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Agrarian Roots of 
the Mormon Faith

•  While translating the 

Book of Mormon, 
Joseph Smith stayed at 
the Whitner farm in 
Fayette, NY (1830)


•  From New York, the 
early Mormon people 
fled to Ohio and 
Missouri, and then to 
Illinois before making 
their trek to what is now 
Utah.




Pueblo 
Predecessors

•  Before colonial 

settlement in the 
Americas, a number of 
tribes practiced 
irrigation to varying 
degrees


•  Hohokam

•  Mogollon

•  Anasazi (Ancestral 

Puebloans)

•  Patayan




City Creek Diversion


•  In July 1847, a group of Mormon settlers dammed City Creek 
and cut ditches to irrigate a potato field in the advance of 
Brigham Young’s arrival.


•  Their settlement would be known as Salt Lake City.

• The Mormons soon expanded out from Salt Lake City into the 

greater Wasatch Oasis.

•  Cooperative labor operations




Expansion of Mormon Irrigation


• A “thoroughly disciplined hierarchy” may have facilitated the 
otherwise arduous task of implementing an irrigation system.


• By 1849, the Mormon people were harvesting approximately 
17,000 acres.




Mormon Women in the Frontier


• While the act of cutting irrigation ditches may, like many 
projects along the American frontier, evoke images of 
masculinity, Mormon women were active agents in daily life and 
community decisions.




Implications & Limitations


• Because the Mormon people have been little-studied by non-
Mormons, the academic literature can border on hagiography.


• Climate change is anticipated to increase drought risk and 
severity in the American Great Plains and Southwest (Cook, 
Ault, and Smerdon, 2015).


• Combatting and adapting to climate change will require the 
exercise of political and ecological imagination.
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“Cooking	
  has	
  to	
  be	
  explored	
  scien*fically	
  if	
  we	
  want	
  to	
  improve	
  educa*onal	
  health	
  programmes.”	
  	
  
	
   	
   	
  This,	
  H.	
  EMBO	
  Rep.	
  2006	
  Nov;	
  7(11):	
  1062–1066.	
  

	
  	
  



Take-Home: 
 

Data-driven analysis methods that have transformed biology and social 
sciences can yield new insights into food science writ large. 



Computational / Synthetic Gastronomy (Sebastian Ahnert, 2013) 
  

Dis*nguished	
  	
  from	
  “Molecular	
  Gastronomy,”	
  which	
  is	
  focused	
  primarily	
  on	
  the	
  chemistry	
  and	
  physics	
  
behind	
  the	
  prepara*on	
  of	
  any	
  dish	
  (e.g.,	
  why	
  mayonnaise	
  becomes	
  firm	
  or	
  why	
  a	
  soufflé	
  swells),	
  and	
  

which	
  has	
  led	
  to	
  a	
  new	
  haute	
  cuisine	
  for	
  which	
  people	
  are	
  prepared	
  to	
  spend	
  a	
  small	
  fortune.	
  	
  

A	
  Working	
  Defini*on	
  of	
  	
  Computa*onal	
  Gastronomy:	
  
A	
  mul*disciplinary	
  field	
  in	
  which	
  computa*onal	
  techniques	
  are	
  applied	
  to	
  gastronomy	
  data	
  to	
  iden*fy	
  	
  
new	
  ways	
  to	
  source	
  food	
  sustainably,	
  new	
  sources	
  of	
  edible	
  ingredients,	
  and	
  to	
  understand	
  the	
  
chemosensory,	
  nutri*onal,	
  	
  cultural,	
  anthropological	
  and	
  psychological	
  determinants	
  of	
  food	
  choice.	
  

“Gastronomy - the knowledge of whatever concerns man's nourishment.” 
	
  This,	
  Herve.	
  EMBO	
  Rep.	
  2006	
  Nov;	
  7(11):	
  1062–1066.	
  









