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Tom tit:

Sita ong chiia ¢6 chira nhiéu dudng chit quy, véi nhiéu loai amino axit quan trong ddi véi sw phat trién cia co thé.
Nghién ctru nay trinh bay viéc xdy dung phwong phap dién di mao quén (CE) véi detector do dd diin khong tiép xiic
(C*D) aé dinh lwgng 5 amino axit tw do c6 ham lwgng cao trong sira ong chua gfﬁm lysin (Lys), alanin (Ala), prolin
(Pro), axit glutamic (Glu) va axit aspartic (Asp). Cic amino axit dwgc phan tich trong mao quén véi chiéu dai hiéu
dung 48 cm va chit dién ly nén axit lactic 2M. O diéu Kién t6i wu, dwdng chuin ciia cic chit phan tich dwoc xiy dung
trong khoang 2,0-100 mg/l va c6 hé sb twong quan tét (R2>0,999). Phwong phap c6 do ding tdt véi hiéu suit thu hoi
trong khoang 93+115% v6i nén nuée deion va nén mau that. Quy trinh di dwge 4p dung thanh cong dé phan tich
cAc amino axit tw do néu trén trong mdt sé sin phim sira ong chiia twoi hién c6 trén thi truwong.

Tir khod: amino axit tw do, dién di mao quén, sira ong chua.

Chi s6 phin loai: 2.4

Tong guan

Sira ong chtia ¢6 thanh phan hoa hoc da dang va phong
pht, bao gdm cac thanh phan chinh 1a nudc, cacbonhydrat,
protein, lipid va axit béo, con lai 1a cac vitamin, amino axit
tu do, mudi khoang... Ngoai axit 10-hydroxy-2-decenoic
(viét tit: 10-HDA) dugc coi nhu mot “déu chudn” - marker,
sita ong chua con 1a mot san pham tu nhién giau amino axit
rat quan trong d6i voi con ngudi va dong vat. Sita ong chiia
chira it nhat 15 amino axit, quyét dinh ti gid tri dinh dudng
ctia san pham. Cac amino axit ty do chiém ham lugng cao
nhét 1a prolin, lysin, axit glutamic, alanin, axit aspartic... [1,
2]. Ham lugng cac amino axit trong sita ong chiia thay doi
phu thudc vao ngudn san xuat nhu chat luong dan ong, thoi
tiét, moi truong nudi; vao diéu kién bao quan nhu nhiét dg,
thoi gian... Vi dy 1a nhiing thanh phan dic hiéu va cé gia
tri nén ham luong cia ching s& quyét dinh chit luong cia
stra ong chua.

Viéc xac dinh ham lugng céc thanh phan nay trong sira
ong chua duoc thuc hién tai cac phong thi nghiém bang
phuong phap sic ky long hiéu ning cao (HPLC) hoic
phuong phép sic ky khi (GC). Truéc khi phan tich bang
GC, can c6 budc tach chit phan tich ra khoi nén mau, sau
d6 dan xuat héa chung thanh cac cau tir dé bay hoi qua phan
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ung ankyl hoa, sylyl hoa [3, 4]. Detector ion héa ngon Itra
(FID) ¢6 thé duoc sir dung dé phén tich thanh phan cua cac
amino axit tu do, con khi dinh lugng s€ st dung detector
khéi pho [3, 4]. Phuong phap HPLC véi detector do quang
0 budc song 215 nm hoac detector khiic xa ké (RID), hoac
hién nay 1a detector khdi phd kép (MS/MS) duoc st dung
phé bién hon dé xac dinh 10-HDA ciing nhu cac amino axit
tu do trong stra ong chua [5-7]. Tuy nhién, cac phuong phap
nay déu can giai doan xtr Iy mau phic tap, c6 chi phi cao,
cing véi cac yéu cau ky thuat nghiém ngit, dong thoi ton
kha nhiéu thoi gian.

