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Backg round  and  A ims :

The  a im  o f  t h i s  r e sea r ch  was  t o :  

( i ) i n ves t i ga t e  t he  impac t  o f  add i t i ons  o f  un toas t ed  Amer i can  oak  e l l ag i t ann in s  and  che r r y

wood  t ann in s  i n  Cabe rne t  Sauv ignon  wine  g rapes  a f f ec t ed  by  wi ld f i r e ,  and

 

( i i ) i n ves t i ga t e  t he  s i gn i f i c ance  o f  t he  t im ing  o f  add i t i ons  a t  t h r ee  s t ages  o f  wine

deve lopmen t ;  (a )  add i t i on  be fo re  p r ima r y  f e rmen ta t i on  (b )  add i t i on  be fo re  ma lo l ac t i c

f e rmen ta t i on  and  (c )  add i t i on  i n  f i n i shed  wine /p re -bo t t l i ng ,  and

 

( i i i )eva lua t e  t he  senso r y  e f f ec t s  o f  oak  e l l ag i t ann in s  and  che r r y  wood  t ann in s  i n  wine

impac ted  by  smoke  t a i n t  a f t e r  bo t t l i ng .  

Resu l t s :  Smoke -a f f ec t ed  wines  were  t r ea t ed  wi th  a  r ange  o f  oak  and  che r r y  t ann in  add i t i v e s .

T r ea t ed  wines  con ta i ned  a  s i gn i f i c an t l y  l owe r  l e ve l  o f  pe rce i ved  smoke  a t t r i bu t e s  wi th

enhanced  ove ra l l  qua l i t y  i n  f i n i shed  wine .

Conc lu s i ons :  Oak  o r  che r r y  t ann in  add i t i v e s  showed  a  s i gn i f i c an t  impac t  on  t he  senso r i a l

qua l i t y  o f  t he  wine .  T im ing  o f  t r ea tmen t  was  an  impo r t an t  f a c to r  i n  imp rov i ng  t he  wine  and

reduc ing  t he  pe rcep t i on  o f  smoke - r e l a t ed  a t t r i bu t e s .   

S ign i f i c ance  o f  t he  S tudy :  The  r e su l t s  o f  t h i s  s tudy  wi l l  he lp  winemake r s  make  i n f o rmed

dec i s i ons  i n  t he  use  o f  eno log i ca l  oak  e l l ag i t ann in s  and  che r r y  wood  t ann in s  i n  he lp i ng  mask

o r  ba l ance  smoke  cha rac t e r i s t i c s  when  p rocess i ng  a f f ec t ed  g rapes .
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As  seen  i n  yea r  2020 ,  wi ld f i r e s  i n  c lo se  p rox im i t y  t o  g rape  g row ing  r eg i ons  i n  Ca l i f o rn i a  and

the  Nor thwes t  have  i n c r eased  i n  f r equency .  App rox ima te l y  10  mi l l i on  ac re s  were  impac ted  by

w i l d f i r e s  i n  t he  wes te rn  Un i t ed  S ta t e s .  More  t han  $680  mi l l i on  i s  expec ted  i n  wine  g rape  c rop

lo s ses  i n  t h r ee  wine  g rape  g row ing  r eg i ons  –  Ca l i f o rn i a ,  Oregon ,  and  Wash ing ton .  The

senso r y  cha rac t e r i s t i c s  o f  smoke  t a i n t  have  been  we l l  s tud i ed  and  a re  desc r i bed  as  o r t ho -

nasa l  wi th  a romas  such  as  smoky ,  d i r t y ,  band -a id ,  ea r t hy ,  med ic i na l ,  bu rn t ,  cha r r ed ,  muddy ,

t a r ,  smoked  mea t ,  and  ash t r a y  (Kenn i son  e t  a l .  2007 )  wi th  a  heavy  ca r r y -ove r  ash t r a y  pa l a t e .

P r ev i ous  s tud i e s  have  p roven  t ha t  t he  i n t ens i t y  o f  smoke  t a i n t  has  been  obse r ved  t o  i n c r ease

du r i ng  t he  f e rmen ta t i on  o f  smoke -a f f ec t ed  g rapes .  Kenn i son ,  e t  a l .  p rov ided  ev idence  t ha t  t he

accumu la t i on  o f  smoke -de r i ved  vo l a t i l e  pheno l s  i n  g l ycocon juga te  f o rm  was  r e l ea sed  du r i ng

p r ima r y  and  ma lo l ac t i c  f e rmen ta t i on .  Dur i ng  wine  p rocess i ng ,  g rapes  t ha t  have  been  c rushed

qu i ck l y  r e l ea se  vo l a t i l e  pheno l s  assoc i a t ed  wi th  smoke  t a i n t .  On  day  one  up  t o  30%  o f  vo l a t i l e

pheno l s  a re  r e l ea sed  i n  j u i ce ;  by  day  3  up  t o  50% ;  and  by  day  5  up  t o  80%  (Kenn i son  e t  a l . ) .

Th i s  i s  cons i s t en t  wi th  anecdo ta l  ev idence  f r om  t he  i ndus t r y  t ha t  smoky  cha rac t e r s  e i t he r

appea red  du r i ng  f e rmen ta t i on  o f  g rapes  t ha t  had  no t  p rev i ous l y  exh ib i t ed  smoke  t a i n t  o r

i nc reased  t h roughou t  t he  winemak ing  p rocess .  

