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Abstract

This study aims to develop a method for simultaneous determination of some monoglyceride (MG) and
diglyceride (DG) emulsifiers including: monoolein (MO), monostearin (MS), monopalmitin (MP), dipalmitin
(DP) in milk by liquid chromatography-mass spectrometry. The sample was ultrasonically extracted with a
solvent mixture of chloroform: methanol (MeOH) in the ratio of 2:1 at 45°C for 30 minutes. The extract was
evaporated, dissolved with MeOH and analyzed on a liquid chromatography-mass spectrometry system with
the following conditions: C18 chromatography column (2.1 mm x 150 mm; 3.5 um), mobile phase was 100%
MeOH, flow rate was 0.3 mL/min, MS detector was in atmospheric pressure chemical ionization mode (APCI).
The method had good specificity, the standard curve had a coefficient of R? > 0.9995. The repeatability was in
the range of 2.54 - 7.21%, the recovery was in the range of 80.4 -99.5%, the limit of detection (LOD) and limit
of quantification (LOQ) of the method were 0.6 mg/kg and 0.2 mg/kg for MO, MP, MS, respectively; 0.15
mg/kg and 0.5 mg/kg for DP. The method was applied to analyze the emulsifiers in 20 different milk samples
collected in Hanoi. The total content of 04 emulsifiers ranged from 4.51 - 42.2 mg/kg for powder milk and 4.67
- 12.6 mg/kg for liquid milk.
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Nghién ciiu phuong phap xac dinh dong thai mot s chat nhii hoa monoglyceride va
diglyceride trong siia hang ki thuat sac ky 1ong khai pho

Vii Thi Trang!, P§ Tricc Quynh', Nguyén Vin Thoan?, Lé Thi Hong Hao', Lé Thi Thuy'
1Vién Kiém nghiém an toan vé sinh thuc phcfm quéc gia, Ha Noi, Viét Nam
2Truwong Pai hoc Duoc Ha Noi, Ha Ngi, Viét Nam
Tém tit

Nghién ctru nay nhim xay dung phuong phép xac dinh déng thoi mot s6 chat nhii hoa monoglyceride (MG)
va diglyceride (DG) gdbm: monoolein (MO), monostearin (MS), monopalmitin (MP), dipalmitin (DP) trong sita
bang k¥ thuat sic ky long khéi phd. Mau dugc chiét siéu am voi hdn hop dung méi chloroform: methanol
(MeOH) ty 1& 2:1 ¢ nhiét d6 45°C trong thoi gian 30 phut. Dich chiét mau dugc ¢ quay chan khong, dwgc hoa
c¢in v6i MeOH va phan tich trén hé thng sic ky 1ong khdi phd voi didu kién nhu sau: ¢ot sic ky C18 (2,1 mm
x 150 mm; 3,5 pm), pha dong 1a 100% MeOH, tdc do dong 0,3 mL/phut, detector MS theo ché d0 ion hoa hoa
hoc tai 4p sudt khi quyén (APCI+). Phuong phap c6 do dic hiéu tét, duong chudn c6 hé sb xac dinh R? >
0,9995. B¢ ldp lai trong khoang 2,54 - 7,21%, d6 thu hoi trong khoang 80,4 - 99,5%, gidi han phat hién (LOD)
va gidi han dinh lugng (LOQ) cua phuong phap tuong ung 1a 0,06 mg/kg va 0,2 mg/kg cho MO, MP, MS; 0,15
mg/kg va 0,5 mg/kg cho DP. Phuong phéap da duoc ap dung dé phan tich cac chat nhii hoa MG, DG trong 20
mau sira khac nhau duoc thu thap trén dia ban Ha Noi. Téng ham lugng 04 chit nhii hoa MG va DG trong

khoang tir 4,51 - 42,2 mg/kg dbi véi sira bot va 4,67 - 12,6 mg/kg ddi vai sita 1ong.

Tir khéa: monoglyceride, diglyceride, sita, sdc ky long khoi phé.

