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Tom tit:

Cac amino axit mach nhanh (BCAA) gﬁm L-valine (Val), L-leucine (Leu) va L-isoleucine (Ile) la nhitng amino axit
thiét yéu, déng vai tro quan trong trong viéc phat trién co bip nén thuong dwgce bd sung trong cac loai thue phim
dung cho van dong vién, nguoi tip thé hinh. Nghién ciru nay trinh bay viéc ng dung phwong phap dién di mao
quan sir dung detector do dd din khéng tiép xic (CE-C*D) két hop véi thiét ké thi nghiém theo phwong phap mit
muc tiéu sir dung md hinh Lip tim (RSM-CCD) nhim tbi wu héa quy trinh phén tich cac BCAA trong thwc pham
b6 sung. Cac diéu kién tdi wu dwoc xac dinh bao gdm dung dich dién ly nén (BGE) 1a dung dich axit citric 1,11M, b
sung polyethylene glycol (PEG) 2,32%, dién thé tach -16,9 kV va thoi gian bom miu 45 gidy. Qua trinh thim dinh
quy trinh dwoc thye hién thong qua viéc xac dinh mdt loat cac thong sé vé giéi han phat hién (LOD), giéi han dinh
lwong (LOQ), hé s6 twong quan dwdong chuin (R?), dd diing va dd chum. Quy trinh sau dé da dwoc ap dung dé phan
tich 4 miu that, két qua cho thay sw phit hop twong doi tét giira ham lwgng BCAA do dwoe bing CE-C*D véi thong

tin dwa ra tir nha san xuat.

Tir khda: amino axit mach nhanh, dinh dudng thé chit, dién di mao quan, ké hoach héa thwe nghiém.

Chi s6 phén loai: 2.4

Pat van de

Céac amino axit mach nhanh (BCAA) bao gdm L-valine
(Val), L- leucme (Leu) va L-isoleucine (Ile) 1a cac amino
axit thiét yéu cuia co thé, thuong dugce sit dung nhiéu trong
san xudt dugc pham [1]. Trong linh vuc thuc pham, cic
BCAA dugc sir dung rong rii trong do ubng thé thao va
thyc pham dinh dudng, bao gdm thyc pham bo sung dung
cho cic van dong vién [2]. Trong thoi gian gan day, tai
nudc ta, xu huéng tap thé hinh nhim nang cao stc khoé
va cai thién voc dang dang rat phat trién, dic biét 1a trong
gioi tré. Vi nhitng loi ich trong viée duy tri va xay dung
co bip, cac loai thyc phidm bd sung BCAA ciing rit dugc
vu chudng boi nhirng nguoi tap thé hinh. Rét nhidu san
phiam bo sung BCAA c6 mit trén thi truong, bao gom
dang vién nén, vién nang, dang bdt... Cung vdi su phat
trién cua thi truong tiéu thy, cac loai hang gid, hang nhai
cling bat dau xuét hién. Bén canh dé, ning lyc ctia nguoi
tiéu dung trong nudc chua that sy cao, cong tac quan ly th1
truong chua that su tot. Thuc trang nay datra yeu ciu can
thiét phai c6 cac bién phap nham kiém soat chat lugng cua
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mat hang nay. Viéc xdc minh hang gia, hang nhai, ngoai
céc bién phap quan Iy con c6 thé duge thuc hién thong
qua xac dinh ham lugng cta cac thanh phan chinh trong
san pham (nhu ham luong cua Val, Leu va Ile). Tuy viy,
hién nay trong nudc chua cé cac cong bd vé xac dinh ham
lugng cac BCAA trong thuc pham.

Trén thé giéi da c6 mot s6 nghién ctru xac dinh ham
lugng cua cac amino axit trong thyc phdm noi chung va
thuc phdm bd sung noi riéng. Omar va cong su (2017)
da dung thiét bi dién di mao quan (CE) két hop detector
UV (CE-UV) dé xé4c dinh 6 amino axit tu do (alanine,
asparagine, glutamine, proline, serine va valine) trong
thyc pham véi khoang tuyén tinh 2,5-40 mg/I [3]. Shigeki
Akamatsu va cong su (2013) da phan tich df”)ng thoi
16 amino axit tuy do (bao gom valine, tong leucine va
isoleucine) trong thuc pham chirc ning sita ong chiia voi
LOD tir 0,61-10,5 pg/g bang CE ghép ndi khédi phd (CE-
MS) [4]. Dazhong Shen va cong su (2013) da st dung CE
két hop detector do dan khong tiép xac cong hudng vi
phan (CE-DRC*D) dé phan tich 10 amino axit (bao gdm
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Abstract:

