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Evalua;on	
  Process:	
  	
  
	
  

Wheat	
  varie;es	
  were	
  screened	
  for	
  use	
  in	
  local	
  organic	
  food	
  systems	
  

Image	
  from	
  Gary	
  Bergstrom	
  

	
  Image	
  from	
  June	
  Russell	
  

Image	
  from	
  June	
  Russell	
  



Ty
pe

	
   Variety	
   Market	
   Variety	
   Yield	
   Test	
  Weight	
   Protein	
   Baking	
   Bread	
  
Height	
  

Bread	
  
Taste	
  

Crumb	
  
Texture	
  

Surface	
  
Texture	
  

Bread	
  
Ability	
  to	
  
Dissolve	
  

Bread	
  
Graininess	
  

Bread	
  
Dryness	
  

Whole	
  
Grain	
  
Taste	
  

Whole	
  
Grain	
  
Size	
  

Name	
   Class	
   Age	
   Rank	
   Rank	
   %	
   Score	
   cm	
   Intensity	
   10=hearty	
   10=rough	
   seconds	
   10=grainy	
   10=moist	
   Intensity	
   10=large	
  

W
in
te
r	
  W

he
at
	
  

Appalachian	
  
White	
  

Hard	
  
White	
   Modern	
   8	
  of	
  33	
   5	
  of	
  33	
   10.4	
   3.9*	
   6.5	
   5.2	
   6.7	
   5.6	
   20.3	
   5.1	
   4.5	
   3.3*	
   2.5*	
  

Frederick	
   Soh	
  
White	
   Modern	
   11	
  of	
  33	
   22	
  of	
  33	
   9.7	
   5.5*	
   5.1*	
   5.5	
   7.9*	
   6.7*	
   20.7	
   5.6*	
   3.8*	
   4.7	
   2.8	
  

Fulcaster	
   Soh	
  Red	
   Heritage	
   27	
  of	
  33	
   15	
  of	
  33	
   10.8	
   6.2	
   5.9	
   5.1	
   6.9	
   5.0	
   19.5	
   5.3	
   4.0	
   4.1	
   3.0*	
  

Warthog	
   Hard	
  
Red	
   Modern	
   2	
  of	
  33	
   6	
  of	
  33	
  	
   11.1	
   6.5	
   8.0*	
   4.8*	
   6.6	
   5.6	
   20.3	
   5.4	
   4.0	
   5.4*	
   2.7	
  

Sp
rin

g	
  
W
he

at
	
   Red	
  Fife	
   Hard	
  

Red	
   Heritage	
   19	
  of	
  22	
   14	
  of	
  22	
   15.3	
   6.8	
   6.3	
   5.7*	
   6.9	
   4.8	
   21.9	
   4.7	
   4.8	
   4.0	
   2.6	
  

Tom	
   Hard	
  
Red	
   Modern	
   1	
  of	
  22	
   2	
  of	
  22	
   16.7	
   7.6*	
   7.4*	
   5.4	
   6.5	
   3.9*	
   23.5	
   4.7	
   4.6	
   4.2	
   2.9	
  

Glenn	
   Hard	
  
Red	
   Modern	
   8	
  of	
  22	
   1	
  of	
  22	
  	
   16.0	
   7.7*	
   7.5*	
   5.3	
   5.4*	
   3.7*	
   27.8*	
   3.9*	
   5.6*	
   3.7	
   2.5*	
  

	
  Table	
  1.	
  Selected	
  wheat	
  variety	
  performance	
  for	
  bread	
  quality	
  (green:	
  higher	
  scoring;	
  red:	
  lower	
  scoring;	
  *indicates	
  sta;s;cal	
  significance)	
  

Results	
  the	
  baking	
  and	
  sensory	
  evalua;on	
  were	
  based	
  on	
  only	
  one	
  method	
  and	
  baking	
  session.	
  	