1. PAT VAN PE

Hién nay, nganh cong nghiép sita dang c6 xu hudng phat trién theo huéng hién dai véi sy da dang va phong
pht ctia céc san phém sita trén thi truong. bé c6 thé duy tri duoc trang thai, két cu, huong vi dac trung va do
6n dinh cta tung san phém, bén canh sy phat trién cua cong ngh¢ san xuét, can ¢ vai tro cia cac chat phu gia
trong d6 c6 chat nhii hoa. Pay 1a phu gia thuc pham dugc bd sung vao thyc pham nham muc dich tao ra hodc
duy tri dang nhil twong ddng nhét ciia hai hay nhiéu thanh phan ctia san pham thuc pham. V& mit héa hoc, chat
nhil hoa ¢6 thanh phan hoa hoc chi yéu duoc ciu thanh tir rugu va este cua acid béo gdm céac phén tir mang
mot phan wa nude va mot phan ky nude. Phan ky nude bao gdm acid béo, trong khi phan ua nudc c6 thé bao
gdm glycerol hodc mot trong nhimg dan xuét este thu dwoc tir phan tmg véi acid hiru co nhu acid lactic, citric,
acetic hodc tartaric,... Trong s cac chat nhii hoa duoc sir dung phd bién 1 monoglyceride (MG) va diglyceride
(DG) cuia cac acid béo duoc ma hoa (E471) ¢6 vai tro chinh 1a giup 6n dinh nhil twong, 1am giam stc cing bé
mit gitra cac giot chat béo, ngan ngira sy tach 10p gitra chat béo va phan nudc trong sira, giup ching dé dang
phan tan va tron 13n voi nhau, tao thanh mot 16p mang bao quanh céc hat béo, ngin chung két hop lai v6i nhau
va tao thanh 16p vang sira. Piéu nay gitp sira c6 ciu trac min, ddng nhét va khong bi tach 16p sau khi san xudt
va bao quan [1-3]. Ham lugng cho phép ctua E471 tir 4000 -5000 mg/kg ddi voi san pham cong thirc dinh
dudng va thuc phdm bd sung cho tré em va muc sir dung tdi da phu gia thuc pham theo thuc hanh san xuét t6t
(Good Manufacturing Practice - GMP) cho mot sé san phdm thyc phim khac [4].

Mic du E471 dugc coi 1a an toan nhung viéc sir dung tran lan hoac khong kiém soét c6 thé gay 16i loan
chuyén hoéa lipid, glucose va gy loan khudn duong rudt [5]. Do d0, can c6 cac bién phap kiém soét chat ché
viéc st dung chét nhii hoa nay trong thuc phém, dac biét la trong cac san phé\m danh cho tré em va nguoi co
strc khoe yéu nhu sita. Vi vay, viéc phat trién cac phuong phap kiém nghiém chinh xac va hiéu qua dé giam
sat ham luong E471 trong sita 1 can thiét dé bao vé strc khoe cong ddng. Tuy nhién, viée phat trién cac phuong
phap nay khong phai la dé dang do: Thir nhét, cac chét nhi hoa trong thyc pham c6 nhidu diém tuong dong vé
mit hoa hoc gy khé khan cho viéc tich va phan biét khi ching c6 mit dong thoi trong hdn hop. Thir hai,
khong c6 mot chét nhii hoa nao c¢6 thanh phan don 16 va hau hét 1a hdn hop khong dong nhét. Thir ba, ban chét
clia chat nhii hoa 1am cho ching kho loai bo khoi protein va carbohydrate céu thanh trong thyc phdm.
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Hinh 1. Céng thitc cdu tao ciia MO (a), MP (b), MS (c), DP (d)

Hién nay, trén thé gisi c6 mot sé phwong phap duoc g dung dé xac dinh chat nhii héa nhu: sic ky 16p
mong hiéu ning cao (HPTLC) [6], sic ky long hiéu nang cao (HPLC - ELSD) [7-9] va HPLC- UV [10], sic
ky khi khéi phd (GC/MS) [11, 12], sdc ky 16ng khéi phd (LC-MS) [13-18]... MG va DG c¢6 ciu tric tuong ty
nhau nén s& gip kho khan dé tach cac chét khi str dung phwong phap HPTLC va HPLC. Néu st dung GC-MS
can qua trinh dan xuat phuc tap dé xac dinh cac MG va DG. Phuong phap LC-MS c6 thé phén tich tryc tiép
cic MG va DG ma khong yéu cau qua trinh tach phirc tap do cac chét ¢ s6 khéi khac nhau. Do d6, nghién ciru
duoc tién hanh nham x4y dung phuong phép sic ky 1ong khdi phd dé xac dinh ddng thdi mot s6 chit nhii hoa
MG va DG. Phuong phap c6 d6 nhay, d6 chon loc va do chinh xac cao.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Pbi twong nghién ctru

04 chét nhii hoa MG va DG gdm: monoolein (MO), monopalmitin (MP), monostearin (MS), dipalmitin
(DP)

Céac mau sita dang bot va dang 1ong durgc thu thap ngau nhién trén thi truong Ha Noi.

