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TOM TAT

Nghién ctru nay tap trung phét trién phuong phap séc ky 1dng hiéu néng cao ghép ndi v&i phd khéi hai 1an dé phan
tich histamine trong sadn phadm twong truyén théng. Histamine dwoc tach bang sac ky 1éng s dung cot tach
z-HILIC va nhan biét bang MS/MS st dung ngudn ion héa phun dién & ché dé phan cuc dwong khoang tuyén duoc
duoc thiét 1ap khodng ndng do tr 0,02 dén 7,05 mg/kg véi hé sé hdi quy tuyén tinh tét. Gigi han phat hién (LOD) va gisi
han dinh lwong (LOQ) twong &ng la 3,0 pg/kg va 11 pgrkg. Do 14p lai va do téi 1ap cta phwong phap tét véi RSD twong
ng la 2,74% va 3,74%. Do thu hdi dwoc thwe hién qua mau thém chuén va dat dwoc trong khodng 86,26% dén
100,1%. Ap dung phwong phap d& xac nhan str dung dé& phan tich histamine trong 37 mau twong truyén théng, két qua
cho thdy ham lwong histamine nam trong khoang LOQ dén 70,5 pg/kg véi gid tri trung binh 14 17,7 ug/kg. Bén canh do,
két qua thuc nghiém chi ra rang khéng c6 méi twong quan cao gilra histamine va ham luwong nito tdng sb.

T khéa: Histamine, UPLC-MS/MS, x4c nhan gia tri st dung cGa phwong phap, twong truyén théng, an toan
thwe pham.

Analysis of Histamine in Vietnamese Traditional Fermented Soya Source by UPLC-MS/MS

ABSTRACT

In this work, an ultra-high performance liquid chromatography combined with tandem mass spectrometry was
developed and validated for analysis of histamine in the Vietnamese traditional soya sauce. Histamine was separated
using z-HILIC column and detected by tandem mass spectrometry employing with electrospray ionization in positive
mode. Linearity of histamine ranged from 0.02 to 7.05 mg/kg with a good regression coefficiency. The limit of
detection (LOD) and the limit of quantification (LOQ) were achieved 3.0 pg/kg and 11 pg/kg, respectively.
Repeatability and reproducibility of the method corresponded to 2.74% and 3.74%. The recovery was investigated by
spiking experiments and achieved from 82.3% to 100.1%. Analysis of histamine in 37 samples by the developed and
validated analytical method, the results indicated that the concentration of histamine ranged from LOD to 70.5 pg/kg
with mean value was 17.7 pg/kg. The concentration of histamine and total nitrogen content in the analyzed samples
showed low correlation coefficient.

Keywords: Histamine, UPLC-MS/MS, method validation, Vietnamese tradional soya sauce, food safety.

1 DAT VA,N Dﬁ] tt dau nanh 1én men chiém mot vi tri dac biét

nhé ham lugng protein cao, gidu axit amin thiét

Thuc phdm 1én men déng vai trd quan trong
trong ché& d6 #n udng cua hang ty nguosi trén thé
gi6i, v6i hon 5.000 loai da dugc ghi nhan, trai
dai tit cac san phdm phd bién dén dic san viing
mién (Tamang, 2010). Trong dé, cic san phdm
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y&u, ciing nhidu hgp chat ¢6 loi cho stic khée. O
Viét Nam, tuong 1a sdn phdm 1én men truyén
théng tiéu biéu, phd bién & Péng bing séng
Héng va nhiéu dia phuong khac. Théng thuong,
tuong dugc ché bién tir dau tuong va gao nép,
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trai qua qua trinh lén men kéo dai nhé ndm méc
Aspergillus oryzae (Pang & cs., 2024), gidp ting
ham lugng protein, gidm ham ludng chat xo tho
va tao hudng va vi déc trung. Tuy nhién, qua
trinh lén men tu nhién kéo dai trong cach ché&
bién truyén théng tiém 4n nguy cé hinh thanh
amin sinh hoc (biogenic amines - BA) néi chung,
d#c biét 1a histamine. Cac hgp chit BA nay dudc
tao ra ti phan tng kht carboxyl ctia axit amin
tu do do vi sinh vat xdc tac. O néng do thap, BA
¢6 thé déng vai trd sinh 1y binh thudng, nhung
khi tich tu 6 mtc cao, ching c6 thé giy ra hang
loat tac dong bat 1gi nhu réi loan huyét ap, dau
d4u, budn noén, di Gng gia va tham chi ti vong
(Yang & cs., 2017). Nhiéu quéc gia da dua ra
gi6i han an toan cho ham ludng mot s6 BA nhat
dinh trong thuc phdm, dic biét 1a histamine.
Tuy nhién, Viét Nam van thiéu s6 liéu hoan
chinh vé BA néi chung va histamine néi riéng
trong cac san pham tuong truyén théng.

