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TOM TAT

Trong nghién ctvu nay, phwong phap sac ky 1dng ghép khéi phd hai lan (LC-MS/MS) dugc phat trién va ap dung
vao phan tich mét s6 amin sinh hoc trong rwou vang. Histamine, tyramine, tryptamine, phenylethylamine, putrescine,
cadaverine, ethanolamine, 5-hydroxyltryptamine dwoc phan tich béng phwong phap LC-MS/MS st dung cét tach
HILIC & tach trwc tiép cac amin sinh hoc khéng qua bwéc dan xuat hoa hoc. Cac théng sé quan trong phwong phap
phéan tich nhw lwa chon ion me, ion con, nang lwong va cham, thanh phan pha dong... dwgc khao sat va tdi wu hoa.
Khoang tuyén tinh dwoc thwe hién ndm trong khoang tir 5 dén 7.000 ug/l, hé sé twong quan R? > 0,995; giGi han
phat hién (LOD) va gi&i han dinh lwong (LOQ) clia phuong phap twong (rng ndm trong khoang 0,4 -31,0 ug/l va 1,3-
103,3 ug/l. D6 1&p lai va do tai 13p clia phwong phap twong tring ndm trong khoang 1,3-4,8% va 2,8-5,0%. Hiéu suét
thu hdi ctia phwong phap 1a 80,2-100,6%. Phwong phap LC-MS/MS da duoc ing dung dé phan tich 8 amin sinh hoc
trong 5 mau rwou vang thu thap trén thi trweng. Két qua téng ham lweng clia cac amin sinh hoc dao déng tir 1.088-
3.394 ug/l. Trong d6 ham Iwgng histamine, amin sinh hoc dang dwgc quan tdm nhéat, xuét hién trong tat ca cac mau
phan tich nhung ham Iwgng clia né ndm trong ngwdng an toan theo tiéu chuan ctia EFSA.

Ttr khéa: Amin sinh hoc, rwou vang, phé khoi lwgng MS/MS, HILIC, xac nhan gia tri st dung.

Analysis of Biogenic Amine in Wine by Liquid Chromatography
in Combination with Tandem Mass Spectrometry (LC-MS/MS)

ABSTRACT

In this work, liquid chromatography in combination with tandem mass spectrometry (LC-MS/MS) was developed
and applied to analyze biogenic amines in wine. Histamine, tyramine, tryptamine, phenylethylamine, putrescine,
cadaverine, ethanolamine, and 5-hydroxyltryptamine were directly analyzed by LC-MS/MS using a HILIC column
without a pre-column chemical derivatization step. Some critical parameters affecting the selectivity and sensitivity of
method such as selection of precursor and product ions, collision energy, component of mobile phase... were
investigated and optimized. Linearity range was established from 5 to 7.000 ug/l association with regression
coefficient R? > 0.995; The limit of detection (LOD) and limit of quantification (LOQ) of the method were 0.4-31.0 pg/l
and 1.3-103.3 pgl/l, respectively. Relative standard deviation of repeatability and reproducibility were in the range of
1.3-4.8% and 2.8-5.0%, respectively. The recovery of 8 biogenic amines was from 80.2% to 100.6%. The validated
LC-MS/MS method was then applied to analyze 8 biogenic amines in 5 wine samples collected on the local market.
Experimental results indicated that total biogenic amines range from 1,088-3,394 pug/l in analyzed samples.
Histamine, considered as the most toxic and food safety relevant, was presents in all analyzed samples. However,
the concentration of this compound in all analyzed samples was below the safe level according to EFSA.

Keywords: Biogenic amines, wine, LC-MS/MS, HILIC, validation of analytical method.

o o N ngudn goc tit chau Au va duge sdn xuét tit qua
1. AT VAN DE

trinh 1én men hoa quéa, da phén la ti nho. Trén
Rugu vang la mot loai d6 uéng c6 con c6  thé gidi, rugu vang da duge st dung cach day
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hon 2.000 ndm. Rugu vang da dudc chiing minh
14 khi st dung mot lugng cho phép sé cé 1di cho
stic khée tim mach (Apostolidou & cs., 2015).
Trong qué trinh hoi nhap, rugu vang ngay cang
dude ua chudng tai thi truong Viét Nam, theo
béo céo téng quan gan day nhit, thang 4 nim
2023, thi trudng rudu vang tang 0,29% (Téng
cuc Thong ké, 2023). Tuy nhién. khi dung nap
mét lugng 16n rugu vang c6 thé din t6i hién
tuong di dng va dau nta dau. Hai hién tugng
nay xay ra khi co thé dung nap qua nhiéu amin
sinh hoc (Jackson, 2008). Do vay, ham lugng
amin sinh hoc trong rugu vang duge quan tam
t6i nhiéu hon trong nhiing nam gan day duéi
gbc d6 an toan thuc phdm. Amin sinh hoc 1a cac
hop chat nito hitu co c6 khoi lugng phan ti thap,
duge hinh thanh trong qua trinh trao d8i chét
cua sinh vat (Romano & cs., 2007). Cac amine
sinh hoc 1a cac bazc hitu c¢o ¢6 cau tric khong
vong, vong thom hodc di vong c6 thé duge tim
thdy trong mét s loai thuc phdm (Silla, 1996).
Mot s6 cac amine sinh hoc nhu histamine,
tyramine, tryptamine, phenylethylamine,.. khi
dung nap qué ngudng cho phép sé giy ra nhiéu
triéu chiing c6 hai cho nguai tiéu dung nhu dau
dAu, tiéu chay, nén mua, di Gng, ting nhip tim,
tang va giam huyét ap (Saha & cs., 2024). Trong
qua trinh l1én men tao vang, ngoai cac san phim
chinh nhu CO, va rugu, ching con sinh ra cac
san phadm tht c4p nhu amin sinh hoc (Haseeb &
cs., 2019).