  	
  	
  	
  

Overview	
  of	
  Results	
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Variety

Sc
or

e

Overall Baking Score

7.7	
   7.6	
  6.8	
   6.5	
  6.2	
  5.5	
  3.9	
  Overall	
  Score	
  	
  	
  

• Glenn	
  and	
  Tom:	
  top	
  categories	
  for	
  
baking	
  quality,	
  height,	
  and	
  weight	
  	
  

• Warthog:	
  intermediate	
  for	
  baking	
  
and	
  weight,	
  top	
  category	
  for	
  height	
  

• Red	
  Fife	
  and	
  Fulcaster:	
  
intermediate	
  in	
  most	
  categories	
  

• Appalachian	
  White:	
  second	
  lowest	
  
for	
  baking,	
  poor	
  weight	
  	
  

•  Frederick:	
  lowest	
  for	
  baking,	
  
height,	
  and	
  weight	
  

Sourdough	
  Baking	
  Trial	
  Results	
  
	
  

8	
  bakers	
  evaluated	
  7	
  varie;es	
  in	
  replicate	
  

Type	
  III	
  ANOVA	
  with	
  SaRherwaite	
  approximaSon	
  
H0:	
  µ1	
  =	
  µ2	
  =	
  µ3	
  =	
  µ4	
  =	
  µ5	
  =	
  µ6	
  =	
  µ7	
  ;	
  α≤0.05	
  
	
  
Yijk	
  =	
  µ	
  +	
  αi	
  +	
  βj	
  +	
  εij	
  	
  
	
  
yij:	
  response	
  for	
  variety	
  i	
  and	
  baker	
  j	
  
µ:	
  overall	
  mean	
  response	
  
αi:	
  fixed	
  effect	
  of	
  variety	
  i	
  
Βj::	
  random	
  effect	
  of	
  baker	
  j	
  
εijkl:	
  experimental	
  error	
  associated	
  with	
  response	
  I,j	
  
	
  
To	
  validate	
  model	
  assump;ons,	
  errors	
  and	
  random	
  
effects	
  were	
  checked	
  for	
  normal	
  distribu;on,	
  
homogeneous	
  variance,	
  and	
  independence.	
  	
  

a	
  

b	
  

d	
  

ab	
  
bc	
  

a	
  

c	
  

Error	
  bars	
  are	
  95%	
  CI	
  
Lesers	
  are	
  Tukey’s	
  HSD	
  

There	
  were	
  significant	
  differences	
  in	
  scores	
  among	
  varie;es	
  at	
  p<0.0001.	
  	
  n=1567	
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bread ● ● ● ● ● ● ●App.White Frederick Fulcaster Glenn Red.Fife Tom Warthog

Sourdough	
  Baking	
  Trial	
  Results	
  
Error	
  bars	
  represent	
  95%	
  confidence	
  intervals.	
  

There	
  were	
  significant	
  differences	
  among	
  variety	
  
scores	
  for	
  all	
  major	
  categories	
  (mixing,	
  floor	
  ;me	
  ,	
  

make-­‐up,	
  proof,	
  proofing	
  condi;on,	
  proofing	
  
tolerance,	
  loaf,	
  loaf-­‐cuts,	
  crumb,	
  crumb-­‐texture,	
  

and	
  crumb-­‐alveolage	
  (p<0.0001)	
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c	
  

b	
  
b	
  

a	
  

b	
  
a	
   a	
  

a	
  

b	
  

ab	
  
bcd	
  abcd	
  

abc	
  a	
  

d	
  cd	
  

e	
   bc	
  
cd	
  

de	
  

c	
  

Circum
ference	
  (cm

)	
  

W
ei
gh
t	
  (
g)
	
  

Figure	
  below:	
  	
  
There	
  were	
  significant	
  
differences	
  in	
  weight	
  
and	
  circumference	
  
among	
  varie;es	
  at	
  
p<0.0001.	
  	
  n=81	
  

Figure	
  to	
  the	
  right:	
  