Nhiéu phuong phap phan tich BA néi
chung va histamine néi riéng da dudgc ap dung
rong rai bao gdm quang phd UV-Vis, sic ky
16ng hiéu ning cao st dung cot tach pha dao
(RP-HPLC) va HPLC két hgp huynh quang
(Ferreira & Pinho, 2006). Tuy nhién, nhiing k¥
thuat nay thudng doi hoéi buéc dan xuat phic
tap, thoi gian phan tich dai, do chon loc chua
t61 uu va han ché& kha niang phan tich déng thoi
nhiéu hop chét. Trong khi d6, séc ky 1ong ghép
néi khoi phd ba tt cuc (LC-MS/MS) véi dic
diém c6 do nhay cao, @6 dic hiéu t6t, thoi gian
phan tich t6i uu va kha ning dinh lugng déng
thoi nhiéu hop chat, dac biét khi st dung cot
tach c6 kich thuéc hat nhéi nhé. Bén canh do,
phuong phap LC-MS/MS chua duge ap dung
rong rai dé dinh lugng va danh gia ham lugng
BA néi chung va histamine trong san phim
tuong truyén thong.

Trong nghién ctiu nay, phuong phap UPLC-
MS/MS st dung cdt tach z-HILIC dugc phéat
trién va t6i uu dé phan tich histamine trong
mau tuong truyén théng. Cac diéu kién tach sic
ky va cac diéu kién nhan biét bang MS/MS dudc
t6i uu héa nham thu duge d6 nhay va dd chon
loc cao nhat. Cac théng s6 quan trong dung cho
x4c nhan gii tri st dung nhu khoang tuyén

tinh, giéi han phat hién, giéi han dinh lugng, do
lap lai do tai lap va d6 thu hoi duge khao sat va
danh gia. Ap dung phudng phap da xac nhan gia
tri st dung vao phan tich 37 mau tuong truyén
thong va danh gia méi tuong quan gitia nong do
histamine va ham lugng nito téng s6.

2. PHUONG PHAP NGHIEN CUU
2.1. Hbéa chat

Ch&t chuéin histamine (His, d6 tinh khiét
98,8%), dugc mua tu hang CATO Research
Chemicals, Trung Quéc va Histamine-D4
(His-d4, d6 tinh khiét 97%) mua tu Sigma
Aldrich, Singapore. Dung dich chuén géc caa
histamine va ndi chuén duge chuén bi bang cach
hoa tan lugng chat chudn can trudc trong dung
dich axit HCI 0,1M. Dung dich chuén géc don
dugdc bao quan trong 6ng dung mau mau nau va
bao quan tai nhiét do -35°C. Dung dich chuén
lam viéc duge chuén bi bing cach tron dung
dich chuén géc trong axit HC1 0,1M. Dung dich
lam viéc duge pha lodng hang ngay tu dung dich
chuén trong hdn hgp acetonitrile va nuée deion.
Pha dong st dung trong LC-MS bao gom hai
kénh: kénh A dude chuén bi bing cich hoa tan
lugng cdn ammonium formate trong nuéc deion
(Merck Millipore, Dtic) thém 0,1% axit fomic.
Kénh B la acetonitrile thém ammonium fomate
va axit fomic v6i lugng tuong ducong kénh A.
Pha déng dudgc loai loc qua mang loc 0,2um va
loai khi hoa tan bing siéu Am trudc khi st dung.

