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Biosensor System for the Detection and Assessment of Safety in Milk and
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ABSTRACT

Milk and dairy products are nutritionally one of the most important food in human health and the quality of raw milk

is significantly important to ensure safety of dairy products. However, milk and dairy products are commonly related with

chemical and microbial contaminations. Therefore, rapid and reliable detection of hazardous (e.g. pathogenic bacteria, pesticides,

antibiotics, microbial toxins) in milk and dairy products is essential to ensure human health and food safety. Conventional

methods for detection of food hazardous are mostly time-consuming to yield a results. Recently, biosensors have been

focused as its rapidity and high sensitivity to analyse chemical and microbial hazardous from a variety of foods and

environments. This study reviewed the recent trends and applications of biosensors as rapid detection method of hazardous

in milk and dairy products.
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F bé“gi
Z 71A ELEU]-E:LEH 3(gas chromatography, GC)1 .43
MA A ZwE T 3 (high performance liquid chromatography,
HPLC) 59 AZvEIH T Wie] oj&Este] HAstaL 9l
Th(Aprea et al., 2002; Strachan et al., 1997a). 121} o] & |}
NS ojg] AAE dlste] AAI7He] A8 A A7), 3
B4 BA80 wrte] BAY|7] 9F = BES 3
5, 1998). webA] ol gk WS Hed ¢ Qe "Hi
7Ht”'°}7] Qg A7 %HELO]‘}“ o] FolA 1L 3l
AAE ol gt A 5 H]
1M = v, &4, 34 3

Z (bioreceptor) 2} 4] 53l A} }l;—
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11 JIAZRH FrsHe =24, 318
toexn 54 tids 844 8
ol TH AL, 2008; 7, 2002). vlo] A4 = Clark e} Lyson
o eJs) A AFHAOH, A BESH PR FHo
Q75w T S-&E okl tiste] A skl e
ATHHE E, 2011). WA N2 AAE 2o WZE o e A
JHA 2 980 2 Fn|gke] 22 AE ;f__'_l B o] 7b=
HE A A7) W2l 95 - 87 - Ak - A FS
ThFEE S8t opoll A o] 8E ﬁli}(f&%ﬂﬂ"}%‘ El
2007).
kA Ao A=
Qe EZ B nlo] QAM tiajA LolRy, ¢ 2
FAE] A Bl &8 7Hs
2N etz g

J}, oot JN

1. Hjo|AMIAM 2| 2|

Hol R AIM = AAGAEE wet WY, a4, AlxE,
DNA AlA SO 2 TFHW, S0 upet 23t A7)3st
gt g W o= ERETHA, 2004; ©] F, 1998). A=<l
A z2eh AU 18] 5ol whg2 theks =8 A W
o eJa] A714 Ae= WehEo] xAHM(Fig 1), 713t
(electrochemical), 333, W41, SPR(surface Plasmon resonance),
FET(ﬁeld effect transistor), QCM(quartz crystal microbalance)

5 Ohre B sherA el el FFHOE [71E A
SE NBEI, 1 ASE FNEAY BEs) vdste] 4
A, A B0 7153FtK(Ko, 2008; Ko, 2009; Sethi, 1994).
Hpo]l R Al A o] A AEH L v A =S ot AR
AU Ux A"AY el 71i Foll LA A 5%
245 Yo g A ES s, JAAE A T

ZAE wh-g-E2] Wkg-o] 8- 7 photon counterZ,

12
Fll‘ oL

olo

U = 59 59 €H3Y A% thermistorZ, 2-E59]
Hile S HE7|2, 1714 EAS 7HE ws A5 =5
U A A28 a8 A4 Ae=2 HEA7)A kKo

A 7 (response time), 57
s 8] I (selectivity), 29| &2 3}
T A%ste iz E(sens1t1v1ty), A 2 35 AT
(stavility) 2 Aul & 5o 2AEL FEA A0k FrhKim,
2002; Ko, 2009). # < Hle] 2AIM 7 7HA AL Qe SAlES
A B 87 fske] Lier]&S vlo] QA A ¢ P&
Al712 QEH, Yrlo]27)&L 71E9] ufo|aE FFo
Hlo] QAME Wi FFEO 2 A2} 7455 8] wj e, 7]
Z npo) QA M 483 T A 58 95 AFT} o] F
o] X 2 4 TH(Jain, 2005; Kim ef al., 2006). L 7] <8 atk ol
2} MEMS(microelectromechanical system), /-TAS, microfluidic
59 714 EYS B3 Thd ulo] QAT AT - e
3L A THKo, 2009).

