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SUMMARY

INVESTIGATING THE DETERMINATION OF TYRAMINE IN CHEESE USING GOLD
NANOPARTICLES (AUNPS) IN COMBINATION WITH NITROGEN-DOPED CARBON
QUANTUM DOTS (N-CQDS) SYNTHESIZED BY MICROWAVE-ASSISTED METHOD

Tyramine is a biogenic amine commonly found in products such as cheese, fish sauce, soy sauce, and kimchi
due to the decarboxylation of tyrosine during fermentation or decomposition. It is also one of the parameters
used to evaluate product quality. In this study, we developed a cost-effective and environmentally friendly
method to detect tyramine in food using fluorescence techniques with nitrogen-doped carbon quantum dots
(N-CQDs) combined with gold nanoparticles (AuNPs). N-CQDs were synthesized simply from citric acid
and urea within 5 minutes using a household microwave. These N-CQDs were then employed as reducing
agents to convert Au(lll) salts into gold nanoparticles. The N-CQDs exhibited fluorescence quenching in the
presence of AuNPs and fluorescence recovery in tyramine. Under optimal conditions, the fluorescence
recovery of the N-CQDs/AuNPs system showed a linear relationship with tyramine concentration in the
range of 0.02 ppm to 1 ppm. The method demonstrated a relatively low limit of detection (LOD) at 6 ppb,
high recovery rates, and good repeatability (RSD < 5%). The method successfully detected tyramine in
cheese samples, yielding reliable results..

Keywords: Tyramine, N-CQDs, AuNPs, on-off fluorescence, Cheese analysis.

kinh, dac biét la noradrenalin gy co

1. PAT VAN DE

’ mach, tang nhip tim va tang huyet ap. Khi
Tyramin (Hinh 1) la mot monoamin ty két hop véi cac thuéc uc ché enzyme
nhién duoc sinh ra do qua trinh phan hay monoamin oxidase (MAO) c6 thé gay
axit amin tyrosin trong thyc pham. taing huyét a4p nghiém trong trén bénh
Tyramin c6 kha néng kich thich hé than nhan dang sir dung cac loai thudc nay [1,
Kinh giao cam. Che d6 an nhicu t\yram\in 2]. Tyramin thudng gap trong cac thuc
co thé lam tﬁng cac chat dan truyén than pham 1én men nhu nudC mam nudc
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tuong, kim chi, va dac biét la phomat.
Ham lugng tyramin trong phd mai ting
Ién theo thoi gian, va ¢6 ham lugng I6n &
nhitng loai phomat gia, 1au nam.

/@/\/NHQ
HO

Hinh 1. Céng thic cdu tao cua tyramin

Dé xac dinh tyramin c6 thé st dung céc
phuong phap nhu dién héa [3], GC-MS
[4], huynh quang [5], HPLC [6],... nhung
thuong doi hoi thoi gian dai, can thudc
ther va dung méi hoéa hoc dit tién. Trudc
day tyramin duoc xac dinh bang cach dan
Xuat héa véi 1- nitroso-2-naphthol tao hop
chat phat huynh quang va do & budc séng
565 nm, nhung phuong phap yéu cau phai
tach chiét nhiéu lan va phai dan xuat hoa
trong 3 gio & 55°C [7]. Trong nghién cuu
nay, chung to6i hudng téi phat trién mot
qui trinh xac dinh tyramin bang phuong
phé&p huynh quang dya trén co s¢ st dung
mot loai vat liéu ré tién, d& tong hop 1a
cham luong tir carbon ma khdng can dan
Xuat hoa.