Branched-chain amino acids (BCAAs) including
L-valine (Val), L-leucine (Leu) and L-isoleucine (Ile)
are essential amino acids, which play an important
role in muscle development, and are often added in
food for athletes or bodybuilders. This study presents
the application of capillary electrophoresis using a
contactless conductivity detector (CE-C‘D) combined
with the experimental design using the response surface
methodology with central composite design (RSM-CCD)
to optimize the analytical process of BCAAs in food
supplements. The optimum conditions to be determined
include the background electrolyte (BGE) as 1.11M
citric acid solution added with 2.32% of PEG (m/v),
-16.9 kV of applied voltage, and 45 seconds of injection
time. Method validation is performed by defining limit of
detection (LOD), limit of quantitation (LOQ), linearity
(R?), trueness, and precision. The procedure was used to
analyse four of real samples, which showed a quite good
fit between the BCAAs content measured with CE-C‘D
and the information provided by the manufacturers.

Keywords: branched-chain amino acids, capillary
electrophoresis, design of experiments, physical
nutrition.

Classification number: 2.4
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valine va leucine) véi LOD tir 0,1-0,4 uM [5]. Trong cac
nghién ctru trén, chi nghién ciru cia Akamatsu bao gom ca
3 amino axit mach ngén, trong d6 khong phan biét leucine
va isoleucine, két qua dua ra duéi dang ham luong tong
cua 2 amino axit nay. Dé tach biét leucine va isoleucine,
Ting Wang va cong sy (2015) di thyc hién din xuit hoa
bing n-propyl clorofomat sir dung phwong phap sic ky
l6ng hiéu ning cao ghép ndi khéi phod 2 lan (HPLC-MS/
MS) [6]. Py 1a bién phap tén kém va kho thyc hién, yéu
ciu trang thiét bi dat tién cling nhu k¥ thuét cao.

Bén canh cic phuong phép sic ky truyén thong von
¢6 chi phi cao, CE véi cac wu diém nhu “xanh” hon (it st
dung cic dung méi hitu co doc hai), chi phi thip hon la
mot phuong phap nhiéu tiém nang trong phan tich thuc
pham no6i chung va kiém soat chit lugng thuc phdm bd
sung BCAA néi riéng. Ung dung CE trong phan tich ham
lugng cac BCAA, thong qua d6 kiém soat chét lugng mat
hang thuc pham bd sung BCAA 1a mot huéng di méi, thiét
thuc va kha thi. Bai bao nay trinh bay nhiing két qua dat
duoc khi sir dung CE-C*D két hop véi ké hoach hoa thuc
nghiém theo phuong phap mat myc tiéu st dung mo hinh
lip tam (RSM-CCD) dé phét trién quy trinh phan tich
kiém dinh ham lwong BCAA trong thuc pham bd sung.

Vat liéu va phuong phap nghién ciiu
Héa chit

Tat ca cac hoa chit st dung trong nghién ctru déu c6
d6 tinh khiét phan tich va dugc dat mua tir Sigma-Aldrich,
buc hoac Tokyo Chemiscal Industry, Nhat Ban, ngoai tru
axit lactic (Lac) tir Guangdong, Trung Quéc. Dung dich
chuan gbc riéng 1¢ ndng do 1000 mg/1 ciia L-Valine (Val),
L-Leucine (Leu) va L-Isoleucine (Ile) dwoc st dung dé
pha ché cac dung dich chuan hdn hop cac chat phan tich.
Céc hoa chat duge sir dung dé chuan bi cac dung dich dién
ly nén (BGE) bao gém: axit acetic, axit lactic, axit citric,
axit succinic va polyethylene glycol (PEG) 10000.

Thiét bi

H¢ dién di mao quan mot kénh van hanh béng tay duogc
su dung trong tat ca cac thi nghiém. Thiét bi nay bao gdm
mot ngudn cao thé £30 kV (Spellman, Anh), bo ghi dir lidu
e-corder (eDAQ, Uc) va detector C*D (eDAQ, Uc). Mao
quan st dung trén thiét bi 1a mao quan silica nong chay
(BGB Analytik AG, Switzerland) c6 duong kinh trong 25
pm, chiu dai tong 60 cm va chiéu dai hiéu dung 1a 49
cm. Trude khi st dung 1an dau hodc khi c6 su thay doi
vé BGE, mao quan dugc xir 1y bang cach day dung dich
NaOH 1M di qua trong 10 phut, sau d6 t6i nudc deion va
cudi cung la dung dich BGE. Nudc deion dugc tao ra tu
thiét bi Simplicity UV (Millipore, USA) dugc sir dung dé
pha ché moi dung dich va pha lodng mau.
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Ld'y méu va xir ly méu