Whi l e  p rev i ous  s tud i e s  have  f ocused  on  t he  e f f ec t  o f  mi t i ga t i on  and  ame l i o r a t i on  t echn iques

on  smoke  t a i n t ed  wine  g rapes  and  f i n i shed  wine ,  abso lu t e  success fu l  app l i c a t i ons  have  no t

been  r eco rded .  Our  ob j ec t i ve  i s  t o  p resen t  a  method  t o  he lp  mask  o r  ba l ance  smoke

cha rac t e r i s t i c s  i n  wine  by  i n t r oduc ing  oak  e l l ag i t ann in s  o r  che r r y  wood  t ann in s  a t  t h r ee

d i f f e r en t  s t ages  o f  t he  winemak ing  p rocess .  The  wine  i ndus t r y  i s  f am i l i a r  wi th  and  has

accep ted  t ha t  bo th  f r ee  and  bound  (comb ined )  smoke  vo l a t i l e  pheno l s  con t r i bu t e  t o  ove ra l l

smoke  t a i n t .  The  se l ec t i on  o f  ou r  p roduc t s  was  ca re fu l l y  chosen  t o  r ep re sen t  t he  t oo l s

sugges t ed  by  i ndus t r y  l e ade r s  and  academ ics  t o  he lp  r educe  o r  mi t i ga t e  t he  impac t  o f  smoke

t a i n t  a t  ha r ves t  and  t o  avo id  cos t l y  ame l i o r a t i on  t echn iques  i n  f i n i shed  wine .  Amer i can  oak

ch ips  and  hyd ro l y zab l e  t ann in s  de r i ved  f r om  un toas t ed  Amer i can  oak  and  che r r y  wood  t ann in

we re  i n c l uded  i n  t he  t r i a l  and  added  a t  t h r ee  d i f f e r en t  s t ages  o f  t he  wine -mak ing  p rocess  t o

de te rm ine  i f  t hey  r educed  smoke  t a i n t  a roma t i c s  o r  t he  r e t r o -nasa l  ash t r a y  i n  f i n i shed  wine .  
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2 .4  EXPER IMENTAL  CONDIT IONS  

The  f r u i t  was  de - s t emmed  and  c rushed ,  wi th  t he  add i t i on  o f  50  mg /L  su l f u r  d iox i de  (added  as

po ta s s i um  meta -b i su l f i t e ) ,  t hen  r andom ly  so r t ed  i n t o  66 - l i t e r  p l a s t i c  pa i l s  each  con ta i n i ng

app rox ima te l y  31  kg  o f  c rushed  f r u i t .  The  f i v e  pa rce l s  i n c l uded  a re ;  con t ro l ,  Amer i can  oak

un toas t ed  ch ip ,  P rem ie re  Amer i can  E  F resh ,  F in i s sage  Amer i can  E  F resh ,  and  P rem ie re  Spec i a l

F ru i t .  S ta r t i ng  B r i x  was  26 .0  and  t a r t a r i c  ac id  was  added  t o  ad ju s t  t he  pH  f r om  3 .80  t o  3 .40

p r i o r  t o  i nocu l a t i on  wi th  La l v i n  C los  yeas t  (250  ppm ) .  

The  t r ea tmen t s  were  added  a t  d i f f e r en t  i n t e r va l s  o f  t he  winemak ing  p rocess :  be fo re  p r ima r y

f e rmen ta t i on  yeas t  i nocu l a t i on ,  pos t -p r ima r y  f e rmen ta t i on  be fo re  ma lo l ac t i c  bac te r i a

i nocu l a t i on ,  and  i n  f i n i shed  wine  p re -bo t t l i ng  (F igu re  2 ) .  Amer i can  oak  ch ip  add i t i on  r a t e  0 .15

kg /hL  (1 .5  g /L ) .  P rem ie re  and  F in i s sage  t ann in  add i t i on  r a t e  3  mL /L .  A  comb ina t i on  o f

M ic roes sen t i a l  nu t r i en t s  (Gusme r  En te rp r i s e s ) ,  Supe r f ood  comp lex  nu t r i en t  (BSG ) ,  and

d i ammon ium  phospha te  were  added  t o  supp l emen t  t he  l ow  n i t r ogen  l e ve l  (150  mg /L ) .  Co ld

soak  was  no t  conduc ted .  Mus t s  were  f e rmen ted  on  sk i n s  wi th  t he  cap  p lunged  once  pe r  day .