2. "fo|24IM o] #EF0}

vpel A= S8 okl whekA €58, A8, 8,
HEE, AR % F AEKE= A AR R3], 2007)

vl QAN T 87 7MY B B 58 vel R
AAMPZA A7) oF 90%E AAEL =], €58 vl
LAA ] F2 FRE Al AHXE S4EL S0l 7hs
she] SRAHERY ofU} S fhAtell th3t A% IEE 7}
A ] wEelw, lEAQl Ao dy S48 vl
A 7E ATH(E, 2011).
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Fig. 1. Schematic diagram of a biosensor.
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(fiber-optic immunosensor), ¢ AFo]-4 ™ & Al M (particle-based
immunosensor) 2 2Ho]8- T S 4l 4)(membrane-based immunosensor)
£ £ & U tKKim, 2004; Maragos et al., 1999; Strachan et
al., 1997a; Strachan et al., 1997b; Zhou et al., 1997). H]3EA]

AAME I - FA AT Fg Wsh 2H4E W

Uj. QRSN
st 52
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pud

HAA A Z = quartz crystal microbalance(QCM)

il
surface plasmon resonance(SPR) WM E & F th

Table 1. Some examples of biosensors for the detection of pathogenic microorganisms

ZRshed AS Yol BARAY BT
g s A S S s AAH T
=N

o
gol 7hsd 5AS oY ZHAA Slvh thEA <l vl

Microorganisms Techniques Detection limit Reference
S. typhimurium Optic interferometer 10° CFU/mL Seo et al (1999)
l;’ zljiir(o)closl;}ljcz, . aureus, Turbidimetry Barco Alcala et al.(2000)
];' ;jf;r(o)closl:t:; Lig"”; ﬁ’e’zr”nr;’);”ﬂa Imaging ellipsometry 10°~107 CFU/mL Choi and Oh(2008)
E. coli O157:H7 Quantum dots 10° cells/mL Hahn et al.(2008)
l;:: ;Zfér(o)closlz;ilcz’ LS‘; gly;; ﬁZﬁZZZ’M Fluorescence microscopy 10° CFU/mL Choi and Oh(2008)
E. coli O157:H7 Amperometric 81 CFU/mL Muhammad-Tahir and Alocilja(2004)
E. coli Potentiometric 10 cells/mL Ercole et al.(2003)
V. parahaemolyticus Cyclic voltammetry 7.37x10" CFU/mL Zhao et al.(2007)
E. coli O157:H7, Salmonella spp. Conductometric 7.9x10" CFU/mL Muhammad-Tahir and Alocilja(2003)
Bacillus cereus Conductometric 35~88 CFU/mL Pal et al.(2008)
S. typhimurium Impedimetric 48 and 5.4x10° Yang et al.(2004)
E. coli Flow-type antibody sensor 1.7%10°~8.7x10" CFU/mL Kim and Park(2003)
Salmonella spp. FRET-based optical fiber 10’ CFU/mL Ko and Grant(2006)
S. enteritidis Impedimetric 10* CFU/mL Kim et al.(2007a)
L. monocytogenes Fiber-optic 10’ CFU/mL Kim et al.(2007b)

E. coli O157:H1, S. typhimurium,

I h It hi
Y. enterocolitica, Leg. pneumophila mmunochromatographic
Nanowire labeled

Bacill . .
acittus spp direct-chrge transer

10°~10" CFU/mL

10'~10* CFU/mL

Park et al.(2010)

