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Tom tit

Puwong khir c6 mat t nhién trong nhiéu logi rau qud hodc san phdam cua qué trinh
thuy phdn cdc disaccharide, oligosaccharide va polysaccharide. Puwong khir dong vai tro
quan trong trong nhiéu link viee nhiwe céng nghiép thuc pham, y hoc, céng nghé sinh hoc. Nho
tinh chat khit ma cdc phwong phép dinh heong dwoc dua trén sir dung tac nhan oxi héa. Do
do, can phdi tim ra cdc phirong phdp chinh xdc va ddng tin cdy dé do heong dwong khir trong
mau. Muc dich cia bai tong quan nay 1a thao lugn vé cdc phiong phép khic nhau dwoc siv
dung dé xdac dinh ham lwong dwong khir. Cdc phwong phdp khéc nhau dwoc sir dung dé xac
dinh dwong khir bao gom: chudn dé, quang phé UV, sdac ky léng hiéu ning cao (HPLC),
phuwong phap enzyme va phwong phdp dién héa (voltammetry).

Tir khoa: Puwong khir, nguyén tdc, phwong phdp dinh heong.

Abstract

Reducing sugars are naturally present in various fruits, vegetables and hydrolysis
products of disaccharides, oligosaccharides or polysaccharides. They play a crucial role in
the food industry, medicine, and biotechnology. The principle of quantification methods is
based on the use of oxidizing agents due to their reducing properties. Therefore, there is a
need to find an accurate and reliable method for measuring the amount of reducing sugar in a
sample. The purpose of this review is to discuss the different methods used for the
determination of reducing sugar content. Various techniques employed for reducing sugar

analysis include titration, UV spectroscopy, high-performance liquid chromatography
(HPLC), enzymatic methods, and voltammetry methods.

Keywords: determination methods, reducing sugar (RDS), principle.
1. Mé dau

Carbohydrate (con dugc goi 1a saccharide) - gom cac nguyén tir C, H va O, 1a mot
nhém chat dinh dudng da lwong thiét yéu dugc tong hop boi thuc vat va c6 thé duoc sir dung
lam nguén ning lugng chinh trong dinh dudng cuia con nguoi. Saccharide dwoc phan loai
thanh monosaccharide (glucose, fructose va galactose), disaccharide (sucrose, lactose va
maltose), oligosaccharide (maltodextrin, cyclodextrin, v.v.), va polysaccharide (tinh bot,
glycogen va cellulose). Cac monosaccharide dang tu do (dudng don) va disaccharide c6 thé

dugc phan loai dua trén phan ung héa hoc gdm dudng khir va duong khong khir.

Su khéc biét chinh gitra duong khir va duong khéng khtr 1a duong khir c6 nhom
hemiacetal tu do va c6 thé bi oxy héa bai cac chat oxy hda yéu. Mot sé duong khir thuong
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gap bao gom glucose, fructose va galactose thudc nhém monosaccharide, ciing nhu lactose va
maltose thugc nhdm disaccharide. Buong khur cd kha nang tham gia vao cac phan (tng oxy
hoa khir va cung cép electron cho cac phan tir khac. Cac loai duong nay déng vai trd quan
trong trong nhiéu linh virc nhu ¢6ng nghiép thuc pham, xét nghiém va phan tich sinh hda hozc

danh gia chét luong dinh dudng trong chiét xuat thao duoc.

Trong nganh céng nghiép thuc phiam va do udng, phan tng Maillard tao ra hwong vi
va mui thom cho cac thyc pham nhu banh mi, ngii cc, thit, ca phé qua qua trinh dun niu.
Pay 1a phan (ng hda nau khong co sy tham gia ciia enzyme va dong vai trd quan trong Vé cac
dac tinh mai vi, két cau cling nhu gié tri cam quan cta san pham thuc pham [1]. Phan tng dic
biét x4y ra nhiéu giai doan véi sy tham gia chinh cua axit amin va duong khir & nhiét d6 cao.
Trong d6 duong khir da duge danh gia tac dong 1én ciu triic va huwong vi san pham phan tng
Maillard cua dich thay phan bt hat Lycium barbarum (LSH) [2]. Trong nganh san xuét rugu
vang, xac dinh tong lwong duong khir 1a thdng s quan trong dé theo ddi qué trinh 1én men
ruou. Glucose va fructose dong vai trd chinh quyét dinh hi¢u suat 1én men va lugng duong du
sau qué trinh 18n men, anh huéng dén sy can bang vi va ham luong axit, cac chat hoa tan khac
ctia rugu vang san pham [3]. Giai doan chin cua trai cay ciing c6 thé dugc danh gia thong qua
viéc xac dinh tong ham luong duong kha [4], [5]. Tuy nhién, su hién dién cua duong khi
cling c6 thé gdy ra cac van dé nhusy bién d6i mau sic hoic giam chat luong dinh
dudng trong quéa trinh bao quan thuc pham. Do d6, viéc kiém soét va tbi wu hoa vai tro cua