Trong nghién ctru nay, 4 san pham thyc pham bd sung
BCAA dang bot da dugc thu thap tir cac cira hang chuyén
cung cip cac san pham cho nguoi tdp gym trén dia ban
thanh phd Ha Noi. Cac san pham duoc ky hiéu nhu sau:
MI (Xtend BCAA 30 servings), M2 (Xtend Go BCAA 30
servings), M3 (On-Gold Standard BCAA 30 servings) va
M4 (USN BCAA 30 servings). Tir mdi san pham nay, lay
chinh xac 0,5 gam mau, chuyén vao binh dinh muc 50 ml,
thém nuéc deion dén vach va lic k. Pha lodng (125 lan)
dung dich thu dugc nay vdi nudc deion va loc qua mang
loc ¢o kich thuée 16 0,2 pm. Sau do6, 1 ml dung dich sau
khi loc duge st dung dé bom vao hé CE-C*D. Bé tranh sai
s6 ¢6 thé mic phai do sy tron 1dn khong dong déu cua san
pham (khdi lugng ca san pham khé 16n, con khdi lugng
ldy mau twong d6i nho), mdi san pham dugc liy miu 3
1an, mdi 1an dugc phan tich lp 3 1an, két qua thu duoc 1a
gia tri trung binh giita cac 1an lip khac nhau. Dung dich
sau khi hoa tan (nhung chua pha lodng) cua lan 1dy mau
dau tién d6i véi mdi san pham (ky hiéu 1a M1.1, M2.1,
M3.1 va M4.1 tuong ng) dugc phan tich dong thoi bang
phuong phap CE-C*D va HPLC-DAD.

Khao sdt diéu ki¢n phan tich ban diu

Trudce khi tién hanh t6i vu hoa bang md hinh RSM-
CCD, cac khéo sat ban dau duogc thuc hién bé'mg cach tdi
wu ting nhan t6 don 1é nham xac dinh diém & tAm ctia mo
hinh ciing nhu khoang bién thién cua cac yéu té cho phu
hop. Céc diéu kién duoc khao sat bao gém: thanh phan
cua BGE, néng do BGE, dién thé tach va thoi gian bom
mau. Pdi véi thanh phan BGE, 3 dung dich axit ¢ hai
n(‘A)ng do 0,5M va 1,0M da duoc khao sat, bao gém: axit
lactic, axit succinic va axit citric, mdi dung dich axit duoc
bd sung PEG ndng d6 2% (m/v) nham loai bo twong tac
cua nhom silanol (-Si-OH) trén thanh trong cia mao quan
v6i cac amino axit.

Sau khi lya chon dugc thanh phén BGE phu hop, cac
yéu td néng do axit (0,1+1,5M), néng do chat bd trg PEG
(1+4%), dién thé tach (-12+-18 kV) va thoi gian bom mau
(10+60 gidy) dugc khao sat 1an luot nham tim ra diéu kién
phan tich téi uvu ban dau. Cac thong sé duoc sir dung dé
danh gia cac diéu kién phan tich bao gdm dién tich cac
peak va do phan giai gilta hai peak canh nhau la Ile va
Leu.

Téi wu héa diéu kién phan tich dwa trén RSM-CCD

Diéu kién phan tich tdi wu dugc xac dinh mot cach
chinh xac hon bang cach sir dung mé hinh RSM-CCD véi
diém ¢ tam la diéu kién ban dau da tim dugc. Mo hinh
xem xét sy anh huong cua bon yéu t6 anh huong: ndng
d6 BGE (0,5+1,5M), nong d6 PEG (1+3%), dién thé tich
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(-14+-18 kV) va thoi gian bom mau (40+60 gidy); mdi
yéu t duoc chia 1am 5 mirc d6 (-2, -1, 0, +1, va +2). Theo
do, c6 tat ca 30 thi nghiém can tién hanh, bao gé)m 16 thi
nghiém thugc thiét ké yéu td toan phan, 8 thi nghiém &
truc va 6 thi nghiém ¢ tam. Ham muc tiéu duoc lya chon
la do phan giai gitia hai peak Ile va Leu voi ky vong do
phan giai cang 16n cang tét. Bén canh do6, thoi gian phan
tich (tinh theo thoi gian xuat hién cua peak cudi cing,
Leu) ciing dugc stt dung nhu mdt ham muc tié€u thu hai
(tdm quan trong thap hon) véi yéu cau thoi gian di chuyén
ciia Leu nam trong khoang 900-1200 giay.

