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MO DAU

Ractopamine (RTP), clenbuterol (CLB) va salbutamol
(SBT) déu 1a cac chét tao nac tong hop thuéc nhom p-
agonist, dugc khoi xudng si dung & My nhitng nam 90 cua
thé ky 20 va sau d6 dugc st dung & nhiéu qudc gia trén thé
gidi. Vit lidu chidm carbon (CDs/carbon dots) n6i bat nho
cac tinh chat nhu dién tich bé mat 16n, kha nang dan dién
t6t va tinh 6n dinh hoa hoc cao nén chung trd thanh lya chon
1y tudng trong cac trng dung dién hoa, dac biét 1a dung CDs
dé bién tinh tao ra dién cuc lam viéc (WE/working
electrode). Trong nhiéu nam qua, da c6 nhiéu nghién ctru
tong hop CDs tir rom ra. Tuy nhién, nhiing cong bd vé
nghién ctu sit dung RSCD lam vat li¢u bién tinh dién cuc
than thuy tinh (tr day ky hi€u la GCE/glassy carbon
electrode) tao thanh dién cuc lam viéc (tr day ky hi¢u la
WE/working electrode) cho phuong phap von-ampe xéc
dinh RTP, CLB, SBT... trong thit hodc nudc tiéu vat nuoi
van con han ché. Dopamine (DPM) - mét chit noi sinh (co
vai trd dan truyén than kinh va ¢ ciu triic gan tuong ty SBT)
thuong co6 mat trong cac mau sinh hoc (thit, nudc tiéu dong
vat nuoi...).

Xuat phat tir cac van dé trén, d¢ tai luan an: “Tong
hop vit liéu chAm carbon tir rom ra va ing dung trong
phuong phap von-ampe xiac dinh mot s0 chit p-agonist
trong nén miu nudée tiéu lon” dugc thuc hién nhim xay
dung duoc cac quy trinh phén tich du lwong mot sd chat
cam (RTP, CLB, SBT va DPM) trong nudc tiéu vat nudi



bing phuong phap von-ampe vdi dién cuc bién tinh bﬁng
RSCD duoc téng hop tir rom ra.

CHUONG 1. TONG QUAN
1.1. MOT SO CHAT CAM TRONG CHAN NUOI VA
DOPAMINE
1.1.1. Ractopamine
1.1.2. Clenbuterol
1.1.3. Salbutamol
1.1.4. Dopamine
1.2. PHUONG PHAP PHAN TiCH MOT SO CHAT
THUQC NHOM p-agonist VA DOPAMINE
1.2.1. Phuong phap séc ky 1ong
1.2.2. Phuong phap mién dich
1.2.3. Phuong phéap quang phd
1.2.4. Phuong phép dién hoa
1.2.4.1. Phirong phdp von-ampe diing dién cuec bién tinh voi
vat liéu phi nano carbon
1.2.4.2. Phurong phdp von-ampe diing dién cuec bién tinh véi
vat liéu nano carbon
1.2.4.3. Phurong phdp von-ampe diing dién cuec bién tinh véi
vat liéu t6 hop kim loai/oxit kim loai - nano carbon
1.3. VAT LIEU CHAM CARBON VA PHUONG PHAP
TONG HQP
1.3.1. Vat liéu chAm carbon
1.3.2. Phuong phap tong hop vt liéu chdm carbon tir sinh
khoi



1.4. TINH HINH NGHIEN CUU SU DUNG CARBON
LAM VAT LIEU BIEN TINH VA PHAN TiCH CAC
CHAT CAM TRONG CHAN NUOI
1.4.1. Tinh hinh nghién ctru trén thé gidi
1.4.2. Tinh hinh nghién ctru trong nuéce
1.5.NHAN XET CHUNG VA PINH HUONG NGHIEN
cUu
CHUONG 2. NOI DUNG VA PHUONG PHAP
NGHIEN CUU
2.1. NOI DUNG NGHIEN CUU
2.2. HOA CHAT, DUNG CU VA THIET BI
2.2.1. Héa chat
2.2.2. Thiét bi va dung cu
2.3. PHUONG PHAP NGHIEN CUU
2.3.1. Phwong phap chuin bi mau
2.3.1.1. Chudn bi mau dé t(fng hop vat liéu chdam carbon va
vat liéu t6 hop
2.3.1.2. Chudn bi mdu cho phdén tich
2.3.2. Phwong phap tong hop vat liéu chAm carbon tir
rom ra
2.3.3. Phuwong phap tong hop vit liéu t6 hop Fe;Os-
RSCD
2.3.4. Cac phuwong phap dic trung vat liéu
2.3.4.1. Phurong phdp nhiéu xa tia X
2.3.4.2. Phuong phdp quang phé phdt quang
2.3.4.3. Quang phé hong ngoai bién déi Fourier
2.3.4.4. Phé tir ngoqi kha kién



2.3.4.5. Phé Raman
2.3.4.6. Phuwong phdp hién vi dién tr truyén qua va hién vi
dién tw quét
2.3.4.7. Phuong phap tan xa nang luong tia X
2.3.4.8. Phwong phdp do tong tré dién héa
2.3.5. Phuwong phap von-ampe
2.3.5.1. Phuong phap von-ampe vong
2.3.5.2. Phuwong phap von-ampe xung vi phdn
2.3.6. Phwong phap chuén bi dién cuc bién tinh
2.3.7. Phwong phap sic ky l6ng hiéu ning cao
2.3.8. Phuwong phap dianh gia d¢ tin ciy cia phwong
phap phan tich
2.3.8.1. Gioi han phat hién va gioi han dinh luong
2.3.8.2. Do lap lai
2.3.8.3. Dy diing
2.3.8.4. Khodng tuyén tinh
2.3.8.5. Phwong phdp phén tich thong ké
CHUONG 3. KET QUA VA THAO LUAN

3.1. TONG HQP VAT LIEU CHAM CARBON TU
ROM RA

Phd XRD (Hinh 3.1a) cia ba miu RSCD-140, RSCD-
160 va RSCD-180 déu cho thiy sy xudt hién cua hai dinh
nhiéu xa dic trung tai 20 = 25,3° va 43,1° twong Ung véi
mat (002) va (004) trong ciu trac graphite (theo JCPDS
Card sb 26-1076), cho théy su hién dién cua carbon v6 dinh
hinh ¢6 cdu tric twong ty graphite.
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Hinh 3.1. Két qua dic trung pho (a) XRD, (b) UV-Vis, (c)
PL, (d) FTIR va (¢) Pho Raman ctia 3 mau RSCD-140,
RSCD-160 va RSCD-180.

