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Tom tit

Céc thuc pham bao vé sirc khoe bo sung vi chét cho co thé, nhur cac nguyén td kém
(Zn), magnesi (Mg)... dudi cac dang mudi d& hip thu nhu gluconat, sterat, lactat... ngay
cang tré nén pho bién. Tuy nhién, mot sb loai ta duoc (vi du cac dang mudi vo co nhu kém
sulfat, magnesi sulfat...) c6 chira cac nguyén té ndy ciing thuong duogc sir dung trong qua
trinh bao ché. Vi véy, néu sir dung cac phuong phap phan tich tong ham luong kim loai s&
khong danh gia duge chinh xac ham lugng cac vi chat & dang mudi dé hap thu, dat ra yéu
cau phai phan tich dong thoi ca vi chat va cac gbc mudi dé dénh gia ding dang mudi bd sung
vao san pham. Trong nghién ctru nay, phuong phap dién di mao quan véi detector do dan
khong tiép xuc (CE-C*D) dugc sir dung dé xac dinh dong thoi ham luong Zn>" va gluconat
trong thuc phdm bao vé sirc khoe. Piéu kién phan tich dugc lwa chon bao gdbm: (1) dém
Tris/Ace 10 mM & pH = 5,0; (2) mao quén silica duong kinh trong 50 um véi chidu dai hiéu
dung 30 cm; (3) thé tach +15 kV; (4) bom mau thily dong hoc kiéu xiphong & chiéu cao 10
cm trong 20 s. Phuong phap dat duwoc gidi han phat hién cta Zn?" va gluconat lan luot 14 1,0
mg/L va 1,5 mg/L. Phuong phap c6 d6 chum tét (RSD < 3%) va do dung dugc danh gia qua
d6 thu hoi t6t d6i véi Zn>" (89-103%) va gluconat (88-107%). Phuong phap da duogc ap dung
dé xac dinh dong thoi ham luong Zn>" va gluconat trong ba mau thuc pham béao vé strc khoe
trén thi trudng. Két qua ndy ciing di dwoc ddi ching v6i phuong phap HPLC-PDA (cho
gluconat) va phuong phap ICP-OES (cho Zn*") cho két qua kha tuwong dong.

Tir khéa: Zn, Gluconat, CE-C*D, thuc phcfm bao vé sikc khoe.
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1. DAT VAN PE

K&m 1a mot nguyén t6 vi luong thiét yéu, ¢ vai tro quan trong trong viée duy tri chirc
ning cdu tric va xuc tac cua hon 200 enzym tham gia vao qué trinh trao ddi chat [1]. Hién
nay tinh trang thiéu vi luong k&m trong co thé ngay cang phd bién va dang bao dong, giy ra
céc triéu ching rung toc, mét tri nhé, anh huong dén kha ning mién dich ciing nhu sy phat
trién than kinh... Sy thiéu kém cua co thé thudng do ché d6 an khong day du, kha ning hip
thu k&m thap hodc str dung thirc n c6 ngudn gde thuc vat chira nhidu acid phytic 1am trc ché
su hip thu kém. Trong khi d0, gluconat 13 mubi cta acid gluconic thudng dugc phdi tron voi
kém (Hinh 1) trong cling mot san pham dudi dang siro hodc vién nén gitip co thé hip thu
kém tot hon [1-4]. Bé danh gia chét lugng san pham, viéc xac dinh dong thoi ham luong
kém va gluconat trong thuc pham bao vé stc khoe 1a can thiét.