Két qua thu dugc tir mo hinh duoc danh gia thong qua
p-value hodc F-value ddi voi cac kiém dinh F-test va Lack
of fit test, dong thoi gia tri cua cac ham muyc tiéu tai diéu
kién phan tich t6i vu ma mo hinh dyu doan cling dugc kiém
tra dé dam bao su du doan cua md hinh 1a phu hop voi
thuc té.

Thim dinh phwong phadp

Phuong phép phan tich dugc danh gid thong qua mot
loat cac thong sb: gidi han phat hién (LOD), gidi han dinh
lugng (LOQ), do tuyén tinh (R?), khoang tuyén tinh, do
dung va do chum. Do tuyén tinh va khoang tuyén tinh
duoc danh gia thong qua dudng chuédn thu duoc khi phan
tich lap lai ba 1an ddi v6i ba chat phan tich & 5 mirc nong
do6 5; 10; 15; 20 va 25 mg/l. D6 chum dugc xac dinh bffmg
do 1ap lai (trong ngay) va do tai 1ap (giltta cac ngay khac
nhau) duéi dang d6 1éch chuan twong dbi (RSD) cua dién
tich peak va thoi gian di chuyén. Po lip lai (n=10) thu
duoge tir két qua phan tich trong mot ngay dudi cac didu
kién t6i uu, sir dung dung dich chuin néng d6 10 mg/l
cua mdi chat phan tich. D9 tai lap dugc xac dinh vdi cung
dung dich nhung dugc thyc hién trong 10 ngay lién tiép.
Do ding duge xac dinh thong qua hiéu suat thu hdi (trén
nén nude deion va nén mau that) ¢ hai muc néng do 7,5
va 17,5 mg/l, ddng thoi so sanh két qua phén tich ciia mot
s6 mau trén CE-C*D vé6i phuong phap HPLC-DAD. Céc
mau nay duoc chuin bi nhu da dé cap trong phan xir Iy
mau.

Két qua va ban luan

Két qua khdo sdt diéu ki¢n phén tich ban diu

Két qua khao sdt thanh phan BGE:

Trong dung dich trung tinh, cac BCAA (c6 diém déng
dién pI~6,0) ton tai chu yéu duéi dang mudi ndi khong
mang dién. Dé co thé phan tich duoc biang CE-C*D, diéu
kién tién quyét 1a can chuyén cac BCAA nay vé dudi dang
cation (pH<pK_ ~2,4) hodc dang 9nion (pH>pK ,~9.,6).
Tuy nhién, viéc phan tich trong diéu kién pH cao s& gap
nhiéu khé khin do dong dién di thim thau (EOF) kha 16n,
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lam can tro sy di chuyén cia céc anion can phan tich. Vi
vay, trong nghién ctru nay, cic BGE c¢6 modi truong axit
duoc su dung, bao gém axit lactic, axit succinic va axit
citric, trong d6 mdi loai BGE dugc khao sat ¢ hai nf”)ng do
0,5M va 1,0M. Dé han ché tuong tac cuia cdc amino axit
v6i nhom silanol (-Si-OH) trén bé mat thanh mao quan,
moi dung dich axit dugc bd sung PEG nong d6 2% (m/V)
Céc diéu kién phan tich khac dugc gilt ¢6 dinh, bao gom:
dién thé tach -15 kV, thoi gian bom mau 30 giay.

:[ imVv
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Hinh 1. Dién di db khao sat anh huéng cta thanh phan BGE téi
su phan tach cta cac chat phan tich.

Két qua thu dugc cho théy, viéc su dung cac BGE co
moi trudng axit 1a thich hop khi tit ca cac dung dich axit
duoc khao sat déu cho tin hiéu cua ca ba dbi tugng phan
tich (hinh 1). BGE véi thanh phan axit lactic cho dién tich
peak 16n nhit nhung d6 phan giai gitra hai peak Ile va Leu
lai nho nhét. Trong hai axit con lai, axit citric cho d¢ phan
giai giita Ile/Leu 16n hon ¢ ca hai nong do, do dé, axit
citric duoc lua chon 1am BGE dé phan tich cac BCAA.

Két qua khao sat nong d¢ BGE:

Nong d6 axit citric trong BGE sau d6 dugc tién hanh
khao sat trong khoang 0,1-1,5M nham xac dinh néng do
BGE thich hop nhét. Cac diéu kién khac duoc giir ¢b dinh
nhu trong thi nghiém khao sat vé thanh phan BGE. Hinh
2 thé hién su bién ddi dién tich peak cua cac, chét phan
tich va d¢ phén giai gitra Ile/Leu khi thay doi nong do axit
citric. O nong do citric cao hon, sy tach chat dién ra tot
hon va do phan giai gitra Ile/Leu tang 1én, mac du sy thay
ddi nay 1a khong 16n. Nguoc lai, khi ting nong do axit
citric, dién tich peak c6 xu huéng giam dan va giam kha
nhanh khi ndng d6 thay déi tir 1,0M téi 1,5M. Ly do cua
su bién ddi nay la boi o néng d6 16n, d6 dan cua BGE cao,
lam cho sy chénh Iéch tin hiéu gitra chit phan tich va nén
giam xuéng. Vi vay, néng d6 1,0M cua axit citric duoc lua
chon 14 diéu kién thich hop vi & diéu kién nay, ca dién tich
peak (4 mV.s) va d6 phan giai déu kha tot (1,4) khi so véi
cac diéu kién con lai.

