu phuong phap khac nhau nhu: quang pho, dién hoa, sac
ky long, dién di mao quan,...

1.4.1. Phwong phdp quang pho
1.4.1.1. Phuwong phdp quang phé hap thy phan ti

Phuong phap quang phé hap thu phan tir 1a phuong phap phan tich dua trén co
s& mat do quang cua dung dich ty I& véi nong do cua chat phan tich (chat phan tich
cd tinh chat quang hoc nhu tinh hap thu quang, tinh phét quang...). Cac phuong phap
quang pho hap thu phan tir kha don gian, dé tién hanh, duoc ung dung nhiéu trong
phan tich mau.

Priya Gaonkar va cac cong su da st dung phuong phap quang phd hap thu phan
tr UV-Vis xac dinh glucosamin sulfat trong TPCN dang vién nén. Trong nghién ctru
nay, glucosamin dugc phan tng véi phenylisothiocyanat trong moi trudng bazo tao
ra dan xuat phenylthiourea cé budc séng hap thu cuc dai 1a 240nm. Khoang nong do
duong chuan 1a 5- 25 pg/mL véi hé sé twong quan 16n hon 0,99 va do léch chuan
tuong d6i RSD = 1,1%. Phuong phap c¢6 vu diém 1a don gian, phat hién nhanh chong,
chinh xac cac san pham TPCN chira glucosamin dugc ban trén thi trudng [65].

Yamaguchi va cac cong su sir dung phuwong phap quang phé hap thu phan tu
UV-Vis xac dinh glucosamin dya trén phan trng mau vai phac hop palladium (11)-o-
hydroxyhydroquinonephthalein-hexadecyltrimethylammonium cho buéc séng héap
thu cuc dai 1a 630 nm. Khoang duong chuan duoc xay dung la 0,02- 0,18 pg/mL, do
léch chuan twong d6i thu duoc 14 1,08%. Phwong phéap di tién hanh &p dung trén céac
mau TPCN dang vién nén [73].

Nhom cac nha khoa hoc tai Syria da xay dung phuong phap phan tich canxi

trong nguyén liéu duoc pham va TPCN dang vién. Phuong phéap dya trén su hinh
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thanh phurc hop cap ion mau vang gita pitavastatin canxi va bromocresol tim (BCP)
trong mdi trudng chloroform. Céc thdng sé khac nhau anh hudng dén phan ting nhu:
anh huong cia dung méi, do 6n dinh, nong d6 thudc thir da duoc ti vu hoa. Phic
chét tao thanh dwogc dinh lwong bang quang phd ¢ budc séng 405 nm. Khoang tuyén
tinh duoc xay dung trong khoang 2,20 - 35,2 pg/ml, hé sé twong quan tét (RZ> 0,99).
Gidi han phat hién va gigi han dinh luong lan luot 12 0,367 ug/ml va 1,112 pg/ml.
Do thu hdi cuia phuong phap khoang 101% [69].

Zeriet O Tesfaldet cung cac cong su da xac dinh duoc magie trong cac mau
dugc pham bang cach sir dung phuong phap UV-Vis. Phuong phap nay dya trén phan
rng giita o-cresolphthalein complexone (CPC) va Mg (II) trong méi truong kiém, tao
ra mot phirc chat c6 mau hdng véi cuc dai hap thu ¢ buéc séng 570 nm. Tt ca céac
thong s6 anh hudng dén phan tng da duoc danh gia. Puong chuan tuyén tinh trén
khoang 0-20 mg/L v&i gisi han phat hién la 0,24 mg/L. Thong lwong mau la 80 mau
mdi gid va do léch chuan tuong dbi < 2,0%. Kiém dinh t cho thay khéng c6 su khéac
biét dang ké ¢ do tin cay 95%. Phuong phap da dugc ap dung thanh cong dé xac dinh
magie trong c&c mau duoc pham dang vién nén [85].

Trong mot nghién ctru khac, Mohamed Benamor cung cong su da dung phuong
phap UV-Vis dé xac dinh dong thoi canxi va magie trong cac mau dugc pham.
Phuong phap nay dua trén cac phirc mau dugc tao thanh boi canxi va magie véi
Tween 80. Nghién ctiu st dung thiét bi quang phd UV-Vis hai chum tia Shimadzu
UV-2101PC véi chiéu rong khe ¢é dinh 0,5 nm. Phac Ca (1) ¢6 cuc dai hap thu ¢
budc séng 544,5 nm va phac Mg (11) hap thu cuc dai & bude song 570 nm. Do léch
chuan twong ddi ciia phuwong phap dan xuat thir nhat va thir hai cua Ca (11) lan luot 13
1,73% va 1,74%, va cua Mg (1) lan luot 12 1,09% va 1,16% [51].

1.4.1.2. Phirong phdp quang phé nguon plasma cam g cao tan (ICP)

Phuong phap quang pho ngudn plasma cam ung cao tan 1a phuong phap Xac
dinh ham lugng cac nguyén té trong nhiéu linh vuc khac nhau nhu nong nghiép, thuc
pham, duoc pham, méi trudng,... Nguyén tir hay ion nhan ning luong kich thich tir

plasma chuyén tir trang thai co ban 1én trang théai kich thich. Tuy nhién, trang thai
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kich thich chi tn tai trong thoi gian rit ngan ( khoang 1022 — 108 s), sau d6 nguyén
tr hay ion phong thich ning lwong hap thu dudi dang buc xa A dé tro vé trang thai
bén nhat- trang thai co ban.

Anna Krejcova va cac cong su di xac dinh duoc nhiéu nguyén té gdm canxi va
magie trong cac mau TPCN bang phuong phap quang phd phét xa nguyén ti plasma
cam ung. Mau thuy phan bang acid nitric 65% trong 10 vi séng véi chwong trinh cong
suat dat 80 % trong 10 phut, va cong suat dat 100 % trong 10 phdt. Gigi han phéat hién
ctia phuong phap 1a 5,13 mg/g d6i véi canxi va 7,93 mg/g dbi voi magie. Ham luong
nguyén tb canxi va magie trong nim mau TPCN dang bot dugc xac dinh cho két qua
tuong rng so vai nhan trén bao bi [11].

Ham luong 26 nguy@n té bao gom canxi va magie trong TPCN danh cho tré so
sinh dugc xac dinh bang phuong phap phuong phap quang phd phat xa nguyén tu
plasma cam tng bai Abua Ikem va cac cong su nghién ctru ra. Cac mau sita Idng va
sira bot dugc phan hay bang thiét bi vi séng Milestone Ethos-PLUS. Ham luwong trung
binh canxi phat hién trong 11 san pham sita nam trong khoang 344 — 662 pg/g [9].

Mot s6 nghién cau sir dung phuong phip quang phd xac dinh canxi, magie,
glucosamin va cac vitamin nhém B trong mau dugc pham va TPCN dugc tom tat
trong bang 1.2.

Bang 1.2. Tém tat mét s6 nghién ciu bang phwong phdp quang phé

Chat phan tich Mau Phwong phap | Thong sé6 phwong phap | TLTK
Glucosamin Thuc pham - Khoang tuyén tinh:
=P UV-Vis o [65]
sulfat chirc nang 5-25 pg/mL
Thuc pham - Khoang tuyén tinh:
Glucosamin UV-Vis [73]
chirc nang 0,02-0,18 pg/mL
Duoc pham,
Canxi thuc pham UV-Vis LOD: 0,367 pg/mL [69]
chic nang
Magie Duoc pham UV-Vis LOD: 0,24 mg/L [85]
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. i . ) LOD: Ca: 0,0575
Canxi, magie Duoc pham UV-Vis [51]
pg/mL; Mg: 0,03 pg/mL

Vitamin Bg Dugc pham UV-Vis LOD: 0,534 pg/mL [58]
Vitamin Bg Dugc pham UV-Vis LOD: 0,14 pg/mL [53]
_ _ Thuc pham LOD: Ca: 5,13 mg/g;
Canxi, magie ICP-OES [11]
churc nang Mg: 7,93 mg/g

1.4.2. Phwong phdp phdn tich di¢n hoa

Cac cam bién dién hoa duoc nghién ctu va ang dung tir 1au va van ludn thu hat
dugc sy quan tam caa cac phong thi nghiém ciing nhu cac hing san xuat. Cac cam
bién dién hoa c6 vu diém 14 phan tich nhanh, c6 do chon loc, d6 nhay cao va thudng
c6 kich thudc nho gon, c6 thé phan tich tai hién truong.

Mot quy trinh tong hop dién cuc carbon bién tinh dya trén vong diamide xéac
dinh chon loc canxi da duoc tac gia Mojtaba va cac cong su nghién ciru thanh cong.
bién cuc carbon dugc bién tinh bang mét ionophore 1a 1,4-diaza-2,3; 8,9-dibenzo-
7,10-dioxacyclododecane-5,12-dione. Khoang tuyén tinh rong tir 1,3.10% M dén
3,2.10 M. Giéi han phat hién cua phuong phap 1a 7,9.10" M. Nghién ctru da 4p dung
thanh céng xac dinh ham lwong canxi trong cac mau duoc pham [52].

Téc gia Olayemi cling cong su da phat trién phuong phap phan tich dién hoa dé
xac dinh canxi trong TPCN khi c6 mat acid humic va ion Cu (11). Phuong phap von-
ampe vong str dung dién cuc vang. Thé bat dau 12 -1,5 V véi tée do quét 25 mV/s va
thé két thiic 12 1,5 V. Canxi ¢ khoang tuyén tinh nam trong khoang 3,76-5,4 mM Vi
hé s6 twong quan cao (R? > 0,999) va gidi han phét hién 14 6,91.10* M. Phuong phap
dugc ap dung trong cac mau TPCN dang udng [60].

Canxi duoc xac dinh trén dién cuc Carbon thay tinh bang ky thuat do song
vubng duoc tac gia Joseany va cong su tién hanh nghién ctu thir nghiém. Biéu kién

t6i uu cua nghién ciru 12 dung dich dién ly amoni 10* pM pH 9,4 va 400 uL EDTA
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10* uM véi thé quét nam trong khoang tir -0,6 V dén 0,6 V. Gigi han phat hién cua
canxi 12 1,6.10° pM; d6 thu hdi khoang 102% [39].

Tac gia Dilgin sir dung dién cuc than chi phan tich ham lugng canxi dobesilate
trong mau dugc pham. Nghién ciru xay dung khoang tuyén tinh tir 0,2 dén 100 pM voi
hé sb twong quan cao. Gii han phat hién caa phuong phéap 1a 0,065 uM va do léch
chuan tuong ddi trong khoang 1,1-2,0%. Anh huéng cua c4c ion can trd khéc nhau
trong nén mau khong dang ké duoc tién hanh khao sét [30].

Téc gia K. L. Westmacott cting cong su da phat trién phuong phap phan tich
dién hoa dé xac dinh dong thoi 3 vitamin B (vitamin By, vitamin Bz, vitamin Be) trong
mau TPCN va dugc pham. Phuong phap von-ampe vong st dung dién cuc carbon
v6i dém photphat 0,1 M; pH = 11. Thé bat dau 1a-1,0 V véi téc 4 quét 100 mV/s va
thé két thac 12 0,1 V. Vitamin By, vitamin Bz, vitamin Bs c6 khoang dudng chuan lan
luot 12 15-110 pg/mL; 0,1-20 pg/mL; 2-80 pg/mL va c6 gidi han phat hién lan luot:
3,5 pug/mL (vitamin B); 0,1 pg/mL (vitamin Bz); 0,4 pg/mL (vitamin Bs). D6 thu hoi
trong khoang tir 110% dén 112% [80].

Tac gia Kwok- Keung Shiu va Kang Shi da nghién ciru xac dinh vitamin By trén
dién cuc than thuy tinh da hoat héa. Bién cuc dugc anot héa ¢ +2,0 V trong moi truong
H2S04 0,5 M trong 1,5 phat sau d6 giit & -1,0 V trong 1 ph(t rdi quét thé vong tir -0,5
V dén +0,8 V vai toc do quét thé 100 mV/s. Khoang duong chuan 14 0,1-3 uM va hé
s6 tuong quan 13 0,996. Do 1p lai RSD = 7%. Tuy nhién, sy hap phu vitamin B Ién
bé mit dién cuc bi anh huong boi su canh tranh cta cac ion va cac chét khac trong
dung dich dong thoi dién cuc cé thé bi nhiém ban trong qua trinh 1am giau [40].
1.4.3. Phwong phdp sdc ki léng (LC)

Sic ky 1a phuwong phap dung dé tach cac thanh phan cia mot hdn hop dya trén
su phan chia khac nhau cua cac chat vao hai pha ludn tiép xac nhung khong hoa tan
vao nhau 14 pha tinh c¢6 bé mat tiép xGc 16n va pha dong chay qua pha tinh. Pha tinh
c6 thé 12 mot chét rin (hat xop hay min) hay mét chat long (duoc gitr trén mot chét
mang). Khi pha dong la chat long, phuong phap duoc goi 1a phuong phap sac ki long
(LC), twong tu khi pha dong l1a chat khi, phuong phap dwoc goi 1a phuong phap sic
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ki khi (GC). So véi phuong phap GC, phuong phap HPLC phan tich khang sinh dugc
str dung phd bién hon. Trong phuong phap HPLC, tiiy thudc vao ciu trdc phan ti,
tinh chit héa ly, nong do cua khang sinh trong mau duoc pham va mau sinh hoc, ...
ma lra chon cac detector phi hop dé phat hién nhu detector UV, DAD, MS, ...
Phuong phap sic ki 16ng hiéu ning cao da duoc nhiéu tac gia sir dung dé xac dinh
glucosamin [6, 12, 13, 68, 75, 78, 79, 82] va xac dinh cac vitamin [7, 10, 21, 35, 55].

Tac gia Rada Amid va cong su st dung phuong phap sac ki long hiéu nang cao
pha dao (RP-HPLC) dé xac dinh dong thoi cac vitamin nhom B gém vitamin B,
vitamin Bs, vitamin B Vva vitamin Bz trong mau thic pham chire nang. Viéc xac dinh
cac vitamin da duoc tién hanh trén cot Supelcosil ABZ* (15 cm; 4,6 mm; 5 um) voi
pha dong la methanol/trietylamine (TEA) 0,1% (25:75 v/v); pH = 2,8. Nghién ctru str
dung detector UV-Vis Waters M 484 tai budc song 290 nm. Khoang duong chuan
cua vitamin By, vitamin Bs, vitamin Bs, vitamin Bg va vitamin Bz lan luot 1a 10-30
ug/mL; 20-60 pg/mL; 5-15 pg/mL; 0,4-1,2 pg/mL; 0,5-1,5 pg/mL véi hé sé tuong
quan R? > 0,9980. Po chinh xac cua phuwong phap da duoc kiém tra bang cach xac
dinh d6 thu héi trung binh. D6 thu hdi cua tat ca cac vitamin nhém B & dang vién c6
gia tri dao dong trong khoang tir 90,4% dén 108,5% (RSD tir 0,5% dén 4,1%) [10].

Cung theo mot nghién ctru khac, phuong phap RP-HPLC da duoc céc tac gia R.
Ekine va C. Kadakal phat trién dé xac dinh cac vitamin nhém B trong mau thuc pham
chic niang cua Tho Nhi Ky. Cac vitamin nay duoc phan tich trén cot C18 (150 mm x
4,6 mm) véi pha dong 1a KH2PO4 0,1 mol/L (pH = 7,0) va methanol 90:10 (v/v), tbc
d6 dong 1a 0,7 mL/phat. Cac gigi han phat hién nam trong khoang tir 0,1 mg/L dén
0,5 mg/L. D6 chinh x4c ciia phuong phap da duoc kiém tra théng qua do thu hdi trung
binh, gia tri dao dong trong khoang 96,51% dén 99,40% [21].

Trong mét cdng trinh nghién ciru khéc, cac tac gia Jin Tan, Rong Li va Zi-Tao
Jiang [35] da sir dung phuong phap sic Ky long twong tac wa nudc (HILIC) dé xac
dinh vitamin By, nghién ctru stir dung cot titania véi detector UV. Theo bai bao nay,
diéu kién tién hanh xac dinh vitamin B1: pha dong 1a dém phosphate 2 mM véi pH =
6,5 trong 60% MeCN (v/v), nhiét d6 cot & 25 °C, thé tich bom mau 20 pL, toc do
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dong 1a 1mL/pht, detector UV do & budc séng 240 nm. Phuong phap co do tuyén
tinh tét (R2= 0,9997), gii han phat hién cua vitamin B1 12 75 ng/mL.

Mot sb nghién ciu st dung phwong phap sic ky long xac dinh glucosamin va

c4c vitamin nhom B trong mau dugc pham va TPCN duoc tém tat trong bang 1.3.

Bang 1.3. TOm tit mét sé nghién cizu bang phwong phdp sdc ky long

Chat phantich | Nén mau Detector | Thong sé phwong phap | TLTK
, Detector do
_ Thuc pham | -R%>0,999
Glucosamin chi so6 khuc .. [79]
chirc nang - b6 thu hoi: 98,4 %
Xa
- Khoang tuyén tinh:
_ Thuc pham 0,05-2,5 mg/L
Glucosamin DAD [13]
chirc nang - LOD: 0,014 mg/L
- LOQ: 0,046 mg/L
- Khoang tuyén tinh:
6000-9000 pg/mL
Glucosamin Duoc pham uv - LOD: 2,939 pg/mL [68]
- LOQ: 9,796 pg/mL
- R?>0,999
- R?: 0.9998
Glucosamin Dugc pham uv - LOD = 0,02 pg/ml [12]
-RSD < 1%
- Khoang tuyén tinh:
Glucosamin Thuc pham 600 - 1400 pg/mL
PDA N [6]
sulfate chirc nang - b6 thu hoi: 98- 102%
-RSD < 2%
Duoc pham, - LOD=0,0039 pg/mL
Glucosamin thuc pham uv - RSD <2% [75]
chirc nang
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Vitamin By, - Khoang tuyén tinh:
Vitamin B, Thuc pham MS 0,2-200 ng/mL -
Vitamin Bs, churc nang - LOD: 0,027-0,038
Vitamin Be Mg/g
Vitamin By, 2 - LOD: 0,625-1,25
Vitamin B Dugc pham, pg/mL
3y A

Vitamin B, -I;EC pfjam uv - Khoang tuyén tinh: 10- [10]
Vitamin Be M 30 pg/mL
Vitamin By,
Vitamin By, 2 - Khoang tuyén tinh: 1-
Vitamin Bs, 12‘;2 EZEm UV | 200 mg/L [21]
Vitamin B, & - LOD: 0,1-0,5 mg/L
Vitamin Bg

L Thuc pham - LOD: 75 ng/mL
Vitamin By chirc nang uv - R 0.9997 [3]

1.4.4. Phwong phdp dién di mao qudn

Hién nay, phuong phap dién di mao quan duoc sir dung rong rai do tinh chat wu
viét vé hiéu qua tach cao, thoi gian tach ngan, lwong mau tiéu ton it. Phuong phap da
dugc (g dung phan tach va xac dinh cac khoang chat, glucosamin va cac vitamin

nhom B trong nhiéu ddi trgng mau khac nhau.

Mg?*, K*, Na*, Ca?* trong cac san pham TPCN dang tiém dugc Susanne
Nussbaumer va cac cong su [59] xac dinh bang phuong phap dién di mao quan sir
dung detector d6 dan khong tiép xuc (CE-C*D). Nghién ciru sir dung mao quan silica
(64,5 cmx50 um ID); dung dich dién ly 1a hdn hop Tris-acetate 100 mM (pH=4,5) va
acetonitrile (80:20, v/v); thé tach +30 kV. Hiéu suat thu hdi dat 98,6-101,8%; do léch
chuan (RSD) dao dong tir 0,4-1,3%. Phuong phap nay da duoc ung dung dé xac dinh
Mg?*, K*, Na*, Ca%* trong c4c san pham TPCN theo dang duong tiém.

Nhém tac gia Patcharin Chaisuwan va cong su [62] da xac dinh thanh cong duoc
glucosamin trong duoc pham bang phuong phap dién di mao quan trong thoi gian
phan tich nhanh (dugi 3 phat). Theo nghién ciu, chat phan tich duoc t6i vu hoa trong
cac diéu kién thi nghiém: 20 mM dém MES/His (pH = 6,0) véi detector C*D; mao
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quan silica c6 duong kinh 1D = 100 um, téng chiéu dai 35cm va chiéu dai hiéu dung
1a 24cm; dién ap +7 KV tai nhiét d6 25°C. Viéc bom mau duoc thuc hién theo phuong
phap thay dong hoc (5s duéi &p suat 0,5 psi). Po léch chuan trong d6i RSD < 1,91%
va d6 thu hdi cua phwong phap nam trong khoang 86,5- 104,78 %. Khoang tuyén tinh
dugc xay dung trong khoang 0,10 - 2,50 mg/mL véi hé sé twong quan 16n.

Mot nghién ctru khac xac dinh glucosamin trong dwgc pham va TPCN da sir
dung phuong phap dién di mao quan ving két hop véi detector d6 dan dién khdng
tiép xtic. Theo d6, Pavel Jac cung cong su [63] da tdi wu duogc cac diéu kién phan tich
nhu: mao quan silica (chiéu dai mao quan 75cm véi chiéu dai hiéu dung 27cm, 1D 50
um), dung dich dién ly 1a dém acetate 30mM (pH=5,2), thé dién ap 30 kV vai hé bom
mau tu dong. Thoi gian phan tach nhanh dudi 3 phut. Khoang tuyén tinh xay dyng
trong khoang 100- 300 pg/mL véi hé s6 tuong quan R2 cao 0,997. Gidi han phéat hién
la 9,3 pg/mL. Két qua cho thdy do léch chuan twong ddi (RSD) cia phuong phap
khoang 2,35 % (n= 15) va d6 thu hdi tim duoc trong khoang 94,6- 103,3 %.

Mot nghién ctru cua tac gia L. Fotsing va cong su [25] da xac dinh duoc 6
vitamin tan trong nudc (vitamin By, vitamin By, vitamin Bz, vitamin Bs, vitamin Be,
vitamin C) trong dugc pham bang phuong phap dién di mao quan vang st dung
detector UV. Diéu kién tdi wu duoc chon dé phan tich dong thoi cac chét 1a dém borat
50 mM; pH = 8,5; thé tach 25 kV; nhiét do 25 °C; detector UV buéc song 225 nm
cho vitamin By, vitamin By, vitamin Bz va vitamin Cbudc song 215 nm cho vitamin
Bs va vitamin Be. Phuong phap cho két qua tuyén tinh tét R? > 0,99.

Cac tac gia Marina Franco, Renata Jasionowska va Elisa Salvatore [47] da xac
dinh thanh céng dong thoi cac vitamin nhém B (B, Bz, Bs, Bs, Bs, Bo) trong dugc
pham va thudc thi y bang phuong phap dién di mao quan ving (CZE). Theo nghién
ctru, cac chat phan tich dwoc tach ¢ diéu kién téi wu 1a dém tetraborat 20 mM véi
pH = 9,2; detector UV-DAD; mao quan silica c6 duong kinh trong 1D = 50 um:; tong
chiéu dai 59,5 cm; chiéu dai hiéu dung 49,5 cm; thé tach 20 kV va nhiét do 25 °C,
bom mau duoc thuc hién theo phuong phap thiy dong hoc. Nghién cau sir dung

detector UV-DAD tai budc séng 214 nm cho tin hiéu cua tat ca cac loai vitamin ngoai

34



trir vitamin Bs (190 nm) va vitamin B (260 nm). DB thu hoi 97,0-101,4%.

Mot s6 nghién cau st dung phuong phap dién di mao quan xac dinh canxi,

magie, glucosamin va c4c vitamin nhém B trong mau duoc pham va TPCN duoc tom

tat trong bang 1.4.