Hién nay, nhiéu phuong phap phan tich
ham lugng amin sinh hoc trong thuc phdm da
duge nghién ctu va phat trién nhu phuong
phap UV-Vis, sic ky 16ng hiéu nang cao st
dung c6t tach pha dao dung detector UV-Vis,
detector huynh quang, sic ky khi, sic ky long
ghép v6i phd khéi hai 1an (Tasev & cs., 2017;
Tiris & cs., 2023). Amin sinh hoc cling dugc
phan tich bing GC-MS sau khi d& chuyén cac
hgp chat nay thanh cac hgp chat dé bay hoi va
bén nhiét st dung chat din xuat héa thich
hop(Fabjanowicz & cs., 2022). Do cac hdp chat
nay kém hodc khong bi luu git trén cot tach
pha ddo. Cac hgp chat amin sinh hoc thudng
dude dan xuédt héa héa hoc nhim ting kha
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ning luu gitt trén cot tach pha ddo cling nhu
tang d6 nhay ctia phuong phap. Hau hét déu
dua vao viéc tach cac amin sinh hoc trén cot
tach sau khi da dan xuét héa bang tac nhan
héa hoc thich hgp nhu OPA, Dynascyl (Liu &
cs., 2020; Manetta & cs., 2016; Milheiro & cs.,
2019). Nhuge diém chinh cia phan tdng din
xudt héa 1a kho kiém soat hiéu sudt ctia phan
ting, dac biét la trong nén mau phtic tap nhu
mau thuc phédm, do d6 thudng lam ting do
khong dam bao do ctia phuong phap phéan tich.
Muc tiéu cta nghién ctu nay la phat trién
phuong phap dung cho phan tich truc tiép
amin sinh hoc khéng budc dan xuat héa.

Do d6, nghién cttu nay tap trung vao phat
trién phuong phap phén tich cic amin sinh hoc
trong miu rugu vang bing sic ky 16ng hiéu
niang cao st dung detector phé khéi lugng
(LC-MS/MS). Tt cau tric héa hoc cia cac amin
sinh hoc, cac chit nay c6 do6 phan cyc 16n nén
khong ho#c kém luu giii trén cot tich pha dao.
Vi vay, cd ché& tach HILIC vé6i wu diém 1a tach va
luu giti to6t chat phan cuc duge st dung. Khac
véi séc ky pha dao ma trong pha tinh khéng
phan cuc va pha dong phan cuc, véi HILIC ca
pha tinh va pha déng déu phan cuc. Co ché tach
chinh dudc cho 1a su phan bé ctia chit phan tich
gitta pha dong c6 chtia ham lugng dung méi hiiu
co cao va 16p nuéc bi hap phu trén bé mat pha
tinh. Dung méi hiiu co thuong dudc st dung la
acetonitrile va dung moi1 nay hoan toan thich
hop cho phép do phé khéi lugng. Do @6, cac amin
sinh hoc trong mau rugu vang dudc tach truc
ti€p bang sic ky 1éng véi cot tach HILIC st
dung pha déng c6 chita amoni acetate va axit
formic. C4c amin sinh hoc sau d6 duge nhan biét
bing phd khéi lugng MS/MS 6 ché d6 do giam
sat chon loc phan tng da ion (MRM: Multiple
Reaction Monitoring). C4c thong s6 quan trong
ctia phuong phap phan tich nhu khodng tuyén
tinh, gi6i han phat hién, giéi han dinh lugng, d6
lap lai, do tai l4p.. dudc khao sat va danh gia.
Phuong phap phan tich sau khi da dudc xac
nhan gia tri st dung dugc ap dung va phan tich
amin sinh hoc trong mau rugu vang thu thap ¢
ngoai thi truong.
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2. PHUONG PHAP NGHIEN CUU
2.1. Hbéa chat