H

O

Hinh 1. Céng thirc cdu tao ciia kém gluconat

Do k&m (trong dung dich ton tai dudi dang Zn>") va gluconat (trong dung dich ton tai
dudi dang ion 4m) c6 tinh chat hoan toan khac nhau nén du phdi hop trong cting mot san
pham nhung dé phan tich chiing thudng can sir dung cac phuong phap khac nhau. Trong do,
cac phuong phap thuong duge st dung dé phén tich Zn>" 1a quang phd hap thy phan tir (UV-
Vis) [5], quang pho phat xa nguyén tir (AES) [6], quang phd phat xa plasma (ICP- OES) [7],
khdi phé plasma cam g phan giai cao (HR-ICP-MS) [8], phuong phap dién héa [9], dién
di mao quan [10]. Trong khi d6, dé phan tich gluconat, cac phuong phap thuong duoc sir
dung la ky 16ng hiéu nang cao (HPLC) [11, 12] va di¢n di mao quan (CE) [13]. Phuong phap
dién di mao quan sir dung detector 46 dan khong tiép xuc (CE-C*D) di duoc sir dung dé xac
dinh dong thoi cac chit co tinh chat khac nhau nhu glucosamin va Ca®*, Mg?* va vitamin B6
[14], do @6 ciing c6 tiém ning x4c dinh ddng thdi Zn>" va gluconat. Vi vy, trong nghién ctru
nay, phuong phap CE-C*D di duoc lya chon dé nghién ciru xac dinh dong Zn>* va gluconat
trong mau thyc pham bao vé sirc khoe.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1 Pé6i twong nghién ciru

Trong nghién clru nay, kém va gluconat 1a cac ddi tuong duogc lua chon dé xac dinh
ddng thoi trong cac mau thue pham béao vé sirc khoe (TPBVSK) dang dung dich va vién nén.
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2.2 Héa chét, chit chuén

Céc hoa chit, chat chuan str dung trong nghién ctru ndy déu thudc loai tinh khiét phan
tich. Chit chuén k&m gluconat (d6 tinh khiét > 99%) dugc cung cép tir hing Sigma- Aldrich
(M3). Dung dich chuén gbc 1.000 mg/L dugc pha tir chat chudn va st dung dé pha lodng
thanh cac dung dich chuin 1am viéc. Céac hoa chat khac duoc st dung bao gém “tris
(hydroxymethyl) aminomethane” (Tris), acid acetic (Ace), L-histidine (His), L-arginine
(Arg) ctia hang Merck hoic Fluka. Nudc deion duoc sir dung dé pha cac dung dich.

2.3 Thiét bi

Thiét bi CE-C*D str dung trong nghién ctru duoc cung cip boi Cong ty 3S Analysis.
Thiét bi str dung nguodn thé cao 1én dén+25 kV, mao quan silica c6 dudng kinh trong (ID) 1a
50 pum, duong kinh ngoai (OD) 1a 375 pm véi tong chiéu dai 1a 50 cm (chiéu dai hiéu dung
1 30 cm); detector 6 dan khéng tiép xtic (C*D). Thong tin vé dic diém ky thuat cua hé thiét
bi ¢6 thé tham khao trong cac cong b trude ddy ciia nhoém nghién ctru [15].

Ngoai thiét bi CE-C*D, nghién ctru ciing st dung cac trang thiét bi, dung cu khéc trong
phong thi nghi¢m nhu: may ly tdm, may rung si€éu dm c6 gia nhiét, mady do pH HANNA, can
phan tich Scientech (M¥) véi d6 chinh xac 0,1 mg.

2.4 Phuong phap nghién ciru

2.4.1. Théng tin ldy mau va xir Iy mdu

Ba mau thuc phdm bao vé sirc khoe (M1-M3) dugce thu thap ngiu nhién trén thi truong
Ha Noi. Mau dugce bao ché & hai dang chinh 1a dung dich va vién nén. Ham lugng va thanh
phan ctia ché pham thyc phiam bao vé strc khoe c¢6 chira ddng thoi kém va gluconat duoc
cong bd trén nhin san pham (Bang 6). Ham lugng k&m va gluconat cong bd trén nhan clia
nha san xuat s& dugc d6i chiéu voi két qua phan tich bang phuong phap CE-C*D va céac
phuong phép d6i ching dé dénh gia chét lugng clia san pham ddi voi hai chat nay.