Bang 1.4. TOm tit mét sé nghién citu bang phwong phdp dién di mao qudn

Chat phantich | Nén miu | Detector | Thdng sé phwong phap | TLTK
2+ 2+ K+ A -R2>
Ca“™, Mg+ , KT, Thl{zc pfjam cD R=> 0,999 [59]
Na chirc nang - LOD: 0,02 mM
Duoc pham, - Khoang tuyén tinh:
Glucosamin | Thyc pham C*D 0,10 - 2,50 mg/mL [62]
chirc ning -R?>0,99
- Khoang tuyén tinh:
_ Thuc pham 40-400 pg/mL
Glucosamin chite nang uv _R?> 0,08 [57]
- LOD: 33,3 pg/mL
owoin, || S
. X 4 =
Glucosamin EE?; izim C*D _R?> 0,997 [63]
8 - LOD: 9,2 pg/mL
_ Thuc pham -R2>0,96
Glucosamin |- o\ vonang | YV | -LOD: 0,1 mM 371
- Khoang tuyén tinh: 10-
100 mg/L (glucosamin);
i 20-200 mg/L (Chondroitin
Glucosamin, Thuc pham sulphat)
ChS(LI’Ildrr](;[tln chirc ning v -R?>0,999 [22]
P _LOD: 0,8 mg/L
(glucosamin); 3,0 mg/L
(Chondroitin sulphat)
Vitamin By,
Vitamin B>,
Vitamin Bs, Thuc pham -R2>0,99
Vitamin Bs, churc nang v [25]
Vitamin Be,
Vitamin C
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e
Vitamin Bz’ Thyc phim - LOD: 0,25; 0.,06; 0.07;
tamin s, re ph UV | 025 030; 2,00 pg/mL | [48]
Vitamin Bs, churc nang ] .
o (twong ng vitamin By; By;
Vitamin Be, Be: By Buo: Bo)
Vitamin 812 6, D3, bi12, D5
Vitamin By,
Vitamin Ba,
Vitamin Bs, 2 UV- -R?>0,99
vitaminBs, | D¥9CPMM | 5aAp | - LOD: 09-9,0 pgmL [47]
Vitamin B,
Vitamin Bg

Trén co sé cac két qua tong quan dugc vé cac phuong phap phan tich co thé
thay nhin chung, phuong phap quang hoc va phuong phéap dién hoa don gian, dé tién
hanh, nhung chi xac dinh duoc tirng chat riéng ré va khong phu hop véi cac mau da
thanh phan. Phuong phap HPLC cho két qua tach tét, do chinh xac, d6 nhay cao
nhung gia thanh va chi phi phan tich mot mau I6n. Phuong phap nay du xéac dinh
dugc dong thoi nhiéu dbi tuong chat, tuy nhién khong phan tich duogc dong thoi cac
chat c6 tinh chat khac nhau nhu glucosamin va Ca, vitamin Bs va Mg,...Phuong phap
di mao quan (CE) c6 thé xac dinh dong thoi cac nhdm chat vai dung dich dién ly kha
don gian va LOD cua phuong phap kha thap, s& 1a budc phat trién méi nham khic
phuc nhitng nhuoc diém cua cac phuong phép quang, dién va HPLC nhung van bao
dam két qua dang tin cay. Trong s6 cac phuong phap CE, phuwong phap CE voi
detector quang phé hap thu phan tir UV-Vis duoc st dung rong réi nhat do hoat dong
dwa trén nguyén tic do do hap thy trong viing UV-Vis, phl hop véi da dang cac chat
phan tich v co va hitu co. Tuy nhién detector nay thudng c6 d6 nhay kém do bé day
I6p do quang trong mao quan c6 kich thuéc nhé, mao quan khong co do déo cao, dé
gay va khdng &p dung duogc véi céc chat khdng ¢ kha ning hap thu quang. Bén canh
d6, phuong phap CE-UV ciing khong phan tich dugc dong thoi cac chét co tinh chat
khac nhau nhu glucosamin va Ca, vitamin Be va Mg,... vi rat kho tim duoc cac phdi
tir hitu co c6 kha ning tao phirc dong thoi véi ca 2 chat (rat kho tim diéu kién dé 2

chat c6 tinh chat khac nhau ciing cho tin hiéu o hap thu quang).
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Phuong phap dién di mao quan véi detector d6 dan khong tiép xdc (CE-C*D)
c6 thé phan tich dugc da dang céc hop chat khac nhau, ké ca cac chat khdng c6 kha
ning hap thu quang, c6 d6 bén va d6 nhay cao, vi vay s& duoc lya chon dé khao sat
xac dinh cac nhom chét trong luan an nay. Pac biét, phuong phap CE-C*D c6 tiém
ning xac xac dinh dong thoi cac chét c6 tinh chat khac nhau nhu glucosamin va Ca,
vitamin Bs va Mg,... nhd vao viéc xuat hién tin hiéu dong thoi ¢ dang cation hoic
anion trén dién di d6 va viéc do d6 dan khong phu thudc vao tinh chét cua cac chat
trong diéu kién phan tach.

1.5. Tong quan vé phwong phap dién di mao quan
1.5.1. Gigi thiéu chung vé phwong phdp dién di mao qudn

Dién di mao quan (CE) 1a mot ki thuat tach céc chat dua trén su di chuyén khéc
nhau cta cac phan tir chat (chu yéu 1a cac ion mang dién tich) trong dung dich chat
dién ly c6 chat dém pH dudi tac dung mot dién truong (E) nhat dinh dugc sinh ra do
thé V [5]. Thuat ngir “dién di” dugc Miaelis dua ra nam 1909 khi nghién ctiu tach
protein dua trén diém dang dién [41]. Tuy nhién, nén tang cia ph uong phap dién di
duoc Tiselius dua ra vao nim 1937, trén co s& nghién ciu tach thanh céng hon hop
protein phirc tap bang thé thap (110-220 V) (ngay nay goi 1a dién di c6 dién). Vi két
qua nay Tiselius da duoc giai Nobel Hoa hoc nim 1948 va mé ra tiém ning cta phan
tich dién di [5]. Tuy nhién, trong k¥ thuat dién di c6 dién, hiéu lyc tach khong cao do
xay ra su khuéch tan nhiét va dbi luu kha 16n. Bién di mao quan thuc hién trong mot
ong hep hay mot mao quan, lan dau tién dugce dé xuat boi Hjerten nim 1967 [67], da
khac phuc nhitng han ché cua dién di c6 dién. Nam 1980 danh dau mot méc quan
trong trong CE khi Jorgenson va cong su da sir dung mao quan silica duong kinh
trong 75 um dé tach cac hop chat mang dién va cac acid amin voi detector huynh
quang [31, 38, 76]. Hién nay, phuong phap CE dugc phén loai thanh cac ky thuat
dién di theo co ché tiach nhu sau: Pién di mao quan ving (Capillary zone
electrophoresis- CZE), dién di mao quan diém dang dién (Isoelectric focusing- IFF),
dién di mao quan diang toc do (Isotachophoresis- ITP), dién di mao quan gel

(Capillary gel electrophoresis- CGE), sic ky dién di mao quan dién dong hoc kiéu

37



micelle (Micellar electrophoresis capillary chromatography- MECC). Phuong phap
dién di hién dai stir dung cdc mao quan c6 duong kinh nho hon, tir 25-50 um da lam
ting dang ké hiéu lyc tach. Xu huéng gan day trong nghién cttu CE 13 viéc thu nho
va ty dong hoa thiét bi [19] . Ngay nay, CE da chang minh 1a mot ki thuat tach hiéu
qua, dugc tng dung rong réi trong khoa hoc, cbng nghé, sinh hoc, 1am sang, duoc
phim, moi truong ... [2, 18, 24, 46, 56, 61, 64, 71].
1.5.2. Nguyén tdc va cdu tgo ciia mét hé dién di mao qudn co bdn

Phuong phap dién di mao quan hién dai sir dung dién truong sinh ra boi mot
ngudn thé cao (hang chuc kV) ap vao mao quan (c6 duong kinh trong 10-150 pm) tai
dau bom mau, lam cho céc chét tich dién (trong nén dung dich dién ly, c6 dém pH
thich hop) di chuyén véi toc @6 khac nhau va tach ra khoi nhau [7]. Tuong ty thoi
gian luu trong sac Ky, trong phan tich bang CE, thoi gian di chuyén duoc ding dé
dinh tinh céc ion, con viéc dinh lugng s€ dua trén tin hiéu dién tich pic thu dwoc trong
qua trinh dién di. Trén co s& nguyén tic caa CE, mot hé thiét bj CE co ban md ta nhu
trong hinh 1.6 [3].

=
AT
44— /AD o
— , Mao quan
(= 00 2 =
Pieu Khién Detector A /// <
I e //
//
\ i |
'y ' 1 ,
\ ’-n Dung dich (VAR Dung dich
00— dém MauFT dém

Nguon dien
the cao

Hinh 1.6. So do cdu tao ciia mét hé thiét bi CE

Mau duge bom vao mao quan theo mot trong ba phuong thic: Ky thuat thiay
dong hoc dung &p suat, ky thuat thay dong hoc kiéu xi phdng va ky thuat dién dong
hoc [5]. Mao quan thuong lam bang vat liéu silic goi 1a mao quan silica, pha bén
ngoai boi mot 16p polyme c6 d6 day tir 200-350 um, duong kinh ngoai (OD) 365 um,
duong kinh trong (ID) tir 10-150 um (phd bién 1 50 pm), chiéu dai mao quan c6 thé

tir 10-100 cm (phd bién 1a 60 cm). Hai ddu mao quan dugc dat trong hai binh chaa
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dung dich dién ly. Mot nguén thé cao tir 5-30 kV s& sinh ra dién truong (E) cho qua
trinh dién di xay ra. Cac két qua thuc nghiém cho thay véi mao quan silica, bé mat
mao quan thuong tich dién am, khi d6 s& xuat hién mot 16p dién kép 1am cho thanh
mao quan c6 mot dién thé nhat dinh (thé Zeta) [5].

1.5.3. Co sé ly thuyét ciia dién di mao qudn

Sy tach céc chat bang CE dua trén téc d6 di chuyén khéac nhau cua hat tich dién
duéi tac dung cua lyc tir dién truong E thich hop, toe do d6 ty 1¢ thuan véi cuong do
dién truong (E).

v = nE (1.1)

Trong d6 p duoc goi 1a d6 linh dién di, 14 hang sé dic trung cho hat tich dién
trong mot diéu kién dién di xac dinh. Do dién di phu thudc vao luc dién di (Fe) va luc
can tré (Fr), khi téc d6 ciia dong on dinh, hai luc nay sé can bang (Fe = F).

Luc dién di gay ra chuyén dong caa hat mang dién trong mao quan, dugc tinh
bai cong thirc:

Fe=q.E (1.2)
Luc can tré sinh ra do d6 nhét cua dung dich dién ly, duoc thé hién bang dinh
luat Stokes:
Fr = —6.tm.r.v (1.3)
Trong d6 1 1a @6 nhét cua dung dich dién ly, r 1a ban kinh ion.
Tur cong thuce (1.1), (1.2), (1.3) ta co:
u=q/(6.t.n.1r.) (1.4)

Tt cdng thac (1.4) co thé thay, do dién di ty 1& thuan vai dién tich caa phan te
mang dién va ty 1€ nghich véi d6 nhét cua dung dich dién ly, ban kinh hydrat cua
phan tir mang dién. Nghia 13, trong mot dién truedng E nhat dinh, chat nao c6 dién tich
I6n va kich thuéc nho sé& di chuyén nhanh; cac chat mang dién cung dién tich thi chat
nao co kich thuéc nho s& di chuyén nhanh hon; cac chat mang dién clng ban kinh,
chat nao co dién tich 16n s& di chuyén nhanh hon.

Tuy nhién, trong thuc té, d6 dién di con phu thudc vao céc yéu té khac nhu pH,

nong d6 cua dung dich dién ly, thanh phan, ndng do cia chat dién ly trong pha dong,
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hang sb dién ly cua chat phan tich, chat hoat dong bé mit, chat phu gia trung tinh
trong pha dong, dung mdi hitu co thém vao pha dong dién di hay mau phan tich... Va
dic biét, do dién di co méi quan hé mat thiét véi dong EOF, cac yéu td trén ngoai anh
huong dén d6 dién di ciing anh huong dén ca dong EOF [5]. Vi vay, trong phuong
phap dién di phai tim cac diéu kién thich hop dé c6 do dién di va dong EOF phu hop
nhit cho viéc tach chat.

1.5.4. Dong di¢n di thdm thdu va se di chuyén ciia ion chdt phan tich trong mao qudn

Cung véi 16p dién kép, trong mao quan s& xuat hién moét dong chay caa khoi
chat long duoc goi 1a dong dién di tham thau (EOF). Dong nay cé quan hé mat thiét
Vi 16p dién kép trén thanh mao quan va duoc quyét dinh bai thé tach V, pH cua pha
dong dién di, chat dién ly (thanh phan, nong d6) va bi anh huong cua I6p dién kép
(hay thé Zeta, Vzt), dd nhét caa dung dich pha dong, hang sé dién moéi & cia pha
dong, loai mao quan, do x6p, ¢& hat ciia chat nhoi mao quan. Tat ca cac phan tir mang
dién (ion duong va ion 4m) va khong mang dién déu bi di chuyén (dién di) trong dong
chay EOF theo mét huéng nhat dinh, thich hop (hinh 1.7).

C6 nhiéu phuong phap khac nhau dé thay d6i dong EOF nhu thay ddi thé tach,
dung dich dién ly (pH, luc ion hay nong do dém), nhiét do, dung cac phu gia, dung
méi hitu co, cac chat hoat dong bé mit....[5]. Mdi phuong phap déu c6 wu nhuoc
diém nhat dinh, viéc lya chon str dung phuong phéap nao phu thudc vao nhiéu yéu to
nhu dic trung ctia chat phan tich, nén mau, do phan giai can dat dugc, ... Tir thuc té
phan tich, viéc thay doi pH cua dung dich dién ly 1a phuong phap tién loi va thuong
duogc sir dung dé thay d6i dong EOF. Téc do dong EOF s& giam ¢ pH thap va ting ¢
pH cao, do d6 dé 1am giau, cac anion chat phan tich c6 toc do dién di nho hon toc do
dong EOF thuong duoc phan tich bang k§ thuat phan cuc nguoc & pH cao. Tuy nhién,
can luu ¥ 1a viée diéu chinh pH cua dung dich dién ly c6 thé anh huéng dén trang thai
t6n tai cua chat phan tich va do dién di caa ching. Qua trinh phan tich chi hiéu qua
khi chon duoc pH thich hop dé dam bao vé téc do dong EOF va qua trinh di chuyén
cta chat phan tich [5].
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Hinh 1.7. Dong EOF va si di chuyén cia cac cation va anion trong mao qudn

1.5.5. Céc detector thdng dung trong phwong phdp dién di mao qudn

Trong phuong phap dién di mao quan, su phat hién cac chat trong qué trinh tach
c6 thé duoc thyc hién truc tiép hay gian tiép, tiy vao ban chét cua cac chat phan tich
[5, 66]. Con viéc dinh luong dya trén méi quan hé giira tin hiéu do cua chit phan tich
Vv6i ndng do Cx ciia n6 theo biéu thuc:

H = k.Cx (1.5a)
Hoac S =k.Cx (1.5b)

Trong d6, H 1a chiéu cao, con S la dién tich pic dién di ctia chat phan tich. Viéc phat
hién va do dinh luwong nay duoc thuc hién nho céc loai detector tuong tw nhu trong
ki thuat HPLC, chi khac la detector ¢ day duoc dat gan dau cudi cia mao quan (cot
tach) ma khong can mot detector do riéng nhu trong HPLC. D6 chinh 1a mot wu diém
vé su don gian cua ky thuat CE. Ty thudc vao muc dich phat hién hay dinh luong,
cling nhu tiry thudc vao tinh chat héa hoc, hoa ly, vat ly cia cac chat phan tich ma s
dung cac detector twong tng nhu: Detector quang hoc, detector khdi phd, detector
dién hoa, detector o dan, ... [66].
1.4.5.1. Detector quang hoc

Hau hét c4c thiét bi CE thwong pham hién nay st dung detector quang pho hap
thu phan tir (UV-Vis) hoic huynh quang. Mic du ¢6 nhitng han ché nhat dinh vé kha
nang Gng dung nhung day 14 nhimg detector da dugc khang dinh 12 hiru hiéu. Detector
quang pho hap thy phan tr (UV-Vis) 1a detector duoc dung phd bién nhat, dap tng

vé6i nhitng chat phan tich c6 kha ning hap thu anh sang trong viing UV-Vis. Déi voi
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nhitng chit phan tich khong hap thu anh sdng UV-Vis nhu cac ion v co, cac amino
acid... can cd thém thudc thir dé tao cac hop chat mau trung gian (giita chat phan tich
vé6i thudce thir), tuy nhién viéc nay c6 thé 1am giam do nhay va khoang tuyén tinh. Khi
sir dung detector UV-Vis, 16p polyme phii bén ngoai mao quan phai mong dé tao cua
s6 quang hoc vi vy mao quan khéng c6 do déo cao, dé giy. D6 nhay cua detector
nay phu thuoc vao duong di quang hoc hay chinh la duong kinh bén trong cua mao
quan nén cadc mao quan c6 duong kinh trong nho hon 50 pm khong thich hop cho
viéc str dung detector UV-Vis.

Detector huynh quang dung dé phat hién va dinh luong cac chat c6 kha ning
phat huynh quang va céc dan xuat c6 tinh phat huynh quang. Chat phan tich hap thu
nang lugng anh sang tai mot budce song nhat dinh, nhung ngay sau d6 sé& bi suy bién
(méat mot phan nang lwong hap thu) va l1ap tic phat ra huynh quang tai mot budc séng
dai hon [31, 66]. Detector huynh quang cho dén nay la detector c6 do nhay cao nhat,
v6i LOD thuong thap hon tir 10 dén 1000 lan so véi detector UV-Vis. Tuy nhién
detector nay c6 gia thanh cao, can dugc kich thich bang buc xa laser va c6 thé xay ra
hién twong giam tin hiéu do cua chat phén tich do cudong d6 anh séng kich thich Ion.
Tuong tu nhu detector UV-Vis, d6i véi chat phan tich khdng c¢é tinh huynh quang
nhu céc chat vo co (cac ion kim loai va anion), can tao ra mot phirc chat c6 tinh huynh
quang bang cach cho chat phan tich tac dung vai mot thude thir huynh quang phi hop
theo mot phan ng c6 tinh chét dinh luong.
1.4.5.2. Detector khoi pho

Detector khéi phé 1a detector van niang cho phan tich dinh tinh va dinh luong
c4c chat, co do nhay cao vi thé 1a detector wu viét hon so vai cac detector UV-Vis,
huynh quang hay dién héa. Trong phuong phap khdi pho, cac phan tir bi ion héa duoc
tang tbc trong mot truong dién tir va sau dé dugc tach theo khéi luong cua nd. Qué
trinh ion hoa thuong cung cip du ning luong dé phan ti bi pha v thanh cac manh
khac nhau. Ngoai dinh tinh va dinh luong, detector khdi phd con cho biét cau tric
cua chit phan tich, do d6 no tré thanh mot cdng cu quan trong dé phan tich dic tinh

cua cac phén tir sinh hoc, dac biét la cac peptit va cac protein. Tuy nhién detector
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khdi phé c6 gia thanh cao va ciu tao phirc tap, can phai c¢é sy két ndi tinh vi véi cac
mao mach dién va dién cuc sir dung trong CE phai déng bo vai cau tao caa khéi pho.
Dién di mao quan ghép ndi detector khdi phd da dugc sir dung, thim do trong phap
y, phan tich méi trudng, phan tich sinh hoc, phan tich dugc pham, nghién ctu su
chuyén hoa cua céc chat... [16, 50].

1.4.5.3. Detector dién hboa

Detector do dién thé 1a mot detector don gian va tién loi nhat trong céac detector
dién hoa. Trong detector do dién thé, nong do chit phan tich dugc xac dinh dya vao
su thay ddi thé dién cuc cua mot dién cuc lam viéc khi nhing vao dung dich phan
tich ciing véi mot dién cuc so sanh. Bién cuc 1am viéc cd thé 1a dién cuc thay tinh,
dién cuc long, dién cuc ran hay cac dién cuc chon loc ion (ISE). Trong d6, dién cuc
chon loc ion mang long thu nho dugc tng dung pho bién trong cac nghién cau veé
sinh hoc d3 budc dau duoc sir dung nhu mét detector trong CE [15, 74]. Detector nay
chi dap ang chon loc v&i mot ion nhat dinh nén 1a detector c6 dd chon loc cao nhat
trong cac detector dién hoa. Phuong trinh gia Nernst dugc sir dung dé md ta sy phu
thudc cua ndng do chat phan tich vao su thay ddi thé giira hai dién cuc.

Trong detector do dong, mdt hé ba dién cuc gom: dién cuc 1am viéc, dién cuc
so sanh va dién cuc phu tro duoc sir dung dé thiét 1ap nén mot mach dién dic biét.
Dong dién sinh ra do qua trinh oxi héa hoac qua trinh khir chat phan tich hay chinh
la do su chuyén electron giira dién cuc l1am viéc va dién cuc phu trg, dong dién nay
s& ty 16 voi ndng do chat phan tich. Tuy nhién phuong phap nay chi dap tng véi cac
chat phan tich c6 tinh oxi hda hoic khir nhu cac catecholamine, amin thom va phenol
[29, 33].

Trong céc detector dién hoéa thi detector do dan ¢6 nhiéu wu diém ndi bat do dap
g duoc Vai tit ca cac chat phan tich mang dién. Chét phan tich duoc phat hién boi
detector trong mét nén dung dich dién ly. Khac véi detector do dién thé va do dong
can ¢ phan tng dién hoa trén bé mat dién cuc, detector do dan tryc tiép do do dan
cua dung dich phan tich duoc dat gitta hai dién cuc. Detector do dan c6 thé hoat dong

theo kiéu tiép xtc hodc khong tiép xuc, vi tri dit detector c6 thé tiép xtc hoac khong
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tiép xuc dién véi dién cuc va dung dich dién ly twong tng. Vé co ban, khdng c6 su
khac biét khi do @6 din theo hai kiéu trén, d6 din déu do I6p dién kép cua cac phan
tr mang dién thiét 1ap qua mot 16p cach dién [87]. Do nhay cua detector phu thudc
nhiéu vao nén din dién vi vay nén chon dung dich dién ly phan tich phi hop, c6 do
dan nhoé nhat. Detector d6 dan dugc sir dung nhiéu véi nhitng chat phan tich khdng
c6 kha ning hap thu UV-Vis nhung c6 kha ning dan dién cao nhu cac ion vé co, cic
acid amin...[45, 74, 84].

Mot nhuge diém chung cua céac detector dién hoa khi dung dé dinh luong truc
tiép 1a do chon loc kém. Giai phap dé han ché nhugc diém nay 1a két hop giita phuong
phap dinh luong bang detector dién hoa voi mot ky thuat tach, trong do6 tach bang
dién di duoc coi 1a mot ki thuat tach don gian va phd hop nhat (phd hop hon cac
phuong phap sic ky) do cung 1a phuong phéap dién hoa.

1.5.6. Detector d¢ ddn khong tiép xtc (C*D)

Detector d6 dan khdng tiép xtc (C*D) véi thiét ké hai dién cuc dong truc duoc
gidi thieu lan dau trén thé gidi vao nam 1998 bai Zemann cing cac cong su [84] va
Da Silva, Do Lago [26], thiét ké nay van duoc dung cho t6i tan ngay nay. Dya trén
thiét ké nay, nam 2002, nhom nghién ctru ciia GS Peter Hauser (khoa Hoa hoc, trudng
dai hoc Basel, Thuy S¥) di phat trién thanh céng dong san pham C*D véi nguédn dién
thé kich thich xoay chiéu cao (HV-C*D, 200V). Hang dién tr eDAQ cua Uc sau do
da phdi hop ciing nhém nghién cau cua GS. Peter Hauser dé phat trién nghién ctu
nay thanh dong C*D thuong pham. Nguyén tic hoat dong cia C*D duoc md ta nhu
hinh 1.8 va hinh 1.9 dudi day:

Nguén kich thich xoay chiéu V
Tansof

A

Mao quan chira dung dich ﬁ %)

Dién cwe 1 \Dién cwe 2
(dién cwe kich thich) (gign cye thu tin higu)

Tin hiéu daura (l)

Hinh 1.8. So' d6 nguyén ly hoat déng cia detector dé dan khdng tiép xuc

44



A Dung dich bén trong mao quan
f E) D
oS f °® 7Z
g ®°c® @ e o / 8
L
£ ® 899 0¢ <
= pe ® o o ¢ s
(3] (S .
c @@ —P0_6© S
10 © D@ ee a
() ®® =) / / @
® @pg® O A ‘A
TudiénC T
B pigntror TV N C

L ———

Hinh 1.9. 4) So dé biéu dién cau truc cia detector dé dan khong tiép xic B) Mach
dién twong duwong
Hai dién cyc hinh 6ng dugc dat néi tiép dong truc bén ngoai mao quan cé chira
dung dich can do (hinh 1.11). Hai dién cuc hinh dng tao véi dung dich bén trong mao
quan hai tu dién C. Khoang dung dich nam gitra hai dién cuc dong vai tro nhu mot
dién tré R. Mach dién twong duong dugc mo ta nhu trong hinh 1.10.
Nguodn dién xoay chiéu (V) véi tan s (f) duge ap vao dién cuc thi nhat. Tin

hiéu duoc do dudi dang cudong do dong dién xoay chiéu (1) tai dién cuc thi hai.
Pién cwc 1 Dungdich  Dién cuc 2

V A i
Al

Cc

\'

o)
R™+
2xfC

Hinh 1.10. Biéu dién moi lién hé giira tin hiéu ddau ra va do \6n (dién thé va tan so)

cia nguon kich thich xoay chiéu
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Theo @6, dong dién I thu duoc tai dién cuc tha hai s€ phu thudc vao d6 16n cua
dién thé V va tan sé f nhu hinh 1.12. Ngudn kich thich V ¢6 gi4 tri cang cao thi tin
hiéu I do dugc cling cang 16n. Néu tan sé hoat dong f cua ngudn kich thich cao (toi

thiéu vai traim kHz), gia tri dung khang Z = (1/2xfC)? s& bi triét tiéu, khi do:

I—V 1.6
=7 (1.6)

V6i R 1a dién tré cua dung dich can do. Viée xac dinh gia trj dién tré ndy s& cho

ta théng tin vé do dan (o) caa cac ion c6 trong dung dich d6 theo cong thirc:

2 2|~

o= (1.7)

< WU

Trong d6: 1 1a chiéu dai khéi vat dan, S la tiét dién ngang vat dan.Theo cong
thirc 1.7 do dan (o) ty 1é nghich véi dién tra (R) ma R lai ty 1& nghich véi cuong do
dong dién (1) theo cong thic 1.6 nén | sé ty I¢é thuan véi o. N6i cach khac néu 1 én
thi o 16n va nguoc lai.

Tin hiéu dau ra thu duoc & dang cudng d6 dong dién (I), sau d6 s& duoc chuyén
d6i va khuéch dai thanh tin hiéu dang dién thé (xoay chiéu), théng qua viéc sir dung
mét dién tro khuéch dai (Rinuech aai) [87].

Vao = I. Rknuscnaar  (1.8)

bién thé xoay chiéu sau d6 duoc chuyén doi thanh dién thé 1 chiéu, loc nhiéu
va khuéch dai, sau ciing chuyén dbi thanh tin hiéu sé hoa trude khi dugc hién thi va
luu trit trén may tinh (hinh 1.11).

