=

a © 4 1 o o v A a = o A A v
aadai‘[%m%ma‘muuLm\‘iwua’l%iun'l‘smi'm ﬂﬂaaalawaamﬂg%’mz%ﬁmﬂﬁ%ﬂmnma
Tusiwa@y

A competitive immunosensor for sensitive detection of neomycin residues in raw milk

\Wzandu 1§zgue” uaz Ayaniad luans’
Chehasan Cheubong' and Kanyarat Mokkul®

Received: 29 June 2024 ; Revised: 4 August 2024 ; Accepted: 13 September 2024

UNAnL

Aodvswiuendfiuenguosdlulnalalodiionldiusgisninsnsumsinmlsasuuinaululau asen
sansnan ldnadanuafi3uuNTILINLAZUNTUAL dauyedlaiuludiinagezdmaduivdelawszszuudszanny
dsvwnsandslulinagevassnd fiusiladodulwhuidvedwaiederislng domeiinaiiansasieia
mmﬂﬂ”ﬁwaastg’j%’mzﬁiaﬁﬂ%usluﬁmmauﬁﬁmnmaa"l,'aga fanusmzuazuaiudnlunianaiadsianusnin
mﬂﬁ'«a:ﬁaaﬁ'@umL'ﬁamuquﬂ%mmmmm‘ﬁwaaﬁ‘[aﬁy%uluﬁmuaulﬁﬂaa@ﬁ'mia;ju‘ﬂnﬂ Nwispasiit lewam
mﬂﬁﬂﬁug‘[mﬁ'ﬁumai’uuuLL“ﬂaﬁuLﬁamw’f@ﬂ’lmﬂﬁ’mmaaﬁiaﬁa%ﬂuﬁmw@u Tagvmadewiiladedwdany
Iu’iw’ﬁ%"ué‘ayﬁu (bovine serum albumin, BSA) udsh lduulululannaaiodududstuiuilododulussdacng
Tunssuiuuenduediledsdufidenluladu ‘mé’amnﬁf’umﬂmiaﬂ'mminﬁ‘[aﬁm%w?'ia%ﬂuvl,uiﬂﬂwawﬁ'uﬁiaﬁy%u
1%(51";at'l’l\‘lﬁl:gﬂm’sﬁ]f@ﬁ’sﬂﬁﬁLﬁ(ﬂﬁ]’mﬂ’liLid"uadLau‘lﬁljﬁ HRP-streptavidin (horseradish peroxidase (HRP)-labeled
streptavidin) ﬁagﬂuvlﬂmmawﬁ‘uéfummw 3,3',5,5'-tetramethylbenzidine (TMB) luan1izillalasianideseanlos
wamiﬁﬂmwud'}mﬂﬁﬂﬁﬁwuﬁumfuﬁﬂszaﬂ%mwga’[umimaﬁ@mmﬂﬁwwmﬂﬁ%m:ﬁiaﬁ'ﬂ%u lapfidSunm

'
o

dgafiinlada 4 wiluniudaladdny (4 ppb) Ttwanudwduassaiud 1 9 50 wiluniudediadfas (R*=0.9976)
feawdosuuinaIIUaNAnS (%RSD) v 3.7 Sanuduwzanzasdesd fhusladodugs uazfianugneas
(accuracy) vasmIaTIvIamIanavesUjiusiladvduludatnnhundudisdndefidudnisidaunaglwnm
@ o o & A a = & T & AR & aaa &l
pauiule (%Recovery; 85-111%) anwinafiaduylwdwsaiwvuudiiuinamluaraiinduwitinmnednamanm
Igavameunisandsasitledpduluihunduldlusiunmd Sanudashgs windr IFnuwie waldnoniwiaz

o A o v a s a A o v A %
wanieih llfdszidugunwsessihusduieanudaeaivvasguilnald
o o a A 6 1 Qs ada a v :/ a
adan:  Buylwdwsaiuuuutelu, oz, fladodu, duudy

