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Conclusion/Perspec:ves	  
The	  strongly	  promising	  results	  show	  that	  the	  proposed	  model	  gives	  a	  reliable	  approxima:on	  of	  the	  main	  physico-‐chemical	  
processes	  of	  the	  espresso	  extrac:on.	  This	  makes	  feasible	  the	  implementa:on	  of	  a	  control	  procedure	  of	  espresso	  machines,	  
where	  the	  proposed	  model	  is	  the	  core	  element.	  Moreover,	  the	  model	  opens	  fascina:ng	  perspec:ves	  for	  the	  coffee	  world,	  
like	  the	  customisa:on	  of	  the	  coffee	  cup	  and	  the	  op:misa:on	  of	  the	  extrac:on	  process	  in	  terms	  of	  coffee	  powder	  used.	  

Figure	  2:	  Chlorogenic	  acids	  amount	  [mg]	  in	  cup.	  
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Figure	  3:	  Lipids	  amount	  [mg]	  in	  cup.	  	  	  	  	  	  	  	  	  	  	  

analyses	  of	  the	  samples	  of	  two	  coffee	  varie:es	  (Arabica,	  Robusta),	  having	  
different	  granulometries	  and	  extracted	  under	  different	  condi:ons	  (water	  
temperature	  and	  pressure).	  The	  model	  calibra:on	  work	  considers	   these	  
key	  compounds	   in	  a	  coffee	  cup:	  caffeine,	  chlorogenic	  acids,	   trigonelline,	  
citric	  acid,	  ace:c	  acid,	  tartaric	  acid,	  ferulic	  acid	  and	  lipids.	  In	  Figures	  1-‐3,	  
some	   results	   about	   caffeine,	   chlorogenic	   acids	   and	   lipids	   are	   shown	   as	  
pressure	   varies,	   for	   two	   temperature	   values	   and	   two	   granulometries	  
(op:mal,	  i.e.,	  20g	  in–40	  g	  out	  in	  25	  s,	  and	  fine)	  of	  Arabica	  coffee.	  A	  very	  
good	   agreement	   between	   numerical	   and	   laboratory	   results	   can	   be	  
observed.	   The	   other	   extrac:on	   seAngs	   and	   the	   remaining	   chemical	  
substances	  reveal	  a	  similar	  behaviour.	  

Results/Discussion	  
The	   reliability	   of	   the	  
model	   is	   experimentally	  
assessed:	   the	   numerical	  
results	   are	   compared	  
with	  the	  chemical	  lab	  

Introduc:on	  
Brewing	   coffee	   is	   primarily	   considered	   an	   art	   rather	   than	   a	  
business	  and	  drinking	  coffee	  is	  a	  prac:ce	  spread	  worldwide.	  
Its	   daily	   consump:on	   has	   scien:fically	   proven	   health	  
benefits.	   Thus,	   such	   interes:ng	   features	   of	   coffee	   have	  
s:mulated	   a	   wide	   coffee-‐oriented	   scien:fic	   research.	   An	  
important	   component	   of	   this	   research	   is	   an	   in-‐depth	  
knowledge	   of	   the	   physico-‐chemical	   processes	   occurring	   in	  
the	  coffee	  prepara:on.	  In	  fact,	  properly	  controlled	  extrac:on	  
processes	   are	   able	   to	   enhance	   the	   coffee	   market	   services	  
and	  sustainability.	  

Materials/Methods	  
The	   proposed	   espresso	   extrac:on	  model	   is	   based	   on	   fluid-‐
dynamics	  laws	  [1]	  to	  fully	  describe	  the	  main	  aspects	  of	  water	  
percola:on	   in	   the	   coffee	   powder.	   In	   par:cular,	   each	  
chemical	  compound	  has	  two	  reserved	  equa:ons	  to	  properly	  
describe	  the	  dissolu:on/erosion	  and	  transport	  processes	  [2].	  
A	  finite	  element	  procedure	  for	  the	  numerical	  solu:on	  of	  this	  
model	  allows	  the	  computa:on	  of	  the	  chemical	  compounds	  in	  
the	   cup,	   knowing	   the	   physico-‐chemical	   proper:es	   of	   the	  
coffee	  powder	  and	  the	  extrac:on	  parameters.	  

Figure	   1:	   Caffeine	   amount	   [mg]	   in	   cup.	   First	   row:	  
op:mal	   granulometry;	   second	   row:	  fine	  granulometry.	  
Blue	  line:	  numerical	  results;	  red	  line:	  laboratory	  results.	  
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