Pé tang d6 nhay cua C*D, can sir dung giai phap nang cao nguodn dién thé kich
thich xoay chiéu, thay vi dung cac dién tré khuéch dai qua 16n do khi sir dung céc
dién tré khuéch dai, dong thoi ca tin hiéu can do va nhidu nén s& cung dugc khuéch
dai. Trong nhiéu truang hop, nhiéu nén sau khi khuéch dai s& gay can tro dang ké dén
viéc dinh tinh va dinh luong. Thong thudng, dién trg khuéch dai (Rknuéch dai) NAM trong

khodng 330 kQ —1,5 MQ.
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B phat nguon kich P . Loc nhiéu va
thich xoay chiéu 20V K;hue:c.h ,dal va Zeroglg khuéch dai
chuyen doi tin hi¢u thu. tin hiéu 1 chidu

Khuéch dai —————
ngudn kich thich B0 chuyen tin higu xoay
thanh 200V chiéu thanh 1 chiéu

Tin hi¢u ra (analog)

Mao quan co chira dung dich

) , -
Tam chan Faraday

Dién cuc kich thich bién cuc thu tin hiéu
Bién trd ctia dung dich
Hinh 1.11. Qua trinh chuyén @i tin hiéu cia C*D
% Mét sé tinh néng néi tréi ciia C*D
- Bién cuc khdng can tiép xuc voi dung dich do, tranh bi an mon va hong dién cuc.
- Thé tich mau do rat nho (vai nL).
- La detector van ning (dap (ing Vai tat ca cac hop phan mang dién tich trong
moi trrong nudc).
- CO thé dat & bat ki vi tri nao bang cach di chuyén tiy y doc theo cot phan tich
(khac véi detector UV, vén chi co thé c¢b dinh tai mot diém noi c6 cira $6 quang trén
cot tach).
- C6 thé dung cho tat ca cac cot tach vai vat lidu ché tao khac nhau (Khac voi
detector UV, vén chi phii hop véi nhitng cot trong suét).
- V6i dién di mao quan, C*D khong yéu cau tao cira so quang trén cot tach silica
nong chay, giam nguy co gay cot nhu thudng xay ra véi detector do quang.
- B6 nhay khéng phu thudc vao duong kinh cot tach, sir dung duoc véi mao
quan nhé hon 25 pm (dé tang hiéu qua tach chat).
- C6 kha nang thu nho, van hanh dugc bang ac quy.

- C6 thé ti ché tao dugc voi co s ha ting caa cac xudng dién tai Viét Nam.
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Nhu vay qua téng quan cho thay, phuong phap dién di mao quan (CE) st dung
detector d6 dan khong tiép xudc (C*D) duoc phét trién manh mé trong nhitng nim gan
day. Phuong phap di duoc ung dung rong rii dé phan tich cac chat hiru co va vo co
trong cac ddi tuong mau khac nhau, dic biét hiéu qua trong tach va phan tich cac loai
mau sinh hoc, thuc pham va dugc pham. Day 1a mot trong sé it cac phuong phap phan
tich vira cd thé trién khai hiéu qua trong phong thi nghiém, vira c6 thé phat trién thanh
cdng cu phan tich c6 thé trién khai tai hién truong, tham chi tu dong hoa qua trinh
phan tich khi can thiét. Bac biét, phuong phap CE-C*D c6 tiém ning xac xac dinh
ddng thai cac chit ¢ tinh chat khac nhau nhu glucosamin va Ca, vitamin Bs va Mg, ...
Do d6, phuong phap dién di mao quan sir dung detector d6 dan khéng tiép xuc CE-
C*D 1a su lya chon pht hop cho nghién ctiu phat trién va ang dung phan tich mot sb
khoéng chat, glucosamin va vitamin, tir d6 s& gop phan dam bao chét luong cua duoc

pham va TPCN duoc dua ra thi truong va nang cao suc khoe cong dong.
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CHUONG 2: THUC NGHIEM VA PHUONG PHAP NGHIEN CUU

2.1. Thiét bi va hoa chat
2.1.1. Thiét bj, dung cu
2.1.1.1. Thiét bj CE-C*D
Thiét bi CE str dung trong nghién ctru 1a loai béan tu dong, dugc cung cap boi

cong ty 3sanalysis (http://www.3sanalysis.vn/). Thiét bi CE ¢ ngudn thé cao 1én dén

25 kV, sir dung cam bién do d6 din khéng tiép xuc (C*D). Pay 1a thiét bi dién di mao
quan dang xach tay dau tién trén thé gigi st dung nguon thé cao mini cia hing
Spellman. Detector do do dan khong tiép xtc két néi theo kiéu tu dién (C*D) duoc
thiét ké & dang thu nho, véi ngudn kich thich 200V, véi hai dién cuc hinh dng dong
tryc c6 chiéu dai 4 mm va duong kinh 400 pm dit cach nhau 1mm. Tam chan Faraday
(néi dét) duoc st dung dé ngan cach hai dién cuc.

Mot hé thiét bi CE bao gom cac bo phan:

— Mao quan tach: thuong 1am bang vat liéu silic goi 1a mao quan silica, 12 loai
mao quan pho bién nhat, véi duong kinh ngoai (OD) 365 um, dudng kinh trong (ID)
tir 10 - 150 um (thuong 1a 50 um). Tong chiéu dai mao quan c6 thé tir 10-100 cm
(thudng 13 60 cm). Chiéu dai hiéu dung (1a chiéu dai tinh tir ddu bom mau cua mao
quan dén vi tri dat detector) thuong dao dong tir 25-50 cm ddi véi mao quan dai 60
cm. Trong qua trinh dién di, mao quan duoc nap dy dung dich dién ly.

— Dung dich dién ly: ding dé tao méi trudng cho qua trinh dién di xay ra khi ap
thé cao vao hai dau mao quan. Trong qua trinh dién di, hai ddu mao quan duoc duoc
dat trong hai binh chira dung dich dién ly.

— Ngudn dién thé cao: thudong dao dong tir 5-30 kV nham sinh ra dién truong
I6n cho qua trinh dién di xay ra.

— Detector d6 dan khong tiép xuc két ndi kiéu tu dién (C*D): bo phan phét hién
va ghi nhan tin hiéu caa chat phan tich sau qué trinh phan tach CE, do d6 thuong

dugc dat & phan cudi (gan cudi hoc cudi) cuia mao quan tuy theo loai cam bién,

49


http://www.3sanalysis.vn/

— B6 phan diéu khién: thuong 1a may tinh sir dung phan mém chuyén dung phu
hop, dé ghi nhan, hién thi va xu ly két qua phan tich. Hién nay, b phan nay con c6
thé thuc hién chie ning diéu khién ty dong hoa qua trinh phan tich tir khau bom mau
dén khau cho ra két qua cudi cling cia qué trinh phan tich CE.
2.1.1.2. CAc thiét b khac

Ngoai hé thiét bi CE-C*D, nghién ciru con sir dung mét sb hé thiét bi dé phan
tich dbi chirng bao gém: hé thiét bi ICP-OES phan tich Ca va Mg, hé thiét bi HPLC-
FLD phan tich glucosamin, hé thiét bi HPLC- PDA phan tich vitamin Be va hé thiét
bi UPLC-MS/MS phén tich vitamin By, vitamin Bs va vitamin Bg. Trén co s& tham
khao céc tai liéu [6,7,55] cac thong sb cua thiét bi duoc thé hién trong bang 2.1.

Bang 2.1. Théng sé cac hé thiét bi phdn tich déi chiing

Hé thiét bi ICP-OES phan tich Ca va Mg

Thiét bi Optima 7300 DV, PerkinElmer

Théngsé | Cong suat: 1,1 kW

thiét bi Luu lugng khi plasma: 15,0 L/phat
Luu lugng khi phu trg: 0,2 L/phat
Luu lugng khi buong phun: 0,8 L/ph(t
Ché do plasma: xuyén tam

Téc dd dong mau: 1,5 mL/phat

Thoi gian tré: 30 giay

So lan lap : 3

Hé thiét bi HPLC-FLD phan tich glucosamin

Thiét bi Hé Waters ACQUITY

Cot C1s Symmertry (150 mm x 4,6 mm x5 pum)

Théng s6 | Pha dong: A 1a H,O va B 1a ACN

thiét bi Téc do dong 1 mL/phat

Thé tich bom mau 20 pL

Detector FLD ¢ budc song kich thich (Aex) 265 nm va budc song phéat
Xa (Aem) 315 nm.
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Hé thiét bi HPLC-PDA phan tich vitamin Be

Thiét bi LC-20A, SPD-M20A, Shimadzu

Cot Sunfire C18 (250 mm x 4,6 mm; 5 um)

Thong s6 | Nhiét do 10 cot: 40 °C

thiét bi Téc do pha dong: 1,0 mL/phit

Pha dong: A (phosphate 10 mM, natri heptanesulfonate 5 mM, pH= 3)
va B (acetonitril)

Gradient pha dong (phit — %A — %B): 0,01 —100—0; 1 —95-5; 4,5 —
85-15;7-80-20; 14 — 70 — 30; 18-23 — 100 — 0.

Budc song: 290 nm

Hé thiét bi UPLC- MS/MS phan tich vitamin By, vitamin Bs va vitamin Bg

Thiét bi ACQUITY UPLC H-Class; Waters

Cot BEH C18 (100 mm x 2,1 mm x 1,7 pm, 130 A), H,0
Pha dong A : Ammonium formate/ H20
Pha dong B : Methanol
Téc do dong : 0,15 mL/phat
Dung luong mau : 10 yL
Nhiét do cot: 30°C

Thong s6 | lon héa: Cham ion

thiét bi Dién ap: 2500 V

Nhiét d6 dong khi khu: 500°C

Luu lugng dong khi khu: 800 L/h

Luu lugng khi budng nén: 150 L/h

Luu lugng khi va cham: 0,15 mL/phat
Budng phun: 7 bar

Ngoai ra nghién cru con st dung mot sb thiét bi gom:
- May rung siéu am, co gia nhiét caa hdang BRANSON 521 (M¥).
- May do pH cia hing HANNA (M3).
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- Can phan tich cua hdng S¢ientech (M¥), d6 chinh xac 0,1 mg.
- Tu lanh Sanaky VH — 2899W duing bao quan mau (Viét Nam).
- May Vortex cua hang Labnet (MY).
2.1.1.3. Dung cu
Cac dung cu dugc str dung trong qua trinh thuc hién thi nghiém:
- Dung cu thay tinh: binh dinh muc, pipet, coc, dng nghiém.
- Pipet paster cac loai: 200 pL; 100 uL; 20 pL.
- Ong nhé: 2 pL dé dung mau phan tich .
- Céc lo Falcon 15 mL; 50 mL dé dyng dung dich chuan.
- Bo xylanh loc mau cé duong kinh mang loc 1a 0,45 pm.
- Mao quan str dung la mao quan silica, dwong kinh trong (ID) la 50 pm.
- Mot s6 dung cu théng thuong khéc trong phong thi nghiém.
2.1.2. Hoa chat
Cac hoa chat dung trong nghién ctru déu thudc loai tinh thiét phan tich (PA).
2.1.2.1. Chdt chudn
- Glucosamin hydroclorid (Sigma- Aldrich; do tinh khiét 99,8%: s6 16
BCCB2605).
- Vitamin B; (thiamin hydrochloride) (Chat chuan cua Vién kiém nghiém
thudc Trung wong; do tinh khiét 99,8%; s 16 LRAC8351).
- Vitamin Bs (axit pantothenic) (Sigma- Aldrich; do tinh khiét 98%; s 16
LRAC6779).
- Vitamin Bg (pyridoxin hydrochloride) (Chat chuan caa Vién kiém nghiém
thudc Trung wong; do tinh khiét 99%; s6 16 G1162253)
- Vitamin Bg (axit folic) (Sigma- Aldrich; do tinh khiét 97%; sé 16
LRAB7532).

- Magie nitrat (Mg(NO3)2.6H20) (Merck; do tinh khiét 98%; s6 16 2064886).
- Dung dich chuan Ca2* 1000 mg/L (Merck: d6 tinh khiét 98%: sé 16
03.5.15.02).
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2.1.2.2. H6a chdt dung moi
- Arginine (Arg) (Fluka, > 99,5%),
- Histidin (His) (Fluka, > 99,0%),
- Tris(hydroxymethyl)aminomethan (Tris) (Fluka, > 99,0%),
- 2-Morpholinoethanesulfonic (MES) (Fluka, > 99,0 %),
- 9-Fluorenylmethyl chloroformate (FMOC-CI) (Sigma- Aldrich, > 99%)
- Acid acetic (Ace) (PA, Merck),
- Acetonitrile (ACN) (PA, Merck),
- Natri hydroxide (NaOH) (Merck, Buc),
- Acid hydrochloric (HCI) (Merck, buc),
- Acid Boric (Merck, Brc),
- Acid phosphatatse (Sigma- Aldrich, USA),
- Céc dung mobi khac: n-hexan, Metaphosphoric 3%, acid trichloroacetic
(TCA),
- Chét chuan noi danh dau dong vi: Cs-THI, 3C4"°N2-RIB, 2H4-NIC, 2H;-
NIA, 13C4-PYN, 2H3-PYL va 2Hs-PYM) (PA, Ambler),
- Nudc deion: 12 nudc cat hai lan duoc loc qua bo loc siéu tinh khiét ¢ cot
trao doi cation, anion va mang loc 0,22 pum.
2.1.2.3. Chudn bj cac dung dich hoa chat
e Pha dung dich chudn
- Dung dich chuan glucosamin duoc pha tir chat chuan twong wng (muc
2.1.2.1) trong nudc deion: Can chinh x4c 31,16 mg chat chuan (glucosamin
hydroclorid d6 tinh khiét 99,8%) chuyén vao binh dinh muc 25,00 mL. Thém 10 mL
nuéc deion va tién hanh rung siéu am trong 30 phat dé hoa tan hoan toan chat sau do
dinh mirc téi vach bang nudce deion thu dugc dung dich glucosamin géc c6 néng do
1000 mg/L. Dung dich dugc bao quan trong ta lanh, tranh anh sang.
- Dung dich chuan vitamin By, vitamin Bs, vitamin Bs, vitamin Bg dugc pha tur
cac chat chuan twong wng (muc 2.1.2.1) trong nudc deion: Can chinh xéc lan luot
12,53 mg vitamin Bx (d¢ tinh khiét 99,8%); 12,76 mg vitamin Bs (d6 tinh khiét 98%);
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12,63 mg vitamin Bs (d tinh khiét 99%); 12,89 mg vitamin By (d6 tinh khiét 97%)
chuyén vao céc binh dinh mac 25,00 mL. Thém 10 mL nuéc deion va tién hanh rung
siéu &m trong 30 pht dé hoa tan hoan toan chat sau d6 dinh muc téi vach bang nuwéc
deion thu dugc dung dich chuan gc c6 nong d6 mdi vitamin 12 500,0 mg/L. Dung

dich duoc bao quan trong tu lanh, tranh anh sang.

- Dung dich chuian Mg?* duoc pha tir chat chuan Mg(NO3)2.6H20 trong nuéc
deion: Can chinh xac 131,87 mg Mg(NOs)2.6H.0 (do tinh khiét 98%) chuyén vao
binh dinh muc 25,0 mL. Thém 10 mL nudc deion va tién hanh rung siéu am trong 30
phat dé hoa tan hoan toan chat sau d6 dinh muc toi vach bang nude deion thu duoc
dung dich gbc c6 nong dd6 Mg?* 1a 500,0 mg/L. Dung dich dugc bao quan trong tu

lanh, trdnh &nh sang.

e Phadung dich giéen ly

- Céc dung dich dién ly duoc can va pha truc tiép vao binh dinh muc bang
nuéc deion. Tt ca cac dung dich déu dugc rung siéu &m va chuan lai gia tri pH truéc
khi str dung. Dung dich dién ly duoc pha méi hang ngay.

- Céc dung dich truéc khi str dung phai dua vé nhiét 6 phong sau d6 lic déu.
Cac dung dich chuan hdn hop dugc chuan bi tir cac dung dich chuan don cua cac chat
tuong tng. Tt ca cac dung dich nay déu rung siéu am va diéu chinh pH bang may
do pH trudce khi sir dung.
2.2. Phuwong phap nghién ciru
2.2.1. Phwong phap CE-C*D

Phuong phap CE-C*D duogc st dung trong luan an dé khao sat cac diéu kién
thich hop, xay dung qui trinh phan tich, danh gia phuong phap phan tich va tng dung

phan tich déng thoi ba nhdém chat gom:
- Nhom glucosamin va canxi.
- Nhom vitamin Be va magie.

- Nhom vitamin By, vitamin Bs va vitamin Bo.
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2.2.2. Phwong phdp khdo sdt xdc dinh cdc diéu kién thich hep

Viéc khao sat diéu kién tach dong thoi cac chat phan tich duoc thyc hién trén
thiét bi dién di CE-C*D véi cot mao quan cd chiéu dai 50- 60 cm, duong kinh trong
50 um. Trudc khi s dung, mao quan dugc rira véi NaOH 1M trong 10 phut, nudc
deion trong 10 phut va sau d6 1a dung dich dién ly twong tng trong 10 phit. Mau
duge bom vao mao quan theo phwong phap thuy dong luc hoc kiéu xi phdng bang
cach nang mot dau mao quan nhing trong dung dich mau 1én do cao nhat dinh (10 -
20cm) dé tao 4p luc cho miu di vao mao quan trong mét thoi gian nhit dinh. Céc diéu
kién nay duoc gitt nguyén trong tat ca cac thi nghiém. Cac diéu kién can khao sét
gom: Dung dich dién ly, thé dién di, chiéu dai hiéu dung, chiéu cao va thoi gian bom
mau. Viéc khao sat dugc thuc hién theo phuong phap don bién, thay d6i mot thanh
phan trong khi ¢ dinh céc thanh phan con lai dé thu duoc thdng sé pht hop, dap tng
c4c yéu cau phan tich gom: Cac chét trong nhom dugc tach hoan toan (danh gia thong
qua do phan giai R), tin hiéu thu duoc 12 tét nhat, 6n dinh nhit (danh gia thong qua

d6 lap lai cua tin hiéu chuan), thoi gian tach hop 1y...
2.2.2.1. Khao sat dung dich dién ly

- V6i hdn hop canxi va glucosamin: Dung dich dién ly khao sat véi hdn hop
chat chuan tuong tng véi ndng do cua canxi 20 mg/L va glucosamin 80 mg/L. Khao
sat duoc thuc hién véi cot mao quan cé chiéu dai 50 cm, chiéu dai hiéu dung 35 cm,
duong kinh trong 50 pm; thé tach +15 kV, bom mau ¢ d6 cao 10 cm trong 20 s. Hé
dém khao sat la Arg/Ace, Tris/Ace, His/Ace, Ace.

- Véi hdn hgp magie va vitamin Be : Dung dich dién ly khao sat véi hdn hop
mau chuan c6 ndng do caa vitamin Bs 1a 100 mg/L va Mg?* 13 5 mg/L. Khao sat duoc
thuc hién véi cot mao quan cé chiéu dai 55 cm, duong kinh trong 50 um; thé tach
+20 kV, chiéu cao bom mau 20 cm trong 25 s. Hé dém khao sat 13 CAPS/Ace,
His/Ace, Arg/Ace, Tris/Ace thém ACN ¢ céc gia tri pH=4,0- 7,0.

- V6i hén hop vitamin By, vitamin Bs va vitamin Be: Dung dich dién ly khao sat

vé6i hdn hop mau chuan tuong tng véi ndng do cua vitamin B; 100 mg/L, vitamin Bs
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60 mg/L va vitamin Bg 60 mg/L. Khao sat dugc thuc hién véi cot mao quan cé chiéu

dai 50 cm, chiéu dai hiéu dung 30 cm, duong kinh trong 50 pm:; thé tach +17 kV,

chiéu cao bom mau 15 cm trong 30 s. Hé dém khao sat 1a His/Ace, Arg/Ace, Tris/Ace

thém ACN & céc gié tri pH=4,0- 7,0.

2.2.2.2. Khdo sat thé tach

Thé tach duoc khao sat bang cach giir nguyén dung dich dién ly khao sat duoc

& trén, cac diéu kién khac gém: nong d6 dung dich chuan, chiéu cao, thoi gian bom

mau tuong tu nhu khao sat dung dich dién ly. Cu thé, bang 2.2 thé hién céc gié tri thé

tach dugc khao sét cho tirng nhém chat.

Bang 2.2. Gid tri thé tach duwoc khao sét

Nhém chat phan tich

Thé tach (kV)

Glucosamin va canxi +12 +15 +20
Vitamin Be va magie +15 +18 +20 +25
Vitamin Bi, vitamin Bs va
o +15 +17 +20
vitamin Bg

2.2.2.3. Khdo sét thoi gian bom mau

Khao sat thoi gian bom mau bang cach gitr nguyén diéu kién nhu khao sat thé

tach vai gid tri thé tach da khao sat dugc. Bang 2.3 thé hién cac gia tri thoi gian bom

mau duoc khao sat d6i vai tirng nhdm chat.

Bang 2.3. Thoi gian bom mau dwoc khao séat

Nhom chat phan tich

Théi gian bom miu (s)

Glucosamin va canxi 10 20 30 40
Vitamin B¢ va magie 20 25 30
Vitamin Bi, vitamin Bs va
_ _ 20 30 50
Vvitamin Bg
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2.2.2.4. Khdo sat chiéu cao bom mau
Khao sat chiéu cao bom mau bang céch gitt nguyén diéu Kién nhu khao sat thé
tach, thoi gian bom mau véi gia tri thé tach va thoi gian bom miu di khao sat duoc.

Bang 2.4 thé hién céc gié tri chiéu cao bom mau dugc khao sat ddi véi tirng nhém

chat.
Bang 2.4. Chiéu cao bom mau dwoc khdo sét
Nhém chit phan tich Chiéu cao bom méu (cm)
Glucosamin va canxi 5 10 15
Vitamin Bs va magie 15 20 25
Vitamin By, vitamin Bs va 10 15 20
vitamin Bg

2.3. Thong tin va quy trinh xi Iy miu phan tich
2.3.1. Thdng tin mdu phan tich

Cac mau dugc pham va TPCN dugc mua ngau nhién trén thi truong Ha Noi bao
gom dang bot, vién nén, vién nang mém, vién nang ciing. Théng tin cia mau duoc
pham va TPCN duoc néu trong Phu luc 1.
2.3.2. Quy trinh x# ly mdu phan tich

Qua tham khao Dugc dién Viét Nam V [1] va cac nghién ctiu [25, 47], quy trinh
xtr Iy mau dugc tién hanh nhu sau:
a. Quy trinh xir Iy mau TPCN dé phan tich glucosamin va canxi.

Mau TPCN (dang vién nang) duoc thao vo nang, lay phan bén trong, nghién
min (néu can); mau dang vién nén dwoc nghién min, tron déu thanh dang bot dong
nhat. Can chinh x4c mot lwong mau trén can phan tich (46 chinh xac 0,0001g).
Thém 25 mL dung dich acid trichloroacetic (TCA) 4% vao rung siéu am trong 30
phat va ly tam trong 15 phit. Chuyén dung dich thu dugc vao binh dinh mic 25
mL, dinh muc t&i vach bang TCA 4%. Dung dich duoc loc qua mang loc 0,45 pm

va pha lodng (néu can) trude khi tién hanh phan tich trén thiét bj CE-C*D.
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b. Quy trinh xt Iy mau duoc pham va TPCN dé phan tich vitamin Be va magie:

« Mau duoc pham (dang vién nén) duoc nghién min va tron déu. Can chinh
xac mot luong mau trén can phan tich (¢ chinh xéac 0,0001g). Thém 10 mL nuéc
deion dé hoa tan, tién hanh rung siéu am trong 30 phut va ly tm trong 15 phuit.
Chuyén dung dich thu dugc vao binh dinh mic 25 mL (trang cbc it nhat 3 1an bang
nude deion) va dinh muc tai vach. Dung dich duoc loc qua mang 0,45 pum va pha
lodng (néu can) trudc khi tién hanh phan tich trén thiét bi CE-C4D.

« Mau TPCN ( dang vién nang cing, mém) duoc thdo vo nang, liy phan bén
trong, nghién min (néu can). Can chinh xac mot luong mau trén can phan tich (d6
chinh xac 0,0001g). Thém 25 mL dung dich acid trichloroacetic (TCA) 4% vao
rung siéu &m trong 30 phdt va ly tdm trong 15 phit. Chuyén dung dich thu dugc
vao binh dinh mic 25 mL, dinh mac téi vach bang TCA 4%. Dung dich dugc loc
qua mang loc 0,45 pm va pha lodng (néu can) truéc khi tién hanh phan tich trén
thiét bj CE-C4D.

c. Quy trinh xtr Iy mau TPCN dé phan tich vitamin B1, vitamin Bs, vitamin Bo:

Mau TPCN (dang vién nang) duoc thdo vo nang, 1y phan bén trong, nghién
min (néu can). Can chinh xac mot lwong mau trén can phén tich (d6 chinh xéc
0,0001g). Thém 10 mL Metaphosphoric 3% va 15 mL n-hexan, tién hanh rung siéu
am trong 30 phat cho tan hét va ly tm trong 15 phit. Loai bo hét n-hexan va
chuyén dung dich thu duoc vao binh dinh mac 25 mL, dinh mac téi vach bang
Metaphosphoric 3%. Dung dich dugc loc qua mang 0,45 pm va pha loang (néu
can) trude khi tién hanh phan tich trén thiét bi CE-C*D.

2.4. Céc thdng sé danh gia dé tin cdy ciia phwong phap phan tich
Do tin cay cua phuong phap CE-C*D duogc danh gia qua céc thong sb: gidi han
phét hién, giéi han dinh luong, d6 dic hiéu, d6 l1ap lai, do thu hoi [8] néu dudi day.
2.4.1. Gigi han phét hién va gigi han dinh lweng ciia phwong phap
e Gidi han phat hién (LOD)
LOD la nong d6 nhé nhat ma hé théng phan tich con cho tin hiéu phan tich

khac c6 nghia so véi tin hiéu mau tring hay tin hiéu nén. Gia trji LOD la nong do nho
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nhat ma cho tin hiéu/nhiéu (S/N) bang 3.
o Gioi han dinh luwong (LOQ)
LOQ la ndng d6 thap nhit cua chat phan tich ma hé thdng phan tich dinh luong
Véi tin hiéu phan tich khac c6 y nghia dinh lwong véi tin hiéu mau tring hay tin hiéu
cua nén. Thong thuong, gia tri LOQ dugc xac dinh theo ty s6 tin hiéu/nhidu (S/N)
bang 10.
2.4.2. D¢ dac higu cia phwong phap

bJ dac hi¢u khi phan tich chit A dac trung cho mtrc @6 anh hudng cua cac thanh
phan di cung trong nén mau dén phép phan tich chit A. Do d6 phai danh gia anh
huong cua cac chat di cung nay t6i ca mau trang va mau thém chuan. Phuong phap
duoc két luan co d6 chon loc tot néu anh huong cua chit di kéem trong nén mau la
khong déng ké.