Computa*onal	
  Gastronomy	
  Employs	
  ‘Standard’	
  Big	
  Data	
  Approaches	
  and	
  Methods	
  

●	
  crowdsourcing,	
  	
  
●	
  data	
  cura*on	
  and	
  mining,	
  
●	
  large-­‐scale	
  data	
  analysis,	
  	
  

●	
  machine	
  learning,	
  	
  
●	
  network	
  analysis	
  



	
  
●	
  Databases	
  of	
  food	
  preferences,	
  food	
  prepara4on	
  and	
  food	
  consump4on	
  
	
  
●	
  Online	
  recipes	
  (h"p://cookpad.com;	
  h"p://appe0t.lab.0d.es/appe0t/#/)	
  	
  
	
  
●	
  Databases	
  of	
  chemical	
  compounds	
  in	
  foods	
  
	
  
●	
  Restaurant	
  reviews	
  
	
  
●	
  Cultural,	
  social-­‐economic	
  data	
  	
  
	
  
●	
  Omics’	
  data	
  

Data Sources  for Computational Gastronomy 

How	
  can	
  the	
  new	
  abundance	
  of	
  data	
  and	
  computa*onal	
  power	
  help	
  us	
  inves*gate	
  the	
  way	
  we	
  eat	
  food	
  ?	
  	
  

How	
  might	
  the	
  availability	
  of	
  these	
  data	
  shape	
  our	
  culinary	
  habits	
  and	
  preferences?	
  



An example: Are there quantifiable principles underlying our choice of certain ingredient 
combinations (recipes) and avoidance of others? 

Suggested by the observation that we use only a small fraction of the possible  ingredient combinations. 
	
  
●	
  Rela4vely	
  small	
  number	
  of	
  recipes	
  in	
  use	
  (~	
  106)	
  	
  compared	
  to	
  number	
  of	
  poten4al	
  recipes	
  (>1015).	
  
●	
  Frequent	
  recurrence	
  of	
  the	
  same	
  ingredient	
  combina4ons	
  in	
  regional	
  cuisines.	
  
	
  

Flavor Pairing Hypothesis: “Foods that share  many flavor compounds go well together.” 
 

Heston	
  Blumenthal	
  (The	
  Big	
  Fat	
  Duck	
  Cookbook,	
  2008	
  )	
  
caviar	
  and	
  white	
  chocolate;	
  snail	
  porridge;	
  bacon-­‐and-­‐egg	
  ice	
  cream.	
  



Flavor Compounds: Chemical compounds distinct from the five tastes. 
	
  

10s-­‐100s	
  of	
  different	
  flavor	
  compounds	
  per	
  food	
  ingredient.	
  

www.foodpairing.com	
  

	
  
	
  
Olfac*on	
  (orthonasal	
  and	
  retronasal	
  aroma	
  detec*on)	
  	
  
is	
  the	
  main	
  contributor	
  to	
  flavor	
  percep*on.	
  
	
  
but	
  	
  other	
  contributors	
  include:	
  
●	
  temperature	
  
	
  ●	
  texture	
  
	
  ●	
  color,	
  shape,	
  sound	
  
	
  ●	
  emo*on,	
  mo*va*on,	
  craving	
  
	
  ●	
  language,	
  memory	
  
	
  ●	
  social	
  context	
  

www.foodpairing.com	
  



“Full	
  understanding	
  of	
  flavor	
  percep*on	
  is	
  central	
  to	
  preven*ng	
  	
  diseases	
  such	
  as	
  
hypertension,	
  obesity,	
  heart	
  disease,	
  diabetes	
  and	
  some	
  cancers-­‐	
  i.e.,	
  diseases	
  that	
  are	
  
strongly	
  impacted	
  by	
  food	
  choices.	
  	
  Rather	
  than	
  being	
  secondary	
  senses,	
  the	
  chemical	
  
senses	
  of	
  flavor	
  take	
  a	
  primary	
  role	
  when	
  it	
  comes	
  to	
  major	
  issues	
  of	
  human	
  health.”	
  