Cac chdt chudn amin sinh hoc bao gém
tyramine (TYR, d6 tinh khiét 99,6%), putrescine
(PUT, 93,7%), cadaverine (CAD, 97%), histamine
(HIS, 98,8%), 2-phenylethylamine (PHE, 98,4%),
tryptamine (TRY, 98,6%), ethanolamine (ETA,
98%), 5-hydroxyltryptamine (5-HT, 98,2%) dudc
mua ti hang CATO Research Chemicals, Trung
Quéc. Dung dich chuén géc don cta cic amin
sinh hoc dudge chuén bi bang cach hoa tan lugng
ch&t chuéin can trude trong dung dich axit HCI
0,1M. Dung dich chuén géc don dudc bao quan
trong 6ng dung miu mau nau va bao quan &
-35°C. Dung dich chudn hén hop dude chuén bi
bing cach tron dung dich chudn géc don trén
trong axit HC1 0,1M. Dung dich lam viéc dugc
pha lodng hang ngay tit dung dich chuin hén
hgp trong axit HCl 0,1M hoéc trong pha dong.
Metanol, acetonitrile (ACN), NH, (28%), axit
formic dic (98%) va amoni axetat loai tinh khiét

dung cho LC-MS dugc mua ti hang Sigma
Aldrich, Singapore.

Pha dong st dung trong LC-MS/MS bao
gdbm hai kénh: kénh A dugc chuén bi bang cach
hoa tan lugng cdn amoni axetat trong nuéc
deion (Merck Millipore, Diic) va diéu chinh té6i
pH thich hgp bing axit formic. Kénh B la
acetonitrile. Pha dong dudc loc qua mang loc
kich thuéc 0,22pm va loai khi hoa tan bing siéu
am trudc khi st dung.

2.2. MAu phan tich

MaAu phéan tich: Mau rudu vang dudc thu
thap tai mot s6 siéu thi tai dia ban huyén Gia
Lam, Ha No61 va dugec ma héa tuong Gng la cac
mau BT, CA, DF, DT va DD. Sau dé mau rugu
vang dudc chuyén dén phong thi nghiém, chai
chtia mau duge 14c déu trude khi chuyén ra éng
falcon polypropylen 15ml. MAu st dung dé phan
tich ngay dudc bdo quan & nhiét d6 4°C. Cac
mau chua phan tich duge bao quan & -35°C.

Bang 1. Diéu kién phan tich amin sinh hoc bang LC-MS/MS

Pai lvong Théng s6
Céc dai lwong sac ky
Cot tach Waters HILIC Xbride (3,5um; 2,1mm x 150mm)
Nhiét dé cot tach 40°C
Pha dong Kénh A: 40mm amoni axetat trong nwéc deion, diéu chinh pH 4 bing axit formic, Kénh B: ACN
Ché db rira giai Gradient pha déng
Tbc d6 pha dong 0,3 ml/phat
Nhiét d6 budng gitr mau 10°C
Thé tich bom mau 3ul
Céc dai lwgng MS
Ngudn ion héa Phun dién ESI

Ché dd ion hda

Nhiét d6 ion héa

Dwong (+ESI)
300°C

Thé ion héa + 4kV
Nhiét dé loai dung mai 525°C
Téc do khi lam kho 10 l/phut
Tc d6 khi tao sol 3 I/phat
Tbc do khi gia nhiét 10 I/phat

Ché do ghi nhan tin hiéu
Ché d6 dinh lwgng

MRM (multiple reaction mornitoring)

Ngoai chuén st dung dién tich pic
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Xur Iy mau: Truée khi xt Iy mau, miu duge
dua vao bé siéu am trong 20 phit dé dudi khi
déng nhat miu. Sau d6, mau dugc lam sach
bing phuong phap chiét pha rén (SPE) st dung
cot chiét trao ddi cation két hgp v6i pha dao (Cot
MCX ctia hang Waters, My, thé tich 3ml 100mg
chat nhoi). Cot SPE dau tién dudc hoat hoa
bing 5ml MeOH, sau d6 bang 5ml nudc deion va
cudi ciing bing 5ml dung dich axit formic trong
nude deion, pH 3. Sau d6, 1ml mAu duge chuyén
lén cot chiét SPE va chat gay anh huéng duge
ria bang nudéc deion. Chat phan tich dudc ria
giai bang dung dich MeOH/NH, 28% (95/5 theo
thé tich) va thu lai. Dung dich ria giai dudc théi
gan kho duéi dong khi N,. Hoa tan mau thu
duge bang 1ml dung dich 90% ACN + 10% nudc
deion. Dung dich mau dudc loc qua mang loc
0,22pum va chuyén vao 6ng chita mau dung cho
b6 bom miu tu dong va phan tich bing
LC-MS/MS. MAu tring dudc chuén bi bang cach
thay mau vang bang nudc deion va tién hanh xu
Iy mau giong nhu ciia mau thuc.