2.4.3. Pg chum (dg \ap \gi) va dé ding (d¢ thu héi) ciia phwong phdp
o D¢ chum (do lap lai)

Do chum 1a d6 sai léch giira cac gia tri riéng 1é va gia tri trung binh trén cac mau
thir giéng nhau trong céc thi nghiém gidng nhau (do ciing trong mot diéu Kién: nguoi
phan tich, trang thiét bi, phong thi nghiém trong khoang thoi gian ngan). Do lap lai
c6 thé xac dinh qua do léch chuan (SD) va d6 léch chuan tuong ddi (RSD). Cong thirc

tinh SD va RSD nhu sau:
L 2
SD — Z(Sl Stb) (1)
\J n—1

RSD(%) = % x 100 (2)
t

Trong do:
- Sila dién tich cta pic dién di thi i.
- Sy ladién tich trung binh cua n 1an phan tich.
- nlasé lan phan tich lap.
RSD (%) con dugc goi 1a hé sé bién thién (CV%). Nguoi ta thuong su dung do
léch chuan twong d6i (RSD) hon 1a do léch chuan (SD) do c6 thé danh gia dugce do
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léch chuan chiém bao nhiéu phan trim gia tri trung binh va c6 cai nhin rd hon vé d6
lap lai cua céc s liéu trong tap sb liéu lap lai.
e D¢ diing ( dé thu hoi)

Do dung chi mic d gan nhau gitta gid tri trung binh cua ddy 16n cac két qua thi
nghiém va céc gia tri quy chiéu duoc chap nhan. Do d6, thudc do d6 diing thuong danh
gia qua sai s6 twong dbi hay bang cach xac dinh d6 thu hdi qua thém chuan. Néu chat
chuan thém vao mau tir trugc khi xa ly mau ta co d6 ding ctiia phuong phap, con néu
chat chuan duoc thém vao trude khi bom vao thiét bi CE ta c6 d6 ding cua thiét bi.

Do thu hoi (H):
H=%x%100 (3)
Cit

Trong do:

- H: Hiéu suit thu hoi (%).

- C: Nong do thyc té caa mdi chat phan tich thu dugc (tinh theo dudng chuan).

- Ci: Nong @6 ly thuyét ciia mdi chat phan tich tinh toan tir lugng chuan thém
vao.

Viéc danh gia do lap lai va hiéu suat thu hdi caa nhém glucosamin va canxi
duoc thuc hién bang cach thém hdn hop chat chuan ¢ 3 mic nong do 0,5 mg/L; 10
mg/L; 50 mg/L dbi véi canxi va 3 mirc nong do 5 mg/L; 20 mg/L; 50 mg/L dbi véi
glucosamin vao nén cua mau TPCN khdng chira glucosamin va canxi (mau TPCN
Col-Liver). Mdi mau thir do 1ap lai 6 1an va lay gia tri trung binh.

Tién hanh twong tu v&i nhém vitamin Be va magie: thém chuan hdn hop chat
chuan magie & 3 mtc nong d6 50 mg/L, 100 mg/L, 150 mg/L va vitamin Bs & 3 mirc
nong d6 20 mg/L, 40 mg/L, 60 mg/L vao nén cua mau duoc pham (mau vitamin By,
va TPCN (mau TPCN Mama Gold) khéng chira vitamin Bs va magie. Moi mau thi
do 1ap lai 6 1an va lay gia tri trung binh.

Déi véi nhom vitamin By, vitamin Bs, vitamin By trong mau dwgc pham va thuc
pham chirc nang, viéc danh gia do 1ap lai va hiéu suat thu hdi ciia phuong phap thuc
hién bang cach thém hdn hop chat chuan vitamin By, vitamin Bs ¢ 3 mic nong do
20 mg/L, 40 mg/L, 60 mg/L va vitamin By & 3 mtic ndng d6 20 mg/L, 50 mg/L, 100
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mg/L vao nén caa mau TPCN (miu TPCN Mama Gold) khéng chta vitamin By,
vitamin Bs, vitamin Be. M&i mau thir do 1ap lai 6 1an va lay gia tri trung binh.
2.5. Phwong phdp xir 1y sé ligu

Xtr ly céc s6 liéu bang phan mém Microsoft Excel 2019.

Ham luong chat phan tich trong mau duoc tinh toan theo cdng thirc sau

A= B*0.025%24 « XY (4)
KLC

Mp

Trong d6: A 1a ham lugng chat phan tich & dang hoat chat ghi trén nhdn ( mg/vién)
B 12 ham luong chét phan tich thu dugc trong dung dich mau (mg/L)
Ma 12 khéi luong mol cua dang hoat chat chira chat phan tich (g/mol)
M la khéi lugng mol cua chét phén tich (g/mol)
KLV la khéi lugng caa 1 vién miu (mg)

KLC 14 khéi lwong can ciia mau (mg)
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CHUONG 3: KET QUA VA THAO LUAN

3.1. X4c dinh ddng thoi glucosamin va canxi bang phwong phap CE-C*D
3.1.1. Khdo sét téi wu diéu Kién phan tich va xdc dinh déng thoi glucosamin va
canxi bang phwong phdp CE-C*D

3.1.1.1. Khao sat anh huong cua dung dich dién ly

Trong phuong phap CE-C*D, dung dich dién ly c6 vai trd rt quan trong trong
viéc xac dinh tinh chat va dic trung ctia cac qué trinh xay ra trong mao quan, gilp
duy tri, 6n dinh dong dién trong mao quan va anh hudng dén téc do dién di cua chat
phan tich. Trong dung dich dién ly, ba yéu t6 gom: pH, thanh phan va nong d6 cua
dung dich dién ly dong vai trd quan trong nhat. V&i mao quan silica, ving gia tri pH
dién di thuong dung va cé thé thay doi trong khoang tir 2,0-10,0 tiy thudc vao moi
loai mau phan tich. Vang pH > 10,0 hoic pH < 2,0 thuong han ché sir dung do céc
chat phan tich trong viing nay thuong kém bén, dé bi thay doi dién tich lam thay doi
dang ton tai hay cd thé bi két tua trong mao quan. Thanh phan cua dung dich dién ly
gom cac ion c6 do dién di nho, tic 1a phai co dién tich nho nhung kich thudc tuong
d6i 16n, ngoai ra cac chat dém phai tan tét trong nuéc, bén virng trong mao quan va
trong qua trinh dién di. Khi sir dung detector do dan, cac chat dém dién ly nhu Tris,
His, Arg, Ace... duoc dung pho bién do c6 d6 dan dién nho, kich thudc twrong ddi
I6n du chiing c6 kha nang hap thy quang. Cac hé dém sinh hoc c6 thé cho gi4 tri pH
tir 4,0-9,0 1a viing pH phu hop cho nhiéu chat phan tich trong CE. Sau pH va thanh
phan cua hé dém dién di, can lya chon nong d6 dém thich hop dé c6 dung luong dém
du 16n va khéng ché hé dém khong doi trong sudt qua trinh dién di.
a) Khao sat anh hwong cua thanh phan dung dich dién ly

Véi cong thirc ciu tao c6 su xuat hién cua nhom NH; (pKa = 7,58) thi khi pH <
pKa glucosamin ton tai & dang cation (R-NHs*). Do d6, cac dung dich dién ly phan
tich dong thoi glucosamin va canxi can ¢6 pH dudi 7,0 nham dam bao cac chat phan
li hoan toan ¢ dang cation. Khi d¢, s& tién hanh phan cuc duong dé céc chat phan tich
chinh 1a céc cation s& di chuyén tir cuc duong sang cuc am theo chiéu cua dong EOF,

do @6 ca glucosamin va canxi s& xuat hién truéc EOF. Cac hé dém dién ly duoc khao
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sat c6 hop phan bazo 1a Arg, Tris, His két hop véi hop phan acid 1a acid acetic, dong
thoi dém acid acetic ciing duoc tién hanh khao sat. Cac diéu kién thuc nghiém nhu
d3 & duoc trinh bay & muc 2.2. Két qua khao sat anh huong cua thanh phan dung dich

dién ly duoc thé hién trong hinh 3.1.

I 20 my Canxi Glucosamin
ce

. / L,L His/Ace
ﬂ‘ v Arg/Ace

Tris/Ace
- — 1.1
]

| I I | | | I |
05 1.0 15 20 25 3.0 35 40

Théi gian di chuyén (phiit)

Hinh 3.1. Anh hwong cua dung dich dién Iy dén s phan tich glucosamin va canxi
Két qua cho thiy, dung dich dién ly Ace cho tin hiéu pic cta hai chat phan tich
tot nhat trong cac hé dém, duong nén 6n dinh nén s& dugc lua chon cho cac khao sat
tiép theo.
b) Khdo st dnh hweng cua nong dé dung dich dién ly
Trong phuong phap CE, néng d6 cua dung dich dién di phai du 16n dé tao nén
moi trudng dién di on dinh. Tuy nhién khi nong d qué 16n s& lam tang thoi gian di
chuyén cua chat phan tich do linh do dién di hiéu dung cua cac ion ting 1én. Bong
thoi, khi ndng d6 céc ion ting sé& anh hudong dén twong tac tinh dién cua lop dién kép
Vv6i thanh mao quan, 1am vang mau di chuyén khong phang gay nhidu dudng nén,
kha ning tach chit kém va pic khong can ddi. Viéc khao sat anh huéng cua nong do
dung dich dién ly Ace dugc thuc hién vai cac ndng do 1a 200 mM, 150 mM, 200 mM,
300 mM va 400 mM. Két qua dugc thé hién trong hinh 3.2 va bang 3.1.

63



1 Canxi Glucosamin

20mv 400 mM
VT 4
— 7 300 mM
W
- W V 200 mi
150 m
_1—1 - ‘-—V—

— N 100 mM

v/

|
3

Thén gian di chuyén (phat)

Hinh 3.2. Anh hwong cua nong dé dung dich dién ly dén thoi gian di chuyén va sie

phéan tach cua glucosamin va canxi

Bang 3.1. Anh hwong cua nong dé dung dich dién ly dén dién tich pic (Spic) va thoi

gian di chuyén (ta) ciza glucosamin va canxi

] 100 mM 150 mM 200 mM 300 mM 400 mM
Chat phan
tich tdc Spic tdc Spic tdc Spic tdc Spic tdc Spic
(min) | (mV.s) | (min) | (mV.s) | (min) | (mV.s) | (min) | (mMV.s) | (min) | (MV.s)
Glucosamin | 1,70 | 35,23 | 1,78 | 50,90 | 1,92 | 55,67 | 2,11 | 48,11 | 2,18 | 40,90
Canxi 2,84 | 107,33 | 3,24 | 14195 | 3,34 | 157,89 | 3,63 | 129,68 | 3,87 | 112,06

Tir dién di d6 va bang két qua co thé nhan thay, dung dich dién ly Ace 200mM

cho duong nén 6n dinh va pic dep, cn déi hon so véi duong nén cua dung dich Ace

100 mM. Pong thoi, dién tich peak cua hai chat phan tich glucosamin va canxi tai

dung dich Ace 200 mM cao nhat. Vi vay, nong do dung dich dién ly Ace 200 mM

duogc sir dung cho céac khao sét tiép theo.

3.1.1.2.

Khdo sat danh hirong cua thé tach

Qua trinh dién di trong mao quan chi xay ra khi c6 mot ngudn thé tach cao. Thé

nay tao ra luc dién truong va dong dién trong mao quan, diéu khién, duy tri va la mot

yéu t quan trong quyét dinh két qua dién di cac chat phan tich. Vi thé, dé c6 mot két
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qua dién di tot va 6n dinh, phai chon dugc gi tri thé V thich hop nhét, khdng ché va
giit cho gid tri thé V nay khong d6i trong sudt qua trinh dién di [5]. Viéc khao sét thé
tach dong thoi glucosamin va canxi duoc thyc hién & +12 kV, +15 kV va +20kV voi
cac diéu kién phan tich nhu d néu & muc 2.2. Két qua khao sat dugc thé hién trong
hinh 3.3 va bang 3.2.

I 20 mv 20 kY

T V 15 kV

Canxi Glucosamin

1 2 3 4 5 B 7

Thai gian di chuyén (phiir)
Hinh 3.3. Anh hwong cua thé tdch dén sy phan tach giia glucosamin va canxi
Bang 3.2. Anh hwong cua thé tach dén dién tich pic (Spic) va thoi gian di chuyén (tac)

cua glucosamin va canxi

Thé tach (kV)

Chit phan

i + 12 + 15 + 20
tich

tac (Min) | Spic (MV.S) | tac (Min) | Spic (MV.S) | tac (Min) | Spic (MV.S)

Glucosamin 3,43 120,58 2,34 101,01 1,85 77,20

Canxi 6,37 116,04 4,87 96,28 3,49 74,07

Khi ap thé tir +12 kV dén +20 kV, cac chat phan tich c6 thoi gian di chuyén
nhanh hon. Biéu nay hoan toan phi hop véi ly thuyét, khi thé tach (V) tang, luc dién
truong (E) ciing tang (E = V/L véi L 1a chiéu dai ciia 6ng mao quan), 1am cho toc do
di chuyén (vi) cua cc chit phan tich ting 1én theo cong thirc 1.1. Tai thé +20 kV, tin
hiéu cua duong nén thu dugc bi nhidu va dién tich pic caa cac chat phan tich thap hon

thé +15 kV. Véi thé +12 kV, chan pic cia glucosamin khong duge can dbi, dodng
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chan va thoi gian phan tich cac chit bi kéo dai khdng can thiét. Do do, thé tach +15
kV duoc lua chon la phu hop cho phép phan tich.
3.1.1.3.  Khdo sét anh huéng cua chiéu cao bom mau va thoi gian bom mau
Trong phuong phap bom mau thiy dong hoc kiéu xi phong, luong mau bom vao
ty 1& thuan voi chiéu cao bom mau va thoi gian bom mau [5]. Trong qua trinh nap
MAU Va0 Mao quan, luong mau bom vao phai du Ién dé dam bao d6 nhay va kha ning
tach tt. Chiéu cao bom mau cang cao thi sy chénh Iéch vé chiéu cao cua hai éng dau
mao quan cang Ion dan ti lwong mau bom vao mao quan cang nhiéu. Tuong tu chiéu
cao bom mau, néu thoi gian bom mau cang 16n thi lugng Mau bom vao mao quan
cang 16n. Tuy nhién néu luvong mau duoc bom vao mao quan qué Ion thi s phan tan
mau s& l6n, khi @6 kha ning tach chat bi giam. Do d6 can khao sat nham chon ra
chiéu cao va thoi gian bom mau thich hop dé dam bao thu duoc tin hiéu 16n nhat ma
chan pic khéng bi ddn rong. Céc thoi gian bom mau duoc khao sat (khi giir nguyén
chiéu cao bom mau 15 cm) 1210 s, 20 s, 30 s va 40 s; c4c chiéu cao bom mau duoc
lya chon khao sét (khi giit nguyén thoi gian bom mau 20 s) gom: 5 cm, 10 cm va 15
cm; Véi cac diéu kién khao sat nhu dd néu & muc 2.2.2.3 va 2.2.2.4. Két qua thu duoc
thé hién & hinh 3.4 va bang 3.3, 3.4.

1 Cand Glucosamin 0 my ot i
2 s Lu v Cansi Glucosamin o
Vv v
s
| /7 ]l/_ ] /.,,A ]l/ 10 cm
! |/_ 25 b
5em
— f_ v 105 j/”' \/

1 2 3 4 5 i 7 3 Il 5 6
Then gian di chuyén (phir)

Thai gian di chuyén (phiit)

Hinh 3.4. Anh hwéng cua thei gian va chiéu cao bom mdu dén si phan tach cua
glucosamin va canxi

a) Thoi gian bom mdu b) Chiéu cao bom mdu
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Bang 3.3. Anh hwong cua thoi gian bom mau dén dién tich pic (Spic) va thoi gian di

chuyén (tac) cua glucosamin va canxi

Théi gian bom miu (s)

Chét phan 10 20 30 40
tich tac Spic tac Spic tac Spic tdc Spic
(min) | (mV.s) | (min) | (mV.s) | (min) | (mV.s) | (min) | (MV.s)
Glucosamin | 2,20 | 53,22 | 2,17 | 88,12 | 2,14 | 118,08 | 2,12 | 168,20
Canxi 435 | 51,89 | 430 | 8459 | 4,40 | 113,14 | 445 | 16591

Bang 3.4. Anh hwong cua chiéu cao bom mdu dén dién tich pic (Spic) va thoi gian di

chuyén (tac) cua glucosamin va canxi

Chiéu cao bom miu (cm)
Chit phan 10 15
tich tac Spic tac Spic tac Spic
(min) | (mV.s) | (min) | (mV.s) | (min) | (MV.s)
Glucosamin 241 | 57,89 | 2,37 | 88,12 | 2,31 | 124,34
Canxi 4,49 54,31 4,47 84,59 4,45 | 126,03

Cac két qua & hinh 3.4 va bang 3.3, 3.4 cho thay, nhin chung khi chiéu cao bom

MAau cang ting va thoi gian bom mau cang dai, dién tich pic thu dugc ting 1én déng

ké trong khi thoi gian di chuyén cua céc chat khong thay d6i nhiéu. Diéu nay hoan

toan hop li vi khi lwrong mau bom vao mao quén ting, tin hiéu thu dugc s& 16n hon,

tuy nhién néu luong mau bom vao mao quan qué Ién, pic s& dodng rong va lam giam

d6 phan giai giira cac pic lién ké. Tai thoi diém bom mau 20 s va chiéu cao bom mau

10 cm cho két qua phd hop do tin hiéu do 6n dinh hon, nhiu nén it hon, ddng thoi

dam bao dugc d6 nhay cao ma van co su tach tét giita cac chat phan tich. Vi vay,

chiéu cao bom mau 10 cm va thoi gian 20 s dugc lya chon 1a diéu kién thich hop.

T cac két qua khao sat thu duoc & trén, cac diéu kién thich hop nham xac dinh

dong thoi glucosamin va canxi bang phuong phap CE-C*D dugc téng hop ¢ bang 3.5.
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Bang 3.5. Piéu ki¢n thich hop xdc dinh dong thoi glucosamin va canxi bang

phuwong phdap CE-C*D

Céac yéu to Piéu kién
Detector C*D
Mao Quén Mao quan silica, tong chiéu dai 50 cm, chiéu dai
g hiéu dung Ia 35 cm, duong kinh trong 1a 50 pm
Phwngm %}aap bom Thay dong hoc kiéu xi phdng: 10 cm
Thoi gian bom mau 20s
Dung dich dién ly Ace 200 mM
Thé tach +15 kV

3.1.2. Ddnh gia phwong phdp phan tich
3.1.2.1.  Xay dung dwong chudn

Céc dung dich ¢ nong d6 bién thién trong khoang 0,5- 100,0 mg/L d6i véi canxi
va 2,0- 100,0 mg/L ddi véi glucosamin ding dé dung dudng chuan duogc pha lodng
tir dung dich chuan goc. Mdi dung dich dugc do trén hé dién di 3 lan va tién hanh
theo cac diéu kién da toi wu & bang 3.5. Gié tri pic trung binh cua céc lan do 13p lai 12
s6 liu dé dung duong chuan su phu thudc dién tich pic vao nong do. Cac két qua
dugc trinh bay trong bang 3.6.

Bang 3.6. Su phy thugc cua dién tich pic vao néng dé cua canxi va glucosamin

Canxi Glucosamin
STT . Di¢n tich pic . Dién tich pic
Nong do (mg/L) Nong do (mg/L)

(mV.s) (mV.s)
1 0,5 22,50 2,0 2,58
2 5,0 40,13 5,0 6,49
3 10,0 61,70 10,0 12,23
4 20,0 104,31 20,0 24,84
5 50,0 223,40 50,0 63,18
6 100,0 430,73 100,0 123,05
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Két qua phuong trinh duong chuan va hé sé hdi quy twong tng duoc trinh bay
& bang 3.7 va hinh 3.5, 3.6.

Bang 3.7. Phwong trinh dwong chudn cua canxi va glucosamin

Tén chat Phuong trinh dwong chuan (y=a+bx) R P

Canxi y = (20,4734 + 0,7883) + (4,0966 + 0,0169)x | 0,99993 | <0,001

Glucosamin | y = (0,3003 + 0,3905) + (1,2329 + 0,0083)x | 0,99982 | <0,001

500
Canxi
|
400
@
>
£ 300
L
o
5 .
= 200
[ =
«D-
Ia) Equation y=a+b'
) Intercept 20.47344 +0.7883
100 L Slope 4.09866 + 0.01692
. R-Square (COD) 0.99993
1 =
l
0 T T T T T
0 20 40 60 80 100
Néng do (ppm)

Hinh 3.5. Puong chudn sw phu thuge dién tich pic vao néng dé canxi

140 Glucosamine

120 "
a 1004
> ]
£
~ 804
Q
a ]
£
S 60 N
& 4
= Equation y=a+b
0O 40 Intercept 030037 £ 0.39059

Slope 123297 +0.00838
| R-Square (COD) 0.89982
20 -
J |
- |
04 T T T T T T T T i T
0 20 40 60 80 100
Nong d6 (ppm)

Hinh 3.6. Puwrong chudn su phu thuge dién tich pic vao nong dg glucosamin
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Két qua thu duoc cho thdy, cac hé sé tuong quan biéu dién sy phu thudc cua
dién tich pic vao ndng do chat phan tich 1a kha tt (R > 0,9998), dong thoi cac gié tri
P < 0,05 véi ca hai chat chang té x va y c6 quan hé tuyén tinh. Tinh theo thdng ke,
CAC gia tri Pvaie cua glucosamin va canxi lan luot 1a 0,085 va 0,485 déu 16n hon 0,05
nén phuong phap khong mic sai s6 hé théng (tham khao phu luc PL6).
3.1.2.2.  Gidihan phat hién (LOD) va gioi han dinh lwong (LOQ) cua phuong phdp

Nguyén tic xac dinh (LOD) va gi6i han dinh luong (LOQ) glucosamin va canxi
ctia phuong phap nhu muc 2.4.1. Két qua thu dugc thé hién trong bang 3.8.

Bang 3.8. Gisi han phat hién glucosamin va canxi bang phwong phdp CE-C*D

Chiéu cao Tin hiéu nhiéu
. \ LOD LOQ
Chat pic (S) dwong nén (N) S/IN
(mg/L) | (mg/L)
(mV) (mV)
Canxi 0,84 0,25 3,36 0,05 0,17
Glucosamin 0,27 0,09 3,00 0,50 1,67

Nhu vay, gioi han phét hién doi véi canxi 1a 0,05 mg/L va glucosamin la 0,50
mg/L. Tur do6, gidi han dinh luwgng cua glucosamin va canxi tuong ung la 0,17 va
1,67 mg/L.

3.1.2.3.  Panh gia dé dac hiéu cua phwong phap

Sy ¢6 mat caa bdn cation 1a K*, Na*, Zn?*va Mg?* va cac chét co tac dung diéu
tri bénh xuwong khép bao gom methylsulfonymethane (MSM) va chondroitin trong
mau thuc s& anh huong dén két qua caa qua trinh phan tich dong thoi hai chat
glucosamin va canxi. Anh huéng ciia c4c cation va cac chat cd tc dung diéu tri bénh
xuong khop duoc tién hanh khao sat bang cach thém chuan cua tirng cation véi nong
d6 thich hop vao hdn hop chat chuan glucosamin (80 ppm) va canxi (20 ppm) Véi cac
diéu kién tdi wu d3 trinh bay & bang 3.5. Két qua khao sat duoc thé hién trong hinh
3.7 va hinh 3.8.
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10 mv

Chondroitin—\ -
Canxi + Glucosaminv\\[\ﬁ
Canxi + Glucosamin L
+ MSM + Chondroitin r
Canxi \/Glucosamin

I I I I I
2 3 4 5 6

] MSM—

Thei gian di chuyén (phat)
Hinh 3.7. Anh hwong cia MSM va chondroitin dén sw phan tach

glucosamin va canxi

Nudc deion
]20 mV Canxi Glucosamin
—Wv \/ Chuan
Zn
K
Mg \/

Na

I | | | I |

2 3 4 5 6 7

Thai gian di chuyén (phiit)
Hinh 3.8. Anh hwéng cua cation K*, Na*, Zn?* va Mg?* @én su phan tach

glucosamin va canxi

Két qua cho thiy, trong diéu kién phan tich tbi vu MSM va chondroitin; ion K*
va ion Na* khdng anh hudng dén pic canxi. Pong thoi, ion Zn?* va Mg?* gay anh
hudng dén pic canxi khi néng d6 16n hon 50 ppm ddi véi Zn?* va 20 ppm dbi véi
Mg?*. Do d6, trong trudng hop c&c mau phan tich ¢6 ham lugng cac chat anh huong
I6n thi can pha lodng dé dam bao qué trinh phan tich chinh xac. Tuy nhién, khi khao
st thyuc té doi véi cac nén mau lua chon cho thay chi ¢ ion Zn?* va Mg?* thuong c6
ndng d6 nho hon ngudng anh huong.
3.1.2.4.  Pdnh gid d6 \ap lai va dé thu hoi ciia phwong phdp

Tién hanh khao sat d6 lap lai ciia phuong phap véi glucosamin va canxi nhu

muc 2.4.2. Két qua thu duoc trinh bay trong bang 3.9.
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Bang 3.9. D4 lap lai va dé thu hoi ciia phwong phdp CE-C*D

. Nong d0 | Néng dd thu N Do thu
Chat phan A ] .. b6 thu hoi | RSD (%) | .
] Mic | thém chuan | hei trung hoi trung
tich . (%) (n=6) .
(mg/L) binh (mg/L) binh (%)
1 0,5 0,53 106,0 2,18
Canxi 2 10,0 9,72 97,2 1,85 101,9
3 50,0 51,3 102,6 1,81
1 50 4,60 92,0 3,00
Glucosamin 2 20,0 20,7 103,5 3,29 98,0
3 50,0 49,2 98,4 1,50

Két qua trong bang 3.9 cho thay, phuong phap phan tich déu dap tmg dugc cac

yéu cdu vé do ding va d6 chum. Do 1éch chuin twong déi (RSD) déu nho hon 5 %.
Do thu hdi ciia canxi nam trong khoang 97,2- 106,0% va glucosamin trong khoang
92,0- 103,5%. Nhu vdy, phuong phap c6 d6 lip lai va do thu hoi dap tng theo yéu
cau ciia AOAC (v6i ndong do trong khoang 0,5- 100,0 mg/L, d6 thu hoi va do léch
chuan tuong d6i 1an luot nam trong khoang 80- 110% va nho hon 7,3 %) [77].
3.1.3. Phdn tich dong théi glucosamin va canxi trong mau theec pham chire néing
3.1.3.1. Két qua phan tich glucosamin va canxi trong mau TPCN bang phuong
phap CE-C*D

Ap dung quy trinh thu dugc & trén dé phan tich glucosamin va canxi trong 14
mau TPCN dugc mua ngau nhién tai cac nha thude trén dia ban Ha Noi. Mau duoc
xtr ly theo muc 2.3.2. Céc két qua phan tich duoc thé hién trong bang 3.10, cac hinh
3.9-3.14 va cac do thi 3.15-3.16.

