Tap chi Khoa hoc PHQGHN: Khoa hoc Ty nhién va Cong nghé, Tap 33, S6 4 (2017) 43-54

Str dung phuong phap mit muc tiéu nham toi wu héa quy trinh
phan tich taurin trong mot so loai thuc pham chirc nang bo
sung taurin bang phuong phap dién di mao quan
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Tém tit: Bai bao nay nghién ctru vé viée st dung phuong phap mit muc tiéu dé xay dung méd
hinh nham t6i wu hoa quy trinh phén tich taurin bang k¥ thuat dién di mao quan két hop detecto do
do dan khong tiép xtc. Mot thiét ké mat muc tiéu két hop véi mo hinh 1&p tam véi 30 thi nghiém
da dugc xay dung cho bdn yéu t6 khao sat 1a ndng do Tris, pH, dién thé tach va thoi gian bom
méu. Diéu kién t6i vu tim thiy 1a: ndng d6 Tris 1a 150 mmol/L va pH= 8,96 v&i dién thé tach -
10KV, thoi gian bom mau 60 gidy da dugc sir dung dé phan tich taurin. Gidi han phat hién phuong
phép cua taurin dat 0,266 mg/L, d6 1ap lai thong qua gia tri do léch chuin tuong dbi coa thoi gian di
chuyén ciing nhu dién tich tin hiéu nho hon 3,16%, khoang tuyén tinh tir 1 — 500 mg/L, hé s twong
quan tuyén tinh cua dudng chudn dat 0,999. Ap dung phan tich ham lugng taurin trong cac mau sita bot,
sita tuoi, nude ting lyc, hiéu sudt thu hdi trén nhidu nén khac nhau dat tir 91,9% — 101,7 %.

Tir khoa: Taurin, dién di mao quan, phuong phap mat muc tiéu.

1. Téng quan

Taurin (axit 2-aminoetansunfonic) 1a mot
amino axit chira nhom sunfonic (-SO;H), trong
nudc phan ly thanh nhém mang dién tich am (-
SO5) va ¢6 thé phan ly thanh nhom mang dién
tich dwong  (-NH;")[1]. Taurin 12 mot trong
nhitng axit amin thiét yéu d6i v6i con nguoi boi
vai trd quan trong trong viéc diéu tri mét sb
bénh va cai thién cac chirc nang sinh li cia co
thé con ngudi [2-5]. Ngoai ngudn cung cap
taurin tir thuc phdm ty nhién, thue phim chirc
ning bd sung taurin ciing din tr& nén quen
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thudc nhim dap tmg nhu cau bd sung taurin cia
con ngudi. Trén thi truong, thue pham bd sung
taurin xudt hién nhiéu voi ching loai da dang
phong phu, tr nude tang luc cho tdi stra bot,
stta tuoi,... Cac thuc phérn bd sung taurin da va
dang xuét hién nhiéu trén thi truong voi ching
loai da dang, phong phi. Boi vay, viéc xay
dung phuong phap phén tich danh gia va kiém
so4t chat luong cac loai thuc pham b sung
taurin 1a cén thiét. Mot s6 phuong phap da duoc
nghién ctru nhdm phén tich, kiém soat ham
lwong taurin trong thuc pham, nudc giai khat
hay phén tich danh gia ham luong taurin trong
nuée tiéu, miu sinh hoc, huyét tuong.

Mot s6 phuong phap phén tich taurin c6 thé
ké dén nhu phuong phap sac ky 16ng hiéu nang
cao ghép ndi detecto mang diot (HPLC-DAD)
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[6], phuong phép sic ky 1ong ghép ndi detecto
khéi phd (LC-MS) [7], phuong phap sic ky ion
(IC) [8], phuong phép dién di mao quéan két hop
detecto quang [9]. Trong do, phuong phap dién
di mao quan, dac biét la phuong phép dién di
mao quan tich hop detecto do do dan khong tiép
xtc két ndi kiéu tu dién (CE-C'D) mang lai
nhing uvu diém ndi bat trong phén tich cac hop
chat mang dién véi vu diém trang thiét bi nho
gon, van hanh don gian c6 thé ty dong hoa va
trién khai tai hién truong, hoa chat sir dung it
v6i chi phi thap, cho thdy tiém ning phat trlen
pht hop véi nhu cau va diéu kién thuc té tai
Viét Nam. Trong nghién ctru nay, phu’orng phap
CE-C'D dugc lya chon dé phat trién quy trinh
phan tich taurin.

Trong phat trlen quy trinh phan tich, viéc
khao sat nham t6i wu hoa cac diéu klen thi
nghiém 14 rat quan trong. Phwong phap tbi wu
hoa thuong dung phuong phap khao sat lan lugt
tung yéu t6 (one factor at a time) véi uu diém 1a
dé thyc hién. Tuy nhién phuong phap nay lai
boc 16 nhitng han ché do cac yéu té khao sat
trong phan tich thuong anh huéng dong thoi t6i
Kkét qua, viéc khao sat 1an luot s& cho diéu kién
cubi cing chua han da 1a diéu kién t6i wu nhat.
Vi vay, dé khic phuc van dé nay, phuong phap
mat muc ti€u (RSM - Response surface
methodology) két hop vé6i thiét ké mé hinh lap
tam (CCD — Central composite design) la mot
giai phap tdi uwu thay thé hidu qua, dugc sur
dung rong rai trong phan tich [10, 11]. Tuy vay,
viéc g dung thiét ké thi nghiém trong phwong
phap CE con chua that sy phd bién, hién nay
chua c6 cong bd nao sit dung RSM két hop
CCD dbi voi véi thiét bi CE-C'D. Trong
nghién clru nay, chung t6i da st dung phuong
phap RSM-CCD véi nam mirc thi nghiém va
bbn yéu t6 anh huong dé tdi wu héa quy trinh
phan tich taurin.