TAP CHI

HOA HOC

ONG NGHE I} Nam 60(10) 10.2018

Khoa hoc Ky thuat va Céng nghé n—

N

Do phan giai

Dién tich pic (mV.s)
70000000008

AN

Z AMMMIMTTTTHNN

%=\,
1.5

(=]
—
>
=
n
—_

P4
o
S
a2
(=1
S
)
x
=
o)
=
=
a
=
ES

=S Val zzaS_Ile S Leu —m=Rs Ile/Leu

Hinh 2. Két qua khdo sat anh hudng ndng d¢ BGE téi dién tich
peak va do phan gidi. Ky hiéu trong hinh: S_Val, S_lle, S_Leu
Ian lugt |a dién tich cla cac peak Valine, Isoleucine va Leucine;
Rs_lle/Leu la do phan gidi gidia hai peak Isoleucine va Leucine.

Két qua khdo sat nong dé PEG:

Cac amino axit ndi chung va cac BCAA ndi riéng co
kha ning tao lién két hydro véi nhom -Si-OH tu do &
thanh trong ctia mao quan, lam can trd kha ning tach chat
trong CE. Nghién ctru nay sir dung PEG nham loai bo anh
huong néu trén ctia nhom silanol. Néng do PEG (m/v)
dugc khéo sat trong khoang 1-4 %, cac diéu kién phan
tich khac dugc gitt khong doi nhu trong khao sat nong
d6 BGE. Két qua trén hinh 3 cho thay, nong d¢6 PEG anh
huong t6i ca do 16n cua dién tich peak 1an do phan giai
gitra Ile/Leu. Dién tich peak cua ca ba chat déu tang khi
tang nong do PEG tir 1% 1én 2%, sau d6 giam dan khi
tiép tuc taing PEG. Xu hudng nay ciing dién ra dbi v6i do
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Hinh 3. K&t qua khao sat anh huéng clia ndng do PEG téi dién
tich peak va dg phan giai. Ky hiéu trong hinh: S_Val, S_lle, S_Leu
1an lugt |a dién tich cla cac peak Valine, Isoleucine va Leucine;
Rs_lle/Leu la do phan gidi gitia hai peak Isoleucine va Leucine.
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phan giai gitra [le/Leu. Bén canh d6, sy c6 mat cia PEG
con lam tang dd nhot cua BGE va lam giam cuong do cua
dong EOF, din dén thoi gian di chuyén cua cac chit phan
tich tang 1én. Tuong ty v6i thi nghiém khao sat ndong do
axit citric, diéu kién PEG 2% duoc lua chon do dap tng
dugc ca vé dién tich peak va do phan giai, dong thoi thoi
gian phan tich khong qua dai.

Két qua khao sat dién thé tach:

Dién thé tach va thoi gian bom miu 14 hai thong sb
hoat dong cua thiét bi dong vai tro quan trong ddi véi su
phan tach chét trong CE va can duoc khao sat mot cach
day du. O dién thé tach co do 16n dudi 12 kV, thoi gian
phan tich thuong kha dai, trong khi d6, do 16n dién thé
tach cao trén 18 kV c6 thé thiéu 6n dinh va gy ra nhidu
nén 16n. Trong nghién ctru nay, dién thé tach dugc khao
sat trong khoang -12 kV t6i -18 kV nham han ché nhiing
anh hudng trén, cac diéu kién khac duoc gilr ¢b dinh.
Theo xu huéng chung, khi tang dién thé tach, do linh dong
clia cac ion 16n hon, ching di chuyén nhanh hon, kéo theo
d6 1a thoi gian di chuyén ngin hon, dién tich peak giam
xubng va do phan giai ting 1én. Cac su bién ddi nay co thé
thdy dugc trén hinh 4. Mic du dién thé -18 kV ¢6 do phan
giai 1on nhat giita hai peak canh nhau l1a Ile va Leu, nhung
diéu kién -16 kV dugc lya chon do c6 d6 phan giai kha tot
(1,4) ddng thoi duong nén 6n dinh hon.
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Hinh 4. Két qua khao sat anh huéng cta dién thé tach téi dién
tich peak va do phan giai. Ky hiéu trong hinh: S_Val, S_lle, S_Leu
1an lugt la dién tich cla cac peak Valine, Isoleucine va Leucine;
Rs_lle/Leu la do phan gidi gita hai peak Isoleucine va Leucine.