2.2. MAu phan tich

MAu phéan tich: 37 mau tuong truyén théng
dude thu thap truc tiép tai cac co sd san xuit
trén dia ban cac tinh Ha No6i, Hung Yén, Nghé
An, Ha Nam, Thai Binh, Béc Ninh, Bac Giang
va duge ma héa. Sau d6 mau dudc chuyén téi
phong thi nghiém, chai chiia mau dugc lic déu
trude khi chuyén qua ong falcon 50ml. Mau st
dung @& phén tich bao quan nhiét d6 phong.
MAu chua phan tich bido quan giéng nhu diéu
kién bao quan tuong thong thudng.

Chuén bi mAu dung cho phéan tich bing
UPLC-MS/MS: Truéc khi xti 1y, mau dudce dua
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vao bé siéu Am dé dudi khi va ddng nhit maiu
bang cach nghién min trong may xay sinh td.
Sau khi da déng nhat miu, 5g mAu dugc 14y dé
phan tich. MAu sau dé dudc thém noi chuidn
danh d4u déng vi va dé yén 6 nhiét d6 phong it
nhat 2 gio. Sau d6 mau dude thém 5ml nude
deion va tron déu bing vontex & tdc d6 2.000
vong trong 2 phit. Sau khi chiét, mau duge ly
tdm & 4°C véi téc do la 6.000 vong trong 10
phat. Dich trong phia trén dugc thu lai va
thém 5ml acetonitrile, vortex sau d6 tiép tuc ly
tam véi diéu kién nhu trén. Dich mAu sau khi
thu dude loc qua mang 0,22um va chuyén vao
ong chtia miu dung cho by bom mau tu dong.
Ham luong histamine trong mau dugdc phan
tich bing UPLC-MS/MS. Mau tring dudc
chuén bi bang cach thay miu tuong bing nudc
deion va lap lai cac buéc xt Iy nhu mau tuong
truyén thong.

2.3. Phuong phap UPLC-MS/MS

Hé thong LC-MS/MS model 8050 ctia hang
Shimadzu (Kyoto, Nhat Ban) dudc st dung dung
dé phan tich histamine. Hé théng sic ky long
bao gém bo loai khi truc tuyén (online) cho pha
dong model DGU 405, bom cao ap bén kénh
model LC-40D X3, bd tron dung moi ap suit
thép, bo bom mau tu dong model CTO-40S, Pho
khéi lugng MS/MS mode 8050 kém theo nguon
ion héa phun dién dugc st dung nhu mot
detector cho sic ky 16ng. Cot sic ky 1ong Waters
Xbridge z-HILIC (1,7um; 2,1mm x 150mm) dugc
dung dé phan tich histamine. Pha déng bao gém
hai kénh: kénh A 10mM ammonium formate
trong nuéc deion va 0,1% axit formic. Kénh B
nudc deion (ty 1& 9:1 vé
thé tich) c6 chiia 10mM ammonium formate va

bao gém acetonitrile :

0,1% axit formic. Chi tiét cac diéu kién tach va
nhan biét histamine bing UPLC-MS/MS dudc
liét ké trong bang 1.

Histamine dudc tach st dung cot tach
z-HILIC st dung gradient thanh phan pha
dong bao gém hai kénh A va B. Chuong trinh
nay dugc cai dat nhu sau: Bat dau véi 100%
kénh B trong khodng 5 phut sau dé tiép tuc
v61 80% kénh B va 20% kénh A trong 1 phut,
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70% kénh B va 30% kénh A trong 1 phit tiép
theo sau d6 1la 50% kénh A va 50% kénh B
trong 1 phut. Cudi cuing 14 20% kénh B va 80%
kénh A trong 3 phut. Va sau d6 can bang cot
v6i 100% kénh B trong 7 phit cho ldn bom
mau tiép theo.