2. Thyc nghiém
2.1. Héa chit va thiét bi

Tat ca cac hoa chat sir dung déu thudc loai
tinh khiét va pha ché bang nudc deion: chat

chuédn taurin dang bot, tinh khiét > 98% (Tokyo
Chemiscal Industry, Nhat Ban), axit 2-
(Cyclohexylamino)  etansunfonic =~ (CHES)
(Sigma-Aldrich, brc). 2-Amino-2-
(hidroxymetyl)propan-1,3-diol (Tris), axit 3-
mopholinopropan-1-sunfonic (MOPS), axit 3-
(Cyclohexylamino)-1-propansunfonic (CAPS),
Fluka, CHLB Drtrc. Axit lactic (Lac) tinh khiét
> 90% (Guangdong, Trung Qudc) va cac hoa
chit khac nhu dung dich NaOH 0,1M, dung
dich HCI1 0,1M. Nudc deion tir may loc nudc
tinh  khiét dién tro 18 MQ, Milipore -
Simplicity UV, My.

Dung dich chudn gbc taurin 1000 mg/L
dugc chuan bi bang cach cin chinh xac 0,1000
g taurin vao binh dinh mic 100 mL, dinh muc
bi“mg deion dén vach dinh murec, 14c ki va chuyén
vao lo PE 100 mL. Chuan trung gian 50 mg/L
dugc pha tir chuan gbc, dinh mirc dén 10 mL
bang nudc deion. Cac diém trén duong chuin
dugc pha tir chuan trung gian, dinh mic dén 10
mL bang nuéc deion. Cac mau da xu Iy duoc
bao quan ¢ 4°C trudce khi phan tich.

Mau thyc pham chirc ning bd sung taurin
duoc thu thap 1a cac san phém duoc ban trén thi
truong, d6 1a nudc ting luc Redbull, mau sira tuoi
Ovaltine 110 mL va mau sita bot Bledilait 3. Véi
mau sita bot dugc can chinh xac 1 g mau bot
cho vao binh dinh m@c 10 mL, thém deion téi
téi dinh murc, hoa tan mau thyc hién v6i may
lic Vortex & nhiét do 50°C dén 60°C. Sau khi
lam ngudi dén nhiét do moi trudng, cac mau
nay 1an luot duoc loc qua mang loc 0,7 pm va
0,2 um. Mau sita tuoi va nuéc tang luc dugc
loc truc tiép qua mang loc 0,7 pm va 0,2 pm.
Mau sau khi loc dugc chuyén vao cac vial, mau
nong do cao duoc pha lodng bang deion. Cac
mau di xir Iy duoc bao quan ¢ 4°C trudc khi
phan tich.

Qua trinh phéan tich dién di duoc thuc hi¢n
trén hé thiét bj dién di mao quan thao tac b?mg
tay cua trung tam Nghién ciru Cong nghé Moi
truong va Phat trién Bén virng, truong Pai hoc
Khoa hoc Tu Nhién Ha Noi. Thiét bi str dung
ngudn cao thé +30 kV (CZE 2000R, Spellman,
Pulborough, Anh), by ghi di li€u e-corder
(eDAQ, Denistone East, NSW, Uc), cOt mao



N.M. Huy va nnk. / Tap chi Khoa hoc PHQGHN: Khoa hoc Tu nhién va Cong nghé, Tap 33, S6 4 (2017) 43-54 45

quan silica néng chay (Agilent, M) sir dung cé
duodng kinh trong 50 um, dudng kinh ngoai 375
pm, do dai tong 60 cm va do dai hiéu dung 1a
49 cm. Detecto do d6 din khong tiép xtic tu ché
tao st dung ngudn cip mot chidu 12 VDC va
ngudn kich thich xoay chiéu 200 VAC. Céc
thiét bi phan tich phu tr¢ khac 1a may do pH, do
dan HQ40d (HACH, MY¥), can phan tich AE
200 (Mettler, Thuy Si), may rung Vortex G-
560" (Scientific Industries, M¥).

