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Our	
  	
  Research	
  Interests	
  

Novel	
  Thermal	
  Processes	
  (Food	
  and	
  Pharma)	
  	
  

Regulatory	
  Chemistry	
  &	
  FDA	
  Submissions	
  	
  

2	
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  Packaging	
  and	
  Prin#ng	
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Chemical	
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  Capsules	
  

Remove	
  Pigments	
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  Approach	
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Silver	
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  An#microbial	
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Appliances	
  
•	
  Dishwashers	
  
•	
  Humidifiers	
  
•	
  Refrigerators	
  
•	
  Small	
  appliances	
  
•	
  Washing	
  machines	
  

Building	
  Products	
  
•	
  Coa#ngs	
  
•	
  Insula#on	
  
•	
  Par##ons	
  
•	
  Security	
  hardware	
  

Food	
  Processing	
  and	
  
Packaging	
  
•	
  Conveyor	
  systems	
  
•	
  Cu_ng	
  surfaces	
  
•	
  Packaging	
  films	
  and	
  foils	
  
•	
  Refrigera#on	
  equipment	
  

Hea6ng,	
  Ven6la6on,	
  
Air	
  Condi6oning	
  
•	
  Air	
  handlers	
  
•	
  Coils	
  and	
  fin	
  stock	
  
•	
  Ductwork	
  and	
  vents	
  
•	
  Filtra#on	
  media	
  
•	
  Refrigera#on	
  

Medical	
  Devices	
  
•	
  Catheters	
  
•	
  Luers	
  
•	
  Surgical	
  Trays	
  

Water	
  Filtra6on	
  and	
  
Delivery	
  Systems	
  
•	
  Boales	
  
•	
  Dispensers	
  and	
  coolers	
  
•	
  Filters	
  
•	
  Ice	
  machines	
  
•	
  Tubing	
  and	
  connectors	
  

Addi6onal	
  Applica6ons	
  
•	
  Ballpoint	
  pens	
  
•	
  Brushes	
  
•	
  Credit	
  cards	
  
•	
  Promo#onal	
  products	
  
•	
  Tex#les	
  
•	
  Touch	
  screens	
  	
  



Silver	
  Zeolite:	
  	
  
Incorporated	
  in	
  Plas#cs	
  	
  

A	
  commercial	
  silver	
  zeolite	
  product	
  



Only	
  About	
  	
  

5%	
  Ac#ve	
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• Up	
  to	
  45%	
  of	
  the	
  ac#vity	
  
available	
  

• Does	
  not	
  alter	
  the	
  support	
  
polymer	
  

• Can	
  be	
  printed	
  in	
  
registra#on	
  to	
  minimize	
  
waste/target	
  special	
  areas	
  

Surface	
  Prin#ng	
  	
  



Printed	
  Silver	
  Zeolite	
  Coupons	
  

The	
  effect	
  of	
  silver	
  zeolite	
  on	
  S.	
  Aureus.	
  10	
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  Where: 

D = the thermal diffusivity 
L= widest width of the particulate 
x  = some point where temperature       
      reading is desired where x = 0 at 1/2 L. 
t  = time 	
  

Diffusional	
  Restric#ons	
  



Time-­‐Released	
  	
  
Microcapsules	
  

Including:	
  	
  
• Bacteriocins	
  
• Nicins	
  
• An#oxidants	
  
• Flavors	
  
• Soluble	
  	
  Enzymes	
  	
  	
  



Oxygen	
  Scavenging	
  Iron	
  Ink	
  
Developed	
  for	
  NASA	
  to	
  improve	
  packaging	
  performance	
  for	
  

Lunar	
  and	
  Mar#an	
  coloniza#on	
  programs.	
  

•  Oxida#on	
  Protec#on	
  
•  Shelf	
  Life	
  Extension	
  
•  Nutri#onal	
  Protec#on	
  
•  Weight	
  Reduc#on	
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Oxygen	
  Scavenging	
  Iron	
  Ink	
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Oxygen	
  Scavenging	
  Iron	
  Ink	
  

250	
  mg	
  of	
  printed	
  Iron—Also	
  controls	
  Aw	
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NASA	
  Zero	
  Oxygen	
  (for	
  5	
  years)	
  Containers	
  



Prin#ng	
  of	
  Biological	
  Ac#vi#es:	
  	
  

Oxygen	
  Scavenging	
  Glucose	
  Oxidase	
  /Catalase	
  Ink	
  

Removes	
  head	
  space	
  
oxygen	
  from	
  bags	
  and	
  

fitments.	
  