Trén ph6 UV-Vis ctia ba mau RSCD (Hinh 3.1b), déu
xuét hién hai dinh hép thu dac trung tai 232 nm va 270 nm,
1an luot lién quan dén chuyén tiép n-m* trong lién két C=C
ctia khung graphite. Khi kich thich & budc séng 365 nm, tat
ca cac mau déu phat quang trong khoang 380 - 600 nm
(Hinh 3.1c). Mdu RSCD-180 cho thdy, cudng do phat
quang manh nhét vé6i dinh phat quang ¢ 455 nm. Két qua
cho thdy, trén phd FTIR (Hinh 3.1d) ctia 03 mau RSCD, khi
nhiét do tang tor 140 °C Ién 180 °C, cuong do dai D gidm,



trong khi dai G tang 1én, cho thdy su ting cuong két tinh
graphite.

Anh TEM (Hinh 3.2a) cho thay, vat lieu RSCD-180
c6 cac hat nano dang gﬁn nhu hinh cau, phan bd roi rac va
khong co dau hiéu két tu. Hinh 3.2b cho théy, cac hat co
kich thudc tir 3 nm dén 6,5 nm, trong d6 kich thudc khoang
4,3 nm xuat hién nhiéu nhat.

Trung binh = 4.25¢
SD=0.535

Kich thwéc hat (nm)

Hinh 3.2. (a) Anh TEM cuia vt liéu RSCD-180 & dang
huyén phtt (anh nhé: a-as la cac anh TEM & cac diém do
khdc nhau trong ciing 1 mau) va (b) Phan b kich thudc hat
thé hién ¢ 4 diém do khac nhau.

Ph6 EDX (Hinh 3.3a) cho thay, thanh phan chinh cta
vat liéu RSCD-180 1a carbon (81,07% khoi lugng) va oxy
(16,63% khdi luong). Cac anh phan bd nguyén td (Hinh
3.3b-g) cho thdy, cac nguyén té chinh (C va O) phan bd
ddng déu trén cac vung dai dlen cua vat licu.




Hinh 3.3. (a) Phd EDX cua vat liéu RSCD-180 va
(b-g) Phan b6 nguyén t6 C, O, Na, Mg va S trén bé mit
mau vat liu RSCD-180.
32. TONG HQOP VAT LIEU TO HQP
Fe203-RSCD

Két qua & Hinh 3.4a cho thiy, Fe,Os voi cdu trac tinh
thé ing véi cac dinh nhiu xa & cac gia tri 20 twong Gmg voi
cac mit (012), (104), (110) va (116) (theo JCPDS s6 33-
0664). Phé XRD ctia mau RSCD-180 chi c6 hai tin hiéu
rong va yéu, dic trung cho cdu tric carbon v6 dinh hinh
graphite. Mau 5Fe>03-RSCD th¢é hién cac dinh nhidu xa sic
nét hon.

Quang ph6 Raman (Hinh 3.4b) dugc ghi nhan trong
khoang 100 - 2000 cm™, cac dai D va G d6i véi mau vat
lidu RSCD-180 cho thay, cdu tric carbon bi khuyét tat. Ty
1¢ (In/lg) ting dan tr mau t0 hop 1Fe03-RSCD dén
5Fe>03-RSCD (twong tmg véi 0,84; 0,86 va 0,90), chi ra
murc d6 khuyét tit ting ctia mau t6 hop khi ti 16 mol Fe ting.

Hinh 3.4c thé hién phd UV-Vis clia 4 mau vt liéu
(RSCD, 1Fe>03-RSCD, 3Fe>03-RSCD va 5Fe>O03-RSCD
cho thdy, sy hip thu trong ving tir ngoai va kha kién ting
1én khi tang ti I1¢ mol Fe/mol carbon. Hinh 3.4d chi ra khi
giam ti I¢ mol Fe/mol carbon, cuong do birc xa phat quang
giam (mau 5Fe,03-RSCD c6 cudng d6 cao hon so véi mau
1Fe,03-RSCD va 3Fe;03-RSCD), dan dén lam ting su
truyén dién tich cua vat liéu. Phd FTIR (Hinh 3.5¢) cho
thay, c6 dao dong Fe-O ¢ khoang sé song 550 cm™ - 600



cm™’, dao dong nay rd hon & mau 5Fe;03-RSCD. Két qua
nay da chung to, Fe dugc tich hgp vao mang carbon cta
RSCD.
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Hinh 3.4. (a) Pho XRD; (b) Phd Raman; (c) Phd UV-
Vis; (d) Phd PL ctia mau vat liéu RSCD-180 (viét tit 1a
RSCD) va 3 vit liéu t6 hop; va (e) Pho FTIR ctia mau vat
liéu RSCD, Fe,0;3 va 3 vat lidu to hop.

Anh SEM (Hinh 3.5a-b) cho thiy vat liéu Fe,O;3 co
cAu tric dang hat v&i cac canh r6 rang, trong khi do, vat li¢u
t6 hop 5Fe203-RSCD c¢6 cdu truc khong dong nhit va x6p
vOi1 cac 16p carbon lién két v&i nhau va céc hat Fe,03 duge
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phan b trong vit liéu.



Hinh 3.5. Anh SEM: (a) Fe>O3 (anh nho: anh TEM ciia
Fe203), (b) 5Fe203-RSCD; Anh HR-TEM: (¢,d) RSCD,
(e, f) SFe203-RSCD.

Céc anh TEM cua vit liéu 5Fe2O3-RSCD (Hinh 3.5e-f)
so v&i anh TEM cua vat licu RSCD (Hinh 3.5¢c-d) chung t6
thém vé sy tich hop cua Fe trong mang carbon ctia RSCD.
Thanh phan nguyén t6 cia mau 5Fe>03-RSCD duoc xac
dinh qua phd EDX (Hinh 3.6a). Két qua cho thdy, trong miu
vat liéu c6 mat ciia carbon (C), oxy (O), sat (Fe), luu huynh

(S) va nito (N).

Hinh 3.6. (a) Pho EDX 5Fe;03-RSCD (anh nho: pho
EDX: (i) 1Fe203-RSCD, (i7) 3Fe>03-RSCD, (iii) Fe20s,
(iv) Thanh phan nguyén té trong mau vt liéu Fe0s va



Fe,03-RSCD); (b-f) Phan bd nguyén t6 S, Fe, O, C, va N
trong mau vat liéu td hop.