Déi voi mau dang dung dich: mau dugc lic déu va loc qua mang 0,45 um rdi pha lodng
(néu can) truée khi phan tich trén thiét bi CE-C*D.

D6i v6i mau dang vién nén: can chinh xac 10 vién dé xac dinh khdi luong trung binh
cua 1 vién roi nghién min, tron déu. Mot phﬁn mau thude (khoang 0,3 g) dugc can chinh xac
trén can phén tich, sau d6 hoa tan vao 10 mL nudc deion, rung siéu 4m trong 30 phit dé hoa
tan mau. Ly tam, chuyén ph?m dich phia trén vao binh dinh mtrc 25 mL. Dung dich dugc loc
qua mang 0,45 pum va pha lodng (néu can) trudc khi phan tich trén thiét bi CE-C*D. Hiéu
qua xu Iy mau dugc danh gia qua hiéu suat thu hoi trén nén mau tring.

Mau trang st dung dé danh gia phuong phap 1a mau thyc pham bao vé sirc khoe dang
vién nang cung dugc thu thdp trén dia ban Ha No§i, khong chira kém va gluconat (trén nhan
cong bd khong c6 ham lugng kém, gluconat va da dugc xac dinh bang phuong phap CE-
C*D (Hinh 10) cing cac phuong phap dbi chimg khong chira kém va gluconat.

Mau thém chuin 13 mau tring thém chuan, tron déu va bao quan trong binh hit 4m &
diéu kién nhiét do phong it nhét trong 3 gid. Mau tring va mau thém chuan déu duoc xir Iy
turong tu cac mau phan tich dang vién nén trude khi phan tich trén thiét bi CE-C*D.
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2.4.2. Khdo sat diéu kién phdn tich va danh gid phwong phdp

Viéc khao sat didu kién thich hop dé phan tich dong thoi Zn?* va gluconat bang phuong
phap CE-C*D dugc thyc hién véi dung dich chuin kém gluconat 150 mg/L. Cac diéu kién
khao sat bao gém: dung dich dém dién di (thanh phén, pH va néng do dung dich), thé tach,
thoi gian va chiéu cao bom mau theo k¥ thuat thity dong hoc kiéu xiphong. Day 1a cac yéu
t6 ¢ vai trd quyét dinh dén qua trinh phén tach dién di va tin hiéu cia cc chat trong phuong
phap CE-C*D. Cac yéu tb nay gitp duy tri, 6n dinh dong dién di tham thiu (EOF) trong mao
quan va anh huéng dén tdc do dién di cia cac chit phan tich [17].

Khi phén tich trén thiét bj CE-C*D ¢ khoang pH khao sat (pH = 5,0 + 9,0) va ap thé
duong ¢ ddu bom mau, kém ton tai & dang cation (Zn>") sé& cho tin hiéu truéc dong EOF,
gluconat ¢ dang anion c¢6 d¢ linh dong kém dugc dong EOF kéo theo nén s€ cho tin hi€u sau
dong EOF.

Phuong phap thém chuan duoc sir dung dé xac nhan tin hiéu va dinh luong cac chat
phan tich (Zn** va gluconat) trong mau.

Phuong phap ciing dugc danh gia thong qua cac thong s6 co ban gdm: xy dung dudng
chuan, x4c dinh gi6i han phat hién va dinh lugng, danh gia d6 chum thong qua d6 lap lai va
do dung thong qua do thu hoi. Cac két qua dugc danh gia so sanh vdi cac quy dinh cua
AOAC [16].

2.4.3. Xur Iy 56 liéu

Xt 1y cac sb liéu bang phan mém Microsoft Excel 2019.

