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Specialty Products & Services (SP&S)

Nanotechnology, electronics, photonics, quantum engineering, wireless & energy
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Agritech & Food Security Health & Life Sciences
RER
Deep technology research at the convergence of micro & nano-electronics, photonics and materials,
involving chemists, physicists, engineers and manufacturing personnel
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Why AgriFoods? Societal Impact IC@S
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Agriculture Analytics

Competition for land Loss of Biodiversity

Climate Change

EU — SOUTH KOREA - Joint Researchers Forum on Semiconductors
Prof Alan O’Riordan, Tyndall National Institute, Ireland



7 PEN Group - Research Focus ICES

European On Semnconductors
Commission
I .

Water Quality

* Sterilisation products

On-Farm Diagnostics
®* Diseases

e Animal Health

e Stress & Welfare

*  Priority pollutants

* Anthropogenic
contamination

Food Security

* Bacterial spores

Plant Pathology

e Real time Virus detection
* Residues

Processing
*  Milk Stability

* Allergens

Soil Chemistry
*  Micro & Macro nutrients
* Manure & Dirty Water

= Developing new advanced nanosensing platforms to digitalize the agri-food sector to enhance food security, reduce losses,
increase sustainable production & economic return while also protecting biodiversity.

= Digital technologies will transform the traditional based agriculture industry to a knowledge based one.
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Electrochemical Nanosensor |C@S
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Demonstrated increased sensitivity arising from enhanced
analyte mass transport

Significantly reduced signal noise (background noise)
Enable direct electrical signal readout

Very low analyte depletion

Rapid Sensing

Bi-potentiostat (2 Working electrodes)

Multiplexed detection

Key Challenges

A\

YV V V V

Reference electrode drift

Need to add chemical reagents
Specificity, selectivity and sensitivity
Need to calibrate every sensor
Temperature Sensitivity
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* Akey challenge to producing high-grade potato seed is the
continued prevalence of Potato Virus Y (PVY)

* Asurveillance strategy requires rapid and pre-symptomatic
diagnosis in the field

* Absence of a field-based test that both detects and provides
real-time information on the incidence of PVY within a potato
crop.

=>» Solution - Digital Technology-based Portable Biosensor
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Minimum Viable Product

100+

——— Blocked electrode
——— Negative PVY
—— Positive PVY

-Zim/ MQ
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SAMPLE ELISA (absorbance) PCR Impedance (vq)
ID Variety PVY PVS PVA PVY | Ct RT-PCR | rRct (MQ) Preps\glce

155A | T8247/04| 0,326 (P) | 0,231(P) 0,2 (N) P 14,515 32 LP
155B | T8247/04 | 0,114 (N) | 1,72 (P) 0,189 (N) N 29,505 27 N
156A | T8304/08| 1,232 (P) | 0,125 (N) | 0,154 (N) p 14,875 70 MP
156B | T8304/08 | 0,114 (N) | 1,817 (P) | 0,303 (P) N 30,715 23 N
157A | T8310/03 | 1,897 (P) | 0,191 (N) | 0,144 (N) P 14,755 100 MHP
160A | T8472/05| 0,102 (N) | 0,141 (N) | 0,415 (P) N 29,42 25 N
161B | T8486/02 | 2,538 (P) | 0,108 (N) | 0,2 (N) P 14,505 250 HP
161A | T8486/02| 0,232 (P) | 0,19 (N) | 0,208 (N) p 15,63 35 LP
164A | T8560/07| 0,977 (P) | 0,111 (N) | 0,166 (N) P 14,995 57 MLP
165A | T8561/01| 1,593 (P) | 0,262 (P) | 0,312 (P) p 13,895 77 MP
166A | T8597/02| 0,101 (N) | 0,146 (N) | 0,133 (N) N 30,95 20 N

Abbreviations: P (Positive), N (Negative); LP (Low Positive) , MLP (Medium-low Positive); MP (Medium positive), MHP (Medium-High
Positive); HP (High Positive); PVY (Potyvirus Y) PVS (Potyvirus S); PVA (Potyvirus A) Ct-PCR (cycle threshold PCR), Rct (Charge transfer

resistance)
EU — SOUTH KOREA - Joint Researchers Forum on Semiconductors

Prof Alan O’Riordan, Tyndall National Institute, Ireland 12



* X x

Calf wellbeing — animal welfare ICES

European On Semlconductors
Commission

\\\‘\\\\‘\“\$ SR -

% \\\\ g . NanoSensors
: Multiplex >
Healthy
BRD
Scour
Result
EU — SOUTH KOREA - Joint Researchers Forum on Semiconductors e

