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“Converging	
  technologies	
  for	
  Sustainable	
  and	
  Healthy	
  Food”	
  	
  
La	
  Borghesiana	
  Romana	
  -­‐	
  Via	
  della	
  Capanna	
  Murata,	
  120	
  -­‐	
  Roma	
  

F2F	
  Workshop:	
  	
  	
  Diversified	
  Adaptable	
  Food	
  	
  06.05.15	
  –	
  08.05.15	
  -­‐	
  PROGRAM	
  !
Wednesday	
  6th	
  of	
  May	
  

Opening	
  
18:00	
  	
   Ezio	
  ANDRETA.	
  Coordinator	
  of	
  the	
  	
  
	
   InternaBonal	
  S&T	
  Foresight	
  Group	
  
18:10	
   Luigi	
  Nicolais.	
  President	
  of	
  CNR	
  
18:20	
   Adriano	
  De	
  Maio.	
  President	
  of	
  Area	
  	
  
	
   Science	
  Park.	
  
18:30	
   Giorgio	
  EINAUDI	
  
	
   Approach	
  and	
  goals	
  of	
  the	
  workshop	
  	
  
18:50	
  –	
  19:20	
  	
  George	
  ATKINSON	
  
	
   	
  “Lecture	
  on	
  Interdisciplinarity”	
  *	
  	
  	
  	
  
20:00	
  	
   Dinner	
  	
  	
  	
  

Thursday	
  7th	
  of	
  May	
  

Session	
  1	
  	
   	
  
9:00	
   Topic	
  1	
   	
  	
   	
  
	
   Yoav	
  LIVNEY	
  
	
  	
   Nutrient	
  Delivery	
  Systems:	
  ForBfied	
  food	
  
	
   against	
  dietary	
  deficiencies	
  	
  
	
   Mitsutoshi	
  NAKAJIMA	
  	
   	
  
	
   EmulsificaBon:	
  an	
  innovaBve	
  process	
  	
  
	
   allowing	
  the	
  formulaBon	
  of	
  healthier	
  food	
  
9:20	
  	
   Moderator:	
  Ralf	
  GREINER	
  
	
   QuesBons	
  and	
  Answers	
  	
  	
  	
  	
  
10:30	
  	
   Break	
  
10:50	
  	
   Parallel	
  Group	
  Discussions	
  Topic	
  1	
  	
  	
  	
  	
  
12:00	
   Antje	
  GROBE	
  
	
   Nanotechnology	
  and	
  Society:	
  Towards	
  an	
  
	
   IntegraBon	
  and	
  Responsible	
  Approach	
  to	
  
	
   InnovaBon.	
  	
  
12:15	
   Moderator:	
  Stephen	
  TAYLOR	
   	
   	
  
	
   QuesBons	
  and	
  Answers	
  	
  	
  
13:00	
  	
  	
   Lunch	
  
14:30	
   Moderator:	
  Ralf	
  GREINER	
  
	
   Report	
  Group	
  Discussion	
  Topic	
  1	
  !
Session	
  2	
  	
  	
  	
  

15:30	
  	
  	
   Topic	
  2	
   	
  	
  
	
   Leonardo	
  FRACETO	
  
	
   Nanotechnology	
  in	
  Agriculture	
  	
  	
  
	
   Ron	
  JOHNSTON	
  
	
   Management	
  of	
  Agricultural	
  Waste	
  	
  

15:50	
   Moderator:	
  Richard	
  CANADY	
  
	
   QuesBons	
  and	
  Answers	
  
17:00	
  	
   Break	
  
17:20	
  –	
  18:30	
  	
   Parallel	
  Group	
  Discussions	
  Topic	
  2	
  
19:30	
  	
   Dinner	
   	
   	
  

Friday	
  8th	
  May	
  

Session	
  3	
  	
  	
  	
  	
   	
  
	
  9:00	
  	
   Moderator:	
  Richard	
  CANADY	
  	
  
	
   Report	
  Group	
  Discussion	
  Topic	
  2	
  	
  
10:00	
   Topic	
  3	
  	
  	
   	
  
	
   Vincenzo	
  FOGLIANO	
  
	
   Diversified	
  adaptable	
  proteins:	
  meat	
  	
  
	
   replacement	
  from	
  	
  plant,	
  insect	
  or	
  single	
  
	
   cell  
	
   Andrew	
  D.	
  MAYNARD	
  
	
   Risk	
  and	
  Benefits	
  of	
  the	
  ApplicaBon	
  of	
  	
  
	
   SophisBcated	
  Materials	
  to	
  the	
  Food	
  Sector	
  
10:20	
  	
   Break	
  
10:40	
   Moderator:	
  David	
  CARLANDER	
   	
  
	
   QuesBons	
  and	
  Answers	
  	
  	
   	
  
11:50	
  	
   Parallel	
  Group	
  Discussions	
  Topic	
  3	
   	
  
13:00	
  	
   Lunch	
  
14:00	
  	
   TBD	
  
	
   InnovaBon	
  technologies:	
  OpportuniBes	
  	
  
	
   and	
  Challenges	
  for	
  Developed	
  and	
  	
  
	
   Developing	
  Countries.*	
  
	
  14:15	
  	
  	
  	
  	
  Moderator:	
  Stephen	
  TAYLOR	
  
	
   QuesBons	
  and	
  Answers	
  	
  
15:00	
  	
  	
  	
  Moderator:	
  David	
  CARLANDER	
  	
  
	
   Report	
  Group	
  Discussions	
  Topic	
  3	
  
16:00	
  	
   Break	
  	
  

16:15	
  –	
  18:00	
  	
   Plenary	
  Discussion	
  Closing	
  remarks	
  	
    
	
  	
  

*the	
  Htles	
  of	
  these	
  presentaHons	
  may	
  slightly	
  change	
  |	
  In	
  collaboraHon	
  with:	
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Converging	
  technologies	
  for	
  Sustainable	
  and	
  Healthy	
  Food	
  
Cecilia	
  Bartolucci,	
  November	
  2014	
  !!

1st	
  Face	
  to	
  Face	
  Workshop	
  (6th-­‐	
  8th	
  May	
  2015):	
  Diversified	
  Adaptable	
  Food	
  !
We	
  seek:	
  to	
  define	
  key	
  principles	
  on	
  which	
  a	
  stable,	
  sustainable	
  Diversified	
  Adaptable	
  Food	
  Supply	
  can	
  be	
  
based	
   and	
   further	
   developed;	
   to	
   idenBfy	
   possible	
   obstacles;	
   to	
   indicate	
   to	
   naBonal	
   and	
   internaBonal	
  
authoriBes	
  and	
  stakeholders	
  prioriBes	
  for	
  funding	
  research	
  projects,	
  and	
  for	
  channeling	
  investments.	
  	
  

!
ScienHfic	
  CommiJee:	
  Richard	
  Canady,	
  David	
  Carlander,	
  Ralf	
  Greiner	
  	
  !!
IntroducHon	
  	
  

The	
  NaBonal	
  Research	
  Council	
  (CNR)	
  and	
  the	
  Trieste	
  Area	
  Science	
  Park	
  ConsorBum	
  (AREA),	
  with	
  the	
  support	
  
of	
   the	
   Ministry	
   of	
   EducaBon,	
   University	
   and	
   Research	
   (MIUR),	
   launched	
   the	
   Science	
   and	
   Technology	
  
Foresight	
  Project	
  (STFP)	
  to	
  strengthen	
  the	
  development	
  of	
  new	
  technologies	
  in	
  the	
  medium	
  to	
  long	
  term	
  to	
  
deal	
   with	
   important	
   problems	
   related	
   to	
   health,	
   food,	
   environment,	
   energy,	
   transportaBon,	
   safety	
   and	
  
security	
  (hip://foresight.cnr.it).	
  This	
  iniBaBve	
  is	
  moBvated	
  by	
  the	
  need	
  to	
  develop	
  new	
  strategic	
  direcBons.	
  	
  

A	
  key	
  aspect	
  of	
  the	
  project	
  is	
  the	
  involvement	
  of	
  scienBsts	
  and	
  experts	
  from	
  academia,	
  government	
  and	
  the	
  
private	
  sector.	
  A	
  series	
  of	
  “face-­‐to-­‐face”	
  (f2f)	
  workshops,	
  each	
  of	
  them	
  with	
  its	
  own	
  focus	
  on	
  different,	
  but	
  
correlated,	
   sub-­‐topics	
   are	
   being	
   organized.	
   Using	
   a	
   highly	
   interdisciplinary	
   approach,	
   parBcipants	
   in	
   the	
  
workshops	
  will	
  be	
  able	
  to	
  share	
  knowledge,	
  to	
  idenBfy	
  gaps	
  in	
  knowledge,	
  to	
  point	
  out	
  obstacles,	
  to	
  idenBfy	
  
needs	
  for	
  more	
  and	
  beier	
  educaBon	
  as	
  well	
  as	
  for	
  more	
  funding,	
  and	
  to	
  outline	
  market	
  potenBal	
  and	
  social	
  
acceptability	
  for	
  acBviBes	
  and	
  products.	
  	
  

In	
  December	
  2013	
  the	
  Foresight	
  Group	
  held	
   the	
  first	
  event,	
   the	
  “FoundaBon	
  Seminar”	
   in	
   the	
   topic	
  Food.	
  
The	
  experts	
  present	
  were:	
  

Karin	
  Aschberger	
  (InsBtute	
  of	
  Health	
  and	
  Consumer	
  ProtecBon,	
  Nanobiosciences	
  Unit,	
  JRC,	
  Italy)	
  	
  
David	
  Carlander	
  (Director	
  of	
  Advocacy,	
  Nanotechnology	
  Industries	
  AssociaBon,	
  Belgium)	
  	
  
Ralf	
   Greiner	
   (Head	
   of	
   the	
   Department	
   of	
   Food	
   Technology	
   and	
   Bioprocess	
   Engineering,	
   MRI	
   Federal	
  
Research	
  InsBtute	
  of	
  NutriBon	
  and	
  Food,	
  Germany)	
  	
  
Mélanie	
  Kah	
  (Department	
  of	
  Environmental	
  Geoscience,	
  University	
  of	
  Vienna,	
  Austria)	
  	
  
Doris	
   Marko	
   (Head	
   of	
   the	
   InsBtute	
   of	
   Food	
   Chemistry	
   and	
   Toxicology,	
   University	
   of	
   Vienna,	
   Austria)	
  
Domenico	
  Rosse~	
  (Principal	
  Administrator	
  for	
  Social	
  Sciences	
  and	
  HumaniBes	
  at	
  the	
  EC,	
  DG	
  for	
  Research	
  
and	
  InnovaBon,	
  Belgium)	
  	
  
Clara	
  Silvestre	
  (InsBtute	
  of	
  Chemistry	
  and	
  Technology	
  of	
  Polymers,	
  CNR,	
  Italy)	
  	
  
Nicola	
  Trevisan	
  (General	
  Director,	
  Veneto	
  Nanotech,	
  Italy)	
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At	
   the	
   end	
   of	
   the	
   seminar	
   we	
   agreed	
   that	
   even	
   though	
   we	
   may	
   want	
   to	
   stress	
   nano,	
   all	
   converging	
  
technologies	
  should	
  be	
  taken	
  into	
  account.	
  SynergisHc	
  or	
  compeHng	
  technologies	
  should	
  be	
  considered	
  as	
  
well.	
  	
  

We	
   further	
   agreed	
   that	
   a	
   concerted	
   effort	
   addressing	
   both	
   health	
   and	
   sustainability	
   is	
   necessary	
   if	
  
longlasBng	
  results	
  are	
  to	
  be	
  achieved.	
  A	
  healthier	
  society	
  is	
  part	
  of	
  a	
  common	
  vision	
  and	
  a	
  priority	
  for	
  all,	
  
but	
   this	
  goal	
   is	
  not	
  achieved	
  through	
  the	
  applicaBon	
  of	
  one	
  single,	
  specific	
  strategy.	
  Food	
  and	
  health	
  are	
  
closely	
   related	
   and	
   several	
   paths,	
   adapted	
   to	
   different	
   situaBons,	
   need	
   to	
   be	
   developed	
   for	
   a	
   successful	
  
outcome.	
  The	
  different	
  situaBons	
  may	
  be	
  due	
  to	
  geographic	
  habitats,	
  climaBc	
  niches,	
  ethnicity,	
  religious	
  or	
  
social	
  status,	
  age,	
  gender,	
  or,	
  at	
  a	
  more	
  specific	
  level,	
  due	
  to	
  hereditary	
  or	
  sporadic	
  disease,	
  occupaBon	
  etc.	
  
To	
  envisage	
  sustainable	
  and	
  socially	
  acceptable	
  soluBons,	
  knowledge	
  of	
  the	
  specific	
  starBng	
  condiBons	
  as	
  
well	
  as	
  the	
  diverse	
  needs	
  and	
  goals	
  is	
  necessary.	
  Each	
  problem	
  could	
  be	
  addressed	
  individually,	
  developing	
  
specific	
  technological	
  soluBons	
  but	
  this	
  is	
  Bme-­‐consuming	
  and	
  not	
  always	
  efficient.	
  	
  

	
   	
  
Proposal	
  	
  

An	
   intriguing	
   alternaBve	
   is	
   the	
   idenBficaBon	
   of	
   one	
   technological	
   approach,	
   which	
   would	
   allow	
   more	
  
control	
  over	
  the	
  composiBon	
  of	
  food	
  and	
  hence	
  adapt	
  it	
  to	
  needs,	
  providing	
  a	
  Diversified	
  Adaptable	
  Food.	
  
ApplicaBons	
  should	
  start	
  at	
  the	
  farm	
  with	
  the	
  raw	
  materials	
  and	
  run	
  through	
  the	
  whole	
  food	
  chain	
  to	
  the	
  
fork	
   and	
   beyond	
   to	
   the	
   disposal	
   of	
   food	
   waste	
   in	
   the	
   environment.	
   Some	
   of	
   the	
   issues	
   that	
   could	
   be	
  
addressed	
   in	
  agriculture	
   are:	
  detecBon	
  of	
  needs	
  of	
  major	
  and	
  minor	
   crops	
  according	
   to	
  different	
  growth	
  
condiBons	
  and	
  climate;	
  targeted	
  or	
  triggered	
  delivery	
  of	
  inputs;	
  “protecBon”	
  of	
  nutrients	
  in	
  raw	
  materials	
  
and	
  beier	
  bioavailability.	
   InnovaBon	
  in	
  processing	
  should	
  pick	
  up	
  at	
  the	
  raw	
  materials	
  provided	
  by	
  smart	
  
agriculture,	
   further	
   supporBng	
   protecBon	
   of	
   nutrients	
   and	
   bioavailability,	
   while	
   ensuring	
   safety	
   and	
  
sustainability	
  of	
   its	
  procedures.	
   In	
   this	
  context	
   food	
  contact	
  materials,	
   and	
   their	
  applicaBon	
   in	
  a	
  broader	
  
sector	
  rather	
  than	
  just	
  packaging,	
  should	
  also	
  be	
  considered.	
  	
  

This	
  kind	
  of	
  approach	
  would	
  encourage	
  the	
  exploraBon	
  and	
  exploitaBon	
  of	
  a	
  wider	
  variety	
  of	
  food,	
  greatly	
  
supporBng	
   biodiversity	
   while	
   appraising	
   quanBtaBvely	
   small	
   but	
   qualitaBvely	
   high	
   value	
   producBons.	
   It	
  
would	
  also	
  address	
  the	
  challenges	
  posed	
  by	
  climate	
  change,	
  stressing	
  the	
  necessity	
  for	
  adaptability,	
  and	
  it	
  
would	
  provide	
  one	
  tool	
  with	
  dual	
  use,	
  applicable	
  in	
  opposite	
  situaBons	
  as	
  well	
  (e.g.	
  more	
  or	
  less	
  nutriBous	
  
food	
  for	
  developing	
  versus	
  industrialized	
  countries;	
  crops	
  growth	
  in	
  extreme,	
  variable	
  climaBc	
  condiBons).	
  	
