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Fourier-transform infrared spectroscopy
(FT-IR)

A Measures absorbance of
Infrared light
i Beer 0s ~Allaw: A
I Sensitive to functional groups
I Specific bands in fingerprint
region

A Non-destructive technique
A High speed
A High sensitivity
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Basic components of an FT-IR
spectrometer




Aveasures molecular bond vibration of
compounds, excited by frequency of
infrared light.

AT-IR spectra display a structural and
biochemical fingerprint of the bacteria
(protein, lipid, carbohydrates, DNA).
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| FT-IR Analysis
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FT-IR Method Development:
Sample Preparation Technigues

FT-IR main bench: filtration,
magnetic nanoparticles

FT-IR microscope: filtration,

Immunomagnetic separation,
cellular components
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Filtration- the apparatus
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FT-IR and Filtration

Contact ATR on
IR -microscope (Filtration)
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FT-IR microscope
=

A Immunomagnetic
separation

A Cellular components
(LPS, OMP)

Continupm IR-microscope (ThermoElectron)
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Applications of FT-IR Methods In
Food Microbiology

1. Detection of bacteria

2. Discrimination of viable, injured, and
dead bacteria

3. Taxonomic classification of bacteria



FT IR methods for Pathogen
Detection In Foods

Detection of E. coli O157:H7 and Salmonella
typhimurium successful in:
AFruit juices
ASkim milk
AGround beef
AChicken rinse water
AMedium aged Cheddar cheese
ASpinach
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Second derivative of absorbance

Ground Beef (IMS-FT-IR)
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A Detection Limit = ~40
cells in IR beam area

FT-IR Assay Sensitivity

Improving delivery of
cells to beam area will

decrease overall

a(CFU / mL)(volumed
No.of cells= (Infraredbeamaregaa———— X 9 number of cells
c filtration area = : :
40" CFU  mL)100mL)3 needed Iin starting
5 mUj100mL)
No.of cells= (35/7m2)% . 8= 364 sample
p*100G*352 /4 2
Paramete Filtration Dynabeads Magnetic Flow ELISA PCR
r (FT-IR) (FT-IR) Nanoparticles cytometry (Eg. VIDAS) (Eg. BAX)
(FT-IR)
Material Filters Antibodies Antibodies Dye Enzymes Primers
cost
Time* <7h <10h ?7?7? 8 h 81 24h 8-24h
Actual <1lh <4h 30 min 0.5-2h 1-4h 3-4 h
assay time
Sensitivity 1046 104 106-107 104-106 107-10° 107-10°
at time of
measurem CFU/mL CFU/mL CFU/mL CFU/mL CFU/mL CFU/mL
ent
Reference | Mauer group Mauer group Irudayaraj Givan, 2001 Fung, 2002 Hochberg et
group al., 2000




OMP or LPS extract
OMPextract  dried on a gold slide
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FT-IR Analysis of Structural
Components of Bacteria
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Development of analytical methods
to discriminate between Live and
Dead cells

Based on spectra of growth
Based on spectral differences



E. coli K12 growth curve-Filtration
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EK 24 hr Live
EK 23 hr Live
EK 22 hr Live
EK 21 hr Live
EK 20 hr Live
EK 19 hr Live
EK 18 hr Live
EK 17 hr Live
EK 16 hr Live
EK 15 hr Live
EK 14 hr Live
EK 13 hr Live
EK 12 hr Live
EK 11 hr Live
EK 10 hr Live
EK 9 hr Live
EK 8 hr Live
EK 7 hr Live
EK 6 hr Live
EK 5 hr Live
EK 4 hr Live
EK 3 hr Live
EK 2 hr Live
EK 1 hr Live
EK O hr Live
EK 0 hr Dead

Wave number cm-1

Mauer and Reuhs. 2008. Mid-Infrared Sensors for the Rapid Analysis of Select Microbial Food
Borne Pathogens. In Handbook of Homeland Security. John Wiley & Sons Publishers.
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Detection based on spectral
differences between live and dead

Filtration-FT-IR Live
Filtration-FT-IR Dead
IMS-FT-IR Live

IMS-FT-IR Dead