Abstract

Neomycin is a common broad-spectrum aminoglycoside antibiotic that inhibits the growth of both gram-negative and
gram-positive bacteria. Overdose has the potential to cause ototoxicity as well as nephrotoxicity. Thus, the presence
of neomycin in raw milk poses a possible health risk to consumers. Therefore, sensitive and selective methods are
necessary to monitor and detect neomycin. A competitive immunosensor was designed to detect neomycin residues
in raw milk. First, a microplate was coated with conjugated neomycin-bovine serum albumin and used as an analytical
competitor. The competitive immunosensor was created by incubating free neomycin with anti-neomycin antibodies

labelled with HRP-streptavidin. After the competitive reaction, captured HRP catalysed the oxidation of 3,3',5,5'-
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tetramethylbenzidine (TMB) in the presence of hydrogen peroxide (HZOZ) to create colour responses. The proposed

immunosensor had excellent analytical performance with a low detection limit of 4 ng/mL, a wide linear range from 1

to 50 ng/mL (R’ = 0.9976), high precision with a %RSD of 3.7, and high selectivity in neomycin detection compared

to six competitive antibiotics. The applicability of the sensor was evaluated by analysing neomycin in raw milk samples.

Detection of neomycin in real samples demonstrated remarkable accuracy, with a recovery rate of 85-111%.

The results showed that the proposed immunosensor can successfully detect neomycin in raw milk samples with

excellent sensitivity and ease of use. Additionally, the proposed method has great potential for farmers to detect

neomycin residues in raw milk.

Keywords: Competitive immunosensor, antibiotic, neomycin, raw milk
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Figure 1 Schematic illustration of the developed competitive
immunosensor for detection of neomycin residues.
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Figure 2 The UV-visible spectra obtained from immobilized
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Figure 3 Photographs of competitive immunosensor
responses to different concentrations of neomycin by
yellow-colored products.

E’A@a&;&.

WHanIInaaadiazanilIngma

1. dyyrwiaaudwasnon1snsIVInilaaadu

]
a

a [ -
agmaiadaalwdwisosuuuutn
afieduyldwsefuuuutiiuivamluasod
AU NITUAITUIUNIITVLOUALU AT Lo N FUIZTAI
A v a A =2 o A v A a A
iladbBungnesalululanwaanuilledodudasznoglu
sIRzAILANAIIIUATaN IR Rladodungnai
1u"LuIﬂSLWamﬁfm:é’aaL%amiaﬁ'ﬂu%'u%%'ué'mﬁjﬁmﬁa
Aazrrvsnassinlulanwaalagansazaiuaisuaiua
Tafidusnsdonle iarinmsassiladoduiidendeny
Iﬁu%%’ué“m%lﬁmﬂ%muLﬁﬂuﬁ'ﬂﬁwﬁ%’ué'ayﬁuammam
' A &2 o = v a A A o A Al o A
wu naafiessdeiladpduiiTennuluindiuanyiu
uty’mﬂ@]sJmm‘mi’@@i’m’mmnﬁmlmvlﬁﬁamﬂ%aa
Azda snInslwlefieas Nanus1Iaan 450 wiln

el® 22D

&
B

was walinudyyalunquiiadsisluiudsudayin
WB988191087 A9LaAIL Figure 2 398NN TR EUE WA
duTalumadeniiladodunuluiudsuaayiiu dan EDC
Aduans amide coupling N&INKBLE bIFIZRIINTA
afuandanluluiudiuasydunvillodedudadn
plfFuzsfioazdlulnalaloddidingiadululasiais