Pal et al.(2007)
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(Gobi et al, 2006; Kim, 2004; Ting et al., 2008). ©]<|d %=
nanowire labeled direct-charge transer, cyclic voltammetry, flu-
S Thre 714S $EE vl QA

orescence mlcroscopy = =0

7F A - ] <22E}(Table 1).
ol A= vl wAZ AFHlA v E A AEE
- HM& AXNE A, o AXE 10'~10° CFU/
mLe] AEUEE el A thPal ef al, 2007). B3+ A4 2]
FolA g OI5T:H79] A& HAES s AFddAMe
10' CFU/mML(¥ < 81 CFU/mL)¢] A& A EZ 7HAE Hlol S

A E 723} tHMuhammad-Tahir et al., 2004).
S vl QAN E o] &3 nAE HAE Vs N

o] gtatA WP Uk FHAFAT DM = NG
AZE QCM 71¥t HA MM (Kim et al., 2003)2} 25 2}t
724 FRET 714 vlo] 2 A A (Ko et al., 2006)S 7 2Ha} <
th. 53] sh2FAF L3t v S ste] g5 o R I
2k FRET 714 Bho] 2414 & 10° CFUML] R d et

0" CFU/mL®) Al e}
= YIE 2 79k vho] Q Al A
s, HdE vo] LAAE ol A-8A171 At
10° CFU/ML®] S. enteritidisS 7% 3+ tH(Kim et al., 2007a).
T gl okt HES 918 fiber-optic vl LAIA] 7]
v 2 7S L Ed, ZHAFEE LA A
54x10" CFUML g 2ElgolgS A& 4 AATHKIm et
al., 2007b).
Ay AFEL 3 ,
@ OIST:HT, el el & ¥ drid= dE8 ™
A B stripS 7SR th(Park et al., 2010).
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S7be) AH) 9 7)o Besths BHe F5a) 95k

(1) ZHf =<

v USDAdA = HAAAE o] &3l &, ¢, oF, E
59 AEZX5E PBDEs(polybrominated diphenyl ethers)
AEsta Jlom, QA E o83 DDT, 2297

2>(cholorpyrifos), 7+= %4} (carbamate)2] 4], Lz Al A

o]-&3t Ez|F=E 2ol € (trichloroethylene), MTBE(methyl-
tert-butyl ether), ¥4, &, 38 55 E4317] 93 A7}
MAIHOZ o]FJA 3L Yti(Alvarez et al., 2003; Gobi et
al., 2007; Jiang et al., 2007; Mauriz et al., 2006a,b; Park et al.,
2009)(Table 2).

T AATEUE ATHL acetylcholinesterase(AChE)
719k vpo] RAAM E o] &3kl ¢t F F710A R Fhatwto]
EA Foke] AEel AT F e FUlE vl QAN E Al

M

2hshglim, o] Hho] 241

[e)

Orr‘

1m m m{m

9] paraoxon3} carbaryl
= 42 1pgl, 20 pglLe] AEHREE HE 34 HZhang et
al., 2005). S= A ATEHLS F = tetracycline] 1<
AZE 9138t aptamer vlo] LA E JHEet =], e

Aol A EE 1 ng/mL, AEAITHS 53] ATHZhang et

of¥

(e} e]
T

N

“—1“41 o ’\1% Z71°2 30l A carbofuran, carbaryl, ethoprofos
A5 AEAE AES F U= FHE SPR ulo]| 2AIA
Metstd=dl, MAE Ao AE7E 2D HEAS

Abet A3}, #2001 ppme] AEAE9F 10032 7 THe] A
A1 ZHe YER SIth(Yang et al., 2008).

e BN Olﬂ

Table 2. Some examples of biosensors for the detection of residual pesticides

Pesiticide Detector Detection limit Reference
2,4-Dichlorophenozyacetic acid Impedimetric 45 nmol/L Navratilova and Skladal(2004)
2,4-Dichlorophenozyacetic acid SPR 0.1 ng/mL Gobi et al.(2007)