Bang 3.10. Két qud phdn tich ham hrong glucosamin va canxi trong mau TPCN

bang phirong phdp CE-C*D

. Ao Ham lwgng (mg/vién) Sai khéc so
STT Krlnglue ) Chﬁc?]han Phuong phap Nhan vé1 nhan
CE-C*D (%)
Canxi 183 175 +4,57
1 M1
Glucosamin 308,0 312,5 -1,44
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Canxi 43 4.6 - 6,52

2 M2
Glucosamin 270,0 265,7 +1,61
Canxi 19,2 20,0 - 4,00

3 M3
Glucosamin 258,0 284.6 -9,34
Canxi 10,0 11,6 -4,00

4 M4
Glucosamin 338,0 323,7 -5,83
5 M5 Canxi 101,5 100,0 +15
6 M6 Canxi 190,1 208,0 - 8,60
7 M7 Canxi 125,4 126,0 -0,47
Canxi 7.8 8,0 - 2,50

8 M8
Glucosamin 324,0 342,0 -5,26
Canxi 26,3 25,0 +5,20

9 M9
Glucosamin 479,0 488,0 -1,84
Canxi 45 4.6 -2,17

10 M10
Glucosamin 504,0 506,0 -0,39
11 M11 Glucosamin 516,0 519 -0,57
12 M12 Glucosamin 324,0 344,0 -5,81
Canxi 419 40,0 + 4,75

13 M13
Glucosamin 494.0 457,0 + 8,09
Canxi 494 48,0 +2091

14 M14
Glucosamin 111,0 107,0 + 3,74
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Hinh 3.9. Pién di do phan tich glucosamin va canxi trong mét sé mdu TPCN

Canxi Glucosamin

Wmf

Thai gian dL chuyén (phiit) 4 5
I'nel gian ai chuyn (pnot)

[EN
N

Hinh 3.10. Pién di do6 phan tich glucosamin va canxi trong mau TPCN M3

5 mv Canxi

M5

[Eny

Th&i gian di chuyén (phiit)

Hinh 3.11. Pién di d6 phan tich glucosamin va canxi trong mau TPCN M5
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Canxi
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| I I I 1
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Théi gian di chuyQn (phét)

Hinh 3.12. Pién di dé phan tich glucosamin va canxi trong mau TPCN M6

I Canxi Glucosamin

10 mV'd_V—T M13

I I I I |
1 2 3 4 5
Thoi gian di chuyén (phit)

Hinh 3.13. Pién di doé phan tich glucosamin va canxi trong mgu TPCN M13

15 mV Canxi Glucosamin

/‘_—V’T M14

I | | I | |
1 2 3 4 5 6
Thai gian di chuyén (phiir)

Hinh 3.14. Pién di d6 phan tich glucosamin va canxi trong mau TPCN M14
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Glucosamine
B Phuong phap CE-C4D = Nhén
600.0 - 5326.0 519.0
479.0 g & l-P 516.0 4940
- 500.0 457.0
<V
= 323.7 344.0
>
<, 400.0 1 3125 28 342.0
& --338.
£ 08.0_ 265.7 0 3220 324
%nsoo.o . 270.0 258 0
s
= 2000 A 107.0
& 111.(?
100.0 -
0.0 -
M1 M2 M3 M4 M8 M9 MI10 M1l M12 M13 Ml4
Mau

Hinh 3.15. D6 thj so sanh ham lwong glucosamin trén nhan va phan tich

bang phirong phdp CE-C*D

Canxi
208.0

200.0 - 190.1 ® Phuong phap CE-C4D
(,g ® Nhan
£ 1500 - 1251760
E 100.0 '
o0 101.5
£ 1000 - |
E 400, 459
= o0 - 20.0 250 419 4

ML M2 M3 M4 M5 M6 M7 M8 M9 M10 M13 M14
Mau

Hinh 3.16. D6 thi so sdnh ham hrong canxi trén nhan va phan tich
bang phirong phdp CE-C*D
Két qua phan tich duoc xac dinh bang phuong phap thém chuan cho thiy ham
lwong céc chat phan tich trong cac mau c6 su sai khac so véi nhan nho hon 10 %.

Nhu vay, quy trinh phan tich téi vu hdn hop glucosamin va canxi bang phuong phap
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CE-C*D kha thi dé phan tich ham luong hoat chit glucosamin va canxi trong cac mau

TPCN dang luu hanh trén thi truong.

3.1.3.2. Két qud phdn tich @i chimg canxi bang phwong phdp ICP-OES va
glucosamin bang phwong phdp HPLC- FLD trong mau thyc pham chizc
nang
Dé kiém chtng céc két qua phan tich bang phuong phap CE-C*D, 14 mau TPCN
da dugc phan tich dbi ching bang phuong phép tiéu chuan: phuong phap HPLC-FLD
dbi voi glucosamin va phuong phap ICP-OES d6i voi canxi (cac diéu kién phan tich
cta cac phuong phap d6i chimg dugc néu tai muc 2.1.1.2 va phy luc). Két qua phan
tich d6i chimg dugc thé hién trong bang 3.11.
Bang 3.11. Két qud phdn tich ham heong glucosamin va canxi trong mgt sé mau

thyrc pham chirc bang phirong phdap CE-C*D va phwong phdp déi chirng

Ki Ham lwong (mg/vién) Sai khac
<17 | hie Chit phan giira hai
iéu A 2
¢ tich Phwong phap | Phwong phap phurong
mau E-C*D 6i chu
CE-C doi chirng ohép (%)
Canxi 18,3 18,5 -0,81
1 M1
Glucosamin 308,0 306,5 +0,49
2 M2 Glucosamin 270,0 268,0 +0,75
3 M3 Glucosamin 258,0 242,0 +6,61
4 M4 Glucosamin 338,0 324,0 + 4,32
5 M5 Canxi 101,5 109,0 -6,88
6 M6 Canxi 190,1 190,0 +0,05
7 M7 Canxi 125.,4 128,0 -2,03
Canxi 7,8 7,8 0,00
8 M8
Glucosamin 324,0 344,0 -5,81
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Canxi 26,3 24,9 +5,62

9 M9
Glucosamin 479,0 450,0 + 6,44
Canxi 45 44 + 2,27

10 M10
Glucosamin 504,0 501,0 + 0,60
11 M11 | Glucosamin 516,0 519,0 -0,58
13 M12 | Glucosamin 3240 344.0 -5.81
12 Canxi 41,9 44.8 - 6,47

M13
13 Glucosamin 494,0 464,0 + 6,47
Canxi 49 4 47,7 + 3,56

14 M14
Glucosamin 111,0 118,0 -5,93

Tir két qua bang 3.11 cho thiy, ham luwong cua glucosamin va canxi thu dugc
tir phuong phap CE-C*D so véi phuong phap d6i chimg cho sy sai khac trong khoang
- 6,88% dén + 6,61 %. D) thi thé hién mdi twong quan gitra hai phuong phép dugc
thé hién trong hinh 3.17- 3.20.

Glucosamine
® Phuong phap CE-CAD  ® Phuong phép d6i ching
600.0 1 5040 516.0-519.0
479.0 ~501.0 | 494.
= 500.0 - 4500 464.0
@ 338.0
£,4000 | 3065 %24.0 344.0 344.0
g 3080 268.0 | 3240 3240
203000 1 gg 270-9'258.0
g 42.0
E 200.0 - 118.0
= 111.0
= 1000 |
0.0 -

M1 M2 M3 M4 M8 M9 M10 M1l M12 M13 M14
Mau

Hinh 3.17. D6 thi so sanh ham heong glucosamin giita phwong phdp CE-C*D va
phirong phép doi chirmg HPLC-FLD
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Phwong phap HPLC-FLD (mg/vién)

Glucosamine
700

600 y = 0.9755x + 8.5333

500 R?=0.9917
400
300
200

100

0 100

200

300 400 500 600 700

Phwong phap CE-C*D (mg/vién)

Hinh 3.18. Su twong quan ham luong glucosamin giita phuong phdp CE-C*D va

Hinh 3.19

phirong phap doi chirng HPLC-FLD

Canxi
: 190.1190 ® Phuong phap CE-C4D
1 = Phuong phép ddi chimg
| 128.0
. 125.4
] 101. 5
i 44.8 47.7
| 41. 9; 49.4
{16485 26.34.9
_ 7878 45
_ /

M8 M10
Mau

. D6 thi so sanh ham heong canxi giita phwong phap CE-C*D va phirong

phdp doi chitng ICP-OES
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Canxi

S 250.0

2

£ 200.0 y = 1.0116x + 0.538
g R2 = 0.9981

1]

& 1500

A

O 100.0

[=3

£ 500

S 50.

4

£ 00

= 0.0 50.0 100.0 150.0 200.0

Phwong phap CE-C*D (mg/vién)

Hinh 3.20. Su twong quan ham lheong canxi gitta phuwong phdp CE-C*D va phuong
phdp doi chitng ICP-OES

Tir do thi cho thay, hé s6 twong quan xac dinh R? > 0,99 chiing t6 két qua phan
tich ham luong cac chat phan tich trong cac mau bang hai phuong phap CE-C*D va
phuong phéap d6i chiing c6 d6 twong quan cao, gia tri Pvaie khi so sanh ting cip chuan
theo chuan t déu 16n hon 0,05 (tham khao phu luc PL7); cho thiy phuong phap CE-
C*D la dang tin cdy. Do vay, phuong phap CE-C*D phu hop va c6 tiém ning dé phan

tich ham luong glucosamin va canxi trong mau thuc pham chirc nang.

3.2. Xac dinh dong thoi vitamin Bs va magie bang phwong phap CE-C*D

3.2.1. Khdo sét téi wu diéu Kién phdn tich va xdc dinh dong thoi vitamin Bs va
magie bing phwong phdp CE-C*D

3.2.1.1. Khdo sdt anh hwong cia thanh phdan va pH dung dich dién ly

Thuc hién qua trinh khao sat phan tich dién di véi cac diéu kién thé dién di +20
kV, chiéu cao bom mau 20 cm, thoi gian bom mau 25 s véi c4c loai dém khao sat:
CAPS/Ace, His/Ace, Arg/Ace, Tris/Ace (10 mM) va cac gia tri pH khao sat gom:
4,0; 5,0; 6,0; 7,0. Cong thuc cau tao cua vitamin Be ¢ sy xuat hién cua nhém NH:
(pKa= 9,4) nén khi dung dich dién ly cé pH < pKa, vitamin Bs ton tai & dang cation
(R-NH3*). Do d6, cac dung dich dién ly phén tich ddng thoi vitamin B va magie can
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c6 pH xung quanh khoang 4,0-7,0 nham dam bao cac chit phan li hoan toan & dang
cation. Khi d¢, s& tién hanh phan cuc duong dé cac chat phan tich chinh la céc cation
s& di chuyén tir cuc dwong sang cuc am theo chiéu cua dong EOF, do dé ca vitamin

Bs va magie s& xuat hién trugc EOF.

Mg
I50mv CAPS/Ace A B6 /
I

-

His/Ace , A ﬂ
Arg/Ace L
- Ve
. 11
Tris/Ace E ?

| I |
2 4 6 8
Thei gian di chuyén (phat)

N
|

o

Hinh 3.21. Pién di dé khao sét anh hwong cua logi dém dén sy phan tach

cua Mg?* va vitamin Be

Két qua khao sat anh huang caa thanh phan dung dich dién ly dugc thé hién
trong hinh 3.21 cho thay voi loai dém Tris, tin hiéu pic cia Mg?* hep con pic cua
vitamin Bs gan dong EOF nén tin hiéu pic vitamin Bs & bi anh hudong boi dong EOF.
Do6i véi dém His, pic chat vitamin Be nho hon so vai ba loai dém con lai. Nguoc lai,
dém CAPS va Tris cho pic Mg nho. Véi dém Arg, pic chat vitamin Bg xa dong EOF
va d6 phan giai giira cac pic tot. Vi vay, dém Arg duoc lya chon dé khao sat cac diéu
kién tiép theo.

ACN duoc thém vao dung dich dién ly di chon (Arg/Ace) dé lam giam do phan
cuc cua dung dich dién ly, hoa tan tét hon cac chat phan tich. Thyc hién qua trinh
khao sat ty 1¢ thanh phan ACN trong dung dich dién ly tir 0-50%. Két qua thu duoc
nhu dién di d6 hinh 3.22.
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Mg** B
6
ISOmVSO% A \/___

—_

40% | —‘\
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- =
10%
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[ | | |
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Théi gian di chuyén (phut)

| | | |
8 10 12 14

Hinh 3.22. Dién di dé khao sét anh hwong cia thanh phan ACN d@én si phan tach

cua Mg?* va vitamin Be

T dién di do thu dugc & hinh 3.22, ¢ truong hop ACN 0%, dong EOF khé gan
pic chat. Tir ACN 30% dén 50%, thoi gian phén tich 1au hon. So v&i ACN 10% thi
ACN 20% cho thay hiéu qua phan tach cao hon va tin hiéu pic tot hon. Tai ACN
20%, thoi gian phéan tich phu hop, hiéu qua tach cao va dién tich pic du l6n. Do d9,
hé dém Arg/Ace + ACN 20% duoc tién hanh khao sét pH tir 4,0-7,0.

Mg

I50mV pH 4,0 B6
's .

pH 5,0 'A -

V v J
/

I I I I | |
0 2 4 6 8 10

Thoi gian di chuyén (phat)

Hinh 3.23. Pién di dé khao sat anh hweng pH cua hé dém dén si phan tach

cuza Mg?* va vitamin Bg
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Két qua thu duoc tai hinh 3.23 cho thay tai pH=6,0 va pH=7,0 dong EOF sat
ngay pic chat vitamin Bs dan dén tin hiéu pic bi anh huong. Tai pH=4,0 hiéu qua tach
chua cao va do phan giai cua céc pic thap hon. Do d6, pH=5,0 phil hop dé khao séat

cac diéu kién tiép theo.

Tir tat ca cac két qua trén thay rang, hé dém Arg/Ace + ACN 20%; pH = 5,0 c6
dién tich pic du 16n, d6 phan giai tét rat phi hop cho viéc xac dinh Mg?* va vitamin
Bs. Vi vay, dung dich dién ly Arg/Ace + ACN 20%; pH=5,0 dugc lua chon 1a diéu
kién tdi uu dé khao sat cac diéu kién tiép theo.
3.2.1.2. Khdo sat anh hwéng ciia nong dé dung dich dién ly

Nong d6 cua dung dich dién ly dugc khao sét vai 3 gi tri 12 8 mM, 10 mM va
12 mM va dugc thuc hién voi cac diéu kién sau: hé dém Arg/Ace + ACN 20%;
pH=5,0; thé dién di 20 kV; chiéu cao bom mau 20 cm; thoi gian bom mau 25 s. Két
qua khao sat dugc trinh bay trong hinh 3.24.

J50mv Mg
12mM A >
m P
" Y V- ~
10mM L
8mM
A L1V
| T T | | |
0 2 4 6 8 10

Thaoi gian di chuyén (phut)
Hinh 3.24. Dién di dé khao sét anh hwong cua nong dé Arg dén sir phan tach
cuza Mg?* va vitamin Bg
Két qua cho thay, khi ting nong d6 dung dich dién ly thi thoi gian di chuyén
cta cac chat phan tich ting nhung tin hiéu (dién tich) pic lai giam. Diéu nay duoc giai
thich 13 do khi ting ndng do dung dich dién ly thi do dién di hiéu dung cua céc ion

duong va am ting, do d6 lam tang thoi gian di chuyén cta chat tan. Khi tang nong do
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dung dich dién ly ciing 1am ting d6 dan cua dung dich dién ly 1am giam tin hiéu cua
chat phan tich. C6 thé thy, ¢ nong d6 Arg 10 mM cho dudng nén 6n dinh, thoi gian
xuit hién hop Iy, kha ning tach hai chat tt, bén canh d6 nong d6 Arg 8 mM thu dugc
tin hiéu pic 1én nhat nhung kha nang tach hai chat vitamin Bs va Mg?* lai kém nhat
va d6 phan giai chwa cao, con ¢ ndng d6 12 mM cho tin hiéu pic bé nhit, thoi gian
phan tich 1au hon. Do d6, néng do Arg 1a 10 mM la dugc chon 1a ndng do ti vu cua
hé dém dién di.
3.2.1.3. Khdo sat anh huwong ciia thoi gian bom mdu

Viéc khao sat thoi gian bom mau duoc thuc hién theo phuong phap thuy dong
hoc kiéu xi phdng véi 3 gia tri thoi gian bom mau khac nhau 1220 s, 25 s, 30 s. Khao
sat duoc thyc hién trong diéu kién hé dém Arg 10 mM/Ace + ACN 20%; pH=5,0; thé
dién di 20 kV; chiéu cao bom mau 20 cm. Két qua khao séat anh huong cua thoi gian

bom mau duoc trinh bay trong hinh 3.25.

[ s0mv

Mg
B6
EOF ,—"

25s o [ \/’

20s

Thaoi gian di chuyén (phut)

Hinh 3.25. Pién di do khao sat anh hweng cua thoi gian bom mau dén sy phan tach
cua Mg?* va vitamin Be

Két qua cho thay khi ting thoi gian bom mau, thoi gian di chuyén cia cac chat

hau nhu khong thay doi hoic thay doi rat it nhung dién tich pic ting twong ung khi

tang thoi gian bom mau tir 20 s dén 30 s. Piéu nay duogc giai thich vi khi tang thoi

gian bom mau s& lam ting luong mau duoc bom viao mao quan, tao tin hiéu 16n hon.
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Tuy nhién, khi thoi gian bom mAau dai tao tin hiéu 16n hon s& 1am dich chuyén déi
chat vé thoi gian di chuyén caa cac chit ciing nhu lam giam d6 phan giai gitra cac
pic. Ngoai ra, con co cac cation gay anh huéng dén do phan giai cua pic va dién tich
pic, néu thoi gian bom mAu dai sé tao cac tin hiéu 16n cua cac cation. Nhan thay thoi
gian bom mau 25 s 12 phu hop dé lya chon cho cac khao sét tiép theo vi chiéu cao va
dién tich pic du Ié6n. Thoi gian 20 s pic bé, con thoi gian 30 s pic 16n song d6 phan
giai pic khong tét, ving mau bi gian rong. Vi vay, thoi gian téi wu cho cac khao séat
tiép theo 1a 25 s.

3.2.1.4. Khdo sdt anh huéng ciia chiéu cao bom mdu

Viéc khao sét chiéu cao bom mau duoc thuc hién véi cac gia tri 15 cm, 20 cm va 25
cm. biéu kién dé thuc hiénphan tich hé dém Arg 10 mM/Ace + ACN 20%; pH=5,0;
thé dién di 20 kV; thoi gian bom mau 25 s. Két qua thu dugc ¢ hinh 3.26. Két qua
cho thay truong hop chiéu cao bom mau 15 cm, tin hiéu pic bé, ¢ truong hop 25 cm
thi d6 phan giai pic khéng tét. Trong khi d6, chiéu cao bom mau la 20 cm cho két
qua dién tich pic da 16n, can d6i, nén 6n dinh. Vi vay chiéu cao bom mau 1a 20 cm

duoc lya chon 1a diéu kién t6i wu dé khao sat cac diéu kién tiép theo.

Isomv
Mg B6
Ecm_/_JL—ALr Vo v
EOF
Y DU R Ve
Wm
| I l | | |
0 2 4 6 8 10

Thei gian di chuyén (phdt)
Hinh 3.26. Dién di do khao sét anh hwong cua chiéu cao bom mau dén sy phan tach
cua Mg?* va vitamin Bs
3.2.1.5. Khdo sdt anh huéng ciia thé tach

Thé tach duogc lra chon dé nghién cau bao gom +15 kV, +18 kV, +20 kV va

+25 kV. Cac diéu kién khac ap dung cac két qua téi wu da thu duoc bao gom hé dém
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Arg 10 mM/ Ace + ACN 20%; pH=5,0; thoi gian bom mau 25 s; chiéu cao bom mau
20 cm. Két qua dugc thé hién trong hinh 3.27.

Isomv Mg 86

[V B o

Vau
M'_
A N Ve |

Thai gian di chuyén (phat)

Hinh 3.27. bién di do khao st anh huong cua thé tach dén sw phan tach

cua Mg?* va vitamin Be

Két qua cho thay khi &p thé tir +15 kV dén +25 kV, thoi gian di chuyén cua cac
chat giam dan, hiéu qua tach ciing giam dan. Tai thé +25 kV thoi gian di chuyén cua
c4c chét ngdn hon tai cac thé con lai nhung hiéu qua tach kém hon vi khi ting thé E
dong dién | I6n s€ gay ra hiéu wng nhiét Jun Ion [am téa nhiét Q ra bén ngoai khi do
lam mao quan néng 1én, 1am giam hiéu qua tach. Tai thé +15 kV va +18 kV thi thoi
gian phan tich Ion. Thé 20 kV ¢6 do phan giai tdt, hiéu qua tach tét, duong nén on
dinh va thoi gian phan tich nhanh. Do d6, thé +20 kV dugc lua chon 1am thé tach toi
uu.

Tat ca cac diéu kién da tbi wu dugc tong hop trong bang 3.12.

Bang 3.12. Piéu kién téi uu dé phan tich dong thoi magie va vitamin Be
bang phirong phap CE-C*D

Yéu t6 anh huong Piéu kién t6i wu hoa
Detector C‘D
Mao quan silica, tong chiéu dai 55 cm, chiéu dai
Mao quan )
hi¢u dung 40 cm, duong kinh trong ID=50 um
Phuong phap bom mau Thuay dong hoc kiéu xi phong

86




Chiéu cao bom mau

20cm

Thoi gian bom mau

255

Dung dich dién ly

Arg 10 mM/ Ace + ACN 20%; pH=5,0

Thé tach

+20 kV

3.2.2 Danh gia phwong phdp phan tich

3.2.2.1. Xay dung dwong chudn

Cac dung dich dung dé dung dudng chuan duoc pha lodng tir dung dich chuén
goc. Nong do cua cac dung dich chuan magie dugc thay doi tir 0,3 mg/L dén 200
mg/L, con ddi véi vitamin Bs 1a tir 3 mg/L dén 100 mg/L. Mdi dung dich dugc bom
3 1an trén hé dién di. Qua trinh dién di duoc thuc hién trong diéu kién téi wu. Gia tri
trung binh cua dién tich pic duoc s dung dé dung duong chuan. Céc két qua duoc
thé hién & bang 3.13, hinh 3.28 va hinh 3.29.

Bang 3.13. Dién tich pic ¢ cac nong dé khac nhau ciia Mg?* va vitamin Bs

Mg?* Vitamin Be
STT Nong do o Nong do Dién tich pic

(mg/L) Dién tich pic (V.s) (/L) V)
1 0,30 0,02 3,00 0,06
2 1,00 0,06 10,00 0,19
3 20,00 0,93 20,00 0,31
4 50,00 2,23 50,00 0,67
5 100,00 4,15 75,00 0,99
6 200,00 8,03 100,00 1,32
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Hinh 3.28. Puwong chudn biéu dién sw phu thugc dién tich pic vao nong dé magie

Vitamin Bg Y
1.4
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©® 1.0 //
2 ,
o
5081 /
c
R
= 0.6
@
a
0.4 ,Aquation y=a+ b*x
] Intercept 0.0436 + 0.01089
0.2 4 / Slope 0.01271 + 1.95459E-4
P R-Square (COD) 0.99905
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o
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Hinh 3.29. Puwong chudn biéu dién sw phu thugc dién tich pic vao nong dé vitamin B
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Céc phuong trinh duong chuén, hé sb twong quan dugc thé hién trong bang 3.14.