There	
  were	
  significant	
  
differences	
  in	
  height	
  	
  
among	
  varie;es	
  at	
  
p<0.0001.	
  	
  n=35	
  

Error	
  bars	
  are	
  95%	
  CI	
  
Lesers	
  are	
  Tukey’s	
  HSD	
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App.White Frederick Fulcaster Glenn Red.Fife Tom Warthog
Variety

H
ei

gh
t (

cm
)

Bread Height

Not	
  shown:	
  	
  
Volume	
  (p=0.109)	
  and	
  
density	
  (p=0.33)	
  of	
  
loaves	
  were	
  not	
  

significantly	
  different	
  
among	
  varie;es.	
  	
  n=21	
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Sourdough	
  Sensory	
  Evalua;on	
  
	
  

30	
  tasters	
  evaluated	
  7	
  varieSes	
  over	
  2	
  replicates	
  

Type	
  III	
  ANOVA	
  with	
  SaRherwaite	
  approximaSon	
  
H0:	
  µ1	
  =	
  µ2	
  =	
  µ3	
  =	
  µ4	
  =	
  µ5	
  =	
  µ6	
  =	
  µ7	
  ;	
  α≤0.05	
  
	
  
Yijk	
  =	
  µ	
  +	
  αi	
  +	
  βj	
  +	
  γk	
  +	
  εijk	
  
yij:	
  response	
  for	
  variety	
  i,	
  rep	
  j,	
  order	
  k,	
  and	
  subject	
  l	
  
µ:	
  overall	
  mean	
  response	
  
αi:	
  fixed	
  effect	
  of	
  variety	
  i	
  
Βj:	
  fixed	
  effect	
  of	
  rep	
  j	
  
γk:	
  random	
  effect	
  of	
  subject	
  k	
  
εijk:	
  experimental	
  error	
  associated	
  with	
  response	
  I,j,k	
  
	
  
To	
  validate	
  model	
  assump;ons,	
  errors	
  and	
  random	
  effects	
  were	
  
checked	
  for	
  normal	
  distribu;on,	
  homogeneous	
  variance,	
  and	
  
independence.	
  	
  

• Glenn:	
  smoothest	
  surface	
  texture	
  category	
  
and	
  most	
  delicate	
  crumb	
  texture,	
  longest	
  
;me	
  to	
  dissolve,	
  lowest	
  graininess,	
  highest	
  
moisture	
  

• Red	
  Fife:	
  taste	
  intensity	
  higher	
  than	
  Warthog,	
  
earthier	
  flavors	
  

• Tom:	
  smoothest	
  surface	
  texture	
  category,	
  
largest	
  air	
  bubble	
  size	
  

• Fulcaster:	
  second	
  highest	
  air	
  bubble	
  size	
  
• Appalachian	
  White:	
  smallest	
  air	
  bubble	
  size	
  
• Warthog:	
  taste	
  intensity	
  lower	
  than	
  Red	
  Fife	
  
• Frederick:	
  roughest	
  surface	
  texture,	
  most	
  
hearty	
  crumb	
  texture,	
  highest	
  graininess,	
  
driest	
  bread	
  	
  

ab	
  
b	
  ab	
  

ab	
   a	
  

Error	
  bars	
  are	
  95%	
  CI	
  
Lesers	
  are	
  Tukey’s	
  HSD	
  95%	
  CI	
  

ab	
   ab	
  

Taste	
  Intensity	
  	
  
(1	
  =	
  no	
  flavor,	
  10	
  =	
  intense)	
  n=380	
  

There	
  were	
  significant	
  differences	
  in	
  taste	
  intensity	
  among	
  
varie;es	
  at	
  p=0.021.	
  Subject	
  accounted	
  for	
  17.68%	
  of	
  

varia;on.	
  