2.2. Phwong phap nghién cuu

2.2.1. Khao sat thanh phan dém dién di

Pém dién di anh huodng téi sy 1€n tin hi€u
cla taurin. CAu tao phan tir cua nhitng thanh
phin trong dém anh hudng t6i su di chuyén cua
taurin trong mao quan, trong nhiing truong hop
anh hudng nay theo hudng ti€u cuc lam pic tin
hi¢u taurin tu va khé xac dinh. Trong nghién
ciiu nay, taurin véi nhom axit manh (-SO;H)
duoc phan tich nhu mét anion véi viée st dung
k¥ thuat phan cuc nguoc 1a k¥ thuét phan tich
anion theo chidu phan cwyc 4m nén nguoc véi
phan tich anion théng thuong 1a theo chiéu
phan cuc duong. Muc dich cia sy lua chon nay
la: taurin & dang anion c6 d6 linh dong dién di
yéu, no bi 16i cudn va dao chiéu di chuyén trong
mao quan béi dong dién di thim thau (dong
EOF) va di chuyén theo chiéu cuc am dén
detecto. Ngoai ra, nhom amin (-NH,) trong
taurin voi pK _ 9, & pH thap ton tai chu yéu &
dang ion (-NH;") gdy anh huéng tiéu cuc dén
su tach pic taurin voi pic déc trung dong EOF.
Béi vay, cac hé dém co pH cao dugc lua chon,
bao gém: dém Tris/Lac 30 mmol/L pH= 8; d€m
Tris/MOPS 100 mmol/L pH= 7,7; dém Tris 60
mmol/L. va CAPS 40 mmol/L. pH= 9,6; dém
Tris/CHES 100 mmol/L pH= 8§,8.

2.2.2. Xay dung mé hinh thyc nghiém
RSM-CCD
Ham muc tiéu
_ Trong nghién ctru, phan tich dugc taurin &
noéng d6 cang thap (gioi han phat hién va gioi
han dinh luong cang thép) thi hiéu qua phan
tich danh gia cang tot. Béi vay ham muc tiéu la

chiéu cao pic taurin (Y,) va dién tich pic taurin
(Y»). Ngoai ra, voi viéc phan tich theo kiéu
phan cuc ngugc, pic taurin xuat hién sau pic
dac trung cua dong EOF. Khoang nay cang 16n
thi khoang tuyén tinh duong chuén phan tich
taurin cang rong va cang giam di anh hudng cta
cac chat khic véi pic taurin trong mau thyc.
Khoang cach gitta pic taurin va pic dac trung
dong EOF (khoang cach EOF-taurin) la ham
muc tiéu thir ba (Y3).

Pic d&c trung
dong EOF

Dién tich pic taurin (Y1)
{ph&n té dam)

Chi&u cao pic
taurin(y;)

- —

Khoang cach pic taurin
v pic dong EOF (Y3)

Hinh 1. Cac ham muc tiéu lya chon.

Lwa chon yéu 16 déc ldp danh huong dén
ham muc tieu Y, Y,

Cac yéu td dugce lwa chon tdi wu 1a: néng do
dém Tris (X;), pH cua dung dich dém Tris/Lac
(X,), 0 16n dién thé tach (X5) va thoi gian bom
m?lu (X4)

S6 thi nghiém

S4 thi nghiém duoc thuc hién 1a N= 2k 4+
2k + 6 (N= 30 v6i k= 4). Trong d6, k 1a sb bién
sO doc 1ap va 2k s6 thi nghiém bd sung tai diém
sao. Khoang cach tir tim dén diém sao o = 2k/4
(0= 2 voi k= 4). Tit ca cac nghién ctru duoc
thuc hién & nam muc (-a, -1, 0, +1, +a). Nhu
vay, trong nghién ctru nay 30 thi nghiém s&
duoc thuc hién voi 24 56 thi nghiém cia quy
hoach toan phﬁn, 6 thi nghiém lap lai tai tdm dé
danh gia sai s6 va 8 thi nghiém b sung tai diém
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sa0 nam cach vi tri tdm thyc nghiém mot
khoang a.

Phdn tich thong ké

Phep phén tich phuong sai duge str dung dé
phan tich anh huéng cia cc yéu td trong thi
nghiém, anh hudng tuong tic cua ching 1én
ham muc tiéu. Sau khi loai bo nhimg yéu té
khong anh huong khong dang ké t6i ham muc

tiéu, md hinh thdng ké biéu dién sy phu thudc
ctia chiu cao pic, dién tich pic va khoang cach
EOF-taurin vao cac yéu td dugc ma hoa duoc
xdy dyng bang phuong phap binh phuong tdi
thiéu 12 mot phuwong trinh phwong trinh hdi qui
c6 dang:

Y=b +Zb X +Zb X“+ZZIJ XX,

=1 =1+l

Y Dién tich pic (hoac chi€u cao pic, khoang cach EOF-taurin) du doan
b, H¢ s6 hoi quy bac 0
X; Yéu td doc lap thir i anh huong dén ham muc tiéu Y
b; Heé s6 hoi quy bac 1 mé ta anh huong cua yéu té X; v6i Y
b;i Heé s6 hdi quy twong tac mo ta anh hudng cua yéu t6 X; véi Y
bij He¢ s6 hoi quy twong tic mo ta danh huong dong thoi X; va X; véi Y
Ddnh gid mé hinh tinh ctia dudng chuan, d6 1ap lai cua dién tich

Mo hinh va phwong trinh hdi qui dugc kiém
tra muc do phu hop voi thuc nghiém bang kiém
dinh Fisher cua md hinh (véi gid tri Pyaye =
0,05) va sy thiéu phut hop (Lack of fit). Néu gia
tri Pyae nho hon gia tri o va cang nhd thi mo
hinh cang phu hop (gia tri o thuong iy 0,05 -
tic 1a 5%). Hé s6 Lack of fit phai 1on hon gia
tri a (I6n hon 0,05) thi mé hinh d6 mdi phu
hop, gia tri Lack of fit cang 16n thi mirc d6 phu
hop cia m6 hinh cang tang. Ngoai ra con co
mot s6 cac thong s6 danh gia khac nhu hé s6
tuong quan (correlation coefficient) gifta céc
két qua du doan cua md hinh (Y?) véi cac két
qua thyc nghiém (Y), hé s6  xac dinh
(coefficient of determination) va do léch chuan
turong ddi CV% (coefficient of variation). Cudi
cung, thuc hién viéc phan tich tai diém t6i vu
v6i céac didu kién dém Tris/Lac, dién thé tach va
thoi gian bom mau tim thiy va so sanh voi két
qua du doan dé kiém tra sy chinh x4c ctia md
hinh du doan.