Hién nay, trong linh vyc thuc phém, viéc tng dung
phuong phép dién di mao quan (CE), dac biét 1a dién di mao
quan ving (CZE) dang tré nén phd bién boi tinh don gian,
nhanh chong, hiéu qua tach cao va tiéu ton it hoa chat, dung
moi [8]. Phuong phap nay con 1a mot k¥ thudt phan tich
huéng t6i hoa hoc xanh. Bai bao trinh bay cac két qua xay
dung quy trinh phan tich mot sb amino axit ty do ¢ ham
lwong cao trong sira ong chiia gdm lysin (Lys), alanin (Ala),
prolin (Pro), axit glutamic (Glu) va axit aspartic (Asp) bang
phuong phap dién di mao quin sir dung detector d§ dan
khong tiép xtc. Mot s6 mau sira ong chua tuoi ciia Viét Nam
da duoc thu thap va phan tich bang phuong phap da téi vu.
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Abstract:

Royal jelly contains a lot of valuable nutrients with
several kinds of amino acids which are important to the
development of human body. This study presented the
development of the analytical method based on capillary
electrophoresis (CE) using capacitively coupled
contactless conductivity detector (C*D) for determination
of five major free amino acids in royal jelly products
including lysine (Lys), alanine (Ala), proline (Pro),
glutamic acid (Glu), and aspartic acid (Asp). Five amino
acids were separated in a capillary with an effective
length of 48 cm and in 2M lactic acid electrolyte. At the
optimised conditions, the linear ranges of calibration
curves were from 2.0 to 100 mg/l, and the linearities
were good (R>>0.999). The method had good accuracy
with the recoveries in range of 93+115% for deionised
water and real sample matrixes. The procedure has been
successfully applied to the determination of five major
free amino acids in commercially available royal jelly
products.

Keywords: capillary electrophoresis, free amino acids,
royal jelly.
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Khoa hoc Ky thuat va Céng nghé

Thuc nghiém
Héa chit va thiét bi

Tét ca hoa chit déu c6 do tinh khiét phan tich va duoc
cung cip tir Tokyo Chemical Industry (Nhat Ban) hoic
Sigma-Aldrich (Ptrc). Dung dich chuin gbc (1000 mg/l)
cta Lys, Ala, Pro, Glu va Asp duogc sir dung dé pha cac
dung dich chuin. Cac hoa chét dung dé pha dung dich dién
ly nén (BGE) bao gom: axit formic, axit axetic, axit lactic,
axit succinic va axit citric. Nu6c deion duge dung dé pha
cac dung dich chuan va xir Iy miu, 1y tir may loc nudc
Simplicity UV, Millipore (USA).

Tét ca cac thi nghiém duoc thyc hién trén h¢ thiét bi dién
di mao quan thao tac bang tay (CE) sir dung detector do do
dan khong tiép xuc (C*D) tai Phong thi nghiém trong diém
cong nghé phan tich phuc vu kiém dinh méi trudng va an
toan thuc phém (KLATEFOS), Truong DPai hoc Khoa hoc
Ty nhién, Pai hoc Quéc gia Ha Noi. Hé thiét bi su dung
nguon cao thé £25 kV (Spellman, Anh), ghi dit liéu nho bo
ghi e-corder (eDAQ, Uc). Cot mao quan silica néng chay
duong kinh trong (I.D) 50 um, duong kinh ngoai 1a 365 um
v6i do dai tong (L) 60 cm va d¢ dai hi¢u dung (L ) 48 cm
(Agilent, My) duoc st dung dé tach chat. Trude lan phan
tich ddu tién ciia mdi ngdy, mao quan duoc 6n dinh hoa
bang dung dich NaOH 0,1M trong 10 phut, sau d6 1a nudc
deion trong 10 phut va BGE trong 30 phut. Sau mdi phép
do, mao quan dugc rira bing BGE trong vong 3 phiit.

Téi wu héa quy trinh phén tich cdc amino axit trén h¢
thiét bi CE-C'D

Dung dich hdn hop chuén cua 5 amino axit & nong do
40 mg/1 dugc sir dung dé khao sat cac didu kién phan tich.
Trong céc thi nghiém, dién thé tach dugc gitr ¢b dinh ¢ gia
tri -15 kV va thoi gian bom mau 30 s; trir cac thi nghiém
khao sat diéu kién dién thé va thoi gian bom. Diéu kién
phan tich dugc lya chon trén cho co s duong nén 6n dinh,
tin hiéu cta cac chét phan tich c6 dién tich 16n, hinh dang
sic nét, do phan giai giita cac pic canh nhau cé gi tri 16n
hon 1,5.

Nghién ctru lya chon dung dich dién ly nén: qua tham
khéo tai liéu, mot sb loai BGE tai pH thép (<2) trén co so
cac axit hiru co véi cac néng d6 khac nhau dugc lua chon dé
nghién ctru quy trinh phan tach cdc amino axit bao gdom: 1)
axit formic (0,1M tdoi 2,0M); 2) axit axetic (0,1 toi 4,0M);
3) axit lactic (0,1 t&1 5,0M); 4) axit succinic (0,1 t&i1 0,5M)
va 5) axit citric (0,1 t&1 2,0M). Sau khi lya chon dugc dung
dich dién ly nén thich hop, tiép tuc nghién ctru lya chon dién
thé tach va thé tich bom mau.