duong khir 12 yéu té quan trong trong cong nghé thuc pham.

Puong khir khdng chi quan trong dbi voi thuc phdm ma con 1a thanh phan c6 mit
trong c&c mau sinh hoc nhu mau, huyét thanh, huyét trong va mé. Glucose 1a nhién liéu
carbohydrate quan trong nhit trong co thé. O trang thai no, phan 16n glucose luu thong dén tir
ché d¢ an; & trang thai nhin in, qua trinh tai tao glucose va phan giai glycogen duy tri ndng do
glucose. Thong thuong, ndng do glucose trong mau dugc duy tri & mic twong ddi on dinh tir
80 dén 120 mg/dl. Tinh chét khir manh caa glucose gilp viéc do luong turong d6i dé dang va
woc tinh 1am sang vé glucose luu thong 1a mot trong nhitng xét nghiém sém nhat ma béc si
lam sang c6 thé thuc hién. Bé chan doan bénh tiéu duong, glucose duoc xét nghiém trong

mau nudc tiéu cing véi mau mau. [6], [7].

Xac dinh tong lwong dudng khir 13 mot bude quan trong trong ¢ong nghé sinh hoc do
day 1a san pham cudi cing cua nhiéu twong tac sinh hoc va enzyme. Qué trinh thay phan
polysaccharide tir than ngd, hat mit bang enzyme di dugc nghién ctu dé san xuat duong khir
lam nguyén liéu cho qua trinh san xuét xing sinh hoc. [8]
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Viéc phét trién cac phuong phap phan tich nhanh, don gian va chi phi thip dé xac dinh
ham lugng dudng khir 1a mot linh vuce dang dwoc quan tdm ngay cang nhiéu, do nganh cong
nghiép thuc phdm va duoc pham can dwa ra cac quyét dinh nhanh chong. Nhiéu phuong phap
phan tich sir dung dé xac dinh ham lwong dudng khir nhu chuan d¢, sac ky, dién hoa, enzyme

va ky thuat phan tich duoc cai tién dé phu hop véi yéu cau cua mau phan tich.
2. Cac phwong phap xac dinh ham lwgng dwong khir
< Phuwong phap chuan d iod

Trong dung dich kiém, duong khtr aldose bi oxy héa bai iod thanh axit cachoxylic. Vi
phan g khong di nhanh dé thyc hién chuan do tryc tiép, dung dich duong duoc tron voi
mét lugng du iod va kiém. Sau mot thoi gian, dung dich dugc axit héa va xac dinh luong iod

du bang chuan do bang dung dich NazS;0s.

CsH1206 + I+ 30OH™ — CsH1:07 +2 1 + 2 H20

Phuong phép ndy ban dau dugc mo ta bei Romijn va phan tng phai duoc thuc hién
trong moi truong kiém yéu. Sau d6 Bougault da phat trién mot phuong phap tot hon trong
thuc té. Nghién cau str dung hdn hop Na,CO3 va NaHCO; lam bazo. Sy oxy hoa aldose dién
ra hoan toan trong 1 gio vai su cO mat ciaa dém va trong 30 phat véi soda. Auerbach va
Bodlander da nghién ciu anh huong cua néng do ion H* mot cach hé thong hon. Két qua tot
nhét dat duoc vai ty 16 mol bang nhau ciia Na,COs va NaHCO3. Lindersdrem-Lang va Holter
da két luan rang dém cacbonat c6 tinh bazo cao hon 1a tot hon. Phwong phap cuia Willstatter
va Schudel di st dung NaOH lam bazo. Dung dich dudong duoc tron véi khoang gap doi
luong can thiét cua 0,1 N iod; timg giot NaOH 0,1 N dugc thém vao vai lugng gap 1,5 lan
luong 1y thuyét; sau 12-15 phat, dung dich dugc axit hoa va lugng i6t du duoc chuan do.
Goebel di chirng minh rang phuong phap nay chi cho két qua tét néu bazo dugc thém vao rat
cham do sy hinh thanh iodat. Myrbéck va Ortenblad mé ta lai phuong phap nay bang viéc
thém ting giot 1,5 lan luong ly thuyét cia NaOH 0,1 N trong thoi gian khong it hon 4 phut.
Anh huéng caa pH, thoi gian phan ang, ham luong dudng dén sy oxi hoa duong khir cua cac
phuong phéap trén di duoc nghién ctu lai boi Blom and Rosted. Két qua chiing minh toc do
phan tmg tang khi pH ting va dung dich dém can dam bao pH khong bé hon 10. Thoi gian
phan @ng khéng c6 su khac biét rd rét gitra toc do oxy héa cia monosaccharide va
disaccharide nhung qué trinh oxy hoa phai dugc coi hoan thanh trong 30 phat. Theo Bougault
do phan tmg oxi hoa duong kh ludn kém véi mot phan ¢ng phy, bao gom qué trinh oxy héa