2.4. Phan tich ham lugng N tong s6

Ham lugng N téng s6 dudc phan tich theo
tiéu chuan Viéet Nam TCVN 3705-90, qui trinh
phan tich c6 thé tém tit nhu sau: cAn khoang
0,5g miu da dugc déng nh4t chuyén viao binh
phan hiy mau, mau dudc vé cé hoa bing axit
H,SO, dic, nité c¢6 trong mau duge chuyén
thanh amoni sunfat. Dung kiém dic day
ammoniac t& amomi sunfat trong may cit dam
tao thanh amoni hydroxit sau d6 dinh lugng
ch&t nay bang phuong phap chuin d6 axit-bazo
st dung chat chi thi methyl d6. Ham lugng nito
tong s6 duoc biéu dién dusi dang g N c¢b trong
1kg mau.

2.5. X1t Iy s6 lidu

Phin mém LabSolution version 5.1.18
(Shimadzu, Nhat Ban) duge st dung dé t6i uu,
diéu khién, thu nhan va xd ly tin hiéu. Ty 1é
dién tich pic cia chat phan tich dugc tinh toan
bing cach chudn héa dién tich pic ctia chéat
phan tich theo dién tich pic ctia chét chuén néi
duge danh ddu déng vi va st dung dinh lugng
His trong mAu theo phuong phap dudng chuén.
Su c6 mit cta His trong mau phan tich dugc
xac dinh doéng thoi bang ba thong s6: thoi gian
luu trén cot tach z-HILIC, sy xuat hién déng
thdi ctia hai bude chuyén khéi MS/MS va ty 1é
tin hiéu tuong d6i (ty 1é& ion) ctia hai budc
chuyén khéi nay kém theo 6 khong dam bao
cho truée. Mau trang dugc duge st dung trong
xt 1§ mau va bom mau trén hé UPLC-MS/MS
nham danh gi4d nhiém chéo trong qua trinh
chuén bi mau phéan tich va phéan tich miu. Bén
canh d6, so liéu thi nghiém dugc xi 1y bing
phan mém Excel 2025 (Microsoft, M) va
Skyline MS (MacCross Lab, University of
Washington, My).
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Bang 1. Piéu kién phan tich histamine bang UPLC-MS/MS

Dai lwong Théng sb
Céc dai lwong séc ky
Cot tach Waters Xbridge z-HILIC (1,7pm; 2,2mm x 150mm)

Nhiét dé cot tach
Pha déng

Ché do rra giai

40°C

Kénh A: 10mM amoni format trong nwéc deion thém 0,1% axit fomic,
Kénh B: 10mM amoni format + 0,1% axit formic trong hén hop ACN va nwdc deion

(9/1 theo thé tich)
Gradient thanh phan pha déng

Téc d6 pha dong 0,3 ml/phat
Nhiét dé budng gitr mau 10°C
Thé tich bom mau 3ul
Céc dai lwgng MS
Ngudn ion héa Phun dién ESI

Ché d6 ion hoa

Duwong (+ESI)

Nhiét d6 ion hoéa 300°C
Thé ion hoa +4kV
Nhiét do loai dung moi 525°C
Téc d6 khi 1am kho 10 I/phat
Tbc do khi tao sol 3 I/phat
Téc do khi gia nhiét 10 l/phat

Ché d6 ghi nhan tin hiéu
Ché d6 dinh lwong

MRM (multiple reaction mornitoring)