Whe re  s tuck  f e rmen ta t i ons  occu r r ed ,  yeas t  wa l l  Reskue  was  added  p r i o r  t o  a  s t a r t e r  cu l t u r e

compr i s i ng  o f  ac t i ve  d ry  La l l emand  Uva fe rm  43  (400  mg /L )  and  yeas t  nu t r i en t  Go  Fe rm  P ro tec t

(La l l emand  a t  30  g /hL )  and  Fe rma id  O  (La l l emand  a t  12  g /hL )  was  used  t o  r e sume

fe rmen ta t i on .  Wines  were  p res sed  a t  a  B r i x  l e ve l  o f  <5  B r i x  and  t r ans f e r r ed  i n t o  19 - l i t e r  g l a s s

ca rboys  and  he ld  a t  21  C  un t i l  t he  r e s i dua l  suga r  app roached  <  2 .0  g /L .  Ma lo l ac t i c

f e rmen ta t i on  was  ca r r i ed  ou t  as  soon  as  p r ima r y  f e rmen ta t i on  was  comp le t e .  Chr .  Hansen

d i r ec t  i nocu l a t i on  Oenos  was  t he  bac te r i a  s t r a i n  used  i n  each  t r ea tmen t  and  t he

manu fac tu r e r ’ s  d i r ec t i ons  were  f o l l owed .  No t  a l l  wines  comp le t ed  seconda r y  f e rmen ta t i on .

W ines  were  r acked  once  and  f i l t e r ed  wi th  cou r se  (DANMIL  Abso lu t e  PP  1 .0  µm )  and  s t e r i l e

membrane  f i l t e r s  (DANMIL  Abso lu t e  PES  0 .45  µm ) .  Bo t t l e s  (375  ml )  were  s to r ed  a t  15  C  un t i l

s enso r y  ana l y s i s .  
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3 .1  SENSORY  EFFECTS  OF  MIT IGAT ION  AND /OR  AMEL IORAT ION  TREATMENTS  

3 .1 . 1  P r i nc ipa l  Componen t  Ana l y s i s  (PCA )

Resu l t s  ob ta i ned  f r om  senso r y  ana l y s i s  o f  t he  wines  a re  d i scussed  i n  t h i s  sec t i on  i n  t e rms  o f

gene ra l  senso r y  e f f ec t s  and  t hen  on  pe r  s t age -o f - t r ea tmen t  e f f ec t s .  

An  advanced  s t a t i s t i c a l  method ,  p r i nc ipa l  componen t  ana l y s i s ,  i s  o f t en  used  t o  i l l u s t r a t e

r e l a t i onsh ip s  and  i n t u i t i v e l y  g ra sp  a  r educed  se t  o f  va r i ab l e s .  The  mos t  impo r t an t  use  o f  PCA

i s  t o  r ep re sen t  a  mu l t i v a r i a t e  da ta  t ab l e  as  a  sma l l e r  se t  o f  va r i ab l e s  ( summary  i nd i ces )  i n

o rde r  t o  obse r ve  t r ends ,  j umps ,  c lu s t e r s ,  and  ou t l i e r s .  Th i s  ove r v i ew  may  uncove r  t he

r e l a t i onsh ip s  be tween  obse r va t i ons  and  va r i ab l e s ,  and  among  t he  va r i ab l e s .

I n  F igu re  3 ,  each  po in t  r ep re sen t s  t he  sco re s  o f  each  d i f f e r en t  senso r y  a t t r i bu t e .  Po in t s  t ha t

a r e  c lo se  t oge the r  a re  wines  t ha t  a re  senso r i l y  s im i l a r  and  po in t s  t ha t  a re  f a r  apa r t  a re  wines

tha t  a re  d i f f e r en t .  Emana t i ng  f r om  t he  cen t r a l  o r i g i n  a re  vec to r s  r ep re sen t i ng  each  a t t r i bu t e .

The  l eng th  o f  t he  vec to r  may  be  i n t e rp r e t ed  as  an  i nd i ca t i on  o f  t he  i n f l uence  o f  t he  senso r y

a t t r i bu t e  i n  t he  PCA  space .  Sho r t  vec to r s  i nd i ca t e  a t t r i bu t e s  o f  r e l a t i v e l y  l ow  impo r t ance ,  l ong

vec to r s  i nd i ca t e  a t t r i bu t e s  o f  r e l a t i v e l y  h igh  impo r t ance .   C lose  a l i gnmen t  o f  a  vec to r  wi th  t he

PC  ax i s  i nd i ca t e s  a  h igh  co r r e l a t i on  be tween  t he  a t t r i bu t e  r ep re sen ted  by  t he  ax i s  and  t he

va r i ab i l i t y  exp l a i ned  by  t he  p r i nc ipa l  componen t .    
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3 .1 . 1  P r i nc ipa l  Componen t  Ana l y s i s  (PCA )  (con t i nued )

 

F igu re  3 :  PCA  o f  t he  Mean  Ra t i ngs  o f  t he  12  Wines  f o r  17  Senso r y  A t t r i bu t e s  

Ax i s  1 :  25 .15% ,  Ax i s  2 :  13 .30%

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I n  F igu re  3 ,  t he  a roma  a t t r i bu t e s  a re  dep i c t ed  i n  b rown  and  pa l a t e  a t t r i bu t e s  i n  g reen .  Pu rp l e

e l l i p se  dep i c t s  add i t i on  be fo re  p r ima r y  f e rmen ta t i on  (PF ) ,  r ed  e l l i p se  dep i c t s  add i t i on  be fo re

ma lo l ac t i c  f e rmen ta t i on  (MLF ) ,  and  b lue  e l l i p se  dep i c t s  add i t i on  i n  f i n i shed  wine /p re -bo t t l i ng

