Journal of Sensor Science and Technology
Vol. 25, No. 5 (2016) pp. 354-364
http://dx.doi.org/10.5369/JSST.2016.25.5.354
pISSN 1225-5475/eISSN 2093-7563

AE 7ol HEHIZ[oF EHEE Hio|2MA

Olgiel’- 2o 2B - 2okl O[S >

Biosensors for On-the-spot Detection of Bacteria from Foods

Won-II Lee’, Bo-Yeong Kim?, Young-Min Son’®, Ari Kim?, and Nae-Eung Lee'***

Abstract

Recently there have been extensive research activities on the development of on-the-spot detection technologies for bacteria from
foods due to growing high demand for food safety. In particular, on-the-spot detection devices using biosensors with rapid, highly sen-
sitive and multiplexed sensing capability are promising for portable or mobile applications. Firstly, issues related to on-the-spot bacteria
detection are discussed. Then, detection methods for bacteria, types of biosensors depending on transducing principle and receptors, and
platforms for integration of biosensors and signal readers are reviewed. Finally, prospects for development of on-the-spot detection
devices are summarized.
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Fig. 1. Global market of food safety diagnostics (left) and the market
growth (right)
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Table 1. Typical foods, symptoms and culturing time according to food-borne bacteria[1-5]

Food-borne bacteria Foods Symptoms Culturing time
Campylobacter jejuni  unprocessed milk, meat, poultry, shellfish fever, headache, myalgia, diarrhea, nausea 2-5days
Salmonella spp. egg, poultry, meat, milk products, seadfood, salad stomachache, diarrhea, nausea, chill, fever 12-24hrs

. egg, poultry, meat, unprocessed milk, milk products, . )
E. coli seadfood, leafy vegetable stomachache, diarrhea, nausea, fever, headache 2-4days
L. monocytogenes cheese, unprocessed milk, icecream, leafy vegetable, fever, chill, headache, diarrhea 2-3weeks
poultry, meat
Bacillus cereus meat, unprocessed milk, vegetable, fish, rice, pasta, diarrhea, gastrospasm, nausea 30min-15hrs

cheese
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Table 2. Recent study of electrochemical biosensors for bacteria from food

Measurement type Detected bacteria Limit of detection and food sample Reference
. ) Heat-killed bacteria after incubation
Amperometric E. coli 15 CFU/ml in culture media (36]
. Without pre-enrichment
Amperometric S. aureus 1 CFU/ml in milk [31]
. . Without pre-enrichment
Amperometric E. coli 1.6 x 10" CFU/ml in ground beef 37]
. . L Without pre-enrichment
Amperometric ~ E. coli, L. monocytogenes, and C. jejuni 10-50 Cells/ml in milk and ground chicken [38]
. . After 24hrs pre-enrichment
Amperometric Vibrio 7.3 x 10 CFU/ml in culture media 391
. . After 24hrs pre-enrichment
Amperometric E. coli 5 x 10" CFU/ml in wastewater [40]
. . Without pre-enrichment
Amperometric E. coli 55 Cells/ml, 100 Cells/ml in buffer solution and milk, respectively (41]
. . . . After 24hrs pre-enrichment
Potentiometric E. coli O157:H7 10" CFU/mI in buffer solution [42]
. . . After 30hrs pre-enrichment
Potentiometric E. coli 10 Cells/ml in ground vegetable (32]
S . . After 24hrs pre-enrichment
Impedimetric E. coli O157:H7 > CFU/ml in culture media [43]
S . . Without pre-enrichment
Impedimetric E. coli O157:H7 837 CFU/ml in milk [44]
After 24hrs pre-enrichment
Impedimetric Listeria 10* CFU/ml [45]
in culture media and milk
Tmpedimetric E coli O157H7 After 24hrs pre-enrichment 34]

10*> CEU/ml in culture media
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Table 3. Recent study of optical biosensors for bacteria from food

