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Abstract

Capillary electrophoresis with capacitively coupled contactless conductivity detector
(CE-C*D) is renowned for its numerous advantages, such as compact equipment, low cost
of setup and operation, simplicity in functionality, and minimal use of samples and chemical
solvents. This method has been applied across various fields, including environmental
analysis, forensic science, biochemistry, pharmaceuticals, and food science. In this study,
the CE-C*D method was applied to determine the presence of glucosamine, vitamin B6, and
certain minerals in dietary supplements. Notably, glucosamine was simultaneously
determined with calcium, and vitamin B6 with magnesium. The method was validated to
meet the requirements of AOAC. The detection limits achieved for calcium, glucosamine,
vitamin B6 and magnesium were 0.05 ppm; 0.50 ppm; 0.10 ppm and 1.00 ppm, respectively.
The concurrent determination of active substances with different properties within a single
product is crucial, optimizing analytical efficiency and yielding high accuracy for the
analysis.
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Tom tit

Phuong phap dién di mao quan str dung detector d6 dan khong tiép xtic (CE-C*D) duoc
biét dén voi nhiéu wu diém nhu thiét bi nho gon, chi phi thiét bi va van hanh thap, hoat dong
don gian, lvong mau va dung moi hoa chat sir dung it. Phuong phép da duoc img dung trong
nhiéu linh vuc khéac nhau nhu: phan tich méi truong, phép y, y sinh, dugc phém va thuc
pham. Trong nghién cu nay, phuong phap CE-C*D di duogc ung dung dé xic dinh
glucosamin, vitamin B6 va mot $6 khoang chét trong thuc phém bdo v¢ suc khoe. Trong do,
glucosamin dugc xac dinh déng thoi véi canxi, vitamin B6 xac dinh d@)ng thoi voi magie.
Phuong phap da duoc tham dinh dap ung yéu cu cia AOAC. Gidi han phat hién dat duoc
Vi canxi, glucosamin, vitamin B6 va magie twong tng 1a 0,05 ppm; 0,50 ppm; 0,10 ppm va
1,00 ppm. Viéc x4c dinh dong thdi cac hoat chat c6 tinh chat khac nhau cing phdi hop trong
mot san pham 1a rat quan trong, vira t6i uu hoa hiéu qua phan tich, vira mang lai do chinh
x&c cao cho phép phan tich.

Tir khéa: CE-C*D, vitamin B6, glucosamin, canxi, magie, thuc phcfm bdo vé sirc khoe.

1. PAT VAN PE

Hién nay, thyc pham bao vé strc khoe (TPBVSK) ngay cang dugc sir dung rong rai
nham gitp ting cuong, bo tro, nang cao sirc dé khang cho nguoi st dung. Do ¢6 ngudn gbe
tir tyr nhién nén cac san pham nay rat dugc wa chudng trén toan thé giéi [1]. Tuy nhién, mot
sO san pham da bi lam gia hodc bd sung trai phép cac chét khong duoc dung cho TPBVSK,
giy anh huong xau dén stc khoe nguoi tiéu dung [2, 3]. Do d6, viéc dam bao chét lugng va
san pham an toan ngdy cang dugc quan tim. Dé kiém nghiém chat luong cic san pham
TPBVSK, nhiéu phuong phap phan tich khac nhau da duoc sir dung. Trong d6, phuong phép
quang phd (UV-Vis, AAS, ICP-MS,...) thuong duoc str dung dé xac dinh cac khoang chat
nhu Mg, Ca,... trong khi d6, phuong phép sic ky 10ng két ndi cac detector khac nhau thuong
duoc su dung dé xac dinh cac hop chét hiru co nhu vitamin, glucosamin,.... [4-7]. Cac thiét
bi nay thuong duoc trién khai tai cac phong thi nghiém tuyén trung uwong hodc cac thanh phd
16n do ¢6 chi phi d4u tu va van hanh cao. Tuy nhién, ching lai khong pht hop dé trién khai
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& cac phong thi nghiém tuyén dia phuong v6i ngan sach han ché va doi hoi co s ha ting
phirc tap, chi phi dau tu va van hanh cao, cin doi ngii c6 tay nghé ky thuat.