Nghién curu lya chon dién thé tach: anh huong cua dién
the tach dén thoi gian di chuyén, sy phan tach gilia cac tin
hiéu chat phan tich dugc khao sat vdi cac gia tri thay doi tu
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-10 t61 -20 kV.

Nghién ciru liva chon thoi gian bom mau: anh hudng cta
thoi gian bom mau dén dién tich va hinh dang tin hiéu cua
chat phén tich duoc khao sat véi thoi gian bom mau thay
doi tir 10 t6i 60 s.

Danh gia phwong phdap

Puong chuan dugc xdy dung theo phuong phip ngoai
chudn (7 diém) v6i ndng do timg amino axit trong khoang
tir 2 t6i 40 mg/1. Gia tri LOD va LOQ ddi véi cac chat trong
dich chiét dugc tinh bang 3 va 10 lan ty 1¢ tin hiéu/nhidu
nén, twong tng. Gia tri giéi han dinh lugng ctia phuong
phap theo mg/ g cua cdc amino axit dugc tinh bang LOQ/20
(hé s6 quy doi trong ng v6i hoa tan 1,0 g mau trong 50 ml
nudce). Trong nghién cuu nay, do 1dp lai cua phuorng phap
dugc xac dinh thong qua gia tri d léch chudn twong dbi
(RSD) cuia 7 phép phan tich lip lai di véi dung dich chuén
danh gia qua thoi gian di chuyén va dién tich pic. Do chinh
xac dugc xac dinh béng hiéu suét thu hdi cia mau thém
chudn cac amino axit & ndng do 5, 10, 20 mg/1 vao nén nude
deion va nén mau sita ong chiia tuoi.

Chudn bi va phén tich mau

Mau duogc xir 1y nhu sau: cin mot lugng chinh xac
(khoang 1,0 g) mau sira ong chua tuoi, hoa tan mau va dinh
mure t61 50 ml béng nude deion, sau do6 loc dung dich thu
dugc qua mang loc 0,45 pm trudce khi bom vao thiét bj CE-
C“D. Dich loc dugc phan tich bang quy trinh da t6i wu &
trén. Thoi gian di chuyén dé dinh tinh cic amino axit dugc
xéc dinh lai sau khi thém chudn, viéc dinh luong duoc thuc
hién bang phuwong phap duong chuin. Két qua phan tich
ham lugng cac amino axit trong mau san pham duoc tinh
dya trén két qua phan tich dich loc bang CE-C*D va cac hé
s6 khi chuan bi mau.

Két qua va thaoluan
Xdy dung phwong phap

Lya chon dung dich dién ly nén: cac amino axit chira ca
nhom chiic cacboxyl va amino, do vay tuy vao pH ma chiing
¢6 thé ton tai trong dung dich dudi dang anion hoac cation.
Dua trén cac s6 lidu vé pKa va pl cta cac chat can phan tich
trong bang 1, ¢ thé thay rang, viéc s dung phuorng phép
dién di mao quan dé tach cac amino axit néu trén c6 thé thuc
hién dugc tai moéi truong kha axit (cd pH<2), lic nay céc
chét can phan tich ton tai chut yéu dudi dang cation, hoac tai
moi truong c6 pH>11, khi d6 cac chét can phan tich ton tai
cha yéu dudi dang anion. Dé thuan tién cho viéc thuc hién
phuong phap dién di mao quan, tranh anh hudng cua dong
EOF, phuong 4n mdi trudng axit duoc lya chon va cac chat
dugc phan tich dudi dang cation.
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Bang 1. Dic tinh clia cac amino axit can phan tich.

Chit phan tich pKa, pKa, pKa, pI

Lysin 2,18 8,59 10,53 9,74
Alanin 2,34 9,69 6,00
Prolin 1,99 10,96 6,30
Axit glutamic 2,19 9,67 425 3,22
AXit aspartic 1,88 9,60 3,65 2,77

Chu thich: pKa,: nhém a-cacboxyl, pKa,: nhom o-amonium (axit lién
hgp ctia nhom a-amino), pKa,: nhom axit trong mach.