2.2.3. Tham dinh phwong phdp phan tich da
161 weu

bé tham dinh phuong phap phan tich sau
khi di t6i wu héa cac diéu kién, mot sé thong sb
danh gia phuong phap da dugc xac dinh bao
gdm: gi6i han phat hién (LOQ), gidi han dinh
lwong ctia phwong phap (MQL), khoang tuyén

pic taurin va thoi gian di chuyén.

Gidi han phat hién (LOD) bao gom gi6i han
phat hién cua thiét bi (IDL) va giéi han phat
hién cua phuong phap (MDL). Trong nghién
clru, qua trinh xir Iy mau khong c6 st dung cac
k¥ thuat lam giau mau, gidi han phat hién cua
phuong phap dugc xac dinh bang cach do mau
gia (mau thern chuan taurin ndng dé 0,5 mg/L
vao nén miu thuc phim loai khong bd sung
taurin), tinh MDL theo ti s6 S/N (S/N 1a ti sb
chleu cao cua tin hiéu véi chiéu cao cua nhiéu
nén, S/N = 3). Gia tri IDL dugc xéac dinh theo
cach tuong tu v6i mau chuén taurin 0,75 mg/L
trong nén nudce deion. Gidi han dinh luong cua
phuong phép (MQL) duogc xac dinh bang biéu
thire: MQL=3 MDL.

Gidi han tuyén tinh (LOL) 1a nong d¢ cao
nhit ciia cht phan tich ma tai d6 tin hiéu phan
tich con tudn theo phuong trinh tuyén tinh bac
nhit. Gia tri nay dugc xac dinh bang cach tang
gi4 tri cia diém cén trén duong chuin dén khi
duong khong con tuyén tinh. Khi do, khoang
tuyén tinh dugc dinh nghia la tr LOQ dén LOL.

Trong nghién ctru nay, do 1ap lai xac dinh
bang gia tri d6 1éch chuan twong ddi (RSD%)
ctia thoi gian di chuyén va dién tich pic (1a két
qua phan tich 1ap lai 10 1an taurin néng do 10
mg/L tai diéu kién tdi vu cua quy trinh).
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bd dung cua phuong phap phan tich dugc
xac dinh dua trén viéc xac dinh hiéu suét thu
hdi khi phan tich cac miu thém chuan taurin
trén nén nudce deion va trén cac nén mau thuec.
Cac mau sita tuoi, nudc tang luc duoc pha
lodng, mau sita bot dugc hoa tan bang nudc
deion, thém taurin chudn voi céc néng do
2mg/L, 5 mg/L va 10 mg/L, miu nudc deion
dugc thém taurin chudn 8 mg/L. Sau d6 céac
méiu nén, mau thém chuan dugc loc qua mang
loc 0,2 um, phan tich trén hé dién di mao quan.
Néng do taurin duogc xac dinh b?mg phuong
phap duong chuan, hiéu suat thu hoi trén cac
nén mau thuc dugc xac dinh dua trén két qua

phan tich mau nén, mau thém chuan va lugng
thém chuan.

3. Két qua va thio luin
3.1. Khao sat thanh phdn dem dién di

Két qua thi nghiém nhu cac dién di d6 trong
hinh 2 cho thy trong bén hé dém nghién ciru
chi c6 hai hé dém Tris/Lac va Tris/CHES la
xuat hién tin hiéu cua taurin & n(‘Bng do 20
mg/L. Do d6, dém Tris/Lac va Tris/CHES duoc
chon dé tiép tuc nghién ciru.

Pém Tris 60mmol/L

:I:zmv

20 mv

20 mv

Taurine 20ppm

CAPS 40 mmol/L. pH=9,6

Taurine 20ppm

Tris /CHES 100 mmol/L.
pPH=8.8

Pém Tris/Lac
30mmol/L pH=8

Pém Tris/MOPS
100mmol/L pH=7.7

I I I |
200 400 600 800

I I 1
1000 1200 1400

Thei gian di chuyén (gidy)

Hinh 2. Khao st thanh phan dém dién di.

Sau d6 thuc hién phan tich taurin & I}Sng do
10 mg/L v6i hai dém nay voi cung dicu kién
dién thé tach -10kV, thoi gian bom mau 20

gidy. Két qua thu duoc chidu cao va dién tich

pic cua taurin khi su dung dém Tris/Lac lon
hon rat nhi€u so voi dém Tris/CHES. Vi vay,
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dém Tris/Lac duoc lya chop lam dém st dung
trong quy trinh phén tich dé xdy dung md hinh
toi uu hoa ¢ phan sau.