Hinh 3.6b-f cho thiy sy phan bd kha dong déu cac
nguyén to S, Fe, O, C va N trong vat liéu t6 hgp 5FexOs-
RSCD, nghia la chung khong bi két tu.

3.3. XAC PINH PONG THOI RACTOPAMINE VA
CLENBUTEROL BANG PHUONG PHAP DPV DUNG
PIEN CUC BIEN TiNH RSCD/GCE

3.3.1. Dac tinh di¢én héa cia RTP va CLB

Két qua Hinh 3.7a cho thiy c6 thé phan tich déng thoi
RTP va CLB trén dién cyc bién tinh RSCD/GCE. Céc két
qua I, va E, ciia RTP va CLB dugc néu ¢ Bang 3.1.

Hinh 3.7b va Bang 3.1 cho thy anh huong cia pH
dung dich dén tin hiéu CV ctia RTP va CLB. O pH 7,0; dong
dinh I, ctia ca 2 chat RTP va CLB la cao hon ca (Hinh 3.7d).
Do vay, pH 7,0 1a thich hop va dugc chon cho céac thi
nghiém tiép theo.

Hinh 3.7¢ va Bang 3.1 cho thiy, dbi véi ca hai chat (RTP va
CLB), giira E, va pH c6 tuong quan tuyén tinh. Hinh 3.7¢
1a @6 thi Nyquist doi v6i dién cuc GCE va dién cyc bién
tinh RSCD/GCE. Gia tri Re (dién trd chuyén dién tich) ctia
dién cuc GCE va RSCD/GCE lan luot 12 0,119 kQ va 0,108
kQ. Nhu vay, dién cuc bién tinh RSCD/GCE c6 kha ning
truyén dién tich tét hon so véi dién cuc GCE.

3.3.2. Anh hwéng ciia cac chét can tré

3.3.3. D¢ tin ciy cia phwong phap DPV dung dién cuc
bién tinh RSCD/GCE



3.3.3.1. D¢ lap lai, dj tai lap va do tai lap

Két qua ¢ Bang 3.3 cho thiy phuong phap DPV st
dung dién cuc RSCD/GCE dé xac dinh RTP va CLB ¢6 d6
lap lai tot.

Két qua duoc trinh bay ¢ Hinh 3.9a cho thiy phuong
phap DPV str dung dién cuc RSCD/GCE xéc dinh RTP va
CLB c6 do tai lap tot.

(@) (b) o4

2.0 —=—RTP
——CLB

03
1.5
1.0 0.2 —\"‘\l—ﬂl

054 01
04 06 08 10 12 14 16 1.8 st gnd gd b gh b gm

E/V Ngay

11 pA
Ip I pA

Hinh 3.9. (a) Puong DPV cua RTP va CLB véi 04 lan
bién tinh dién cuc GCE béng RSCD, (b) Cuong d6 dong
dinh cua RTP va CLB trong bay (07) ngay lién tuc trén
cung 1 di¢n cuc RSCD/GCE.

Két qua duoc trinh bay ¢ Hinh 3.9b va Bang 3.4 cho
thay phuong phap DPV str dung dién cuc RSCD/GCE c6
do tai lap tot.
3.3.3.2. Khodng tuyén tinh va giéi han phdt hién

Dién tién tang I, theo ndng d6 ctia RTP va CLB ¢ Hinh
3.10a, b cho thdy, mbi quan hé I,-Crrecrp ¢6 thé tuyén tinh
trong khoang tir 0,1 - 92 uM. Nhu vay, khoang tuyén tinh
cua phuong phap 1a 0,1 - 92 uM.



Dua vao két qua Bang 3.5, gi4 tri LOD (theo “Quy tac
36”) cua RTP va CLB xac dinh dugc 1a 0,09 uM va 0,05
uM.

Hinh 3.11a mo6 ta cac duong DPV thu dugc khi ting
dong thoi ndong d6 RTP va CLB trong pham vi ndng do 0,1
- 92 uM. Hinh 3.11b va Bang 3.6 thé hién su phu thudc cua
Ip. e va I, cLB VAo cac ndng do ctia RTP va CLB.

G161 han phat hién (LOD) xé4c dinh duogc ctia RTP va
CLB lan luot 14 0,09 uM va 0,03 pM. Gia trj LOD ctia RTP
va CLB trong trudong hop 1 va 2 kha twong dong, diéu nay
cho thdy dién cuc RSCD/GCE cho thdy c6 thé phan tich
ddng thoi RTP va CLB.

3.3.4. Quy trinh phan tich dong thoi RTP va CLB theo
phuwong phap DPV dung dién cwe bién tinh RSCD/GCE

Quy trinh phan tich truc tiép RTP va CLB trong nudc
tiéu lon bang phuong phap DPV trén RSCD/GCE duoc dé
xuat nhu & Hinh 3.12.



Xir ly so' b
MAu nude tiéu duoc loc qua mang loc sgi thuy tinh
d=045um

V2

Chuén bj dung dich phan tich (DDPT)
Lz"iy 1,0 mL mau nuéc tiéu, duge tron véi 2 mL dung dich d¢ém
PBS 0,2 M (pH 7,0) va nu6e DI thém vao dé dat tong thé tich
10 mL.

Cho méu vio binh dién phan (BDP) chira 3 dién cuc (GCE,
Thém chuin Ag/AgCl va day Pt) sao cho n6ng d6 cac chat trong BDP: Bém
[PBS] =0,2 M; pH = 7; [RTP/CLB] = 20 uM; Téng thé tich

dung dich trong BDP: Vg, =10 mL.
Dinh luwgng: Phuong phéap \]/
thém chuén, 3 - 4 1dn thém;
M3i 1an, ndng do chit phan

- Ghi dwong von-ampe xung vi phin ciia ractopamine

tich RTP, CLB thém vao va clenbuterol: (ghi 13p lai voin =3, da bo phép ghi dau
khoang 2 - 5 uM. tién):
Tinh nong dj chat RTP, Quét thé tir +0,4 V dén +1,8 V véi toe do v = 0,2 V/s;
CLB trong mau (Cy): AEpuise = 0,06 V, Usiep = 0,006 V; tsiep = 0,3 s
Crrp/cLs = [RTI.’/CLB] X > Dinh lugng RTP va CLB
Vodp/Viniu - Ghi I cita RTP va CLB trong DDPT.
- Dinh lugng RTP va CLB: dya vao I, rre, cLs (LA)
> bang phuong phap thém chuan véi dung dich chuan
RTP va CLB.