2.2. Héa chit va chat chuin

Céc héa chét sir dung trong nghién ciru déu dat tiéu chuan phan tich dung cho sic ky 16ng khdi phd gom:

- Céc chat chudn xuat x{r tir hang Larodan v6i d6 tinh khiét >98% gdm: Monoolein code 31-1810-9, s6 16
221:3, Monostearin code: 31-1800-9, s6 16: A 801:10, Monopalmitin code: 31-1600-9, sb 16: Y 644:9,
Dipalmitin code: 32-1600-9, s6 16: B 493:7

- Cac dung moi, hoa chat khac: Methanol (Merck), acetonitril (Merck), aceton (Fisher), acid formic (Fisher),
isopropanol (Merck), n-butanol (Trung Qudc), chloroform (Fisher), n-hexan (Fisher).

2.3. Thiét bi, dung cu

Thiét bi séc ky long khéi phé Waters Xevo TQ-XS, Cot sdc ky C18 (2,1 mm x 150 mm; 3,5 pm) Welch
Xlimate, bé rung siéu am Elma, bé diéu nhiét Julabo, may c¢6 quay chan khong Evela, may ly tim Hermle
Z383K, may lic Vortex IKA va céc thiét bi, dung cu théng thudng khac trong phong thi nghiém.

2.4. Phuong phap nghién ciru
2.4.1. Phirong phép xir Iy mau

Méu duge dong nhét ky trudce khi thyuc hién phén tich bang cach lic déu ddi vai sira long va tron déu dbi
v6i sira bot. Qua tham khao tai liéu [11, 13-15], cac chét phén tich tan tot trong mot s6 dung mo6i hitu co khac
nhau nhu: chloroform, hon hop chloroform va MeOH, butanol, n-hexan va hon hop n-hexan véi cac dung moi:
isopropanol, aceton v&i céc ty 1¢ khac nhau. Tién hanh khao sat trén cic dung moi trén dé lya chon dung moi
chiét t6t nhat. Do ham lugng chat phan tich trong mau khac nhau, can lya chon lugng can phu hop. Mau dugc
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can chinh xac 0,5 -1 g (d6i v6i mau dang bot) va 2 - 5 g (d6i voi nén mau dang 16ng) vao dng ly tam 50 mL,
thém 30 mL dung méi chiét, lic vortex 1 phut, rung siéu am, ly tim 5 phut, tbc do 6000 vong/phut. Sau do,
dich trong phia trén dugc gan vao binh ¢6 quay 100 mL. Phan can dugc chiét 1ap v6i dung dich chiét trén, gop
dich chiét vao binh c6 quay. Sau d6, tién hanh c6 quay chan khong. Phan can dugc hoa tan trong 10 mL MeOH,
dich chiét duoc loc qua mang loc 0,2 pm vao lo dung mau va tién hanh phén tich trén hé théng LC-MS-APCI.

Mau dung dé khao sat 1a: mau sira bot

Str dung mau bot sita ban thanh pham khong chira chat nhii hoa E471 1am mau tring dé thuc hién cac khao
sat. Mau trang duoc phan tich giong nhu quy trinh ctia mau thir.
2.4.2. Phuong phap phan tich LC-MS

Qua tham khao tai liéu [13, 15], ¢b dinh mét s6 diéu kién phan tich dong thdi MG va DG béang phuong
phap LC-MS nhu sau: cot sic ky Welch Xlimate (2,1 mm x 150 mm; 3,5 um), thé tich tiém 1a 5 uL, detector
MS ché 6 APCI+ véi cac diéu kién duge tdi wu ty dong s dung phan mém cua thiét bi nhu trong Bang 1,
tién hanh khao sat mot sé thong sb nhu: thanh phin pha dong va tc do dong.