cham cac nhém alcohol mic du khéng dang ké. Ty 1é iodine/dudng khéng c¢é anh huong dang
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ké dén qua trinh oxy hoa glucose, maltose va maltodextrin. Tuy nhién, n6 c¢6 ¥ nghia quyét
dinh ddi v&i qua trinh oxy hoa dextrin du va amylodextrin [9], [10]. B4i véi phuong phép sir
dung tac nhan oxi héa la iod phi hop cho nhiéu loai mau phan tich dam bao dé chinh xac cao
ma khong can st dung thiét bj phic tap nhd iod phan tng chon loc véi nhém aldose trong
moéi trudng Kiém. Tuy nhién phuong phap khong xac dinh dudng ham luong tirng loai duong
khtr riéng r& ma chi xac dinh dugc tong duong khir. Ngoai ra, qué trinh chuan dé can udc
lwong st dung iod du va chuin d6 luong du iod bang thiosulfat. Do d6 ndng d6 thudc thir
Na,S203 can duoc chuan hoa ciing nhu thoi diém thém chi thi hé tinh bot vao cudi qua trinh
chuan do dé dam bao d6 chinh xac cua phép do. Phuong phap c6 thé phéat hién duong khir
ham lugng 5mg, phu thudc vao nong do thube thir, pH, nhiét do ciing nhu 6 nhay caa chi thi
hé tinh bot.
% Phwong phap sir dung tac nhan oxi hoa ferricyanide

Theo Hagedorn va Jensen (1923) dung dich duong dugc dun néng vai mot lugng du
dung dich kali ferricyanide (Ks[Fe(CN)s]) méi truong kiém yéu. Trong qua trinh nay, duong
khir Fe(CN)s* thanh Fe(CN)s*~. Dé hoan thanh qua trinh phan @ng Fe(CN)s*~ dugc két taa
boi Zn?* (ZnS04) va K* duéi dang két tia KoZns[Fe(CN)e]2. Luong ferricyanide du sau phan
g duogc xac dinh bang cach chuin do véi thiosulfat, theo cac phan ung:

2Fe(CN)s* + 21" — 2Fe(CN)s* + I,
I + 2Na2S203 — NazS406 + 2Nall

Vi phan tng gitra duong va ferricyanide khong dién ra theo ty I& mol chinh xac, lugng
duong khir duoc xac dinh thdng qua cac bang duoc thiét lap thuc nghiém hoic tinh toan bing
cac hé sb thyc nghiém. Phuong phap Hagedorn va Jensen duoc sir dung rong réi trong phan
tich hoa hoc dé xac dinh lugng duong khir trong cac mau sinh hoc hoac thyc pham [11], [12],
[13]. Phuong phap sau do da dugc mo rong cho cic loai dwong khac bai Hanes
(1929), Hulme va Narain (1931). Viéc ferricyanide chi c6 mau nhat do d6 khdong phu hgp cho
phuong phap chuan d6 tryc tiép. Tuy nhién, Hawkins va Van Slyke (1929) da gidi thiéu mot
phuong phap quy dinh thoi gian dé uéc lugng glucose trong mau va nudce tiéu, dua trén thoi
gian can thiét dé 1am mat mau cua ferricyanide kiém khi dun nong mau bang céch thuay.