- Tinh toan Crre (WM) va Cerp (M)
Hinh 3.12. Quy trinh phén tich d6ng thoi RTP va CLB
trong mau thyc té bang phuong phap DPV trén
RSCD/GCE.

3.3.5. Phan tich miu thue té
3.3.5.2. Phan tich méu thwc té dwoc thém chudn

Két qua & Bang 3.8 cho thay d6 thu hoi ctia phuong
phap DPV cho xac dinh RTP va CLB trong mau nudc tiéu

dong vat c6 thém chit chuan déu ndm trong gi6i han cho

phép theo AOAC (Cong thurc 2.5).

3.3.5.3. Phén tich mdu thuc té bang phwong phdp chuin
Két qua phéan tich mau bang hai (02) phuong phap

dugc trinh bay trong Bang 3.8.



St dung kiém dinh pair-t-test dé so sanh két qua phan
tich cho thiy khong khac nhau c6 y nghia théng ké. Diéu
nay cho thy, phuong phap DPV dat dugc d6 dung t6t khi
so voi phuong phap HPLC.

3.4. XAC PINH PONG THOI SALBUTAMOL VA
DOPAMINE
3.4.1. Pac tinh dién hoa cia salbutamol va dopamine

Két qua cho thdy (Hinh 3.13a) c6 thé phan tich dong
thoi SBT va DPM trén dién cuc bién tinh FexOs-
RSCD/GCE. Cac két qua I, va E, ciia SBT va DPM duoc
néu ¢ Bang 3.9.

Hinh 3.13b va Bang 3.9 cho thay tai pH 5,0; dong dinh
I, ctia ca 2 chat SBT va DPM 1a cao hon ca (Hinh 3.13c).
Do vay, pH 5,0 1a thich hop va dugc chon cho cac thi
nghiém tiép theo.

Hinh 3.13e 13 d6 thi Nyquist d6i voi dién cuc GCE va
dién cuc bién tinh RSCD/GCE, Fe;03/GCE, FexOs-
RSCD/GCE.

Két qua xac dinh dién tich bé mat hoat dong dién hoa
ctia cac dién cuc duoc trinh bay trong Bang 3.10 cho thay,
khi bién tinh dién cuc GCE bang RSCD, Fe;0s3, Fe,Os-
RSCD da lam tang dién tich bé mit hoat dong dién cuc. Tu
két qua dugce néu & Bang 3.11 cho thdy, viéc st dung dién
cuc GCE bién tinh bang vt liéu to hop Fe203-RSCD ¢6 thé
tang dugc dién tich bé mit hoat dong dién cuc va kha nang
truyén dién tich giup dinh luong cac chat phan tich (SBT va
DPM) bang phuong phap DPV tot hon.



3.4.2. Anh hwéng cia mot 50 yéu tb can tré

3.4.3. Do tin cay cia phwong phap DPV dung dién cuc
bién tinh Fe;03-RSCD/GCE

3.4.3.1. D¢ lap lai, dj tai lap va do tai lap

Két qua duoc trinh bay ¢ Hinh 3.14a-c va Bang 3.13
cho thdy phwong phiap DPV st dung dién cuc
Fe,03-RSCD/GCE c6 d¢ lap lai tot.

Két qua dugc trinh bay ¢ Hinh 3.14d va Bang 3.14
cho thiy phuong phap DPV sir dung dién cuc Fe,Os-
RSCD/GCE véi PKTN da néu dé xac dinh SBT va DPM
¢ do tai lap tot.
3.4.3.2. Khodng tuyén tinh va giéi han phdt hién

- P6i v6i truong hop 1: gid tri LOD (theo “Quy tic
3¢”) cia SBT va DPM xdac dinh dugc 1a 0,07 uM va 0,06
uM.

- Péi vé6i truong hop 2: LOD duge xac dinh cho SBT
va DPM lan luot 1a 0,03 uM va 0,02 uM (theo “quy tac
3¢"). Cac két qua so sanh LOD va khoang tuyén tinh cta
phuong phap DPV vé1 Fe;O3-RSCD/GCE phuong phap
nay dat dugc gia tri LOD va khoang tuyén tinh khong thua
kém cac phuong phap khac.

3.4.4. Quy trinh phén tich ddng thoi SBT va DPM theo
phwong phap DPV



Xir ly so' bd
MAu nude tiéu dugce loc qua mang loc s¢i thuy tinh
@ =0,45 um

!

Chuén bj dung dich phan tich (DDPT)
Léy chinh x4c 1 mL mau nudc tiéu, duge tron
v6i 2 mL dung dich dém BRBS 0,2 M (pH
5.0) va nude DI thém vao dé dat tong thé tich

Thém chuén J/

- Ghi dwong von-ampe xung vi phdn ciia

salbutamol va dopamine: (ghi 1ap lai voin =3,
d3 bo phép ghi dau tién):

phap thém chuan, 3 - 4 Quét thé tir 0 V dén +1,2 V v6i tée do v = 0,02
1n thém: M Ian, n6ng V/s; AEpuse = 0,06 V, Uge, = 0,006 V; tyep = 0,3
d6 chét phan tich SBT, .

DPM thém vao khoang

Dinh lwgng: Phuong

2-5uM. — Pinh lwgng SBT va DPM
Tinh néng dé chdt SBT, - Ghi I, cia SBT va DPM trong DDPT.
DPM trong méu (Cr): - Dinh lugng SBT va DPM: dua vao I, spr, ppm

Csar.ppv = [SBT/DPM] (1A) bing phuong phap thém chuén véi dung
o Via/ Vi dich chuin SBT va DPM.
v - Tinh toan Csgr (tM) va Cppy (M).

Hinh 3.17. Quy trinh phén tich dong thoi SBT va DPM
trong miu thyc té trén
Fe,03-RSCD/GCE bang phuong phap DPV.