Puwong chudn s dung ndi chuan danh dau dong vi

Gi61 han phat hién (LOD) va giéi han dinh
lugng (LOQ) dudc xac dinh dua trén ty so gitia
tin hiéu (S, chiéu cao pic sic ky cta chit phan
tich) va nhidéu nén (N). Nhidu nén dugc do & hai
bén cta pic phan tich, trong dé méi vung do ¢
do rong t6i thidu gép 10 14n chiéu réng caa pic
tai ntia chiéu cao. Trong d6 LOD dugc xac dinh
12 ndng d6 thap nhat cho ty 16 S/N 3 va LOQ
dugc xac dinh 14 néng d6 thap nhat cho ty 1& S/N
10. Trong nghién ctu nay, ty 1& S/N dugec xac
dinh ti mAu c6 thém chit chuén & néng do thap
nhét, sau khi xt ly mau va phan tich bang
UPLC-MS/MS. D6 14p lai cha phuong phap dude
danh gia thong qua phan tich lap lai mau 6 lan.
Gia tri dién tich pic thu duge duge st dung dé
danh gia do lip lai va trinh bay két qua thong
qua do léch chuén tuong d6i. Do tai lap caa
phuong phap duge danh gia thong qua phan tich
mau lap lai gifia cac ngay khac nhau (thuc hién
trong 3 ngay, mdi thi nghiém lap lai 5 1an).

3. KET QUA VA THAO LUAN

3.1. T6i wu cac diéu kién phan tich
histamine bang UPLC-MS/MS

Cic diéu kién phan tich bing MS/MS:
Phuong phap phan tich LC-MS/MS st dung k¥
thuat ion héa phun dién véi ché& dd phan cuc
duong (+ESI) dugc st dung phan tich
histamine. Do dé, ciac diéu kién nhu théng s6
ciia ngudén ion héa, thong sé cua ché do do
MS/MS can dudc t6i uu héa nham thu dudc
phuong phap do c¢6 dé nhay va d6 chon loc cao
nh4t. D& khao sat va toi uu cac diéu kién cuaa
MS/MS, dung dich chuén chéa hén hop His va
His-d4 néng d6 b5mM trong hdén hdp
acetonitrile/nuée deion (90/10 theo thé tich)
duge st dung. T6i uu héa cac diéu kién cua
MS/MS dugc thuc hién théng qua k§ thuat bom
mau dong chay st dung chit mang gom 50%
kénh A va 50% kénh B véi toc d6 0,3 ml/phiit.
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D61 v6i histamine, khéi luong phan ti la
111,15 g/mol tuong ting v6i cong thic phan tu
1a C;HyN,, sau khi dugc ion héa 6 ché& dd ion
héa duong sé hinh thanh ion me cé ti s6 m/z
112 amu tucdng wng v6l cAu tao ion
[C;HN,+H]* va ion nay khi ph4n manh tao
thanh hai ion con cé ti s6 m/z tuong tng la
68 amu va 95 amu. Hai ion con dugc hinh
thanh ti ion me cta histamine c6 cong thitc
héa hoc tuong tng la [C,N,H,]" va [C;H,N,]*.
Su xuit hién ctia ion me va cac ion con cua
histamine d& dugdc so sanh véi thu vién phé
MS/MS NIST phién ban 2.0 (NIST, Vién Khoa
hoc va Coéng nghé, M§) va trong cong bd trude
day (Gianotti & cs., 2008; Saccani & cs., 2005).
Bén canh dé, co ché phan manh ion ciing dudgc
d6i chtng v6i néi chudn danh ddu déng vi
(His-d4). Tuong tu nhu His, His-d4 c6 khéi
lugng phan td 1a 115,09 g/mol do d6 ion me
dudgc chon c6 ti s6 m/z 116 amu (tuong ing véi
cbng thic héa hoc 1la [C;H,D,Ny+H]") va ion con
c6 t1 86 m/z 99 amu tuong ting véi céng thic
héa hoc 1a [C;H,D, N, 1"