Mit khac, cac san pham TPBVSK thudng duge phdi hop dong thoi nhidu thanh phan
nhim ting cudng hiéu qua [1-3]. Vi du, glucosamin thuong dugc két hop cung canxi (mot
khoang chat can thiét trong su hinh thanh va chuyén hoa ciia xwong) trong cac TPBVSK lién
quan dén cac vain dé vé xuong khop. Bén canh d6, magie 13 mot loai khoang chat thuong
duoc két hop vé6i vitamin B6 giup duy tri luong dudng huyét, ngin ngira bénh tim mach, cai
thién hé than kinh va phat trién thai nhi [3]. Tuy nhién, hau hét cac phuong phap hién nay
déu xac dinh céc chat mot cach riéng ré, di san phdm bd sung déng thdi nhung lai can ding
nhiéu phuong phap khac nhau dé kiém nghiém. Do d6, néu c6 mot quy trinh phan tich dong
thoi cac chit s& gitp ting cudng hiéu qua phan tich, dic biét trong ciing mot san pham.

Phuong phép dién di mao quan tich hop detector do 6 dan khong tiép xuc (CE-C*D)
[8] c6 uu diém vuot troi 1a co thé xac dinh duge dong thoi cac chat ¢ tinh chat hoan toan
khéac nhau nhu mot s6 loai khoang chét (Mg, Ca) va mot s6 vi chét hiru co (glucosamin,
vitamin nhoém B). Hon nita, phuong phap CE-C*D con ¢6 cac uu diém nhu: trang thiét bi
nho gon, co thé tu dong hoa, str dung lugng mAau va hoa cht nho, chi phi phan tich thép. Do
d6, nghién ctru nay gi6i thidu hai tmg dung ctia phuwong phap CE-C*D nham xé4c dinh dong
thoi cac chat c6 tinh chat khac nhau ctung phdi hop trong mot san pham thyc pham bao vé
strc khoe: (1) canxi va glucosamin trong san pham hd trg xuwong khép va (2) vitamin B6 va
magie trong san pham hd trg tim mach.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Pdi twong/vat liéu nghién ciru
Déi tuong clia nghién ciru ndy gdm chat phan tich 1a glucosamin, canxi, B6, magie va
cac mau thuc phém bao vé strc khoe co chira cac hoat chat nay.
2.2. Héa chit, chit chuin
Céc hoa chat, chit chuan sir dung trong nghién ctru nay déu thudc loai tinh khiét bao
gom:
Chat chuan:
+ Glucosamin hydroclorid (Sigma- Aldrich; do tinh khiét 99,8%; s 16 BCCB2605).
Dung dich chuan gbc glucosamin 1000 ppm: can chinh x4c 0,025 gam chat chuan
glucosamin hydrochloride, hoa tan bang nudc deion vao binh dinh muc 25 mL va dinh mirc
dén vach.
+ Dung dich chuan Ca?* 1000 ppm (Merck; do tinh khiét 98%; s6 16 03.S.15.02))
+ Vitamin B6 (pyridoxin hydrochloride) (Chat chuan cta Vién kiém nghiém thudc
Trung wong; do tinh khiét 99%; sb 16 G1162253).
Dung dich chuin gbc vitamin B6 500 ppm: can chinh xac 12,63 mg chét chuan
vitamin B6 , hoa tan bang nudc deion vao binh dinh mirc 25 mL va dinh muc dén vach.
+ Magie nitrat (Mg(NQ3)2.6H20) (Merck; do tinh khiét 98%; s6 16 2064886).
Dung dich chuén gbc Mg?* 500 ppm: can chinh xé4c 131,87 mg Mg(NO3)2.6H20 hoa
tan béng nude deion vao binh dinh mtc 25 mL va dinh mutc dén vach.
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Cac héa chat khac: Tris(hydroxymethyl)aminomethane (Tris) (Fluka, >99%), N-
cyclohexyl-3-aminopropanesulfonic acid (CAPS) (Fluka, >99%), Acid acetic (Ace) (Merck,
> 99%), L-Histidin (His) (Fluka, >99%), Arginin (Arg) (Fluka, >99%), acid trichloroacetic
(TCA) (Merck, > 99%). Nudc deion dugc stir dung trong nghién ctru nay.