3.4.5. Phan tich miu thyec té

3.4.5.2. Phén tich méu thuc té dwoc thém chudn (spiked
sample)

3.4.5.3. Phan tich méu thwc té bang phwong phdp chudn



KET LUAN

Lu4n 4n d hoan thanh viéc nghién ctru, téng hop va
danh gia ddc trung hai hé vat li¢u la chidm carbon tir rom ra
(RSCD) va vat liéu t0 hop Fe03-RSCD, dong thoi tmg
dung trong ché tao dién cuc bién tinh dé phan tich dién hoa
mot s6 hop chat thuéc nhém B-agonist (ractopamine,
clenbuterol, salbutamol) va hop chit sinh hoc dopamine &
néng do vét. Tu cac két qua thu dugc, luan an di dén cac
két luan chinh sau:

1. b téng hop duoc vat liéu chim carbon (RSCD) tir
rom ra - mot loai phu pham ndng nghiép bang phuong phap
thuy nhiét. Cac dac trung cua vat liéu RSCD da dugc xac
dinh: hinh théi va kich thudce hat vat liéu RSCD (khoang
4,3 nm); thanh phan cua mau vat liéu RSCD chu yéu 1a
carbon (hon 80%); bé mit vat liéu RSCD ¢6 cac nhom chire
OH™, C=0, C-0. Trén co s& vat licu RSCD va st dung
phuong phap thity nhiét, vat liéu to hop Fe03-RSCD dugc
tong hop thanh céng. Pic trung cua vat lidu ciing duoc xac
dinh: céu trac, hinh thai, mac do phan tan cac pha va thanh
phan nguyén t6 trong vat lidu t6 hgp Fe,03-RSCD.

2. bi xay dung duoc quy trinh phan tich dong thoi
ractopamine (RTP) va clenbuterol (CLB) bing ky thuat
von-ampe xung vi phan (DPV), ding dién cuc bién tinh
b::ing vat liéu RSCD trén bé mit dién cuc than thuy tinh
(GCE). O diéu kién thi nghiém d néu, phuong phap DPV
c¢6 khoang tuyén tinh 0,1 - 92 pM, gidi han phét hién lan
lugt 12 0,09 uM va 0,03 uM cho RTP va CLB va dat duoc



do tin cay t6t. Phuong phap nay di dwoc 4p dung thanh
cong dé phan tich mot sé mau nude tiéu lon. Do dung cua
phuong phap DPV trén dién cuc RSCD/GCE da dugc danh
gi4 bang cach so sanh két qua phan tich RTP va CLB thu
dugc voi két qua khi phan tich RTP va CLB bang phuong
phap HPLC (phuong phap chuan).

3. b xay dung duoc phuong phap phan tich déng thoi
salbutamol (SBT) va dopamine (DPM) bang k¥ thuat von-
ampe xung vi phan (DPV), dung dién cuc bién tinh bang
vat liéu to hop Fe>O3-RSCD trén bé mit dién cuc than thuy
tinh (GCE). O diéu kién thi nghiém d3 néu, phuong phap
DPV c6 khoang tuyén tinh 0,1 - 92 uM, gi6i han phat hién
(LOD) x4c dinh dugc 1a 0,02 uM va 0,03 uM, tuong Gng
cho SBT va DPM va dat duoc do tin cdy t6t. Phuong phap
nay da duoc ap dung thanh cong dé phéan tich mot sé miu
nuéc tiéu lon. P ding ctia phuong phap DPV di duoc
danh gia bang cach so sanh két qua phan tich SBT va DPM
(trén Fe,03-RSCD/GCE) thu dugc v6i két qua khi phan tich
SBT va DPM bang phuong phap HPLC (phuwong phap
chuén).

4. Nhimg diém méi thu duoc ciia nghién ctru luan an
bao gom: Pi xdy dung duoc hai quy trinh phén tich du
lugng mot s6 chat cAm trong chian nudi: (i) xac dinh dong
thoi RTP va CLB trong nudc tiéu dong vat nudi (lon) bang
k¥ thuat DPV dung dién cuc bién tinh RSCD/GCE; (ii) xac
dinh dong thoi SBT va DPM trong nudc tiéu lon bang ky
thuat DPV dung dién cuc bién tinh Fe;03-RSCD/GCE. Hai



quy trinh nay khéng chi gop phan phat trién cac phuong
phap phan tich dién hoa cac chit hiru co, ma con dong gop
vao tich cuc vao cong tac kiém soat an toan va vé sinh thuc
pham & nudc ta.
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INTRODUCTION

Ractopamine (RTP), clenbuterol (CLB), and

salbutamol (SBT) are synthetic -agonists commonly used
as growth promoters. Their use was introduced in the
United States in the 1990s and subsequently adopted in
numerous countries worldwide.
Carbon dots (CDs) are distinguished by their properties,
including a large surface area, excellent electrical
conductivity, and high chemical stability. These
characteristics make them ideal candidates for
electrochemical applications, particularly for modifying
Glassy Carbon Electrodes (GCE) to serve as working
electrodes (WE).

In recent years, numerous studies have focused on the
synthesis of CDs from rice straw. However, published
research regarding the application of Rice Straw Carbon
Dots (RSCD) as modifiers for GCEs to fabricate working
electrodes for the voltammetric determination of RTP,
CLB, and SBT in meat or animal urine matrices remains
limited. Furthermore, Dopamine (DPM) is an endogenous
substance frequently present in biological samples such as
meat and animal urine.

Addressing these issues, the thesis titled “Synthesis
of Carbon Dots from Rice Straw and Their Application
in Voltammetric Determination of Selected B-Agonists
in Porcine Urine Matrices” was conducted. The primary
objective is to establish analytical procedures for



determining residues of selected B-agonists (RTP, CLB,

SBT) and DPM in animal urine using voltammetry with

electrodes modified by RSCD synthesized from rice straw.
CHAPTER 1. LITERATURE REVIEW
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CHAPTER 3. RESULTS AND DISCUSSION

3.1. THE PREPARATION OF CARBON DOTS FROM
RICE STRAW

In Figure 1a, two notable peaks for one RSCD sample
synthesized from one selected rice straw are detected at
roughly 260 = 25.3° and 43.1°, corresponding to the (002)
and (004) planes, respectively (according to JCPDS Card
No: 26-1076), as previously reported in structural analyses



of disordered amorphous graphitic CDs. Figure 1b shows
two peaks at 232 nm and 270 nm, attributed to C=C bonds
because of z-z* transitions within the graphitic core,
detected in all three samples synthesized at the
temperatures. Additionally, a weak peak at 332 nm, linked
to C=0 bonds due to n-7* transitions, was observed in the
RSCD at 180 °C (RSCD-180) 37, These findings align
with previous reports 337,

The photoluminescence properties of all RSCD
samples at various temperatures were further investigated,
as depicted in Figure Ic, utilizing an excitation wavelength
of 365 nm and a range of 380-600 nm for the emission
wavelength. As shown in the inset Figures, the PL intensity
increased with rising synthesis temperature, reaching a
maximum peak at 455 nm. This outcome is similar to the
published report 0.