Cac diéu kién tach sdc ky: Do ban chit cau
tric héa hoc caa His va His-d4, cac hgp chat 1a c¢6

d6 phan cuc 16n, dic biét 1a c6 thé ton tai & trang
thai ion héa trong méi trudng axit. Do d6 cic hgp
chat nay thudng kém hodc khong bi luu git trén
cot tach pha dao. Vi vay, cot tach sic ky Waters
Xbridge z-HILIC dugc sti dung cho phan tich
truc tiép cac amin sinh hoc trong nghién ciu nay.
Khi st dung cot tach Waters Xbridge z-HILIC dé
tach cac chat phan cuc, pha dong st dung thuong
chtta dung méi hiiu co véi ty 1é cao. Bén canh dé,
chat dién ly dé bay hoi nhu amoni format, axit
acetic, axit formic... cing dugc thém vao pha dong
nhim diéu chinh luc rtia giai va pH cua pha
dong. Do d6, thanh phin pha dong dung dé tach
histamine bao gém acetonitrile (ACN), nuéc
deion, amonium format, axit formic dudc khao
sat trong nghién ctiu nay. Cac dai lugng anh
hudng t6i kha nang luu gitt va hiéu qua tach ctaa
His va His-d4 trén cOt tach Waters Xbridge
z-HILIC gom pH va thanh phan pha dong da
dudc khao sat va danh gia dé dat dude kha ning
luu gii va d6 phan giai sic ky cao nhat. Bén
canh d6, d6 nhay cua phuong phap phan tich
ciing 14 mét tiéu chuédn dung dé danh gia va lua
chon cac diéu kién tach. Sdc d6 UPLC-MS/MS
ctia His va His-d4 dudc minh hoa 6 hinh 1.

Bang 2. Cong thiic héa hoc, khéi lwgng phan ti,
ion me, ion con ctia histamine va cac théng s6 téi vu ctia phép do MS/MS

(;hé? Cc‘mg thg’c Ifhéi’lu’c,yng t (phtit) lon me ion con Nang lwvong
phén tich phan t&r phan t&r (g/mol) (m/z, amu) (m/z, amu) va cham (eV)
His CsHgN3 111,15 10,5 112 68 -23

112 95 -18
His-d4 CsHsH'4N3 115,15 10,5 116 99 -16

(x10,000,000)
15 q 4

595.00(¥] CE: -16.0

1.01

0.5

I

(a) His (112->95)

10,000,000)
tHIS- 00>

(b) His-d4 (116->99)

Hinh 1. Sic d6 UPLC-MS/MS cua (a) - His va (b) - His-d4
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Gradient thanh phan pha déng t6i uu la
gradient thanh phan pha dong da trinh bay trong
muc 2.3. Nhu trinh bay trong hinh 1, His va His-
d4 duge luu gifi tot trén cot Waters Xbridge z-
HILIC, cac pic thu dudc c6 d6 déi xiing cao (hé s6
bat doi xting cua His va His-d4 tuong tng 1a 0,82
va 1,35). Do @6, c6 thé két luan cot tach Waters
Xbridge z-HILIC dap ting kha ning luu giti His
va His-d4 khi st dung pha déng gom nudc deion
(c6 chttal0mM amoni format va 0,1% axit formic)
va acetonitrile va nuéc deion (véi ty 1& 90%
acetonitrile vA 10% nuéc deion theo thé tich, c6
chta 10mM amoni format va 0,1% axit formic).

Bén canh d6, dung moéi hoa tan mau ciing sé
anh hudng dén hiéu qua tach va hinh dang pic
séc ky. Trong nghién ctiu nay, ba dung méi gobm,
nuéc, acetonitrile va hén hgp ACN - nuée dudc
st dung khao sat dé hoa tan histamine trudc
khi bom mau. K&t qua thuc nghiém chi ra ring
pic séc ky thu dude sic nét va tinh d6i xtng cao
khi hén hgp acetonitle va nuéc (ty 1& 90/10 vé
thé tich) dudc st dung. Do d6, hdn hop dung méi
acetonitrile va nudc dude st dung dé hoa tan
cho cac nghién ctiu tiép theo.