Bing 1. Piéu kién khoi phé xdc dinh MG va DG

STT  Chit phan tich  Ion quan sat (m/z) Théng sb GiA tri t6i wu
1 MO 357,3%, Nhiét d6 d¢au phun 350
339.3, Probe temperature (°C)
265,2 Nhiét d6 ngudn 150
Source temperature (°C)
2 MS 341,3* Téc @6 khi loai dung moi 800
359,3 Desolvation gas (L/h)
403,2 Téc d6 khi diu phun 150
(Cone gas Flow) (L/h)
3 MP 331,3* Téc d6 khi va cham 0,15
3133 (Collision gas flow) (mL/phit)
473,3 Nang lugng va cham 4
(Collision energy) (V)
4 DP 551,3* Ning lwong dau phun 15
3383 (Cone) (V)
313,2

(*): lon dinh luong

2.4.3. Phirong phdp tham dinh

Phuong phap phan tich dwgc tham dinh cac thong sé bao gdm: d6 didc hiéu (danh gia mau tring, mau chuén,
mau tring thém chuén), khoang tuyén tinh, dudng chuan, giéi han phat hién (LOD), gi6i han dinh lugng (LOQ),
d6 chum dugc danh gia thong qua do léch chuén tuong dbi (RSD%) khi phén tich lap lai 6 lan (n = 6) trén nén
mau thuc ¢ cing diéu kién phan tich, d6 thu hoi duoc dénh gia bang cach thém chuan tai 3 mic ndng do: thap,
trung binh, cao trong khoang nng d6 lam viéc. Két qua dugc danh gia theo quy dinh cuia AOAC [19] theo céac
mirc ndng do tuong tmg.
3. KET QUA VA BAN LUAN
3.1. Khio sat diéu Kkién tach va dinh lwgng chit nhii hoa MG va DG trén thiét bi sic ky 16ng khéi phd
3.1.1. Khdo sat thanh phan pha déng

Trong phuong phap sic ky, pha dong 1a mot trong nhimg yéu t6 quan trong anh hudng nhiéu dén hiéu qua
tach. Pha dong 1a yéu t6 quyét dinh dén higu qua tach sac ky. Nhin chung, pha dong c6 thé anh huong dén: do
chon loc cuia hé pha, thoi gian luu giit cia chit phan tich, do rong pic sic ky,... Tham khao mét sé tai lidu
[10,13] tién hanh khao sat cac hé pha dong ACN; ACN : acid formic (95 : 5); ACN : acid formic (90 : 10);
ACN : acid formic (80 : 20); MeOH : acid formic (80 : 20); MeOH : acid formic (90 : 10); MeOH : acid formic
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(95 : 5); MeOH. Cé dinh cac diéu kién chiét mau gdm lugng mau can 0,5 g, 60 mL dung mdi chiét mau
chloroform : MeOH (2 : 1), nhiét do chiét 45°C, thoi gian chiét mau 30 phut, diéu kién khéi phé nhu Bang 1.

Két qué cho thay khi ding ACN, pic DP cho tin hi¢u thép, nén nhidu. Khi ding MeOH cho tin higu cac
chét ddu can xung va dap tmg tot. Thoi gian luu khi sir dung dung méi ACN dai hon so v6i khi sir dung MeOH
(15,64 phut > 9,55 phut). Khi stt dung MeOH va acid formic 0,1% véi ty 1€ 5%, 10%, 20%, tin hi¢u thu dugc
clia cac chat phan tich kém hon khi str dung MeOH. Ngoai ra dung moi MeOH ciing rat pho bién trong phong
thi nghiém, d& bay hoi, phit hop v6i ché d6 APCI. Do d6 dung mbi MeOH duoc chon 1a pha dong cho quy
trinh phan tich. Sic d6 phan tich MG va DG sir dung pha dong MeOH dugc thé hién tai Hinh 2.

2025193spl 86 Smooth(hin,3x4) SIR of 14 channels AP+ 2025193spl 86 Smooth(Mn,3x4) SIR of 14 channels AP+
e o std4 3313
i 5.809e+007
1 ’mogogem ° B _mono palmitin (1) 2.813e+007
9173305.00 2.16
851558 454452200
3784.99
% 9%
0 l min TFT T T AT P P AT T T P T A T PP T e e e min
20 4.0 6.0 8.0 10.0 12.0 14.0 2.0 40 6.0 8.0 10.0 12.0 14.0

(a) Séc d6 chuan MO

(b) Sic d6 chuan MP

20251935pl 86 Smooth(n,3x4) SIR of 14 channels AP+ 2025193spl 86 Smooth(Mn, 10x10) SIR of 14 channels, AP+
std 4 3413 std4 551.3
i 4.716e+007
7mon§;;eann . dipalmitin (1)_ 1.104e+007
8120993.50 9.52
1912.79 5567738.00
234310
% %
0.01
) e el T 12 ST R S I T T R AT min
20 4.0 6.0 8.0 10.0 120 140 20 40 6.0 8.0 10.0 12.0 14.0