2.3. Thiét bi, dung cu

Thiét bi CE-C*D (Hinh 1) st dung trong nghién ctru dwoc cung cép boi Cong ty
3Sanalysis (http://www.3sanalysis.vn/). Thiét bi CE-C*D ¢6 ngudn thé cao 1én dén 25 kV,
st dung detector 6 dan khong tiép xtic (C*D). Cac thong tin vé dic diém ky thuat cua hé
thiét bj c6 thé tham khao trong cac cong bd trude day cuia nhom nghién ctru [8]. Phuong
phéap dugc phat trién manh mé trong nhirng nam gan day va c6 nhiéu vu diém nhu: hoat
dong don gian, chi phi dau tu va van hanh thap, ton it miu va dung méi, hoa chat, cho hiéu
qua tach twong ddi tot. Pac biét, phuong phap ¢ tiém ning xac dinh dong thoi cac hoat chat
c6 tinh chét khac nhau trong ciing mét 1an do do dic diém phan tich dua trén sy di chuyén
khac nhau cta cc ion trong dung dich dién ly dudi tac dung cta dién truong khi ap dién thé
cao vao hai dau cot (mao quan) tach.

Hinh 1. Anh chup hé thiét bi CE-C*D sir dung trong nghién ciru (1: Hop thé an toan, 2: Bé
diéu khién cao thé, 3: Cam bién dg dan khong tiép xiic, 4: Ong dan dung dich dém, 5: Nim
diéu chinh , 6: B6 phdn diéu khién, 7: Binh khi nén)

Ngoai thiét bi CE-C*D, nghién ctru ciing st dung hé thiét bi sic ky 1ong hiéu ning cao
véi detector huynh quang (HPLC-FLD), véi detector mang diod quang (HPLC-PDA) va
quang phd phat xa nguyén tir plasma cam tmg (ICP-OES) trong phén tich dbi chimg va mot
s thiét bi, dung cu khéc trong phong thi nghiém nhu: may ly tdm ctia hang LCEN -200, may
rung siéu am co6 gia nhi¢t BRANSON 521, mdy do pH ciua hang HANNA, tu lanh Sanaky
VH-2899W, can phan tich véi do chinh xéc 0,1mg.

2.4. Phwong phap nghién ctiru
2.4.1. Phuong phdp ldy mau va xir Iy mdu

Cac mau TPBVSK chira cac hoat chat nghién ciru (c6 ghi trén nhan) duoc mua ngiu
nhién tai cac nha thudc trén dia ban Ha Noi. Mau tring 1a mau TPBVSK khong chira chit
phan tich (trén nhin khong c6 ham luong cac chat phan tich, phan tich bing cac phuong
phap phan tich trong tmg déu cho két qua khong phat hién cac chét phan tich) duoc sir dung
dé khao sat va danh gia phuong phap.
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Trén co sé tham khao tai li€u [4-7] va khao sat thuc té, quy trinh xir Iy mau dugc lya
chon nhu sau: Mau TPBVSK (dang vién nang) dugc thdo vo nang, liy phan bén trong,
nghién min (néu cén); mau dang vién nén duoc nghién min, tron déu thanh dang bot déng
nhit. Can chinh xac mét lugng mau trén can phan tich (46 chinh xac 0,0001 g). Thém 25
mL dung dich acid trichloroacetic (TCA) 4%, rung si€u am trong 30 phut va ly tam trong 15
phut. Chuyén dung dich thu dugc vao binh dinh mirc 25 mL, dinh muec téi vach béng TCA
4%. Dung dich duoc loc qua mang loc 0,45 pm va pha lodng (néu can) trudc khi tién hanh
phan tich trén thiét bi CE-C*D.

2.4.2. Phuong phap phan tich

Phuong phap dién di mao quan str dung detector d6 dan khong tiép xtic (CE-C*D) duoc
str dung trong nghién ctru. Trong d6, cac diéu kién phan tich dugc khao sat stir dung hé thiét
bi CE-C*D véi ¢t mao quan dudng kinh trong 50 pm c6 chiéu dai 50 cm (chiéu dai hiéu
dung 35 cm). Céc diéu kién nay duoc giit nguyén trong tt ca cac thi nghiém. Cac diéu kién
khao sat bao gém: dung dich dém dién ly (thanh phan, pH, nong d6 dung dich), thé tach,
diéu kién bom mau (thot gian va chiéu cao bom mau). Viéc khao sat dugc thuc hién theo
phuong phép don bién, thay d6i mot thanh phan trong khi giit nguyén cac thanh phan con
lai dé thu dugc thong s6 phu hop dap ting cac yéu cau phan tich.