3.2. Xdy dyng mé hinh thuc nghiém RSM-CCD

Cac yéu td dugc xac dinh dé t6i uu hoa bao
gdm: ndng do Tris, pH (diéu kién hoa hoc) va
d6 16n dién thé tach, thoi gian bom mau (diéu
kién thiét bi phan tich). Bai toan tbi wu dugc lap
1én dya trén phuong trinh hdi quy xac dinh
bang phuong phap quy hoach thuc nghiém la
ham mo ta sy phy thudc cua chiéu cao, dién tich

pic taurin va khoang cach EOF-taurin vao céac
yéu t6 voi mién khao sat dugc thé hién trong
bang 1.

Phan mém Design-Expert 10.0.4 duoc su
dung dé mo hinh hoa thi nghiém va phén tich
cac két qua thuc nghiém theo méd hinh, xay
dung phuong trinh hdi quy va giai bai toan tdi
wu. Cac thi nghiém trong md hinh, két qua thyc
nghiém (Y) va két qua mo6 hinh du doan (Y’)
duogc trinh bay tai bang 2.

Béng 1.Gidi han pham vi va muc bién doi cta cac yéu to

Muc nghién clru

Bién thuc Bién ma héa Don Vi 2 (a) -1 0 1 2 (fa)

Nong d6 Tris X, mmol/L 30 60 90 120 150

pH ) X, - 8 825 85 875 9

Do 16n dién the tach  X; kV 10 12,5 15 17,5 20

Thoi gian bom mau X4 S 10 22,5 35 475 60

Béang 2. Ma tran ké hoach thuc nghiém va két qué thuc nghiém

Mahoa (X)) X)) X3) X9 Y, Y’ Y, Y’ Y3 Y’s
Ponvi mmol/L - kV s \Y \Y Vs Vs S S
1 30 85 15 35 0,0112 0,0120 0,0402 0,0417 20,00 19,95
2 60 8,75 12,5 22,5 0,0075 0,0067 0,0352 0,0331 68,10 67,61
3 60 8,75 17,5 47,5 0,0123 0,0130 0,0486 0,0479 38,20 39,81
4 60 825 17,5 47,5 0,0161 0,0150 0,0593 0,0575 14,20 14,79
5 60 8,75 12,5 47,5 0,0126 0,0130 0,0714 0,0708 62,10 60,26
6 60 8,25 12,5 22,5 0,0084 0,0090 0,0383 0,0407 27,50 25,70
7 60 825 17,5 22,5 0,0088 0,0090 0,0277 0,0275 16,60 16,60
8 60 875 17,5 22,5 0,0074 0,0067 0,0236 0,0229 46,50 44,67
9 60 8,25 12,5 47,5 0,0158 0,0150 0,0848 0,0851 2220 2291
10 90 85 15 35 0,0091 0,0096 0,0429 0,0457 53,00 52,48
11 90 85 15 35 0,0091 0,0096 0,0417 0,0457 52,60 52,48
12 90 85 15 35 0,0093 0,0096 0,0439 0,0457 52,40 52,48
13 90 85 15 35 0,0097 0,0096 0,0478 0,0457 49,80 52,48
14 90 85 20 35 0,0096 0,0096 0,0342 0,0347 37,60 36,31
15 90 85 15 60 0,0138 0,0150 0,0755 0,0776 51,40 46,77
16 90 85 15 35 0,0099 0,0096 0,0492 0,0457 49,80 52,48
17 90 85 10 35 0,0094 0,0096 0,0727 0,0741 82,80 85,11
18 90 9 15 35 0,0069 0,0078 0,032  0,0355 62,50 64,57
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19 90 85 15 35 0,0105
20 90 85 15 10 0,0037
21 90 8 15 35 0,0076
22 120 825 12,5 22,5 0,0050
23 120 825 17,5 47,5 10,0098
24 120 875 12,5 22,5 0,0063
25 120 875 17,5 22,5 0,0065
26 120 825 12,5 47,5 0,0098
27 120 825 17,5 22,5 0,0052
28 120 875 12,5 47,5 0,0113
29 120 875 17,5 47,5 0,0115
30 150 85 15 35 0,0074

0,0096 0,052  0,0457 49,20 52,48
0,0042 0,0168 0,0174 57,30 58,88
0,0086 0,0368 0,0355 10,60 10,47
0,0047 10,0283 10,0275 49,00 45,71
0,0094 0,0404 0,0398 25,60 26,30
0,0062 0,0363 0,0339 103,50 107,15
0,0062 0,0243 10,0229 69,90 69,18
0,0094 0,0597 0,0589 39,40 40,74
0,0047 0,0183 0,0191 29,40 29,51
0,0110 0,0708 0,0708 96,50 95,50
0,0110 0,0494 0,0490 65,00 61,66
0,0083 10,0357 0,0380 73,40 74,13

49

T phan mém Design—Expert 10.0.4,
sau khi d loai bo cac yéu td anh huong khong
dang ké t6i ham muc tiéu dién tich pic, chiéu
cao pic va khoang cach EOF-taurin ¢ d¢ tin cdy

90% (yéu t6 co gia tri Py theo anh hudng béc
mot, bac hai va anh huéng twong hd nho hon
0,1), két qua phan tich phuong sai va kiém dinh
md hinh duoc thé hién tai bang 3.