(FW ) .  The  con t ro l  wine  i s  cha rac t e r i z ed  by  t he  smoke - r e l a t ed  a t t r i bu t e s  i n  t he  t op  r i gh t

quad ran t .  A l so  d i sp l a y i ng  s im i l a r  smoke - t a i n t  p rope r t i e s  a re  a  f ew  wines  i n  wh ich  t he  add i t i v e s

we re  added  a t  s t ages  -  p r ima r y  f e rmen ta t i on  and  i n  t he  f i n i shed  wine .  The  add i t i v e s  added

be fo re  ma lo l ac t i c  f e rmen ta t i on  (uppe r ,  l e f t  quad ran t / r ed  e l l i p se )  d i sp l a y  t he  mos t  f r u i t y  a roma ,

l owes t  smoke - r e l a t ed  a t t r i bu t e s ,  and  a re  o f  h ighe r  qua l i t y  t han  t he  wines  i n  wh ich  add i t i v e s

we re  added  a t  p r ima r y  f e rmen ta t i on  and /o r  i n  f i n i shed  wine .   
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3 .1 . 2  I ndependen t  Componen t  Ana l y s i s  ( I CA )

A  more  r ecen t  method  f o r  da ta  d imens iona l i t y - r educ t i on  i s  I ndependen t  Componen t  Ana l y s i s

( I CA ,  deve loped  be tween  1984  and  1995  by  t he  mach ine - l e a rn i ng  commun i t y ) .  I n  con t r a s t  t o

PCA ,  wi th  I CA  t he  componen t s  exp l a i n  equa l  amoun t s  o f  va r i ance  and  a re  no t  r equ i r ed  t o  be

o r t hogona l .  I CA ,  used  f o r  app l i c a t i ons  f r om  cosmo logy  t o  measu r i ng  t he  r i peness  o f  t oma toes ,

has  t he  capac i t y  t o  i den t i f y  d imens ions  o f  t he  da ta  t ha t  a re  f unc t i ona l l y  sa l i en t  even  i f  no t

o r t hogona l .

I n  F igu re  4  we  see  t h i s  concep t  i n  p l ay .  Wi th  a  coup le  o f  excep t i ons ,  a roma  ( r ed )  vec to r s

p ro j ec t  p redom ina te l y  a long  Componen t  1 ,  whe reas  t he  non -a roma  (b lue )  vec to r s  (wh ich

re f l ec t  pa l a t e  qua l i t i e s )  a l i gn  p redom ina te l y  wi th  Componen t  2 .  Thus ,  i n  t he  I CA  ana l y s i s ,  t he

componen t s  have  i n t u i t i v e  i n t e rp r e t a t i ons  (a roma ,  pa l a t e )  wh ich  f a c i l i t a t e  ana l y s i s  o f  wines  we

w i l l  p ro j ec t  i n t o  t h i s  space .
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F igu re  4 :  I CA  Vec to r s  o f  t he  17  Senso r y  A t t r i bu t e s  P ro j ec t i ons   

 

 

The  way  t he  qua l i t i e s  vec to r s  l a y

a l ong  t he  componen t  axes  i s

no tewo r thy .  The  f r u i t y  a roma

vec to r  po in t s  t o  t he  r i gh t ,  whe reas

cha r ac t e r i s t i c s  assoc i a t ed  wi th

smoke  t a i n t ,  i . e .  ac r i d  smoky

a roma  and  pheno l i c  a roma ,  po in t

t o  t he  l e f t .  Oaky /ca r ame l i z ed

f l a vo r  and  qua l i t y  po in t  up ,

whe reas  ashy  a f t e r t a s t e  and

as t r i ngency /d ry i ng  po in t  down .

These  r e su l t s  l end  con f i dence  t ha t

ICA  i s  p rov id i ng  d imens iona l i t y

r educ t i on  i n  a  manne r  t ha t  i s  more

in tu i t i v e l y  sa t i s f y i ng  t han  PCA .   



 

 

 

3 .1 . 3  I ndependen t  Componen t  Ana l y s i s  ( I CA ) :  Con t ro l ,  PF ,  MLF  and  FW

A  smoke -a f f ec t ed  con t ro l  wine  was  t r ea t ed  wi th  va r i ous  oak  and  che r r y  t ann in  add i t i v e s  a t

d i f f e r en t  s t ages  o f  t he  winemak ing  p rocess  l i s t ed  be low :

S t age -o f -T rea tmen t :

 

( i )be fo re  p r ima r y  f e rmen ta t i on  (PF )

( i i )be fo re  ma lo l ac t i c  f e rmen ta t i on  (MLF )

( i i i ) i n  f i n i shed  wine /p re -bo t t l i ng  (FW )

( i v )none  -  con t ro l

F i gu re  5  shows  how  wines  a re  g rouped  by  s t age -o f - t r ea tmen t  p ro j ec t  i n t o  t he  I CA  componen t

1  vs  componen t  2 .  The  ho r i zon t a l  and  ve r t i c a l  e r ro r  ba r s  r ep re sen t  t he  s t anda rd  e r ro r s  o f  t he

means  o f  t he  j udges '  r a t i ngs .  Ho te l l i ng ’ s  two - samp le  t - t e s t s  were  used  t o  es t ima te  t he

s i gn i f i c ance  o f  d i f f e r ence  be tween  pa i r s  o f  wines  i n  t h i s  two -d imens ion  space .  The  con t ro l

w ine  i s  s i gn i f i c an t l y  d i f f e r en t  f r om  t he  MLF  g roup  (p  <  . 002 )  as  we l l  as  t he  PF  g roup               

 (p  <  . 007 ) .  Fu r t he rmo re ,  t he  FW  g roup  i s  s i gn i f i c an t l y  d i f f e r en t  f r om  t he  MLF  g roup  (p  <  . 038 ) .  