Cham luong tir carbon (CQDs, C-dot
hoac CDs) la mot loai vat liéu nano
carbon ¢o kich thuéc dudi 10 nm cé kha
nang hoa tan tét trong nudc va phat quang
manh, doc tinh thip, than thién véi moi
truong [8]. Pé ting cuong kha ning phat
quang va kha niang lién két hoad hoc,
CQDs thudng duoc pha tap véi cac di td
nhu N, S, P, Cl, ... [9,10] trong d6 N dugc
cho 1a hiéu qua nhat nho cap electron tu
do trong nguyén tir N va sy tao thanh cac
vi tri defect (khuyét tat) trong ciu tric cua
CQDs. Cac phuong phap thuong dugc sur
dung dé tong hop cham lwong tir carbon
pha tap Nito (N-CQDs) nhu phuong phéap
nhiét phan, thuy phan, ... doi hoi nhiét do
cao va thoi gian tong hop tuong ddi 1au
[11]. Trong mot nghién ctu trude day,
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ching t6i da st dung thanh cong phuong
phap thuy nhiét hd tro vi song dé tong
hop chim lwong tu carbon pha tap nito
(N-CQDs) tu ngudn cachon phd bién va
ré tién 1a axit citric va ngudn nito 1 ure
trong thoi gian chi vai phat vai 10 vi séng
dan dung [12].

Tuy vat liéu N-CQDs thu dugc cO kha
nang phat quang manh, tan tét trong nudc
nhung lai khéng cho dap tng dap hoac
tang cuong huynh quang khi cé mat
tyramin. Trong khi d6, tyramin c6 tuong
tac tét voi hat nano Au (AuNPs) thong
qua tuong tac ai luyc cia nhom -NH trong
phan tir tyramin véi bé mat Au. Con céac
hat nano Au lai c6 kha nang dap huynh
quang CQDs théng qua hiéu tng chuyén
nang luong FRET. Vi vay, chung t6i s€ str
dung nano Au nhu mét chét trung gian dé
xac dinh tyramin théng qua hiéu ng
“tat/bat” huynh quang cua to hop
CQDs/AuNPs khi c6 mat tyramin.

Céc diéu kién anh huong dén do nhay cua
phuong phap huynh quang xac dinh
tyramin sir dung t6 hop CQDs/AuUNPs s&
duoc nghién ctu téi wu. Phuong phap
phan tich sau khi dugc danh gia vé hiéu
qua sir dung s& dugc ap dung vao dé phan
tich mot s6 mau phomat cé xuat xt & Viét
nam va Phap.

2. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. HoA chat

Céac hoa chit sir dung trong thi nghiém
déu c6 do tinh khiét phan tich, bao gom:
tyramin (99 %, Sigma-Aldrich, USA),
axit citric monohydrat (C¢HgO7-H20, 99,5
%, Fisher ChemicalTM), ure (CH4N2O,
99,5 %, Fisher ChemicalTM), axit
chloroauric (HAuCly4, 99 %, chura 30 wt.%
HCI, Sigma-Aldrich, USA), natri clorua
(NaCl, 995 %, Xilong, China), natri
hydroxit (NaOH, >96 %, Xilong, China),



Tap chi phan tich Héa, Ly va Sinh hoc - Tdp 31, Sé 02/2025

ddng(l1) sulfat pentahydrat (CuSO4-5H,0,
98 %, Xilong, Chingl). Nudc st dung
trong qua trinh pha ché 1a nudc khir ion.

2.2. Thiét bi

Phép do phd huynh quang duogc thyc hién
trén may huynh quang F-4700 (Hitachi),
vOi budc song kich thich 1a 360 nm va
pho phét xa dugc ghi trong khoang tir 380
— 600 nm. Phd hap thu phan tir (UV-Vis)
duoc ghi trén thiét b quang pho UV-1601
(Shimadzu). Quy trinh tong hop vat liéu
st dung 10 vi song Toshiba MW3-
MM25PE(BK) 25 L 800 W.

2.3. Qui trinh tong hop CQDs, N-
CQDs, N-CQDs/AuNPs

Tong hop vat lieu N-CQDs: Vit ligu duoc
tong hop theo qui trinh da dugc ching toi
nghién ctru trudce day [12].

Tong hop vt liéu N-CQDs/AuNPs: Thém
260 uL. HAuUCl, (10 mM) vao 5 mL dung
dich N-CQDs (10 mg/L), G dung dich
trong 50 phut dé N-CQDs khir HAUCI, tir
Au* thanh Au®. San phdm cudi cung thu
dugc 1a dung dich ¢c6 mau hong tham
chua té hop N-CQDs/AuNPs [12].