The typical FTIR spectra of the RSCD acquired
through the hydrothermal technique at various
temperatures are illustrated in Figure 1d. The IR spectra
indicated the existence of C=O stretching vibrations at
1631 cm™!, which are considered characteristic features of
carbon dots #'**2, The defined peak at 3456 cm™ is attributed
to the OH group in RSCD #. Peaks at 2061 ¢cm™!, 1209
cm!, and 603 cm™! in the spectrum of the RSCD are
attributed to C=N, C-O, and C—H functional groups,
respectively *%°. These confirm the appearance of
functional groups like C=0O, OH, C-H, and C-O,



consistent with previous findings *¢*’. Notably, the FTIR
peak intensity sharpens with increasing synthesis
temperature.

Figure le shows the Raman spectra of three RSCD
samples synthesized at 140 °C, 160 °C, and 180 °C. As the
hydrothermal synthesis temperature was increased, a
reduction in the intensity of the D-band peak (~1350 cm™),
indicative of disordered graphitic structures, and an upturn
in the intensity of the G-band peak (~1593 cm™), indicative
of crystalline graphite carbon, were observed. These
changes are associated with enhancements in specific
electrical, optical, and physicochemical properties. The
presence of graphitic carbon phases is indicated by an Ip/Ig
ratio of less than 1, which is consistent with the XRD
spectra as well as the published report *8. Therefore, from
all the above-characterized results, 180 °C is selected as the

suitable synthesis temperature for RSCD.
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Figure 3.1. The spectrum of (a) XRD, (b) UV-Vis,
(c) PL (inset 140 °C, 160 °C), (d) FTIR, (e) Raman of
RSCD synthesized at 140 °C, 160 °C and 180 °C.

The micro-sized structure and the size distribution of
RSCD synthesized at 180 °C were examined through TEM
results (Figure 3.2a). The particles are indicated to be
spherical in structure and the mean diameter of
approximately 4.256 nm (Figure 3.2b), commonly
observed in RSCD derived from natural sources and
confirmed by previous reports 492,

EDX and mapping were utilized to analyze the
elemental composition of the synthesized RSCD, as shown
in Figure 3. The elemental analysis in Figure 3.3a indicates
that RSCD-180 consists primarily of carbon (85.79%) and
oxygen (13.21%), the latter likely associated with —OH and
C=0 groups *. The uniform distribution of elements is
depicted in the mapping images (Figure 3b-g). These

results align with previous studies >33,



“Kich thwéc hat (nm)

Figure 3.2. (a) The TEM result of RSCD at 180 °C, (b)
The size dlstnbutlon of RSCD

Flgure 3.3. (a) EDX spectrum of RSCD-180, (b-g)
element mapping images of C, O, Na, Mg, S and Ca.
3.2. THE SYNTHESIS OF Fe;03;-RSCD COMPOSITE

MATERIAL
The X-ray diffraction (XRD) patterns (Figure 3.4a)
confirm the crystalline structure of Fe:0s, with diffraction

peaks observed at 20 values corresponding to the (012),
(104), (110), and (116) planes, in agreement with JCPDS
card no. 33-0664 3032 Notably, the 5Fe.0s;-RSCD
composite exhibits sharper diffraction peaks with enhanced
intensity (/).

Raman spectra (Figure 3.4b) reveal D- and G-bands
for RSCD, characteristic of defective and graphitic carbon
structures®>. The intensity ratio (Ip/lg) increases



systematically from 1Fe203-RSCD to 5Fe203-RSCD
(corresponding to 0.84, 0.86 and 0.90), indicating a
growing degree of defects with higher Fe loading. Figure
3.4c presents the absorption spectra of RSCD, 1Fe20s-
RSCD, 3Fe20:-RSCD, and 5Fe.0:-RSCD composites
across the 200-800 nm wavelength range. Strong
absorption in the ultraviolet and visible regions is observed,
with intensity increasing as Fe content rises. This increase
is attributed to the carbon dots (RSCD), known for their
light-harvesting efficiency. A peak around 300 nm, typical
of 7-7* transitions in RSCD, is detected***!. Enhanced
absorption in the visible region (400—600 nm) is caused by
incorporating Fe»Os, indicating successful composite
formation*>*. In Figure 3.4d, the PL spectra reveal the
emission characteristics in the 400-600 nm range. For
RSCD, a relatively high emission intensity is observed,
indicating efficient recombination of photo-excited
electrons and holes. As Fe;Os3 is introduced into the
composites, significant quenching of PL intensity is
observed for 5Fe;O03-RSCD compared to 1Fe;O3-RSCD
and 3Fe>03-RSCD. The quenching is caused by charge
separation facilitated by carbon dots, which is further
enhanced by Fe>Os, thereby suppressing electron-hole
recombination. FTIR spectra (Figure 3.4e) identify
functional groups in RSCD, including O-H (3200-3400
cm™), C=0 (1700 cm™), and C-O-C (1100 cm™)**8 The
incorporation of Fe introduces Fe-O vibrational modes



(confirming the presence of Fe>O3) at 550-600 cm™, which
are most prominent in 5Fe203;-RSCD. These Fe-O
stretching bands align with previously reported spectra for
Fe:0s, further validating the successful integration of iron
oxide within the composite structure®.
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Figure 3.4. (a) The XRD pattern of RSCD, Fe;03, 3
synthesized composites; (b) The Raman spectra of RSCD,
Fe:0Os and 3 synthesized composites; (c) The UV-Vis
spectra of RSCD and the 3 synthesized composites; (d) The
PL spectra of RSCD and the 3 synthesized composites
(inset: the PL spectra of three composites); (¢) The FTIR
spectra of FeoO3, RSCD and the 3 synthesized composites.

The SEM images (Figure 3.5a, b) reveal the distinct
morphologies of Fe>2O3 powder and 5Fe;O3-RSCD. Fe20s-
powder exhibits a particle-like structure with well-defined
edges, reflecting the crystalline nature of Fe2Os. In contrast,
the 5Fe203;-RSCD composite presents a heterogeneous and
porous morphology with interconnected carbon matrices



decorated by Fe.Os particles. This porous architecture
increases the specific surface area, providing more active
sites for electrochemical reactions. Additionally, the
uniform dispersion of Fe:Os particles ensures better contact
with the carbon matrix, enhancing electron transport and
ionic diffusion during electrochemical processes.