  

All	
   issues	
  menBoned	
  above	
  can	
  be	
  addressed	
  by	
  converging	
  technologies.	
  These	
  can	
  greatly	
  contribute	
  to	
  
providing	
  the	
  diversificaBon	
  and	
  adaptability	
  needed	
  for	
  the	
  sustainable	
  producBon	
  of	
  healthier	
  and	
  safer	
  
food.	
   Knowledge	
   transfer	
   from	
   the	
   experience	
   acquired	
   in	
   other	
   sectors	
   is	
   essenBal.	
   An	
   example	
   is	
   the	
  
applicaBon	
   of	
   nanotechnology	
   and	
   nanomaterials	
   in	
   medicine,	
   which	
   paves	
   the	
   way	
   both	
   in	
   terms	
   of	
  
innovaBon	
  and	
  social	
  acceptance.	
  	
  

Diversified	
  Adaptable	
  Food	
   is	
  a	
  concept	
  that,	
   if	
  properly	
   introduced,	
  can	
  be	
  understood	
  and	
  accepted	
  by	
  
consumers,	
  whose	
  sense	
  of	
  belonging	
  to	
  at	
   least	
  one	
  of	
  the	
  many	
  groups	
  addressed,	
  will	
  make	
  them	
  feel	
  
involved.	
  Considering	
   the	
   increasingly	
   important	
   role	
  of	
   consumers	
   in	
   influencing	
   the	
  market,	
   this	
  aspect	
  
should	
  not	
  be	
  underesBmated.	
  The	
  idenBficaBon	
  of	
  different	
  needs,	
  the	
  acknowledgment	
  of	
  the	
  existence	
  
of	
   many	
   different	
   geographic	
   and	
   socio-­‐economic	
   realiBes	
   and	
   the	
   search	
   for	
   an	
   appropriate	
   approach	
  
would	
  support	
  and	
  jusBfy	
  the	
  development	
  and	
  applicaBon	
  of	
  innovaBve	
  technologies.	
  Furthermore,	
  if	
  the	
  
essenBal	
  quesBon	
  “When	
  we	
  put	
  something	
  in	
  food,	
  what	
  impact	
  does	
  it	
  have	
  on	
  our	
  health?”	
  is	
  addressed	
  
openly,	
   consumers	
   would	
   be	
   more	
   inclined	
   to	
   recognize	
   a	
   real	
   benefit	
   in	
   the	
   applicaBon	
   of	
   innovaBve	
  
technology	
   to	
   the	
   food	
   sector,	
   beyond	
   a	
   simple	
   market	
   strategy	
   and	
   be	
   more	
   open	
   to	
   a	
   construcBve	
  
discussion.	
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For	
  the	
  development	
  of	
  Diversified	
  Adaptable	
  Food	
  the	
  specific	
  areas	
  of	
  intervenBon	
  would	
  be	
  agriculture	
  
and	
  processing	
   but	
   the	
   strong	
   link	
  between	
  each	
   step	
   in	
   the	
   food	
  chain	
   should	
  be	
  considered.	
  A	
  holisBc	
  
approach	
  is	
  an	
  integral	
  part	
  of	
  the	
  concept	
  of	
  Diversified	
  Adaptable	
  Food.	
  We	
  do	
  not	
  want	
  to	
  address	
  the	
  
single	
   sectors	
   individually	
   but	
   rather	
   to	
   encourage	
   the	
   idenBficaBon	
   of	
   funcBonaliBes	
   that	
   could	
   be	
  
developed	
  through	
  the	
  applicaBon	
  of	
  converging	
  technologies,	
  also	
  in	
  combinaBon	
  with	
  other	
  technologies,	
  
and	
  which	
  could	
  provide	
  actual	
  benefits.	
  	
  

It	
  is	
  of	
  primary	
  importance	
  that	
  we	
  develop	
  an	
  approach	
  that	
  considers	
  the	
  whole	
  food	
  chain,	
  a	
  food	
  chain	
  
approach,	
   which	
   sBmulates	
   us	
   to	
   evaluate	
   every	
   Bme	
   how	
   the	
   introducBon	
   of	
   a	
   new	
   applicaBon	
   at	
   a	
  
specific	
  step	
   is	
  going	
   to	
  affect	
   the	
  rest	
  of	
   the	
  chain.	
  Gathering	
  experts	
  with	
  specific	
  disciplinary	
  skills	
   in	
  a	
  
highly	
   mulBdisciplinary	
   context	
   chosen	
   to	
   promote	
   the	
   transfer	
   of	
   knowledge	
   across	
   situaBons,	
   should	
  
encourage	
   the	
   food	
  chain	
  approach,	
  allowing	
  us	
   to	
  deal	
  with	
  specific	
   issues,	
  while	
  keeping	
  a	
  broad	
  view.	
  
During	
  the	
  workshop	
  we	
  will	
  ask	
  eight	
  scienBfic	
  experts	
  to	
  propose	
  and	
  introduce	
  one	
  specific	
  case,	
  dealing	
  
with	
  either	
  a	
   local	
  or	
  a	
  more	
  global	
   reality	
  and	
   idenBfying	
  a	
   challenge	
  concerning	
  e.g.	
   a	
   climaBc	
   issue,	
  a	
  
defined	
  target	
  group	
  or	
  an	
  economic	
  problem.	
  Within	
  one	
  main	
  topic,	
  two	
  aspects	
  of	
  parBcular	
  relevance	
  
for	
  the	
  developed	
  or	
  developing	
  economies	
  will	
  be	
  addressed	
  by	
  two	
  experts.	
  It	
  will	
  be	
  important	
  to	
  project	
  
how	
  converging	
  technologies,	
  and	
  the	
  Diversified	
  Adaptable	
  Food	
  produced	
  through	
  their	
  exploitaBon,	
  can	
  
impact	
   the	
   challenges	
   addressed	
   in	
   each	
   case.	
   Furthermore	
   it	
   will	
   be	
   key	
   to	
   assess	
   if	
   the	
   acquired	
  
technological	
  knowledge	
  can	
  be	
  transferred	
  to	
  different	
  situaBons.	
  	
  

!!
Outcome	
  	
  

By	
  the	
  end	
  of	
  the	
  workshop	
  we	
  want	
  to	
  be	
  able	
  to	
  propose	
  key	
  principles	
  on	
  which	
  a	
  Diversified	
  Adaptable	
  
Food	
  supply	
   can	
  be	
  based	
  and	
  point	
  out	
   to	
   the	
   technological	
  development	
   that	
   could	
  best	
   support	
   such	
  
innovaBon.	
   IndicaBons	
   for	
   the	
   focus	
  of	
   the	
  2nd	
  f2f	
  workshop	
  should	
  also	
  emerge	
   from	
  the	
  workshop.	
  The	
  
combined	
  approach	
  applying	
  both	
  broad	
  and	
  mulBdisciplinary	
  as	
  well	
  as	
  specific	
  knowledge	
  should	
  allow	
  us	
  
to	
  propose	
  a	
  scenario	
  in	
  which	
  Diversified	
  Adaptable	
  Food	
  plays	
  a	
  key	
  role	
  to	
  solve	
  future	
  social	
  challenges.	
  
EvaluaBon	
   of	
   this	
   scenario	
   will	
   eventually	
   support	
   the	
   submission	
   of	
   a	
   report	
   to	
   the	
   scienBfic	
   and	
  
governmental	
   authoriBes	
   as	
   well	
   as	
   to	
   other	
   stakeholders,	
   poinBng	
   out	
   prioriBes	
   for	
   research	
   funding,	
  
investments,	
  regulatory	
  and	
  social	
  adaptaBon.	
  	
  !
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1.	
  Summary	
  
An	
   important	
   component	
   in	
   the	
   strategy	
   for	
  
addressing	
   global	
   health	
   problems,	
   like	
   the	
  
metabolic	
   syndrome	
   and	
   cancer,	
   is	
   the	
   effecBve	
  
forBficaBon	
  of	
  staple	
  foods	
  and	
  popular	
  beverages	
  
with	
  micronutrients,	
   including	
   vitamins	
  missing	
   in	
  
our	
  diets	
  (e.g.	
  vitamin	
  D	
  and	
  omega-­‐3	
  faiy	
  acids),	
  
and	
   nutraceuBcals	
   of	
   established	
   health	
   benefits	
  
( l i ke	
   EGCG	
   and	
   curcumin) .	
   Nove l	
   food	
  
nanotechnologies	
   are	
   being	
   developed,	
   which	
  
enable	
   effecBve	
   food	
   forBficaBon	
   with	
   these	
  
sensiBve	
   bioacBves,	
   without	
   compromising	
  
product	
   sensory	
   quality,	
   and	
  while	
   protecBng	
   the	
  
bioacBves	
   from	
   degradaBon	
   during	
   processing,	
  
shelf	
   life	
   and	
   digesBon,	
   and	
   improving	
   their	
  
bioavailability	
   and	
   health	
   impact.	
   Re-­‐assembled	
  
casein	
   micelles	
   (rCM)	
   are	
   an	
   example	
   we	
   have	
  
introduced	
   as	
   a	
   mean	
   for	
   delivering	
   hydrophobic	
  
nutraceuBcals,	
   like	
   vitamin	
   D	
   (VD),	
   by	
   forBfying	
  
milk	
  products,	
  using	
  only	
  natural	
  milk	
  components.	
  
A	
   clinical	
   human	
   trial	
   demonstrated	
   excellent	
  
bioavailability	
   of	
   VD	
   in	
   rCM.	
   Similarly,	
   it	
   is	
  
imperaBve	
   that	
  more	
   such	
   technologies	
  would	
  be	
  
developed,	
   and	
   evaluated	
   in	
   all	
   aspects,	
   in	
  
parBcular,	
  safety	
  and	
  efficacy.	
  The	
  results	
  obtained	
  
by	
   in	
   vivo	
   studies	
   would	
   facilitate	
   regulatory	
  
approval.	
   The	
   technologies	
  must	
   be	
   commercially	
  
viable,	
  ideally,	
  improving	
  product	
  taste,	
  not	
  just	
  its	
  
label.	
   Another	
   important	
   challenge	
   is	
   to	
   educate	
  
people	
   of	
   the	
   relaBonship	
   between	
   nutriBon	
   and	
  
health,	
   and	
   on	
   the	
   benefits	
   and	
   safety	
   of	
   food	
  
nanotechnology,	
   achieved	
   through	
   concerted	
  
efforts	
   of	
   scienBsts,	
   regulators,	
   nutriBonists	
   and	
  
the	
   food	
   industry.	
   Longer	
   range	
   and	
   greater	
  
challenges	
  are	
  posed	
  by	
  the	
  personalized	
  nutriBon	
  
revoluBon	
   iniBalized	
   by	
   deciphering	
   the	
   human	
  
genome.	
  !
2.	
  Case	
  study	
  (2-­‐5	
  years)	
  
About	
  1	
  billion	
  people	
  worldwide	
  are	
  VD	
  deficient	
  
or	
   insufficient1,	
   mainly	
   due	
   to	
   avoiding	
   sun	
  
exposure	
  to	
  prevent	
  melanoma	
  and	
  to	
  low	
  dietary	
  
intake2.	
   Proper	
   VD	
   levels	
   can	
   be	
   maintained	
   by	
  
vitamin	
   supplementaBon	
   or	
   food	
   forBficaBon1.	
  
Milk	
   products	
   are	
   the	
  most	
   appropriate	
   foods	
   for	
  
VD	
   forBficaBon,	
   mainly	
   because	
   they	
   are	
   widely	
  

available,	
   palatable	
   and	
   rich	
   in	
   calcium	
   and	
  
phosphorus,	
  but	
  naturally	
  poor	
  in	
  VD.	
  Their	
  low	
  VD	
  
content	
   intensifies	
   by	
   losses	
   during	
   thermal	
  
processing	
  and	
   fat	
   removal3.	
   In	
  Canada,	
  all	
  milk	
   is	
  
forBfied	
  to	
  provide	
  44%	
  of	
  the	
  recommended	
  daily	
  
intake	
   (of	
   400	
   IU)	
   per	
   250-­‐mL	
   serving4.	
   However,	
  
most	
   forBfied	
   foods	
   and	
   beverages	
   are	
   under-­‐
forBfied.	
   VD	
   forBficaBon	
   is	
   challenging	
   due	
   to	
  
vitamin	
   insolubility	
   in	
   aqueous	
   systems,	
   posing	
   a	
  
problem	
   for	
   incorporaBng	
   the	
   vitamin	
   in	
   nonfat	
  
products;	
   vitamin	
   sensiBvity	
   to	
   light,	
   air	
   and	
   high	
  
temperature5	
   and	
   low	
   pH,	
   e.g.	
   in	
   yoghurt,	
   and	
  
during	
   gastric	
   digesBon6;	
   risk	
   of	
   poisoning	
   due	
   to	
  
uneven	
   distribuBon	
   of	
   the	
   added	
   vitamin;	
  
consumer	
   demand	
   for	
   the	
   use	
   of	
   all-­‐natural	
  
ingredients,	
   which	
   calls	
   for	
   avoiding	
   syntheBc	
  
emulsifiers	
  such	
  as	
  Tween-­‐80	
  (Polysorbate-­‐80).	
  We	
  
have	
  previously	
  introduced	
  the	
  potenBal	
  of	
  rCM	
  as	
  
n a tu ra l	
   n anoveh i c l e s	
   fo r	
   hyd rophob i c	
  
nutraceuBcals,	
   e.g.	
   VD7,	
   and	
   shown	
   the	
   good	
  
solubilizaBon	
   and	
   protecBon	
   conferred	
   to	
   the	
  
vitamin	
   against	
   heaBng,	
  UV	
   exposure7	
   and	
   during	
  
shelf	
   life8.	
   The	
  main	
   quesBon	
   we	
   then	
   wished	
   to	
  
answer	
   was	
   whether	
   VD3	
   encapsulated	
   in	
   rCM	
   is	
  
sBll	
   bioavailable.	
   To	
   answer	
   this	
   quesBon	
   we	
  
performed	
  a	
  clinical	
  trial	
  and	
  evaluated	
  the	
  serum	
  
levels	
   of	
   25-­‐hydroxy	
   VD,	
   the	
   accepted	
   VD	
   status	
  
indicator,	
   following	
   a	
   single-­‐dose	
   of	
   50,000	
  
internaBonal-­‐units	
   (IU)	
   VD3	
   encapsulated	
   in	
   rCM,	
  
in	
   1%	
   fat	
   milk,	
   in	
   a	
   double	
   blinded	
   placebo	
  
controlled	
  clinical	
  study	
  with	
  87	
  human	
  volunteers.	
  
We	
   found	
   that	
   VD	
   bioavailability	
   in	
   rCM	
   was	
   at	
  
least	
   as	
   high	
   as	
   that	
   of	
   an	
   aqueous	
   Tween-­‐80-­‐
emulsified	
   VD3	
   supplement	
   (considered	
   to	
   be	
  
highly	
  bioavailable,	
  and	
  prescribed	
  by	
  physicians	
  to	
  
VD	
   deficient	
   paBents).	
   We	
   found	
   that	
   VD3	
  
encapsulated	
   in	
   rCM	
   is	
  highly	
  bioavailable8.	
   Taken	
  
together	
  with	
  our	
  other	
  results	
  showing	
  the	
  much	
  
beier	
   protecBon	
   (compared	
   to	
   Tween	
   80)	
  
conferred	
  by	
   rCM	
  to	
  VD	
  during	
  heaBng,	
  and	
  shelf	
  
life8,	
  and	
  the	
  fact	
  rCM	
  are	
   inexpensive	
  to	
  produce	
  
and	
   are	
   made	
   of	
   natural	
   ingredients	
   only,	
   we	
  
conclude	
   that	
   rCM	
   prove	
   to	
   be	
   a	
   preferable	
  
nanovehicle	
  for	
  VD	
  forBficaBon	
  in	
  milk	
  products.	
  !
3.	
  ExtrapolaBon	
  to	
  other	
  realiBes	
  (5-­‐10	
  years)	
  
There	
   are	
   many	
   other	
   micronutrient	
   deficiencies	
  
worldwide,	
  even	
   in	
  modern	
  countries,	
  and	
  among	
  
people	
  of	
  all	
  economic	
  and	
  educaBon	
  levels.	
  While	
  
poor	
   populaBons	
   tend	
   to	
   suffer	
   malnutriBon	
   due	
  
to	
   insufficient	
   food	
   or	
   to	
   relying	
   on	
   high	
   energy	
  
staple	
   food	
   for	
   survival	
   (without	
   sufficient	
  
vegetables	
  and	
   fruit	
   in	
   the	
  diet),	
  middle	
  class	
  and	
  
wea l thy	
   peop l e	
   oeen	
   deve lop	
   ce r ta i n	
  
micronutrient	
   deficiencies	
   due	
   to	
   lack	
   of	
  

! !                                                                                                                                       

mailto:livney@technion.ac.il


awareness	
   for	
   the	
   importance	
   of	
   a	
   diverse	
  
balanced	
  diet,	
  and	
  to	
  rouBne	
  selecBon	
  of	
  indulging	
  
foods	
  lacking	
  essenBal	
  nutriBonal	
  elements.	
  	