(¢) Séc d6 chuan MS (d) Séc do chuén DP
Hinh 2. Sic d6 phan tich MG va DG sit dung pha déng MeOH

3.1.2. Khdo sdt toc dp dong

Tbc d6 dong ciing 1a mot trong nhitng yéu td anh huéng dén thoi gian luu cia chit phan tich. Téc d6 qua
cham 1am kéo dai thoi gian phan tich, ¢6 thé anh huong dén d6 rong chan pic, qua nhanh c6 thé giy ting ap
sut cot. Do sur dung c6t c6 kich thudce hat nho (3,5 pm), tién hanh khao sat toc do dong ¢ cac mirc 0,2; 0,25;
0,3; 0,35; 0,4 mL/phut. Khi téc d6 dong 16n hon 0,3 mL/phit, thoi gian luu cua 3 chit MO, MS, MP qué ngin
(< 2 phuat), khi tbc d6 dong nhé hon 0,3 mL/phut, thoi gian luu cia DP kéo dai (10 phit). Do d6 Iua chon tdc
d6 dong 0,3 mL/phit dé thyc hién cac nghién ctru tiép theo.
3.2. Khio sat quy trinh xir Iy mu
3.2.1. Khdo sdt dung méi chiét

Qua tham khéo tai li¢u [10, 11, 13-18], cdc dung mdi duoc lya chon dé khao sat g(“)m n-butanol, n-
hexan:isopropanol (90:10), n-hexan:aceton (1:1), chloroform:MeOH (2:1). Viéc khao sat dugc thyc hién trén
nén mau sita bot c6 chira cac chat nhii hda. C6 dinh cac diéu kién chiét mau g(“)m lwong mau can 0,5 g, st dung
60 mL dung moéi chiét, nhiét do chiét 45°C, thoi gian chiét mau 30 phat va tién hanh chiét lap 2 1an. Két qua
khao sit dugc thé hién & Hinh 3.
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Hinh 3. Két qua khao sat dung méi chiét

Theo két qua phén tich trén, khi sir dung hé dung méi chloroform:MeOH (2:1) thu duge ham lugng MO,
MS, MP, DP cao nhét so véi cac dung moi con lai. biéu nay co thé dugc giai thich dya trén dac diém cu tric
va do tan cta 4 chat nghién ctru. Khi sir dung dung méi kém phén cuc 1a MeOH va chloroform cho két qua
ham lugng cao hon so véi cac dung moéi phan cuc va khong phan cuc khac. Hon nira, viéc cd quay loai dung
moi chloroform:MeOH (2:1) nhanh hon so v&i n-butanol (diém s6i cia chloroform, MeOH, n-butanol 1an lugt
la 61,15°C; 64,7°C; 117,7°C) nén tiét kiem duoc thoi gian phan tich. Do d6, dung méi nay dugc lya chon dé
thue hién cac khao sat tiép theo.
3.2.2. Khdo sat nhiét d6 chiét mdu

Nhiét do 1a yéu t6 anh huong dén d6 tan va kha ning tach cua cac chit phan tich ra khoi nén mau. Do do,
nghién ctru nay tién hanh khao sat cac nhiét do chiét mau khac nhau gém: nhiét d6 phong (25 + 5°C), 45°C,
60°C, 75°C. C6 dinh cac diéu kién khac nhu: lugng mau can 0,5g, 60 mL dung moi chiét chloroform:MeOH
(2:1), thoi gian chiét 30 phut, s 1an chiét 2 1an. Két qua khao sat thu duoc trong Hinh 4.