Céc phuong phap phan tich dbi ching ciing duge sir dung bao gdm: sic ky long hiéu
nang cao véi detector huynh quang (HPLC-FLD) phan tich glucosamin [4], v&i detector
mang diod quang (HPLC-PDA) phan tich vitamin B6 [5], quang phd phat xa nguyén tir
plasma cam tng (ICP-OES) phéan tich canxi va magie [7].

2.4.3. Danh gia phwong phap

Phuong phap phan tich dugc danh gia thong qua cac thong s co ban nhu: xay dung
duong chuan; xac dinh giéi han phat hién (LOD) va gi6i han dinh lugng (LOQ); danh gia
d6 chum thong qua do lap lai (do léch chuin tuong ddi RSD%) va d§ dung thong qua do thu
hoi. Cac két qua duge danh gia so sanh vai cac quy dinh cia AOAC [9].

2.4.4. Phuwong phdp xir 1y 56 liéu

Céc két qua danh gia phuong phap va phéan tich mau dugc xur 1y bang phin mém
Microsoft Excel 2019. Ham luong cac chét trong TPBVSK duoc dinh luong bang phuong
phap thém chuan.

3. KET QUA VA BAN LUAN

3.1. X4c dinh ddng thoi canxi va glucosamin

3.1.1. Khdo sat diéu kién phdn tich dong thoi canxi va glucosamin bang phirong phdp CE-C*D
Vi cong thirc cau tao co su xuat hién cia nhom NH2 (pKa = 7,58) thi khi pH < pKa

glucosamin ton tai & dang cation (R-NH3*). Do d6, cac dung dich dién ly phan tich dong thoi

glucosamin va canxi can c6 pH dudi 7,0 nhdam dam béo cac chét phan li hoan toan ¢ dang

cation. Khi do, phan cuc duong dugc str dung dé phan tich cac chit & dang cation. Cac h¢

dém dién ly dugc khao sat c6 hop phan base 1a Arg, Tris, His két hop v6i hop phan acid 1a

acid acetic, dong thoi dung dich dién ly chi bao gom acid acetic ciing duogc tién hanh khao

sat. Két qua duoc thé hién trong Hinh 2.
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Hinh 2. Dién di do khao sdt dnh hwong ciia thanh phan dung dich dién ly

__Ace

Két qua ¢ Hinh 3 cho thay, dung dich dién ly Ace cho tin hiéu pic ctia hai chat phan
tich tot nhat trong cac hé dém, duong nén 6n dinh nén s& duge lwa chon cho cac khao sat
tiép theo.

Néng dd dung dich dién ly Ace ciling dugc khdo sat véi cac gia tri 1a 100 mM, 150
mM, 200 mM, 300 mM va 400 mM. Két qua cho théy, dung dich dién ly Ace 200mM cho
duong nén 6n dinh va pic hai chét ¢6 tin hiéu tot nhat. Do do, néng dd dung dich dién ly Ace
200 mM dugc sir dung cho cac khao sét tiép theo.

Thé tach tao ra luc dién truong va dong dién trong mao quan, diéu khién, duy tri va la
mot yéu té quan trong quyét dinh két qua dién di cac chat phan tich. Viéc khao sat thé tach
ddng thoi glucosamin va canxi dugc thuc hién ¢ +12 kV, +15 kV va +20kV. Két qua khao
sat thu dugc cho thy, khi ting thé tach tir +12 kV dén +20 kV, cac chét phan tich co thoi
gian di chuyén nhanh hon. Tai thé +20 kV, tin hiéu cua duong nén thu duoc bi nhiéu va dién
tich pic ctia cac chat phan tich thip hon thé +15 kV. Vi thé +12 kV, pic cia glucosamin
khong duoc can ddi, doang chan va thoi gian phan tich cac chat bi kéo dai. Do d6, thé tach
+15 kV dugc lya chon dé phéan tach dong thoi canxi va glucosamin bang phuong phap CE-
C'D.