Ham luong cac chat phan tich (Zn?", gluconat) trong thuc pham bao vé strc khoe dugc
tinh theo cong thurc:

Mgy ﬂ

A = B*0,05*—= «
Mg KLC

Trong d6: - A 1a ham luong chat phan tich & dang hoat chét ghi trén nhan (mg/vién)
- B 12 ham luong chat phan tich thu duoc trong dung dich miu (mg/L)
- Ma 12 khéi luong mol cia dang hoat chat chtra chat phan tich (g/mol)
- Mg 1a khéi lwong mol cua chét phan tich (g/mol)
- KLV la khéi lugng trung binh cta 1 vién miu (mg)
- KLC 1a khdi lwong can ctia mau (mg)

3. KET QUA VA THAO LUAN

3.1 Khao sat diéu kién phan tich dong thoi kém va gluconat bang CE-C*D
3.1.1. Khao sat dung dich dém dién di

3.1.1.1. Khdo sat thanh phcfn dung dich dém dién di

Céc dung dich dém di¢n di dugc lya chon khdo sat bao gém: Tris, Arg, His v6i cung
ndng do 1a 10 mM va dugc diéu chinh bang acid acetic dén pH = 5,0. Két qua khao sat cac
loai dém dién di thé hién trong Hinh 2.
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Hinh 2. Pién di do khao sat anh huwong cua thanh phd‘n dung dich dém dién di

Két qua & Hinh 2 cho thay, v6i dém dién di His/Ace, dudng nén thu duoc khong 6n
dinh, c6 sy ting tin hidu nén theo thoi gian. Hai dém dién di Arg/Ace va Tris/Ace déu cho
dudng nén 6n dinh, tuy nhién voi Arg/Ace thoi gian di chuyén cua gluconat dai lam cho
peak bi gidn rong, trong khi thoi gian di chuyén cta gluconat trong dém Tris/Ace kha ngan
(khoang 6 phut), cho peak can d6i va tin hiéu rd nét. Do d6, dung dich dém dién di Tris/Ace
duoc Ira chon cho cac khao sat tiép theo.
3.1.1.2. Khao sat pH cua dung dich dém dién di

pH 1a yéu t6 anh huong nhiéu dén qua trinh phén ly va phan tach dién di ciia cac chat
[17]. Trong nghién ctru ndy, viéc khao sat dugc thuc hién trong khoang pH tir 4,0 d¢én 9,0
vo1 dung dich dém dién di lya chon 1a Tris/Ace 10 mM. Két qua khao sat trong Hinh 3 cho
thdy, khi pH ting, thoi gian di chuyén ciia gluconat giam nhung tin hiéu lai ting dan, tuy
nhién tin hiéu cta Zn lai giam dan va khong phéan tach voi peak nho tap chat (Na®) ¢ phia
truge. O pH = 5,0, tin hi€u cac chét phan tich déu séic nét, do phan giai phu hop, duong nén
on dinh, thoi gian phan tich hop 1y, do d6 dugc lua chon cho cac khao sat tiép theo.
3.1.1.3. Khdo sat néng do dung dich dém

Cung v6i thanh phan va pH, nong d6 dém ciing 13 yéu t6 anh hudng nhiéu dén két qua
phan tach dién di cta cac chat [17]. Viéc khao sat anh huong cia nong d6 dung dich dém
dién di duogc thuc hién véi dém Tris/Ace & cac néng do Tris khao sat trong khoang 5 mM dén
15 mM va diéu chinh d&én pH = 5,0 bang acid acetic. Két qua thu duogc trong Hinh 4 va Hinh 5.
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Hinh 4. Pién di dé khdo sat anh huwong cua néng do dung dich dém dién di

Tris/Ace pH = 5,0
Tir két qua ¢ Hinh 4 va Hinh 5 c6 thé nhan thay, ¢ nong d6 dung dich dém dién di Tris
10 mM/Ace, pH = 5,0, Zn>" va gluconat duoc tach tdt, peak sdc nét, tin hiéu duong nén 6n
dinh nén duoc lua chon cho khao sat tiép theo.
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Swphu thuéc dién tich peak Zn*"va gluconat vio néng 6
dung dich dém dién di
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Hinh 5. Su phu thuéc dién tich peak Zn** va gluconat vao né‘ng do dung dich dém dién di
3.1.2. Khado sat anh hwdng ciia thé tach
Qué trinh dién di mao quéan xay ra khi c6 ngudn thé (E) mot chiéu nhét dinh dit vao
hai dau mao quan, diéu khién va duy tri su dién di ctia cac chét [17]. Dé c6 két qua phan tach
t6t va 6n dinh ctia cac chét thi can phai chon thé tach thich hop nhat va giir cho thé nay luon
on dinh trong subt qua trinh phan tich. Céc thé tach duoc lua chon khao sat 1a +13 kV, +15
kV, +18 kV va +20 kV. Két qua khao sét thé tich dugc thé hién trong Hinh 6 va Hinh 7.
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Hinh 6. Dién di do khao sdt anh huong cia thé tach