Bang 3.14. Phuwong trinh dwong chudn cia magie va vitamin Be

Hé s tuong

Tén chat Phuong trinh dudng chuan P
quan R?
Y =(0,04000 + 0,00058)X
Mg?* 0,9992 < 0,001
+(0,09472 + 0,05421)
o Y =(0,01271 £ 0,00020)X
Vitamin Be 0,9991 <0,001
+(0,04360 + 0,01089)

Nhu cé thé thay trong bang trén, duong chuan ciia magie va vitamin Be ¢ hé
s6 twong quan tot R2> 0,999 va P < 0,001 chitng té X va y ¢6 quan hé tuyén tinh tot.
Tinh theo thdng ké, gi tri Pvawe cia vitamin Bg va magie lan luot 12 0,061 va 0,155
(tham khao phu luc PL6) déu I6n hon 0,05 nén phép phan tich khong mac sai s6 hé
théng.
3.2.2.2. Gigi han phat hien (LOD) va gidi han dinh lwong (LOQ) cua phwong phdap
phan tich

Xéc dinh gidi han phat hién (LOD) bang cach pha lodng dan hon hop dung dich
chuan cia Mg?* va vitamin Bs dén khi dat dugc tin hiéu nho nhat sao cho tin hiéu thu
duoc gap 3 1an so véi nhidu duong nén (S/N = 3). Gidi han dinh luong (LOQ) la gia
tri nong do tai d6 tin hiéu thu duoc gap 10 lan so véi nhidu duong nén (S/N = 10).
Bang 3.15 thé hién cac két qua thu dugc. Gidi han phat hién (LOD) va gidi han dinh
luong (LOQ) ciia Mg?* 1an lwot 12 0,10 mg/L va 0,33 mg/L; LOD va LOQ cua vitamin
Be lan luot 1a 1,00 mg/L va 3,30 mgl/L.

Bang 3.15. Gidi han phat hién (LOD) va gidi han dinh luong (LOQ)

cua Mg?* va vitamin B

Té!n C Chiéu cao | Tin ‘hiéu nhiéu SN LOD LOQ
chat | (mg/L) (mV) nén (mV) (mg/L) | (mg/L)
Mg 0,10 4,51 1,49 3,03 0,10 0,33
Bs 1,00 1,01 0,32 3,16 1,00 3,30
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3.2.2.3. Danh gia do dac hiéu cua phwong phdp

Su c6 mat cua cac cation K, Na, Ca, Mg (20 ppm) cung véi cac vitamin By, Bs,
B, Bo (100 ppm) duoc khao sat . Két qua thu dugc nhu dién di do hinh 3.30 cho thay
su xuét hién cua céc kim loai K, Na, Ca da tach xa Mg va khong thay xuat hién cac
vitamin B1, Bs, By cho thy phuong phap phan tich déng thoi Mg va vitamin Bg c6

d6 dac hiéu tot.

50mv
I Naca
K Mg

B6

[ I I [ I I I I
0 1 2 3 4 5 6 7

Thei gian di chuyén (phat)
Hinh 3.30. Pién di dé dé dac hiéu ciia phwong phdp phan tich dong thoi
Mg?* va vitamin Be
3.2.2.4. Pdnh gid dé chum (@6 1ap) va dé ding (36 thu hoi) cia phwong phdp
Do lap va do thu hoi ciia phurong phap dugc tién hanh nhu trong muc 2.4.2. Két
quéa danh gia dugc thé hién trong bang 3.16.
Bang 3.16. Két qud xdc dinh dé ap va dé thu héi ciia phwong phdp trong phdn tich
Mg?* va vitamin Be

Chez?c};]hﬁn thlginfhi%n 1\}112?% rg(’j/‘ﬁlu RSD: (%) | Do thu hoi ?3;3‘;:;‘;:
oL gl) | (=6) | (%) o
50,00 50,50 1,65 101,00
Mg?* 100,00 100,40 1,21 100,40 100,42
150,00 149,80 0,97 99,87
20,00 20,20 0,93 101,00
Vitamin Bs | 40,00 39,50 1,51 98,75 99,81
60,00 59,80 2,65 99,67
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Tir cac két qua, phuong phap phan tich da dap tng dugc cac yéu cau vé do chum
va d6 dung. Do léch chuan twong ddi cua céc chat phan tich RSD < 3%, d6 thu hdi
trong khoang 98,75-101,00%. Nhu vay, phuong phap c¢6 d6 chum va d¢ dang dap
ung yéu cau cia AOAC (mic ndng do tir trén 10 mg/L téi 200 mg/L, d6 thu hdi nam
trong khoang 80-110%) [77].

3.2.3. Phan tich cac mdu thuc té
3.2.3.1. Két qua phan tich magie va vitamin Bs trong mau diroc pham va TPCN
bang phirong phdp CE-C*D

Tién hanh phan tich bay mau dugc pham va TPCN duoc mua ngau nhién trén
dia ban Ha Noi. Mau dugc chuan bi theo quy trinh & muc 2.3.1. Viéc xac dinh sy ¢6
mat ctia magie va vitamin Be ¢6 trong cac mau duoc thuc hién bang phuong phap
thém chuan. Di véi cac mau co ndong do 1on can pha lodng dén nong do thich hop
treéc khi tién hanh bom mau vao thiét bji CE-C*D. Két qua thu dugc nhu bang 3.17
va cac hinh 3.31-3.33.

Bang 3.17. Két qud xdc dinh ham lrong vitamin Bs va magie trong cac mau

dwoc pham va TPCN
Ham luong Ham luong
STT Kihiéu | Chit phan phan tich cong bd trén | Sai khéc
mau tich bang CE-C*D nhan (%)
(mg/vién) (mg/vién)
Mg 79,50 75,00 +6,00
1 Sl
Vitamin Bs 3,20 3,10 +3,23
Mg 50,30 47,30 +6,34
2 S2
Vitamin Bs 5,35 5,00 +7,00
Mg 46,51 47,30 -1,67
3 S3
Vitamin Bs 5,04 5,00 +0,80
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Mg 52,25 48,00 +8,85
S4
Vitamin Bs 1,88 2,00 -6,00
Mg 32,15 30,00 +7,17
S5
Vitamin Be 4,89 5,00 -2,20
Mg 37,50 39,00 -3,85
S6
Vitamin Bg 2,01 2,00 +0,50
Mg 7,05 7,20 -2,08
S7
Vitamin Bg 0,92 1,00 -8,00
Mg
:I:SOmV :
S6 /1
s7 N
| | | | |
0 1 2 3 4 5
Theoi gian di chuyén (phut)
Mg
Ts0mv B6
S1 A __;L A ol
S2
= N ﬁ_
A%
A —
N

Thei gian di chuyén (phut)

6

Hinh 3.31. Pién di dé phan tich Mg?* va vitamin Bg trong cac mau
dwroc pham va TPCN
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Hinh 3.32. P thi so sdnh ham hrong Mg trén nhan va phan tich bang

phuong phap CE-C*D

6.00

5.00

4.00

3.00

2.00

Ham lwong (mg/vién)

1.00

0.00

Vitamin B
5 35 B CE-CAD (mg/vién)  ® Nhan (mg/vién)
' 5.04 4.89
5.00 5.00 5.00
13.20
| 3.10
2.00 2.00
1.00
0.92
S6 S7

M§u

Hinh 3.33. Dé thi so sdnh ham heong vitamin Bs trén nhan va phan tich bang

phuong phap CE-C*D
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Két qua cho thdy, ham lwong magie va vitamin Bs trong dugc phdam va TPCN
phan tich dugc dao dong trong khoang tir 0,92 mg/vién dén 79,50 mg/vién. So Vi
cong bé trén nhan, ham lugng nay ¢ su sai khac trong khoang tir -8,00% dén +8,85%.
3.2.3.2. Két qud phdn tich déi ching magie bang phwong phap 1CP-OES va vitamin
Bs bang phwrong phap HPLC-PDA

Viéc phan tich d6i ching ham luong magie va vitamin Bs trong cac mau TPCN
va miu dugc pham duoc thuc hién bang phuong phap ICP-OES (magie) va phuong
phap HPLC-PDA (vitamin Bs). Cac diéu kién phan tich cua cac phuong phap doi
chang dugc néu trong muc 2.1.1.2 va phu luc. Két qua thu duoc nhu trong bang 3.18.

Bang 3.18. Két qud phdn tich doi chitng ham lwong cac vitamin By, vitamin Bs,

vitamin By trong cac mau diroc pham va thuc pham chite ning

Ham luong Ham lugng phan Sai
. . . [
STT Ki l}iéu ?hé‘,[ phan tich bang | tich bén,g‘phucmg KhaC
mau phan tich CE-C*D phap d6i ching
" " (%)
(mg/vién) (mg/vién)
Mg 79,50 80,90 -1,73
1 S1
B6 3,20 3,01 +6,31
Mg 50,30 47,88 +5,05
2 S2
B6 5,35 5,12 +4,49
Mg 46,51 46,83 -0,68
3 S3
B6 5,04 5,18 -2,70
Mg 52,25 55,80 -6,36
4 S4
B6 1,88 1,95 -3,59
Mg 32,15 30,91 +4,01
5 S5
B6 4,89 4,74 +3,16
Mg 37,50 35,72 +4,98
6 S6
B6 2,01 1,97 +2,03
Mg 7,05 7,45 -5,37
7 S7
B6 0,92 0,98 -6,12
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Tir két qua bang 3.18 cho thdy, sai khac giira hai phuong phap dao dong trong
khoang -6,36% dén + 6,31%. Tién hanh thiét 1ap d6 thi twong quan giita hai phuong
phap cho két qua nhu trong céc hinh 3.34- 3.37.

Mg
_100.00 - 80.90 m CE-C4D (mg/v)
S 79.50
g 80.00 - = ICP-OES (mg/v)
o0 55.80
50.30
% 60.00 - 1788 463683 52.25
£40.00 - 32 %% o 5
'E 20.00 - 708
0.00 - | 1 I
S1 S2 S3 S7
Mﬁu

Hinh 3.34. D6 thi so sanh ham lwong Mg giita phwong phdp CE-C*D va phwrong
phdp doi chitng ICP-OES

Két qua phan tich dbi chimng Mg
90.00
__80.00
c
@ 70.00
60.00
- 50.00
& 40.00
& 30.00
20.00
10.00

0.00
0.00 20.00 40.00 60.00 80.00 100.00

CE-C*D (mg/vién)

y =1.0261x - 1.1035
R2=0.9924

mg/v

Hinh 3.35. Si frong quan gitta phirong phdp CE-C*D va phirong phdp doi chimg
ICP-OES
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Vitamin By

m CE-C4D (mg/v) mHPLC-PDA (mg/v)

—~ 5.35
5§ 6.00 - 5.12 5.03'18 4'8274
%, 5.00 '
g 400 - 320
™ 3.01 1.97
2 3.00 - 1.95 '
b' 188 2.01
£ 500 0.98
'§ e “ 0.92
= 0.00 -
AL A2 A3 A4 A5 A6 A7

Mau

Hinh 3.36. D6 thi so sanh ham heong vitamin Bs giita phwong phdp CE-C*D va
phirong phdp doi chimg HPLC-PDA

Két qua phén tich ddi ching vitamin Bg

o
o
S

iy
o
S

y = 0.9671x + 0.0609

R?=0.9942
3.00

2.00

HPLC-PDA (mg/vién)

1.00

0.00
0.00 1.00 2.00 3.00 4.00 5.00 6.00

CE-C*D (mg/vién)

Hinh 3.37. Su twong quan giita phirong phdp CE-C*D va phirong phdp doi chimg
HPLC-PDA

D6 thi hinh 3.35 va hinh 3.37 cho cac hé s6 trong quan R2 > 0,99; gié tri Pyaie khi s
sanh ting cip chuan theo chuan t déu 16n hon 0,05 (tham khao phu luc PL7) cho thiy két
qua phan tich ham lugng magie va vitamin Bs bang phuong phap CE-C*D va cac phuong
phap ddi chimg c6 d6 trong quan cao, tir 6 cho thiy phuong phap CE-C*D déng tin cay.
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3.3. Xac dinh ddng thai vitamin By, vitamin Bs, vitamin Bg bing phwong phap
CE-C‘D

3.3.1. Khdo st téi wu diéu Kién phdn tich va xdc dinh dong theéi vitamin By,
vitamin Bs, vitamin Be bang phwong phdp CE-C*D

3.3.1.1. Khdo sét thanh phan cua dung dich hé dém dién di

Viéc khao sat dung dich dién ly dugc thuc hién trén co so sir dung mot hop phan
bazo thuong dung trong phuong phap CE-C*D nhu Arginine (Arg), Histidine (His),
Tris (hydroxymethyl) aminomethane (Tris) c6 cing nong d6 10 mM va thém
Acetonitrile (ACN) 10% sau d6 diéu chinh d¢én pH=7,5 bang acid acetic (Ace). Thuc
hién quéa trinh khao sét thanh phan dém ciing cac diéu kién ¢ dinh dugc néu o trén.
Cong thuc céu tao cua vitamin B1 ¢ nhom NHz (pKa = 10,31); vitamin Bs c6 nhom
COOH (pKa= 4,41) va vitamin By c6 nhém COOH (pKa= 4,65) nén khi dung dich
dién ly c6 pH= 7,5 thi vitamin By ton tai ¢ dang cation (R-NH3*) (do pH < pKa);
vitamin Bs va vitamin By ton tai & dang anion (R-COO") (do pH > pKa). Khi do, néu
tién hanh phan cuc duong vitamin B1 ton tai ¢ dang cation s& di chuyén tir cyc duong
sang cuc am theo chiéu caa dong EOF con vitamin Bs va vitamin B ton tai ¢ dang
anion s& di chuyén tir cyc am sang cuc duong ngugc chiéu EOF va duoc dong EOF
kéo theo. Do d6, vitamin B1 s& xuat hién truéc EOF con vitamin Bs va vitamin Bg s&
xuat hién sau EOF. Két qua khao sat anh huang caa thanh phan dém dén dién tich pic
va thoi gian di chuyén duoc thé hién trong bang 3.19 va hinh 3.38.

Bang 3.19. Anh huéng cia thanh phan dung dick dién ly dén qué trinh tach

va xac dinh cac vitamin nhém B

Chit phan | Nong do Dién tich pic (m.V.s)

tich (mg/L) His/Ace Arg/Ace/ACN Tris/Ace
Vitamin By 100 - 3,46 4,07
Vitamin Bs 60 - 33,00 57,02
Vitamin Bg 60 - 24,20 28,04
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Hinh 3.38. Anh huéng cua thanh phan dung dick dién ly dén qud trinh xdc dinh cac
vitamin B, vitamin Bs, vitamin Bo

Két qua cho thay, khdng xuat hién tin hiéu chat phan tich khi do trén dém
His/Ace. Di véi dém Tris/Ace, dién tich pic I6n hon tuy nhién thdi gian phan tich
dai va chan pic bi gian. Cé thé thay riang, & hé dém Arg/Ace cho hinh dang pic can
d6i, tin hiéu tach twong ddi tét, thoi gian phan tich hop Ii. Vi vay, dém Arg/Ace dugc
chon 1am thanh phan dém tdi wu cho hé dién di.

Bén canh d6, ACN duoc thém vao dung dich dién ly da lya chon (Arg/Ace) dé
lam giam d6 phan cuc cua dung dich dién ly, hoa tan tét hon cac chat phan tich. Thuc
hién qué trinh khao sét ty 18 thanh phan ACN trong dung dich dién ly véi hé dém
Arg/Ace 10 mM; pH = 7,5. Két qua khao sat anh huong cua thanh phan dém dén dién
tich pic va thoi gian di chuyén duoc thé hién trong bang 3.20 va hinh 3.39.

Bang 3.20. Anh huong cua ty 1é dém dén su tach va xdc dinh cac vitamin nhom B

, A Dién tich pic (m.V.s)
Chét phan | o7 _ — _ _
tich 0 Acetonitrile | Acetonitrile | Acetonitrile | Acetonitrile
(mg/L) 0% 10% 20% 30%
Vitamin Bx | 100 1,61 3,55 3,25 2,99
Vitamin Bs | 60 46,99 331 40,79 46,93
Vitamin Bg 60 34 24,5 26,15 44,6
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Hinh 3.39. Ankh hurong cua ty 1é dém dén sir tch va xde dinh céc vitamin By, vitamin Bs,
vitamin Bo
Tur két qua thu duoc d& dang thay, khi khdng thém ACN thi dién tich pic nho
va pic vitamin Bo khong rd nét. Nén viéc thém ACN la can thiét dé tin hiéu pic 6n
dinh va can ddi hon. Tir két qua khao sat cho thay hé dém Arg/Ace dugc thém ACN
10% cho dudng nén 6n dinh va dién tich pic lap lai qua nhiéu lan do so véi duong
nén va dién tich pic cua hé dém Arg/Ace duoc thém ACN 20% va thém ACN 30%
Vi vay, hé dém Arg/Ace duoc thém ACN 10% duoc chon cho céc khao sét tiép theo.
3.3.1.2. Khdo sat pH cua dung dich dién ly
Gia tri pH 1a yéu t6 quyét dinh truc tiép dén qua trinh phan tach chat. Khi gia
tri pH thay déi, 46 dién di cua cac chat va téc do di chuyén cia dong EOF ciing thay
d6i. Vi thé, mdi chat s& c6 mot khoang pH ma tai d6 hiéu qua tach sé& tét nhat. Viéc
khao sat pH dugc thyuc hién trong khoang pH tir 6,5 dén 8,5. Cac gia tri pH khao sét
la pH = 6,5; pH = 7,5; pH = 8,5 vai thoi gian bom mau 12 30 s ciing céc diéu kién ¢
dinh nhu di néu o trén. Gia tri pH dugc chinh bang may do pH va thém tir tir dung
dich acid acetic dén gia tri mong mudn. Cac két qua khao sat anh huong cua pH dén

dién tich pic va thoi gian di chuyén duoc thé hién trong bang 3.21 va hinh 3.40.
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Bang 3.21. Anh hueng ciia pH dén Qud trinh tach va xdc dinh cac vitamin nhom B

) No6n H=65 H=75 H=85
Chét phan ) ’ P P P
tich d(-) Spic tac Spic tac Spic tac
(Mg/L) | (mV.s) | (phat) | (mV.s) | (phat) | (mV.s) | (phat)
Vitamin B; | 100 3,22 2,4 3,5 2,28 2,95 2,05
Viamin Bs | 60 35,78 7.6 32,9 6,2 25,05 55
Viamin By | 60 30,4 11,1 | 2457 | 10,6 | 20,69 12,2
B5 B9
lSmV — \/ ~
———
pH 6,5 _Aﬁu N

| ——

pH7,5 — -~y
pH 8,5 «_le—,/w‘

I I [ [ [ I
0 2 4 6 8 10 12

Thai gian di chuyén (phut)

Hinh 3.40. Anh huéng ciia pH dén su tach va xdc dinh vitamin By, vitamin Bs,
vitamin Bg

Két qua khao sat cho thay, khi phan cuc theo chiéu duong (ap thé duong & dau

bom mau) thi vitamin B1 di chuyén ra trugc dong EOF, con vitamin Bs va vitamin Bg

di chuyén ra sau EOF (vé nguyén tic khi phan cuc duong cac ion 4m khong phan tich

duogc, tuy nhién chat phan tich c6 do linh dong thap, & gan EOF nén dugc né kéo

theo). Khi qua trinh dién di duoc thyc hién, & pH I6n hon pKa chit phan tich s& ton

tai & dang ion 4m, nguoc lai néu qua trinh dién di thyc hién ¢ pH thap hon gié tri pKa

chat s& ton tai & dang ion duwong nén vitamin B1 ¢6 pKa = 10,3 (nhém — NH2) mang

dién tich duong, vitamin Bs c6 pKa = 4,41 (nhom —COOQOH), vitamin By c6 pKa; =

4,65 (nhém — COOH) mang dién tich am. Tir két qua khao sét cho thay, gia tri pH
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tang thi thoi gian phan tich giam dong thoi dién tich pic ciing giam. Tai pH = 8,5
tin hiéu chat khdng 6n dinh. So sanh két qua khao sat thu dwgc Vi cac gia tri trén tai
pH = 7,5 cho tin hiéu pic twong ddi tét, tin hiéu nén n dinh, thoi gian phan tich hop
ly, dién tich pic 16n. Do vay, pH = 7,5 dugc lya chon cho cac khao st tiép theo.
3.3.1.3. Khdo sat nong dé dung dich dién ly

Ngoai pH, nong do dém ciing anh huong lén dén két qua phan tich dién di.
Trong phuong phap CE-C*D, néng d6 dém can du 16n dé tao méi truong dién di 6n
dinh nhung néu 16n qué s& tao do dan I6n 1am anh hudng d6 nhay cua detector C*D.
Cac két qua khao sat dugc thé hién trong bang 3.22 va hinh 3.41.

Bdang 3.22. Anh hwong cua nong dé dém dén sw tach va xdc dinh céc vitamin B

10 mM 12 mM 15 mM
Chat phan | Nong do | Arg/Ace/ACN | Arg/Ace/ACN | Arg/Ace/ACN
tich (mg/L) Spic tac Spic tdc Spic tdc
(mV.s) | (phat) | (mV.s) | (phut) | (mV.s) | (phut)
Vitamin B 100 3,28 2,23 3,4 2.25 3.2 2,1
Vitamin Bs 60 34,56 | 6,65 32,3 6,05 | 36,09 4,8
Vitamin By 60 38,58 9,9 24,5 8,9 33,83 6,8
[5mv
B9
B5
B9
10 mM B5
B1
\/ ~
f/ﬁ B5 B9

12 mM%
B1

15 mM,—dﬁ*—\

B1

I
0

I
2

T
4

6

8

Thei gian di chuyén (phut)

10

Hinh 3.41. Anh huong cua nong dé dém dén sy tach va xdc dinh vitamin By, vitamin Bs,

vitamin Bg
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Trong nghién ciru, hé dém Arg/Ace ¢6 cac nong dé 10 mM, 12 mM, 15 mM +
ACN 10%; pH = 7,5 dugc tién hanh khao sét. Cac diéu kién thuc hién thi nghiém c
dinh nhu trén, thoi gian bom mau 30 s. Két qua khao sat thu dugc cho thdy nong do
dém 10 mM cho tin hiéu pic 16n nhung dudng nén khdng 6n dinh va bi gidn chan pic,
ngoai ra thoi gian phén tich dai. B4i véi nong d6 15 mM thai gian phan tich ra nhanh
tuy nhién duong nén khong on dinh va chan pic bi dang. C6 thé thay rang, & ndng do
Arg 12 mM cho hinh dang pic can ddi, tin hiéu tach twong ddi tét, thoi gian phan tich
hop li. Vi vay, ndng d6 Arg 12 mM duoc chon 1a ndng do tdi wu cho cho hé dién di.
3.3.1.4. Khdo sét anh hwong cua thé tach

Ba gia tri thé tach da duoc lua chon dé khao sat la: +15 kV, +17 kV va +20 kV.
Trong qua trinh khao sat cac diéu kién khac duoc giir ¢6 dinh. Két qua khao sét anh
huong cua thé tach dén dién tich pic va thoi gian di chuyén dugc thé hién trong hinh

3.42 va bang 3.23.

10mVv B5 B9
\© e

20kV
B1
17kV -
15kV
[ I [ [ I I |
0 2 4 6 8 10 12

Thoi gian di chuyén ( phat)

Hinh 3.42. Anh hurong cua thé dién trieong dén sw phan tach cac vitamin By,

vitamin Bs, vitamin Bg
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Bang 3.23. Anh huéng cua thé dén viée xdc dinh cac vitamin nhém B

) Nong 15 kV 17 kV 20 kV
Chét phan )
tich do Spic tac Spic tac Spic tac
(mg/L) | (mV.s) | (phat) | (mV.s) | (phat) | (mV.s) | (phat)
Vitamin B 100 3,7 2,50 3,45 2,22 3,4 1,92
Vitamin Bs 60 42,77 7,46 33,7 6,2 29,88 5,6
Vitamin By 60 39,19 11,76 27,2 8,65 20,89 8,45

Tur két qua khao sat thu duoc cho thiy, tin hiéu cac chat ra tét tuy nhién thé tach
cang tang thi chat ra cang nhanh va dién tich pic giam. Khi thé tach ¢ gia tri +15 kV
va +20 KV pic cua chat ra khong déu va dep nhu ¢ gia tri thé tach bang +17 kV. O
thé tach +15 kV dién tich I6n nhung thoi gian phan tich 1au va pic khong can déi. Tai
thé bang +17 kV thu dugc pic déu nhat, tin hién nén 6n dinh, dién tich pic 16n, thoi
gian phan tich hop ly. Vi vay, thé tach bang +17 kV duoc lya chon cho céc khao sét
tiép theo.
3.3.1.5. Khdo séat thoi gian bom mau

Trong qué trinh bom mau, tuy vao thoi gian bom sé& cho ra dién tich pic khac
nhau, thoi gian bom cang 1au thi dién tich pic cang lon. Khao sat duogc thuc hién vai
c4c gia tri thoi gian 12 20 s, 30 s, 50 s cling cac diéu kién cb dinh trong tat ca cac thi
nghiém Ia dung dich dién ly Arg 12 mM/ Ace + ACN 10%; pH = 7,5. Két qua thé
hién ¢ bang 3.24 va hinh 3.43 cho thay, thoi gian bom mau tang thi dién tich pic cang
tang. Diéu nay hoan toan phi hop vi khi tang thoi gian bom mau thi lwong mau bom
Va0 mao quan ciing ting, do d6 tin hiéu chat phan tich tét. D& dang thiy duoc, thoi
gian bom mau 1a 30 s cho tin hiéu tt va duong nén twong d6i 6n dinh, tai thoi bom
mau 12 40 s chan pic bi rong con ddi vai thoi gian bom mau 20 s, tin hiéu cho do nhay
chua cao. Do d6, thoi gian bom mau duoc lya chon 1a 30 s cho cé4c thi nghiém tiép

theo.
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Bdng 3.24. Anh huéng cua thoi gian bom mau dén su tdch va xdc dinh cac vitamin B

. Nong 20s 30s 50s
Chat phan
, do
tich Spic tac Spic tac Spic tdc
(mg/L)

(mV.s) | (phat) | (mV.s) | (phat) | (mV.s) | (phat)

Vitamin B 100 2,74 2,25 3,6 2,22 6,32 2,3

Vitamin Bs 60 23 6,35 32,5 6,15 99,5 6,42

Vitamin Bo 60 19,62 9,65 25,3 9,2 39,23 9,95

pr——tNT . )
lme \/ e B9
BS B9
— ~/
20
; VBS B9
30s
508 ‘ | | | | |
4 6 8 10 12

Thoi gian di chuyén ( phut)

Hinh 3.43. Anh huéng cua thoi gian bom mau dén sw tach va xdc dinh vitamin By,
vitamin Bs va vitamin Bg
Qua céc khao sat thu dugc diéu kién toi wu cho qué trinh phan tich dong thoi

c4c vitamin B bang phuong phap dién di mao quan CE-C*D nhu trong bang 3.25.
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Bang 3.25. Piéu kién toi wu xdc dinh cac vitamin By, vitamin Bs va vitamin Bg

Cac yéu td Diéu kién lya chon
Detector C*D
Mao quan silica, tong chiéu dai 50 cm, chiéu dai hiéu
Mao quan

dung 1a 30 cm, dudng kinh trong 1a 50 pm

Phuong phap bom mau

Thity dong hoc kiéu xi phong

Chiéu cao bom mau

15cm

Thoi gian bom mau

30s

Dung dich di¢n ly

Arg 12 mM/ Ace + ACN 10%; pH=7,5

Thé tach

+17 kV

3.3.2. Danh gida phwong phdp phdn tich

3.3.2.1. Duong chudn xdc dinh cac vitamin By, vitamin Bs, vitamin Bg

Céc dung dich d dung duong chuan duoc pha lodng tir dung dich chuan géc.
Céc dung dich nay c6 nong do bién thién ddi véi vitamin By trong khoang 5 mg/L dén
100 mg/L, ddi vai vitamin Bs tir 3 mg/L dén 100 mg/L va vitamin Bo tir 10 mg/L dén
150 mg/L. M&i dung dich duoc do 1ip lai 3 1an va tién hanh theo cac diéu kién d ti

wu ¢ bang 3.25. Puong chuan duoc xay dung trén co sd sy phu thudc cua dién tich

pic vao ndng do. Cac két qua duoc trinh bay trong bang 3.26.