3.2. Xac dinh gia tri st dung cua phuong
phap phan tich

Khoang tuyén tinh: Cac dung dich chuén
tdi noéng d His nim trong khoang
0,056-4,446 mg/kg va c6 chta ndi chuan (His-d4)
dudc chuén bi va phan tich bing UPLC-MS/MS.
Dién tich pic cia chat phan tich dugde biéu dién 1a
1 ham tuyén tinh theo néng d6. Phuong trinh hoi
quy tuyén tinh 1a y = 0,2318x — 0,5292, trong d6
y la ti s6 dién tich pic, x 1a ti s6 néng d6 va va hé
s6 hoi quy tuyén tinh R? 14 0,9971. Gia tri nay
déu 16n hon 0,99, cho thdy dusng chudn dugdc
xdy dung c6 do phu hgp tuyén tinh trong
khoang cac néong do da khao sat tit 0,0556 mg/kg
dén 4,446 mg/kg va dat yéu cau 0,99 < R? < 1
theo AOAC, 2016. Piéu nay dam bao rang cac
két qua dinh lugng His trong mau phan tich sé
chinh xac va c¢6 dé tin cay cao.

LOD va LOQ@: Trong nghién ctiu nay, ti s6
S/N dugc 1ay truc tiép ti phan mém & buée
chuyén kh6i MS/MS dinh lugng trén nén miu
thuc thém chuén va duge st dung dé tinh LOD,
LOQ. LOD va LOQ ctaa phuong phap UPLC-

MS/MS st dung cot tach z-HILIC tuong ting
3 ug/kg va 11 pg/kg va do nhay ciia phuong phap
¢6 thé so sanh dugc d6 nhay cta cac phuong phap
sic ky pha dao st dung ky thuat dan xuét hoa
truée cot tach dung cho phan tich histamine va
amin sinh hoc nhu da cong bs (Gil & cs., 2022;
Liu & cs., 2020; Lourenco & cs., 2022; Yue & cs.,
2021). Bén canh d6, LOD va LOQ nay ciing dua
nhay dé phan tich truc tiép His trong miu tuong
(Cus & cs., 2022; Han & cs., 2022; Niedzwiedz &
cs., 2022; Tasev & cs., 2017).

Do Iap lai va do tai lap: Do léch chuén
tuong doi duge st dung dé biéu dién do lap lai
ctia phuong phap. Két qua thuc nghiém chi ra
ring d6 léch chuéin tuong d6i cta thi nghiém
danh gia do lap lai 1a 2,74%. D6 léch chuén
tuong d6i nay niam trong khoang cho phép theo
khuyén céo cia AOAC. Db léch chuén tuong déi
cua thi nghém danh gia 46 tai l4p cua phuong
phap 1a 3,74% va gia tri @6 léch chuén tuong dsi
nay ciing nim trong khoang khuyén cao theo
AOAC. T cac két qua thuc nghiém nay, c6 thé
két luan d6 lap lai va do tai lap cua phuong
phap UPLC-MS/MS nay tét va dap tng dudgc
yéu cau dung cho phan tich His trong miu
tuong truyén thong.

Do thu hoéi: Do thu hdi ciia qué trinh chuédn
bi mau dudec danh gia théng qua thi nghiém
thém chuén trén nén miu thuc do khéng c6
mAau chuén d6i chting. Mau phan tich dudc thém
chuén & ba ndéng d6 khac nhau, xt Iy mau nhu
quy trinh chiét néu trén. Mau sau d6 dugdc phan
tich bing phuong phap UPLC-MS/MS st dung
cot tach z-HILIC 6 diéu kién 6 trén. Ham lugng
His ¢6 trong mAu, miu thém chuédn duge dinh
lugng va st dung dé tinh d6 thu héi. Do thu héi
cua His tai ba nong d6 thém chuén 1,11; 2,22
va 4,45 mglkg tuong Gng 1a 86,26%, 91,04%
va 100,05% va dd thu hoéi trung binh la
(92,45 + 5,72)%. D thu héi cta qua trinh xi 1y
mau trén nidm trong khoang cho phép theo yéu
cau ciua AOAC (2016). Do d6, c6 thé két luan do
thu hoi nay dap ting dudc yéu cau phan tich His
trong miu tuong. Mot cach téng quat, c6 thé két
luan 14 phuong phap UPLC-MS/MS phat trién
va x4c nhan gia tri st dung trong nghién ciu
nay dap tng dudc yéu cau phan tich His trong
mau tuong truyén thong.
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3.3. Histamine trong mAu tuong