2.4. Xac dinh tyramin bang phuong
phap huynh quang sir dung té hep N-
CQDs/AuNPs

2.4.1. Nguyeén tdc xdc dinh tyramin

Dung dich N-CQDs phat quang manh tai
budc séng 450 nm khi dugc kich thich tai
budc song 360 nm. Sau khi N-CQDs khtr
mudi HAUCI, vé hat nano vang (AuNPs),
cuong do phat xa huynh quang caa hon
hop N-CQDs/AuNPs giam di ro rét so voi
dung dich N-CQDs. Hién twong dap tit
huynh quang nay théng qua hiéu ung
FRET, trong d6 N-CQDs dong vai tro
chat cho (donor) va AuNPs dong vai trd
chat nhan (acceptor). Khi N-CQDs va
AuNPs & gan nhau trong pham vi FRET
(~1-10 nm), c6 su truyén ning luong tir
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N-CQDs dang AuNPs, dian dén giam
cuong do huynh quang cua hé. Tuy nhién,
khi bd sung tyramin vao hdn hop N-
CQDs/AuNPs, cac phan ta tyramin co
kha niang twong tic manh véi bé mat
AUNPs thdng qua ai luc cua nhém -NH
trong phén tir tyramin voi Au va tuong tac
tinh dién, l1am suy yéu tuong tac giira
AUNPs va N-CQDs. Khi cac hat N-CQDs
dugc giai phong khoi t6 hop N-
CQDs/AuNPs, khoang cach giita hai cu
tir cho va nhan tang, hi¢u ung FRET giam
va qua trinh truyén nang luong bi han ché.
Két qua 1a cudong d6 huynh quang cia hé
N-CQDs/AuPs duoc hodi phuc. Do hdi
phuc huynh quang khi c6 mat chat phan
tich 1a tyramin dugc ghi lai nhu tin hi¢u
phén tich cua phuong phap.
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Hinh 2. Co ché xdc dinh tyramin
2.4.2. Quy trinh xdc dinh tyramin

Quy trinh pha dung dich chuan: Céan
chinh xé&c 2,5 mg tyramin bang can phan
tich, sau d6 chuyén vao binh dinh mirc 25
mL. Thém khoang 15 mL nudc khtr ion
vao binh va rung siéu &m trong 15 phat dé
hoa tan hoan toan chat ran. Sau khi dung
dich tré nén ddng nhat, dinh muac dén
vach 25 mL béng nudc khir ion, thu dugc
dung dich chuan tyramine 100 ppm. De
chuan bi cac dung dich tyramin co nong
d6 khéc nhau, 1y thé tich thich hop tir
dung dich 100 ppm va pha lodng bang
nuéce deion theo ty 1 mong mudn.

Quy trinh xac dinh tyramin: Thém 50 uL
dung dich CuSO, 0,001 M va 250 pL
dung dich tyramin vao 2 mL dung dich N-
CQDs/AuNPs, dinh muc trong binh 5 mL
bang nudc deion va u trong 10 phut. Po
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phd huynh quang caa dung dich trén may
quang phé huynh quang véi cac diéu kién
do: budc song kich thich A = 360 nm; phd
phat xa dugc quét trong vung budc song
tir 380 - 600 nm. Thiét 1ap méi quan hé
gitta @6 hoi phuc huynh quang (F-Fo) &
budc soéng 450 nm véGi nong do tyramin,
trong d6 F va Fy lan luot 14 tin hiéu huynh
quang khi ¢ va khong c¢é tyramin, dé lam
co so dinh lwong tyramin bang phuong
phép huynh quang.

2.4.3. Danh gia phuwong phdp

Phuong phap dugc danh gia qua cac dai
luong nhu khoang tuyén tinh, duong
chuan, LOD, LOQ, do chum (RSD%) va
d6 diing (sai s6 %).

LOD va LOQ dugc tinh theo cdng thuc:
LOD =3S,/b, LOQ = 10S,/b, véi S,: Sai
s6 tin hiéu mau blank, b 1a do doc cua
duong chuan.

o chum RSD (%) = = x 100%
tb

L— 2
v6i SD = [EGI=Sw)?
n-1

Trong d6: S;: 1a tin hiéu huynh quang thu

i, St I? tin hiéu huynh quang trung binh

cuaa n lan phan tich; n: s6 lan phén tich

lap lai.