Crumb	
  Texture	
  
(1	
  =	
  delicate,	
  10	
  =	
  most	
  hearty)	
  

n=402	
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Variety

Su
rfa

ce
 T
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tu

re
 (1

 to
 1

0)

Surface	
  Texture	
  	
  
(1	
  =	
  even	
  and	
  smooth,	
  10	
  =	
  heavily	
  textured)	
  

N=400	
  

Error	
  bars	
  are	
  95%	
  CI	
  
Lesers	
  are	
  Tukey’s	
  HSD	
  

95%	
  CI	
  

b	
   b	
  
	
  	
  	
  b	
  

a	
  

	
  	
  	
  	
  b	
  

	
  	
  	
  	
  c	
   	
  	
  	
  	
  c	
  

Error	
  bars	
  are	
  95%	
  CI	
  
Lesers	
  are	
  Tukey’s	
  HSD	
  

95%	
  CI	
  

b	
   b	
  	
  	
  	
  b	
  
a	
  

	
  	
  	
  	
  b	
  

	
  	
  	
  	
  c	
  
	
  	
  	
  	
  b	
  

There	
  were	
  significant	
  differences	
  among	
  varie;es	
  at	
  
p<0.0001.	
  Subject	
  accounted	
  for	
  11%	
  of	
  varia;on.	
  

There	
  were	
  significant	
  differences	
  among	
  varie;es	
  at	
  
p<0.0001.	
  Subject	
  accounted	
  for	
  21%	
  of	
  varia;on.	
  

Sourdough	
  Sensory	
  Evalua;on	
  

Although	
  there	
  were	
  no	
  significant	
  differences	
  between	
  varie;es	
  for	
  any	
  aroma;cs	
  categories,	
  replicate	
  number	
  
influenced	
  aroma;cs.	
  	
  Replicate	
  2	
  produced	
  significantly	
  higher	
  values	
  for	
  whole	
  sample	
  aroma;cs	
  (p=0.0134),	
  crust	
  

aroma;cs	
  (p=0.0242),	
  and	
  crumb	
  aroma;cs	
  (p=0.0341).	
  	
  Subject	
  accounted	
  for	
  22.18%,	
  39.66%,	
  and	
  34.01%	
  of	
  
varia;on,	
  respec;vely.	
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Sourdough	
  Sensory	
  Evalua;on	
  

Texture:	
  ability	
  to	
  dissolve	
  
(seconds	
  to	
  dissolve	
  in	
  mouth)	
  

n=400	
  

Error	
  bars	
  are	
  95%	
  CI	
  
Lesers	
  are	
  Tukey’s	
  HSD	
  

95%	
  CI	
  

b	
   b	
  	
  	
  	
  b	
  

a	
  

	
  	
  	
  	
  b	
  
b	
  

ab	
  

There	
  were	
  significant	
  differences	
  in	
  ;me	
  to	
  dissolve	
  
among	
  varie;es	
  at	
  p<0.0001.	
  Subject	
  accounted	
  for	
  

56.47%	
  of	
  varia;on.	
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  Bubble	
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n=411	
  

Error	
  bars	
  are	
  95%	
  CI	
  
Lesers	
  are	
  Tukey’s	
  HSD	
  

95%	
  CI	
  

There	
  were	
  significant	
  differences	
  in	
  reported	
  average	
  air	
  
bubble	
  size	
  among	
  varie;es	
  at	
  p<0.0001.	
  Subject	
  

accounted	
  for	
  16.53%	
  of	
  varia;on.	
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Variety

G
ra
in
in
es
s

Graininess:	
  amount	
  of	
  small	
  par;cles	
  
(1=no	
  graininess,	
  10	
  =	
  overwhelming	
  graininess)	
  	
  

n=397	
  

Error	
  bars	
  are	
  95%	
  CI	
  
Lesers	
  are	
  Tukey’s	
  HSD	
  

95%	
  CI	
  

ab	
   ab	
  
	
  	
  	
  
ab	
  

c	
  

	
  	
  	
  	
  
ab	
  

	
  	