Tir két qua khao sat & Hinh 6 va Hinh 7 cho thdy, khi tang thé tach lam cho tdc do di
chuyén cua cac chat ting 1én, thoi gian phan tich ngan hon nhung dong thoi ciing tao cac tin
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hiéu nhiéu nén gia ting do hiéu tmg nhiét Jun ting 1én. O thé tach +15 kV, tin hiéu phan tich
t6t va d6 phan giai phu hop, do d6 duoc lya chon cho khao sat tiép theo.
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Hinh 7. S phu thudc thoi gian di chuyén ciia Zn va gluconat vao thé tach
3.1.3. Khdo sdt anh hieong cia diéu kién bom mau

Trong qué trinh nap mau vao mao quan, luong mau nap phai du 16n dé dam bao dat 4o
nhay tdt, nhung néu vung nap vao qua lén thi sy phan tan sé€ xudt hién manh do hién tuong
khuéch tan lam giam hiéu suat tach. Do d6, thoi gian bom mau va chiéu cao bom mau hop
1y ciing can duogc khao sat dé dam bao thu duoc tin hiéu 16n nhat ma pic khong bi gidn rong.
Trong nghién ciru ndy, phuong phap bom mau thuy dong hoc kiéu xiphong dugc lya chon.
Tir d6, chiéu cao va thoi gian bom mau s& dugc khao sat dé thu dugc diéu kién phu hop nhét.
Trén co s6 khao sat voi cac chiéu cao bom mau 5, 10, 15 cm va thoi gian bom mau 15, 20,
30s (Hinh 8, Hinh 9) cho théy, khi thoi gian va chiéu cao bom mau tang, tin hi€u (dién tich)
peak ting dang ké do lugng mau duge bom vao mao quan ting 1én. Tuy nhién, dé dam bao
hiéu qua phan tach va d6 nhay phu hop d6i voi cac miu thuc té, ciing nhu d6 phan giai cua
cac chat phan tich va cac chét co thé ¢ trong nén mau, thoi gian 20 s va chiéu cao bom mau
1a 10 cm dugc lua chon cho cac thi nghi¢m tiép theo.

Gluconat 155 Scm
Teomv N

Gluconat

By

15cm

0 1 2 3

Thai gian di chuyén (phut) Thai gian di chuyén (phut)
Hinh 8. Di¢n di do khao sat anh huong cua A) thoi gian bom mau; B) chiéu cao bom mau
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Sur phu thuge dién tich peak Zn** va gluconat vao théi gian

R Sy phu thude dién tich peak Zn** va gluconat vao chiéu cao
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Hinh 9. Sw phu thuéc dién tich peak ciia Zn®* va gluconat vao A) thoi gian bom mau; B)
chiéu cao bom madu
3.2 Danh gia phwong phap
3.2.1. Bé dac hiéu cua phwong phap
Két qua danh gia d6 ddc hiéu cua phuong phap duogc trinh bay trong Bang 1 va Hinh
10. Mau tring khong c6 tin hiéu tring voi thoi gian luu cta chat phan phan tich. Mau tring
thém chuan c6 tin hiéu tring voi thoi gian di chuyén cta cac chit phan tich trong miu chuan
(d6 1éch chuan twong doi (RSD) < 2%). Nhu vay, phuong phap c6 d6 dic hiéu tot, dap tng
yéu cau.
Bing 1. Két qua danh gid d¢ déic hiéu cia phwong phdp