Trong nghién ctru ndy, phuong phap thiy dong hoc kiéu xi phong duoc lya chon dé
bom mAau vao cot tach. Trong d6, chiéu cao va thdi gian bom mau dugc khao sat nham thu
duogc d6 nhay va kha nang tach tot nhét cho cac chat phan tich. Cac thoi gian bom mau duoc
Khao sat (khi giit nguyén chiéu cao bom mau 15 cm) 1 10's, 20 s, 30 s va 40 s; cac chiéu
cao bom mau dugc lya chon khao sat (khi gitt nguyén thoi gian bom méu 20 s) gdm: 5 cm,
10 cm va 15 cm. Két qua thu dugc cho thiy cac gia tri chidu cao va thoi gian bom mau tdi
wu duge lua chon cho két qua tin hi¢u du lon, phan tach t6t 1 10 cm va 20 s.

3.1.2. Panh gia phwong phap

Trudce hét, duong chudn xac dinh cac chat duoc xay dung trong khoang 0,5-100,0 ppm
dbi véi canxi va 2,0 - 100,0 ppm ddi véi glucosamin. Mdi dung dich duoc do lap lai 3 lan &
cac diéu kién phan tich da lgya chon. Gia tri trung binh cua cac lan do lap lai la sb lidu dé
dung dudng chuan su phu thudc dién tich pic vao néng do. Cac két qua dugc trinh bay trong

Bang 1.
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Bdng 1. Phwong trinh dwong chudn cia canxi va glucosamin

Tén chat Phuong trinh dwdong chuin (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

Két qua thu dugc cho thiy, cac hé sb twong quan biéu dién su phy thudc cua dién tich
pic vao ndng d6 céc chat phan tich déu kha tét (R > 0,9998), dong thoi cac gia tri P < 0,05
v6i ca hai chat ching t6 x va y c¢6 quan hé tuyén tinh.

Gi6i han phat hién (LOD) duoc xac dinh bang cach pha lodng dan va do hdn hop dung
dich chuan canxi, glucosamin cho dén khi thu dugc tin hiéu gip 3 14n so v6i nhidu duong
nén (S/N=3). Giéi han dinh lugng (LOQ) duoc tinh bang 10 S/N (= 3,3 LOD). Két qua thu
duoc gidi han phat hién ddi véi canxi 14 0,05 ppm va glucosamin 1a 0,50 ppm. Tt d6, gidi
han dinh lugng cua glucosamin va canxi tuong ung la 0,17 ppm va 1,67 ppm.

D0 chum cua phuong phép dugc danh gia thong qua do 1dp lai va dd dung cia phuong
phéap dugc danh gia thong qua hié¢u suét thu hoi thuc hién véi mau tréng thém chuan & 3 muc
ham lugng glucosamin 1a: 5,0 ppm, 20,0 ppm va 50,0 ppm; canxi & 3 mirc ham lugng 1a: 0,5
ppm, 10,0 ppm va 50,0 ppm; mdi mirc dwgc tién hanh lap lai 3 1an doc 1ap. Két qua cho thay,
d6 1éch chuan tuong d6i (RSD) thu dugc déu nho hon 5%. Do thu hdi ctia canxi nam trong
khoang 97,2-106,0% va glucosamin trong khoang 92,0-103,5%. Nhu vay, phuong phap c6
do lap lai va do thu hdi dap ung theo yéu cau cia AOAC (véi ndng do trong khoang 0,5-
100,0 mg/L, d¢ thu hdi va d6 1éch chuén tuong ddi 1an lugt ndm trong khoang 80-110% va
nho hon 7,3%) [9].

3.1.3. Két qua phan tich mau thuc té

Trén co sé danh gia dat yéu cau cia AOAC, phuong phap da duoc ap dung dé phan
tich dong thoi ham lwong glucosamin va canxi trong 14 mau TPBVSK thu thap ngiu nhién
tai cac nha thudc trén dia ban Ha Noi. Ham luong cac chét xac dinh bang phuong phap thém
chuan. Két qua so sanh giira ham luong cac chat cong bd trén nhan ciia nha san xuat va phan
tich bang phuong phap CE-C*D duoc thé hién trong Hinh 3 va 4.