  	
  
Many	
   innovaBve	
   nanotechnologies	
   have	
   been	
  
developed	
  over	
  the	
  last	
  decade,	
  which	
  may	
  enable	
  
the	
   enrichment	
   of	
   staple	
   food	
   and	
   popular	
  
beverages	
  with	
   important	
  micronutrients	
   that	
   are	
  
lacking	
   in	
   today’s	
   nutriBon	
   of	
   wide	
   populaBons,	
  
and	
   are	
   safe	
   to	
   be	
   used	
   in	
   food	
   forBficaBon	
   (like	
  
vitamin	
  D,	
  and	
  omega-­‐3	
  oil;	
  As	
  a	
  counter	
  example,	
  
vitamin	
  A,	
  which	
   becomes	
   toxic	
   if	
   given	
   in	
   excess	
  
above	
  the	
  recommended	
  daily	
  amounts	
  should	
  not	
  
be	
  used	
  for	
  wide	
  forBficaBon).	
  These	
  nanovehicles	
  
may	
   solubilize	
   water	
   insoluble	
   micronutrients,	
  
protect	
   sensiBve	
   nutraceuBcals	
   form	
   degradaBon	
  
during	
   producBon,	
   shelf-­‐life	
   and	
   digesBon,	
   mask	
  
undesired	
   sensory	
   aiributes	
   and	
   enable	
   their	
  
p r o g r ammab l e	
   r e l e a s e	
   a n d	
   imp ro v e d	
  
bioavailability,	
   for	
   safe	
   and	
   enhanced	
   health	
  
benefit	
  materializaBon.	
   This	
   strategy	
  may	
   provide	
  
one	
  of	
  the	
  key	
  elements	
  in	
  the	
  societal	
  program	
  for	
  
combaBng	
   the	
   pandemic	
   problems	
   of	
   metabolic	
  
syndrome	
   (obesity,	
   cardiovascular	
   diseases	
   and	
  
diabetes),	
  cancer,	
  neurodegeneraBve	
  diseases	
  and	
  
more.	
  In	
  the	
  longer	
  run,	
  more	
  advanced	
  strategies,	
  
such	
  as	
  personalized	
  nutriBon,	
  are	
  likely	
  to	
  become	
  
widely	
  applied,	
  but	
  there	
  is	
  much	
  to	
  be	
  done	
  in	
  the	
  
intermediate	
   Bme,	
   using	
   theses	
   s impler	
  
approaches,	
   to	
   make	
   the	
   foods	
   we	
   eat	
   more	
  
health-­‐promoBng,	
   without	
   relying	
   on	
   dramaBc	
  
changes	
  in	
  life	
  style,	
  that	
  are	
  difficult	
  to	
  implement	
  
even	
  for	
  the	
  more	
  educated	
  and	
  affluent	
  people.	
  	
  !
4.	
  IdenBficaBon	
  of	
  gaps	
  and	
  obstacles	
  
The	
  main	
   gaps	
   and	
   obstacles	
   are	
   a	
   few:	
  Many	
   of	
  
the	
   new	
   nanotechnologies	
   for	
   food	
   forBficaBon	
  
sBll	
  need	
  to	
  undergo	
  important	
  in-­‐vivo	
  and	
  clinical	
  
safety	
   and	
   efficacy	
   examinaBons,	
   and	
   the	
   results	
  
obtained	
   need	
   to	
   be	
   assessed	
   by	
   the	
   regulatory	
  
agencies	
  for	
  commercial	
  implementaBon	
  approval.	
  
Moreover,	
   the	
  technologies	
  must	
  be	
  commercially	
  
viable,	
   not	
   increasing	
   the	
   price	
   for	
   the	
   consumer	
  
(who	
   is	
   unfortunately	
   yet	
   not	
   willing	
   to	
   pay	
  
significantly	
   more	
   for	
   a	
   more	
   health-­‐promoBng	
  
product).	
   Ideally,	
   outstanding	
   success	
   would	
   be	
  
achieved	
   whenever	
   the	
   more	
   health-­‐promoBng	
  
product	
   would	
   win	
   over	
   the	
   alternaBve	
   also	
   in	
  
taste,	
   not	
   just	
   in	
   label	
   informaBon.	
   Another	
  
important	
   challenge	
   is	
   to	
   communicate	
   and	
   to	
  
educate	
   the	
   populaBon:	
   on	
   the	
   one	
   hand	
   of	
   the	
  
relaBonship	
  between	
  proper	
  nutriBon	
  and	
  health,	
  
and	
  the	
  need	
  for	
  prevenBve	
  nutriBon,	
  as	
  part	
  of	
  a	
  
healthy	
   life	
   style;	
   and	
   on	
   the	
   other	
   hand-­‐	
   on	
   the	
  
benefits	
   and	
   safety	
   of	
   food	
   nanotechnology,	
  
achieved	
   through	
   concerted	
   efforts	
   of	
   scienBsts,	
  

regulators	
   and	
   the	
   food	
   industry.	
   PosiBve	
   signs	
  of	
  
rising	
   consumer	
   acceptance	
   for	
   nanotechnology	
  
are	
  being	
   reported9.	
   There	
   is	
  work	
   to	
  be	
  done	
  by	
  
nutriBonists	
  in	
  defining	
  best	
  suiBng	
  micronutrients	
  
for	
   enrichment,	
   and	
   the	
   proper	
   dosing	
   in	
   various	
  
forBfied	
   foods,	
   taking	
   into	
   account	
   also	
   the	
  
improved	
   bioavailability	
   provided	
   by	
   the	
   new	
  
nanotechnologies.	
  	
  
In	
   the	
   longer	
   term,	
   larger	
   challenges	
   exist	
   toward	
  
personalized	
   nutriBon.	
   These	
   include	
   bridging	
   the	
  
huge	
   knowledge	
   gap	
   between	
   knowing	
   the	
  
genome	
   sequence	
   of	
   a	
   person,	
   and	
  matching	
   the	
  
most	
   suitable	
   diet	
   for	
   that	
   person,	
   and	
  
revoluBonizing	
  food	
  producBon	
  and	
  distribuBon	
  to	
  
provide	
   personalized	
   products,	
   available	
   on	
  
demand.	
  	
  	
  !
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1.	
  Summary 
EmulsificaBon	
   is	
   an	
   important,	
   innovaBve	
   process	
  
for	
   formulaBon	
   of	
   healthier	
   food.	
   	
   In	
   emulsion	
  
science	
  food	
  funcBonality	
  and	
  their	
  structure	
  need	
  
to	
  be	
  studied,	
   to	
   improve	
   industrial	
  emulsificaBon	
  
processes,	
   and	
   to	
   understand	
   gastro-­‐intesBnal	
  
tract	
   process	
   in	
   the	
   human	
   body	
   by	
   more	
  
qualitaBve/quanBtaBve	
   invesBgaBon.	
   	
   More	
  
collaboraBon	
   between	
   scienBfic,	
   engineering,	
   and	
  
medical	
  fields	
  should	
  be	
  encouraged.	
  In	
  addiBon	
  to	
  
research	
  and	
  development,	
  educaBon	
  of	
  food	
  and	
  
nutriBon	
   is	
   considered	
   to	
   extend	
   health	
   life	
  
expectancy.	
  	
  !
2.	
  IntroducBon	
  
In	
   the	
   last	
   50	
   years	
   Japan	
   has	
   experienced	
   rapid	
  
extension	
   of	
   the	
   average	
   life	
   expectancy,	
   and	
  
present	
  average	
   life	
  expectancy	
   is	
  80	
   for	
  men	
  and	
  
85	
   y	
   for	
   women	
   and	
   the	
   average	
   healthy	
   life	
  
expectancy	
   is	
   75	
   and	
   80	
   y	
   respecBvely.	
   	
   	
   The	
  
extension	
   of	
   life	
   expectancy	
   was	
   mainly	
   due	
   to	
  
improvement	
   in	
  public	
  health,	
  medical	
   treatment,	
  
health	
   insurance	
   system,	
   reducBon	
   of	
   the	
   infant	
  
mortality	
   rate	
   and	
   school	
   lunch	
   program	
   for	
  
children.	
  Since	
  1970,	
  however,	
  overeaBng	
  and	
  lack	
  
of	
  exercise	
  have	
  caused	
  the	
  increase	
  of	
  obesity	
  and	
  
lifestyle-­‐related	
   diseases	
   (diabetes,	
   hypertension).	
  	
  	
  
Under	
   these	
  circumstances,	
   Japanese	
  government	
  
formulated	
   the	
   Shokuiku	
   Basic	
   Act	
   in	
   2005,	
   and	
  
various	
   programs	
   have	
   been	
   planned.	
   “Shokuiku”	
  
can	
  be	
  translated	
  to	
  “EducaBon	
  of	
  eaBng,	
  including	
  
graBtude	
  to	
  food	
  and	
  tradiBonal	
  food	
  culture”.	
   	
   In	
  
the	
  World	
   Food	
   Summit	
   of	
   1996	
   held	
   in	
   Rome,	
   it	
  
was	
   declared	
   by	
   internaBonal	
   consensus,	
   that	
  
“adequate	
  nutriBon	
  is	
  a	
  human	
  right”.	
   	
  “Shokuiku”	
  
aims	
   to	
   foster	
  mental	
  and	
  physical	
  health,	
  as	
  well	
  
as	
  individual	
  humanity,	
  throughout	
  lifeBme.	
  In	
  our	
  
busy	
  daily	
   lives,	
  we	
  may	
   forget	
   the	
   importance	
  of	
  
diet	
  for	
  basic	
  health.	
  Diet	
  related	
  problems	
  such	
  as	
  
unbalanced	
   and	
   irregular	
   diets,	
   increase	
   obesity	
  
and	
   lifestyle-­‐related	
   diseases.	
   	
   Because	
   our	
  
knowledge	
   on	
   food	
   and	
   nutriBon	
   is	
   limited,	
   we	
  
should	
  learn	
  more	
  about	
  appropriate	
  diet,	
  and	
  pay	
  
more	
  aienBon	
  to	
   the	
   food	
  to	
  control	
  obesity	
  and	
  
other	
  diet-­‐related	
  health	
  problems.	
  	
  	
  
EmulsificaBon	
   is	
   one	
   of	
   the	
   food	
   processes	
   for	
  
homogenized	
  milk,	
  mayonnaise,	
  chocolate,	
  low	
  fat	
  

spread	
  and	
  so	
  on.	
  EmulsificaBon	
  is	
  also	
  one	
  of	
  the	
  
encapsulaBon	
  methods	
  of	
  formulaBon	
  of	
  healthier	
  
food	
   components.	
   If	
   healthier	
   components	
   are	
  
hydrophobic,	
   they	
   are	
   incorporated	
   into	
   oil,	
   and	
  
dispersed	
   in	
   water	
   (O/W	
   emulsion).	
   If	
   healthier	
  
components	
  are	
  hydrophilic,	
   they	
  are	
  dissolved	
   in	
  
water,	
   and	
   dispersed	
   in	
   oil	
   (W/O	
   emulsion)	
   for	
  
higher	
   stability,	
  and	
  W/O	
  emulsions	
  are	
  dispersed	
  
into	
   water	
   again,	
   obtained	
   as	
  W/O/W	
   emulsions.	
  
Depending	
   on	
   the	
   condiBons	
   employed,	
   solid	
   fat	
  
can	
  be	
  used	
  instead	
  of	
  liquid	
  oil,	
  and	
  properBes	
  of	
  
water	
  phase	
  can	
  be	
  also	
  changed	
  by	
  adding	
  gelling	
  
agents,	
  such	
  as	
  gelaBn	
  and	
  agar,	
  ge~ng	
  hydrogel.	
  	
  
There	
   are	
   three	
   basic	
   funcBons	
   aiributable	
   to	
  
food.	
   	
   One	
   of	
   them,	
   the	
   most	
   important,	
   is	
   the	
  
nutrient	
   funcBon	
   (primary	
   funcBon),	
   followed	
   by	
  
the	
   taste	
   and	
   sensory	
   funcBon	
   (secondary	
  
funcBon),	
   and	
   the	
   biological	
   regulaBon	
   funcBon,	
  
that	
   is	
   involved	
   in	
   the	
   maintenance	
   and	
  
improvement	
  of	
  health	
  (terBary	
  funcBon).	
   	
  The	
  so	
  
called	
   “funcBonal	
   health	
   food	
   	
   component”	
   is	
  
related	
   to	
   the	
   terBary	
   funcBon.	
   	
   	
   Most	
   of	
   the	
  
funcBonal	
   components,	
   such	
   as	
   polyphenols	
   and	
  
carotenoids	
   are	
   water-­‐insoluble,	
   leading	
   to	
   low	
  
bioavailability	
   in	
   the	
   body.	
   The	
   properBes	
   of	
  
funcBonal	
   components	
   in	
   foods	
   can	
  be	
   controlled	
  
by	
   their	
  micro/nano-­‐scale	
   structure.	
   ConvenBonal	
  
preparaBon	
   for	
   funcBonal	
   foods	
   are	
   generally	
  
formulated	
   by	
   applying	
   large-­‐scale	
   processing.	
  
Therefore,	
   it	
   	
   is	
   difficult	
   to	
   control	
   precisely	
   the	
  
structure	
   of	
   the	
   products.	
   Recently	
   micro/nano	
  
engineering	
   has	
   been	
   developed,	
   and	
   applied	
   to	
  
funcBonal	
   foods.	
   ConvenBonal	
   mechanical	
  
emulsificaBon	
   equipment,	
   such	
   as	
   high-­‐pressure	
  
homogenizer,	
   is	
   used	
   to	
   produce	
   emulsions.	
  
However,	
   the	
   obta ined	
   emuls ions	
   were	
  
polydispersed,	
  with	
  droplet	
  diameter	
  of	
  0.1-­‐10	
  μm.	
  
We	
   have	
   developed	
   precisely-­‐microfabricated	
  
microchannel	
   (MC)	
   arrays	
   to	
   produce	
   emulsions.	
  	
  
MC	
   emulsificaBon	
   is	
   capable	
   of	
   producing	
  
monodisperse	
   emulsions,	
   formulaBng	
   the	
  
monosized	
   microparBcles	
   and	
   emulsions.	
   A	
  
nanochannel	
   (NC)	
   emulsificaBon	
   device	
   has	
   also	
  
been	
   deve loped ,	
   i n	
   o rde r	
   to	
   p roduce	
  
monodispersed	
  sub-­‐micron	
  emulsions.	
  	
  !
3.	
  Case	
  study	
  (2-­‐5	
  years)	
  
EmulsificaBon	
   is	
   used	
   for	
   formulaBon	
  of	
  healthier	
  
foods	
   in	
   the	
   food	
   industry.	
   	