77
#

Figure 3.5. The SEM images of (a) Fe:Os-powder (inset:
the TEM image of Fe203), (b) 5Fe203-RSCD; The
HRTEM of (c,d) RSCD, (e, f) 5Fe203-RSCD.

The TEM images (Figure 2c, d) of RSCD confirm the
amorphous structure of the carbon dots, appearing as thin,
irregular sheets with negligible lattice fringes®*>>. When
modified to form 5Fe.0s:-RSCD (Figure 2e, f), clear lattice
fringes corresponding to Fe.Os are observed, confirming
successful integration. The elemental composition of the
5Fe203-RSCD composite is further confirmed by the EDX
spectrum  (Figure 3.6a), which demonstrates a
homogeneous distribution of carbon (C), oxygen (O), iron
(Fe), sulfur (S), and nitrogen (N). The dominant peaks



corresponding to carbon and oxygen highlight the carbon-
rich and oxygen-containing groups derived from the RSCD
base. The pronounced Fe peaks confirm the successful
incorporation of Fe;O3 into the composite.

e T 100
|

Figure 3.6. (a) The EDX spectrum of 5Fe.0s-RSCD
(inset: EDX spectra of (i) 1Fe203-RSCD, (ii) 3Fe203-RSCD,
(iii) Fe20s; (iv)Elemental composition of Fe:0s and Fe:0;s-
RSCD composites); (b-f) element mapping images of S, Fe,
O, C, and N.

The elemental mapping images (Figure 3b-f) illustrate
the spatial distribution of S, Fe, O, C, and N in 5Fe.Os-
RSCD. The carbon and oxygen elements are distributed
uniformly throughout the matrix, reflecting the
homogeneous dispersion of RSCD. The Fe mapping reveals
evenly distributed iron species without noticeable
agglomeration, ensuring consistent interaction between
Fe:0s and the carbon framework.

3.3. SIMULTANEOUS DETERMINATION OF
RACTOPAMINE AND CLENBUTEROL USING DPV
METHOD BY RSCD/GCE



3.3.1. The electrochemical behavior of RTP and CLB

The results from Figure 3.7a demonstrate the
feasibility of simultaneously analyzing RTP and CLB on
the RSCD/GCE modified electrode. The peak current (Ip)
and peak potential (Ep) values for RTP and CLB are
presented in Table 3.1.

Figure 3.7b and Table 3.1 illustrate the influence of
solution pH on the CV signals of RTP and CLB. At pH 7.0,
the peak currents (Ip) for both RTP and CLB reached their
maximum values (Figure 3.7d). Consequently, pH 7.0 was
deemed optimal and selected for subsequent experiments.
Figure 3.7c and Table 3.1 indicate a linear correlation
between Ep and pH for both analytes (RTP and CLB).
Figure 3.7e displays the Nyquist plots for the bare GCE and
the RSCD/GCE modified electrode. The charge transfer
resistance (Rci) values for the GCE and RSCD/GCE were
0.119 @ and 0.108 Q, respectively. This indicates that the
RSCD/GCE modified electrode exhibits superior charge
transfer capability compared to the bare GCE.

3.3.2. Interferent impact

3.3.3. The vreliability of the DPV method using
RSCD/GCE

3.3.3.1. Repeatability and reproducibility

The results presented in Table 3.3 indicate that the
DPV method employing the RSCD/GCE for the
determination of RTP and CLB exhibits good repeatability.



Furthermore, the results shown in Figure 3.9a
demonstrate that the DPV method, utilizing the

RSCD/GCE, for determining RTP and CLB exhibits good

reproducibility.
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Figure 3.9. (a) The DPV responses of RTP and CLB at the
four time periods of modifying RSCD onto a bare GCE
are shown in (A). The DPV concentrations for RTP and

CLB were 1 uM and 1.0 uM, respectively, and were
modified continuously for a week with RSCD/GCE.
The results presented in Figure 3.9b and Table 3.4
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demonstrate that the DPV method employing the
RSCD/GCE electrode exhibits good reproducibility.
3.3.3.2. Linear range and limit of detection

The dependence of peak current (Ip) on the
concentrations of RTP and CLB, as illustrated in Figures
3.10a and 3.10b, demonstrates a linear relationship within
the concentration range of 0.1-92 uM. Consequently, the
linear range of the method is established as 0.1-92 uM.

Based on the results in Table 3.5, the Limit of
Detection (LOD) values for RTP and CLB, calculated



according to the 3o formula, were determined to be 0.09
uM and 0.05 uM, respectively.

Figure 3.11a illustrates the DPV voltammograms
obtained upon the simultaneous increase of RTP and CLB
concentrations within the range of 0.1-92 uM. Figure 3.11b
and Table 3.6 present the dependence of the peak currents
(Ip, RTP and Ip, CLB) on the respective concentrations of
RTP and CLB.

The determined Limits of Detection (LOD) for RTP and
CLB were 0.09 uM and 0.03 uM, respectively. The LOD
values for RTP and CLB in cases 1 and 2 are comparable,
indicating that the RSCD/GCE electrode is capable of
simultaneously analyzing RTP and CLB.

3.3.4. The procedure of simultaneously detecting RTP and
CLB using DPV by RSCD/GCE

The procedure for the direct analysis of RTP and CLB
in porcine urine using the DPV method on the RSCD/GCE
1s proposed as depicted in Figure 3.12.



Lay mau nudc tiéu lon va xur 1y so
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Mau duoc loc qua mang loc sgi thiy
tinh @ = 0.45 um
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nong dg chat trong mau - Sau mdi lan thém chuan, lai ghi
trang). duong von-ampe xung vi phan ¢

DKTN tuong tu va x&c dinh I, trung
binh.

Figure 3.12. The procedure for the direct analysis of RTP
and CLB in porcine urine using the DPV method on the
RSCD/GCE.

3.3.5. Real sample tests
3.3.5.1. With the spiked real samples



The results presented in Table 3.8 indicate that the
recoveries of the DPV method for determining RTP and
CLB in spiked animal urine samples fall within the
acceptable limits according to AOAC guidelines (Equation
2.5).
3.3.5.2. With the standard method

The analytical results obtained from the two methods
are presented in Table 3.8.

A paired sample #-test was employed to compare the
analytical results, revealing no statistically significant
difference. This indicates that the DPV method achieves
good accuracy relative to the HPLC method.