Tén chit Loai méu Thoi gian di chuyén (phiit) RSD (%)
Mau tréng -
Zn Mau chuan 0,9825 0,253
Mau trang thém chuan 0,9755
Gluconat Mau chuan 5,0012 0,355
Mau tring thém chuin 4,9512
Zn%

Gluconat

J2omv N
k. B

A

iy —
T T T T T T
0 1 2 3 4 5

Thoi gian di chuyén ( phut)
Hinh 10. Pién di d6 mau tring (A), dung dich chudn (B) va mdu trdng thém chuan (C)
3.2.2. Xay dung dwong chudn
Céc dung dich dung dé dung duong chuin duoc pha tir cac dung dich chudn gbe. Cac

khoang ndng do dung dé xay dung dudng chudn phan tich Zn>* va gluconat tuong tng 1a
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3,0-80 mg/L va 5,0-100 mg/L. Pudng chuin dugc xay dung trén co sé sy phu thudc cua gia
tri trung binh dién tich peak céc lan do lap lai (n = 3) vao néng d6 chat phan tich. Két qua o
Bang 2 cho thdy, dudng chuin cta Zn?* va gluconat c6 hé sé twong quan biéu dién sy phu
thudc cua dién tich peak vao ndng do 1an luot 1a R?=0,9990 va R = 0,9998 va gia tri p <
0,05, chimg t6 dién tich peak va ndng do c6 quan hé tuyén tinh, dong thoi phwong phap
khong mic sai sé hé thong.

Bing 2. Két qua phiong trinh dwong chudn va hé sé twong quan

Chit phin tich ~ Phwong trinh dwong chuin R? p
Zn y=0,2116x - 0,5227 0,9990 < 0.05
Gluconat y =0,8228x - 1,0451 0,9998 ’

3.2.3. Gioi han phat hién va gioi han dinh luong

Gi61 han phat hién (LOD) duoc xac dinh b::ing cach pha loang dan dung dich chuin
clia Zn*" va gluconat dén nong do nho nhat sao cho ty s6 tin hiéu va nhidu nén (S/N) bang
3. Gi6i han dinh luong (LOQ) dugc xac dinh bang 10 1an ty sé S/N. Két qua xac dinh LOD
va LOQ duogc thé hién trong Bang 3 va thu duoc cac gia tri LOD ctia Zn?* va gluconat lan
luot 12 1,00 va 1,50 mg/L. Gia tri LOQ tuong (mg ctia Zn>* va gluconat 1a 3,33 va 5,00 mg/L.

Bing 3. Két qua xdc dinh LOD va LOQ

Chit phén LOD LOQ  Chiéu cao pic  Tin higu nhiéu  S/N ¢ gid
tich (mg/L) (mg/L) (S) nén (N) tri LOD

Zn*" 1,00 3,33 0,18 0,06 3,00

Gluconat 1,50 5,00 0,25 0,08 3,125

3.2.4. Do chum va do dung

D6 chum ctia phuong phap phan tich dugce danh gia ¢ ba mic nong do cua Zn>" va
gluconat 1a 10, 20, 40 mg/L thém vao mau trang, mdi murc duoc tién hanh véi 5 1an doc lap.
Tin hi€u dién tich peak dugc sur dung dé tinh d6 1éch chuan (SD), dién tich peak trung binh
(Stb), tir d6 xac dinh dugc do léch chuan twong dbi (RSD). Két qua thu dugce ¢ Bang 4 cho
thdy, & ca ba mic nong d9, gia tri RSD dao dong trong khoang tir 0,79-2,60%. Nhu vay
phuong phéap ¢ d6 lap lai dap tmg yéu cau theo AOAC [16].