•  Oxida#on	
  Protec#on	
  
•  Nutri#onal	
  Protec#on	
  
•  GRAS	
  enzymes	
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Oxygen	
  Scavenging	
  Glucose	
  Oxidase	
  Ink	
  

Oxygen	
  removal	
  by	
  free	
  and	
  LDPE-­‐printed	
  glucose	
  
oxidase	
  in	
  apple	
  juice	
  at	
  4°C.	
  



89%	
  Retained	
  GlOx	
  Ac#vity	
  



Robustness	
  of	
  GlOx	
  Binding	
  	
  



Surface	
  Ac#va#on	
  Prin#ng	
  

An#microbial	
  Glucose	
  Oxidase	
  Ink	
  

Inhibits	
  bacterial	
  growth	
  in	
  
dispensing	
  tubes	
  and	
  bag	
  

fitments.	
  

•  Microbial	
  Inhibi#on	
  
•  Fueled	
  by	
  product	
  
ingredients	
  (ie	
  virtually	
  no	
  
deple#on)	
  

•  Resin	
  &	
  photoini#ator	
  
approved	
  for	
  food	
  contact	
  



An#microbial	
  Glucose	
  Oxidase	
  “Ink”	
  

Printed	
  an#microbial	
  glucose	
  oxidase	
  -­‐-­‐impact	
  on	
  the	
  
survival	
  of	
  E.	
  coli	
  O157	
  H7	
  in	
  apple	
  juice	
  at	
  4°C.	
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An#microbial	
  Glucose	
  Oxidase	
  	
  Ink	
  

An#microbial	
  GlOx	
  	
  Ink	
  will	
  eliminate	
  microbial	
  contaminants	
  on	
  	
  
Package/dispenser	
  surfaces	
  between	
  dispensing	
  23	
  



Asep#c	
  Dispensing	
  -­‐-­‐Tap	
  Design	
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Superimposing	
  	
  Ac#ve	
  Func#onali#es	
  

Ac#ve	
  inks	
  can	
  have	
  layered	
  ac#vi#es	
  and	
  
func#onali#es	
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Shelf	
  Life	
  Indicator	
  

The	
  shelf	
  life	
  indicator	
  can	
  be	
  printed	
  
directly	
  to	
  the	
  package	
  for	
  easy	
  use.	
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Mul#-­‐surface	
  Ac#va#on	
  Prin#ng	
  

End	
  of	
  Shelf	
  Life	
  Indicator	
  

Developed	
  to	
  show	
  the	
  
progress	
  towards	
  the	
  end-­‐
of-­‐shelf-­‐life	
  for	
  a	
  product	
  or	
  

package	
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T4	
  Bacteriophage	
  

•  GRAS	
  Materials	
  

•  Organism	
  Specific	
  

•  Self	
  Dosing	
  and	
  Regenera#ve	
  

•  Highly	
  Targeted	
  

The	
  treatment	
  and	
  control	
  of	
  the	
  T4	
  Bacteriophage	
  	
  (len	
  to	
  
right	
  respec#vely)	
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Bacteriocins	
  

The	
  effect	
  of	
  printed	
  bacteriocins	
  
on	
  the	
  survival	
  of	
  L.	
  
monocytogenes	
  	
  

•  GRAS	
  Materials	
  

•  High	
  Ac#vity	
  and	
  Broad	
  Spectrum	
  

•  Temperature	
  Stabile	
  

•  Inexpensive	
  

•  Dairy	
  Applica#ons	
  

•  Direct	
  Food	
  Contract	
  Applica#ons	
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Lactase:	
  Ac#vity	
  Printed	
  vs	
  Free	
  	
  

p	
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FCN	
  722	
  

Regulatory	
  Issues	
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Chemical	
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   Biological	
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General	
  Approach	
  



Ac#ve	
  “Inks”	
  

Untre
ated	
  

Polym
er	
  

Print	
  
head:

	
  “Ac#
ve	
  Ink

”	
  

E-­‐bea
m	
  

Or	
  UV
	
  

Ac#v
ated	
  

Polym
er	
  100	
  meters/min	
  

33	
  