25
< 20 /
=4
D s '/\‘\‘
2
o 10 T S—
= / —
g 5
B
o

0
25+5°C 45 °C 60 °C 75 °C
Nhiét d6 (-C)
=@=N(0O =0=MS =0=MNP DP

Hinh 4. Két qud khao sat nhiét do chiét méu
Tir két qua trong Hinh 4 cho thiy, ham lugng chét phan tich thu dwoc ting 1én khi tang nhiét do chiét tir
nhiét 9 phong 1én 45°C va thay doi khong dang ké khi tiép tuc ting nhiét @6 60°C. Tuy nhién néu tiép tuc tang
nhiét o 75°C thi ham lugng chét phén tich thu dwgc c6 xu huéng giam dan. Diéu nay c¢6 thé giai thich do khi
tang nhiét d6 thi kha ning hoa tan cia cac chit phan tich ting 1én. Do nhiét do sbi cua chloroform va MeOH
khoang 60°C nén dung méi bay hoi va c6 thé cu6n theo chat phan tich din dén lam giam ham lugng chat phan
tich thu dwoc. Vi vay, nhiét do phui hop dé chiét chét phan tich ra khoi nén mau 1a 45°C.
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3.2.3. Khdo sat thoi gian chiét mau
Thoi gian chiét ciing 1a mot yéu t6 quan trong nhdm thu dugc hiéu suat chiét cao nhét. Cac muc thoi gian
chiét duoc lua chon dé khao sat 1a 15 phut, 30 phut, 60 phut trén nén mau sita bot. Két qua dugc thé hién trong

Hinh 5.

30

25
B 20
=y
E 15
on
g 10
=
g 5
]
0

30
Thoi gian (phut)

EMO =MS EMP mDP

Hinh 5. Két qua khao sdt thoi gian chiét

Tir hinh trén cho thdy ham luong cac chét phan tich cao n’hét 6 khoang thoi gian chiét 30 phut va thay d6i
khérng dang ke khi tang thoi gian chiét 60 phl’lt.' Do do, dé tiét kiém thoi gian va dam bao hi¢u qua, thoi gian
chiét 30 phut dugc lya chon cho cac khao sat tiép theo.
3.2.4. Khao sdt sé lan chiét lap lai

Dé’ dam bao chét phé’n Eich dl{qc chiét trié‘t dé ra khoi 1‘1én m?tu, qua trinh chiét 1ap 1a can thiét. Nghién ciru
nay tién hanh khao sat so lan chiét 1ap lai: 1 1an, 2 1an, 3 lan. K&t qua dugc trinh bay trong Hinh 6.

30

25

20
1
1
-l I |
0
1 2 3

So lan chiét

(9]

Ham luvgng (mg/kg)
(e

EMO mMS =MP =DP

Hinh 6. Két qua khao sat sé lan chiét lgp lai

Két qua phén tich trong Hinh 6 cho thiy: Khi ting s6 1an chiét tir 1 dén 2 lan, luong chat phén tich thu
dugc ting 1én va thay d6i khong dang ké khi tién hanh chiét lap lai 3 l1an. Vi vay, dé tiét kiém thoi gian ciing
nhu hoa chit ma van dam bao két qua chiét miu thi nghién ctru lya chon chiét lap lai 2 lan.

Tom lai, diéu kién phan tich mau duge lua chon bao g@)m: mau duge chiét lap 2 1§n, mdi 1an véi 30 mL
dung moi chloroform: MeOH = 2:1 trong thoi gian 15 phut ¢ nhiét d¢ 45°C, ly tam, gdp dich chiét vao binh ¢
quay 100 mL, c¢6 quay, hoa cin véi 10 mL MeOH, loc mau qua mang 0,2 um va phan tich trén hé théng LC-
MS su dung c6t C18 (2,1 mm x 150 mm; 3,5 um), pha dong 100% MeOH, thé tich tiém mau 5 pL, detector
MS - APCI+.
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3.3. Thim dinh phwong phap
3.3.1. B¢ dac hiéu

Tién hanh phan tich miu trang (bt sita ban thanh pham), mau chuan, bot sita ban thanh pham thém chuan.
Két qua thu dugc trong Bang 2 va Hinh 7 cho thiy d dic hiéu ctia phuong phap dap tmg yéu cau theo EU
2021/808 v&i 4 diém nhan dang (IP). Chénh 1éch thoi gian luu ctia miu thém chuén véi chuan khong qua 0,1
phit, mau trang khong cho tin higu ciia chat phan tich.