  	
  	
  
bc	
  

a	
  

Dryness:	
  saliva	
  taken	
  from	
  tongue	
  
(1	
  =	
  very	
  dry,	
  10	
  =	
  moist)	
  

n=414	
  

Error	
  bars	
  are	
  95%	
  CI	
  
Lesers	
  are	
  Tukey’s	
  HSD	
  

95%	
  CI	
  

bc	
  
cd	
  

	
  	
  	
  
cd	
  

a	
  
	
  	
  	
  	
  b	
  

	
  	
  	
  	
  
bc	
  

d	
  

Sourdough	
  Sensory	
  Evalua;on	
  

There	
  were	
  significant	
  differences	
  in	
  graininess	
  among	
  
varie;es	
  at	
  p<0.0001.	
  Subject	
  accounted	
  for	
  42.46%	
  of	
  

varia;on.	
  

There	
  were	
  significant	
  differences	
  in	
  dryness	
  among	
  
varie;es	
  at	
  p<0.0001.	
  Subject	
  accounted	
  for	
  32.81%	
  of	
  

varia;on.	
  



*

*

Tom	
  (p=0.024),	
  Red	
  Fife	
  and	
  
Warthog	
  (p=	
  0.073)	
  lowered	
  
the	
  odds	
  for	
  nusy	
  flavors.	
  

	
  	
  
Warthog	
  lowered	
  the	
  odds	
  
for	
  yeasty	
  flavors	
  (p=0.060).	
  

	
  	
  
Fulcaster	
  lowered	
  the	
  odds	
  
for	
  biser	
  flavors	
  (p=0.042).	
  	
  

	
  
Red	
  fife	
  increased	
  the	
  odds	
  
for	
  earthy	
  flavors	
  (p=0.035).	
  	
  

*

*

Wald	
  χ2	
  test	
  binomial	
  distribu;on	
  
H0:	
  β1=0;	
  α≤0.10	
  
Yijk	
  =	
  β0	
  +	
  β1xi1	
  +	
  β2xi2	
  +	
  β3xi3	
  	
  
	
  
Yij:	
  log	
  odds	
  of	
  a	
  flavor	
  used	
  for	
  sample	
  
Β0:	
  intercept	
  log	
  odds	
  App.White	
  rep	
  1	
  
β1:	
  par;al	
  slope	
  associated	
  with	
  variety	
  	
  
xi1:	
  fixed	
  variable	
  of	
  variety	
  i	
  	
  
Β2::	
  par;al	
  slope	
  associated	
  with	
  rep	
  
xi2:	
  fixed	
  variable	
  of	
  rep	
  i	
  
β3:	
  par;al	
  slope	
  associated	
  with	
  taster	
  
xi3:	
  random	
  variable	
  of	
  taster	
  I	
  
	
  
To	
  validate	
  model	
  assump;ons,	
  n*π>5	
  
and	
  n*(1-­‐π)>5.	
  n:	
  number	
  of	
  
observa;ons;	
  π:	
  sample	
  probability	
  
mean.	
  See	
  final	
  slide	
  for	
  more	
  details.	
  

*Indicates	
  that	
  a	
  variety	
  
significantly	
  influenced	
  
the	
  probability	
  of	
  a	
  

par;cular	
  flavor	
  being	
  
used	
  to	
  describe	
  a	
  sample.	
  

Sourdough	
  Sensory	
  Evalua;on	
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Cooked	
  Whole	
  Grain	
  Sensory	
  Evalua;on	
  
	
  

30	
  tasters	
  evaluated	
  7	
  varieSes	
  over	
  one	
  replicate	
  

Error	
  bars	
  are	
  95%	
  CI	
  
Lesers	
  are	
  Tukey’s	
  HSD	
  

95%	
  CI	
  

Type	
  III	
  ANOVA	
  with	
  SaRherwaite	
  approximaSon	
  
H0:	
  µ1	
  =	
  µ2	
  =	
  µ3	
  =	
  µ4	
  =	
  µ5	
  =	
  µ6	
  =	
  µ7	
  ;	
  α≤0.05	
  
	
  
