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Outline
• From cellular structure, location and retention…

to

• Sensory impact

• Conclusions



Casassa et al, 2018, Unpublished

flavan-3-ols
tannins

Seed microstructure and chemistry



0.5 to 0.8 mg/berry 

Monomeric flavan-3-ols



Monomeric flavan-3-ols



Dimers



3 to 5 mg/berry 
Trimers (and above)



0 punch-down

Unripe Ripe Overripe

1 punch-down

2 punch-down

3 punch-down

0

200

400

600

800

A
nt

ho
cy

an
in

s 
(m

g/
L 

M
v-

3-
G

.)

Unripe (first harvest)

0

100

200

300

400

500

600

700

Ta
nn

in
s 

(m
g/

L 
C

E)

0.0

0.5

1.0

1.5

2.0

2.5

SP
P 

(A
U

 @
 5

20
 n

m
)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

LP
P 

(A
U

 @
 5

20
 n

m
)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

TP
P 

(A
U

 @
 5

20
 n

m
)

6 12 200
0

500

1000

1500

2000

Days after crush

To
ta

l p
he

no
lic

s 
(m

g/
L 

C
E)

Ripe (Second harvest)

6 12 200
Days after crush

Overrripe (third harvest)

0 punch-down

1 punch-down

2 punch-downs

3 punch-downs

6 12 200
Days after crush

Casassa Lab, 2021, unpublished 

More variation

Less variation

Color of the wines as seen through a 1 mm pathlength cuvette

Cabernet S., 2020, Sunnybrook Ranch, Paso Robles





Velvet 

Suede
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anthocyanins
tannins

Casassa, 2018, unpublished 

Bondada and Keller (2012)

Not depicted: 
aromas and aroma 

precursors

Skin microstructure & chemistry
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Anthocyanins



Lack of acylated 
anthocyanins

Total anthocyanins: 
235 mg/L

acylated 
anthocyanins

Total anthocyanins: 
920 mg/L

2014 Pinot Noir 
@ pressing

2014 Syrah 
@ pressing

Casassa et al. (2014), unpublished

Anthocyanins



Anthocyanins
• Tasteless 
• May affect Redox Potential (high content à tendency to 

reduction, low content à tendency to oxidation)
• Upon extraction into must/wine form pyranoathocyanins

- Low molecular weight pigments 

• And polymeric pigments 
- Covalent reactions between anthocyanins and tannins
- Winemaking artifacts
- Specific mouthfeel properties
- Stable color (but lower than that of intact anthocyanins)



Casassa et al. 2021, AGJWR
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Polymeric pigments Pinot noir, clones 2A, 115 and 777
(Spanish Spring vyd, Edna valley)



Clone 2A

Clone 115

Clone 777

Control             MW stems             S+EM 

Casassa et al. 2021, AGJWR

Polymeric pigments Pinot noir, clones 2A, 115 and 777
(Spanish Spring vyd, Edna valley)



$750 bottle Napa V. Red blend (2013 vintage)
100 pts RP; 49% Cabernet Sauvignon, 38% Cabernet Franc, 8% Petit Verdot and 5% Merlot.

Anthocyanins (mg/L) SPP (AU) LPP (AU) Total Polymeric pigments 
(AU) Tannins (mg/L)

170 4.43 4.02 8.45 1046

$2,490 bottle Napa V. Cabernet S. (2012 vintage)

(*) Time of analysis and prices: March 2018

79% cabernet sauvignon, 17% merlot, and 4% cabernet franc. 
Anthocyanins (mg/L) SPP (AU) LPP (AU) Total Polymeric pigments 

(AU) Tannins (mg/L)

169 2.91 2.80 5.71 813

Polymeric pigments
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anthocyanins
tannins

Casassa, 2018, unpublished 

Not depicted: 
aromas and aroma 

precursors

Skin microstructure & chemistry

0.7 to 1 mg/berry 
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Cabernet S. 
Press fraction

Cabernet S. 
free run

Carmenere

Merlot 

Brossard et al. (2016)
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Are skin 
tannins more 
astringent ?