S. Cole (1933) nhan thiy ring viéc thém xanh methylen vao dung dich ferricyanide
kiém cho phép udc lugng cac dudng khir bang cach chuan do truc tiép mot cach nhanh chéng
va chinh xé&c. Chét chi thi nay khong bi khtr cho dén khi toan bo ferricyanide d bi khir va

diém cudi chuan do duoc xac dinh bang su thay d6i tir dung dich mau xanh hoic tim sang
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khéng mau. Phuong trinh tinh toan ham lugng glucose, maltose, lactose dugc dua ra tuong
ing véi cac hé sé dugc xac dinh bang duong tinh khiét [14].

E. Friedemann (1962) ciing dé xuét quy trinh dp dung cho lwong glucose tir 0,3 —13 mg
dua trén qua trinh oxi hda boi dung dich ferricyanide, méi truong Kiém. Phuong phap nay cho
mau phan ang vai dung dich kali ferricyanide 0,04 M, b6 sung 5,0% Na:COs duoc dun néng
bang bé diéu nhiét 80°C trong 30 phut. Luong ferricyanide du dugc xac dinh bang phuong
phép quang phd ¢ budc song 418 nm hoic bing phuong phap Morh. Ba yéu té anh huéng 16n
dén qua trinh oxy hda: Sy hién dién cia NaHCO:s, c6 trong thudc thir hodc duoc tao ra bai axit
chua trung hoa trong mau; ty 1¢ Na.COs: ferricyanide; nong do ferricyanide. Hai yéu t6 dau
tién duoc loai bo khi sir dung thude thir duoc khuyén nghi cua tac gia va mau duoc trung hoa
dung cach. Do do, yéu té tha ba Ia bién s quan trong nhat. Phuong trinh tong quat sau day
dugc dua ra dé tinh todn gan dung luong glucose g (tinh bang mg) trong mau khi biét sé6 mili
duong lugng ferricyanide (T) bi khir va ndng d6 mol F cua ferricyanide: g = 0.02884T+
0.2127F [15]. Phuong phép st dung tac nhan ferricyanide c6 wu diém vuot troi so véi hau hét
cac phuong phap dua trén phan tng kha dong, vi ferricyanide 6n dinh trong khong khi va
khong bi oxy héa nguoc lai. Po chinh xac cua phwong phap cao, dong thoi cho phép thuc
hién hang loat phan tich nhanh hon so véi cic phuong phap yéu cau sir dung dung dich
Fehling. Tuy nhién, kha ning oxy héa cua ferricyanide khong dic hiéu bang céc phuc hop
ddng, do n6 dé bi khtr bai cac chat khac khdng phai duong khir. Ngoai ra, qua trinh oxy hoa
tao ra nhiéu san pham khac nhau, mot sé trong d6 tiép tuc bi oxy hoa thém; do d6, khéng ton

tai mdi quan hé dinh luong chit ché cho phan tng oxy hoa dudng.
% Phwong phap sir dung tic nhin oxi héa ddéng (I1) Cu?*

Khi duge dun néng, cac dung dich kiém ciia mudi dong Cu?* oxy hoa duong khir tao két
tia Cu20 do gach va Cu?* dugc giit trong dung dich théng qua su hinh thanh phirc chat.
Thong thudng, cac axit oxy héa duoc sir dung cho muc dich nay, phd bién nhét 12 axit tartaric
nhu trong dung dich Fehling. Dung dich dong tartrate kiém khong 6n dinh do chtra lugng Ién
chat hitu co trong mdi truong kiém manh. Dung dich mudi Seignette 1a méi truong tot cho vi
sinh vat phat trién nén ciing khong 6n dinh. Do d6, dung dich Fehling dwoc chia thanh hai
thanh phan, chi duoc pha va tron 13n ngay trude khi sir dung: dung dich Fehling | (CuSOs) va
dung dich Fehling 11 (mubi Seignette + NaOH).

Phuong phap cua Bertrand 13 mot phuong phép sir dung thude thir Fehling rat phd bién.