Két qua khdo sdt thoi gian bom mau:

Thoi gian bom mau 1a yéu té cudi cung duoc khao
sat va dugc thay dbi tir 10-60 gidy. Khi ting thoi gian
bom mau, luong mau di vao mao quan 16n hon va dién
tich peak tang lén, gop phan dat duoc LOD tét hon. Tuy
nhién, khi lugng chét phan tich 16n, qua trinh khuyéch tan
trong dung dich dién ra nhanh hon, chan peak thuong dan
rong hon va lam giam d6 phan giai ciing nhu tinh tuyén
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tinh. Gifra thoi gian bom mau 50 gidy va 60 gidy, su thay
ddi vé dién tich cac peak ciing nhu d6 phan giai giita Ile/
Leu khong nhiéu, cho thiy luong miu duoc bom vao mao
quan d3 gan bdo hoa. Vi vay, gié tri 50 gidy dugc lya chon
lam diéu kién thoi gian bom mau.

Két qua tir ké hoach héa thwe nghiém

Sau khi xac dinh duoc diéu kién phan tich ban dau,
viée toi uu hoa duoc tién hanh béng ké hoach hoa thuc
nghiém v6i mé hinh RSM-CCD nhim dat duoc diéu kién
phan tich chinh xac hon. Piéu kién phén tich duoc tim
thiy ban dau (BGE la axit citric 1,0M bd sung PEG 2%,
dién thé tach -16 kV va thoi gian bom mau 50 gidy) dugc
st dung lam tdm ctia md hinh. Ddng thoi, qua cac khao sat
trén, khoang bién d6i ciia cac yéu t6 anh hudng ciing dugc
xac dinh: néng do axit gitric (X)) 0,5+1,5M; néng do PEG
(X,) 1,0+3,0%; dién the tach (X,) -14+-18 kV va thoi gian
bom mau (X,) 4060 giéy: Muc tiéu duogc lva chon 1a do
phan giai gitra hai peak gan nhaurlle va Leu (YJ) véi ky
vong gié tri cia Y, cang lén cépg tot. Ngoai ra, dé dap tng
nhu cau phan tich trong thuc te, thoi gian phan tich khong
nén qua dai (<20 phut, tuvong duong vdi 1200 gidy). Mat
khac, qué trinh khao sat ban dau ciing cho thay, thoi gian
di chuyén cua peak cudi cung (Leu) thudng 16n hon 900
gidy. Vi vay, dé dam bao dd chinh xac cho mé hinh, thoi
gian di chuyén cua Leu duoc lua chon lam muc tiéu tha
hai (Y,) v6iky vong do lon cua Y, nam trong khoang 900-
1200 giay (bang 1).

Bang 1. CAc yéu td anh huéng trong mé hinh va cac mic nghién
cliu tuong tng.

Mikc nghién ciru

Yéu t6 anh huong Ih(iyéu ‘},)io’n

¢ ! 2(a) - 0+ 12 (+a)
N6ng d9 axit citric X mol/l 0,5 0,75 1 1,25 1,5
Noéng d PEG X % 1 1,5 2 25 3
Dién thé tach X, kV -14 -15 -6 -17 -18
Thoi gian bom mdu X s 40 45 50 55 60

M0 hinh du doan déi voi cac ham muyc tiéu déu c6 do
tin cay thong ké cao khi cac gia tri p-value ctia mo hinh
choY vay, déu nho hon 020001, ddng thoi gie’i tri p-value
cho phép thur lack-of-fit déu 16n hon 0,1. Két qua ciing
cho thidy méi lién hé gitra ham muc tiéu va cac yéu td
anh huong 1a cac phuong trinh tuyén tinh bac nhat, trong
d6, BGE c6 anh hudng téi ca do phan giai va th0'1 gian di
chuyén (thé hlen thong qua sy co6 mit cua ndng do axit
citric (X) va nong d6 PEG (X)) trong phuong trinh). Cac
su anh huong nay déu cé tac dong duong, khi ting ndng
d6 PEG thi d6 phan giai va thoi gian d1 chuyén ciing ting
1én. Nguoc lai, ting thoi gian bom mau (X ,) s€ lam giam