Atrazine Impedimetric 20 ng/mL Hleli et al.(2006)
Chlorpyrifos SPR 45~64 ng/L Mauriz et al.(2006a,b)
DDT Nanomechanical Below nM rage Alvarez et al.(2003)
Trifluralin Optical waveguide 100 ng/mL Székacs et al.(2003)
Organophosphate and carbamate Acetylcholinesterase Kim et al.(2006)
Carbofuran Cobalt phthalocyanine 0.5 r£g/mL Yu et al.(2010)
Carbofuran, Carbaryl, Cadusafos, SPR 0.01 ppm Yang and Cho(2008)

Ethoprofos, Chroropyrifos
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AFtstael Al {F71Q0A 2 Fhatuto| EAl oS A
171 913+ AchE-strip® HFo] 2414 (Kim ef al., 2006)54 5
FF 54 S 9% cobalt phthalocyanine ¥-4~-714=
H(Yu et al., 2010)E A3 Th AchE-stripd H}o] Al
+ chlopyrifos, cabaryl, carbofuran, methldathlonoﬂ tste] 7
Eo] ALEA Y o HEA 27 A
ER 13, cobalt phthalocyanine BH4+714= A= 0.5 ng
mL9] carbofurans HEY T UT AEE /NI

(ROed
2o 10wy

=
EUEE

(2) 7 FYBI
FAA) A%, BAVFRAE BEA oo w3
U4 SHEE S A9 E2AA9 9ste] pHmV
metero] |3ke] 2ekalA 24 & om, MA Aol 4
%3 glovt, gA Aol 7t
S FEPIUS 5 A9 R FYAE AGAM <)
o)

st 54 4 JThKim, 2004).

Stermesjo(1995) 52 $-folA &3] AEHE FAA QA
sulfamethazine(SMZ)2 £4]&}7] $)38le] SPRS o] &3 WY
AAE N, o] A= SMZes = 25l F

213} carboxy-methyldextran®l] &°]3 SMZ % %/\] g9} SMZ
of g FAE I S AAAIE W AHg
H, FE o] FFIAA Aol X—v%ﬂ-l— Atk

2999 FHHSHSLU)S] ATFEHLE fF T2 WEEEA
FAEDS 7AE38H7] A8k SPR vlo] QA E /st Th
*17‘3 carboxypeptidase &S YeElE " E

2S AHgstET ] A A "or'rr°ﬂ @%E A

m{o

O}‘M—

<]

o

[}
@] MRLY] 4 ghkgR T} W
% 3l 9 tH(Gustavsson et al., 2002)

(3) ojME =4
Thompson(1996) 5= - =
moniliforme3} Fusarium proliferatum®] =221 fumonisin B,
(FB1) 415 9l3te] FBioll tigh A& F4dfoll g 3HA
713, A§.¢] FB, ¥} FB-FITCE AAAN 7= #2072 24
A A E 7ttt Strachan S(1997b)2 particle 7]

immunosensor®l] T3l 2 ¢

S22 O X

SFTE QAN FFO| Fusarium
el

Z=2] S aureus enterotoxin B
Z5S A=, 5nglg T S4AE 10% oto 4
& AJTL B8] Paniel 5(2010)2 - ol
A aflatoxin My(AFM,)& AE3}7] 98t electrochemical
biosensors /N8t =dl, g AlAE EUS $-fr & AFM,
S &2 0.05 pg/LE T 2 001 pgL7HA A ZE 5]
2 VAEE Y eH, Al ¢ A8l tig A
A3, 0.01~0.1 ppb 914 AFM2 HZ 3 th o] <]ell =

aflatoxin B; 53 2 F30)|5 4 2 Clostridium botulinum

fo my m (% o

Toxin AE #43t7] 913 A=
Strachan et al., 1997a).

=] ol 4] = MOSFER(Metal-ocide-semiconsuctor field-effect
transistor)d HFO| LA E o] &3] 0.1 pgmLe] AETE
£ e OSAYRAE BAE ol LN AR

THLim et al., 2010).

MEFE ATl 5, 1998;
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