Astringency: driving factors 

Concentration

How much ?

Composition

• Polymer length  (mDP)
• Skin/seeds
• Size distribution
• Polymeric pigments

Wine matrix

• Polysaccharides
• Mannoproteins
• Acidity
• Ethanol
• Residual sugars

Physiological 
factors

• Saliva flow rate
• Taste bud density
• PROP status
• Bias due to color
• CM associations



(1) 
Concentration

How much ?

(3)
Composition

• Polymer length  (mDP)
• Skin/seeds
• Size distribution
• Polymeric pigments

(4)
Wine matrix

• Polysaccharides
• Mannoproteins
• Acidity
• Ethanol
• Residual sugars

(2)
Physiological 

factors
• Saliva flow rate
• Taste bud density
• PROP status
• Bias due to color
• CM associations

(*) yellow fonts: driving factors in each category

Astringency factors: hierarchy



> 

Astringency factors: hierarchy
Ta n n i n s  b i n d  t o  p r o t e i n s  i n  a n  o p p o r t u n i s t i c  f a s h i o n  f o l l o w i n g  

c o o p e r a t i v e  b i n d i n g  



(1) 
Concentration

How much ?

(3)
Composition

• Polymer length  (mDP)
• Skin/seeds
• Size distribution
• Polymeric pigments

(4)
Wine matrix

• Polysaccharides
• Mannoproteins
• Acidity
• Ethanol
• Residual sugars

(2)
Physiological 

factors
• Saliva flow rate
• Taste bud density
• PROP status
• Bias due to color
• CM associations

(*) yellow fonts: driving factors in each category

Astringency factors: hierarchy



Astringency factors: hierarchy
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Casassa et al. (2013),  Australian Journal of Grape and Wine Research cv. Merlot 

plateau

Lineal extraction of 
seed tannins

Fast extraction of skin tannins

E x t e n d e d  m a c e ra t i o n :  
a s t r i n g e n c y  s u b q u a l i t i e s  



How to bui ld mouthfeel  and texture in 
Pinot noir

• Building mouthfeel and texture on Pinot noir is hard
• Options

- EM à bitterness, less color 

Casassa et al, 2019



How to bui ld mouthfeel  and texture in 
Pinot noir

• Building mouthfeel and texture on Pinot noir is hard
• Options

- EM à bitterness, less color 
- Add stems
- Add WC
- Lees ?
- What else ?

Casassa et al, 2019



Casassa et al. (AJEV, 2021)

Prior drying After drying

W h o l e  c l u s t e r  a n d  s t e m  a d d i t i o n s  
( P i n o t  n o i r,  c l o n e  1 1 5 )



Winemaking stage

Pressing

3 months bottle aging

9 months bottle aging

15 months bottle aging 

24 months bottle aging
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W h o l e  c l u s t e r  a n d  s t e m  a d d i t i o n s  
( P i n o t  n o i r,  c l o n e  1 1 5 )



Casassa et al. (AJEV, 2021)
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How to bui ld mouthfeel  and texture in 
Pinot noir

• Building mouthfeel and texture on Pinot noir is hard
• Options

- EM à bitterness, less color 
- Add stems
- Add WC
- Lees ?
- What else ?
- You can just ferment warmer 



Fe r m e n t a t i o n  a n d  p u n c h  d o w n  re g i m e  ( P i n o t  n o i r,  
c l o n e  6 6 7 ,  B a s s i v i n e ya rd )

Lots fermented in triplicate at 3 temperatures, 50 ppm SO2 @ crushing

HOT ferment
(82-90 F) 

COLD  ferment
(53-62 F) 

COLD/HOT  ferment
(7 days cold, 7 days 

hot) 

2 punchdowns/day
(PD)