2.3. Phuong phap LC-MS/MS

Hé thong LC-MS/MS model 8050 ctia hang
Shimadzu (Nhat ban) dudc st dung dung dé
phan tich cdc amin sinh hoc. Hé théng sic ky
16ng bao gdém bd loai khi truc tuyén (online) cho
pha dong model DGU 405, bom cao a4p bén kénh
model LC-40D X3, bd tron dung méi a4p sudt
thap, bd bom mau ty dong model SIL40C X3,
budng 6n nhiét cho cot tach model CTO-408S,
phd khéi lugng MS/MS model 8050 kém theo
ngudn ion héa phun dién dudc st dung nhu mot
detector cho sic ky long. Cot sic ky long
Xbridge HILIC (chiéu dai c6t 150mm x duong
kinh trong ct tach 2,1mm x kich thuéc hat nhéi
3,5um ctua hang Waters, M§y) dudc dung dé tach
cac amin sinh hoc. Pha déng bao gébm hai kénh:
kénh A 40 mM amoni axetat trong nudc deion,
diéu chinh pH 4 bang axit formic dic va kénh B
chiia acetonitrile. Chi tiét cidc diéu kién van
hanh ciua LC-MS/MS cho phan tich amin sinh
hoc dugc liét ké trong bang 1.

Cac amin sinh hoc dugc tach st dung
chuong trinh thanh phan pha dong. Chuong
trinh nay dugc cai dit nhu sau: B4t ddu véi 80%
kénh B va 20% kénh A trong khoang 0,5 phiit,
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sau d6 tang lén 80% kénh A va 20% B trong 7
phit va giii tai thanh phan pha déng nay trong
2 phut. Pha déng sau dé quay lai 80% kénh B va
20% kénh A va gifi 6 diéu kién pha dong nay 8
phit dé can bing va hoat hoéa cot tach sic ky
cho lan bom mAu ti€p theo. Phin mém diéu
khién LabSolution, phién ban 5.1.18 (Shimadzu,
Nhat Ban) dung dé thu nhan va xt 1y tin hiéu
ttt hé thong LC-MS/MS dudc st dung.

2.4. X 1y s6 liéu

Phdm mém LabSolution version 5.1.18
(Shimadzu, Nhat Ban) dudc st dung dé toi uu,
diéu khién, thu nhan va xi 1y tin hiéu. Dién tich
pic dugc 14y tich phan k& va st dung dé dinh
lugng cac amin sinh hoc trong mau theo phuong
phéap duong chuén. Su c6 mit cia amin sinh hoc
trong mau phan tich dudc xac dinh déng thoi
bing ba théng s6: thsi gian luu trén cot tach
HILIC, su xuat hién déng thoi cua hai budc
chuyén khai MS/MS va ti 1é tin hiéu tuong ddi (ti
16 ion) ctia hai buéc chuyén khéi nay kém theo d6
khong ddm bao do cho trudc. T4t ca cac thi
nghiém dudc tién hanh lip lai it nhat ba 1an va
gia tri trung binh (dién tich pic, thoi gian luu)
dudc st dung dé danh gia va biéu dién thong qua
d6 léch chuéin tuong d6i. Mau trang dudc st dung
trong xt Iy mau va bom mau trén hé LC-MS/MS
nhim danh gia nhiém chéo trong qua trinh
chuén bi mau phan tich va phan tich mau. Bén
canh d6, s6 liéu thi nghiém dugc xt Iy bang phan
mém Excel 2019 (Microsoft, M§) va Skyline MS
(MacCross Lab, University of Washington, My),

Gi6i han phat hién (LOD) va giéi han dinh
luong (LOQ) dudc xac dinh dua vao ti s6 tin hiéu
(S, chiéu cao pic sfic ky) chia cho nhiéu dudng
nén (N). Nhiéu dudng nén dugc xac dinh & ca
hai phia dudng nén cua pic séc ky chit phan
tich véi bé rong mdi bén toi thiéu gdp 10 lan
chiéu rong ctia pic tai ntia chiéu cao. LOD va
LOQ dugc xac dinh 14 ndng d6 nhé nhat cho ti 1&
S/N tuong ting biang 3 va 10. Trong nghién ctu
nay, ti 1& S/N dugc xac dinh dua vao miu thém
chuén & noéng d6 thap nhit trong dusng chuén,
xti Iy mAu va phan tich bang LC-MS/MS. Db lip
lai cta phuong phap phéan tich duge danh gia
thong quan phan tich lap lai mau 06 lan, dién
tich pic dugec dung dé danh gia va biéu dién
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thong qua dd léch chuén tuong déi. Do tai lap
cluia phuong phap dugc danh gia théng qua phan
tich mau lap lai gitia cac ngay khac nhau (thuc
hién trong 03 ngay, mdi thi nghiém lap lai
05 lan). Hiéu ting nén mau dugc danh gia thong
qua so sanh hé s géc cua hai dudng chuén
trong dung méi va trong nén mau thuc cia cung
mot chat trong cung mot khodng néng do. Hiéu
Gng nén mau dugc tinh theo céng thtc
(ME (%) = 100 x a’/a) trong d6 a’ va a 1a hé s6
goc ctia dudng chudn trong nén miu va trong
dung mé6i. Nén mau dudc coi 1a it anh hudng khi
ME nim trong khoang ti 80-120% (Peters &
cs., 2007). Do chon loc cua phuong phap duge
xéc dinh dua trén diém IPs, su xuét hién cta pic
chat tai cung thoi gian luu trong mau thém
chuén va khong xuét hién cta chit d6 trong
mau trang. Hiéu suét thu héi duge xac dinh dua
trén miu thém chudn & ba néng do, tai nong d6
gi6i han dinh lugng, ba 1lan néng d6 gi6éi han
dinh lugng va ndm lan néng do giéi han dinh
lugng. Ham lugng amin sinh hoc trong mau
rugu vang dudc biéu dién 1a gia tri trung binh
ctia ba 1an phan tich véi don vi pg/l.