Céc axit hitu co voi kich thudc phan tor nho duge Iya
chon dé khao sat lam BGE g6m axit formic, axit axetic,
axit lactic, axit succinic va axit citric. Vi detector sit dung
1a C*D, nén ndng do6 cua cac axit nay trong BGE ciing dugc
lua chon & ¢& 0,1 mol/l t&i vai mol/l dé tranh su anh hudng
ctia nén do dan cao.

Két qua khao sat cho thdy: véi axit formic dudng nén
khong 6n dinh, cic pic ciia Glu va Asp dodng; voi axit
axetic duong nén th?mg, xuat hién ca 5 tin hiéu chét can
phan tich, tuy nhién thoi gian phan tich dai (>2000 s); sir
dung axit lactic trong khoang 2-3M lam dung dich dién ly
cho dudng nén thang 6n dinh, cac pic cta chat can phan tich
sdc nét tach khoi nhau voi thoi gian phéan tich <500 s; véi
axit succinic cac tin hiéu cua Pro va Glu khong tach dugc
hoan toan va thoi gian phan tich >3000 s; voi axit citric
khong tach duge cac pic Glu va Asp. Hinh 1 1a dién di do
phén tich 5 amino axit khi sit dung cac dung dich dién ly
khéc nhau (d6i véi timg loai BGE, ndng d¢ cho tin hi¢u tot
nhét trong khao sat duogc lya chon). Trén co sé két qua khao
sat néu trén, axit lactic vdi néng d6 2M duoc lua chon lam
dung dich dién ly nén.
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Hinh 1. Pién di db phan tich cac amino axit khi st dung céc
dung dich di¢n ly nén khac nhau.

A) Axit formic 2M; B) Axit axetic 2M; C) Axit succinic 0,5M; D) Axit
citric 2M; E) Axit lactic 2M. Cac diéu kién phan tich khac dugc gid co
dinh: dién thé& tach -15 kV; thai gian bom mau 30 s; mao quén silica nong
chédy 1.D=50 um, L =60 cm, L =52 cm.

7 Ttot
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Lua chon dién thé tach: khi ting d¢ 16n cta dién thé
tach, cudong do dién truong ting lam cho céc ion di chuyén
nhanh hon, cac pic thu gon lai va c6 hinh dang sdc nét hon,
dong thoi dién tich pic ciing nho hon (hinh 2). So sanh cac
yéu td vé dién tich tin hiéu, d6 phan giai va thoi gian di
chuyén cho théy, tai thé tach -16 kV céc gié tri thu duoc 1a
phu hop nhit. Vi vay -16 kV duge chon lam dién thé cho
qué trinh tach tiép theo.
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Hinh 2. Sy bién ddi ctia d¢ phan giai va thoi gian phan tich ctia
cac amino axit tai cac dién thé& tach khac nhau.

Thoi gian phan tich dugc xac dinh sau tin hiéu cla pic cudi cing (Asp).
Cac diéu kién phan tich khac dugc giti c6 dinh: BGE axit lactic 2M; thai
gian bam mau 30 s; mao qudn silica nong chay 1.D=50 pm, L =60 cm,
L =52 cm.

Lua chon thoi gian bom mau: khi ting thoi gian bom
mau, lugng miu di vao mao quan nhiéu hon, dan t6i dién
tich cac pic tang dan, hinh dang pic trd nén dodng rong nhu
tai hinh 3. Trong nghién ctru nay, thoi gian bom mau 1 40 s
duoc lya chon nhim dat két qua tdt vé ca dién tich va hinh
dang pic.
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Hinh 3. Pién di db phan tich cac amino axit véi thoi gian bom
méiu khac nhau.

Cac diéu kién phan tich khac dugc giti c6 dinh: BGE axit lactic 2M, dién
thé tach -16 kV; mao quan silica nong chdy 1.D=50 um, L =60 cm, L
=52 cm.
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Danh gia phwong phap

Két qua danh gia phuong phép phén tich da xay dung
duogc trinh bay trong bang 2. Hé s6 hoi quy tuyén tinh cua
cac dudng chudn thu duge co gia tri rat tot, voi R2>0,999.
Do 1ap lai cua dién tich pic va thoi gian di chuyen dugc thé
hién dudi dang d6 léch chuén tuong di (RSD) trén nén
nude deion déu nho hon 2% khi phan tich lap lai 7 1an. Hiéu
suat thu hoi dat duoc tir 93 dén 115% khi thém chuén cac
amino axit vao nén nudc deion va nén mau sira ong chua.
Cac gia tri hiéu sudt thu hi nay la chép nhan duoc theo
AOAC [9]. Céc gia tri LOQ thu dugc trong khoang 0,04-
0,09 mg amino axit/g stita ong chuia tuoi.