Yijk	
  =	
  µ	
  +	
  αi	
  +	
  βj*	
  +	
  γk	
  +	
  εijk	
  
yij:	
  response	
  for	
  sample	
  i,	
  order	
  k,	
  subject	
  l	
  
µ:	
  overall	
  mean	
  response	
  
αi:	
  fixed	
  effect	
  of	
  variety	
  i	
  
βj:	
  fixed	
  effect	
  of	
  order	
  j*	
  
γk:	
  random	
  effect	
  of	
  subject	
  k	
  
εijk:	
  experimental	
  error	
  associated	
  with	
  response	
  I,j,k	
  
	
  
To	
  validate	
  model	
  assump;ons,	
  errors	
  and	
  random	
  effects	
  
were	
  checked	
  for	
  normal	
  distribu;on,	
  homogeneous	
  variance,	
  
and	
  independence.	
  
*Only	
  included	
  in	
  the	
  dryness	
  model.	
  	
  See	
  last	
  slide	
  for	
  details.	
  

c

ab	
  
bc	
   abc	
  

bc	
   bc	
  

a	
  

Taste	
  Intensity	
  	
  
(1	
  =	
  no	
  flavor,	
  10	
  =	
  intense)	
  n=197	
  

There	
  were	
  significant	
  differences	
  in	
  flavor	
  intensity	
  of	
  varie;es	
  
at	
  p<0.0001.	
  Subject	
  accounted	
  for	
  41.63%	
  of	
  varia;on.	
  

• Warthog:	
  most	
  intense	
  flavor,	
  sweeter	
  
and	
  less	
  grainy/seedy	
  flavors	
  

• Red	
  Fife	
  and	
  Fulcaster:	
  nu�er	
  flavors	
  
•  Frederick:	
  yellow	
  color	
  and	
  more	
  dairy	
  
flavors	
  

• Glenn:	
  less	
  nusy	
  and	
  less	
  sweet	
  flavors	
  
• Tom:	
  intermediate	
  in	
  all	
  categories	
  
• Appalachian	
  White:	
  least	
  intense	
  flavor	
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Whole	
  grain	
  dryness	
  was	
  
not	
  significantly	
  different	
  by	
  
variety	
  (p=0.946).	
  	
  The	
  first	
  
sample	
  tasted	
  (order=1)	
  
was	
  reported	
  to	
  have	
  
significantly	
  higher	
  
moisture	
  (p=0.0434).	
  

There	
  were	
  significant	
  differences	
  in	
  grain	
  size	
  of	
  varie;es	
  at	
  
p<0.0001.	
  Subject	
  accounted	
  for	
  60.02%	
  of	
  varia;on.	
  

Cooked	
  Whole	
  Grain	
  Sensory	
  Evalua;on	
  

Grain	
  Size	
  
(cm),	
  n=205	
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Warthog	
  lowered	
  odds	
  for	
  
grainy/seedy	
  flavors	
  

(p=0.091).	
  	
  
Glenn	
  lowered	
  (p=0.035),	
  
while	
  Red	
  Fife	
  (p=0.036)	
  
and	
  Fulcaster	
  (p=0.074)	
  
increased	
  odds	
  for	
  nusy	
  

flavors.	
  	
  
Glenn	
  significantly	
  lower	
  
odds	
  for	
  sweet	
  flavors	
  

(p=0.067).	
  
Frederick	
  increased	
  odds	
  
for	
  dairy	
  flavors	
  (p=0.002).	
  