3. KET QUA VA THAO LUAN

3.1. T6i wu cac diéu kién phan tich amin
sinh hoc bang LC-MS/MS

Téi vu héa diéu kién MS: Phuong phap
phan tich LC-MS/MS st dung k§ thuat ion héa
phun dién ché& do phan cuc duong (+ESI) dudgc
st dung phan tich amin sinh hoc. Do d6 cac diéu
kién nhu théng s6 cia ngudn ion héa, thong s6
cta ché& do do MS/MS can dudc t6i uu héa nham
thu duge phuong phap do ¢6 d6 nhay va d6 chon
loc cao nhat. Dé khao sat va t6i uu cac diéu kién
cia MS/MS, dung dich chuén chta hén hgp 8
chat amin sinh hoc néng @6 5.000 pg/l trong hén
hop acetonitrile/nude deion (90/10 theo thé tich)
duge st dung. T6i wu héa cac diéu kién cua
MS/MS dugc thuc hién théng qua k§ thuat bom
mau dong chay st dung chit mang gém 50%
kénh A va 50% kénh B 6 téc dd 0,3 ml/phuat. Tu
cong thic héa hoc ctia cac amin sinh hoc, ion me
clia cAc chat phan tich nay 1a ion c6 ti s6 khéi
lugng/dién tich (m/z) trung véi khéi lugng phan
td bi proton héa (IM+H]") trong pha dong co
tinh axit va ché& d6 ion hoéa duong. Céc ion con

duge lua chon bing cach phan manh ion me véi
nang lugng ban pha thich hdp va cac ion con
sinh ra do chon loc va c6 cudng d6 cao nhat tng
v6i mbi amin sinh hoc cu thé. Vi du trudng hgp
cia histamine, khéi Ilugng phan ti la
111,15 g/mol tuong Ging véi cong thi phan ti 1a
C.H,N. sau khi bi ion héa & ché db6 ion hoéa
duong sé hinh thanh ion me c6 t1 s6 m/z 112amu
tuong tng véi cau tao ion [C.H.N.+H]* va ion
nay khi phan manh tao thanh hai ion con cé ti
s6 m/z tuong tng 1a 68amu va 95amu. Hai ion
con dugc hinh hanh ti ion me ctia histamine c6
cong thic héa hoc tuong tng la [C.NH.]'va
[C:H,N,]". Su xuat hién cta ion me va cac ion
con cua histamine da dudc so sanh véi thu vién
phd MS/MS NIST phién ban 2.0 (NIST, Vién
Khoa hoc va Cong nghé, M¥) va trong céng bo
truée day (Gianotti & cs., 2008; Saccani & cs.,
2005). Chi tiét vé cac ion me va ion con cua 8
amin sinh hoc dugc liét ké trong bang 2.

Té6i uu héa diéu kién tach sdc ky: Tu ciu
tric héa hoc ctia cac hgp chat amin sinh hoc, cac
hop ch4t 14 c6 do phan cuc 16n, dic biét 1a c6 thé
tén tai 6 trang thai ion héa trong méi trudng
axit. Vi vay, trong nghién ctiu nay, cot tach sic
ky XBridge HILIC dugc st dung cho phan tich
truc tiép cac amin sinh hoc. Véi cot tach HILIC,
pha dong st dung thudng chita dung méi hiiu co
véi ti 1é cao. Bén canh d6, chat dién ly dé bay hoi
nhu amoni axetat, axit acetic, axit formic... cing
duge thém vao pha dong nham diéu chinh luc
rta giai va pH cua pha dong.

Do d6 thanh phan pha dong dung dé tach
cac amin sinh hoc bao gébm ACN, nuéc deion,
amonium acetate, axit formic. Cac dai lugng
anh hudng téi kha néng luu giti va phan tach
cia cAc amin sinh hoc trén cot tach HILIC gom
pH (gdbm ba diém, pH 5,0, 4,5 va 4,0; thanh
phan pha déng (02 chuong trinh pha dong) dugc
khao sat va danh gia dé dat dugc kha nang luu
gitt va do phan giai sic ky cao nhit. Bén canh
d6, d6 nhay cta phuong phap phén tich ciing la
mot tibu chuén dang dé danh gia va lua chon
cac diéu kién tach. Két qua thuc nghiém chi ra
rang pH t6i uu cho tach cac amin sinh hoc 1a 4.0
va gradient thanh phadn pha déng téi uu la
gradient thanh phin pha dong da trinh bay
trong muc 2.3. Sic d6 LC-MS/MS cta 8 amin
sinh hoc dugc trinh bay 6 hinh 1.
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Bang 2. Cong thiic héa hoc, khéi lugng phén tl, ion me
va ion con ctia amin sinh hoc va cac théng s6 t6i vu ctia phép do MS/MS