Glucosamin
= Phuong phap CE-C4D = Nhan
600.0 - ﬁ(:406).0 519.0
479.0 \ 4o8 o 0 516.0 494.0

(= 3 :
¥ 66 3287 sunn
) V1 3125 2846 338.0 .
g B0S.0  265.7 ey 3240
2 300.0 270.0 »58¢
&
= 200.0 - 107.0
=
= 100.0

0.0

Ml M2 M3 M4 M8 M9 MI10 M1l MI12 MI13 Ml4
Miau

Hinh 3. D6 thi so sanh ham leong glucosamin trén nhdn va phan tich bang CE-C*D
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Canxi
208.0
200.0 - 190.1 ® Phuong phép CE-C4D
E ® Nhan
%ﬂ 150.0 ;1260
g 100.0 oot
o 101.5
£ 100.0 4
=}

E 40.0 4918-0
T 500 4 - 20.0 25.0 e
1837 46 192 015-6 78, . 259 46

4.3 10. 8.0 4.5

Ml M2 M3 M4 M5 M6 M7 M8 M9 MI0 MI13 Ml4
Mau

Hinh 4. D6 thi so sanh ham lwong canxi trén nhédn va phdan tich bang CE-C*D

Két qua & Hinh 3 va 4 cho thdy, ham lugng cic chét phan tich theo cong b ciia nha
san xudt va két qua phan tich bang phuong phap CE-CD sai khac déu nho hon 10%. Pong
thoi, két qua nay ciing dugc so sanh voi cac phuong phap déi chimg cho su sai khac trong
khoang — 6,88% dén + 6,61%. Gia tri Pvaie khi so sanh tirng cé@p theo chuén student (chuén
t) déu 16n hon 0,05, cho thdy phuong phap CE-CD 1a dang tin cdy.

3.2. Xac dinh dong thoi magie va vitamin B6
3.2.1. Khdo sat diéu kién phan tich dong thoi magie va vitamin B6 bang phiong phdap CE-
CD

Cong thirc cdu tao ctia vitamin B6 c¢6 su xuat hién ctia nhém NHz (pKa = 9,4) nén khi
dung dich dién ly c6 pH < pKa, vitamin B6 ton tai & dang cation (R-NHs*"). Do d0, cac dung
dich dién ly phan tich déng thoi vitamin B6 va magie can c6 pH xung quanh khoang 4,0-7,0
nham dam béo cac chat phan li hoan toan ¢ dang cation. Bon dung dich dém dién ly sir dung
phd bién trong phuwong phap CE-C*D duoc lya chon khao sat 1a: CAPS/Ace, His/Ace,
Arg/Ace, Tris/Ace (10 mM) véi cac gia tri pH khao sat gdm: 4,0; 5,0; 6,0; 7,0. Két qua khao
sat dai dién ¢ pH 5,0 ctua bon hé dém dién ly duogc thé hién trong Hinh 5.

Mg
I50mv CAPS/Ace | H r/

His/Ace /
Arg/Ace X /l /’\/
Y V7 ] —
o 4 /
Tris/Ace £ :DF/
I | I I I
0 2 4 6 8

Thoi gian di chuyén (phat)
Hinh 5. Dién di do khdo sdt anh hwéng ciia thanh phan dung dich dién ly dén sw phan tach
ciia Mg?* va vitamin B6
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Két qua trong Hinh 5 cho thay, vi loai dém Tris/Ace, tin hiéu ctia vitamin B6 gan dong
EOF nén bi anh hudng boi dong EOF. Ddi voi dém His/Ace, pic clia vitamin B6 nho hon so
v6i ba loai dém con lai. Nguoc lai, dém CAPS/Ace va Tris/Ace cho tin hiéu pic Mg?* nho.
Vi dém Arg/Ace, pic chat vitamin B6 xa dong EOF va tin hiéu cta hai cht phan tich déu tot.
Dong thoi, két qua khao sat pH trong khoang 4,0 - 7,0 cho thay pH 5,0 cho két qua phén tach
va tin hiéu céac chét t6t nhét. Do do, dung dich dém dién ly Arg/Ace pH 5,0 dugc Iya chon cho
cac khao sat tiép theo.

ACN dugc thém vao dung dich dién ly da chon (Arg/Ace) dé 1am giam d6 phan cuc ca
dung dich dién ly, hoa tan tot hon céc chat phén tich. Ty 1é thanh phan ACN trong dung dich
dém dién ly ciing dugc khao sat trong khoang 0 - 50%. Két qua thu duoc cho thiy ty 16 ACN
20% cho thoi gian phan tich phu hgp, hi¢u qua tach cao va dién tich pic du 16n. Do do, hé dém
dién ly Arg/Ace + ACN 20%, pH 5,0 duoc Iya chon trong ghién ctru nay.