As  we  d i scussed  componen t  1  r e l a t e s  t o  a romas ,  wi th  smoke -a f f ec t ed  cha rac t e r i s t i c  a romas

on  t he  l e f t  and  min ima l - t o -no  smoke -e f f ec t ed  cha rac t e r i s t i c s  t o  t he  r i gh t .  Wi th  t h i s  i n  mind ,

we  see  t ha t  t r ea tmen t s  a t  a l l  t h r ee  s t ages  move  t he  wine  g roups  t o  t he  r i gh t  o f  t he  con t ro l ,

imp rov i ng  a roma  f r om ,  f o r  examp le ,  ac r i d ,  smoky ,  and  med ic i na l  t o  f r u i t y .  
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3 .1 . 3  I ndependen t  Componen t  Ana l y s i s  ( I CA ) :  Con t ro l ,  PF ,  MLF  and  FW  (con t i nued )  

As  we  a l so  d i scussed ,  Componen t  2  co r r e sponds  i n t u i t i v e l y  t o  pa l a t e ,  wi th  l owe r  va l ues

co r r e spond ing  t o  ashy  a f t e r t a s t e ,  b i t t e rnes s ,  and  as t r i ngency ,  and  h ighe r  va l ues

co r r e spond ing  t o  f r u i t y  f l a vo r ,  oak ,  and  an  ove ra l l  imp rovemen t  i n  qua l i t y .  V iew ing  t he

g roups ,  i t  i s  no tewo r thy  t ha t  t r ea tmen t  a t  t he  p r ima r y  f e rmen ta t i on  s t a t e  and  i n  f i n i shed  wine ,

wh i l e  e f f ec t i ve  i n  imp rov i ng  a roma ,  do  no th i ng  obv ious  t o  imp rove  t he  pa l a t e  as  compa red  t o

t he  con t ro l  (a t  l e a s t  when  t he  va r i ous  oak  and  che r r y  t ann in  add i t i v e s  a re  v i ewed  co l l ec t i ve l y

he re ) .  The  ma lo l ac t i c  s t age  t r ea tmen t  i n  con t r a s t ,  i nd i ca t e s  imp rovemen t  i n  a roma  and  pa l a t e ,

e l e va t i ng  t he  MLF  da ta  po in t  above  t he  con t ro l .
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F igu re  5 :  I CA  Vec to r s  and  S tage -o f -T rea tmen t  E f f ec t s   

 



 

3 .1 . 4  I ndependen t  Componen t  Ana l y s i s  ( I CA ) :  Con t ro l  vs  I nd i v i dua l  Wines

Above ,  we  g rouped  va r i ous  oak  and  che r r y  t ann in  add i t i v e s  t oge the r  when  cons ide r i ng  s t age -

o f - t r ea tmen t  e f f ec t s .  I n  f a c t ,  t he  Amer i can  oak  and  che r r y  t ann in s  a re  qu i t e  d i s t i nc t  p roduc t s

a s  l i s t ed  be low :

Oak  Ch ip  and  Aqueous  Tann in  P roduc t s :

 

• Ame r i can  Un toas t ed  F ine  Ch ip

•P r em ie re  E  F resh

•F i n i s sage  E  F resh

•P rem ie re  Spec i a l  F ru i t  

 

F igu re  6 :  I CA  Vec to r s  and  I nd i v i dua l  Wine  E f f ec t s
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We  now  t u rn  t o  i n ves t i ga t e  t he

e f f ec t s  o f  t hese  va r i ous  add i t i v e s

i nd i v i dua l l y .  Wi th  t he  excep t i on

o f  P rem ie re  E  F resh  i n  t he

f i n i shed  Wine  (FW )  g roup ,  t he

i nd i v i dua l  wines  s t ack  nea t l y  by

s t age -o f - t r ea tmen t  a long

Componen t  2 ,  wi th  P rem ie re  E

F resh  MLF  ( r ed  sphe re )

pe r f o rm ing  t he  bes t  f o l l owed  by

the  o the r  t r ea tmen t s  added

be fo re  ma lo l ac t i c  f e rmen ta t i on

(uppe r  r i gh t  quad ran t ) .  The

senso r y  r e su l t s  f r om  t he

Ame r i can  un toas t ed  oak

e l l ag i t ann in s  and  che r r y  t ann in s

d id  no t  pe r f o rm  as  we l l  when

added  i n  f i n i shed  wine  compa red

to  t r ea tmen t  be fo re  ma lo l ac t i c

f e rmen ta t i on .   