Bing 4. Két qua danh gia do chum
Cht Noéng d¢ (mg/L)  SD (mV.s) Sth (mV.s) RSD (%)

Zn** 10 6,00 2,33 2,60
20 0,05 4,33 1,24

40 0,07 8,34 0,79

Gluconat 10 0,18 9,12 2,06
20 0,26 15,94 1, 60

40 0,52 34,21 1,53
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Do dang cua phuong phap phan tich dugc danh gia qua hiéu suat thu hdi ¢ ba mic
ndng do ctia Zn>" va gluconat 1a 20, 40, va 50 mg/L thém vao mau trang, mbi mirc duoc tién

hanh véi 3 1an doc 1ap. Két qua danh gia do ding duoc thé hién trong Bang 5.

Bing 5. Két qua danh gid dg ding

Nong dp chuan  Nong dp thu  Higu sudt thu  Hiéu sudt thu héi

Chat thém vao (mg/L)  héi (mg/L) hoi (%) trung binh (%)
Zn** 20 20,64 103,19 96,42
40 38,97 97,44
50 4431 88,62
Gluconat 20 21,40 106,99 96,14
40 37,28 93,20
50 44,10 88,21

Két qua & Bang 5 cho thdy, d thu hdi ciia Zn®>" va gluconat trong khoang 88,21-
106,99%, dap tmg yéu cau ciia AOAC [16].
3.3. Phan tich miu thyec té
3.3.1. Két qud phdn tich mau thwc pham bdo vé sirc khée bang phwong phap CE-C?D

Quy trinh phan tich sau khi danh gia dat yéu cau cia AOAC di duoc ap dung dé xac
dinh d6ng thoi ham luong Zn?" va gluconat trong ba mau thuc pham bao vé stc khoe thu
thap ngiu nhién trén thi trudng Ha Noi. Phuong phap thém chuan duoc sir dung dé xac nhan
va dinh lugng cac chat. Két qua dugc thé hién trong Bang 6 va Hinh 11.

Bing 6. Két qua xdc dinh ham lwong Zn va gluconat trong mau thwe pham bdo vé sirc khée

Ki Dang hoat Ham luwong Ham luwong Sai
STT hiéu  Dang chit ghi phin tich bang cong b khdc
madu trén nhan CE-C’D trén nhan (%)

1 M1 Dungdich K&m gluconat 3,65 mg/5 mL 3,75mg/5mL  -2,44
20,69 mg/5 mL 22,50 mg/5 mL  -8,04

2 M2 Dungdich K&m gluconat 9,47 mg/10 mL 9,98 mg/10 mL  -5,10
65,02 mg/10 mL 60,02 mg/10 mL  +8,33

3 M3 Viénnén Kém gluconat 9,57 mg/vién 9,98 mg/vién  +4.11
63,07 mg/vién 60,02 mg/vién  +0,74
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Hinh 11. Dién di d6 phan tich dong thoi Zn va gluconat trong mau thwe phdm bao vé sirc khée

Két qua & Bang 6 va Hinh 11 cho thay, ham lugng Zn?" va gluconat cong bd trén nhin
ctia cac mau thuc pham bao vé sirc khoe va phan tich duoc bang phuong phap CE-C*D cho
sai khac trong khoang -8,04 dén +8,33% (< 10%). Déy la cac két qua buéc diu nhim minh
hoa kha ning ap dung ctia phuong phap. Nghién ctru sé tiép tuc dugc mo rong véi cac dbi
tugng mau thuc pham bao vé sirc khoe bao ché & cac dang khac nhau.

3.3.2. Két qua phan tich déi chiing

Pé kiém chimg két qua phan tich bang phuong phap CE-C*D, ham luong Zn>" va
gluconat trong mau thyc pham béao vé sirc khoe da dugc phan tich d6i ching tuong (mg bang
phuong phap quang phd phat xa nguyén tr cam tng cong hudng plasma (ICP-OES) va
phuong phap sic ki 16ng str dung detector diod quang (HPLC-PDA). Két qua dugc thé hién
0 Bang 7.