Bing 2. Két qua khdo sdt dp ddc hiéu ciia phwong phdp

Nén mau

Thoi gian luu (phut)

MO MS

MP DP

Mau trang (B0t sita ban thanh pham)

Chét chuin

B0t sita ban thanh pham thém chuan
Thoi gian sai 1éch (phut)

Quy dinh

2,17
2,12
0,05

Khong xuét hién tin hiéu
2,54
2,49
0,05

2,17
2,08
0,09

9,59
9,52
0,07

<=+ 0,1 phtt

2025193spl 82 Smooth(Vn,5:6)

SIR of 8 channels
bla ‘

050 5552

224
241386 449 611 649

_A.98 686
7
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8.\
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151 1.765e+00
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bla 32

914 122 8.378ew
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2025193spl 82 Smooth(Mn,10x10)

SIR of 8 channels.
bla 5

001 2.378e4
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357.%
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16807192.00
2352552
%
0 - mit
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3313

_mono palmitin 527804007
9288367.00
1150088
%
0 IBAARswams AL T T min
200 400 600 8.00
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2025193spl 84 Smooth(Mn,3x4) SIR of 14 channels Al
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dipalmitin (1)_ 4.703e+0
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22440996.00
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%
3 T T T T R Siaanasaalli ]
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3313
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208

965728.00
298.70
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Hinh 7. Sac d6 khdo sat @6 dic hiéu ciia phirong phdp
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3.3.2. Khdo sat khodng tuyén tinh, xdy dung dwong chudn, xdc dinh LOD, LOQ

Khoang tuyén tinh dugc xay dung trong khoang 5-5000 pg/L. Pudng chuan cta 4 chat nhii hoa dugc xay
dung trong khoang ndng d6 10 - 2000 pg/L. Gidi han phat hién (LOD) duoc xac dinh bang cach phan tich mau
sita bot c6 ndng do thip. Xac dinh gia tri S/N sir dung phan mém thiét bi. Trong dé, tin hiéu duoc tinh 13 chidu
cao cua peak, nhidu duoc tinh 14 chiéu cao ctia nhidu duong nén. Nhiu duong nén duoc tinh vé hai phia ciia
dudng nén véi bé rong mdi bén gap khoang 10 1an chidu rong ctia peak tai nira chiéu cao. Gi6i han phat hién
1a ndng d6 tai d6 co ty 18 S/N bang 3. Gi6i han dinh luong dugc xac dinh vai ty 16 S/N bang 10. Két qua dugc
thé hién trong Bang 3.

Bing 3. Két qua phwong trinh dwong chudn, LOD, LOQ ciia phirong phdp

Chit phan Phuong trinh Hé so xac dinh P9 chéch bias LOD LOQ
tich dwong chuin R? (%) (mg/kg) (mg/kg)
MO y=18430x -9337,2 1,0000 2,59+ 7,82 0,06 0,20
MS y = 16366x — 6270,4 0,9996 -13,9 = 6,65 0,06 0,20
MP y=8904,6x -359,3 0,9995 10,2+ 3,71 0,06 0,20
DP y = 11226x —3367,0 0,9999 2,62+ 11,8 0,15 0,50

Két qua ¢ Bang 3 cho théy, hé sb xac dinh dat R? >0,9995, ching t6 mbi quan hé tuyén tinh t6t gitta tin
hiéu thu dugc va ndng do chat phan tich, do chéch cua cac diém xay dung dudng chudn < 15% dat yéu ciu cua
AOAC [19]. Céc gia tri LOD, LOQ dat dugc cua MO, MS, MP tuong tng 1a 0,06 mg/kg va 0,20 mg/kg, cua
DP tuong ung 1a 0,15 mg/kg va 0,50 mg/kg.

3.3.3. Do chum va do dung cua phwong phap

Do chum cua phuong phap dugc danh gia qua do 1ap lai (d¢ léch chuin tuong ddi RSD\%, n = 6) va do
dung duoc dénh gia qua d¢ thu hdi R% bang cach thém chuan & 3 mirc ndng d6 khac nhau dé thu duge nong
d6 twong g véi diém dau, diém cudi va gitra dwdong chuén. Tién hanh thyc hién trén 2 nén mau sira khac
nhau: sita bot va sita 1ong. Két qua dugc trinh bay trong Béng 4.

Bing 4. Két qua danh gia d6 1ap lai (RSD,%) va dg thu hoi (R%) ciia phwong phap

L Do Lip lai (RSD:%) Do thu hdi (R%)

Chi tiéu/Nén mau

Sira bt Sira 16ng Sira bot Sira 16ng
MO 2,94 7,21 84,5-99,0 82,5-99,5
MP 2,56 6,98 81,5-98,9 80,6-99,2
MS 5,82 5,76 81,7-100 83,6 — 99,5
DP 2,54 7,14 80,4-98,8 82,3-99,0
Yéu chu AOAC <73 <73 80 -110 80 -110

Két qua thé hién trong Bang 4 cho thiy, d6 lap lai va do thu hdi cac chat nhii hoa MG va DG déu dat so
v6i yéu cau caa AOAC [19]. Phuong phéap phu hop dé phén tich cc chat nhii hod trong cac san phdm sita.
3.4. Ap dung phwong phap dé phan tich miu

Phuong phép sau khi dugc tham dinh dép tng cac yéu cau dugc ap dung dé phan tich 20 mau sita thu thap
trén thi truong Ha Noi. K&t qua phan tich dwoc thé hién trong Bang 5 va Hinh 8.