Beauchamp	
  GK	
  and	
  Mennella	
  JA.	
  Diges1on	
  2011;83(suppl	
  1):1–6	
  	
  	
  



Computa*onal	
  Explora*on	
  and	
  Test	
  of	
  Food	
  Pairing	
  Hypothesis	
  

●	
  1,021	
  flavor	
  compounds	
  known	
  for	
  these	
  ingredients	
  (Fenaroli’s	
  Handbook	
  of	
  Flavor	
  Ingredients,	
  5th	
  edi0on)	
  

●	
  Iden4fies	
  381	
  ingredients	
  used	
  in	
  recipes	
  throughout	
  the	
  world.	
  

●	
  Ingredient	
  combina4ons	
  preferred	
  by	
  humans	
  across	
  5	
  cuisines	
  were	
  mined	
  from	
  56,498	
  on-­‐line	
  recipe	
  
repositories:	
  epicurious.com,	
  allrecipes.com,	
  and	
  menupan.com.	
  	
  
Cuisines:	
  North	
  American,	
  Western	
  Europe,	
  Mediterranean,	
  La4n	
  American,	
  East	
  Asian	
  



Bipar*te	
  Weighted	
  Flavor	
  Network	
  Linking	
  Flavor	
  Compounds	
  to	
  the	
  Ingredient(s)	
  That	
  Contain	
  It	
  
(Ahn	
  et	
  al,	
  2011)	
  



Sta*s*cally	
  Significant	
  Backbone	
  of	
  the	
  En*re	
  Flavor	
  Network	
  



Can	
  Now	
  Test	
  Food	
  Pairing	
  Hypothesis	
  Reformulated	
  As:	
  
	
  

“Are	
  ingredient	
  pairs	
  that	
  are	
  strongly	
  linked	
  in	
  the	
  Flavor	
  Network	
  used	
  in	
  human	
  cuisines	
  
more	
  frequently	
  (support	
  for	
  hypothesis)	
  or	
  less	
  frequently	
  than	
  expected	
  by	
  random.	
  

●	
  Data	
  for	
  ingredient	
  combina4ons	
  preferred	
  by	
  humans	
  	
  available	
  in	
  the	
  body	
  	
  of	
  	
  56,498	
  recipes.	
  



So	
  What	
  Did	
  They	
  Find	
  Out?	
  



1.	
  As	
  compared	
  with	
  10,000	
  random	
  recipe	
  datasets,	
  sta4s4cally	
  significant	
  use	
  of	
  ingredients	
  sharing	
  flavor	
  
compounds	
  in	
  North	
  American	
  and	
  Western	
  European	
  cuisines,	
  but	
  avoidance	
  of	
  ingredients	
  sharing	
  flavor	
  

compounds	
  in	
  East	
  Asian	
  (and	
  Mediterranean)	
  cuisines.	
  	
  

Support	
  For	
  The	
  Flavor	
  Pairing	
  Hypothesis	
  is	
  Cuisine-­‐Specific	
  

Ahn	
  et	
  al,	
  2001.	
  

2.	
  In	
  North	
  American	
  cuisine,	
  the	
  likelihood	
  that	
  two	
  ingredients	
  
are	
  used	
  in	
  a	
  recipe	
  is	
  correlated	
  with	
  the	
  number	
  of	
  flavor	
  
compounds	
  they	
  share.	
  	
  In	
  East	
  Asian	
  cuisine,	
  ingredients	
  with	
  
more	
  shared	
  flavor	
  compounds	
  are	
  less	
  likely	
  to	
  be	
  used	
  together.	
  	
  

Ahn	
  et	
  al,	
  2001.	
  