Bang 2. Cac thong so danh gia phuang phap.

Lys Ala Pro Glu Asp

Khoing duong chuin (mg/l) 2100 2+100  2+100  2+100  2+100
Hés6 R 09996 09997 09998 09994  0,9994
Puong o daomg chin 1,7, DR SRR Y R
LOD (mg/l) 022 026 050 045 055
LOQ (mg/) 078 087 17 15 1.8
LOQ¥(mg/g siaong chi) 0,039 0,044 0,085 0075 0,090

SD, (%) (n=7) 1,0 1.2 1.4 13 1.8

SD i i 70) (057) 0,9 1,0 1,0 1,0 0,9
Thoi giandi chuyén (s) (=7) 47845 67747 85748 93749 99349
Higu sudt thu hoi (%6 nén o0 1o oo 106 93908 924101 974112

nudc deion va nén mau thue

y la dién tich pic chat phan tich (mV.s); x 1a ndng do chat phan tich

(mg/l).
*tinh toan dua trén mau stia ong chaa co khéi lugng 1000 mg hoa tan
vao 50 ml nudc.

Sau khi xdy dung duong chuan va danh gia phuong
phap, 4 mau that (bao gdm 3 mAu sita ong chua twoi - mau
1,2, 8 va 1 mau sira ong chia non tuoi - mau 9) da dugc
phan tich nham dinh lwong 5 amino axit tir do néu trén trong
thanh phﬁn. Gian d6 dién di phan tich mau dugc minh hoa
trén hinh 4.

Céc két qua phan tich mau thyc thu dugc trong bang 3
cho théy su 6 mit ciia ca nam amino axit ty do trong mau
sita ong chua tuoi. Pro c6 ham lugng cao nhét trong khoang
1,90 t6i 4,69 mg/g. Lys 1a amino axit thiét yéu cho co thé, co
ham luong cao tiép theo trong khoang 1,01 t&i 3,87 mg/g.
Glu va Asp c6 mit trong mot s6 mau & khoang ndng do tir
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Hinh 4. Pién di dé phan tich cac amino axit: (1) lysin, (2)
alanin, (3) prolin, (4) axit glutamic va (5) axit aspartic trong cac
mAu siia ong chia.

Cac diéu kién phan tich gom BGE axit lactic 2M; dién thé tach -16 kV;
thai gian bom mau 30 s; mao quén silica nong chdy 1.D=50 um, L =60
cm, L =52 cm.

0,20 t6i 0,72 mg/g. Ala chi xudt hién trong mau sita ong
chtia non & ham lugng gan gidi han dinh lwong 0,05 mg/g.
C6 thé nhan thdy mau sira ong chtia non ¢6 ham luong cac
amino axit, dic biét 1a Lys vuot troi so voi cac mau con lai.

Bang 3. Két qua phan tich ham lugng 5 amino axit ty do trong
mjt s6 miu sifa ong chia.

~ Ham lwgng cic amino axit tu do (mg/g)
Mau

Lys Ala Pro Glu Asp
Sira ong chua twoi
Mau 1 2,74 <LOD 3,04 0,72 0,23
Mau 2 1,01 <LOD 1,90 0,77 <LOQ
Mau 8 2,51 <LOD 3,93 <LOD <LOQ
Sira ong chiia non tuwoi
Mau 9 3,07 0,05 4,69 <LOD 0,20
LOD 0,011 0,013 0,025 0,023 0,028
LOQ 0,039 0,044 0,085 0,075 0,090
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Keét luan

Trong nghién ctru nay, quy trinh phan tich str dung CZE
két hop véi detecto C*D di duoc xdy dung dé dinh luong
5 amino axit chinh trong stta ong chua. Phuong phap phan
tich di dugc danh gia thong qua cac thong sé vé duong
chuan do lap lai, d§ ding va thir nghiém phan tich mot
s6 mau sita ong chua tuoi. Cac két qua thu duoc cho thay
phuong phap CZE-C*D dép mg dwoc muc tiéu kiém soat
chat luong thuc pham.

Nghién ctru duge thuc hién trong khuon khé dé tai
nghién ctu khoa hoc cap Pai hoc Quoc gia Ha Noi ma so
QG.18.05. Cac tac gia xin tran trong cam on.
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