Do dung duoc danh gia theo sai s6 % :
S% = “1—"0x100%, véi Cy la

\ tt r
nong d6 do duoc trong thuc té va Co la
nong do ban dau.

2.4.4. Qui trinh xiz Iy mdu

Thém 4 mL dung dich trichloroacetic
(TCA) 5% vao 0,5 gam phomat nghién
nho da dun chay. Sau do6 lac 15 phut trén
may lic ngang va loc lay dung dich trong.
Tiép theo thém 6 mL chloroform vao mai
mau, lic dung dich 15 phat va ly tam 5
phat (10000 vong/phit) dén khi dung dich
phan 16p. Hat dung dich chlorofrom, c6
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dén khd bang khi N, va dinh muc lai bang
3 mL nudc deion.

3. KET QUA VA BAN LUAN

3.1 Téi wu cic diéu kién xac dinh
tyramin bang phwong phap huynh
guang sir dung CQDs/AuNPs

Dé téi wu qui trinh phan tich tyramin sir
dung hé N-CQDs/AuNPs, tién hanh khao
sat cac yéu té anh hudng dén do hoi phuc
huynh quang (F-FO) cua dung dich, bao
gom: pH dung dich, thoi gian u (thoi gian
tyramin tuong tac v&i AUNPS), dung dich
mubi dién ly, ... khi c6 mat tyramin véi
nong d6 0,6 ppm.

3.1.1. Anh hwong cua pH

Anh huéng coa pH dung dich dén kha
nang hoi phuc cua N-CQDs/AuNPs khi ¢c6
mat tyramin dugc khao sat trong khoang
gia tri pH tir 2,0 dén 11,0. Két qua cho
thay gié tri (F-Fo) giam khi tang pH tir 2,0
dén 9,0; dat cuc dai o gia tri pH = 2,0. Tin
hiéu huynh quang téi wu tai pH = 2 c6 thé
dugc giai thich nhu sau. Tyramin cé hai
gié tri pKa: pKa; = 10,5 (nhém amin -
NH, — NH;*) pKa, = 9,4 (nhém
phenol -OH — O~ ). G pH < 9,4, tyramin
ton tai chu yéu o dang NH; * , mang dién
tich duong. Khi pH ting tir 9,4 dén 10,5,
nhom phenol dan bi khir proton, khién
tyramin bat dau mang dién tich &m. G pH
> 10,5, nhom amin ciing bi khtr proton,
lam cho phéan tu tyramin trung hoa hoac
mang dién tich am nhe. Va&i hé N-
CQDs/AuUNPs, hé nady mang di¢n tich am
ngay ca & pH thip va tro nén 4m hon khi
pH tiang. O pH 2, tyramin mang dién tich
duong manh (NH; * ) tuong tac tinh dién
manh véi N-CQDs/AuNPs mang dién tich
am, tao diéu kién thuan lgi cho quéa trinh
tuong tac va hoi phuc huynh quang. Khi
pH ting tir 3 dén 8, luc hut tinh dién giam
dan do dién tich duwong cua tyramin suy
yéu, lam giam hiéu suat hoi phuc huynh
quang. O pH > 9,4, tyramin c6 thé mang
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dién tich am, lam giam tuong tac voi N-
CQDs/AuNPs, khién tin hiéu huynh
quang tiép tuc giam.

Tuy nhién, ¢ gia tri pH < 2, dung dich N-
CQDs/AuNPs khong bén, cac hat AuNPs
c6 hién tuong keo tu chuyén sang mau
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3.1.2. Anh huwong cua dung dich mudi
dien ly

Mudi dién ly c6 tac dung 1am co Iép dién
kép trén bé mat caa AuNPs [13] do d6 s&
tang cuong tuong tac tinh dién gitra
AuNPs va tyramin. Két qua khao sat anh
huéng cac loai mudi dién ly dién hinh l1a
NaCl, KCI, Na;SO;, KNO3;, MqgCl,,
CuSQ,4 Vé6i nong do 1a 0,001M cho thay
CuSO, cho d6 hdi phuc huynh quang Ia
I6n nhat nén s& duoc lua chon trong subt
qua trinh nghién ctu (Hinh 3b).