 

 

 

 

 

 



 

 

 

3 .1 . 5  Rank ing  F ree fo rm  App ra i s a l s

Up  t o  t h i s  po in t ,  we  have  exam ined  da ta  f r om  t he  j udges ’  nume r i ca l  sco r i ng  o f  va r i ous  wine

a t t r i bu t e s  t h rough  t he  l en s  o f  PCA  and  I CA  d imens iona l i t y  r educ t i on .  The  r e su l t s  i nd i ca t e

va r i ous  oak  and  che r r y  t ann in  add i t i v e s  can  d i f f e r en t i a l l y  a f f ec t  and  min im i ze  t he  smoke -

a f f ec t ed  a roma  and  t a s t e  o f  wines ,  i n  some  cases  t o  pos i t i v e  e f f ec t .  We  a re  l e f t  wonde r i ng ,

wha t  d id  t he  wines  ac tua l l y  t a s t e  l i k e?  D id  t he  d i f f e r ences  i n  wine  qua l i t i e s  amoun t  t o

some th i ng  t ha t  cou ld  t u r n  t he  und r i nkab l e  con t ro l  wine  i n t o  a  d r i nkab l e  mod i f i ed  wine?  Or ,

we re  t he  changes  mere l y  i n  t he  d i r ec t i on  o f  d r i nkab l e  wi thou t  ac tua l l y  a t t a i n i ng  t h i s  goa l  t o  a

qua l i t a t i v e l y  mean ing fu l  deg ree?

Fo r t una te l y ,  i n  t h i s  s tudy ,  t he  pane l  o f  expe r t  j udges  r eco rded  t he i r  f r ee fo rm  imp res s i ons  o f

eve r y  wine  t hey  t a s t ed ,  i n  add i t i on  t o  mak ing  t he  nume r i ca l  sco re s  we  have  cons ide red  t hus

f a r .  F rom  t he se  wr i t t en  s t a t emen t s ,  we  have  a  c l ea r  sense  o f  t he  expe r i ences  o f  ana l y z i ng  and

in t e rp r e t i ng  t he  wines  f r om  t he  t r i a l .  The  commen t s  a re  h igh l y  i nd i v i dua l i s t i c  and  r e f l ec t  t he

expe r t i s e  o f  t he  j udges .  The  commen t s  convey  t he  imp res s i on  t he  j udges  were  t a s t i ng  en t i r e l y

d i f f e r en t  wines ,  some  worse  and  some  f a r  be t t e r  t han  t he  con t ro l .  Th i s  i s  r ead i l y  appa ren t

f r om  t he i r  commen t s  wh ich  r anged  f r om  ( f o r  examp le ) ,  “Ve r y  unp leasan t  4EP  a roma  and

f l a vo r ”  t o  “Has  g rea t  ceda r /ash  f l a vo r  cha rac t e r i s t i c s  t ha t  a re  no t  unp leasan t ;  cou ld  d r i nk

th i s ” .

The  pane l i s t s '  commen t s  can  be  he lp fu l  i n  i n t e rp r e t i ng  t he  qua l i t y  o f  t he  wines .  I n  o rde r  t o

b r i ng  t oge the r  t he  d i ve r se  commen t s  i n t o  a  condensed  f o rm ,  we  sough t  t o  c l a s s i f y  t hem  i n t o

f i v e  qua l i t a t i v e  ca tego r i e s .  To  do  t h i s ,  each  i nd i v i dua l  commen t  was  p r i n t ed  on  a  sepa r a t e  s l i p

o f  pape r  (marked  wi th  i den t i f i c a t i on  numbe r ) .  Shu f f l ed ,  t he  wr i t t en  app ra i s a l s  cou ld  be  r ead

‘b l i nd ’  wi thou t  any  way  o f  know ing  wh ich  s t a t emen t  co r r e sponded  t o  wh ich  j udge  o r  wh ich

w ine .  Two  o f  t he  au tho r s  d id  t h i s  ca tego r i z a t i on  p rocess ,  wi th  essen t i a l l y  s im i l a r  r e su l t s .

Be l ow  we  l i s t  t h r ee  r ep re sen t a t i ve  examp le s  f o r  each  ca tego r y .  Th i s  se t  o f  commen t s  i nd i ca t e

how  d rama t i ca l l y  t he  wines  va r i ed .  
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3 .1 . 5  Rank ing  F ree fo rm  App ra i s a l s  (con t i nued )

Ca tego r y  1

•Unp leasan t  a roma  and  mou th f ee l .

•Canned  vege t ab l e s /aspa r agus ,  b i t t e r ,  and  as t r i ngen t  f i n i sh .

• Ve r y  obv ious l y  f l awed ,  h igh  ash t r a y .

Ca tego r y  2

•Cou ld  be  f r u i t y ,  j u s t  mass i ve l y  b i t t e r  and  as t r i ngen t  and  ove rpowe r i ng  4EP  a roma .

• Low  smoke  a roma  i n t ens i t y ,  bu t  r a t he r  s t r ong  med ic i na l  a roma .  Smok ines s  becomes  more  

 i n t ense  i n  t he  mou th .

• Smoky  a romas  dom ina te .  N ice  f r u i t y  f l a vo r  mar red  by  sea r i ng  as t r i ngency .

Ca tego r y  3

•Ve r y  f r u i t y  and  some  ash .  Seems  a  b i t  l ow  i n  a roma  cha rac t e r i s t i c s .