Nong d6 cua dung dich dém dién ly Arg/Ace ciing duoc khao sat voi 3 gia tri 1a Arg 8
mM, 10 mM va 12 mM. Két qua cho théy, o néng do Arg 10 mM cho dudng nén On dinh, thoi
gian xuét hién hop ly, kha nang tach hai chét tbt, bén canh d6 né)ng do Arg 8 mM thu dugc tin
hiéu pic 16n nhat nhung kha nang tach hai chat vitamin B6 va Mg?* lai kém nhét va do phan
giai chua cao, con & néng ddé 12 mM cho tin hi¢u pic bé nhét, thoi gian phan tich lau hon. Do
d6, nong do Arg 1a 10 mM duoc Iya chon dé phan tich dong thoi Mg?* va vitamin B6.

Céc thé tach duogc lua chon dé khao sat nham phan tach dong thoi Mg?* va vitamin B6
gom: +15 kV, +18 kV, +20 kV va +25 kV. Két qua cho thdy, khi 4p thé tir +15 kV dén +25
kV, thoi gian di chuyén ctia cac chat giam dan, hiéu qua tach ciing giam dan. Tai thé tach +25
kV, thoi gian di chuyén ciia cc chat ngan hon so véi cac thé tach con lai nhung hiéu qua tach
kém hon vi khi tang thé tach, dong dién I tang s& gay ra hiéu Gmg nhiét Jun I6n lam mao quan
noéng 1én, giam hiéu qua tach. Tai thé tach +15 kV va +18 kV, thoi gian phén tich dai. O thé
tach +20 kV cho d6 phan giai, hiéu qua tach tt, duong nén 6n dinh va thoi gian phan tich phu
hop. Do d6, thé tach +20 kV duoc lua chon cho cac khao sat tiép theo.

Thoi gian va chiéu cao bom mau trong phuong phap thity dong hoc kiéu xi phong da
dugc khao sat véi cac gia tri trong tmg 13 20's, 25 s, 30 s va 15 cm, 20 cm va 25 ecm. Két qua
cac gia tri chiéu cao va thoi gian bom mau t6i wu duoc lua chon nham thu duge tin hidu cac
chat di 16n, kha ning phan tach tot nhat 1a 20 cm va 25 s.

3.2.2. Danh gia phwong phap

Puodng chudn xac dinh magie dugc xay dung trong khoang 0,3- 200 ppm, vitamin B6
trong khoang 3,0-100,0 ppm. Mbi dung dich dugc phan tich lap lai 3 lan. Gia tri trung binh
cta dién tich pic duoc st dung dé dung dudng chuan. Cac két qua dugc thé hién ¢ Bang 2.

Bing 2. Phurong trinh dwong chudn cia magie va vitamin B6
H¢ s6 twong
quan R?

Mg?* Y =(0,04000 £ 0,00058)X + (0,09472 + 0,05421) 0,9992 < 0,001
Vitamin B6 Y =(0,01271 £ 0,00020)X + (0,04360 + 0,01089) 0,9991 < 0,001

Tén chat Phwong trinh dwong chuin P
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Két qua trong Bang 2 cho thiy, dudng chuin xac dinh magie va vitamin B6 c6 hé s6
twong quan tot R? > 0,999 va cic gia tri P < 0,001, chiing t6 x va y c6 quan hé tuyén tinh tét.

Gidi han phat hién (LOD) duoc xac dinh bing cach pha lodng dan hdn hop dung dich
chuén ctia Mg?* va vitamin B6 dén khi tin hiéu thu dwoc gip 3 1an so v6i nhiu dudng nén
(S/N = 3). Gi6i han dinh luong (LOQ) 1a gi4 tri ndng d6 tai d6 tin hiéu thu duoc gip 10 lan
so voi nhidu dudng nén (S/N = 10). Két qua LOD va LOQ ctia Mg?* 1an luot 14 0,10 ppm va
0,33 ppm; clia vitamin B6 1an luot 1 1,00 ppm va 3,30 ppm.

Dé danh gia do chon loc, su c6 mit ctia cac cation K*, Na*, Ca?*, Mg?* (20 ppm) cling
v6i cac vitamin B1, B5, B6, B9 (100 ppm) da duoc khao sat. Két qua dién di dd thu duoc
trong Hinh 6 cho thay, tin hiéu ciia cac ion kim loai K*, Na*, Ca®* cach xa tin hiéu cua Mg?*
va khong thay xuat hién cac vitamin B1, B5, B9, ching té phuong phap phan tich dong thoi
Mg?* va vitamin B6 c6 do chon loc tot.