Bang 3.26. Su phu thugc cia dién tich pic vao nong dé céc vitamin By, vitamin Bs,

vitamin Bo
Vitamin B Vitamin Bs Vitamin Bg

STT | Néngdo Spic Nong do Spic Nong do Spic
(mg/L) (mV.s) (mg/L) (mV.s) (mg/L) (mV.s)

1 5,00 0,31 3,00 2,25 10,00 4,20
2 20,00 0,75 10,00 6,00 20,00 8,70
3 40,00 1,44 20,00 13,70 60,00 24,60
4 80,00 2,90 60,00 42,11 100,00 39,70
5 100,00 3,60 100,00 67,99 150,00 61,00
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Két qua phuong trinh duong chuan va hé sb hdi quy twong tmg duoc

trinh bay ¢ hinh 3.44-3.46 va bang 3.27.

4.0q

3.54

Dién tich pic (mV.s)
g
1

1.0

Vitamin B,

Equation
Intercept
Slope

R-Square (COD)

y=a+ b*x
0.08157 + 0.03435
0.03507 + 5.65927E-4
0.99922

40 60
Néng d6 (mg/L)

80

T
100

Hinh 3.44. Buong chudn sy phu thugc dién tich pic vao néng dé vitamin Bs

70

Dién tich pic (mV.s)
g & 8 8
1 1 1 1

n
=]
1

=
o
1

o

Vitamin By
Equation y=a+b*x
Intercept -0.07545 + 0.53509

Slope
R-Square (COD)

0.68615 + 0.01007
0.99935

o

20

40 60
Néng d6 (mg/L)

80

T
100

Hinh 3.45. Buong chudn sy phu thugc dién tich pic vao néng dé vitamin Bs

Vitamin By

Equation
Intercept
Slope

R-Square (COD)

0.40166 + 0.00491

y=a+b*x
0.327 +0.42005

0.99955

20

40

60 80
Néng dé (mg/L)

T
100

T
120

T 1
140 160

Hinh 3.46. Puwong chudn sw phu thugc dién tich pic vao néng dé vitamin Bg
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Bang 3.27. Két qud phirong trinh dwong chudn va hé sé hai qui

Chat phan , Heé s6 tuong
i Phuong trinh duong chuan P
tich quan R
o Y= (0,03507 + 0,00057)X +
Vitamin B 0,9992 < 0,001
(0,08157 + 0,03435)
o Y =(0,68615 + 0,01007)X +
Vitamin Bs 0,9994 < 0,001
(-0,07545 £ 0,53509)
o Y =(0,40166 + 0,00491)X +
Vitamin Bg 0,9996 < 0,001
(0,32700 * 0,42005)

Két qua thu duogc cho thdy, dudng chuan cua vitamin By, vitamin Bs va vitamin

B €6 hé s twong quan biéu dién sy phu thudc caa dién tich pic vao nong do tét (R?

> 0,999), dong thoi cac gia tri P < 0,001 (d6i voi ca 3 chat phan tich) ching to x vay

c6 quan hé tuyén tinh. Tinh theo thdng ké gia tri Pvaie ctia vitamin By, vitamin Bs va
vitamin By lan luot 13 0,098; 0,897 va 0,493 (tham khao phu luc PL6) déu 16n hon

0,05 nén phurong phap khong mac sai sé hé thong.

3.3.2.2. Gigi han phat hi¢n (LOD) va gioi han dinh lwong (LOQ)
Tién hanh xé4c dinh gidi han phat hién (LOD) bing cach pha lodng dan dung

dich chuan cua vitamin Bi, vitamin Bs, vitamin Bg toi ndng d¢6 nho nhat ma tin hiéu

cho ty s6 S/N = 3. Gigi han dinh lugng (LOQ) 1a nong do nhé nhat ma tin hiéu cho
ty s6 S/N = 10. Cu thé, két qua thu duoc trong bang 3.28.
Bang 3.28. Két qud khao sat LOD

Chiéu cao

Tin hiéu

Chat‘lfclahan pic(S) | nhidunén(N) | S/N (;O/[E) (r'];O/(E)
(mV) (mV) g g
Vitamin B 0,06 0,02 3,00 1,50 4,95
Vitamin Bs 0,39 0,12 3,25 1,00 3,33
Vitamin B 0.25 0,08 313 3,00 9,90
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Nhu vay, gidi han phat hién (LOD) cua vitamin B la 1,50 mg/L, vitamin Bs la
1,00 mg/L va vitamin Bg la 3,00 mg/L. Gidi han dinh lwgng cua vitamin B la 4,95
mg/L, vitamin Bs la 3,33 mg/L va vitamin By la 9,90 mg/L.
3.3.2.3. Danh gia do dac hiéu cua phuwong phap

Su cd mat cua cac cation Na, Ca, K (50 ppm) cung vai cac vitamin Bi, Bz, Bs,
B, Bo (100 ppm) duoc khao sat. Két qua thu dugc nhu dién di d6 hinh 3.47 cho thay
su xuat hién caa cac kim loai Na, Ca, K & rat xa so vai vitamin B1 va khong thay xuat

hién cac vitamin Bs, Be cho thdy phuong phap phan c6 d6 dic hiéu tét.

aK
J2mv . Cw

Cak r'_’_,_’-,———\f\/_—_’_\f—_—
Na l B9

| | | | | | | |
0 2 4 6 8 10 12 14

Thoi gian di chuyén (phut)

Hinh 3.47. Dién di dé do dac hiéu ciia phwong phdp phén tich dong thoi vitamin B,
vitamin Bs, vitamin Bg

3.3.2.4. Pdnh gid dé chum (@ 1ap) va dé ding (36 thu hoi) cia phwong phap

Do 13p va do thu hdi cua phuong phap duoc tién hanh nhu trong muc 2.4.2.
Két qua danh gia duoc thé hién trong bang 3.29.
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Bang 3.29. B¢ lap va do thu héi ciia phiong phdp trong xdc dinh ham hrong cac

vitamin B, vitamin Bs, vitamin Bg

) Nong do Nong do P thu hoi
Chat phan i . RSD (%) | D¢ thu
] thém chuan thu hoi . trung binh
tich (n=6) hoi (%)
(mg/L) (mg/L) (%)
20,00 19,80 1,50 99,00
Vitamin B 40,00 40,40 0,90 101,00 99,78
60,00 59,60 0,87 99,33
20,00 20,40 1,93 102,00
Vitamin Bs 40,00 40,50 1,87 101,25 100,97
60,00 59,80 2,28 99,67
20,00 20,50 1,16 102,50
Vitamin By 50,00 49,70 0,83 99,40 100,80
100,00 100,50 0,61 100,50

Két qua cho thay, phuong phap phan tich da dap tng duoc cac yéu cau vé do
chum va d¢ ding. Do léch chuan twong dbi caa cac chat phan tich RSD < 3%, d6 thu
hoi trong khoang 99,00-102,50%. Nhu vy, phuong phap c6 do chum va d6 dung dap
ing yéu cau cua AOAC (v6i mirc ndng do tir trén 10 mg/L toi 100 mg/L, d6 thu hoi
nam trong khoang 80-110%) [77].

3.3.3. Phan tich vitamin B, vitamin Bs, vitamin By trong mdu thzc pham charc
ndang

3.3.3.1. Két qua phan tich vitamin By, vitamin Bs, vitamin Be trong mau TPCN bang
phuong phap CE-C*D

Tién hanh phan tich 3 mau TPCN duoc mua ngau nhién trén dia ban Ha Noi.
Mau duoc chuan bj theo quy trinh & muc 2.3.1. Viéc xac dinh s ¢6 mat caa vitamin
B1, vitamin Bs va vitamin By cd trong cdc mau duoc thuc hién bang phuong phap

thém chuan. Di véi cac mau c6 ndng do 16n can pha lodng dén ndng do thich hop
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treéc khi tién hanh bom mau vao thiét bi CE-C*D. Két qua thu dugce nhu bang 3.30
va cac hinh 3.48-3.51.
Bang 3.30. Két qua phdn tich ham heong vitamin By, vitamin Bs, vitamin By trong
mau TPCN bdang phwong phdp CE-C*D

Ham lugng Ham lugng
STT Kihiéu | Chatphan | phéan tich bang | congbdtrén | Sai khac
mau tich CE-C*D nhan (%)
(mg/vién) (mg/vién)
1 Al Vitamin B 1,95 1,80 +8,33
Vitamin B: 1,45 1,50 -3,33
2 A2 Vitamin Bs 15,54 15,00 +3,60
Vitamin Bg 0,45 0,40 +12,50
Vitamin B: 1,35 1,50 -10,00
3 A3 Vitamin Bs 2,65 3,00 -11,67
Vitamin By 0,92 1,00 -8,30
Immv
P,__—— ™™
A1
B1 ~/ —
A2 w { N B9
N T
A3 Y - >
I I I I I |
0 2 4 6 8 10 12

Thei gian di chuyén ( phat)

Hinh 3.48. Pién di do phéan tich céc vitamin By, vitamin Bs, vitamin Bg trong cac

mau thuc pham chize nang
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Vitamin B,

250 - m CE-C4D (mg/vién)
f§ 200 92180
z 1.45 1.50 1.50
2150 - 135
0100 -
5050 -
£ 000 -
a A4 A5 A6

Mau

Hinh 3.49. P6 thj so sanh ham lreng vitamin By trén nhan va phan tich bang
phwrong phap CE-C*D

Vitamin B;
20.00 -
#1500 1 (mg/vién)
£10.00 |
on
= 2.65
E- 5.00 - \ 3.00
E 0.00
== A2 A3

Mau

Hinh 3.50. D6 thi so sdnh ham hrong vitamin Bs trén nhan va phan tich bang
phiwrong phap CE-C*D

Vitamin By
. 1.20 - m CE-C4D (mg/vién)
S 1.00 - 0.92 1.00
R ®m Nhan (mg/vién)
en 0.80 -
E‘)O.GO . 0.45 0.40
g. 0.40
)
= A2 ) A3
Mau

Hinh 3.51. Dé thi so sdnh ham heong vitamin B trén nhan va phan tich bang
phiwrong phap CE-C*D
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Két qua cho thiy, ham luong vitamin B1, vitamin Bs va vitamin Bg trong
TPCN phan tich duoc dao dong trong khoang tir 0,45 mg/vién dén 15,54 mg/vién.
So vé6i cdng b trén nhan, ham luong ndy c6 su sai khéc trong khoang tir -11,67%
dén +12,50%.
3.3.3.2. Két quda phdn tich déi chirng vitamin B1, vitamin Bs, vitamin Bg trong mau
TPCN béng phirong phdp UPLC-MSIMS

Viéc phan tich d6i chimg ham lugng cac vitamin Bi, vitamin Bs va vitamin Bg
trong cac mau TPCN dugc thuc hién bing phuong phap UPLC-MS/MS do Vién
Kiém nghiém an toan vé sinh thuc pham Qudc gia thuc hién (sé hiéu Vilas 203, ma
phuong phap xac dinh vitamin Bs: NIFC.02.M.19 (AOAC2012.16), ma phuong phap
xac dinh vitamin Be: NIFC.02.M.18 (AOAC 2013.13)). Phuong phap ddi ching
UPLC-MS/MS sir dung cot sic ky long ACQUITY UPLC BEH C18 (100 mm x 2,1
mm x 1,7 um), 130 A, pha dong A (amoni fomat 10 mM) va B (metanol) (chi tiét
tham khao phu luc). Két qua thu duoc trong bang 3.31.

Bang 3.31. Két qua phdn tich d6i chitng bang phwong phdp UPLC-MSIMS

Ham lugng Ham lugng
oTT Kihiéu | Chatphan | phantichbang | phantich | Saikhéc
mau tich CE-C*D bang UPLC (%)
(mg/vién) (mg/vién)
1 Al Vitamin B 1,95 1,80 +8,33
Vitamin B1 1,45 1,45 +0,00
2 A2 Vitamin Bs 15,54 15,60 -0,38
Vitamin By 0,45 0,50 -10,00
Vitamin B: 1,35 1,34 +0,75
3 A3 Vitamin Bs 2,65 2,43 +9,05
Vitamin By 0,92 0,93 -1,08
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Cac két qua phan tich duoc trinh bay trong bang 3.7 cho thay, sai khac giira hai
phuong phap dao dong trong khoang -10,00% dén + 9,05%. Tién hanh thiét lap d6
thi twong quan gitra hai phuong phéap cho két qua nhu trong cac hinh 3.52-3.55.

Vitamin B,
m CE-C4D

- 2.50 = UPLC-MS/MS
; 1.95 1.80
g 200 - 1.45
e ' 1.34
E 150 - 1.35
=)

Al A2 A3

Hinh 3.52. D6 thi so sanh ham lwong vitamin B1 giita phirong phdp CE-C*D va
phirong phdp doi chimg UPLS-MSIMS

Vitamin B;
20.00 -

E 1554  15.60 = CE-CAD
'
%" u UPLC-MS/MS
i
5
g
R
=

A2 . A3

Mau

Hinh 3.53. D6 thi so sanh ham lwong vitamin Bs giita phirong phdp CE-C*D va
phirong phép doi chimg UPLS-MSIMS
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Vitamin By
m CE-C4D = UPLC-MS/MS
0.92 0.93

5100
£0.80
%9-60 1 0.45 0-50
£0.40 -
=

20.20 -
£0.00 -

J

A2 Miu A3

Hinh 3.54. D6 thi so sanh ham heong vitamin By giita phwong phdp CE-C*D va
phwrong phdp doi chirng UPLS-MSIMS

I e
N D OO

=
o

y =1.0056x - 0.056
R?=0.9996

Ham lwong phan tich bang UPLC-
MS/MS
(mg/vién)

o N B O

0 5 10 15 20
Ham lwong phan tich bang CE-C4D (mg/vién)

Hinh 3.55. Si twong quan giita phicong phdp CE-C*D va phirong phdp doi chirng
UPLC-MS/MS

Do thi hinh 3.55 ¢6 hé sb twong quan R? = 0,9996 cho thay két qua phan tich
ham luong céc vitamin By, vitamin Bs va vitamin Be bang hai phuong phap CE-C*D
va phuong phéap doi chimg UPLC-MS/MS c6 do twong quan cao, gia tri Pyaie Khi S0
sanh ting cip chudn theo chuan t déu 16n hon 0,05 (tham khao phu lyc PL7) cho thay
phuong phap CE-C*D la dang tin cdy. Tur @6 chimg té phuong phap CE- C*D phu
hop va ¢ tiém ning dé phan tich ham lugng vitamin Bi, vitamin Bs va vitamin Bg

trong miu thuc pham chirc ning.
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KET LUAN

Vi muc tiéu dat ra la nghién ctru xay dung phuong phap phan tich glucosamin
va mot sb vitamin trong duoc pham, thuc pham chirc nang, luan an da thanh cong
trong viéc phat trién 3 quy trinh phan tich: phén tich ddng thoi glucosamin vai canxi
(phu luc PL.8), phan tich dong thoi vitamin Bs vai magie (phu luc PL.9) va phan tich
ddng thoi vitamin By, vitamin Bs, vitamin Bg (phu luc PL.10) thu dwgc cac két qua
nhu sau:

1. Pa téi wu duogc cac didu Kién phén tich dé xac dinh ddng thoi cac nhom chat bang
phuong phap CE-C*D:

- biéu kién phan tich dé xac dinh dng thoi glucosamin va canxi: detector C*D;
dung dich dién ly Ace 200 mM; chiéu dai mao quan 50 cm; chiéu dai hiéu dung 1a 35
cm; duong kinh trong 50 pm; phuong phap bom mau: thay dong hoc kiéu xi phong
& do cao 10 cm trong 20 s va thé dién di 12 + 15kV.

- Piéu kién phan tich dé xac dinh dong thoi vitamin Be va magie: detector C*D,
dung dich dién ly: dém Arg 10 mM/ Ace + ACN 20% ; pH=5,0; tong chiéu dai mao
quan 55 cm; chiéu dai hiéu dung 40 cm; duong kinh trong 1D 50 um; phuong phap
bom mau: thuy dong hoc kiéu xi phdng ¢ do cao 20 cm trong 25 s va thé dién di la +
20 kV.

- Piéu kién phan tich dé xac dinh dong thoi cac vitamin Bi, vitamin Bs va
vitamin Bo: detector C*D; dung dich dién ly: dém Arg 12 mM/ Ace + ACN 10%; pH
= 7,5; chiéu dai mao quan 50 cm; chiéu dai hiéu dung 1a 30 cm; duong kinh trong 50
um; phuong phap bom mau: thiy dong hoc kiéu xi phéng ¢ do cao 15 cm trong 30 s
va thé dién di 1a + 17 kV.

2. Pi xac nhan duoc gia tri sit dung caa phuwong phap: Xay dung cac duong chuan
VGi cé&c gia tri hé sb twong quan R? > 0,99, do léch chuan twong d6i RSD < 3,0;
giai han phéat hién (LOD) cua canxi la 0,05 mg/L va glucosamin la 0,50 mg/L; gidi
han phat hi¢n (LOD) cua vitamin Be la 1,00 mg/L va magie 1a 0,10 mg/L; gidi han
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phat hién (LOD) cua vitamin By 1a 1,50 mg/L, vitamin Bs la 1,00 mg/L, vitamin
Bo I 3,00 mg/L. Do thu hdi trung binh trong khoang tir 92,0% dén 106,0%:;

3. B3 ap dung phuong phap dé phan tich dong thoi ham lwong cac chat co tinh chat
hoan toan khac nhau: glucosamin va canxi trong 14 mau thuc pham chirc ning;
ham lugng vitamin Bg va magie trong 7 mau dugc pham va TPCN va ham lugng
vitamin By, vitamin Bs, vitamin Bg trong 3 mau thuc pham chire ning, cho két qua
sai khac so vai nhan cong bé trong khoang -11,67% dén +12,50% gdp phan cong
b 03 bai bao qubc té. DA tién hanh phan tich d6i chiing véi cac phuong phap tiéu
chuan cho két qua c6 do sai khac déu duéi 10% cho thay phuong phap CE-C*D

dang tin cay.
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PHU LUC

PL1. Théng tin chi tiét cac miu sir dung trong nghién ciru

Bdng PLI.1. Théng tin mdu thwc phdm bdo vé sirc khde chira canxi va glucosamin

Ky hiéu miu Dac diém Ham lwgng
M1 Mau TPCN Mdi vién chta 312,5 mg
Dang vién nén Glucosamin va 17,5 mg Canxi
Mo Mau TPCN Méi vién chua 265,7 mg
Dang vién nang Glucosamin va 4,6 mg Canxi
M3 Mau TPCN Mai vién chua 284,6 mg
Dang vién nén Glucosamin va 20,0 mg Canxi
\a Mau TPCN Mbi vién chaa 323,7 mg
Dang vién nang Glucosamin va 11,6 mg Canxi
Mau TPCN o _
M5 o Moi vién chira 100,0 mg Canxi
Dang vién nén
Mau TPCN . _
M6 ) Moi vién chira 208 mg Canxi
Dang vién nang
Mau TPCN o _
M7 » Moi vién chira 126 mg Canxi
Dang vién nang
\a Mau TPCN Mdi vién chtra 342 mg glucosamin
Dang vién nén va 8,0 mg canxi
MO Mau TPCN M6i vién chua 488,0 mg
Dang vién nén Glucosamin va 25,0 mg Canxi




ML0 Mau TPCN Mdi vién chtra 506 mg Glucosamin

Dang vién nén va 4,6 mg Canxi
Mau TPCN . :

M11 . Moi vién chira 519 mg Glucosamin
Dang vién nén

Mo Mau TPCN Mdi vién chtra 344,0 mg
Dang vién nén Glucosamin

M13 Mau TPCN Mbi vién chira 457 mg Glucosamin
Dang vién nén va 40 mg Canxi

M14 Mau TPCN Mdi vién chira 107 mg Glucosamin
Dang vién nén va 48 mg Canxi

Bdang PL1.2. Théng tin mdu dwgc phdam va thire phdm bdo vé sikc khée chita magie

va vitamin Bs

Ky hiéu mau

Pac diem

Ham luwgng

s1 Mau TPCN Moi vién chira 75,00 mg magie
Bot va 3,10 mg vitamin Bs

- Mau duoc pham MBJi vién chura 47,30 mg magie
Vién nén va 5,00 mg vitamin Be

<3 Mau duoc pham MG&i vién chira 47,30 mg magie
Vién nén va 5,00 mg vitamin Be

s Mau TPCN Moi vién chira 48,00 mg magie
Vién nang cung va 2,00 mg vitamin Bs

S5 Mau TPCN MBoi vién chira 30,00 mg magie
Vién nang cung va 5,00 mg vitamin Bs

S6 Mau TPCI\! Moi vién chira 39,00 mg magie
Vién nang mém va 2,00 mg vitamin Be

57 Mau TPCN MBOi vién chira 7,20 mg magie

Vién nang mém

va 1,00 mg vitamin Be




Bdng PL1.3. Théng tin mdu thwc pham bdo vé sirc khée chira vitamin B, vitamin

Bs, vitamin By
Ky lzngu Pic diém Ham luwgng
mau
Mau TPCN o o
Al ' ; Moi vién chira 1,8 mg vitamin B
Vién nang mém
A Mau TPCN MBbi vién chira 1,5 mg Vitamin By, 15
Vién nang mém mg vitamin Bs va 0,4 mg vitamin Bg
A3 Mau TPCN Moi vién chira 1,5mg Vitamin By,

Vién nang mém

3mg vitamin Bs va 1mg vitamin By




PL2. X&c dinh vitamin By, vitamin Bs va vitamin By biang phwong phap doi
chiwng UPLC-MS/MS
PL2.1. Quy trinh va diéu kién phan tich

V6i pha dong A la dung dich amoni formate 20 mM va pha dong B la metanol,

chuong trinh gradient dugc lya chon nhu sau:

Thaoi gian %A %B
0-0,1 991 1
0,5 95 5
2,5 92 8
4,0-5,0 10 90
6,0-10,0 99 1

Xtr Iy mau: Can chinh xac mét lwong mau vao 6ng falcon 50 mL, thém chat
chuan ndi (100 pL ISSM tiéu chuan) va 5 mL dung dich enzyme va tron hdn hop
bang may lic vortex. Sau do6, hdn hop duoc u trong may lac 6n dinh nhiét & 37 °C
trong 12h. Tiép theo, chuyén vao binh dinh mic 25 mL, dinh mtc dén 25 mL véi
dung dich amoni formate 50 mM va loc qua mang PTFE 0,2 um trude khi phan tich
bang hé thiét bi LC-MS/MS.