Chét Cong thire Khéi lwgng tr Ché do lon me lon con Nang lwgng Dwell time  Tilé ion

phan tich phan t& phan ttr (g/mol) (phut) ion hoa (m/z, Da) (m/z, Da) vacham (eV) (ms) (%)

TRY CioH12N2 160,22 2,1 +ESI 161 144 -10 20 21,0
117 -15 20

PHE CsHiiN 121,18 2,2 +ESI 122 105 -10 20 21,1
77 -35 20

5-HT C1oH12N20 176,22 2,2 +ESI 177 160 -10 20 30,0
115 -16 20

TYR CgH11NO 137,18 2,3 +ESI 138 121 -14 20 26,3
103 -20 20

ETA C.H;NO 61,08 3,1 +ESI 62 44 -14 20 20,4
45 -15 20

HIS CsHgN; 111,15 4,7 +ESI 112 95 -22 20 27,3
68 -25 20

PUT C4H12N; 88,15 6,1 +ESI 89 72 -15 20 11,0
30 -39 20

CAD CsH1aN2 102,18 6,1 +ESI 103 86 -15 20 10,0
69 -24 20

Nhu trinh bay trong hinh 1, cic amin sinh
hoc dugc luu giti va tach t6t trén cot tach HILIC
tot, cac pic thu dudge cé tinh déi xting cao (hé sb
b&t d6i xting nam trong khoang tu 0,94 dén
1,07). Do d6 c6 thé két luan cot tach HILIC dap
ting dugc kha ning phan tach cac hdp chit amin
sinh hoc sti dung pha déng gém kénh A la
40mm amoni axeate va 1% axit formic trong
nudc deion va kénh B 1a acetonitrile. Bén canh
d6, dung méi ding dé hoa tan chdt phan tich
truée khi bom 1én cot tach HILIC ciing anh
hudng dén hiéu qua tach. Hai dung méi hoa tan
mau dudc st dung 1a nuéc va ACN va danh gia
kha nang tach thong qua hinh dang pic sic ky
khi st dung hai dung méi nay. Két qua thuc
nghiém chi ra rang khi st dung ACN, hinh dang
pic sic ky thu dude sic nét hon. Do @6 dung méi
hoa tan chat phan tich duge st dung 14 ACN cho
cac thi nghiém tiép theo.

3.2. Xac nhan gia tri st dung ctia phuong
phap phan tich

Khodng tuyén tinh: Khoang tuyén tinh dugc
khao sat trong khoang néng do tu 0,1 dén
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9,1 mg/l déi véi tat cd amin sinh hoc. Dién tich
pic cta chédt phan tich dugc biéu dién 14 mot
ham tuyén tinh theo nong d§. Khoang néng d9,
phuong trinh héi qui tuyén tinh va hé s6 héi qui
R? dugc liét ké trong bang 3.

Bang 3 cho thay méi tuong quan cao gitia
dién tich va nong d6 chat phan tich, r ctia tit ca
cac chat déu 16n hon 0,997.

LOD va LOQ: Trong nghién ciu nay, ti s6
S/N dugc 18y truc tiép tit phAn mém va duge su
dung dé tinh LOD, LOQ va dudc thuc hién trén
nén mau thuc thémlap 1 chuan. Két qua LOD va
LOQ dugc trinh bay trong bang 3. Giéi han caa
phuong phap LC-MS/MS st dung cot tach
HILIC nidm trong khoang tit 0,4 pg/l dén 31 pg/l
va c6 thé so sanh duge véi do nhay cla cac
phuong phap sic ky pha dao st dung ky thuat
dan xuat héa trude cot tach dung cho phan tich
amin sinh hoc (Gil & cs., 2022; Liu & cs., 2020;
Lourenco & cs., 2022; Yue & cs., 2021). Bén
canh d6, LOD va LOQ nay ciing dt nhay dé
phan tich truc tiép cAc amin sinh hoc trong mau
rugu vang (Cu§ & cs., 2022; Han & cs., 2022;
Niedzwiedz & cs., 2022; Tasev & cs., 2017).
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Hinh 1. Sic d6 LC-MS/MS ctia 8 amin sinh hoc
trong dung dich chuin néng do 1.000 pg/l & diéu kién phan tich téi uvu,
budc chuyén khéi MS/MS va tén chat tuong ing duge chén trong hinh
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Bang 3. Cac dai lugng dac trung cia phuong phap phan tich cac amin sinh hoc
bang LC-MS/MS st dung cét tach HILIC