   In	
   the	
   human	
   body,	
  
emulsificaBon	
   also	
   takes	
   place.	
   Oils	
   are	
  
hydrophobic,	
  and	
  less	
  soluble	
  in	
  aqueous	
  digesBve	
  
tract.	
   Lipase	
   can	
   work	
   at	
   the	
   oil/water	
   interface,	
  
and	
   oil	
   hydrolysis	
   takes	
   place.	
   The	
   digesBon	
   is	
  
enhanced	
   by	
   emulsificaBon	
   with	
   bile	
   containing	
  
bile	
   salts	
  and	
  phospholipids.	
  PeristalBc	
  movement	
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in	
  the	
  body	
  also	
  affects	
  the	
  digesBon	
  process.	
  Aeer	
  
digesBon,	
   micelles	
   are	
   formed	
   with	
   faiy	
   acids,	
  
mono-glycerides,	
   bile	
   salts	
   and	
   phospholipids.	
  	
  
Micelles	
  are	
  much	
  smaller	
  than	
  emulsions,	
  and	
  can	
  
be	
   transported	
   to	
   the	
   surface	
   of	
   the	
   enterocyte	
  
where	
   they	
   can	
   be	
   absorbed.	
   Micelles	
   contain	
  
lipophilic	
  funcBonal	
  components.	
   
We	
  need	
   to	
   understand	
   the	
   relaBonship	
   between	
  
the	
   funcBonality	
   and	
   the	
   structure	
   of	
   the	
  
components	
   in	
   foods	
   both	
   during	
   processing	
   as	
  
well	
   as	
   in	
   the	
   body.	
   QualitaBve	
   invesBgaBons	
   of	
  
human	
  digesBon	
  have	
  been	
   carried	
  out,	
   however,	
  
there	
   are	
   only	
   a	
   few	
   quanBtaBve	
   invesBgaBons.	
  
Both	
  qualitaBve	
  and	
  quanBtaBve	
  invesBgaBons	
  will	
  
be	
   needed	
   in	
   order	
   to	
   transfer	
   the	
   knowledge	
  
about	
   the	
   emulsificaBon	
   systems	
   in	
   the	
   body	
   to	
  
the	
  industrial	
  processes.	
  	
  	
  
Bioassay	
   tests	
   using	
   caco2	
   cells	
   are	
   effecBve	
   to	
  
model	
   the	
   intesBne	
   environments,	
   and	
   the	
   effect	
  
of	
   funcBonal	
   components	
   in	
   the	
   emulsions	
   can	
  
thus	
   be	
   analyzed.	
   Bioassay,	
   animal	
   and	
   human	
  
tests	
  will	
  be	
  done	
  by	
  food	
  and	
  medical	
  scienBsts	
  in	
  
order	
  to	
  get	
  evidence	
  of	
  funcBonal	
  components	
  in	
  
foods	
   with	
   the	
   help	
   of	
   engineers	
   to	
   design	
   and	
  
carefully	
  formulate	
  funcBonal	
  foods.	
  
AienBve	
   discussions	
   on	
   appropriate	
   foods	
  
between	
  the	
  scienBsts	
  of	
  different	
  fields	
   including	
  
medical	
   doctors	
   are	
   needed.	
   	
   Appropriate	
   foods	
  
may	
   change	
   depending	
   on	
   the	
   age	
   of	
   the	
  
consumers	
   and	
   their	
   local	
   food	
   producBon,	
   and	
  
may	
  differ	
  between	
  countries.	
  	
   !
4.	
  ExtrapolaBon	
  to	
  other	
  realiBes	
  (5-­‐10	
  years)	
   
In	
   addiBon	
   to	
   the	
   R&D	
   of	
   food	
   processing	
  
technologies,	
   understanding	
   the	
   phenomena	
  
occurring	
   in	
   the	
   gastro-­‐intesBnal	
   tract,	
   as	
   well	
   as	
  
ge~ng	
   reliable	
   evidence-­‐based	
   informaBon	
   on	
  
funcBonal	
   components,	
   is	
   very	
   important.	
   	
   	
   For	
  
instance,	
  many	
  old	
  people	
  suffer	
  from	
  arthriBs	
  and	
  
osteoporosis.	
   Uptake	
   of	
   vitamin	
   D,	
   polyphenols	
  
such	
   as	
   querceBn,	
   and	
   branched	
   amino	
   acids	
  
would	
   be	
   beneficial;	
   and	
   emulsion	
   formulaBons	
  

would	
   be	
   a	
   good	
   approach.	
   Food	
   fiber-­‐based	
   or	
  
resistant	
   starch-­‐based	
   emulsion	
  uptake	
   could	
   also	
  
be	
  a	
  valid	
  approach	
   to	
  addressing	
   the	
  problem	
  of	
  
obesity	
  by	
  over-­‐nutriBon.	
  	
  	
  
	
   	
   	
   More	
   informaBon	
   on	
   funcBonal	
   components	
  
with	
  actual	
  evidence	
  should	
  be	
  obtained.	
  This	
  may	
  
reduce	
   huge	
   cost	
   for	
   medical	
   care,	
   and	
   increase	
  
healthy	
   life	
   expectancy.	
   More	
   sophisBcated,	
   and	
  
innovaBve	
   industrial	
   emulsificaBon	
  processes	
  may	
  
be	
  developed	
  based	
  on	
  understanding	
   the	
  gastro-­‐
intesBnal	
   tract	
   processes.	
   Currently	
   health	
  
supplements	
   depend	
   mainly	
   on	
   their	
   funcBonal	
  
components,	
   from	
   a	
   chemical	
   point	
   of	
   view.	
  
However,	
   supplements	
   should	
   be	
   formulated	
   not	
  
only	
  from	
  a	
  chemical,	
  but	
  also	
  form	
  a	
  physical	
  and	
  
biological	
  point	
  of	
  view.	
  	
  	
  
In	
   society,	
   people	
   are	
   very	
   concerned	
   about	
   their	
  
health,	
   however,	
   their	
   knowledge	
   on	
   food	
   and	
  
nutriBon	
   is	
   quite	
   limited	
   even	
   in	
   advanced	
  
countries.	
   Beier	
   educaBon	
   about	
   food	
   and	
  
nutriBon	
   will	
   be	
   required.	
   QualitaBve	
   and	
  
quanBtaBve	
  understanding	
  of	
  food	
  and	
  nutriBon	
  in	
  
primary	
   school,	
   high	
   school	
   and	
  university	
  will	
   be	
  
important	
  for	
  promoBng	
  a	
  healthy	
  life.	
  	
  	
  
	
   
5.	
   IdenBficaBon	
   of	
   gaps	
   and	
   obstacles	
   to	
   be	
  
overcome	
  
Knowledge	
   of	
   food	
   and	
   nutriBon	
   between	
  
countries	
   is	
   not	
   well	
   shared.	
   Most	
   people	
   are	
  
concerned	
  about	
  their	
  health,	
  but	
  their	
  knowledge	
  
of	
   food	
   and	
   nutriBon	
   is	
   very	
   limited.	
   	
   Medical	
  
doctors	
  know	
  about	
  their	
  paBents	
  and	
  have	
  some	
  
idea	
  	
  of	
  the	
  relaBonship	
  between	
  the	
  paBents’	
  diet	
  
and	
  disease.	
  However	
  these	
  data	
  are	
  not	
  available	
  
to	
   the	
   public.	
   This	
   expert	
   knowledge	
   should	
   be	
  
collected	
   and	
   analyzed.	
   In	
   order	
   to	
   develop	
   the	
  
innovaBve,	
   opBmum	
   emulsificaBon	
   for	
   funcBonal	
  
foods,	
   more	
   collaboraBon	
   among	
   scienBsts	
   of	
  
different	
   fields	
   is	
   needed.	
   Furthermore,	
   more	
  
collaboraBon	
   between	
   countries	
   is	
   required	
   to	
  
establish	
   internaBonal	
   standards	
   for	
   the	
  
formulaBon	
  and	
  regulaBon	
  of	
  products. !!!
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1.	
  Summary	
  
In	
   recent	
   decades,	
   there	
   have	
   been	
   major	
  
advances	
  in	
  the	
  area	
  of	
  nanotechnology	
  applied	
  to	
  
agriculture.	
  Nonetheless,	
  many	
  issues	
  remain	
  to	
  be	
  
addressed	
  in	
  order	
  that	
  this	
  technology	
  may	
  make	
  
a	
   significant	
   contribuBon	
   to	
   increased	
   agricultural	
  
producBvity	
   (which	
   will	
   be	
   needed	
   due	
   to	
   the	
  
predicted	
  increase	
  in	
  the	
  global	
  populaBon),	
  while	
  
at	
  the	
  same	
  Bme	
  reducing	
  adverse	
  impacts	
  on	
  the	
  
environment	
   and	
   human	
   health.	
   The	
   aim	
   of	
   the	
  
present	
   paper	
   is	
   to	
   describe	
   the	
   main	
   advances	
  
and	
   difficulBes	
   expected	
   in	
   this	
   area	
   in	
   the	
   near	
  
future	
   (2	
   to	
   5	
   years),	
   and	
   to	
   suggest	
   future	
  
scenarios	
   for	
   the	
   use	
   of	
   nanotechnology	
   in	
  
agriculture.	
  !
2.	
  Current	
  and	
  future	
  trends	
  
There	
   is	
   a	
  wide	
   range	
   of	
   potenBal	
   applicaBons	
   of	
  
nanotechnology	
   in	
   agriculture,	
   and	
   research	
   into	
  
novel	
   techniques	
   is	
   increasing	
   in	
   both	
   the	
  
academic	
   and	
   commercial	
   spheres.	
   Some	
   of	
   the	
  
main	
   applicaBons	
   are	
   Systems	
   for	
   increased	
  
producBvity	
   where	
   these	
   include	
   methodologies	
  
based	
   on	
   the	
   use	
   of	
   capsules	
   and	
   metallic,	
  
polymeric,	
   and	
   lipid	
   nanoparBcles,	
   notably	
   the	
  
following	
   techniques:	
   i)	
   Intelligent	
  systems	
   for	
   the	
  
release	
  of	
  nutrients;	
   ii)	
   Systems	
   for	
   the	
   control	
   of	
  
pests	
  and	
  diseases.	
  
In	
   relaBon	
   to	
   the	
   systems	
   for	
   the	
   control	
  of	
  pests	
  
and	
   diseases,	
   nanotechnology	
   can	
   be	
   used	
   to	
  
improve	
   the	
   properBes	
   of	
   an	
   acBve	
   agent	
   in	
  
several	
   ways:	
   i)	
   increasing	
   solubility,	
   ii)	
   providing	
  
controlled	
   release	
   to	
   target	
   organisms,	
   iii)	
  
p r o t e c B n g	
   a g a i n s t	
   h y d r o l y s i s	
   a n d	
  
photodecomposiBon,	
   and	
   iv)	
   increasing	
   toxicity	
  
towards	
   the	
   target	
   organism,	
   as	
   well	
   as,	
   novel	
  
parBcles	
   can	
   be	
   developed	
   as	
   acBve	
   agents	
   to	
  
combat	
  pathogens.	
  As	
  example,	
  Atrazine	
  (6-­‐chloro-­‐
N2-­‐ethyl-­‐N4-­‐isopropyl-­‐1,3,5-­‐triazine-­‐2,4-­‐diamine),	
  
which	
   is	
   a	
   member	
   of	
   the	
   triazine	
   class	
   of	
  
herbicides,	
   is	
   used	
   in	
   many	
   culBvaBons	
   for	
   pre-­‐	
  
and	
   post-­‐emergent	
   control	
   of	
   weeds.	
   Its	
  
mechanism	
   of	
   acBon	
   is	
   by	
   inhibiBon	
   of	
  
p h o t o s y n t h e s i s .	
   B i o a c c umu l aB on	
   a n d	
  
contaminaBon	
   of	
   the	
   soil	
   with	
   atrazine	
   residues	
  
can	
   affect	
   non-­‐target	
   plants	
   in	
   culBvaBons,	
  

reducing	
   producBvity,	
   while	
   contaminaBon	
   of	
  
aquaBc	
  systems	
  can	
  have	
  impacts	
  on	
  many	
  species.	
  
European	
  Union	
  bans	
   the	
  use	
  of	
  atrazine	
  because	
  
o f	
   ub iq i tous	
   and	
   unpreventab le	
   water	
  
contaminaBon.	
  	
  
However,	
   the	
   nanoencapsulaBon	
   of	
   this	
   herbicide	
  
has	
   been	
   showed:	
   i)	
   reducBon	
   in	
   cytoxicity	
   and	
  
genotoxicity;	
   ii)	
   increasing	
   in	
   the	
   effecBveness	
   of	
  
atrazine	
   to	
   target	
   organisms	
   (such	
   as	
   mustard	
  
plants);	
  iii)	
  the	
  fate	
  in	
  soil	
  of	
  atrazine	
  encapsulated	
  
presents	
  no	
  differences	
   in	
   relaBon	
   to	
   the	
  atrazine	
  
(iniBal	
   studies).	
   By	
   the	
  way,	
   even	
   the	
   first	
   results	
  
showed	
  that	
  the	
  nanoencapsulaBon	
  could	
  reduces	
  
the	
   environmental	
   impacts,	
  more	
   studies	
   need	
   to	
  
be	
   done	
   in	
   order	
   to	
   really	
   develop	
   a	
   system	
   that	
  
can	
  helps	
   the	
  weed	
  control	
   in	
  agriculture	
  with	
  no	
  
harmful	
   impacts	
   to	
   the	
   humans	
   and	
   to	
   the	
  
environment.	
   In	
   this	
   way,	
   despite	
   considerable	
  
advances	
   in	
   terms	
   of	
   idenBfying	
   possible	
  
applicaBons	
   atrazine	
   nanoencapsulated,	
   there	
   are	
  
many	
  issues	
  that	
  remain	
  to	
  be	
  resolved	
  in	
  the	
  near	
  
future	
  (within	
  a	
  Bmeframe	
  of	
  around	
  five	
  years)	
  in	
  
order	
   that	
   this	
   technology	
  might	
  make	
   significant	
  
contribuBons	
   to	
   the	
   area	
   of	
   agriculture.	
   Some	
   of	
  
the	
   main	
   aspects	
   that	
   require	
   further	
   aienBon	
  
are:	
  
• Development	
   of	
   hybrid	
   carrier	
   systems	
   for	
  
different	
   acBve	
   agents	
   in	
   order	
   to	
   maximize	
  
efficiency	
   and	
   reduce	
   the	
   number	
   of	
   separate	
  
applicaBons	
   required.	
   In	
   the	
   case	
   of	
   atrazine,	
   is	
  
possible	
   to	
   associate	
   with	
   other	
   herbicides	
   in	
  
order	
   to	
   reduce	
   the	
   plant	
   resistance	
   to	
   this	
  
formulaBon.	
   	
  The	
  development	
  and	
  synthesis	
  of	
  
such	
   systems	
   should	
  be	
  based	
  on	
   the	
  principles	
  
of	
   green	
   chemistry	
   and	
   environmental	
  
sustainability;	
  

• Development	
  of	
  processes	
  that	
  can	
  be	
  used	
  at	
  an	
  
industrial	
   scale,	
   given	
   that	
   few	
   studies	
   have	
  
addressed	
   this	
   issue,	
   with	
   the	
   nanotechnology	
  
techniques	
   developed	
   oeen	
   showing	
   promise,	
  
but	
  not	
  being	
   commercially	
   viable.	
   For	
  atrazine,	
  
the	
   producBon	
   of	
   nanocapsules	
   nowadays	
   is	
  
restrict	
   to	
   small	
   amount	
   and	
   in	
   this	
   way,	
   new	
  
technologies	
  are	
  need	
  to	
  increase	
  the	
  producBon	
  
in	
  order	
  to	
  be	
  used	
  on	
  the	
  field.	
  