3.	
  Food	
  pairing	
  effect	
  	
  (∆Ns)	
  in	
  a	
  par*cular	
  cuisine	
  	
  is	
  driven	
  by	
  a	
  few	
  ingredients	
  	
  that	
  are	
  used	
  
frequently	
  



4.	
  Iden*fica*on	
  of	
  Pairings	
  in	
  Regional	
  Cuisines	
  That	
  Are	
  “Flavor	
  Principles”	
  (Rozin,	
  1973)	
  

Six	
  most	
  ‘authen4c’	
  ingredients*	
  

*	
  	
  the	
  difference	
  	
  between	
  the	
  	
  prevalence	
  of	
  an	
  	
  ingredient	
  in	
  a	
  cuisine	
  and	
  its	
  prevalence	
  in	
  all	
  other	
  cuisines.	
  

With	
  respect	
  to	
  signature	
  ingredient	
  combina4ons,	
  Mediterranean	
  
cuisine	
  is	
  closer	
  to	
  La4n	
  American	
  than	
  to	
  Western	
  European	
  cuisine.	
  	
  



Flavor	
  Pairing	
  Hypothesis	
  Has	
  been	
  Extended	
  to	
  Other	
  Cuisines	
  and	
  Historical	
  Contexts	
  



T,	
  number	
  of	
  genera4ons	
  
K,	
  ingredients	
  per	
  	
  recipe	
  compared	
  to	
  average	
  for	
  the	
  cookbook	
  
fi,	
  fitness	
  	
  (0-­‐1)	
  of	
  each	
  ingredient	
  (nutri4onal	
  value,	
  flavor	
  pairing?,	
  availability,	
  cost,	
  etc)	
  
L,	
  number	
  of	
  ingredients	
  	
  (‘loci’)	
  in	
  each	
  recipe	
  to	
  be	
  ‘mutated’	
  
R0,	
  number	
  of	
  ini4al	
  recipes	
  
M,	
  ra4o	
  of	
  the	
  size	
  of	
  ingredient	
  pool	
  to	
  recipe	
  pool	
  

Flavor	
  Pairing	
  as	
  a	
  ‘Fitness’	
  Component	
  in	
  an	
  Evolu4onary	
  Model	
  of	
  Recipes	
  as	
  Cultural	
  Replicators	
  (Memes)	
  
Kinouchi,	
  O	
  et	
  al.	
  New	
  Journal	
  of	
  Physics	
  10,	
  073020,	
  2008.	
  





Figure	
  1	
  
Flavour	
  network	
  .	
  Culinary	
  ingredients	
  (circles)	
  and	
  their	
  chemical	
  rela4onship	
  are	
  illustrated	
  [4].	
  The	
  colour	
  of	
  each	
  
ingredient	
  represents	
  the	
  food	
  category	
  that	
  the	
  ingredient	
  belongs	
  to,	
  and	
  the	
  size	
  of	
  an	
  ingredient	
  is	
  propor4onal	
  to	
  
the	
  usage	
  frequency	
  (collected	
  from	
  online	
  recipe	
  databases:	
  epicurious.com,	
  allrecipes.com,	
  menupan.com).	
  Two	
  
culinary	
  ingredients	
  are	
  connected	
  if	
  they	
  share	
  many	
  flavour	
  compounds.	
  We	
  extracted	
  the	
  list	
  of	
  flavor	
  compounds	
  
in	
  each	
  ingredient	
  from	
  them	
  and	
  then	
  applied	
  a	
  backbone	
  extrac4on	
  method	
  by	
  Serrano	
  et	
  al.	
  [6]	
  to	
  pick	
  sta4s4cally	
  
significant	
  links	
  between	
  ingredients.	
  The	
  thickness	
  of	
  an	
  edge	
  represents	
  the	
  number	
  of	
  shared	
  flavour	
  compounds.	
  
To	
  reduce	
  clu,er,	
  edges	
  are	
  bundled	
  based	
  on	
  the	
  algorithm	
  by	
  Danny	
  Holten	
  (h,p://www.win.tue.nl/~dholten/).	
  	
  



Hypothesis:	
  Culinary	
  recipes	
  are	
  cultural	
  replicators	
  (‘memes’)	
  and	
  culinary	
  evolu4on	
  can	
  
be	
  modeled	
  as	
  a	
  branching	
  process	
  by	
  a	
  	
  “copy-­‐mutate	
  algorithm.”	
  	