Dung dich duong dugc dun s6i trén ngon lua tryc tiép véi mot lugng du dung dich Fehling
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trong 3 phut. Két taa dong (1) oxit Cu20 dugc loc va tham gia phan tng khir mudi sat Fe®* tao
mudi sit Fe?* trong méi truong axit. Luong sét (11) tao thanh dwgc xac dinh bang phan @ng
oxy hod - khur véi dung dich KMnOg4 trong moi trueong axit. Dua vao lwgng KMnOs str dung
tinh duoc luong Cuz0 va tir d6 xac dinh dugc ham luong duong khir trong dung dich mau
bang céch tra bang ti 1¢ giita dung dich KMnO4 va dudng khir cia Bertrand. Phuong phép nay
da duoc dé cap trong mot sé bai bao va di dugc Bo Nong nghiép Hoa Ky tam thai thong qua
tir ndm 1899, truéc khi Bertrand cong b céc bang sb liéu tién lgi gitp phwong phap nay duoc

su dung rong rai trong nghién cau sinh hoa [16].

Lane va Eynon ciing dua trén nguyén tic khir dung dich Fehling dé dinh luong duong
khtr, tuy nhién str dung xanh methylen dé lam chét chi thi nhan biét diém cudi chuan d6. Khi
tat ca déng sunfat trong dung dich da phan @ng tao thanh Cu.0, néu tiép tuc bd sung duong
khtr, chit chi thi s& chuyén tir mau xanh lam sang tring. Budc dau tién trong viéc uéc luong
duong khir bang phuong phap Lane va Eynon 1a xac dinh hé sé caa dung dich Fehling. Hé s6
Fehling 1a s6 mL cua dung dich duong chuan can thiét dé khur hoan toan 10mL dung dich
Fehling. Phuong phap nay dac biét phi hop véi cac dung dich chira tir 0,15 dén 2,35% duong
khir va cac san pham nhu nudc ép, sirup, mat va mat duong [17]. Ngoai ra, A. Dunsmore va
P. Mellet (1980) da nghién ctru mot s6 yéu té anh huong dén phuong phéap chuan do Lane va
Eynon dé xac dinh duong khir trong céc san pham cta nha may duong nhu téc do dun soi
mau, qua trinh chuan héa dung dich fehling, phuong phap loai bo canxi trong mau truéc khi
chuan d6. Két qua cho thay rang dung dich can chuan d6 nén dat dén diém soi trong 2 dén 2,5
phdt; chuan bi dung dich Fehling hdn hop (10mL A + 10mL B) va ndéng do cia dung dich
duong chuan (0,25% thay vi 0,5%) can dwoc chuan héa; sir dung vira da lwong dung dich
EDTA 4% uu tién lam chat khir canxi thay vi kali oxalat [18].

Mubi Rochelle (natri kali tartrat) 1a thanh phan caa cac dung dich déng kiém bj bién doi
khi dé 1au, tao ra cac san pham gay ra su khtr tu phat cia dung dich. Benedict (1908) da dé
xuit thay thé mudi Rochelle bang natri citrat va tao méi truong kiém nho natri cacbonat.
Thudc thir ndy nhay cam hon véi dextrose trong dung dich tinh khiét hoic trong nuéc tiéu so
vé6i dung dich Fehling. N6 khdng bi khtr boi axit uric (hoic chi bi khir khéng dang ké bai
chloroform hozc formaldehyde) va it bi bién doi khi bao quan lau. Mot lugng nho dextrose
trong nudc tiéu (0,1%) cling tao ra két tua c6 khdi luong déang ké vai thude thir ndy. Thudce
ther Benedict cho két qua rat rd rang vai thir nghiém nudc tiéu chira 0,08% dextrose trong khi
dung dich Fehling yéu cau ndng do dextrose khoang 0,12% dé cho phan ung duong tinh
tuong duong [19].
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Phuong phap Somogyi - Nelson (1952) 1a mét trong nhimg phwong phap ¢ dién va
duoc su dung rong rai dé xac dinh dinh luong duong khu. Viéc xac dinh duong khur béng
phuong phap Somogyi - Nelson dua trén d hap thy ¢ budc séng ving 520nm (500-660nm
tay thiét bi) caa mot phac hop mau xanh duoc tao thanh gitta dudng bi oxy héa bai dong va
arsenomolybdate. Luong duong khtr hién dién duoc xac dinh bang cach so séanh véi duong
chuan sir dung may so mau, trong diéu kién thich hop, phuong phéap nay co d6 chinh xéc Ién
dén 10 pg glucose. Viéc sir dung thudc thir mau dé do luong ddng khir dwoc hinh thanh trong
thudc thir Somogyi — Nelson duoc coi chi 1d mot phuong phép thay thé cho chuan do
iodometric do tao ra mau sac 6n dinh va c6 kha ning tai tao cao [20] [21]. Tuy nhién, thubc
thir ndy chira asen, mot chat c6 doc tinh cao, gay ra van dé nghiém trong vé méi truong.
Nghién ctu Chitoshi Hatanaka and Yoshiaki Kobara (1980) duoc thuc hién bang céach thay
thé nd bing thudc thir phenol Folin-Ciocalteu cho thuéc thir arsenomolybdate dé loai bo
nhugc diém va so sanh d6 bén mau caa phuc tao thanh. Kha ning tao mau cua thude thi
phenol Folin-Ciocalteu thip hon dang ké so véi thudc thir arsenomolybdate cua Nelson. Tuy
nhién, phuong phap cai tién nay uu diém hon véi phuong phap Somogyi-Nelson vé d6 don
gian, kha ning tai tao va do 6n dinh caa mau phat trién. Dé cai thién do chinh xac trong ca
hai phuong phap, sai s6 ¢ thé dugc giam xudng khoang 1/4 bang cach thém natri benzoat
(ndng @6 cudi cling khoang 0.5%) vao cac dung dich mau [22]. Bdi véi phuong phap sir dung
tac nhan oxi hoa dong (11) pht hop cho nhiéu loai phan tich nhd thoi gian phén tich nhanh va
d6 chinh xéac két qua trong diéu kién chap nhan dugc. Tuy nhién cac thudc thir Fehling yéu
cau pha ngay truéc khi s dung. San pham két taa dong (1) d& bi oxi hda nhanh véi oxi khong
khi, anh huong dén d6 chinh xac két qua. Do dé, sir dung tac nhan dong (I1) can thao tac