• The	
  need	
  for	
  field	
  studies	
  to	
  compare	
  the	
  effects	
  
of	
  nanoformulaBons/nanosystems	
  with	
   those	
  of	
  
exisBng	
   commercial	
   products,	
   in	
   order	
   to	
  
demonstrate	
   real	
   pracBcal	
   advantages	
   in	
   the	
  
field.	
   Some	
   efforts	
   were	
   done	
   in	
   this	
   direcBon;	
  
however,	
   a	
   criBcal	
   study	
   is	
   need	
   to	
   cerBfy	
   that	
  
this	
   technology	
   really	
   can	
   increase	
   the	
   atrazine	
  
effecBveness	
   and	
   reduces	
   the	
   environmental	
  
impacts.	
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• Aspects	
  involving	
  environmental	
  interacBons	
  and	
  
toxicity	
   of	
   encapsulated	
   atrazine.	
   Some	
   studies	
  
showed	
  some	
  evidences	
  of	
   the	
  reducBon	
  of	
   the	
  
environmental	
   problems	
   related	
   to	
   the	
   use	
   of	
  
this	
   herbicide	
   in	
   agriculture.	
   However,	
   some	
  
points	
   need	
   to	
   be	
   improved	
   in	
   order	
   to	
   give	
   a	
  
real	
   scenario	
   of	
   the	
   use	
   of	
   nanopesBcides	
   in	
  
agriculture,	
  as	
  example:	
  
-­‐ Development	
   of	
   knowledge	
   in	
   the	
   area	
   of	
  

risk	
  assessment	
  of	
  nanomaterials;	
  	
  
-­‐ Development	
  of	
  knowledge	
  in	
  the	
  area	
  of	
  the	
  

fate	
   of	
   nanopesBcides	
   and	
   evaluaBon	
   of	
  
associated	
  risks;	
  

-­‐ Development	
  of	
  knowledge	
  for	
  evaluaBon	
  of	
  
the	
   safety	
   of	
   this	
   technology	
  when	
   used	
   by	
  
agriculturalists;	
  

-­‐ Assessment	
   of	
   the	
   impacts	
   on	
   non-­‐target	
  
organisms:	
  soil	
  microbiota,	
  bees,	
  birds,	
  etc.	
  

-­‐ InvesBgaBon	
   of	
   the	
   phytotoxic	
   effects	
   of	
  
nanosystems	
  on	
  non-­‐target	
  organisms;	
  

• Advances	
   in	
   terms	
   of	
   regulaBon	
   of	
   the	
   use	
   of	
  
nanopesBcides.	
   In	
   short,	
   the	
   progress	
   made	
   in	
  
the	
   use	
   of	
   nanopesBcides	
   (such	
   as	
   atrazine)	
   in	
  
agriculture	
  has	
  led	
  to	
  a	
  need	
  for	
  studies	
  designed	
  
to	
  propose	
  parameters	
   for	
   the	
  predicBon	
  of	
   the	
  
behavior	
  of	
  nanomaterials	
  in	
  the	
  environment.	
  It	
  
is	
   necessary	
   to	
   understand	
   the	
   mechanisms	
   of	
  
interacBon	
  of	
  atrazine	
  nanopesBcide	
  system	
  with	
  
both	
   target	
   (such	
   as	
   mustard)	
   and	
   non-­‐target	
  
organisms	
   (corn),	
   as	
   well	
   as	
   to	
   obtain	
   the	
  
informaBon	
   required	
   to	
   ensure	
   the	
   safety	
   of	
  

workers	
   and	
   the	
   consumers	
   of	
   foods	
   produced	
  
using	
  nanomaterials	
   (Figure	
  1).	
   This	
   should	
   lead	
  
to	
  a	
  posiBve	
  percepBon	
  by	
  society	
  of	
  the	
  use	
  of	
  
nanotechnology.	
  	
  !

3.	
  	
  Other	
  applicaBons	
  	
  
It	
   is	
   anBcipated	
   that	
   advances	
   in	
   the	
   area	
   of	
  
nanotechnology	
   in	
   agriculture	
   will	
   lead	
   to	
   the	
  
development	
   of	
   intelligent	
   systems	
   for	
   the	
  
monitoring	
   of	
   condiBons	
   in	
   the	
   field,	
   based	
   on	
  
sensors	
   able	
   to	
   detect	
   parameters	
   such	
   as	
  
humidity,	
   pH,	
   ferBlity	
   condiBons,	
   pathogens,	
   and	
  
weeds,	
   in	
   order	
   to	
   assist	
   decision-­‐making	
   by	
  
agriculturalists.	
   Such	
   systems	
   could	
   be	
   integrated	
  
in	
   pla�orms	
   employing	
   wireless	
   signals,	
   enabling	
  
adjustment	
   of	
   the	
   inputs	
   of	
   ferBlizers	
   and	
  
pesBcides	
   during	
   the	
   course	
   of	
   culBvaBons,	
  
avoiding	
  waste	
  and	
  improving	
  producBvity.	
  The	
  use	
  
of	
   integrated	
   systems	
   could	
   make	
   it	
   possible	
   to	
  
control	
   pests	
   at	
   criBcal	
   locaBons	
   within	
   the	
  
plantaBon,	
   hence	
   reducing	
   costs	
   and	
   minimizing	
  
impacts	
   on	
   the	
   environment	
   and	
   human	
   health.	
  
Depending	
  on	
  the	
  type	
  of	
  culBvaBon	
  and	
  the	
  ease	
  
of	
   access	
   to	
   parBcular	
   areas	
   of	
   the	
   field,	
   the	
  
applicaBon	
  of	
  nanoferBlizers	
  or	
  pesBcides	
  could	
  be	
  
achieved	
  using	
  devices	
  such	
  as	
  drones.	
  
It	
  is	
  anBcipated	
  that	
  the	
  use	
  of	
  technologies	
  based	
  
on	
   mulBchannel	
   nanosensors	
   could	
   help	
   in	
   the	
  
measurement	
  of	
  different	
  parameters	
   in	
   the	
  field,	
  
as	
   well	
   as	
   enable	
   the	
   controlled	
   use	
   of	
   irrigaBon	
  
water,	
   avoiding	
   excess	
   and	
   reducing	
   the	
   loss	
   of	
  

! !                                                                                                                                       

Figure	
  1:	
  Timescale	
  for	
  developments	
  in	
  atrazine	
  nanopesBcide.



nutrients	
   due	
   to	
   leaching	
   processes.	
   However,	
   it	
  
should	
  also	
  be	
  pointed	
  out	
  that	
  the	
  applicaBon	
  of	
  
nanotechnology	
   in	
   agriculture	
   could	
   have	
  
undesirable	
  economic	
  impacts,	
  due	
  to	
  the	
  need	
  for	
  
qualified	
   personnel.	
   Furthermore,	
   the	
   use	
   of	
   this	
  
technology	
   (as	
   observed	
  previously	
   in	
   the	
   case	
  of	
  
the	
   advent	
   of	
   mechanizaBon)	
   could	
   lead	
   to	
  
unemployment	
  among	
   less	
  qualified	
  workers,	
  due	
  
to	
  the	
  need	
  for	
  fewer	
  employees	
  per	
  hectare.	
  
It	
   is	
   essenBal	
   that	
   future	
  nanotechnology	
   systems	
  
should	
   be	
   as	
   efficient	
   as	
   possible,	
   for	
   example	
  
using	
   the	
   smallest	
   quanBty	
   of	
   an	
   acBve	
   agent	
  
required	
   to	
   have	
   the	
   desired	
   effect	
   on	
   a	
   target	
  
organism,	
  while	
   ensuring	
  minimal	
   or	
   no	
   effect	
   on	
  
non-­‐target	
   organisms.	
   In	
   this	
   context,	
   the	
  
development	
  of	
  nanotechnology	
  systems	
  based	
  on	
  
secondary	
   metabolites	
   of	
   plants	
   could	
   help	
   to	
  
opBmize	
   the	
   development	
   and	
   producBvity	
   of	
  
culBvaBons.	
  The	
  use	
  of	
  pest	
  control	
  systems	
  based	
  
on	
   botanica l	
   insecBcides	
   could	
   provide	
  
environmental	
   benefits	
   and	
   protect	
   the	
   health	
   of	
  
workers	
  and	
  the	
  final	
  consumers	
  and	
  probably	
  this	
  
research	
  subject	
  will	
  increase	
  a	
  lot	
  in	
  next	
  years.	
  !
4.	
  IdenBficaBon	
  of	
  gaps	
  and	
  obstacles	
  
The	
   implementaBon	
   of	
   nanotechnology	
   in	
  
agriculture	
   has	
   led	
   to	
   an	
   urgent	
   need	
   to	
   develop	
  
techniques	
  capable	
  of	
  quanBfying	
  nanoparBcles	
  at	
  
the	
   concentraBons	
   present	
   in	
   d ifferent	
  
environmental	
   compartments.	
   The	
   methods	
  
currently	
  available	
  are	
  not	
  sufficiently	
  sensiBve	
  for	
  
the	
   generaBon	
  of	
   reliable	
  data	
   that	
  would	
   enable	
  
understanding	
  of	
  the	
  dynamics	
  of	
  nanomaterials	
  in	
  
the	
   environment,	
   or	
   the	
   interacBons	
   of	
   these	
  
nanosystems	
   with	
   target	
   and	
   non-­‐target	
  
organisms.	
   Furthermore,	
   the	
   development	
   of	
  
re l i ab le	
   methods	
   fo r	
   the	
   detecBon	
   o f	
  
nanomaterials	
  would	
  assist	
  in	
  studies	
  of	
  their	
  fates,	
  
and	
   contribute	
   to	
   the	
   development	
   of	
   predicBve	
  
models	
   able	
   to	
   determine	
   the	
   concentraBons	
   of	
  
nanopesBcides	
   in	
   different	
   environmental	
  
compartments	
   such	
  as	
   soil,	
  water,	
   sediments,	
  and	
  
the	
  atmosphere.	
  	
  
With	
   the	
   advent	
   of	
   methodologies	
   capable	
   of	
  
quanBfying	
   nanomaterials	
   in	
   the	
   environment,	
   it	
  
will	
  be	
  possible	
   to	
   implement	
   studies	
  designed	
   to	
  
understand	
  the	
  effects	
  of	
  these	
  materials	
  along	
  the	
  
trophic	
  chain,	
  as	
  well	
  as	
  to	
  invesBgate	
  the	
  possible	
  
development	
   of	
   resistance	
   to	
   nanomaterials	
   by	
  
target	
  organisms.	
  !!!
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“Globally,	
   140	
   billion	
   metric	
   tons	
   of	
   biomass	
   is	
  
generated	
  every	
  year	
  from	
  agriculture.	
  This	
  volume	
  
of	
   biomass	
   can	
   be	
   converted	
   to	
   an	
   enormous	
  
amount	
  of	
  energy	
  and	
  raw	
  materials.	
  Equivalent	
  to	
  
approximately	
   50	
   billion	
   tons	
   of	
   oil,	
   agricultural	
  
biomass	
   waste	
   converted	
   to	
   energy	
   can	
  
substanIally	
   displace	
   fossil	
   fuel,	
   reduce	
   emissions	
  
of	
   greenhouse	
   gases	
   and	
   provide	
   renewable	
  
energy	
   to	
   some	
   1.6	
   billion	
   people	
   in	
   developing	
  
countries,	
   which	
   sIll	
   lack	
   access	
   to	
   electricity.	
   As	
  
raw	
   materials,	
   biomass	
   wastes	
   have	
   a]racIve	
  
potenIals	
   for	
   large-­‐scale	
   industries	
   and	
  
community-­‐level	
  enterprises.”	
  1	
  !
Summary	
  
The	
   sustainability	
   of	
   food	
   producBon	
   to	
   feed	
   the	
  
global	
   populaBon	
   requires,	
   among	
  other	
   changes,	
  
a	
  dramaBc	
  decline	
   in	
   the	
  wastage	
  associated	
  with	
  
agricultural	
  and	
  food	
  producBon	
  and	
  consumpBon.	
  
Currently	
   emerging	
   technologies	
   such	
   as	
   the	
  
biorefinery	
   offer	
   the	
   prospect	
   of	
   capturing	
  
substanBal	
   value	
   by	
   converBng	
   waste	
   to	
   valuable	
  
product,	
   and	
   in	
   moving	
   agriculture	
   towards	
   a	
  
‘leaner’	
  mode	
  of	
   operaBon.	
   There	
   is	
   potenBal	
   for	
  
newer	
   emerging	
   or	
   converging	
   technologies	
   to	
  
support	
   further	
   advances.	
   However,	
   given	
   the	
  
highly	
   distributed	
   structure	
   of	
   agricultural	
  
producBon,	
   and	
   the	
   subsistence	
   model	
   on	
   which	
  
so	
   much	
   of	
   it	
   is	
   based,	
   technologies	
   to	
   facilitate	
  
l e a r n i n g ,	
   a c c e s s	
   t o	
   i n f o rmaBon ,	
   a n d	
  
communicaBon	
   of	
   good	
   pracBce	
  may	
  well	
   be	
   the	
  
greatest	
  contributors	
  to	
  change.	
  !
IntroducBon	
  
In	
  addressing	
  the	
  issue	
  of	
  reducing	
  agricultural	
  and	
  
food	
   waste	
   in	
   developing	
   countries,	
   it	
   is	
   widely	
  
recognised	
   that	
   the	
   greatest	
   levels	
   of	
   economic	
  
and	
   social	
   development	
   are	
   likely	
   to	
   result	
   from	
  
the	
  widespread	
  applicaBon	
  of	
  exisBng	
  technologies	
  
(eg	
  improved	
  storage,	
  pest	
  management	
  transport	
  
and	
   low-­‐level	
   processing)2	
   and	
   through	
   social	
  
innovaBon,	
   such	
   as	
   changed	
   paierns	
   of	
  
culBvaBon,	
   crop	
  or	
   animal	
   selecBon,	
   food	
   storage	
  
and	
  treatment,	
  and	
  cooking	
  and	
  eaBng	
  pracBces	
  
Case	
  Study	
  –	
  Biorefinery	
  Technology	
  
There	
   has	
   been	
   substanBal	
   progress	
   in	
   the	
  
conversion	
  of	
  agricultural	
  waste	
  into	
  energy	
  and/or	
  

usable	
   material	
   resources	
   via	
   the	
   emerging	
  
technology	
   of	
   the	
   biorefinery	
   -­‐	
   a	
   facility	
   that	
  
integrates	
   biomass	
   conversion	
   processes	
   and	
  
equipment	
  to	
  produce	
  fuels,	
  power,	
  and	
  chemicals.	
  
A	
   key	
   applicaBon	
   of	
   biorefinery	
   technology	
   is	
  
focussed	
  on	
  the	
  waste	
  from	
  sugarcane	
  producBon,	
  
known	
   as	
   bagasse.	
   The	
   biorefinery	
   process	
  
requires	
  pre-­‐treatment	
  of	
  the	
  bagasse	
  in	
  a	
  reactor	
  
at	
  moderate	
  temperatures	
  and	
  pressures,	
  followed	
  
by	
   hydrolysis	
   using	
   enzymes	
   to	
   produce	
  
fermentable	
   sugars	
   which	
   can	
   be	
   fermented	
   into	
  
target	
  chemical	
  products,	
  such	
  as	
  ethanol	
  or	
  lacBc	
  
acid3.	
  
The	
   potenBal	
   impact	
   of	
   the	
   applicaBon	
   of	
  
biorefinery	
  technology	
  to	
  sugar	
  waste	
  is	
  enormous.	
  
Sugarcane	
   is	
   widely	
   grown	
   in	
   the	
   tropical	
   regions	
  
of	
  the	
  world,	
  primarily	
  as	
  a	
  source	
  of	
  sugar.	
  It	
  is	
  the	
  
world's	
   largest	
   crop	
   by	
   producBon	
   quanBty.	
   In	
  
2012,	
   the	
   UN	
   FAO	
   esBmates	
   it	
   was	
   culBvated	
   on	
  
about	
   26.0	
   million	
   hectares,	
   in	
   more	
   than	
   90	
  
countries,	
  with	
  a	
  worldwide	
  harvest	
  of	
  1.83	
  billion	
  
tons.	
   Furthermore,	
   as	
   sugarcane	
   rapidly	
   perishes	
  
once	
   cut,	
   its	
   culBvaBon	
   and	
   processing	
   is	
  
necessarily	
   regionally	
   based,	
   and	
   hence	
   it	
   is	
   a	
  
direct	
   generator	
   of	
   local	
   employment	
   and	
  
development.	
  	