do phan gidi (Y,), con tang do lon dién thé tach (X,) sé&
lam giam thoi gian di chuyén. Piéu nay la phu hop voi cac
phan tich ¢ trén. Bén canh do6, dién thé tach khong c6 mat
trong phuong trinh ném muc tiéu cua do phan gidi (Y),
con thoi gian bom mau c6 mat trong phuong trinh cua thoi
gian di chuyen (Y,). Su khong anh huong cia thoi gian
borm mau tdi thoi glan di chuyén 1a dé hiéu, trong khi sy
Vang mat cta dién thé tach trong phuong trinh cua Y, ¢
thé ly giai 1a do su thay d6i dién thé tach gay ra su thay
d6i vé ca khoang cach giira cac peak 1an d6 rong cua timg
peak. Sy anh hudng dong thoi theo cung mot chiéu hudng
nay (ting do 16n cua dién thé tich 1am giam khoang cach
peak ciing nhu thu hep chan peak) c6 thé dan tdi sy it thay
ddi ctia @6 phan giai. Cac phuong trinh ctia ham muc tiéu
duoc mo hinh dua ra nhu sau:

Y =1,211+0,259X +0,080X,-0,004X,,
Y,=2347,7+335,5X +38,1X,+95,2X,

Tir cac didu kién trén, thu dugc cac két qua tdi uu tir
mo hinh nhu sau: nong do axit citric 1,11M, nong d6 PEG
2,32%, dién thé tach -16,9 kV va thoi gian bom mau 45
gidy.

Thim dinh quy trinh phdn tich

Sau khi x4c dinh duoc cac diéu kién phén tich tdi wu,
quy trinh s& duoc tham dinh thong qua mot loat thong
sb bao gém: LOD, LOQ, khoang duong chuén va hé sb
tuyén tinh cia duong chuan, do 1ap lai va d¢ tai lap cua
dién tich peak va thoi gian di chuyén ciing nhu hi¢u suit
thu hdi trén cac nén mau khic nhau. Bang 2 trinh bay céc
két qua thu dugc khi danh gia quy trinh phéan tich. LOD

Bang 2. Két qua thim dinh quy trinh phan tich qua cac thong
s0 thong ké.

Chit phan tich Val Ile Leu
LOD (mg/l) 1,2 1,0 0,82
LOQ (mg/l) 4,1 3.4 2,7
Khodng duong chudn (mg/l) ~ 5+25 5+25 5+25
R? 0,996 0,997 0,991

Do lap lai (10 mg/l, n=10)

RSD* (%) 3,3 3,5 4,0

RSD® (%) 0,5 0.5 04

D6 tai lap (10 mg/l, n=10)

RSD* (%) 74 56 6,8
RSD" (%) 1.8 2,1 1,6
H% 9499 91103 93+102

RSD™ d¢ lech chudn tuong doi vé dién tich peak; RSD: d6 léch chudn
tuong ddi vé thai gian di chuyén.
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Khoa hoc Ky thuat va Céng nghé

cua phuong phap nam trong khoang tr 0,82+1,2 mg/l, dap
mg duoc yéu cau kiém soat chat lwong thuc pham b0
sung BCAA do ham luong cic amino axit trong cdc mau
thuc té déu rat cao, khoang 100 mg/g - twong duong véi
khoang 8 mg/I sau khi xtr Iy mau. Pudng chuéin thu dugc
dua trén 5 diém chuén trong khoang 525 mg/l v&i hé sd
tuong quan R? kha tot, 16n hon 0,991. Phuong phap ciing
cho thiy d6 chum t6t khi RSD ddi véi cac thir nghiém vé
d6 lap lai va do tai lap déu tdt, nhé hon 8% ddi voi dién
tich peak va nho hon 3% dbi véi thoi gian di chuyén.

bo dung cua phuorng phap dugc danh gla thong qua
hiéu suét thu hoi (trén nén nudc deion va nén mau that)
cling nhu so sanh voi cac két qua thu duoc khi phan
tich d6i chung cung mot dung dich bang phuong phap
HPLC-DAD. Hiéu suét thu hoi trén ca hai nén mau d6i
véi tat ca cac chat phan tich déu tét, nam trong khoang 90-
110%. Bén canh d6, két qua dbi ching vé ham luong cac
BCAA trong 4 mau thuc giita hai phwong phdp CE-C*D
va HPLC-DAD kha t6t khi d9 1éch giita hai phuong phap
chi nam trong khoang 10%, trir nong d¢ Val va Leu trong
mau M1.1 sai khac lan lugt 1a 11,2% va 13,8% (bang 3).
Su sai khac nay 1a c6 thé chap nhan duoc va cho thay
phuong phap CE-C“D da phat trién hoan toan c6 kha niang
thay thé HPLC-DAD véi muc tiéu phan tich BCAA trong
thyc pham bo sung.