nhanh va han ché qua trinh khudy tron mau sau phan ung.
% Phwong phap sir dung tac nhén oxi hoa axit Dinitrosalicylic (DNS)

Axit 3,5-Dinitrosalicylic (DNS hay DNSA) dugc st dung rong rai trong qué trinh xac
dinh ham luong duong khir. Nguyén tic phuwong phap DNS dua trén sy phan tng véi thube
thtr, qué trinh oxy héa nhom chuc aldehyde (trong glucose) va nhom chac xeton (trong
fructose) s& dién ra. Axit 3,5-Dinitrosalicylic bi khu thanh axit 3-amino 5-nitrosalicylic
(ANS), c6 mau dé cam trong mdi trudng kiém va do hap thu cuc dai ¢ budc song 540 nm.
Ham lugng duong khir duoc xac dinh bang phuong phap dung duong chuan. Phuong phap

dung tac nhan DNS va Somogyi — Nelson thugc phuong phap so mau.
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OH OH
HOOC NO, HOOC NH,
Puwong khir, t°
NO, NO,
3,5-Dinitrosalicylic acid (DNS) 3-amino-5-nitrosalicylic acid (ANS)

Mubi Rochelle, thudng cd mit trong thude thir DNS dé xac dinh duong khir, gay can tre
tac dung bao vé cua sulfit, nhung lai can thiét cho su 6n dinh mau sic. Nghién ctiu caa Miller
(1959) di chi ra phuwong phép toi wu st dung mudi Rochelle 1a bang céach loai bo khoi thude
thir, thém nd vao hdn hop duong khir va thudc thir sau khi mau da phat trién hoac bang cach
thém mot luong glucose di biét vao cac mau duong khir dé bu dap cho sy mat mat xay ra khi
c6 mat mudi Rochelle. Thi nghiém ciing dua ra nong do sulfit 0,05% va DNS 1% cudng do
mau dat duoc tdi da [23]. Mic d6 phan ang cua cac loai duong monosaccharide va
disaccharide voi DNS da duoc so sanh, do d6 mdi loai duong dugc phan tich nén xay dung

duong chuén riéng va dac biét cha y khi két qua 12 hdn hop duong khir [24].