  



f(r)=	
  rela4ve	
  number	
  of	
  recipes	
  
that	
  use	
  the	
  ingredient	
  with	
  rank,	
  r	
   Cultural	
  invariance	
  

Temporal	
  invariance	
  



T,	
  number	
  of	
  genera4ons	
  
K,	
  ingredients	
  per	
  	
  recipe	
  compared	
  to	
  average	
  for	
  the	
  cookbook	
  
fi,	
  fitness	
  	
  (0-­‐1)	
  of	
  each	
  ingredient	
  (nutri4onal	
  value,	
  flavor,	
  availability,	
  cost,	
  etc)	
  
L,	
  number	
  of	
  ingredients	
  	
  (‘loci’)	
  in	
  each	
  recipe	
  to	
  be	
  ‘mutated’	
  
R0,	
  number	
  of	
  ini4al	
  recipes	
  
M,	
  ra4o	
  of	
  the	
  size	
  of	
  ingredient	
  pool	
  to	
  recipe	
  pool	
  

Thus,	
  star4ng	
  at	
  t0	
  =	
  R0,	
  at	
  each	
  4me	
  step	
  there	
  
are	
  R(t)	
  recipes	
  and	
  MR(t)	
  ingredients	
  available.	
  

Fitng	
  the	
  observed	
  to	
  an	
  evolu4onary	
  model	
  :	
  

The	
  evolu4onary	
  model	
  of	
  copy	
  muta4on	
  of	
  
recipes	
  along	
  with	
  a	
  selec4on	
  mechanism	
  
generates	
  indicates	
  an	
  	
  out-­‐of-­‐equilibrium	
  
process:	
  the	
  number	
  of	
  recipes	
  is	
  never	
  
sufficient	
  to	
  fully	
  explore	
  the	
  combinatorial	
  
space	
  of	
  ingredients.	
  This	
  means	
  that	
  the	
  
invasion	
  of	
  new	
  high	
  fitness	
  ingredients	
  and	
  
the	
  elimina4on	
  of	
  ini4al	
  low	
  fitness	
  
ingredients	
  never	
  end,	
  similar	
  to	
  the	
  	
  ‘founder	
  
effect’	
  of	
  evolu4onary	
  theory.	
  These	
  
persistent	
  founder	
  ingredients	
  are	
  like	
  frozen	
  
‘cultural’	
  accidents	
  difficult	
  to	
  overcome.	
  	
  



Speaker:	
  Sebas4an	
  E.	
  Ahnert,	
  University	
  of	
  Cambridge	
  
	
  
Abstract:	
  The	
  cultural	
  diversity	
  of	
  culinary	
  prac4ce,	
  as	
  
illustrated	
  by	
  the	
  variety	
  of	
  regional	
  cuisines,	
  raises	
  the	
  
ques4on	
  of	
  whether	
  there	
  are	
  any	
  general	
  pa,erns	
  that	
  
determine	
  the	
  ingredient	
  combina4ons	
  used	
  in	
  food	
  today	
  or	
  
principles	
  that	
  transcend	
  individual	
  tastes	
  and	
  recipes.	
  We	
  
introduce	
  a	
  flavor	
  network	
  that	
  captures	
  the	
  flavor	
  compounds	
  
shared	
  by	
  culinary	
  ingredients.	
  Western	
  cuisines	
  show	
  a	
  
tendency	
  to	
  use	
  ingredient	
  pairs	
  that	
  share	
  many	
  flavor	
  
compounds,	
  suppor4ng	
  the	
  so-­‐called	
  food-­‐pairing	
  hypothesis.	
  