  	
  
AlternaBvely,	
   thermochemical	
   conversion	
  
processes	
   can	
   be	
   used	
   in	
   a	
   biorefinery	
   for	
  
gasificaBon	
   of	
   biomass	
   feedstocks	
   to	
   produce	
  
direct	
   heat,	
   electricity	
   and	
   fuels.	
   Techniques	
  
currently	
   emerging	
   from	
   the	
   pilot	
   plant	
   stage	
  
include	
   pyrolysis	
   and	
   gasificaBon,	
   whereas	
   bio-­‐oil	
  
and	
  bio-­‐chemical	
  applicaBons	
  are	
  mostly	
  sBll	
  at	
  the	
  
R&D	
  stage4.	
  	
  
Biorefinery	
   technology	
   is	
   currently	
   emerging	
   from	
  
its	
   demonstraBon	
   and	
   proving	
   stage,	
   and	
   has	
   the	
  
potenBal	
   for	
   widespread	
   diffusion	
   to	
   dramaBcally	
  
shie	
  the	
  treatment,	
  and	
  realisaBon	
  of	
  the	
  value,	
  of	
  
agricultural	
   waste	
   in	
   both	
   developed	
   and	
  
developing	
  countries	
  over	
  the	
  next	
  5-­‐10	
  years.	
  !
New	
   Approaches	
   to	
   TreaBng	
   Agricultural	
  Waste	
   –	
  
the	
  10-­‐20	
  Year	
  Time	
  Horizon	
  
THE	
  UK	
  Report	
  on	
  the	
  Future	
  of	
  Food	
  and	
  Farming	
  
states	
  the	
  broad	
  challenges	
  clearly:	
  
“SubstanBal	
   changes	
   will	
   be	
   required	
   throughout	
  
the	
   different	
   elements	
   of	
   the	
   food	
   system	
   and	
  
beyond	
   if	
   food	
   security	
   is	
   to	
   be	
   provided	
   for	
   a	
  
predicted	
  nine	
  billion	
  people.	
  AcBon	
  has	
   to	
  occur	
  
on	
  all	
  of	
  the	
  following	
  four	
  fronts	
  simultaneously:	
  	
  
• More	
   food	
   must	
   be	
   produced	
   sustainably	
  
through	
   the	
   spread	
   and	
   implementaBon	
   of	
  
exisBng	
   knowledge,	
   	
   	
   	
   technology	
   and	
   best	
  
pracBce,	
   and	
  by	
   investment	
   in	
  new	
   science	
  and	
  
innovaBon	
   and	
   the	
   social	
   infrastructure	
   that	
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enables	
   food	
   producers	
   to	
   benefit	
   from	
   all	
   of	
  
these.	
  	
  

• Demand	
  for	
  the	
  most	
  resource-­‐intensive	
  types	
  of	
  
food	
  must	
  be	
  contained.	
  	
  

• Waste	
   in	
   all	
   areas	
   of	
   the	
   food	
   system	
  must	
   be	
  
minimised.	
  

• The	
   poliBcal	
   and	
   economic	
   governance	
   of	
   the	
  
food	
  system	
  must	
  be	
   improved	
  to	
   increase	
   food	
  
system	
  producBvity	
  and	
  sustainability.”5	
  !

Approaches	
  to	
  reducing	
  waste	
  include:	
  	
  
• 	
   Use	
   of	
   modern	
   scienBfic	
   advances	
   to	
   produce	
  
crops	
   that	
   are	
   less	
   suscepBble	
   to	
   pests	
   and	
  
spoilage;	
  

• The	
   use	
   of	
   ICT	
   (mobile	
   phones	
   in	
   parBcular)	
  
could	
   help	
   improve	
   market	
   informaBon	
   and	
  
allow	
  producers	
   to	
  make	
  beier	
  decisions	
  about	
  
Bmely	
  supply	
  to	
  markets.	
  	
  

• The	
   development	
   and	
   use	
   of	
   cheap,	
   mass-­‐
produced	
   sensor	
   technology	
   that	
   can	
   detect	
  
spoilage	
  in	
  certain	
  perishable	
  foods.	
  !

A	
   numbe r	
   o f	
   o ppo r t un i B e s	
   b a s ed	
   o n	
  
nanotechnology	
   have	
   been	
   idenBfied.	
   These	
  
include:	
  
• When	
  coion	
  is	
  processed	
  into	
  fabric	
  or	
  garment,	
  
some	
  of	
  the	
  cellulose	
  or	
  the	
  fibres	
  are	
  discarded	
  
as	
  waste	
  or	
  used	
  for	
   low-­‐value	
  products	
  such	
  as	
  
coion	
  balls,	
   yarns	
   and	
   coion	
  ba~ng.	
  With	
   the	
  
use	
  of	
  newly-­‐developed	
  solvents	
  and	
  a	
  technique	
  
called	
   electrospinning,	
   scienBsts	
   produce	
   100	
  
nanometer-­‐diameter	
  fibres	
  that	
  can	
  be	
  used	
  as	
  a	
  
ferBlizer	
  or	
  pesBcide	
  absorbent.	
  	
  

• Nanotechnology	
   can	
   enhance	
   the	
   performance	
  
of	
   enzymes	
   used	
   in	
   the	
   conversion	
   of	
   cellulose	
  
into	
   ethanol.	
   ScienBsts	
   are	
   working	
   on	
   nano-­‐
engineered	
   enzymes	
   that	
   will	
   allow	
   simple	
   and	
  
cost-­‐effecBve	
  conversion	
  of	
  cellulose	
  from	
  waste	
  
plant	
  parts	
  into	
  ethanol.	
  

• Rice	
  husk,	
  a	
   rice-­‐milling	
  by-­‐product	
  can	
  be	
  used	
  
as	
  a	
  source	
  of	
  renewable	
  energy.	
  When	
  rice	
  husk	
  
is	
  burned	
  into	
  thermal	
  energy	
  or	
  biofuel,	
  a	
  large	
  
amount	
   of	
   high-­‐quality	
   nanosilica	
   is	
   produced	
  
which	
   can	
   be	
   further	
   uBlized	
   in	
   making	
   other	
  
materials	
  such	
  as	
  glass	
  and	
  concrete.	
  	
  !

Challenges	
  for	
  the	
  Future	
  
In	
   the	
   developing	
   world,	
   the	
   opportuniBes	
   for	
  
reducing	
   agricultural	
   waste	
   in	
   order	
   to	
   provide	
   a	
  
more	
  sustainable	
  food	
  supply	
  sufficient	
  to	
  feed	
  all	
  
are	
  less	
  likely	
  to	
  be	
  found	
  in	
  the	
  development	
  and	
  
applicaBon	
   of	
   new	
   agricultural	
   technologies,	
   than	
  
in	
   the	
   effecBve	
   applicaBon	
   and	
   adaptaBon	
   of	
  
exisBng	
   technologies.	
   This	
   suggests	
   the	
   focus	
   of	
  
technology	
   development	
   to	
   address	
   this	
   issue	
  

should	
   be	
   focused	
   on	
   educaBon,	
   access	
   to	
  
appropriate	
   informaBon,	
   and	
   enhanced	
   learning.	
  
The	
   greatest	
   advances	
   may	
   well	
   come	
   from	
  
informaBon	
   and	
   communicaBon	
   services	
   able	
   to	
  
facilitate	
  the	
  pursuit	
  and	
  sharing	
  of	
  learning.	
  

!
1.	
   UNEP,	
   ‘ConverBng	
   Waste	
   Agricultural	
   Biomass	
   into	
   a	
  
Resource	
  (2009),	
  p.6.	
  
2.	
   “It	
   has	
   been	
   esBmated	
   that	
   the	
   applicaBon	
   of	
   exisBng	
  
knowledge	
  and	
  technology	
  could	
  increase	
  average	
  yields	
  two-­‐	
  
to	
   threefold	
   in	
   many	
   parts	
   of	
   Africa,	
   and	
   twofold	
   in	
   the	
  
Russian	
   FederaBon.	
   Similarly,	
   global	
   producBvity	
   in	
  
aquaculture	
  could,	
  with	
  limited	
  changes	
  to	
  inputs,	
  be	
  raised	
  by	
  
around	
   40%.”	
   Foresight.	
   The	
   Future	
   of	
   Food	
   and	
   Farming	
  
ExecuBve	
   Summary.	
   The	
   Government	
   Office	
   for	
   Science,	
  
London,	
  (2011),	
  p.	
  16.	
  
3.	
   O’Hara,	
   I.	
   M.	
   et	
   al,	
   Prospects	
   For	
   The	
   Development	
   Of	
  
Sugarcane	
  Biorefineries,	
  in	
  In	
  Hogarth,	
  D.M.	
  (Ed.)	
  Proceedings	
  
of	
   the	
  28th	
   InternaBonal	
  Society	
  of	
  Sugar	
  Cane	
  Technologists	
  
Conference,	
  Sao	
  Paulo,	
  Brazil	
  (2013).	
  
4.	
  UNEP,	
  op	
  cit,	
  p.	
  15.	
  
5.	
  Foresight,	
  op.	
  cit.	
  p.	
  12.	
  
6.	
   Mishra,	
   V.	
   K.	
   et	
   al,	
   ‘Emerging	
   Consequence	
   of	
  
Nanotechnology	
   in	
   Agriculture’,	
   Trends	
   in	
   Biosciences	
   6	
   (5):	
  
503-­‐506,	
  2013	
  !!!

! !                                                                                                                                       



Diversified	
   adaptable	
   proteins:	
   meat	
   replacement	
  
from	
  plant,	
  insect	
  or	
  single	
  cell	
  

!
Vincenzo	
  Fogliano,	
  	
  fogliano@unina.it	
  
Food	
   Quality	
   &	
   Design	
   group	
   University	
   of	
  
Wageningen,	
  The	
  Netherlands	
  !
1.	
  Summary	
  
The	
  expected	
  increase	
  of	
  populaBon	
  to	
  9	
  billion	
  in	
  
2050	
   wi l l	
   paral le l	
   an	
   increase	
   of	
   meat	
  
consumpBon.	
  Sustainability	
  pressure	
  will	
  gradually	
  
increase	
   the	
   price	
   of	
   the	
   meat	
   (parBcularly	
   beef	
  
and	
  pig)	
  opening	
  new	
  possibility	
  for	
  meat	
  replacer	
  
not	
   limited	
   only	
   to	
   vegetarians	
   but	
   also	
   to	
   the	
  
expanding	
   categories	
   of	
   “reducetarians”,	
  
environmental/health	
   conscious	
   people	
   that	
   are	
  
willing	
   to	
   reduce	
   the	
   consumpBon	
   of	
   animal	
  
products.	
  A	
  successful	
   introducBon	
  on	
  the	
  market	
  
of	
  alternaBve	
  to	
  animal	
  protein	
  food	
  should	
  follow	
  
the	
   five	
   principle	
   of	
   the	
   so	
   called	
   SHARP	
   diet	
   –	
  
Sustainable	
   –	
   Healthy	
   –	
   Affordable	
   –	
   Reliable	
   –	
  
Palatable.	
   In	
   the	
   short	
   term	
   the	
   available	
  
alternaBve	
   are	
   primarily	
   from	
   plant:	
   first	
   of	
   all	
  
legumes	
  and	
  cereals.	
  Other	
  possibiliBes	
  are	
  coming	
  
up:	
   fungi	
   based	
   protein	
   food	
   (Quorn),	
   and	
   insect	
  
based	
   products	
   are	
   already	
   on	
   the	
   market.	
  
Microalgae	
   as	
   well	
   as	
   other	
   single	
   cell	
   biomasses	
  
(yeast	
  or	
  in	
  vitro	
  meat)	
  have	
  an	
  extremely	
  interest	
  
perspecBve	
  in	
  the	
  medium	
  term.	
  In	
  5-­‐10	
  years	
  the	
  
availability	
   of	
   environmental	
   friendly	
   sustainable	
  
protein-­‐rich	
   ingredients	
   having	
   well	
   characterized	
  
techno-­‐funcBonal	
   and	
   nutriBonal	
   	
   properBes	
   has	
  
the	
   potenBality	
   to	
   bring	
   a	
   deep	
   innovaBon	
   in	
   the	
  
field	
  of	
  proteins-­‐rich	
  products	
  and	
  meat	
  replacers.	
  
Beside	
   the	
   cultural	
   acceptance,	
   which	
   are	
  
parBcularly	
   relevant	
   for	
   insects,	
   the	
  main	
  barriers	
  
for	
   all	
   these	
   protein-­‐rich	
   ingredients	
   are	
   their	
  
technological	
   funcBonality,	
   palatability,	
   and	
   the	
  
construcBon	
   of	
   a	
   producBon	
   chain	
   leading	
   to	
  
affordable	
   price.	
   Last	
   but	
   not	
   least	
   regulatory	
  
issues	
   should	
   be	
   tackle	
   to	
   free	
   this	
   enormous	
  
potenBality	
  which	
  has	
  been	
  tapped	
  up	
  to	
  now.	
  !!
2.	
  Case	
  study	
  (2-­‐5	
  years)	
  
The	
  expected	
  increase	
  of	
  populaBon	
  to	
  9	
  billion	
  in	
  
2050	
   wi l l	
   paral le l	
   an	
   increase	
   of	
   meat	
  
consumpBon.	
   In	
   developing	
   countries	
   the	
  
possibility	
   to	
   eat	
   more	
   animal	
   proteins	
   is	
  
considered	
  a	
  symbol	
  of	
  progress	
  exactly	
  as	
  it	
  was	
  in	
  
the	
  EU	
  Western	
  countries	
  during	
  the	
  second	
  half	
  of	
  
the	
   20th	
   century.	
   This	
   is	
   rapidly	
   leading	
   to	
   a	
   not	
  
sustainable	
   situaBon	
   due	
   to	
   the	
   overuBlizaBon	
   of	
  
natural	
  resources	
  related	
  to	
  caile	
  breeding.	
  	
  

The	
  food	
  industry	
  is	
  well	
  aware	
  of	
  this	
  perspecBve	
  
and	
   in	
   the	
   last	
   few	
   years	
   the	
   focus	
   on	
   products	
  
sustainability	
   increased	
   exponenBally.	
   The	
   search	
  
of	
   alternaBve	
   soluBon	
   for	
   the	
   protein-­‐rich	
   food	
  
should	
   follow	
   the	
   five	
   principle	
   of	
   the	
   so	
   called	
  
SHARP	
  diet	
  –	
  Sustainable	
  –	
  Healthy	
  –	
  Affordable	
  –	
  
Reliable	
  -­‐	
  Palatable.	
  Unfortunately,	
  the	
  possibiliBes	
  
available	
  up	
   to	
  now	
   fail	
   to	
   saBsfy	
  one	
  or	
  more	
  of	
  
these	
   principles.	
   In	
   the	
   tables	
   below	
   the	
   exisBng	
  
versus	
  future	
  possibiliBes	
  are	
  listed	
  

From	
   the	
   technological	
   perspecBve	
   the	
  
replacement	
   of	
   animal	
   proteins	
   in	
   formulated	
  
foods	
   having	
  many	
   ingredients	
   	
   can	
   be	
   efficiently	
  
solved	
   in	
   most	
   of	
   the	
   case	
   using	
   plant	
   proteins	
  
(soybean,	
   lenBls,	
   lupins,	
   etc..).	
   Using	
   appropriate	
  
processing	
  it	
  is	
  possible	
  to	
  obtain	
  formulated	
  foods	
  
without	
   dairy	
   or	
   egg	
  proteins	
   having	
  physical	
   and	
  
sensory	
  properBes	
  that	
  are	
  acceptable	
  by	
  most	
  of	
  
the	
  consumers.	
  	