PL2.2. Puwong chudn

Vitamin B,
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Hinh PL2.1. Pwong chudn xdc dinh vitamin B1 bang phwong phdp UPLC-MS/MS



Vitamin Bg
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Hinh PL2.2. Puwong chudn xdc dinh vitamin Bs bang phwong phdp UPLC-MS/MS
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Hinh PL2.3. Puwong chudn xdc dinh vitamin Be bang phirong phdp UPLC-MS/MS



PL 2.3. Sic ki @6 phan tich c&c vitamin By, vitamin Bs va vitamin By bing
phwong phap UPLC-MS/MS

PL2.3.1. Séc ki dé chudn ciia cac vitamin Bi, vitamin Bs va vitamin By bang
phwong phap UPLC-MS/MS
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Hinh PL2.3.1.2. Sdc ki do chudn cua vitamin Bs bang phwong phdp UPLC-MS/MS
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PL2.3.2. Siic ki dé mét s6 mdu chira cac vitamin By, vitamin Bs va vitamin Bg
dwoc phan tich déi chitng bang phwong phdp UPLC-MS/MS
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PL3. Phan tich déi ching glucosamin bang phwong phdp HPLC-FLD
PL3.1. Quy trinh va diéu kién phan tich
Céc diéu kién dan xuit va phan tich glucosamine bang phwong phap HPLC-

FLD duoc lya chon gdm: st dung cot tach C18 Symmertry (150mm x 4,6mm x
5um), pha dong theo ché do gradient (bang 1) gdm kénh A 1a H,O va kénh B la
ACN Véi tde @6 dong 1mL/phat, thé tich bom mau 20 pL, detector FLD & budc
s6ng kich thich (hex) 265nm va budc séng phat xa (kem) 315nm. Viéc dan xuat bang
FMOC-CI dugc thuc hién nhu sau: dung pipet hit chinh xac 200 pL dung dich can
dan xuat vao lo 1,8 mL, thém 400 pL dém borate (pH = 8,0) va 400 pL dan xuat
FMOC-CI 500ppm, lic 10 gidy, dé phan @ng & nhiét do phong it nhat trong 30 phat
truéc khi phan tich trén hé thong HPLC-FLD.
Bang PL3.1. Chwong trinh gradient xdc dinh glucosamine bang HPLC-FLD

Thoi gian (phut) A (%) B (%)
0,01 70 30
6,00 10 90
8,00 10 90
8,01 70 30
13,00 70 30

PL3.2. Quy trinh xir ly mau

Can chinh x&c trén can phan tich khoang 0,5 - 1,0g mau vao 6ng ly tam 50mL.
Thém 30mL nudc deion, rung siéu @m 30 phuat. Ly tdm gan dich vao binh dinh muc
50mL. Chiét lan 2 bang 15mL nuéc deion. Gop dich chiét va dinh mie dén vach bang
nudéc deion, lac déu. Loc qua mang loc 0,2um, pha lodng (néu can) trude khi phan tich
trén thiét bi HPLC-FLD.
PL3.3. Siic ki @ phan tich glucosamin bang phwong phiap HPLC-FLD
PL3.3.1. Sic ki @6 chuan phan tich glucosamin bing phwong phap HPLC-FLD
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PL4. Phan tich @6i chitng Ca va Mg bing phwong phap ICP-OES

PL4.1. Quy trinh va diéu Kién phan tich doi chimg Ca va Mg bang phwong phdp
ICP-OES

- Mau duoc vo co hoa trong 16 pha mau vi séng c6 dit chuong trinh theo ting ddi

tuong thuc pham. Sau d6 duoc xac dinh trén thiét bj ICP — OES.

Nguyeén t6 Ca Mg

Budc song song (nm) 317.933 285.213

- M& may va dé 6n dinh may trong vong 3 gio
- Bat plasma dé 6n dinh trong 30 phut
- Tién hanh chay may theo quy trinh phan tich mau chung H.HD.QT.13
- Sau mdi lan chay dwoc 10 mau kiém tra do on dinh cua may bang céach chay lai
chuan, sai léch giita qua trinh chay sau véi qua trinh trude khong duoc qué 15 % (nén
kiém tra lai chuan & diém gitra ciia dudng chuan)
PL4.2. Quy trinh x#& Iy mdu phén tich déi chirng Ca va Mg bang phwong phdp
ICP-OES

Mau dugc nghién nho, dong nhat, can khéi lwong. Thém vao mdi mau sau khi
can lan luot 5ml axit HNOs va 1ml H202. Mot sé dbi tuong ¢ kha nang phan @ng
sinh khi manh (dic biét mau thuc pham chire ning,..) nén can duoc dun so bo trudc
& khoang 80-90°% dé cho phan tng xay ra loai b6t khi, trude khi vo co theo chuong
trinh ty dong cua 10 vi séng pha mau. Mau sau khi vo co xong duoc chuyén vao binh
dinh mic 50ml, dinh muc téi vach bang nudc cat deion, lic déu, sau dé loc qua mang
loc 0,45um truéc khi tién hanh phan tich trén ICP- OES.
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PL5. Sdc ki dé m¢t sé mdu chira vitamin Bs dwoc phan tich déi chieng bang phwong
phép HPLC-PDA
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PL6. Panh gia dwong chuan phan tich
Regression Analysis: Dién tich pic Ca (mV.s) versus Nong dé Ca (mg/L)

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

Regression 1 122324 122324 13737.86  0.000
Nong do (mg/L) 1 122324 122324 13737.86  0.000

Error 4 36 9

ol

Total 122360

Model Summary

S R-sq R-sg(adj) R-sq(pred)

2.98398 99.97%  99.96% 99.95%

Coefficients

Term Coef SE Coef T-Value P-Value VIF

Constant 20.4734 0.7883 11.39 0.085

Nong d6 (mg/L) 4.0966 0.0169 117.21 0.000 1.00
Regression Equation

Dién tich pic (mV.s) = 20.4734 + 4.0966 Nong do (mg/L)
Regression Analysis: Dién tich pic Glucosamin (mV.s) versus Nong do

Glucosamin (mg/L)

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

Regression 1 10947.1 10947.1 21623.62 0.000
Nong d6 (mg/L) 1 10947.1 10947.1 21623.62 0.000

Error 4 2.0 0.5

ol

Total 10949.1
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Model Summary

S R-sqg R-sg(adj) R-sq(pred)

0.711516 99.98%  99.98% 99.88%

Coefficients

Term Coef SE Coef T-Value P-Value VIF

Constant 0.300 0.391 0.77 0.485

Néng do (mg/L) 1.23298 0.00838 147.05  0.000 1.00

Regression Equation

Dién tich pic (mV.s) = 0.300 + 1.23298 Nong do (mg/L)

Regression Analysis: Dién tich pic Mg (V.s) versus Nong do Mg (mg/L)

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

[N

Regression 47.8759 47.8759 4800.39 0.000

Nong 6 Mg (mg/L) 1 47.8759 47.8759 4800.39  0.000

SN

Error 0.0399 0.0100

Total 5 47.9158

Model Summary

S R-sq R-sg(adj) R-sq(pred)

0.0998665 99.92%  99.90% 99.65%

Coefficients

Term Coef SE Coef T-Value P-Value VIF

Constant 0.0947 0.0542 1.75 0.155

Nodng do Mg (mg/L) 0.039999 0.000577  69.28  0.000 1.00

Regression Equation
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Dién tich pic Mg (V.s) = 0.0947 + 0.039999 Nong d6 Mg (mg/L)

Regression Analysis: Dién tich pic vitamin B6 (V.s) versus Nong d9 vitamin B6
(mg/L)

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

Regression 1 1.21745 1.21745 4226.36 0.000
Nong d6 vitamin B6 (mg/L) 1 1.21745 1.21745 4226.36 0.000
Error 4 0.00115 0.00029

Total 5 1.21860

Model Summary

S R-sq R-sg(adj) R-sq(pred)

0.0169723 99.91%  99.88% 99.78%

Coefficients

Term Coef SE Coef T-Value P-Value VIF

Constant 0.0436  0.0109 4.00 0.061

Nbng d6 vitamin B6 (mg/L) 0.012707 0.000195  65.01  0.000 1.00

Regression Equation

Dién tich pic vitamin B(V.s) = 0.0436 + 0.012707 Nong d¢ vitamin B6 (mg/L)

Regression Analysis: Dién tich pic vitamin B1 (mV.s) versus Vitamin B1
(mg/L)
Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

Regression 1 7.89603 7.89603 3840.20 0.000
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Nong d6 vitamin Bl (mg/L) 1 7.89603 7.89603 3840.20  0.000
Error 3 0.00617 0.00206

Total 4 7.90220

Model Summary

S R-sq R-sg(adj) R-sq(pred)

0.0453448 99.92%  99.90% 99.77%

Coefficients

Term Coef SE Coef T-Value P-Value VIF

Constant 0.0816  0.0344 2.37 0.098
Nong do vitamin B1 (mg/L) 0.035070 0.000566 61.97 0.000 1.00
Regression Equation

Dién tich pic vitamin B1(mV.s) = 0.0816 + 0.035070 Nong d6 vitamin B1 (mg/L)

Regression Analysis: Dién tich pic vitamin BS (mV.s) versus Vitamin B5
(mg/L)

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

Regression 1 3135.18 3135.18 4639.92 0.000
Nong d6 vitamin B5 (mg/L) 1 3135.18 3135.18 4639.92 0.000
Error 3 2.03 0.68

Total 4 3137.20

Model Summary

S R-sq R-sg(adj) R-sq(pred)

0.822008 99.94%  99.91% 99.71%

Coefficients
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Term Coef SE Coef T-Value P-Value VIF

Constant -0.075 0.535 -0.14 0.897

Nong do vitamin BS (mg/L) 0.6862 0.0101  68.12  0.000 1.00

Regression Equation

Dién tich pic vitamin B5(mV.s) = -0.075 + 0.6862 Nong do vitamin B5 (mg/L)

Regression Analysis: Dién tich pic vitamin B9 (mV.s) versus Vitamin B9
(mg/L)
Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

Regression 1 217476 2174.76 6693.09 0.000
Nong d6 vitamin B9 (mg/L) 1 2174.76 2174.76 6693.09 0.000
Error 3 0.97 0.32

Total 4 2175.73

Model Summary

S R-sq R-sg(adj) R-sq(pred)

0.570023 99.96%  99.94% 99.84%

Coefficients

Term Coef SE Coef T-Value P-Value VIF

Constant 0.327 0.420 0.78 0.493

Nong d6 vitamin B9 (mg/L) 0.40166 0.00491  81.81  0.000 1.00

Regression Equation

Dién tich pic vitamin B9 = 0.327
(MV.s) + 0.40166 Nong do vitamin B9 (mg/L)
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PL7. Panh gia @6 phu hop gitra phwong phap CE-C*D va phwong phap phin
tich d6i chieng bang phan mém Minitab

PL7.1. g phu hep gisa phwong phdp CE-C*D va phwong phdp doi chirng I1CP-
OES khi phan tich Canxi

Paired T-Test and CI: Phuong phap CE-C4D, Phuong phap ICP-OES

Descriptive Statistics

Sample N Mean StDev SE Mean
Phuong phap CE-C4D 9 60.1  60.2 19.1
Phuong phap ICP-OES 9 61.3 61.0 19.3

Estimation for Paired Difference

95% CI for
Mean StDev SE Mean p difference

-1.235 2.726 0.862 (-3.185, 0.715)
u_difference: mean of (Phuwong phdap CE-CAD- Phuong phdp ICP-OES)
Test

Null hypothesis Ho: p_difference = 0
Alternative hypothesis Hi: p_difference # 0

T-Value P-Value

-1.43 0.186
PL7.2. Pg phu hep gisa phwong phdp CE-C*D va phwong phdp doi chirng ICP-
OES khi phan tich Magie
Paired T-Test and CI: Phuong phap CE-C4D, Phuong phap ICP-OES

Descriptive Statistics

Sample N Mean StDev SE Mean
Phuong phap CE-C4D 7 43.61 22.07 8.34
Phuong phap ICP-OES 7 43.64 22.73 8.59
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Estimation for Paired Difference

95% CI for
Mean StDev SE Mean p difference

-0.033 2.057 0.777 (-1.935, 1.869)
u_difference: mean of (Phuong phdap CE-C4D - Phuong phap ICP-OES)
Test

Null hypothesis Ho: p_difference =0
Alternative hypothesis Hi: p_difference # 0

T-Value P-Value

-0.04 0.968

PL7.3. Pg phu hep giga phwong phdp CE-C*D va phwong phdp doi ching
HPLC-FLD khi phéan tich Glucosamin
Paired T-Test and CI: Phuong phap CE-C4D, Phuong phap HPLC-FLD

Descriptive Statistics

Sample N Mean StDev SE Mean

Phuong phap CE-C4D 11 3759 141.0 40.7

Phuong phap HPLC-FLD 11 3753 138.2 39.9

Estimation for Paired Difference

95% CI for
Mean StDev SE Mean p difference

0.67 13.03 3.76 (-7.61, 8.95)
u_difference: mean of (Phuwong phdap CE-CAD - Phuong phap HPLC-FLD)
Test

Null hypothesis Ho: p_difference = 0

23



Alternative hypothesis Hi: p_difference # 0

T-Value P-Value

0.18 0.863

PL7.4. Pg phu hep gia phwong phdp CE-C*D va phwong phdp doi ching
HPLC-PDA khi phén tich vitamin Be
Paired T-Test and CI: Phuong phap CE-C4D, Phuong phap HPLC-PDA

Descriptive Statistics

Sample N Mean StDev SE Mean

Phuong phap CE-C4D 7 3.327 1.785  0.675

Phuong phap HPLC-PDA 7 3279 1731  0.654

Estimation for Paired Difference

95% ClI for
Mean StDev SE Mean n_difference

0.0486 0.1442  0.0545 (-0.0848,0.1819)
u_difference: mean of (Phuong phdap CE-CAD - Phuong phap HPLC-PDA)
Test

Null hypothesis Ho: p_difference = 0
Alternative hypothesis Hi: p_difference # 0

T-Value P-Value

0.89  0.407
PL7.5. Pg phu hep gisa phwong phdp CE-C*D va phwong phdp doi ching
UPLC-MS/MS khi phén tich vitamin B:
Paired T-Test and CI: Phuong phap CE-C4D, Phuong phap UPLC-MS/MS

Descriptive Statistics
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Sample N Mean StDev SE Mean

Phuong phap CE-C4D 3 408 537 24.0

Phuong phap UPLC-MS/MS 3 425  56.2 25.1

Estimation for Paired Difference

95% ClI for
Mean StDev SE Mean p_difference

-1.74 416 1.86 (-6.91, 3.43)
u_difference: mean of (Phuong phap CE-CAD - Phuong phap UPLC-MS/MS)
Test

Null hypothesis Ho: p_difference = 0
Alternative hypothesis Hi: p_difference # 0

T-Value P-Value

-0.93  0.403

PL7.6. Pg phu hep gisa phwong phdp CE-C*D va phwong phdp doi ching
UPLC-MS/MS khi phan tich vitamin Bs
Paired T-Test and CI: Phuong phap CE-C4D, Phuong phap UPLC-MS/MS

Descriptive Statistics

Sample N Mean StDev SE Mean
Phuong phap CE-C4D 2 389 521 30.1
Phuong phap UPLC-MS/MS 2 40.0 54.1 31.2

Estimation for Paired Difference

95% CI for
Mean StDev SE Mean p difference

-1.08  2.02 1.17 (-6.10, 3.93)

25



u_difference: mean of (Phuong phdap CE-CAD - Phuong phap UPLC-MS/MS)
Test

Null hypothesis Ho: p_difference = 0
Alternative hypothesis Hi: p_difference # 0

T-Value P-Value

-0.93 0.451

PL7.7. Pg phu hep gia phwong phdp CE-C*D va phwong phdp doi ching
UPLC-MS/MS khi phan tich vitamin By
Paired T-Test and CI: Phuong phap CE-C4D, Phuong phap UPLC-MS/MS_2

Descriptive Statistics

Sample N Mean StDev SE Mean
Phuong phap CE-C4D 2 1 0 0
Phuong phap UPLC-MS/MS 2 467 660 467

Estimation for Paired Difference

95% CI for
Mean StDev SE Mean p difference

-467 660 467 (-6394, 5461)
p_difference: mean of (Phuwong phdap CE-CAD - Phuong phap UPLC-MS/MS)
Test

Null hypothesis Ho: p_difference = 0
Alternative hypothesis Hi: p_difference # 0

T-Value P-Value

-1.00 0.500
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PLS. Quy trinh phan tich dong thoi glucosamin va canxi bang phwong phdp CE-
C‘D
1. Chudn bj dung dich chudn
- Dung dich chuan géc
- Can chinh xac 31,16 mg chét chuan (glucosamin hydroclorid d6 tinh khiét
99,8%) chuyén vao binh dinh mic 25,00 mL va dinh mtc dén vach thu duoc
dung dich glucosamin 1000 mg/L. Bao quan dung dich chuan gdc ¢ ta mat,
dung dich gbc bén trong 6 thang.
- Dung dich chuan Ca?* 1000 mg/L (Merk)
- Dung dich chuan lam viéc
Pha lodng thich hop dé duong chuan nam trong khoang 0,5-100,0 mg/L
- Xay dung duong chuan
Chay céc dung dich chuan lam viéc. Lap mdi twong quan giita dién tich pic
va ndng d6 chuan thu dugc duong chuan. Hé sé twong quan R2> 0,99.
2. Chudn bj dung dich dém dién ly
Dung dich dién ly axit acetic dugc pha lodng tir dung dich axit acetic gbc va
dugc thay mai hang ngay.
3. Chudn bi mdu
Mau TPCN (dang vién nang) duoc théo vo nang, lay phan bén trong, nghién
min (néu can); mau dang vién nén dwgc nghién min, tron déu thanh dang bot
d6ng nhat. Can chinh x4c mét luong mau trén can phan tich (46 chinh xéc
0,0001g). Thém 25 mL dung dich acid trichloroacetic (TCA) 4% vao rung siéu
am trong 30 phat va ly tam trong 15 phat. Chuyén dung dich thu duoc vao binh
dinh mtc 25 mL, dinh muc t6i vach bang TCA 4%. Dung dich dwoc loc qua
mang loc 0,45 pm va pha lodng (néu can) trudc khi tién hanh phan tich trén thiét
bi CE-C*D.
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4. Piéu Kign phan tich

CA4c yéu td biéu kién
Detector C‘D
Mao quan silica, tng chiéu dai 50 cm, chiéu dai
Mao quan ]
hiéu dung la 35 cm, duong kinh trong la 50 pum
Phuong phap bom P
< Thuy dong hoc ki¢u xi phéng: 10 cm
mau
Thoi gian bom mau 20s
Dung dich dién ly Ace 200 mM
Thé tach +15 kV

5. Tinh toan két qua
Két qua duoc tinh theo cong thuc sau:
ﬂ " KLV

A= B*0.025*24 « 22X (4)

Mg KLC

Trong d6: A 1a ham luong chét phan tich & dang hoat chat ghi trén nhan ( mg/vién)
B 1a ham lugng chat phan tich thu duoc trong dung dich mau (mg/L)

Ma 13 khéi lwong mol cua dang hoat chét chira chat phan tich (g/mol)

M la khéi lugng mol cua chat phan tich (g/mol)

KLV la khéi luong cua 1 vién mau (mg)

KLC Ia khéi luong can ciia mau (mg)
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PLY. Quy trinh phén tich déng théi vitamin Be va magie bang phwong phdp CE-
C*D
1. Chudn bi dung dich chudn
- Dung dich chuan géc
- Can chinh xac 12,63 mg vitamin Bg (d6 tinh khiét 99%) chuyén vao binh
dinh mic 25,00 mL va dinh mirc dén vach thu duoc dung dich vitamin Be
nong do 500 mg/L. Bao quan dung dich chuan géc ¢ ta mat, dung dich gdc
bén trong 6 thang.
- Can chinh xac 131,87 mg Mg(NO3)2.6H,0 (d6 tinh khiét 98%) chuyén vao
binh dinh mac 25,00 mL va dinh mic dén vach thu duoc dung dich Mg?*
nong do 500 mg/L. Bao quan dung dich chuan géc ¢ ta mat, dung dich géc
bén trong 6 thang.
- Dung dich chuan lam viéc
Pha lodng thich hop dé duong chuan nam trong khoang 0,3-200,0 mg/L.
- Xay dung duong chuan
Chay céc dung dich chuan lam viéc. Lap méi twong quan giira dién tich pic
va nong do6 chuan thu duoc duong chuan. Hé s twong quan R2 > 0,99.
2. Chudn bj dung dich dém dién ly
Can chinh xac khoang 174,22 mg Arg vao binh dinh mirc 100 mL, thém 20 mL
ACN sau d6 dinh mirc d&én vach bang nudc deion. Chinh dung dich dém dén pH=5
bang axit acetic trudc khi sir dung thu duoc dung dich dién ly Arg 10 mM/Ace + 20%
ACN; pH=5,0. Dung dich dém dién ly duwoc pha méi hang ngay.
3. Chudn bi mdu
e Mau duoc pham (dang vién nén) duoc nghién min va tron déu. Can chinh
xac mot lugng mau trén can phan tich (d6 chinh xac 0,0001g). Thém 10 mL
nude deion dé hoa tan, tién hanh rung siéu am trong 30 phut va ly tam trong
15 phat. Chuyén dung dich thu duge vao binh dinh mic 25 mL (trang céc it
nhét 3 1an bang nuée deion) va dinh muc t6i vach. Dung dich duoc loc qua

mang 0,45 um va pha lodng (néu can) trude khi tién hanh phan tich trén thiét
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bi CE-C4D.

e Mau TPCN ( dang vién nang) duoc thao vo nang, l1ay phan bén trong, nghién
min (néu can). Can chinh x4c mét luong mau trén can phan tich (d6 chinh
xac 0,0001g). Thém 25 mL dung dich acid trichloroacetic (TCA) 4% vao
rung siéu &m trong 30 phut va ly tam trong 15 phat. Chuyén dung dich thu
dugc vao binh dinh mirc 25 mL, dinh mirc t&i vach bang TCA 4%. Dung dich
duoc loc qua mang loc 0,45 pm va pha lodng (néu can) trude khi tién hanh
phan tich trén thiét bi CE-C4D.

4. Diéu kién phan tich

Yéu t6 anh huong Piéu kién toi wu hoa
Detector C‘D
Mo quin Mao quan silica, tong chiéu dai 55 cm, chiéu dai
hiéu dung 40 cm, duong kinh trong ID=50 um
Phuong phap bom mau Thuay dong hoc kiéu xi phong
Chiéu cao bom mau 20 cm
Thoi gian bom mau 25s
Dung dich di¢n ly Arg 10 mM/Ace + 20% ACN; pH=5,0
Thé tach +20 kV
5. Tinh toan két qud
Két qua dugc tinh theo cong thic sau: A= B*0.0ZS*Z—‘; * % 4)

Trong d6: A 1a ham luong chét phan tich & dang hoat chat ghi trén nhan ( mg/vién)
B 13 ham luong chat phan tich thu duoc trong dung dich mau (mg/L)

Ma 12 khéi Iuong mol cua dang hoat chét chira chat phan tich (g/mol)

M la khéi lugng mol cua chat phan tich (g/mol)

KLV la khéi lugng cua 1 vién mau (mg)

KLC 14 khéi lwong can ctia mau (mg)
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PL10. Quy trinh phén tich dong thoi vitamin By, vitamin Bs va vitamin Be bang
phwong phdp CE-C*D
1.Chudn bj dung dich chudn
- Dung dich chuan géc
- Can chinh x&c khoang 12,53 mg vitamin B1 (d6 tinh khiét 99,8%), pha
lodng biang nuéc deion vao binh dinh mic 100mL va dinh mic dén vach
thu dugc dung dich vitamin B1 ndng d6 500 mg/L. Bao quan dung dich
chuan gbc & ta mét, dung dich gbc bén trong 6 thang.
- Can chinh xac khoang 12,76 mg vitamin Bs (d6 tinh khiét 98%), pha
loding bang nudc deion vao binh dinh mic 100mL va dinh mirc dén vach
thu dugc dung dich vitamin Bs ndng d6 500 mg/L. Bao quan dung dich
chuan gdc ¢ ta mét, dung dich géc bén trong 6 thang.
- Can chinh xac khoang 12,89 mg vitamin By (d6 tinh khiét 97%), pha
lodng bang nudc deion vao binh dinh mic 100mL va dinh mic dén vach
thu dugc dung dich vitamin Bg ndng d6 500 mg/L. Bao quan dung dich
chuan gdc ¢ ta mét, dung dich géc bén trong 6 thang.
- Dung dich chuan lam viéc
Pha lodng thich hop dé duong chuan nam trong khoang 3-150 mg/L.
- Xay dung duong chuan

Chay cac dung dich chuan lam viéc. Lap mdi tuong quan giita dién tich pic

va ndng d6 chuan thu dugc duong chuan. Hé sé twong quan R2> 0,99.

2. Chudn bj dung dich dém dién ly
Can chinh xac khoang 209,06 mg Arg vao binh dinh mirc 100 mL, thém 10 mL
ACN sau d6 dinh mirc dén vach bang nudc deion. Chinh dung dich dém dén pH=7,5
bang axit acetic trudc khi sir dung thu duoc dung dich dién ly Arg 12 mM/Ace + 10%
ACN; pH = 7,5. Dung dich dém dién ly dugc pha méi hang ngay.
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3. Chudn bi mdu
Mau TPCN (dang vién nang) duoc thao vo nang, lay phan bén trong, nghién

min (néu can). Can chinh xac mot lugng mau trén can phan tich (¢ chinh xac
0,0001g). Thém 10 mL Metaphosphoric 3% va 15 mL n-hexan, tién hanh rung siéu
am trong 30 phdt cho tan hét va ly tam trong 15 phut. Loai bo hét n-hexan va
chuyén dung dich thu dwgc vao binh dinh muac 25 mL, dinh mic t6i vach bang
Metaphosphoric 3%. Dung dich duoc loc qua mang 0,45 pum va pha loing (néu can)
trueéc khi tién hanh phan tich trén thiét bi CE-C*D.

4. Diéu kién phan tich

Cac yéu to Diéu kién lya chon
Detector CD
Mao quin Mao quan silica, tong chiéu dai 50 cm, chiéu dai hiéu
dung 1a 30 cm, duong kinh trong 1a 50 pm
Phuong phap bom mau Thuy dong hoc kiéu xi phong
Chiéu cao bom mau 15cm
Thoi gian bom mau 30s
Dung dich dign ly Arg 12 mM/ Ace + 10% ACN; pH=7,5
Theé tach +17 kV

5. Tinh toan két qud

Két qua duoc tinh theo cong thic sau:

Ms KLV
A*

c ¥

A= B*O.OZS*M—B <LC
Trong d6: A 1a ham lugng chat phan tich & dang hoat chat ghi trén nhan ( mg/vién)
B 1a ham lugng chat phan tich thu duoc trong dung dich mau (mg/L)

Ma 13 khéi lwong mol cua dang hoat chét chira chat phan tich (g/mol)

M 1a khéi lugng mol cua chét phan tich (g/mol)

KLV la khéi lugng cua 1 vién mau (mg)

KLC la khdi luong can cua mau (mg)
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