Két qua phan tich trong Hinh 8 cho thdy: 100% cac mau sita thu thap dugc co chira chat nhii hoda MG va
DG va c6 su chénh léch nhau vé ham luong. Sy chénh léch nay phan anh thyc t& cac nha san xudt c6 thé st
dung nhiéu nhém chét nhii hoa khac nhau dung vdi ti 1€ khac nhau dé dat duoc hiéu quéa nhii hoa mong mudn
va tao nén sy da dang ciia cic san pham sira.
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Bing 5. Két qua phan tich MG va DG trong nén mau sita

Ham lwong chit phén tich trong nén miu sira (mg/kg)

Nén miu MO MS MP DP Tong
SBI 2,45 1,01 3,06 2,52 9,03
SB2 3,65 0,89 3,46 1,53 9,53
SB3 3,46 3,48 7,58 2,03 16,6
SB4 1,50 3,85 9,51 5,38 20,2
SB5 0,99 4,03 10,4 1,99 17,5
SB6 7,69 8,46 15,1 12,92 442
SB7 0,82 0,66 1,24 1,79 4,51
SBS 1,74 1,69 3,07 3,35 9,86
SB9 2,50 3,76 9,85 1,32 17,4
SBI0 0,12 5,77 23,1 1,04 30,0
SL1 1,06 2,35 3,56 1,45 8,42
SL2 1,42 2,30 7,98 0,90 12,6
SL3 1,91 1,29 5,36 1,19 9,75
SL4 1,65 2,82 3,42 1,01 8,90
SL5 1,25 1,88 3,52 2,94 9,59
SL6 1,39 3,87 0,68 2,18 8,12
SL7 1,12 0,99 1,54 1,02 4,67
SL8 1,15 1,72 1,08 1,10 5,05
SL9 2,11 1,05 1,45 1,85 6,46
SL10 0,90 2,24 1,47 1,67 6,28

Ghi chu: SB: Sita bot SL. Sita long

152872.47 289647.94
57.17 17225

11.08
1071 1
11.97

29

L R i A ]

spl 495 Smooth(Vn 5x6) SIR of 14 channels AP+ spl 495 Smooth(Mn,5x6) SIR of 14 channels AP+
3313 5513

mono palmitin_ 4.076€+006 0.6426+003

257.96

7.81 958
7 81188

6

Hinh 8. Sac do phan tich MG va DG trong nén mau sita bot
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Téng ham lugng 04 chit nhii hoa MG va DG trong khoang tir 4,51 - 42,2 mg/kg dbi véi sita bot va 4,67 -
12,6 mg/kg ddi voi sita long. Cac két qua nay déu dap {g vé gidi han cho phép cuia chat nhii hoa quy dinh tai
Thong tu 24/2019/TT-BYT. Nghién ctru da gop phan vao viéc xay dung phuong phap phan tich dé xac dinh
ham luong nhém MG va DG ndi riéng, chat nhii hoa néi chung, tir d6 gitp kiém soat tét nhom chat nay trong
thyc pham.

4. KET LUAN

Nghién ctru d thanh cong trong viéc xdy dung phuong phép xac dinh dong thoi mot sé chat nhii hoa MG
va DG trong mau sita bang phuong phép séc ky 1ong khdi phd. Quy trinh phén tich da duoc khao sat tdi uu.
Phuong phap c¢6 d6 nhay cao va da dugc tham dinh dép tng yéu cau cia AOAC. Phuong phap da duogc ap
dung dé phan tich dong thoi ham lugng cac chat nhii hoa trong 20 mau sira bot, sita 1ong khac nhau. Nghién
ciru sé tiép tuc dugc mé rong dé xac dinh déng thoi cac chat nhii hoa trong cac loai mau thuc phém khac.
LOI CAM ON

Nghién ctru nay dugc tai trg boi Vién kiém nghiém an toan vé sinh thuc pham Qudc gia, trong dé tai ma s6
NIFC.DTCS.23.05.
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