  
On	
  one	
  hand,	
  if	
  we	
  narrow	
  down	
  the	
  view	
  to	
  meat	
  
replacement	
  products	
  it	
  is	
  not	
  possible	
  to	
  have	
  the	
  
same	
  physical	
   and	
   sensory	
  properBes	
  of	
   a	
   T-­‐bone	
  
steak	
  using	
  alternaBve	
  protein	
  source	
  and	
  this	
  will	
  
likely	
  remain	
  a	
  dream	
  in	
  the	
  long	
  term	
  future	
  too.	
  
On	
   the	
   other,	
   moving	
   to	
   reconsBtuted	
   meat	
  
products	
   (from	
  sausages	
   to	
  all	
  bread-­‐coated	
  meat	
  
products)	
   soybean	
   proteins	
   has	
   been	
   efficiently	
  
used	
   in	
   the	
   last	
   20	
   years	
   to	
   create	
   texturized	
  
preparaBons	
   resembling	
  meat	
  products.	
  The	
   large	
  
majority	
   of	
   users	
   is	
   happy	
   with	
   vegetable	
   meat	
  
replacers	
   mainly	
   because	
   of	
   the	
   prior	
   cultural	
  
decision	
   (vegetarians	
   or	
   vegans)	
   and	
   not	
   because	
  
of	
   a	
   sensory	
   preference.	
   However,	
   in	
   developed	
  
countries	
   the	
   number	
   of	
   sustainable	
   conscious	
  
people	
   is	
   increasing	
   thus	
   boosBng	
   the	
   number	
   of	
  
those	
  who	
   are	
  willing	
   to	
   reduce	
   the	
   consumpBon	
  
of	
  meat	
  without	
  becoming	
  strictly	
  vegetarians.	
  This	
  
people	
   are	
   named	
   “reducetarians”,	
   they	
   are	
  
usually	
   health	
   and	
   environmental	
   sensiBve,	
   and	
  
their	
  number	
  is	
  expected	
  to	
  increase	
  in	
  the	
  future.	
  
The	
   alternaBve	
   protein	
   sources	
   for	
   this	
   new	
  
consumers’	
   need	
   are	
   again	
   primarily	
   from	
   plant,	
  
first	
  of	
  all	
  legumes	
  and	
  cereals.	
  We	
  could	
  foresee	
  a	
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scenario	
   similar	
   to	
   that	
   of	
   the	
   vegetable	
  
alternaBves	
  to	
  milk,	
  that	
  has	
  got	
  about	
  10%	
  of	
  the	
  
market	
  and	
  is	
  growing	
  fast.	
  Also	
  other	
  alternaBves	
  
are	
   coming	
   up:	
   fungi-­‐based	
   protein-­‐rich	
   food	
  
(Quorn),	
  and	
  insect-­‐based	
  products	
  are	
  now	
  on	
  the	
  
market.	
  Insects	
  are	
  marketed	
  primarily	
  as	
  a	
  snacks	
  
and	
   this	
   is	
  preiy	
  much	
   the	
   same	
  what	
  happen	
   in	
  
the	
   countries	
   (Africa	
   and	
   South-­‐East	
   Asia)	
   where	
  	
  
their	
   consumpBon	
   is	
   tradiBonally	
   widespread.	
  
Microalgae,	
   as	
  well	
   as	
  other	
   single	
   cell	
   biomasses	
  
(yeast	
   or	
   in	
   vitro	
   meat),	
   have	
   an	
   extremely	
  
interesBng	
   future	
   perspecBve,	
   however	
   at	
   this	
  
stage	
   the	
   producBon	
   capability	
   in	
   very	
   limited,	
  
costs	
   are	
   relaBvely	
   high	
   and	
   therefore	
   their	
  
consumpBon	
   remained	
  confined	
   in	
  a	
   	
   small	
  niche	
  
of	
  the	
  market	
  as	
  nutraceuBcals	
  or	
  medicinal	
  foods.	
  !
3.	
  ExtrapolaBon	
  to	
  other	
  realiBes	
  (5-­‐10	
  years)	
  
Sustainability	
   pressure	
   will	
   gradually	
   increase	
   the	
  
price	
   of	
   the	
   meat	
   (parBcularly	
   beef	
   and	
   pig)	
  
opening	
   new	
   possibility	
   for	
   meat	
   replacers,	
   not	
  
limited	
   also	
   to	
   vegetarians.	
   Protein-­‐rich	
   products,	
  
which	
  has	
  become	
  already	
   very	
   trendy	
   in	
   the	
   last	
  
two	
   years,	
   will	
   increase	
   their	
   market	
   share	
   to	
   fill	
  
the	
   gap	
   and	
   provide	
   the	
   necessary	
   amount	
   of	
  
proteins.	
  	
  
FracBonaBon	
   technologies,	
   parBcularly	
   dry	
  
fracBonaBon,	
   will	
   increase	
   the	
   availability	
   of	
  
convenient	
   protein	
   rich	
   ingredients	
   from	
  
sustainable	
  resources	
  such	
  as	
  vegetable	
  biomasses	
  
(mainly	
   agro-­‐food	
   by-­‐products),	
   insects	
   and	
  
microalgae.	
  The	
  availability	
  of	
  sustainable	
  protein-­‐
rich	
   ingredients,	
  having	
  well	
  characterized	
  techno-­‐
funcBonal	
   and	
   nutriBonal	
   	
   properBes,	
   has	
   the	
  

potenBality	
   to	
   bring	
   a	
   deep	
   innovaBon	
   in	
   the	
  
proteins-­‐rich	
   products.	
   These	
   ingredients	
   can	
   be	
  
easily	
   combined	
   and	
   integrated	
   into	
   the	
   different	
  
consumpBon	
   style.	
   According	
   to	
   the	
   target	
   of	
  
consumpBon	
   they	
   can	
  either	
  be	
  used	
   to	
  perfectly	
  
mimic	
   the	
   “convenBonal”	
   products	
   or	
   they	
   can	
  
prompt	
  the	
  design	
  of	
  new	
  foods	
  following	
  the	
  new	
  
societal	
   needs.	
   The	
   huge	
   variety	
   of	
   insects	
   and	
  
microalgae	
  will	
   be	
  exploited,	
   giving	
   the	
  possibility	
  
to	
   industries	
   and	
   final	
   consumers	
   to	
   	
   play	
   with	
  
many	
   more	
   instruments	
   to	
   tailor	
   their	
   food	
  
products	
  and	
  their	
  specific	
  needs.	
  !
4.	
  IdenBficaBon	
  of	
  gaps	
  and	
  obstacles	
  
The	
  very	
  first	
  obstacle	
  to	
  innovaBon	
  in	
  food	
  is	
  sBll	
  
that	
   a	
   significant	
   part	
   of	
   the	
   populaBon	
   is	
   very	
  
conservaBve	
  and	
   they	
  are	
   in	
  principle	
   against	
   any	
  
new	
  development	
   in	
  food	
  sector.	
  Below	
  the	
  result	
  
of	
  this	
  2013	
  EU	
  survey	
  	
  
So	
   in	
   the	
   long	
   term	
  we	
   should	
   assume	
   that	
  more	
  
than	
   people	
   willingness	
   there	
   will	
   be	
   strong	
  
external	
   sustainability	
   constrains	
   (such	
   as	
   an	
  
increasing	
   of	
   the	
   meat	
   products	
   price)	
   that	
   will	
  
somehow	
  force	
  consumers	
  to	
  be	
  more	
  open	
  to	
  the	
  
possibility	
  to	
  get	
  proteins	
  from	
  alternaBve	
  sources.	
  	
  
As	
   far	
  as	
   the	
   insect	
  consumpBon	
  the	
  main	
  barrier	
  
is	
  the	
  insBncBve	
  repulsion	
  most	
  of	
  the	
  people	
  have	
  
for	
   them	
  as	
   a	
   food.	
   For	
   this	
   reason	
  entomophagy	
  
per	
  se	
  will	
  remain	
  also	
  in	
  the	
  future	
  only	
  a	
  niche	
  of	
  
occasional	
  consumpBon.	
  On	
  the	
  other	
  hand,	
  most	
  
of	
   the	
   cultural	
   barriers	
   disappear	
  when	
  we	
  move	
  
to	
   insect-­‐based	
   ingredients:	
   simply	
   grinding	
   dry	
  
insect	
  and	
  using	
  an	
  insect	
  flour	
  where	
  no	
  legs,	
  eyes	
  
and	
   antennas	
   are	
   visible,	
   drasBcally	
   increases	
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consumer	
   acceptance.	
   Beside	
   the	
   cultural	
  
acceptance	
   for	
   all	
   these	
   protein-­‐rich	
   ingredients,	
  
one	
   the	
   main	
   barrier	
   is	
   their	
   technological	
  
funcBonality	
   and	
   palatability.	
   There	
   is	
   a	
   huge	
   gap	
  
to	
  fill	
  before	
  we	
  can	
  efficiently	
   incorporate	
   insect-­‐	
  
or	
  microalgae-­‐based	
  protein-­‐rich	
  ingredients	
  in	
  the	
  
exisBng	
   products	
   obtaining	
   delicious	
   flavour	
   and	
  
texture.	
  Moreover	
  the	
  establishment	
  of	
  producBon	
  
chains	
   leading	
   to	
   affordable	
   cost	
   in	
   use	
   for	
   this	
  
product	
   is	
  sBll	
  a	
  big	
  challenge.	
  For	
  example	
   in	
  the	
  
microalgae	
  field	
  not	
  that	
  much	
  has	
  been	
  achieved	
  
in	
  the	
   last	
  20	
  years.	
  On	
  the	
  top	
  of	
  this,	
   regulatory	
  
issues	
   should	
   be	
   tackle	
   to	
   free	
   the	
   enormous	
  
potenBality	
   of	
   new	
   ingredients	
   which	
   has	
   been	
  
tapped	
   up	
   to	
   now.	
   Ideological	
   posiBons	
   and	
  
poliBcal	
  reasons	
  oeen	
  interfered	
  with	
  the	
  scienBfic	
  
process	
   aimed	
   to	
   verify	
   the	
   safety	
   of	
   the	
  
ingredients	
  and	
  the	
  release	
  for	
  the	
  authorizaBon	
  of	
  
use.  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1.	
  Summary	
  
Controlling	
   bacterial	
   contaminaBon	
   during	
   food	
  
processing	
   is	
   criBcal	
   to	
   managing	
   losses	
   through	
  
spoilage	
   and	
   elevaBon	
   of	
   pathogen-­‐borne	
   health	
  
risks,	
   as	
   well	
   as	
   ensuring	
   safe,	
   nutriBous	
   and	
  
appeBzing	
   products.	
   	
   SophisBcated	
   materials	
   –	
  
including	
   engineered	
   nanomaterials	
   –	
   potenBally	
  
offer	
   novel	
   capabiliBes	
   for	
   controlling	
   bacterial	
  
contaminaBon	
  during	
  producBon,	
  and	
  in	
  parBcular	
  
reducing	
   the	
   formaBon	
   of	
   harmful	
   biofilms	
   on	
  
process	
  surfaces.	
   	
  A	
  number	
  of	
  opBons	
  have	
  been	
  
proposed	
   for	
   the	
  use	
  of	
  sophisBcated	
  materials	
   in	
  
reducing	
   bacterial	
   contaminaBon	
   during	
   food	
  
processing,	
  including	
  uBlizing	
  nanoscale	
  silver,	
  zinc	
  
oxide	
  and	
  Btanium	
  dioxide	
  parBcles.	
  	
  A	
  parBcularly	
  
intriguing	
   emerging	
   technology	
   that	
   exemplifies	
  
the	
   potenBal	
   of	
   sophisBcated	
   materials	
   in	
   this	
  
domain	
   is	
   the	
   possible	
   applicaBon	
   of	
   hybrid	
  
engineered	
   material/liquid	
   interface	
   surfaces	
  
(HEMLI	
   surfaces).	
   	
   These	
   materials	
   combine	
   a	
  
material	
   that	
   is	
   precisely	
   paierned	
   at	
   the	
  
nanoscale	
   and/or	
   microscale	
   with	
   a	
   lubricaBng	
  
liquid,	
   to	
  produce	
  a	
  permanently	
  wet	
  surface	
  that	
  
potenBally	
   reduces	
   bacterial	
   adherence	
   and	
  
inhibits	
   biofilm	
   formaBon.	
   	
   This	
   case	
   study	
  
considers	
   the	
   short	
   and	
   long	
   term	
   prospecBve	
  
development	
   and	
   use	
   of	
   HEMLI	
   surface	
  
technologies	
  in	
  food	
  producBon,	
  together	
  with	
  the	
  
potenBal	
  benefits	
  and	
  risks.	
  
	
  	
  	
  	
  
2.	
  	
  Case	
  Study	
  
Bacterial	
   contaminaBon	
   presents	
   substanBal	
  
challenges	
   within	
   food	
   processing,	
   leading	
   to	
  
spoilage,	
   and	
   potenBally	
   unsafe	
   food	
   products	
  
(Brooks	
  and	
  Flint	
  2008).	
   	
  While	
  contaminaBon	
  can	
  
enter	
   the	
   food	
   chain	
   at	
   mulBple	
   points	
   during	
  
processing,	
   the	
   growth	
   of	
   biofilms	
   and	
   the	
  
subsequent	
   transfer	
   of	
   unwanted	
   bacteria	
   from	
  
surfaces	
   that	
   are	
   in	
   inBmate	
   contact	
   with	
   food	
  
products	
   is	
   parBcularly	
   problemaBc.	
   Once	
  
established,	
   biofilms	
   are	
   difficult	
   to	
   remove,	
   and	
  
increase	
   the	
   likelihood	
   of	
   food	
   spoilage	
   and	
  
pathogen	
   contaminaBon,	
   as	
   well	
   as	
   increasing	
  
maintenance	
   and	
   quality	
   control	
   costs.	
   	
   The	
  
relaBve	
  health	
  and	
  economic	
  costs	
  associated	
  with	
  
biofilm	
   buildup	
   in	
   food	
   processing	
   systems	
   are	
  
likely	
   to	
   be	
   greater	
   in	
   developing	
   economies,	
  

where	
  regulatory	
  and	
  economic	
  factors	
  may	
  create	
  
barriers	
   to	
   costly	
  biofilm	
   inhibiBon,	
   reducBon	
  and	
  
removal	
  efforts.	
  	
  
The	
   precise	
   design	
   and	
   engineering	
   of	
   materials	
  
down	
  to	
  nanoscale	
  dimensions	
  provides	
  a	
  number	
  
of	
   intriguing	
   approaches	
   to	
   reducing	
   biofilm	
  
buildup	
  on	
  food	
  contact	
  surfaces	
  within	
  processing	
  
systems	
   (Banerjee,	
   Pangule	
   et	
   al.	
   2011).	
   	
   These	
  
include	
   embedding	
   materials	
   that	
   allow	
   the	
  
controlled	
   release	
   of	
   bactericides	
   (for	
   instance	
  
silver	
   nanoparBcles	
   which	
   release	
   Ag+	
   ions,	
   or	
  
nano-­‐porous	
   substrates	
   containing	
   anBbacterial	
  
agents	
   such	
   as	
   nisin);	
   the	
   formaBon	
   of	
  
nanostructured	
   surfaces	
   that	
   physically	
   and	
  
chemically	
   inhibit	
   biofilm	
   formaBon;	
   and	
  
superhydrophobic	
   surfaces	
   that	
   are	
   designed	
   to	
  
repel	
  liquids.	
  
Recent	
  research	
  has	
  led	
  to	
  an	
  addiBonal	
  approach	
  
to	
  inhibiBng	
  biofilm	
  formaBon	
  that	
  may	
  have	
  direct	
  
applicaBon	
   in	
   food	
   processing:	
   lubricant-­‐
impregnated	
  microscale	
  and	
  nanoscale-­‐paierened	
  
surfaces.	
   	