• S l i gh t l y  de tec t ab l e  med ic i na l  and  pheno l i c  cha rac t e r i s t i c s .  S t rong  f r u i t  componen t ,  wi th  l ow  

 b i t t e rnes s  and  as t r i ngency .

•No t  t e r r i b l y  t a i n t ed ,  j u s t  poo r  qua l i t y ,  t h i n .

Ca tego r y  4

•Sp i cy ,  f r u i t y .

• Low  ove ra l l  smoke  impac t .  Some  pheno l i c  de tec t ab l e  on  t he  nose  and  more  i n  t he  mou th .    

 N ice  f r u i t  componen t ,  l ow  b i t t e rnes s  and  as t r i ngency .

•No  s i gn i f i c an t  smoke  a romas .  S l i gh t l y  pheno l i c  i n  t he  mou th .  Ve r y  good  ove ra l l  f r u i t  

 i n t ens i t y ,  l ow  b i t t e rnes s ,  and  as t r i ngency .

Ca tego r y  5

•No t  t oo  bad ;  swee t  a roma  and  f l a vo r  bu t  has  some  n i ce  ceda r  a romas ;  d r i nkab l e .

• Lo t s  go ing  on  f l a vo r  and  mou th - f ee l ,  a roma  t oo ;  seems  a  b i t  more  ba l anced  whe re  eve r y th i ng  

 works  t oge the r .

• Ve r y  f r u i t y  wine  t ha t  i s  p re t t y  c l ean .  I  s t r ugg l ed  t o  f i nd  any  smoke  cha rac t e r i s t i c s .  
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3 .1 . 6  H i s tog ram  o f  Wine  Ra t i ngs

G i ven  t he  b l i nd  ca tego r i z i ng  o f  t he  j udges ’  f r ee fo rm  commen t s ,  we  assoc i a t ed  t hem  wi th  t he

twe l ve  wines  t o  wh ich  t he  commen t s  r e f e r r ed .

We  coun ted  t he  t o t a l  numbe r  o f  r ank i ngs  i n  a  g i ven  ca tego r y ,  t hen  ca l cu l a t ed  t he  p ropo r t i on

o f  t hose  wh ich  a  g i ven  wine  r ece i ved .  Do ing  t h i s  f o r  a l l  f i v e  ca tego r i e s  a l l owed  us  t o  c rea t e  a

h i s t og r am .

Look ing  a t  P rem ie re  Spec i a l  F ru i t  MLF  ( t op  h i s t og r am )  we  see  t ha t  i t  had  a  h ighe r  p ropo r t i on

o f  ca tego r y  5  r a t i ngs  t han  any  o the r  wine ,  and  a  f a i r l y  l ow  p ropo r t i on  o f  t he  r a t i ngs  i n  t he

r ema in i ng  f ou r  ca tego r i e s .  Thus ,  P rem ie re  Spec i a l  F ru i t  MLF  was  f a vo red  by  t he  j udges  i n  t h i s

ana l y s i s .
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P rem ie re  E  F resh  MLF  was  a l so  r a t ed  h igh l y .

A l t hough  i t  r ece i ved  a  sma l l e r  p ropo r t i on  o f

t he  Ca tego r y  5  r a t i ngs ,  i t  had  a  subs t an t i a l

p ropo r t i on  o f  t he  Ca tego r y  4  r a t i ngs .  Ne i t he r

o f  t hese  two  wines  r ece i ved  h igh  p ropo r t i ons

o f  t he  l owe r  Ca tego r y  r a t i ngs  1  t h rough  3 .

The  con t ro l  and  t he  l owes t - r anged  wines

rece i ved  f ew  r ank i ngs  above  Ca tego r y  3 .  The

th ree  l owes t  r anged  wines  a l l  r ece i ved  worse

ca tego r i ca l  r ank i ngs  t han  t he  con t ro l .  The

con t ro l  was  mos t l y  r anked  i n t o  Ca tego r i e s  2

and  3 .  Some  midd l i ng  wines  r ece i ved  a

b road  spec t r um  o f  r ank i ngs .

I n  con t r a s t ,  t he  con t ro l  wine  had  no  ca tego r y

5  r a t i ngs ,  bu t  had  a  peak  a t  ca tego r y  2 .

I n t e r e s t i ng l y ,  t h r ee  wines  r anked  even  l owe r ,

w i t h  so l i d  p ropo r t i ons  o f  bo th  Ca tego r y  1

and  Ca tego r y  2  r a t i ngs .

F igu re  7 :  H i s tog r am  o f  Wine  Ra t i ngs   
 



 

3 .1 . 7  Commen t  Ra t i ngs  vs  I CA ,  Componen t  2

Ea r l i e r  we  d i scussed  how  I CA  componen t  2  appea r s  t o  co r r e spond  t o  wine  t a s t e  qua l i t i e s .  We

now  can  ask  t he  ques t i on ,  how  does  I CA  componen t  2  co r r e spond  t o  t he  ca tego r i ca l  r ank i ngs

o f  wine  qua l i t y  i n  F igu re  7?  We  can  exam ine  t h i s  by  p lo t t i ng  I CA  componen t  2  va l ues  f o r  each

w ine  (y -ax i s ,  F igu re  8 )  aga in s t  a  measu re  o f  wine  qua l i t y  t a ken  f r om  t he  j udges ’  commen t s  ( x -

ax i s ) .  The  va l ue  we  use  f o r  t he  x -ax i s  i s ,  f o r  a  g i ven  wine ,  t he  pe rcen t  o f  t ha t  wine ’ s  ca tego r y