Won-Il Lee, Bo-Yeong Kim, Young-Min Son, Ari Kim, and Nae-Eung Lee

Measurement type Detected bacteria Limit of detection and food sample Reference
L . After 18hrs pre-enrichment
Colorimetric E. coli 5.0 x 10 CFU/ml in culture media [52]
. ) Lo After several hours pre-enrichment
Colorimetric E. coli 015.7'H.7’ Salmonella typhimurium, 10 CFU/cm?, Bacteria spiked into ready-to-eat [53]
Listeria monocytogenes
meat samples
. . . Without pre-enrichment
Colorimetric E. coli 5 CFU/ml in bathing water [54]
L . . After overnight pre-enrichment
Colorimetric E. coli, L. monocytogenes, S. enterica 3.0 x 10° CFUlassay [55]
L . After 7hrs pre-enrichment
Colorimetric E. coli 5.0 x 10>-5.0 x 10° CFU/assay in buffer solution [56]
. . After 24hrs pre-enrichment
Fluorescent E. coli O157:H7 10° cells/ml in buffer solution [57]
N After 48hrs pre-enrichment
Fluorescent (FRET) S. Bphimurium 10° CFUJg in ground pork [58]
s After 24hrs pre-enrichment
Fluorescent S. Enteritidis 15 x 10° CFU/ml in milk [59]
. . . After 24hrs pre-enrichment
Plasmonic (Long-range SPR) E. coli O157:H7 50 CFU/ml in buffer solution [60]
. . After 24hrs pre-enrichment
Plasmonic (SPR) E. coli 3 CFU/ml in buffer solution [61]
. . After 16hrs pre-enrichment
Plasmonic (SERS) E. coli 2.5 x 10° CFU/ml in buffer solution [62]
Plasmonic (SERS) Mycobacterium avium su.bspeczes, Paratubercu- After 324hrs pre-.enrlchment [63]
losis 10° cells/ml in milk
Plasmonic Staphylococcal enterotoxin B (SEB) Without pre-enrichment [64]

(SPR and SERS)

3.6 x 10° M
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Table 4. Recent study of LFA test strips for bacteria from food by research groups

Research group Detected bacteria

Limit of detection

Measurement type Food sample

A. V. Amerongen Listeria spp.

after 24hrs pre-enrichment

[71] Listeria monocytogenes 10cells in 25mL Colorimetric Milk
. . . after 24hrs pre-enrichment . .
C. Lin[72] E. coli O157:H7 5%10° CFU/mL Electro-chemistry Milk
L. Zeng[73] E. coli O157:H7 after 24hrs pre-enrichment Colorimetric Drinking water, apple juice

10 CFU/mL

after 8hrs pre-enrichment

DuPont™ (commercialized) E. coli O157:H7

1 CFU

Colorimetric Ground beef

/25g of sample

SMART™1I ) after 8~10hrs pre-enrichment L .
(commercialized) E. coli O157:H7 33x10" CFU/mL Colorimetric Various food sample
Quick™ E. coli Salmonella Without pre-enrichment L L
(commercialized) Shigella 10° CFU/mL Colorimetric Drinking water

Table 5. Recent study of LOC-integrated biosensors for bacteria from food by research groups

Research group Detected bacteria

Limit of detection

Microfluidic structure

Food sample
Measurement type

. Without pre-enrichment 3D Helical .
S. Jeon[74 E. col Milk
[74] l 100 CFU/mL Colorimeric
after 24hrs pre-enrichment Disk .
Y. K. Cho[75 Salmonella Milk
73] 100 CFU/mL Fluorescent
after 24hrs pre-enrichment Disk
K. L. Thong[76] Salmonella 3.4x10" CFU/mL Floorescent Tomato
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Table 6. Recent study of portable device-integrated biosensors for bacteria from food by research groups

Research group Detected bacteria

Limit of detection

Portable device

Food sample
Measurement type

after 24hrs pre-enrichment

Smartphone add-on

A. Ozcan[77] E. coli 510 CFU/mL Tloorescent Milk
. after 18hrs pre-enrichment ~ Smartphone add-on
J. Y. Yoon[78] E. coli 10 CFU/mL = I——— Ground beef
. . after 18hrs pre-enrichment Stand-alone
S. Paek[79] Vibrio parahaemolyticus 1%10* CFU/mL Colorimetric Shellfish, fish
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