   Studies	
   have	
   shown	
   that,	
   by	
   creaBng	
   a	
  
regular	
  array	
  of	
  micrometer-­‐dimension	
  pillars	
  on	
  a	
  
surface	
   and	
   impregnaBng	
   the	
   array	
   with	
   an	
  
appropriate	
   lubricant,	
   constantly	
   “wet”	
   surfaces	
  
can	
   be	
   produced	
   that	
   substanBally	
   reduce	
   the	
  
surface	
  adhesion	
  of	
  process	
  liquids	
  (Smith,	
  Dhiman	
  
et	
  al.	
  2013).	
   	
  By	
  further	
  paierning	
  the	
  pillars	
  with	
  
nanoscale	
   whiskers,	
   surfaces	
   that	
   are	
   highly	
  
resistant	
   to	
   liquid	
   retenBon	
   may	
   be	
   formed	
  
(Anand,	
  Paxson	
  et	
  al.	
  2012).	
  
Such	
  constantly	
  lubricated	
  surfaces	
  present	
  a	
  novel	
  
approach	
   to	
   prevenBng	
   biofilm	
   buildup	
   by	
  
potenBally	
   reducing	
   bacterial	
   adhesion,	
   and	
  
prevenBng	
   the	
   retenBon	
  of	
   the	
  nutrients	
   that	
   are	
  
required	
   to	
   sustain	
   such	
   a	
   film.	
   	
   These	
   surfaces	
  
depend	
  on	
  a	
  combinaBon	
  of	
  precise	
  surface	
  design	
  
and	
   engineering	
   from	
   the	
   microscale	
   to	
   the	
  
nanoscale,	
  and	
   impregnaBon	
  with	
  a	
   lubricant	
  that	
  
provides	
   an	
   effecBve	
   physicochemical	
   barrier	
  
between	
   the	
   process	
   liquid	
   and	
   the	
   surface.	
   	
   As	
  
such,	
   they	
   represent	
   a	
   clear	
   example	
   of	
   an	
  
emerging	
   sophisBcated	
   material	
   that	
   may	
   find	
  
extensive	
   applicaBon	
   in	
   the	
   food	
   processing	
  
industry.	
  
This	
   concept	
   is	
   currently	
   under	
   development	
   by	
  
the	
   US	
   company	
   LiquiGlide™	
   (LiquiGlide(TM)	
  
2015).	
   While	
   products	
   are	
   not	
   yet	
   commercially	
  
available,	
  the	
  company	
  has	
  filed	
  a	
  patent	
  for	
  their	
  
surface	
   technology	
   (Smith,	
   Dhiman	
   et	
   al.	
   2012),	
  
and	
  has	
  demonstrated	
  proof	
  of	
   concept	
   in	
   simple	
  
food-­‐based	
   applicaBons	
   such	
   as	
   plasBc	
   sauce	
  
containers,	
   although	
   as	
   yet	
   there	
   is	
   not	
   clear	
  
informaBon	
  on	
  biofilm	
  inhibiBon.	
  
In	
   this	
  case	
  study,	
   it	
   is	
  assumed	
  that	
  a	
   technology	
  
similar	
   to	
   LiquiGlide™	
  will	
   be	
   applied	
   in	
   the	
   food	
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processing	
   industry	
   within	
   the	
   next	
   2	
   –	
   5	
   years.	
  	
  
The	
   technology	
   –	
   based	
   on	
   hybrid	
   engineered	
  
material/liquid	
   interface	
  surfaces	
  (HEMLI	
  surfaces)	
  
–	
   is	
   assumed	
   to	
   consist	
   of	
   a	
   plasBc-­‐based	
   surface	
  
coaBng	
   that	
   is	
   applied	
   to	
   food	
   processing	
  
components	
  used	
  to	
  transport	
  and	
  store	
  liquid	
  and	
  
high	
  water-­‐content	
   products.	
   	
   The	
   surface	
   of	
   this	
  
plausible	
   but	
   hypotheBcal	
   coaBng	
   will	
   be	
  
paierned	
  with	
  a	
  dense	
  matrix	
  of	
  pillars	
  between	
  1	
  
–	
   100	
   µm	
   in	
   diameter	
   and	
   around	
   10	
   µm	
   high.	
  	
  
Such	
   surfaces	
   could	
   conceivably	
   be	
   produced	
  
inexpensively	
   using	
   high-­‐resoluBon	
   imprinBng	
  
from	
  a	
  master	
   template.	
   	
  This	
  matrix	
  will	
   then	
  be	
  
impregnated	
  with	
  a	
  food-­‐grade	
  lubricant	
  that	
  coats	
  
it	
  to	
  a	
  depth	
  of	
  several	
  tens	
  of	
  nanometers.	
  	
  	
  
While	
  this	
  parBcular	
  realizaBon	
  of	
  a	
  HEMLI	
  surface	
  
is	
   not	
   a	
   nanomaterial,	
   it	
   is	
   a	
   sophisBcated	
   hybrid	
  
material	
   that	
   exhibits	
   novel	
   properBes	
   due	
   to	
   its	
  
design	
  and	
  engineering.	
  	
  	
  
If	
   used	
   in	
   developing	
   economies,	
   such	
   a	
  material	
  
could	
   confer	
   a	
   number	
   of	
   advantages	
   on	
   food	
  
safety	
   and	
   waste	
   reducBon	
   during	
   processing	
   –	
  
assuming	
   that	
   the	
   producBon	
   cost	
   is	
   only	
  
marginally	
   higher	
   than	
   that	
   for	
   convenBonal	
  
materials.	
   	
   The	
   technology	
   could	
   conceivably	
  
improve	
   safety	
   and	
   producBvity	
   by	
   reducing	
   the	
  
buildup	
   of	
   biofilms	
   and	
   pathogens	
   under	
  
condiBons	
   where	
   maintaining	
   food	
   safety	
   and	
  
reducing	
   spoilage	
   is	
   prohibiBvely	
   costly	
   and	
   Bme-­‐
intensive.	
   	
   At	
   the	
   same	
   Bme,	
   it	
   could	
   reduce	
  
operaBng	
  costs	
  as	
  the	
  energy	
  required	
  to	
  transport	
  
product	
  through	
  the	
  processing	
  chain	
  is	
  reduced.	
  	
  !
3.	
  	
  ExtrapolaBon	
  to	
  other	
  realiBes	
  
PotenBally,	
  HEMLI	
   surfaces	
   could	
   have	
   substanBal	
  
impacts	
   on	
   food	
   processing	
   over	
   the	
   coming	
  
decade.	
   	
   While	
   relaBvely	
   crude	
   microscale	
  
paierned	
   HEMLI	
   surfaces	
   may	
   conceivably	
   pave	
  
the	
   way	
   to	
   early	
   adopBon	
   in	
   food	
   processing	
  
within	
   developing	
   economies,	
   more	
   sophisBcated	
  
nanoscale	
   paierning	
   may	
   open	
   up	
   new	
  
opportuniBes	
  in	
  developed	
  economies.	
  	
  In	
  addiBon	
  
to	
   surfaces	
   that	
   resist	
  biofilm	
  development,	
   these	
  
include	
   the	
   development	
   of	
   increasingly	
   low	
  
fricBonal	
  resistance	
  surfaces	
  that	
  speed	
  producBon	
  
rates,	
   reduce	
   in-­‐process	
   losses,	
   and	
   lower	
   energy	
  
overheads.	
   	
  As	
  more	
  sophisBcated	
  HEMLI	
  surfaces	
  
potenBally	
   become	
   available,	
   it	
   is	
   likely	
   that	
   they	
  
will	
   become	
   increasingly	
   effecBve	
   at	
   prevenBng	
  
biofilm	
   development	
   through	
   selecBvely	
   reducing	
  
bacterial	
  adhesion	
  to	
  surfaces.	
   	
  This	
  could	
   lead	
  to	
  
substanBal	
   strides	
   in	
   reducing	
   the	
   risk	
  of	
   spoilage	
  
and	
   pathogens	
   entering	
   the	
   food	
   chain	
   during	
  
producBon	
  and	
  beyond.	
  

As	
   well	
   as	
   improving	
   product	
   safety	
   and	
   quality	
  
toward	
   the	
   beginning	
   of	
   the	
   product	
   cycle,	
   there	
  
will	
  conceivably	
  be	
  added	
  benefits	
  down	
  the	
   food	
  
chain	
   as	
   lower	
   levels	
   of	
   bacterial	
   contaminaBon	
  
lead	
  to	
  longer	
  shelf	
  lives.	
  	
  Extending	
  HEMLI	
  surface	
  
technology	
  to	
  product	
  containers	
  could	
  extend	
  yet	
  
further	
  shelf	
  life	
  for	
  processed	
  food	
  products.	
  !
4.	
  	
  IdenBficaBon	
  of	
  gaps	
  and	
  obstacles	
  
The	
   development	
   of	
   successful	
   HEMLI	
   surface	
  
technologies	
  faces	
  technological,	
  economic,	
  health	
  
and	
   safety,	
   and	
   societal	
   challenges.	
   	
   These	
   will	
  
most	
   likely	
   vary	
   according	
   to	
   the	
   socioeconomic	
  
contexts	
  within	
  which	
  they	
  are	
  used.	
  
Technology:	
   Early	
   research	
   on	
   HEMLI	
   surfaces	
  
relied	
   on	
  micro-­‐machined	
   silicon	
   surfaces.	
   	
  While	
  
these	
   were	
   useful	
   in	
   demonstraBng	
   proof	
   of	
  
concept,	
   they	
   are	
   impracBcal	
   for	
   widespread	
  
commercial	
   use.	
   	
   Test	
   products	
   developed	
  by	
   the	
  
company	
   LiquiGlide™	
   indicate	
   that	
   more	
   recent	
  
(and	
   proprietary)	
   technologies	
   allow	
   direct	
  
paierning	
  onto	
  plasBc	
  surfaces,	
  and	
  suggest	
  that	
  –	
  
with	
  microscale	
  paierning	
  at	
   least	
  –	
  this	
  could	
  be	
  
achieved	
  at	
  a	
  reasonable	
  cost-­‐point.	
  	
  As	
  the	
  patent	
  
underpinning	
   the	
   technology	
   notes,	
   paierning	
   at	
  
the	
  nanoscale	
   is	
  more	
  challenging	
  (Smith,	
  Dhiman	
  
et	
   al.	
   2012).	
   	
   However,	
   with	
   developments	
   in	
  
nanoscale	
   imprinBng	
   technology,	
   both	
   may	
  
conceivably	
   be	
   achievable	
  within	
   the	
   next	
   2	
   –	
   10	
  
years.	
   	
   That	
   said,	
   it	
   is	
   likely	
   that,	
   at	
   least	
   iniBally,	
  
only	
  microscale	
   HEMLI	
   surface	
   technology	
  will	
   be	
  
accessible	
  to	
  developed	
  and	
  developing	
  economies	
  
Economics:	
   	
   Food	
   producBon	
   industries	
   work	
  
under	
   narrow	
   profit	
   margins,	
   and	
   so	
   to	
   be	
  
economically	
  viable,	
  any	
  new	
  technology	
  needs	
  to	
  
perform	
  substanBally	
  beier	
  at	
  a	
  given	
  price	
  point	
  
than	
   exisBng	
   technologies	
   that	
   perform	
   the	
   same	
  
funcBon.	
   	
  Microscale	
   imprinBng	
  technologies	
  may	
  
conceivably	
   bring	
   the	
   cost	
   of	
   microscale	
   HEMLI	
  
surface	
   plasBc	
   processing	
   components	
   down	
   to	
   a	
  
realisBc	
   price	
   in	
   developed	
   economies	
   within	
   the	
  
next	
   2	
   years.	
   	
   It	
   is	
   less	
   likely	
   that	
   the	
   same	
   will	
  
occur	
   in	
   developing	
   economies,	
   unless	
   there	
   is	
  
substanBal	
   investment	
   in	
   local	
   cost-­‐effecBve	
  
producBon	
  techniques.	
  	
  One	
  barrier	
  to	
  this	
  is	
  likely	
  
to	
   be	
   patent	
   infringement.	
   	
   The	
   economics	
   of	
  
nanoscale	
  paierned	
  surfaces	
  are	
  less	
  clear.	
  Unless	
  
the	
   technology	
   is	
   shown	
   to	
   lead	
   to	
   substanBal	
  
increases	
  in	
  producBvity,	
  and	
  there	
  are	
  substanBve	
  
breakthroughs	
   in	
   low-­‐cost	
   nanoscale	
   HEMLI	
  
surface	
   manufacture,	
   large-­‐scale	
   adopBon	
   of	
  
nanoscale	
   HEMLI	
   surfaces	
   is	
   relaBvely	
   unlikely	
  
within	
  the	
  next	
  decade.	
  

! !                                                                                                                                       



Health	
  and	
  Safety:	
  The	
  potenBal	
  health	
  impacts	
  of	
  
the	
   paierned	
   surface,	
   the	
   lubricaBon	
   fluid,	
   and	
  
the	
   combined	
   surface	
   and	
   fluid	
   within	
   HEMLI	
  
surfaces,	
   would	
   need	
   to	
   be	
   thoroughly	
   assessed	
  
before	
   regulatory	
   approval	
  was	
   given	
   for	
  use	
  –	
   at	
  
least	
  in	
  the	
  US	
  and	
  Europe.	
   	
  The	
  complexity	
  of	
  the	
  
hybrid	
   product	
   may	
   conceivably	
   result	
   in	
  
regulatory	
   path	
   uncertainty,	
   which	
   could	
   slow	
  
down	
   the	
   approval	
   process.	
   	
   Research	
   would	
   be	
  
needed	
  on	
  the	
  potenBal	
  for	
  the	
  surface	
  material	
  to	
  
enter	
   food	
   and	
   the	
   body	
   –	
   either	
   as	
   dissolved	
  
material,	
   or	
   abraded	
  material	
   –	
   and	
   it’s	
   potenBal	
  
health	
   impacts	
  once	
   ingested.	
   	
  For	
   instance,	
  what	
  
is	
  the	
  probability	
  of	
  micro	
  scale	
  or	
  nanoscale	
  pillars	
  
and	
   whiskers	
   from	
   the	
   surface	
   shedding	
   or	
  
otherwise	
   detaching	
   from	
   the	
   surface,	
   and	
  
entering	
   the	
   food	
   chain?	
   	
   And	
   with	
   the	
  
substanBally	
   extended	
   surface	
   area	
   of	
   the	
   HEMLI	
  
material,	
   is	
  there	
  a	
  health-­‐relevant	
   increase	
  in	
  the	
  
dissoluBon	
   of	
   potenBally	
   harmful	
   component	
  
chemicals	
   into	
   food	
   products?	
   	
   As	
   HEMLI	
   surface	
  
systems	
  will	
  be	
  designed	
   for	
   contact	
  between	
   the	
  
lubricant	
   and	
   food,	
   the	
   degree	
   to	
   which	
   the	
  
lubricant	
  enters	
  the	
  food,	
  and	
  the	
  level	
  of	
  risk	
  this	
  
implied,	
  also	
  needs	
  to	
  be	
  understood.	
  
Societal:	
   	
  There	
  remains	
  some	
  reBcence	
  within	
  the	
  
food	
   industry	
   to	
   adopt	
   nanotechnologies,	
   due	
   to	
  
fears	
  of	
  loss	
  of	
  consumer	
  confidence.	
  	
  It	
  is	
  not	
  clear	
  
whether	
   the	
  use	
  of	
  hybrid	
   sophisBcated	
  materials	
  
such	
   as	
   HEMLI	
   surfaces	
   would	
   raise	
   public	
  
concerns.	
   	
   However,	
   for	
   the	
   long-­‐term	
   success	
   of	
  
the	
   technology,	
   it	
   would	
   be	
   advisable	
   to	
   explore	
  
public	
   opinions	
   on	
   the	
   technology’s	
   use,	
   and	
   to	
  
calibrate	
   its	
   development	
   and	
   applicaBon	
   against	
  
consumer	
  expectaBons.	
  !!!!!!!!!!!!!!!!!!!!
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