By	
  contrast,	
  East	
  Asian	
  cuisines	
  tend	
  to	
  avoid	
  compound	
  
sharing	
  ingredients.	
  Given	
  the	
  increasing	
  availability	
  of	
  
informa4on	
  on	
  food	
  prepara4on,	
  our	
  data-­‐driven	
  inves4ga4on	
  
opens	
  new	
  avenues	
  towards	
  a	
  systema4c	
  understanding	
  of	
  
culinary	
  prac4ce.	
  In	
  light	
  of	
  this	
  we	
  also	
  discuss	
  a	
  variety	
  of	
  
datasets	
  on	
  food	
  ingredients	
  and	
  flavour	
  compounds,	
  including	
  
chef-­‐curated	
  flavour	
  pairings,	
  aroma	
  compound	
  
concentra4ons,	
  olfactory	
  detec4on	
  thresholds,	
  and	
  olfactory	
  
receptor	
  responses.	
  These	
  datasets	
  can	
  be	
  combined	
  using	
  
large-­‐scale	
  data	
  analysis	
  in	
  order	
  to	
  provide	
  a	
  deeper	
  
understanding	
  of	
  the	
  impact	
  that	
  shared	
  aroma	
  compounds	
  
can	
  have	
  on	
  perceived	
  ingredient	
  compa4bility.	
  



Obvious	
  next	
  tep:	
  Iden4fy	
  New	
  ingredient	
  pairings	
  beyond	
  those	
  in	
  mental	
  repositories	
  of	
  chefs	
  
	
  
That	
  is-­‐	
  establish	
  a	
  machine	
  system	
  for	
  genera4ng	
  novel	
  flavor	
  (and	
  thus	
  ingredient)	
  combina4ons	
  that	
  
have	
  never	
  existed	
  before.	
  



CO2,	
  CH4,	
  N2O	
  











Computa4onal	
  Gastronomy	
  -­‐	
  Food	
  in	
  the	
  Age	
  of	
  Data	
  is	
  a	
  Royal	
  
Society	
  Interna4onal	
  Scien4fic	
  Seminar	
  that	
  aims	
  to	
  bring	
  
together	
  leading	
  researchers	
  and	
  prac44oners	
  from	
  the	
  fields	
  
of	
  food	
  science,	
  computer	
  science,	
  neuroscience,	
  sociology,	
  
and	
  gastronomy	
  to	
  discuss	
  these	
  ques4ons	
  and	
  exchange	
  ideas.	
  
Recent	
  research	
  in	
  this	
  field	
  has	
  already	
  shown	
  how	
  
crowdsourcing,	
  data	
  mining,	
  large-­‐scale	
  data	
  analysis,	
  machine	
  
learning,	
  and	
  network	
  analysis	
  can	
  give	
  us	
  new	
  insights	
  into	
  
food	
  choice,	
  suggest	
  novel	
  ingredient	
  combina4ons,	
  and	
  
iden4fy	
  cultural,	
  anthropological,	
  psychological,	
  nutri4onal	
  and	
  
chemical	
  factors	
  that	
  determine	
  which	
  foods	
  we	
  enjoy	
  and	
  
why.	
  







new	
  techniques,	
  textures	
  and	
  flavour	
  combina4ons	
  

	
   	
  Computational / Synthetic  Gastronomy 
 
“Cooking”-  the preparation of food.  
“Gastronomy” - the knowledge of whatever concerns man's nourishment 

	
  This,	
  H.	
  EMBO	
  Rep.	
  2006	
  Nov;	
  7(11):	
  1062–1066.	
  
	
  	
  



Thank	
  you	
  for	
  a,ending!	
  
For	
  more	
  informa4on,	
  to	
  join	
  the	
  team,	
  or	
  if	
  you’d	
  like	
  to	
  speak	
  at	
  a	
  future	
  event	
  please	
  contact:	
  
	
  
•  Kenny	
  Westerman	
  (Kenneth.Westerman@tuDs.edu)	
  
•  Katherine	
  Rancano	
  (Katherine.Rancano@tuDs.edu)	
  
•  Jessie	
  Ellis	
  (Jessica.Ellis@tuDs.edu)	
  