Béng 3. Két qua phan tich phuong sai cho m6 hinh da thtrc bac hai theo chiéu cao pic,
dién tich pic va khoang cach EOF-taurin

Mo hinh MO hinh Su thiéu phu hop 2

da thirc GiatriF  Giatri P GiatriF  Giatri P R CVeign( %)
Chiéu cao pic 71,99 <0,0001 1,86 0,2550 09515 744

Dién tich pic 145,77 <0,0001 0,34 0,9501 0,9831 1,94
Khoang cich EOF-taurin 507,72 <0,0001 2,34 0,1775 0,9951 1,25

Phén tich cac két qua thu duogc:

Hé sé twong quan r (coefficient of
correlation) giita két qua thyc nghiém va két
qua moé hinh du doan cua dién tich pic, chiéu
cao pic va khoang cach EOF-taurin lan lugt 13
r=0,977; 1, = 0,992 va r; = 0,996. Gia tri hé sb
tuong quan r cao cho thdy cé su twong déng
giita két qua du doan va két qua thuc nghiém.
Diédu nay cho thdy phuong trinh hdi quy da mo
ta chinh xac céc s6 liéu thyuc nghiém.

Kiém dinh F ctia m6 hinh (F—test hay kiém
dinh Fisher) thé hién trong bang 3. Gié tri Py
ctia chidu cao pic, dién tich pic va khoang cach
EOF-taurin 1an 1ugt 13 Ppeign< 0,0001,P,peq<
0,0001 va Py4pe.<0,0001 nghia la chi c6 nho hon
0,01% sy thay doi cua gia tri F 1a phan nhiéu
ma md hinh khong tinh toan duoc. Két qua nay
cho thdy do tuong thich tét ctia hai phuong

trinh hoi quy so voi s6 liéu thuc nghiém, tr do6
cho thiy do tin cay thng ké cao.

Hé s6 xac dinh R*> (coefficient of
determination) cua chidu cao pic, dién tich pic
va khoang cach hai pic lan luot 1a 0,9515,
0,9831 va 0,9951 cho biét lan lugt 95,15%,
98,31% va 99,51% su bién ddi cla chiéu cao
pic, dién tich pic va khoang cach EOF-taurin 1a
do anh huéng cta cac bién doc 1ap nhu néng do
Tris, pH, d6 16n dién thé tach va thoi gian bom
mau; chi ¢ 1an luot 1a 4,85%, 1,69% va 0,49%
sy thay dbi 1a do cac yéu to khong xac dinh
dugc nguyén nhan gy ra (sai s6 ngau nhién).

Kiém dinh F cho sy thiéu phi hop ciia mo
hinh (lack of fit) 1a kiém dinh sy thiéu phu hop
ctia md hinh bang cach so sanh sy mét mat cia
céc gid tri quan sat (tong phuong sai cia gia tri
thuc nghiém so voi gia tri dy doan) voi phuong
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sai cua cac 1an chay diém lap tam, két qua thu
dugc Puae>0,1 (Pheight = 0,2550; Parea = 0,9501
va Prangc 0,1775) cho thay su ton tai cua gia
thiét dao 1a “khong co6 su thiéu pht hop” hay su
sai khac gitra hai phuong sai nay 1a khong dang
ké, tir d6 két ludn mo hinh phu hgp. Bén canh
d6, hé sb bién thién theo do 1éch chuin tuong
d6i CV% (coefficient of variation) thap
(CVheight = 7,44%; CVae= 1,94% va CViypge =
1,25%) chimg to rang cac thi nghiém dugc thyuc
hién chinh xac va d¢ 1ap lai cao.

Céc két qua kiém dinh cho thdy su ding
dén cua cac mé hinh xay dung dugc. Tu do,
biéu thirc toan hoc md ta mbi quan hé giita
chiéu cao, dién tich pic taurin va khoang cach
EOF-taurin véi cac bién ma hoa (diéu kién khao
sat) nhu sau:

Chiéu cao pic (Y;) = 0,1082 — 1,155.10°
Xt 2,915.10% X+ 1,258.10°° X, X
8,445.107.X, X, —4,892.107 X;* (1)

Dién tich pic (Y,)) véi  Loguy(Y,)
=-11,695 —0,0918.X5+ 0,0239.X,+ 5,505.10
X X, — 0,2055X," + 1,960.107.X5* —
1,567.107* X, )

Khoang cach EOF-taurin(Y3) voi Logg)(Y3)
= 76,916 +0,0241.X,+17,614.X, — 0,0765.X;
~1,991.10° X, — 1,859.107.X;. X, — 1,982.10°
3 X2 - 0,9797.X,% + 1,312.10° X4* (3)

Trong ving khao sét, phuong trinh hoi quy
(1) cho thiy chiéu cao pic chiu anh hudéng bac
mot cua yéu tb nghién ctu X;, X4; bac hai cta
yéu td nghién ciru X va chiu anh huong dong
thoi cua cac cap yéu td (X1#X), (Xi*Xay).
Phuong trinh hdi quy (2) cho thiy logarit co sb
10 cta dién tich pic chiu anh hudong bac mot
cua cac yéu td nghién cuu X3, X4; bac hai cia
yéu t& Xa, X3, X, va chiju anh huong dong thoi
clia cip yéu t6 (X,*X,). Phuong trinh hdi quy
(3) cho thiy logarit co s6 10 cua khoang cach
EOF-taurin chiu anh hudéng bac mot cua ca bdn
yéu td nghién cuu X, X,, X3, X4; bac hai cia

yeu td Xl, Xz, X3 va chiu anh hudéng dong thoi
ctia cap yéu td (X,*X5).