360 Chehasan Cheubong and Kanyarat Mokkul

fruwnsieaanluleduunuanduaaiilodsdunu
mﬁ'ﬂﬁuﬁ:mvlm%:ijmy;N-hydroxysulfo succinimide
(sulfo-NHS) esters Nl lula@ununyiafiusfiailguniinie

n@und (primary or secondary amines) ﬁaQIuLLauaua?}

iladndu lassansndugunsdaasndnsannawn
?«ﬁL'ﬁmﬁmﬁlaﬁﬂﬂmmi’@msa:mﬂuﬂmsgwuﬁiaﬂ'ﬂ%u
fiamudududnig donafinduyluduise Suunuteiu
Gauaadlu Figure 3 wuhda mdnaesfiinuing
Fnaasldiannuidudurasasazaionnasgu
iladpdwindu Fousasnnusunuiuuundsunduiu
szivRmaasnuauutusesilediodu loodya
fiaasaforsinawesilodofuAntuin wanaaiuii
lodpFudaszlussazaoUTuimunisugsauny
andvaniladsduinliindeuandveniladsduianas

falusutuitlasoduiassuululaninan donarile

sy mtesas wazvhlddSunonanlodaaidaniau-
wesaandias §miusslfiseniosssdis wanana:
sanTniudumseamnluleduiuweuivedsiFaud
naMIANEIASInIInaTeTafy g Mineusuadams
araiafladufudinnaiinduyludumo Suunugadu
Anawuluaisfiarn

2. ansimanzandwsuasviailadufuaiumai
ﬂﬁugfmﬁmsﬁaﬁmumiaif%

el ianuisdhuasdUszansnmw
galunianaiaiiladofu 39levnmsfnmmianzi
wanzanvasiTianeilasanwiladodsil de Ay
ﬁuﬁLmﬂ@mﬁ'maaﬁlaﬁ'ﬂ%uﬁL%auiuﬁuLm%'ué'aHﬁu
(1257 uaz 10 Saansudaiadans) flosfiuand1sin
yasgIazastWiWes (6 7 7.4 uaz 8) uaztaafiuanens
Aulunssuiuwesitlodofunuuandued (10 20 40 uaz
60 W) lagrinmInasasdinuin 3 sgﬂqumimaaa
NNl NEF AN UL TUTIRIULMNI@E (one-way
ANOVA) Lﬁalﬁanam's:ﬁmmmuﬁq@ ﬁlﬁ@hmig@nﬁu
LLaaﬁﬁmwLmn@maﬂwﬁﬁﬁé’nﬁ@maaﬁ?} (p < 0.05)
WowSsuisunuaniziung luudasdadoi lddne

msaneaTutuim Ntz anlunnses
ﬁIaﬁm%uﬁL%auIﬁmm%Mé"agﬁutluvlwimmamﬁmm
a‘inﬂuﬁﬁmmuquﬂ%mmmmLﬁuﬁulﬁmm:au L
Twmiasasaiiledpdulsdnsnwifiasaniladodu
Aasslululanwanaziiuddsuiunendveaiilodudu

WUUWITWIUR laNpTuarszluraaanaaad aInuaabe

PNITANENNANNTNTY 1 2 5 7 way 10 JaanIines

a

iafanT asuaaslu Figure 4a WAMIANMIWLINAINNT

J Sci Technol MSU

Q@ﬂﬁuLLa\iﬁmLﬁﬁummmuLﬁwﬁwaaﬁiaﬁ'w’ﬁuﬁ%aw
T,ufium%"u5&Hﬁuﬁ@§ﬂuvlﬂmmam wasfinnugugn 7
ﬁa'&n%’u@iaﬁaﬁ’ﬁmffuvlﬁwa@hmig}@ﬂﬁmmoﬁmﬂﬁq@
LLiTﬁhLﬁumﬂmﬁuﬁugﬁuﬁmﬂu 10 AaANINGDNARANT
mmi@@ﬂﬁul,l,mvlaj"lﬁl,ﬁmeuLﬁa\‘mﬂ audlwlulasnaa
fi3na AnmseSeasduduanniinllenaasimsteunuy
viam3ugsmeuuin lulaswaaawin lisan assfiads
VL@uuuaﬂaamwamaﬂiwammwsl,umiammamau@uaﬂ
AARILTUN mumammm@ﬂ@m AT Uiz sy
ﬁm%umm’%@ﬁiaﬁﬂ%uﬁL%awiu'iw,eﬁ?u5au“ﬁu1uvlw1ﬂsmam
fofl 7 fsdnsudaiasans