Prof Alan O’Riordan, Tyndall National Institute, Ireland



European
Commission
I

On Sem|conductors

Interdigitated electrodes for pH control IC%?S

Simulation of proton diffusion of protons from protonator electrode:
t=0s t=1s t=10s

Generator
7
~"Electrodes

Collector
Electrodes

Visualisation of pH change using methyl red pH indicator dye.
Oxidation: 2H,0(l) - 0,(g)+4H*(aq) +4e-

Reduction: 2 H*(aq) + 2e” = H, (g)
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Table 2. pH and glucose concentrations found in real saliva samples.

Calf-1 8.2 1.7+ 0.1 120+ 6
Calf-2 8.6 0.8£0.1 110+ 6
Calf-3 7.6 6.5+0.3 100+ 5
Calf-4 7.3 14+1 190+ 9
L Calfs 53 _460x23 ___________1420£71______]
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* Global Population has surpassed 8 Bn people, urgent need to produce
more food sustainably and/or reduce food losses.

* Silicon chip-based chemical and biochemical sensors are being developed
that can provide input into digital support systems.

 Significant commercial opportunities exist for new and disruptive
technologies in the Agri-Food sector

* Biosensor were developed for detection in saliva and both plant and
animal sera

* Time to result of Between 2 — 30 minutes =» real-time decision-making
capacity to stakeholders
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Fluorescence Characterisation IC%"S
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DNA - Electrochemical Detection
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International Cooperation
On Semiconductors

Current (nA)

Current (nA)

-l
(9)]
1

101

stx1

——ssDNA
— 100 zM

0.6

0.4

0.2

Potential (V vs Pt wire)

y = 0.5695In(x) + 25.853

R?=0.9913

1E-19

1E-17

1E-15  1E-13

Concentration (log M)

25+

20

Current (nA)

Stx2 ——ssDNA

—100 zM

Current (nA)

N
'

0

06 04 02
Potential (V vs Pt wire)

y = 0.4471In(x) + 23.45
R?=0.9893

1E-20  1E-18  1E-16  1E-14  1E-12

Concentration (log M)

EU — SOUTH KOREA - Joint Researchers Forum on Semiconductors
Prof Alan O’Riordan, Tyndall National Institute, Ireland

24



W11/

'. {* ,.*" g C e | I Lys a t e - S e I e Ct I V I ty Internatipna[boperation
gzrrggfiggiun On Semiconductors
— ®
®
A 6, STEC 0103 stx1(+), stx2(-) B 67 STEC 0157 stx1(+), stx2(+)
5

o~

A current (nA)
Y. g

14
0-
stx1 stx2 stx1 stx2

C 67 Salmonella spp. stx1(-), stx2(-) D 6, Listeria innocua stx1(-), stx2(-)
S5- 5
E 41 < 44
3 24 S 2-

< ___. < ..

0-¥_+_ 0 — I

stx1 stx2 stx1

EU — SOUTH KOREA - Joint Researchers Forum on Semiconductors
Prof Alan O’Riordan, Tyndall National Institute, Ireland 25



* X x
* *
* *

* *
* 4k
European

Commission
I

Samples
Milk
Blood
Saliva
Beverages
Water
Soil

Gases

Nanosensor Platform

IC&S

International Cooperation

On Semiconductors

Electrochemistry

Col I.t,; ctor

Electrodes

Generator

~7Electrodes

Bio-
electrochemistry

_ Antibody

Surface-Enhanced
Raman Scattering

Laser

Detector Computer

Glucose

molecules Excited glucose

molecules

Surface modified substrate

EU — SOUTH KOREA - Joint Researchers Forum on Semiconductors
Prof Alan O’Riordan, Tyndall National Institute, Ireland

Generator-
Collector

pH Control
(Soil) Nutrients
Electrolytes
Heavy metals

Parasites
Viruses
Proteins
Enzymes
DNA

Food Adulterants

Flavourings,
sweeteners

Antibiotics
Pesticides

26