Wald	
  χ2	
  test	
  binomial	
  distribu;on	
  
H0:	
  β1=0;	
  α≤0.10	
  
Yijk	
  =	
  β0	
  +	
  β1xi1	
  +	
  β2xi2	
  +	
  β3xi3	
  	
  
	
  
Yij:	
  log	
  odds	
  of	
  a	
  flavor	
  used	
  for	
  sample	
  
Β0:	
  intercept	
  log	
  odds	
  
β1:	
  par;al	
  slope	
  associated	
  with	
  variety	
  	
  
xi1:	
  fixed	
  variable	
  of	
  variety	
  i	
  	
  
Β2::	
  par;al	
  slope	
  associated	
  with	
  order	
  
xi2:	
  fixed	
  variable	
  of	
  order	
  i	
  
β3:	
  par;al	
  slope	
  associated	
  with	
  taster	
  
xi3:	
  random	
  variable	
  of	
  taster	
  I	
  
	
  
To	
  validate	
  model	
  assump;ons,	
  n*π>5	
  
and	
  n*(1-­‐π)>5.	
  n:	
  number	
  of	
  
observa;ons;	
  π:	
  sample	
  probability	
  
mean.	
  

*Indicates	
  that	
  a	
  variety	
  
significantly	
  influenced	
  the	
  
probability	
  of	
  a	
  par;cular	
  

flavor	
  being	
  used	
  to	
  
describe	
  a	
  whole	
  grain.	
  

*
*

*

*

Cooked	
  Whole	
  Grain	
  Sensory	
  Evalua;on	
  



Analyses	
  completed	
  in	
  R	
  and	
  JMP.	
  	
  Order,	
  an	
  ordinal	
  variable	
  from	
  1	
  to	
  7,	
  was	
  a	
  candidate	
  to	
  be	
  included	
  as	
  a	
  covariate	
  in	
  all	
  models.	
  	
  
However,	
  order	
  was	
  not	
  linearly	
  related	
  to	
  the	
  responses	
  evaluated	
  in	
  the	
  models,	
  and	
  consequently,	
  violated	
  the	
  assump;ons	
  of	
  an	
  
ANCOVA	
  model.	
  	
  Despite	
  randomiza;on,	
  some	
  samples	
  are	
  overrepresented	
  in	
  certain	
  orders	
  (e.g.	
  Red	
  Fife	
  in	
  order	
  2).	
  	
  When	
  the	
  
model	
  was	
  run	
  for	
  samples	
  that	
  were	
  balanced,	
  there	
  was	
  not	
  a	
  significant	
  effect	
  for	
  order.	
  	
  Order	
  was	
  only	
  included	
  as	
  a	
  fixed	
  effect	
  
in	
  the	
  analysis	
  of	
  whole	
  grain	
  dryness,	
  to	
  interpret	
  devia;ons	
  found	
  between	
  the	
  first	
  sample	
  tasted	
  and	
  all	
  other	
  orders.	
  
	
  
Baking	
  evalua;on	
  R	
  code:	
  
model=lmer(Y~Variety+(1|baker))	
  
summary(bakemodel)	
  
anova(bakemodel,Type=3)	
  
	
  
Bread	
  sensory	
  R	
  code:	
  
model=lmer(Y~Variety+Rep+(1|Subject))	
  
summary(model)	
  
anova(model,	
  Type=3)	
  	
  
	
  
Bread	
  flavor	
  descriptors	
  R	
  code:	
  
model=glmer(Y~Variety+Rep+	
  (1|Subject),	
  
control=glmerControl(op;mizer="bobyqa",optCtrl=list(maxfun=100000)),family="binomial",data=sens)	
  
summary(model)	
  
anova(model)	
  
	
  
Whole	
  Grain	
  taste	
  and	
  size	
  R	
  code:	
  
Ymodel=lmer(Y~Variety+(1|Subject))	
  
	
  
Whole	
  Grain	
  dryness	
  R	
  code:	
  
model=lmer(Y~Variety+Order+(1|Subject))	
  
	
  
Whole	
  Grain	
  flavor	
  descriptors	
  R	
  code:	
  
model=glmer(Y~Variety+(1|Subject),	
  control=glmerControl(op;mizer="bobyqa",optCtrl=list(maxfun=100000)),family="binomial",data=sens)	
  
summary(model)	
  
anova(model)	
  

Details	
  of	
  Sta;s;cal	
  Models	
  