Bing 7. Két qua phan tich doi chitng ham lwong Zn’* va gluconat trong cdc mau thye

pham béo vé sitc khée bang phirong phdap ICP-OES va HPLC-PAD

Ki Dang hoat Ham luwong Hanf lw:o’ng Sai
TT higu Dang  chitghi phin tich | Phan tich khc
méu trén nhan  bing CE-¢'p "M HPLC-PDA- )
hodc ICP-OES
1 Ml Dung Kém 3,65 mg/5 mL 3,55 mg/5 mL +2,82
dich gluconat 20,69 mg/5 mL 21,75 mg/5 mL -8,04
2 M2 Dung Kém 9,47 mg/10 mL 9,62 mg/10 mL -1,58
dich gluconat 65,02 mg/10 mL 66,01 mg/10 mL -1,52
3 M3 Viénnén Kém 9,57 mg/vién 10,70 mg/vién -11,76
gluconat 63,07 mg/vién 66,41 mg/vién -5,30
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Két qua ham luong Zn?" va gluconat trong ba miu thyc pham bao vé strc khoe phan
tich bang hai phuong phap & Bang 7 cho thay kha trong dong. Phuong phap CE-C*D c6 thé
str dung dé phan tich sang loc va dinh lwong hai hoat chét nay trong cac mau thuc pham bao
vé stre khoe.

4. KET LUAN

Nhu véy, phuong phap CE-C*D di dugc nghién ciru thanh cong nhim xéac dinh dong
thoi ham luong kém va gluconat trong mau thyc phdm bao vé sirc khoe. Phuong phap da
duoc tham dinh vé do tuyén tinh trong khoang dudng chuén, d6 chum va do dung dap tng
yéu cu cia AOAC. Phuong phap dd duoc ap dung dé xac dinh dong thoi ham luong kém
va gluconat trong ba mau thuc pham bao vé strc khoe véi sai khac giira nhan cong bd va két
qua phén tich duoc nhoé hon 10%. Két qua nay ciing da dugc ddi ching voi phuong phap
HPLC-PDA (d6i v6i gluconat) va ICP-OES (d6i v6i Zn?") kha twong dong, cho thiy phuong
phap CE-C*D c6 thé 4p dung dé xac dinh dong thoi ham luong kém va gluconat trong mau
thuc pham bao vé stc khoe.
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Abstract

Nutritional supplements providing bioavailable essential minerals, such as zinc (Zn)
and magnesium (Mg), in forms of absorbable salts (e.g., gluconate, stearate, lactate, etc.)
have been widely used. However, it should be noted that alongside these supplements, some
excipients, including inorganic salts like zinc sulfate and magnesium sulfate, are frequently
employed in pharmaceutical and nutraceutical products. Conventional analytical methods
for total metal contents could not distinguish actual concentrations of bioavailable forms,
suggesting the need for simultaneous analysis of both these essential minerals and their
corresponding salts. In this study, we applied the capillary electrophoresis with capacitively
coupled contactless conductivity detection (CE-C*D) method to simultaneously measure
zinc and gluconate in nutritional supplements. The optimal analytical parameters comprise:
(1) 10 mM Tris/Ace electrolyte solution at pH 5.0; (2) silica capillary with an internal
diameter of 50 um and an effective length of 30 cm; (3) separation voltage of +15 kV; (4)
hydrodynamic injection mode with siphoning technique at 10 cm height and injection time
of 20 s. With these conditions, limit of detections of 1.0 mg/L for zinc and 1.5 mg/L for
gluconate were achieved. The method has good repeatability (RSD <3%) and good recovery
(89-103% for zinc and 88-107% for gluconate). The validated method was applied to
determine zinc and gluconate concentrations in three commercially available nutritional
supplement samples. To ascertain the validity of the results, cross-validation was performed
using the high-performance liquid chromatography with photodiode array detection (HPLC-
PDA) for gluconate and the inductively coupled plasma optical emission spectrometry (ICP-
OES) for zinc, thereby reinforcing the reliability of the CE-C*D method.

Keywords: Zinc, Gluconate, CE-C?D, nutritional supplements.
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