50mv
I Naca
K Mg

Ve

B6

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

Thei gian di chuyén (phat)
Hinh 6. Pién di do danh gia do chon loc ciia phirong phdp phan tich dong thoi
Mg?* va vitamin B6

Két qua danh gia d6 chum (n = 6) va do diing trén nén mau tring thém chuan & ba mirc
ham lugng vitamin B6 1a 20,0; 40,0; 60,0 ppm va magie 1a 50,0; 100,0; 150,0 ppm cho théy,
d6 léch chuédn tuong ddi (RSD) cua cac chit phan tich déu nho hon 3%, do thu hdi dat duoc
trong khoang 98,75-101,00%. Nhu vay, phuong phap c6 do chum va dé ding dép tng yéu
cau cia AOAC (mirc ndng do tir trén 10 mg/L tdi 200 mg/L, d6 thu hdi nam trong khoang
80-110%) [9].

3.2.3. Két qua phdn tich mdu thuc té

Phuong phap sau khi tham dinh da dugc 4p dung dé phan tich bay mau TPBVSK duoc
mua ngau nhién tai cac nha thudc trén dia ban Ha Noi. Ham lugng cua magie va vitamin B6
trong cac mau duge xac dinh bang phuong phap thém chuan. Két qua so sanh gitra ham
luong cac chat cong bd trén nhan ctia nha san xuit va phan tich bang phwong phap CE-C*D
duoc thé hién trong Hinh 7 va Hinh 8.

Mg
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80.00 - 75.00 ; o5 . ”
- m CE-C4D (mg/vién) m Nhan (mg/vién)
& 70.00
3, 60.00 - 50.30 4651 g, 05
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Hinh 7. B thi so sanh ham lwong magie trén nhan va phan tich bang CE-C*D

Vietnam Journal of Food Control - vol. 7, no. 3, 2024



Applications of capillary electrophoresis with capacitively coupled ...
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Hinh 8. D6 thi so sanh ham hrong vitamin B6 trén nhén va phdn tich bang CE-C*D

Két qua ¢ Hinh 7 va 8 cho thy, ham luong magie va vitamin B6 trong TPBVSK dao
dong trong khoang tir 0,92 dén 79,50 mg/vién. So sanh cong bd trén nhan véi ham lugng
phan tich bang phuong phap CE-C*D cho thiy c6 su sai khéac trong khoang tir —8,00% dén
+8,85%. Viéc phan tich ddi chimg ciing duoc thuc hién bang phwong phap ICP-OES (dbi
v6i magie) va HPLC-PDA (d6i v6i vitamin B6). Két qua cho thdy, sai khac giita phuong
phap CE-CD va cac phuong phap ddi ching dao dong trong khoang —6,36% dén +6,31%,
hé sb twong quan gitra cac phuong phap déu 16n hon 0,99. Két qua so sanh timg cip theo chuén t
déu 16n hon 0,05, cho thiy phuong phap CE-C*D déng tin cdy.

4. KET LUAN

Nghién ctru di thanh cong trong viéc ing dung phuong phap CE-C*D nham xac dinh
ddng thoi ham luong glucosamin voi canxi va vitamin B6 voi magie trong mau TPBVSK.
Phuong phép d3 duoc tham dinh vé d6 tuyén tinh trong khoang duong chuan, do chum va
do ding dap tmg yéu ciu AOAC. Két qua phan tich ham luong cac chat trong mau TPBVSK
da duoc ddi ching voi phuong phap HPLC-FLD (d6i véi glucosamin), HPLC-PDA (ddi voi
vitamin B6) va ICP-OES (ddi vé6i canxi, magie), cho thay phuong phap CE-C*D déng tin
cdy. Phuong phép cho thay c6 tiém ning ap dung dé xac dinh dong thoi cac hoat chat c6 tinh
chit khac nhau cing phdi hop trong cling mot san pham (nhu: glucosamin va canxi, vitamin
B6 va magie), nang cao hiéu qua phén tich khi chi can sir dung mot quy trinh phan tich duy
nhat.
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