Phuong phap axit dinitrosalicylic (DNS) thuong dugc st dung dé uéc tinh nong do
duong khir trong phan ng thiy phan bang enzyme, cung cap mét giai phap thay thé khong
dac hiéu cho cac phuong phap chuyén sau va tén thoi gian hon nhu GC hoic HPLC [25],
[26]. Nghién ctu 1. Wood (2012) ciing chirng minh chon buéc séng, ché do gia nhiét va thé
tich phan (ng anh hudéng dén hiéu suat dinh luong duong khir. [27]. Phuong phép st dung tac
nhan DNS pho bién vi qua trinh thyc hién don gian, nhanh chong va do nhay cao. Tuy nhién
dinh lwong ham luong céc loai duong khir yéu cau dung cac duong chuan riéng cho ting loai
duong. Di véi cac loai duong ¢ nhiéu lién két hon s& bi oxy hda qua mirc va tao ra cac gia
tri hap thu cao hon. Ngoai ra thuéc thir DNS gia thanh cao hon so v&i mot s6 thube thir thong

thuong khac ciing nhu luu ¥ qua trinh pha thudc thu.
% Phwong phap dién hoa

Trong sb cac phuong phap phan tich khac nhau duoc s dung dé xac dinh nong do vét
cua duong khtr, cac phuong phap dién hoa da dugc coi la quan trong. Cac phuong phap dién
hoa la nhitng lya chon thay thé day haa hen, nho vao thoi gian phan ang nhanh, chi phi thap,
tinh don gian cua thiét bi, d6 nhay cao, va chang ciing than thién véi méi truong. Phuong
phap nay duoc phat trién bang cach st dung ampe ké xung véi dién cuc cacbon thay tinh
duoc bién tinh bang oxit graphene chtra cac hat nano dong [28]. Hoic phuong phap phan tich
dién thé (PSA) ap dung dé xac dinh duong khir trong nudc ngot, rugu, dd ubng co con, mat
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ong, mat. Mau thir va dung dich duong chuan dugc thém mot lugng du thudc thir Soxhlet,
qua trinh khtr Cu(l1) thanh Cu20 dién ra bang cach dun néng & nhiét d6 khong doi trong mot
khoang thoi gian xac dinh. Pong chwa khtr trong dung dich hoic dong da khir trong két tua
Cu20 dugce xé4c dinh bang ki thuat PSA [29]. Phuong phap dién hda c¢d nhiéu wu diém nhu do
nhay cao, thoi gian phan tich nhanh va d6 chon loc tét hon so véi cac phwong phéap chuan do.
Tuy nhién, phuong phap doi hoi kiém soét tét didu kién nhiét o, pH phan tich ciing nhu tudi

tho cua dién cuc.
% CA&c phwong phap phan tich hién dai

K§ thuat sac ky la cac ky thuat phan tich tién tién va hiéu qua duoc sir dung dé phan tich
dinh tinh va dinh luong cac loai duong ciing nhu duong khir [30]. Sac ky 16p mong (TLC),
sac ky khi long (GLC) va sac ky long hiéu ning cao (HPLC) thuong dugc sir dung dé tach va
x4c dinh céc loai duong khéac nhau dua trén cac dic diém hap phu khéc biét caa tung loai
duong. Hé sb phan bd, do phan cuc, kich thudc va loai cot dugc sir dung 1a nhitng yéu té
chinh anh hudng dén qué trinh tach. HPLC va GLC la nhiing phuong phéap duoc ap dung dé
x4c dinh ham luong duong khir do tinh dic hiéu cao va kha ning xac dinh dong thoi nhiéu
loai duong. Diéu kién tién quyét ddi véi GLC 1a mau phai dé bay hoi hodc & trang thai dan
Xuat, trong khi cac mau HPLC c6 thé duoc phén tich nhu vay, véi viéc chuan bi mau don gian
ma khdng can din xuit, gilp tiét kiém thoi gian. HPLC va GLC thuong duoc st dung cling
Vvé6i cong huong tir hat nhan (NMR) hozc phd khdi, do d6 cau triic hda hoc ciia cac phan tir tao
nén cac dinh ciing c6 thé duoc xac dinh. Hién nay cac k¥ thuat xac dinh bang phuong phap
hién dai dang dugc nghién ctiu cai tién thoi gian, d6 chon loc va do nhay dé xac dinh ham

lugng duong Khir trong mau.