3.4. SIMULTANEOUS DETERMINATION OF
SALBUTAMOL AND DOPAMINE USING DPV
METHOD BY Fe;03-RSCD/GCE

3.4.1. The electrochemical behavior of salbutamol and
dopamine

The results presented in Figure 3.13a demonstrate the
feasibility of simultaneously analyzing SBT and DPM on
the Fe>O03-RSCD/GCE modified electrode. The peak
current (Ip) and peak potential (Ep) values for SBT and
DPM are detailed in Table 3.9.

Figure 3.13b and Table 3.9 indicate that at pH 5.0, the
peak currents (Ip) for both SBT and DPM reach their
maximum values (Figure 3.13¢). Consequently, pH 5.0 was
deemed optimal and selected for subsequent experiments.



Figure 3.13e displays the Nyquist plots for the bare
GCE and the RSCD/GCE, Fe;O3/GCE, and FeOs-
RSCD/GCE modified electrodes.

The determination of the electroactive surface area of
these electrodes is presented in Table 3.10. The results
indicate that modifying the GCE with RSCD, Fe>Os, or
Fe>O03-RSCD resulted in an increased electroactive surface
area.

Furthermore, the results summarized in Table 3.11
demonstrate that utilizing the GCE modified with the Fe;Os-
RSCD composite material enhances both the electroactive
surface area and the charge transfer capability. This
facilitates the improved quantification of the analytes (SBT
and DPM) via the DPV method.

3.4.2. The impact of inferents

3.4.3. Reliability of the DPV method employing the Fe;03-
RSCD/GCE modified electrode

3.4.3.1. Repeatability and reproducibility

The results illustrated in Figures 3.14a—c and Table
3.13 indicate that the DPV method employing the Fe,Os-
RSCD/GCE electrode exhibits good repeatability.

Furthermore, the results presented in Figure 3.14d and
Table 3.14 demonstrate that the DPV method, utilizing the
Fe;03-RSCD/GCE  under the specified experimental
conditions for the determination of SBT and DPM,
possesses good reproducibility.

3.4.3.2. Linear range and limit of detection



— For case 1: The Limit of Detection (LOD) values for SBT
and DPM, calculated according to the 3c rule, were
determined to be 0.07 uM and 0.06 uM, respectively.
—For case 2: The determined LODs for SBT and DPM were
0.03 uM and 0.02 uM, respectively (based on the 3o rule).
A comparison of the LOD and linear range results obtained
using the DPV method on the Fe>O3-RSCD/GCE indicates
that this method achieves performance metrics that are
comparable to those of other reported methods.

3.4.4. The procedure of simultaneously analyzing SBT and
DPM using the DPV method
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Chuén bi dung dich phén tich (DDPT)
Léy chinh xéc 1 mL miu nudc tiéu, duge tron
v6i 2 mL dung dich dém BRBS 0,2 M (pH 5,0)
va nuée DI thém vao dé dat tong thé tich 10 mL

Dinh  lwong: Phuong
phap thém chuén, 3 - 4
lan thém; MJi lan, nSng
d6 chat phan tich SBT,
DPM thém vao khoang 2
-5 uM.

Tinh n(jzzg dé chat SBT,
DPM trong méu (Cyy):
Cspr,ppv = [SBT/DPM] x
Vody/ Viniu

- Ghi dwong von-ampe xung vi phin ciia
salbutamol va dopamine: (ghi 1ap lai véin =3, da
b6 phép ghi ddu tién):

Quét thé tir 0 V dén +1,2 V vdi toe do v=0,02 V/s;
AEpuse = 0,06 V, Ugep = 0,006 V; tye, = 0,3 s.

— Pinh lwgng SBT va DPM

- Ghi I cia SBT va DPM trong DDPT.

- Dinh lugng SBT va DPM: dya vao I, ser, pem (LA)
bing phwong phap thém chudn véi dung dich
chuén SBT va DPM.
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Figure 3.17. The procedure of simultaneously analyzing
SBT and DPM in real samples using Fe;O3-RSCD/GCE
by the DPV method.

3.4.5. Real sample tests

3.4.5.1. For spiked samples
3.4.5.2. For the standard method




CONCLUSIONS

The thesis has successfully completed the
investigation, synthesis, and characterization of two
material systems: Rice Straw Carbon Dots (RSCD) and the
Fe203-RSCD composite. Furthermore, it has applied these
materials in the fabrication of modified electrodes for the
electrochemical analysis of selected B-agonist compounds
(ractopamine, clenbuterol, salbutamol) and the biological
compound dopamine at trace levels. Based on the obtained
results, the following main conclusions are drawn:
- RSCD was successfully synthesized from rice straw, an
agricultural by-product, via the hydrothermal method. The
characteristics of the RSCD material were determined,
including its morphology and a particle size of
approximately 4.3 nm. The composition is predominantly
carbon (80%), and the surface contains functional groups
such as —OH, C=0, and C—O. Building upon the RSCD
material and employing the hydrothermal method, the
Fe>03-RSCD composite was successfully synthesized. This
composite was also characterized in terms of structure,
morphology, phase dispersion, and elemental composition.
- An analytical procedure for the simultaneous
determination of ractopamine (RTP) and clenbuterol (CLB)
was established using Differential Pulse Voltammetry
(DPV) on a Glassy Carbon Electrode modified with RSCD
(RSCD/GCE). Under the specified experimental
conditions, the DPV method exhibited a linear range of 0.1



-92 uM, with limits of detection (LOD) 0of 0.09 uM and 0.03
uM for RTP and CLB, respectively, achieving high
reliability. This method was successfully applied to the
analysis of selected porcine urine samples. The accuracy of
the DPV method on the RSCD/GCE was validated by
comparing the analytical results for RTP and CLB with
those  obtained via  High-Performance  Liquid
Chromatography (HPLC), the standard reference method.
- An analytical method for the simultaneous determination
of salbutamol (SBT) and dopamine (DPM) was established
using DPV with a GCE modified by an Fe;O3-RSCD
composite. Under the specified experimental conditions,
the DPV method exhibited a linear range of 0.1-92 uM. The
LODs were determined to be 0.02 uM and 0.03 uM for SBT
and DPM, respectively, achieving high reliability. This
method was successfully applied to the analysis of selected
porcine urine samples. The accuracy of the DPV method
was validated by comparing the analytical results for SBT
and DPM (obtained using Fe,O3-RSCD/GCE) with those
obtained using HPLC (the standard reference method).
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