3.1.3. Anh hwong cua thoi gian

Thoi gian ciing 1a mot yéu té quan trong
anh huong dén d6 héi phuc huynh quang
do can c6 du thoi gian cho tyramin lién
két v6i cac hat AUNPs va giai phong N-
CQDs tyu do. Tir két qua thu duoc & Hinh
3c cho thay tyramin c6 thoi gian dap tng
kha nhanh (10 phat) véi dung dich N-
CQDs/AuNPs va day la thoi gian tdi wu
dugc chon dé w dung dich N-
CQDs/AuUNPs sau khi thém tyramin.

3.2. Danh gia phwong phap

3.2.1. Khoang tuyén tinh, dwong chudn,
LOD va LOQ

Phé huynh quang cua dung dich N-
CQDs/AuNPs ¢ cac nong do tyramin
khac nhau tir 0,02 ppm dén 1,00 ppm tai
cac diéu kién t6i uu nhu da khao sat dugc
cho trong Hinh 3d. Két qua cho thay khi
thém tyramin, cuong d¢ huynh quang caa
dung dich N-CQDs/AuNPs ting dan theo
nong do cua tyramin trong khoang tir 0,02
ppm dén 1,00 ppm. D6 hdi phuc huynh
quang (F-Fo), trong d6 F va Fq lan luot 1a
tin hi¢u huynh quang khi c6 va khong co
tyramin, cho médi quan hé tuyén tinh vao
nong d6 cua tyramin, tuan theo phuong
trinh duong chuan: (Fo-F) = 888,01 x
Cyramin (ppm) + 1,7982 véi hé s tuong
quan cao R?=0,9995 (Hinh 3d).
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Tir phuong trinh duong chuin xac dinh
duoc gia tri LOD la 6 ppb va gia tri LOQ
la 18 ppb. Gia tri LOD nay thdp hon dang
ké so v&i mot s6 phuong phap nhu huynh
quang (200 ppb) [14], dién hda (20 ppm)
[3] va twrong duong so voi mot s6 phuong
phdp khac nhu HPLC-UV (20 ppb) [6],
GC-MS (2,1 ppb) [4], dién di mao quan
(2ppb) [15]. Tuy nhién dé dat duoc do
nhay cao, phai dan xuit hoa trugc cot néu
do bing phuong phap HPLC-UV do
tyramin hap thu quang yéu; hoic phai tién
hanh cac phuong phap xir ly lam giau
mau trude khi phan tich nhu vi chiét long-
long véi phuong phap sic ki khi GC/MS
hay bom miu khuéch dai truong véi
phuong phap dién di mao quan.

3.2.2. Do chum va do ding

Két qua khao sat do chum véi cac muc
nong do 0,05; 0,25 va 0,6ppm cho gia tri
do6 lech chuan tuong dbi (% RSD) lan luot
la 2,8 %; 1,9 % va 2,5 %. Do léch cua
duong chuan, tai 3 mac nong do trén dat
tir 1,9 % - 2,5 %, déu dap (ing yéu cau cua
Hiép hoi cac nha phan tich (AOAC) [16].

Dua trén cac két qua khao sat da thuc
hién, c6 thé thay phuong phap huynh
quang su dung hé wvat lieu N-
CQDs/AuNPs c6 d6 nhay, d6 chinh xac
dat yéu cau theo AOAC, phu hop dé ap
dung vao phan tich ham lwong tyramin
trong mau thuc té.