4  and  5  r ank i ngs  ou t  o f  t he  t o t a l  numbe r  o f  4  and  5  r ank i ngs .  Fo r  examp le ,  P rem ie re  E  F resh

MLF  has  nea r l y  16%  o f  a l l  t he  ca tego r y  4  and  5  r ank i ngs  ( t he  h ighes t  pe rcen t age ) ,  and  a l so

the  h ighes t  I CA  componen t  2  r a t i ng .  I n  con t r a s t ,  P rem ie re  Spec i a l  F ru i t  FW  has  0%  o f  t he

ca tego r y  4  and  5  r ank i ngs  and  t he  l owes t  I CA  componen t  2  sco re .  These  two  i ndependen t

measu re s  o f  wine  t a s t e  qua l i t y  ( I CA  componen t  2  va l ue  and  pe rcen t  o f  ca tego r y  4 /5  r ank i ngs )

a re  s t r ong l y  co r r e l a t ed  ( r  =  0 .77 ) .

F i gu re  8 :  x -ax i s  l abe l :  ‘Pe rcen t  o f  ca tego r y  4 /5  r ank i ngs
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4 .1  Conc lu s i on

The  t echn iques  eva lua t ed  as  po ten t i a l  mi t i ga t i on  t r ea tmen t s  f o r  smoke -a f f ec t ed  wine  showed

tha t  oak  and  che r r y  t ann in  add i t i v e s  a re  mos t  e f f ec t i ve  i n  imp rov i ng  wine  a roma  and  t a s t e

when  added  be fo re  ma lo l ac t i c  f e rmen ta t i on .  The re  i s  va r i ab i l i t y  i n  t he  e f f ec t s  o f  i nd i v i dua l

oak  and  che r r y  t ann in  t r ea tmen t s .  Wi th  t he  wine  t e s t ed  he re ,  P rem ie re  Spec i a l  F ru i t  was  t he

mos t  success fu l  t ann in  when  added .  

The  su rp r i s i ng  d i ve rgence  i n  qua l i t y  r a t i ng  f o r  some  t ann in  add i t i v e s / s t age -o f - t r ea tmen t

comb ina t i ons  sugges t s  t ha t  t hese  pe r t u rba t i ons  may  have  h igh l y  i nd i v i dua l i s t i c  r e su l t s .  F rom

one  and  ano the r  s t andpo in t ,  t h i s  sugges t s  t he  necess i t y  f o r  t e s t i ng  wines  wi th  as  l a r ge  a

pane l  o f  j udges  as  poss i b l e ,  because  a  g i ven  i nd i v i dua l ,  even  an  expe r t  wine  t a s t e r ,  may  no t

be  capab l e  o f  de tec t i ng  some  ob j ec t i onab l e  cha rac t e r i s t i c s  o f  t he  mod i f i ed  wines .  F rom  one

s t andpo in t ,  t hese  mod i f i ed  wines  may  be  sa t i s f ac to r y  t o  t he  t yp i ca l  non -expe r t  wine  t a s t e r .

Judges  were  i n s t r uc t ed  t o  r a t e  each  wine  f o r  each  qua l i t y  on  a  sca l e  o f  one  t o  t en .  Each  j udge

had  a  d i f f e r en t  i n t e rp r e t a t i on  o f  wha t  t he  midd le  sco re  shou ld  be  ( i . e .  t he  mean )  and  t he

sp read  o f  sco re s  ( i . e . ,  t he  va r i ance ) .  I f  t he  da ta  a re  used  i n  t h i s  r aw  f o rm ,  t he  r e su l t s  a re  t o  a

l a rge  deg ree  d r i ven  by  t hese  i nd i v i dua l  d i f f e r ences  wh ich  a re  i r r e l e van t  t o  t he  s tudy  bu t

e f f ec t i ve l y  add  a  g rea t  dea l  o f  no i se  t o  t he  da ta .  By  z - sco r i ng  each  j udge ’ s  wine  r a t i ngs  f o r

each  i nd i v i dua l  a t t r i bu t e  ( t ha t  i s ,  se t t i ng  t he  mean  wine  r a t i ng  t o  ze ro  and  t he  s t anda rd

dev i a t i on  t o  one ) ,  t he  sepa r a t e  j udge ’ s  sco re s  f o r  each  a t t r i bu t e  can  be  pu t  on  a  compa rab l e

sca l e  and  mean ing fu l l y  comb ined  f o r  ana l y s i s .

Ame l i o r a t i on  methods  u t i l i z i ng  t oa s t ed  oak  aqueous  e l l ag i t ann in s  were  no t  i n c l uded  i n  t h i s

s t udy  and  shou ld  be  eva lua t ed  a t  a  l a t e r  da te .  P rov id i ng  a l t e rna t i ve  ame l i o r a t i on  op t i ons  t o

w inemake r s  s t r ugg l i ng  wi th  methods  on  t he  cu r r en t  marke t  shou ld  be  cons ide red  i n  f u t u r e

t r i a l s .  
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