Mot phuong phap phan tich sac ky long hiéu nang cao HPLC két hop phan ting sau cot
vé6i duong khir da duoc phat trién dé cai thién cac phuong phap hién cd vé thoi gian van hanh,
d6 chon loc va do nhay. Phuong phap nay bao gdm viéc tach duong khtr trén cot HPLC &
30°C va téc do dong chay 0,8 mL phat?, phan ung sau cot caa duong véi thude thie Cu(ll)-
neocuproine (Nc) & 80 °C, téc d6 dong chay 0,3 mL phit™? va do san pham Cu(l)-Nc & 450
nm. Nghién ciu ap dung cho glucose, fructose, maltose va lactose duédi dang duong khir. Cac
MAu Mét ong, nudc ép tao va sita di duoc danh gia 14 cac san pham thuong mai. Phuong phap
nay dwa c6 hé s tuong quan 1én hon 0,996 dbi véi bén chat phan tich (glucose, fructose,
maltose va lactose) trong pham vi tir 9,0 - 342,3 mg/L [31]. Cac k¥ thuat phan tich hién dai c

d6 chon loc, d6 nhay cao khi phét hién duoc ndng dd6 mau rat thap ciing nhu cé thé xac dinh
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chinh xac dugc ham luong ting loai duong khir riéng biét. Tuy nhién phuong phap doi hoi chi

phi thiét bi cao cling nhu thoi gian phan tich dai.
% Phwong phap sir dung enzyme

Str dung enzyme dé xac dinh ham luong duong khtr 13 mot phuong phap co d6 dic hiéu
cao, chinh xé4c va an toan. Ty thudc vao loai duong can do (glucose, fructose, sucrose,
maltose, v.v.) dé sir dung enzyme phi hop. Glucose oxidase 1a mét trong nhiing enzyme duoc
st dung rong réi nhat d¢é phat hién glucose vi kha ning khir oxy thanh hydrogen peroxide
ddng thoi oxy hda glucose thanh axit gluconic. O pH trung tinh, glucose ton tai & hai dang, o-
D-glucose va p-D-glucose. Khi B-D-glucose dugc tiéu thy trong phan tng, trang thai can bang
ctia hai dong phan glucose dugc duy tri bang cach chuyén san xuat vé phia B-D-glucose, cho
phép glucose oxidase tic dong Ién tat ca glucose trong dung dich. Xac dinh glucose trong méu
la xét nghiém phd bién nhit duogc thuc hién trong phong xét nghiém I1am sang, trong do sir
dung phuong phap glucose oxidase-peroxidase 1a phé bién. Dudi tac dung cia enzyme gluco
oxidase, glucose bi oxy hoa thanh axit gluconic trong khi oxy dong thoi bi khur thanh
hydrogen peroxide bdi enzyme glucose oxidase. Hydrogen peroxide sau d6 bi phan tach thanh
nudc va oxy méi sinh bgi enzyme peroxidase. Oxy moi sinh tiép tuc phan Gng véi 4-
aminoantipyrine va véi sy ¢c6 mat cia phenol, phan tng nay tao ra quinoneimine, mét hop
chat c6 mau c6 thé dugc phan tich bang phuong phap phén tich mau. Cudng d6 mau tao ra co
mdi twong quan truc tiép véi ndng do glucose trong mau. Phan tich mau dugc thuc hién &
budc séng 505 nm va so sanh vai chuan, dugc xir 1y twong tw. Ngoai ra sir dung enzyme
hexokinase 1a mot phuong phap co6 do dic hiéu cao dé xac dinh glucose huyét twong. Phan
ng tao ra NADH thong qua cac chuyén doi glucose do hexokinase xuc tac. Sau d6, NADH
duoc phan tich bang phuong phap quang phd dé xac dinh ndng d6 glucose trong mau [32],
[33]. Sir dung enzyme trong phan tich 1a mot ki thuat dang duoc 4p dung nhiéu nho tinh chon
loc cao, téc do nhanh dic biét phi hop véi nén mau sinh hoc. Tuy nhién enzyme d& bi bién
tinh bai nhiét do, pH ciing nhu mdi enzyme chi &4p dung dwoc maot sb it chat nén pha hop, chi
phi enzyme tinh khiét trong phan tich c6 gia thanh cao hon nhiéu thudc thir chuan d6 thong

thuong khac.
3. Trao doi va két luan

Xac dinh ham Iugng duong khir dong vai trdo quan trong trong nhiéu linh vuc. Céc
phuong phap dinh lwong don gian nhu chuin do, do cuong d6 mau di dugc ap dung trong

nhiéu nghién cru, & cac phong thi nghiém va dang dwoc diéu chinh dé pht hop hon véi nhiing
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mau phuc tap. Bén canh d6, cac phuong phap phan tich cong cu nhu HPLC, dién hoa, enzyme
ngay cang duoc &p dung nhiéu dé ¢am bao d6 nhay hoic dung dé xac dinh ham luong duong
khtr hién dién trong cdc mau ¢ nong do rat bé.
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