R e I
TRY Y= 997.497.552x — 700.781 5-6.400 0,9951 2,6 2,8 0,7 2,2
PHE Y =1.180.176.491x — 1.215.986 5-5.000 0,9952 3,8 4,0 0,4 1,3
5-HT Y =361.061.329,x — 402.367, 10-7.000 0,9951 3,5 4,9 1,7 57
TYR Y =263.233.791,x — 111.026, 20-5.500 0,9957 1,3 5,0 4,4 14,6
ETA Y =11.911.743x — 10.384 70-2.500 0,9955 4.8 4,9 20,5 68,4
HIS Y =1.375.144.474x + 1.888.631 10-4.500 0,9960 2,2 3,4 1,5 4.9
PUT Y = 37.964.635x — 58.059 100-3.500 0,9974 44 5,0 31,0 103,3
CAD Y =213.912.241x — 244.495 10-4.000 0,9950 4,3 44 1,5 5,0

Ghi chi: Y la dién tich pic (counts), x Ia néng dé amin sinh hoc (ug/l).

D6 1dp Iai: Do léch chuan tuong d6i duge su
dung dé biéu dién do lip lai cta phuong phap va
duge trinh bay trong bang 3. Két qui thuc
nghiém chi ra ring d6 léch chuén tuong d6i nim
trong khoang tit 0,08 dén 6,37%. D6 léch chuin
tuong d6i nay nidm trong khoang cho phép theo
khuyén cdo ctia AOAC. Do d9, c6 thé két luan do
l4p lai cia phuong phap LC-MS/MS nay tot va
dap tng dudc yéu cau dung cho phan tich amin
sinh hoc trong rugu vang.

Do tai lip: Do tai lip cua phuong phéap
phéan tich cting dugc biéu dién trong bang 3. Do
tai lap ctia phuong phap nam trong khoang tit
0,26% t6i 6,96%. Tu cac két qua thuc nghiém
nay, c6 thé két luan do tai lap caa phuong phap
phan tich t&t va dap @ng dude yéu ciu phan tich
cac amin sinh hoc trong rugu vang theo AOAC
vé x4c nhan gia tri st dung cua phuong phap
phén tich.

Do chon Ioc: Do chon loc cia phuong phap
phan tich dudc danh gia thong quan diém nhan
dang IP. Diém nhan dang IP cta tit ci cac amin
sinh hoc déu dat dugdc 5 theo khuyén céo vé xac
nhan gia tri st dung cta phuong phap phan tich
clia Cong ddng chung chau Au nam 2021.

Hiéu ting nén mau: Hiéu ting nén mau dugc
danh gia thong qua so sanh hé s& gbc dudng
chuén trén nén mau va dudng chuén trong ciing
mot khoang noéng d6. Hiéu ting nén miu niam
trong khoang tu 60% (TRY) téi 113% (CAD).
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Hiéu ting tc ché ion héa (khi ME nho hon 100%)
x4y ra d6i véi TRY c6 thé duge 1y giai 1a do c6 su
dong rta giai cua cac chat cé trong nén mau
(Peters & cs., 2007). Hiéu ting nén mau con lai
déu ndm trong khoang tit 80-120%. Co thé két
luan nén mAu phéan tich sach sau khi chiét pha
rén va it anh hudng téi tin hiéu phan tich, tru
truong hop cia TRY. Do dé, cac chat phan tich
duge dinh lugng st dung dudng chuén trong nén
mau thay vi st dung dudng chudn trong
dung moi.

Hiéu suat thu héi: Hiéu suat thu héi cua
toan bd qua trinh chuén bi mau dugc danh gia
thong qua thi nghiém thém chuén trén nén miu
thuc do khong c6 mAu chuén d6i ching. MAu
phan tich duge thém chuin & ba néng d6 khac
nhau, xt Iy miu nhu qui trinh chiét pha ran
néu trén. MAu sau dé dugc phan tich bing
phuong phap LC-MS/MS st dung cot tach
HILIC 6 diéu kién t6i wu. Ham lugng amin sinh
hoc c6 trong miu, mau thém chudn dugc
dinh lugng dua vao dién tich pic st dung
dudng chuén.

Hiéu suat thu héi ctia cAc amin sinh hoc
nam trong khoang tit 80,2% dén 100,6%. Hiéu
suat thu héi cia qua trinh xi 1y mau bang
phuong phap chiét pha rin nim trong khoang
dao dong cho phép theo khuyén cido (AOAC,
2016). Do d6, c6 thé két luan hiéu suét thu héi
nay dap tng dudc yéu ciau phan tich amin sinh
hoc trong mau rugu vang.
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Bang 4. Hiéu suat thu héi clia amin sinh hoc trong mau rugu vang

Chét Hiéu suét thu hdi (R)
phantich  Nang g LOQ R (%) Néng d6 3'LOQ R (%) Néngddo5L0Q R (%)  Trung binh (%)