3.2.3. B¢ chon loc

Do chon loc cua phuong phap dugc danh
gia bang cach khao sat anh huong cua
mot sd chét co thé c6 mat trong mau nhu
Ca?*, vitamin A, vitamin B12, Zn*,
Riboflavin, Histamine, Phenylethylamine,
Tryptamine, Protein, Lipid, Fructozo,
Glucozo, Sacarozo. Két qua cho thiy
ngoai histamin, (la mot amin sinh hoc c6
Cau truc tuong ty tyramin) da s6 cac chat
anh huong déu c6 dap ung hdi phuc
huynh quang khéng dang ké so Vi
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tyramin. Ngoai ra, do hoi phuc huynh
quang cua tyramin khi c6 mat cac chat
anh huong thay doi kha it, tir 0,60 -7,92
%, cho thiay phwong phap c6 d6 chon loc
dap wng nhu cau phan tich (Hinh 3f).

3.3. Phan tich miu thwc pham

Phuong phap da duoc ap dung vao df: Xdac
dinh ham luong tyramin trong mgt s6 mau

phomat dang luu hanh trén thi truong
(xem thong tin trong Bang 1). Ham lugng
tyramin trong cac mau phomat kha 1én,
dao dong tir 85,2 dén 183,5 mg/kg trong
pham vi binh thuong cho cac mau phomat
1én men vé&i thoi gian U dai, dac biét 1a cac
phomat ctrng va ban cting [1,2].

Bang 1. Ham lugng tyramin trong mot s6 mau phomat trén thi truong

MAau | Tén mau, dic diém mau

Ham lugng
(mg/kg) do bang
phuong phap
huynh quang

Sai khac
gitra 2
phuong
phap

RSD
(%)

Ham luong
tyramin (mg/kg) do
dbi ching bang
phuong phap
HPLC

1 Lavache QUIRIT, Cé
dang lat, lam tir sita bo
qua xtr li nhiét va Ién men

185,7

4,43 177,0 +4.91

Camembert Grand’Or, Bé
2 mat cua pho mat nay phu
mot lop vo moc trang,
lam tr stra bo tuoi

147.,8

4,98 142,0 +4,08

Fromage de chévre frais,
C6 mau trang, mém min,
lam tur sira dé tuoi va 5
men pho mat

85,2

3,98 86,2 -1,16

Tome des Pyrénées
noires, C6 dang banh
tron, bén trong mau vang,
mém min, c6 15 xdp, 1am
twr sira bo tuoi 1én men va
men pho mat.

91,4

4,98 89,0 +2,69

Mimolette Extra Vieille,
C6 dang hinh cau, bén
ngoai la 16p vo day thod
rép, bén trong la pho mét
mau cam tuoi, lam tir stra
bo tuoi va men phd mai

105,3

3,54 109,0 -3,39

Két qua di duoc d6i ching bang phuong
phdp HPLC thuc hién tai Vién kiém
nghiém An toan vé sinh thuc pham Quéc
gia Su sai khac gitra két qua do bang 2
phuong phap dao dong trong khoang tur -
3,39 dén +4,91, cho thiy phuong phép
huynh quang c6 d¢ tin cay cao.
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4. KET LUAN

Vit liégu N-CQDs/AuNPs da duogc thu
nghiém kha nang ung dung trong phuong
phép huynh quang dé phét hién va dinh
lwgng tyramin, mot amin sinh hoc hay
gap trong cac thuc phim nhu phomat,
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nuéC mam, nude tuong, kim chi, bia, ...
Dua trén co ché tat-bat huynh quang
thdng qua hiéu tng truyén ning luong
cong huong huynh quang (FRET), hé
thdng nay cho phép xac dinh tyramin
trong khoang néng do tir 0,02 ppm dén 1
ppm, vai gidgi han phat hién (LOD) dat 6
ppb. Phuong phap da dugc ung dung
thanh cong trong phan tich tyramin tu cac
mau phd mai thuc té, cho két qua co do
tin cay cao khi so sanh véi phuong phap
sac ky long hiéu ning cao (HPLC), véi sai
khac < 5%. Ngoai ra, phuong phap nay
6 tiém nang mo rong dé phét hién cac
amin sinh hoc khac trong thuc pham va
sinh pham nho tinh linh hoat va do nhay
cao cua hé vat liéu N-CQDs/AuNPs.

LOI CAM ON

Nghién ctru nay dugc tién hanh véi kinh
phi hd tro cho nhém nghién cau manh
“Vat ligu nano wng dung trong Phéan
tich”ctia PHQG Ha Noi.
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