Tir cac phuong trinh hdi quy (1) (2) (3), xu
huéng anh huéng cua cic yéu té anh hudng
dugc giai thich nhu sau: Yéu t nong d¢ Tris
anh huong theo hudng tiéu cuc t6i chiéu cao
pic, didu nay c6 thé duoc giai thich 1a do ndng
d6 Tris tang thi nf)ng d6 lactic ciing ting (dé gt
pH khong d6i), ndng do dém cao can tré sy di
chuyén va lam pic taurin tu hon, chidu cao pic
giam di. Yéu td pH anh huéng theo huéng anh
hudéng tich cuc t&i khoang cach EOF-taurin.
Diéu nay c6 thé dugc giai thich 1a do khi pH
ting thi dong EOF ting dan t&i sy 16i cudn
taurin cua dong EOF manh hon, khodng cach
EOF-taurin ting. Yéu t dién thé tach anh
hudng tich cuc téi dién tich pic taurin va anh
hudng tiéu cuc toi khoang cach EOF-taurin vi
khi dién thé tach 16n trong khi taurin di chuyén
nguoc chiéu dién truong lam gidn rong chan pic
taurin, dién tich pic tang. Dién thé tach 16n lam
cho lyc dién truong 16n, chat phan tich di
chuyén nhanh hon, khoang cach giira pic
taurine va EOF nho hon. Yéu td thoi gian bom
méu anh hudng tich cyc t6i dién tich va chiéu
cao pic taurin, anh huong tiéu cuc téi khoang
cach EOF-taurin vi thoi gian bom mau ting lam
lugng mau phén tich ting, tin hiéu taurin 16n
hon, chiéu cao va dién tich pic tang. Tin hi¢u
pic taurin 16n lam chan tich rong hon, khoang
cach EOF-taurin giam.

T md hinh rat ra dugc diéu kién tdi wu cho
phan tich taurin 1a: néng d6 Tris = 150 mmol/L,
thoi gian bom mau 60 gidy, pH = 8,96 va dién
thé tach 1a -10kV. Diéu kién nay can duoc kiém
tra bang cach so sanh két qua phan tich kiém tra
véi gia tri dg doan mé hinh, khoang dy doan
ciia md hinh. Két qua tai bang 4, két qua thi
nghiém kiém tra nim trong khoang du doan cua
mod hinh va d6 Iéch so vdi gid tri md hinh du
doan ctia m6 hinh nho hon 10%. Gia tri chiéu
cao va di¢n tich pic mé hinh dy doan c6 do
chinh xac cao.
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Chigu cao pic taurin Di&n tich pic taurin Khoang cich EOF-taurin

Thiri gian bom mau
Thi gian bom miu

110 170
Nong do Tris Nong d6 Tris Nong dé Tris

Hinh 3. P thi dang 2D v&i cac dudng ddng mirc (2D contour) cho biét anh hudng ctacip yéu td ndng do Tris
va thoi gian bom mau dén chiéu cao pic taurin khi yéu to con lai dugce gitr co dinh & mirc khong.

Khodng cich EOF-taurin

Chiu cao pic taurin
=
®

Dién tich pic taurin

30
40 Théigian

Thézi gian N&ng a6 Tris ,.
bom mau

30 Thoigian

20 bom miu bom méu 20780

150 10

Hinh 4. D6 thi dang 3D (3D response surface) cho biét anh hudng cua cip yéu td ndng do Tris va thoi gian bom
maudén dién tich pic taurin khi y€u to con lai duge gilt o dinh & muc khong.

Béng 4. Két qua thi nghiém kiém tra diéu kién mé hinh dy doan

Két qua phéan tich Khoang du doan Gia tri Do 1éch

(n = 6) (n=6) du doan (%)
Chiu cao pic (V) 0,0177 0,0140 — 0,0190 0,0162 93
Dién tich pic (V.s) 0,1546 0,1148-0,1809 0,1444 7.1
Khoang cach EOF- ¢4 117,3 - 188,8 149,0 9,7

taurin

n: Sb thi nghiém phan tich 1p lai voi diéu kién mé hinh dy doan

3.2. Tham dinh phwrong phdp phan tich da dwoc lrong déu thdp (MDL = 0,266 mg/L, MQL =

16i wu héa 0,799 mg/L), khoang tuyén tinh rong (1 — 500
) A . . . o mg/L). Gia tri dg) lap lai dq:(_yc xac dinh thong

Cac thong s6 danh gia quy trinh phén tich qua do léch chuan tuong d6i theo thoi gian di
taurin dugc thyc hién, két qua dugc thé hién tai chuyén (RSD,) va d 1éch chuén twong dbi theo

bang 5. Tir két qua cho thdy: gi6i han phat hién  dian tich pic (RSDy) cho két qua 2 - 3 % chimg
cta thiét bi thap (IDL = 0,119 mg/L), phuong t6 do lap lai tét.
phép c6 giéi han phat hién va giéi han dinh
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Bang 5. Banh gia quy trinh phan tich taurin