Bang 3. Két qua danh gia do ding clia phuong phap thong qua
phan tich déi chiing biang HPLC.

Ham lugng Val Ham luong Ile do duge Ham lugng Leu
do duwge (mg/l) (mg/l) do duge (mg/l)
Miu
HPLC-  Sai HPLC-  Sai CE-  HPLC- g
ECD by e TP pap wwie cp pap  SHEC

MLL 1491 1341 11,2 1385 1272 89 2819 2477 138

M2.1 1308 1345 28 1285 1440 -108 2465 2521 2,2

M3l 1502 1387 83 1392 1453 42 2684 2866 -0,4

M4l 1157 1188 26 119 1328 98 2355 2591 9,1

a: tinh theo cong thdc (gia tri do dugc theo CE - gia tri do dugc theo
HPLC)/gia tri do dugc theo HPLC * 100 (%).

Két qua phan tich mdu thwe (hinh 5)

Trong nghién ciru nay, 4 mau thyc thudc cac nhin hi¢u
khac nhau da dugc dat mua tur cac cura hang chuyén cung
cép céc san pham thuc phdm bo sung cho ngudi tap thé
hinh (bang 4). Két qua phan tich cho thay, ham lugng theo
cong bd cua nha san xuat kha phu hop véi gia tri do dugc
trong thyc té bang CE-C*D véi su sai khac nhé hon 10%,
ngoai trir ham lwong Val trong mau M1 (16%) va mau
M2 (18%). Piéu nay cho thay thong tin vé ham lu:orng
BCAA cua cic nha cung cdp trong nghién ctru twong ddi
dang tin cay. Ngoai ra, mdc du chua that sy rd rang nhung



s Khoa hoc Ky thuat va Céng nghé

duong nhu cic nha san xuat ¢6 xu huéng b sung nhidu
BCAA hon khi ham lugng BCAA xac dinh dugc cua 3/4
miu déu 16n hon véi ham lugng ghi trén nhin. Cac két
qua thu duogc niy ciing khang dinh kha nang tng dung
ctia phwong phap CE-C“D trong phan tich ddi tuong thuc
pham b sung.

2mv . Leu
N M4

900 950 1000 1050 1100 1150 1200
Thdi gian di chuyén (gidy)

Hinh 5. Dién di do phan tich mau chuin (15 mg/l) va 4 miu
thuc.

Bang 4. K&t qua phan tich mau that.

Ham lugng Val Ham lugng Ile Ham lwgng Leu
Mau Ghi  Dodwpe oo gy Dodupe oo Ghi Dodige o
trén  bang CE- thic  nhin® bang CE- P bang CE- thic
nhin*  C'D* D nhin®  C'D*
ML 1750 2033£95 16 1750 181976 3,9 3500 3778166 79
M2 1750 1905%96 89 1750 1843:92 53 3500 3671198 49
M3 1250 1481+78 18 1250 1365¢67 92 2500 2681486 7.2
M4 1250 1216£59 2.7 1250 1199495 41 2500 2514116 0,5

a: tinh theo mg chét/1 liéu dung (khdi lugng 1 liéu duing ddi vai tiing mau:
M1: 13,26 gam; M2: 14,6 gam; M3: 10 gam; M4: 11 gam).

b: tinh theo cong thic (gia tri do dugc theo CE - gia tri trén nhan)/gia tri
trén nhan * 100 (%).

Bang phuong phap CE-C*D két hop véi viéc ké hoach
hoéa thye nghiém theo mé hinh RSM-CCD, nghién ctru da
xdy dung dugc quy trinh phan tich dong thoi cac BCAA
trong thuc pham bd sung. Quy trinh da duoc ap dung
trong thuc té dé kiém tra chét lugng san pham thyc pham
bd sung BCAA hién c6 trén thi truong, dong thoi tién
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hanh phan tich ddi ching bang phuong phap HPLC. Cac
két qua thu duoc cho thiy phuong phap CE-C*D ¢6 d9 tin
cay tét, thoi gian phén tich trong dbi ngin ma khong can
qua trinh xtr Iy mau bang din xuét hoa phic tap. Dua trén
nhitng co s& ndy, phuong phap CE-C*D c6 thé dugc ng
dung nhdm g6p phan kiém soat chat luong thuc phdm bd
sung BCAA noi riéng va céc loai thyc phdm bo sung noéi
chung trén thi truong.

Nghién ctru nay dugc tai trg bdi Truong Pai hoc Khoa
hoc Tu nhién, Pai hoc Quéc gia Ha Noi thong qua dé tai
ma s6 TN.17.22. Céc tac gia xin tran trong cam on.
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