MAu tuong dude thu thap truc tiép tai cac
¢o sd san xudt trén cac tinh thanh sau d6 dugc
dua vé phong thi nghiém. Mau dudc chuén bi va
phan tich bing UPLC-MS/MS. Dién tich pic va
dudng chuédn duge st dung dé dinh lugng His
trong mau. Ham lugng His trong 37 mau tuong
truyén théng nam trong khoang tit LOQ dén
70,47 mg/kg va gia tri trung binh ctia His trong
cac mau trén 1a 17,69 mg/kg. Dao dong 16n vé
nong do His trong cdc mau phéan tich c6 thé duge
1y giai do cac nguyén nhan nhu nguyén liéu dau
vao, diéu kién 1én men, san xuit hodc bao quan
khac nhau gitia cic ving san xuit dan téi su
khac nhau vé néng do His. Tuy nhién, ham
lugng His trong tat cd cac miu phan tich déu
nam dudi ngudng an toan 1.000 mg/l theo Eedag
& cs. (2019). Mot s6 mau phan tich (6 miu trén
tong s6 37 mAau) c6 ham lugng His ndm duéi gisi
han phat hién ctia phuong phap UPLC-MS/MS.

Ham lugng nito tdng s6 clia cAc mau tucng
nam trong khoang tu 4,4 g/kg dén 23,6 g/kg véi
gia tri trung binh 11,1 g/kg. Phén tich tuong
quan Pearson dudc st dung dé danh gia mic do
tuong quan gitia néng do His va ham lugng nito
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téng s6 trong cac miu tuong phan tich st dung
phidn mém OriginalPro 2025 (OriginLab
Corporation, Northampton, MA, USA). Déi véi
cic mau c6 ham lugng His nhd hon LOD thi
duge thay thé& bang 0, nhé hon LOQ thi sé 14y
gia tri LOQ/2 @8 st dung cho mé hinh tinh toan
tuong quan. D4 thi biéu dién su phu thude ndng
d6 His vao ham lugng nito téng s6 dudc minh
hoa trong hinh 2. Bén canh {6, tudng quan
Pearson ciing dudc tinh toan va hé s6 tuong quan
r=0,263; P = 0,12. Tt két qua tinh toan c6 thé
két luan cé su tuong quan duong gitia nong do
His va ham lugng nite téng s6 trong miu tuong,
tuy nhién mo6i tuong quan nay la thap. Méi tuong
quan duong va thap giiia néng d6 His va nito
tong s6 trong mau dau lén men cing da dudge
khéng dinh trong cac nghién ctiu trudc day cta
Liu & cs. (2020) va Zhou & cs. (2023).

4. KET LUAN

Trong nghién ctu nay, phudng phap phan
tich truyc tiép His trong mau tuong truyén thong
dya trén UPLC-MS/MS st dung cdt tach
z-HILIC da dugc phat trién thanh cong. Cac
thong s6 quan trong ctia phuong phap phan tich
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nhu: khoang tuyén tinh, LOD, LOQ, d6 lap lai,
do tai lap, do thu hoi da duge khao sat va danh
gia day du. Phuong phap phan tich da dugc xac
nhan gia tri st dung cho nén mau tuong truyén
théng va ap dung dé phan tich His trong 37
mau tuong truyén théng. Két qua thuc nghiém
chi ra ring da phat hién histamine trong hau
hét cac mAu phan tich. Bén canh d6, ham luong
histamine trong mau phan tich khong cé tuong
quan véi ham luong nito téng 6. Tu d6, c6 thé
két luan rang phuong phap LC-MS/MS st dung
cot tach z-HILIC trong nghién ctiu nay phu hgp
dé phan tich His trong miu tuong truyén théng.
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