IDL  MDL* MQL Khoingtuyéntinh RSD, RSD,
(mg/l) (mgl) (mg/L) (mglL) o) (%)
Taurin 0,119 0,266 0,799  1-500 1,83 3,16

Thong s6

Chu thich (*): Gia tri MDL xac dinh trén nén mAu sita bot cong thirc loai khong bd sung taurin

/_d—_.J
’\ \%"4\—'\ Oval

Oval 1

Ble

Ble 1

|

A Red 1

—’_—I }urin 7.5 mg/L
Nén deion
I ] I I
400 500 600 700
Thai gian di chuyén (giay)

Hinh 5. Gian d6 dién di phan tich taurin trong cdc nén mau thyc va mau thém chuin

Dé xac dinh hiéu suit thu hdi khi phan tich deion 13 91,92 % va trén cac nén mau sira va
cic mau thém chuin, trude hét duong chuén nuoc ting lyc 1a kha tdt (101,3 = 101,7 %), pic
phan tich taurin dugc dyng tir ndng d6 1 — 50 taurin cach xa tin hi¢u dong EOF va khong
mg/L v6i hé sb twong quan tuyén tinh R* = trung v6i pic cua cdc thanh phan khac trong
0,999. Két qua hiéu suat thu hdi trén nén nudc mAu thuc.

Béng 6. Hi¢u suat thu hdi khi phan tich taurin trén cac nén mau thyc

Hé sb Néng do Két qua Hiéu guét t[lu hoi

Mau M3 méu phalodng  taurin thém phén tich trén nén mau
(lin) (mg/L) (mg/L) (%)

Nudc deion Deion 8,00 7,35+0,29 91,9

Nudce tang luc Red 400 - 9,58 + 0,34 =

Redbull Red 1 400 10,00 19,71+0,68 1013

Stra tuoi Oval 10 - 3,65+0,16 -

Ovaltine Oval 1 10 2,00 5,68+0,22 1014

Stra bot Ble 3 - 397+0,17 -

Bledilait 3 Ble 1 3 5,00 9,06+ 0,32 101,7

Chu thich (*): K&t qua phén tich ctia miu sira bot 1a ham lugng phén tich sau khi hoa tan mau (1g méu sita bot pha trong

10 mL nudc deion)
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4. Két luan

Trong nghién ctru nay, ching t6i sir dung
phuong phéap t6i wu héa mat muc tiéu voi mod
hinh lip tim (RSM-CCD) dé t6i wu hoa quy
trinh phan tich taurin bang k¥ thuat dién di mao
quan. Két qua danh gia gidi han phat hién va
gidi han dinh lugng cua phuong phap tbt, cho
thay phwong phap c6 thé phan tich dugc cac
méu c6 ham lugng taurin xudng dén c& vai ppm
(gi6i han dinh luong phuong phap la 0,799
mg/L), phuong phap c6 d6 lap lai t6t (RSD <
3,16%), khoang tuyén tinh rong (1 500 mg/L),
hiéu suét thu hoi trén cac nén mau dat tir 91,9 —
101,7%. Cac két qua tham dinh trén cho thdy co
thé 4p dung phwong phap aé phén tich ham
luong taurin trong cic mau thyc pham bd sung.

Loi cam on

Nghién ctru nay duoc tai tro boi Quy Phat
trien khoa hoc va céng nghé Quéc gia
(NAFOSTED) trong khuén khd dé tai “Phan
tich sang loc va phan tich thim dinh an toan
thyc pham trén co s¢ phat trién va ing dung k¥
thuat dién di mao quan da kénh st dung dong
thoi hai cam bién dién héa va do quang: ung
dung thi diém trong klern soat mot so thuc
phim chirc ning va dd udng c6 con d& bi lam
gia tai Viét Nam”, ma s6 104.04.2016.50.
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Using a Surface Response Methodology for the Experimental
Design to Optimize the Analysis of Taurine in Food
Supplements by Capillary Electrophoresis

Nguyen Manh Huy, Nguyen Thanh Dam, Duong Hong Anh, Pham Hung Viet

VNU Key Laboratory of Analytical Technology for Environmental Quality and Food Safety Control
(KLATEFOS), VNU University of Science, 334 Nguyen Trai, Hanoi, Vietnam

Abstract: This study focused on using a surface response methodology to optimize the taurine
analysis by capillary electrophoresis with capacitively coupled contactless conductivity detector. A
response surface methodology coupled with a central composite model comprising 30 experiments
was developed with four factors including concentration of Tris buffer, pH value, separating potential
and sample injection time. The best set of factor levels for taurine analysis was found as follows: 150
mmol/L of Tris concentration, pH = 8.96, separation voltage of -10 kV, the sample injection time of
60 seconds. The validation of analytical method showed that the detection limit for taurine was
0.266mg/L, linearity was in range from 1 to 500 mg/L, relative standard deviation values for peak
areas and migration times were less than 3.16%, the linear correlation coefficient gained 0.999.
Recovery efficiency of taurine in several food supplement matrixes such as: fresh milk, milk powder,
energy drink were in range from 91.9% to 101.7%.

Keywords: Taurine, capillary electrophoresis, response surface methodology.