(@)

09

b
a
0.6
03 ‘
0.0
1 2

Concentration of Neomycin-BSA conjugate (mg/mL)

Absorbance at 450 nm

7 10

c
g 12 I
c
3 b ab
<
= 09 a
@
o
]
06
2
o
0
Qo
< 03
00
6 7 74 8
pH value
15
(o
(c) o
12
E | b
=}
3
a
w 0.9 a
Q
o
f=
8 oe
2
o
17}
2
03
0.0
10

40 60
Binding times (min)

Figure 4 Optimization of the experimental condition on
the competitive immunosensor response for neomycin
detection. (a) Optimization of the concentration of
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Table 1 Neomycin residues detection in raw milk samples using the proposed competitive immuno- sensor (n=3).
Raw milk Neomycin
samples concentration (ug/L)
A ND
B 14+15
C ND
Blank ND

* ND= Not detected

Waanugndastadinaiinduylwduisafuuy
wistulunisaTiaianisandevasitlasoduluaiatne
a & a X o2 € & ¢ v o A
Fwasihuudy 9lddnwdesifudmsldnaudn (%
Recovery) lagingsazaiganasgiv Aladaduniny
anududuinasluinuuduns 3 afia (Sample Spike) 7
ANMNLTNTH 1 10 uaz 30 lulasnIudadas nnwudwIos

6 & 6 ¥ e A

wudasidudnmslanaudin

= 1 6 & 6 v e A 1

PNMITANWINLIN Lﬂailﬁﬁu@]mi‘l@namuagiu

329 85 019 111 1asiud uaze1 %RSD agﬂwﬁw 221049
@ = R { @ o

11.61 aauaadlu Table 2 Tsaglunmwinsauivldmand
a &= o A A = & L e AN o
NATILHA ﬁ]x‘lﬁ?ﬂ%ﬂ%“flﬂ%ﬂQNHIuLTuL"ﬁBSLLUULL‘IJG“LI%‘Y]VL@]
N MBI AN VLI LLa:man@ngﬂumﬁLﬂﬁn:ﬁ
MIANA9VaIRlas Bl uiinuudy

Table 2  Recovery of neomycin spiked in three raw milk samples by the developed competitive immunosensor (n=3).
Neomycin concentration (ug/L) Rate of Recovery RSD
Raw milk samples
Native level Spiked Found (%) (%)
0 1 0.93 93 9.40
A 0 10 10.26 103 9.35
0 30 28.72 96 2.21
14 1 15.11 111 3.27
B 14 10 24.77 108 3.77
14 30 40.80 89 2.96
0 1 1.04 104 11.61
c 0 10 9.46 94 5.27
0 30 25.65 85 5.01

Table 3
samples.

Comparison with immunosensor and others analytical methods in the determination of neomycin in milk

Limit of detection

Recovery rate

Methods LOD ((ug/L) (%Recovery) Reference
Liiquid chromatography mass spectroscopy (LC-MS) 50 80-98 Arsand et al. (2016)
Imprinting membrane (MIPs) 7 97-104 Lian et al. (2013)
Surface plasmon resonance sensing (SPR) 6.14 - de-los-Santos-Alvarez et al. (2009)
Fluorescent polarization immunosensor 4 - Beloglazova et al. (2016)
Enzyme linked immunosensor 3 87-108 Jin et al. (2009)
Amperometric immunosensor 6.7 95-113 Zhu et al. (2010)
Colorimetric immunosensor 5 75-105 Wang et al. (2009)
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Table 3  Comparison with immunosensor and others analytical methods in the determination of neomycin in milk
samples. (cont.)
Limit of detection Recovery rate
Methods Reference
LOD ((pg/L) (%Recovery)
Chemiluminescent immunosensor 9.4 89-105 Luo et al. (2016)
Antibody-based immunochromatographic 8 - Qin et al. (2022)
Competitive colorimetric immunosensor 4 85-111 This work
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