TRY 2,2 839 6,6 858 11,0 986 89,4180
PHE 1,3 81,7 3,9 87,0 6,5 996 89,4192
5-HT 57 826 17,1 86,6 28,5 97,9 89,179
TYR 14,6 80,8 43,8 922 73,0 1006 91,2499
ETA 68,4 859 205,2 858 342,0 915 87,7+33
HIS 4,9 896 14,7 934 24,5 100,3 94454
PUT 103,3 80,2 309,9 830 516,5 906 84,654
CAD 5,0 839 15,0 804 25,0 94,1 86,1+7,1

Bang 5. Ham lugng amin sinh hoc trong cac mau rugu vang (ug/l), gia tri trung binh

Chét Mau phan tich

~Hamlwong
phan tich BT CA DF DT DD (Thap nhat - cao nhat)
TRY 113+2 141+2 119+2 116+ 2 120+ 5 113-120
PHE 125+ 3 143 +1 129 +1 127 £1 1303 127-143
5-HT <LOD <LOD 203+ 6 <LOD 205+ 6 <LOD-205
TYR 63+ 1 1494 + 95 777 75+ 4 116+ 9 63-1495
ETA 96 + 2 92+2 1102 1101 94 +3 92-110
HIS 29+2 726 £ 12 39+2 363 29+3 29-726
PUT 502+7 592+ 5 804 + 11 1.894 £ 17 543 + 14 502-1894
CAD 126+ 8 1297 1593 128+ 3 1312 126-159
Téng 1.054 3.317 1.632 2.486 1.368

3.3. Amin sinh hoc trong mét s6 mAu

rugu vang

MAau rugu vang dugc thu thap tai moét s6
siéu thi trén dia ban Ha Néi va chuyén vé phong
thi nghiém. Mau duge chudn bi va phén tich
phuong phap LC-MS/MS st dung cot tach
HILIC. Dién tich pic ctia chat phan tich va
dudng chudn dudc st dung dé dinh lugng céc
amin sinh hoc c¢6 trong mau. Ham lugng 8 amin
sinh hoc c6 trong 5 mau phéan tich dugc liét ké
trong bang 5

Ham lugng cua PUT trong mau DT la cao
nhat (1.894 = 17 pg/l) va ham lugng HIS trong
mau BT c6 ham lugng thap nhat (29 + 2 pg/l).
Xét trén cac amin, trong ndm may phan tich thi
maiu CA c6 ham lugng ctia bén amin sinh hoc
cao nhat la HIS, PHE, TYR va TRY. Déi véi
5-HT thi chi phat hién trong hai mau trong dé

ham lugng chat nay giéng nhau trong hai mau
DD va DF. Con lai mau DF c¢6 ham lugng ETA
va CAD cao nhat, mau DT c¢6 ham lugng PUT
cao nhat. Ngudc lai, mau CA c6 ham lugng ETA
thap nhat. P6i véi mau BT c6 téng ham luong
cac amin sinh hoc va ham lugng cac amin sinh
thap nhat trong tat ca cic mau phan tich. Tuy
nhién, khi xét trén ting mau, ham lugng PUT
chiém ti 1& nhiéu nhat trong ham lugng amin
sinh hoc téng s6 khong ké mau DT. Hién nay
khong cé tiéu chuén cho téng ham lugng amin
sinh hoc trong mau rugu vang, tuy nhién mot sé
nuéc da qui dinh vé ham lugng histamine t6i da
nhu Dic (2 mg/l), Bi (5-6 mg/l), Phap (8 mg/l) va
Thuy sy (10 mg/l) (Han & cs., 2022; Polo & cs.,
2011). Histamine dudc tim thay trong tat ca cac
mau v6i ham lugng ndm trong khoang 29 dén
726 pg/l va thap hon ngudng an toan theo
khuyén cao cia EFSA (Opinion 2011).
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4. KET LUAN

Trong nghién ctu nay phuong phap phan
tich tryc tiép cdc amin sinh hoc dua trén hé
LC-MS/MS st dung cot tach HILIC da dugc
phat trién thanh cong. Céac théng s§ quan trong
ctia phuong phap phan tich nhu khoang tuyén
tinh, LOD, LOQ, d6 lap lai, d0 tai lap, hiéu suit
thu héi da dudc khao sat va danh gia. Phuong
phap phan tich da dudc xac nhan gia tri st dung
cho nén mau rugu vang va da danh gia kha
ning ap dung ctia phuong phap théng qua phan
tich 8 amin sinh hoc trong 5 mau thuc. Két qua
thuc nghiém chi ra rdng da phat hién cac amin
sinh hoc trén trong tat ca cac mau rugu vang.
Trong d6 histamine, mot amin sinh hoc dugc
quan tdm nhiéu nhat, da phat hién trong tat ca
cac miu phéan tich.Tu d6, c¢6 thé két luan ring
phuong phap LC-MS/MS st dung cot tach
HILIC trong nghién ctu nay phu hgp dé phan
tich cac amin sinh hoc trong mau rugu vang.
Phuong phap nay sé dudc ap dung dé phan tich
s0 lugng mau 16n nham danh gia phan bd caa
cac amin sinh hoc trong mau rugu vang trong
nghién ciu tiép theo.
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