NO punchdown
(NO PD)

2 punchdowns/day
(PD)

NO punchdown
(NO PD)

2 punchdowns/day
(PD)

NO punchdown
(NO PD)



Temperature 
evolution

Very consistent temp curves

Hots: peak of 99 F

Colds: never above 68 F

Inoculated for MLF (VP-41), post AF

Wines bottled Feb 2022
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Polymeric  pigments
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Certain varietals lend themselves to 
more positive mouthfeel/textural 

characteristics 



6 0  c o m m e rc i a l  w i n e s  C e n t ra l  C o a s t  a p p e l l a t i o n  ( 2 0 1 8 )  

pH

Alcohol

Titratable acidity

NTU's

Free So2

Bound SO2

Total SO2

Acetic Acid

Glu + Fru

Lactic acid

Malic acid

Tartaric acid

Acetaldehyde

Wine color (AU 420+520+620 nm)

Hue (420/520)

Anthocyaninis

Small Polymeric Pigments

Large Polymeric Pigments

Total polymeric pigments

Tannins
Total Phenolics

Cabernet Sauvignon

Petite Sirah

Zinfandel

Cabernet Sauvignon
Cabernet Sauvignon

Cabernet Blend

Malbec

Cabernet Sauvignon
Red Wine Blend

Petite Sirah

Zinfandel

Zinfandel

Zinfandel Blend

Cabernet Sauvignon

Meritage

Cabernet Franc

Petite VerdotCabernet Sauvignon

Cabernet Sauvignon

GSM

Zinfandel

Zinfandel

Cabernet SauvignonCabernet Franc

Zinfandel

Cabernet Franc
Petite Sirah

Petite Sirah
Cabernet Sauvignon

Cabernet SauvignonCabernet Sauvignon
Cabernet Sauvignon

Petite Verdot

Malbec

Meritage

Cabernet Sauvignon

Zinfandel Blend
Zinfandel Blend

Zinfandel

Cabernet Sauvignon

Cabernet Franc Meritage
Malbec

Petite Sirah
GSM

Cabernet Sauvignon

Meritage

Syrah Blend

Zinfandel

Petite Sirah

Cabernet Sauvignon

Cabernet Sauvignon

Cabernet Blend

Petite Sirah

Cabernet Sauvignon

Cabernet Sauvignon

Syrah Blend

Zinfandel

Meritage

Cabernet Sauvignon

-6

-4

-2

0

2

4

6

8

-6 -4 -2 0 2 4 6 8

F2
 (1

7.
67

 %
)

F1 (18.95 %)

Mouthfeel/texture cluster



5 0  c o m m e rc i a l  w i n e s  C e n t ra l  C o a s t  a p p e l l a t i o n  ( 2 0 1 9 )  

pH
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Case study: Syrah
• Syrah: Rancho Real (Santa Maria Valley AVA), clone 828
• Winemaking treatments

- Control
- Whole cluster (foot stomped)
- Green stems (100%)
- Dry Stems (100%)



Syrah (phenolics @ pressing)
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Syrah (sensory)
• WC: black pepper character, less color
• Green stems:  acidity, jammy

• Dried stems: Suede-type astringency



Conclusions
• Flavan-3-ols: bitterness, cap management (disruption)

• Anthocyanins: color and polymeric pigments

• Tannins
- Opportunistic binding driven by concentration - Act cooperatively 
- Astringency non-proportional to tannin content – good understanding of how key winemaking 
practices affect content, but consider astringency subqualities 

• Mouthfeel and the “weight” of the wine on the palate is a multimodal sensation
- Polymeric pigments and tannins: astringency subqualities
- Mouthfeel attributes driven by varietals and winemaking techniques 
- Key to build mouthfeel: minimize flavan-3-ols, maximize polymeric pigment formation, extract 
tannins preferentially if they are high MW 



Federico Casassa, Ph.D.
(lcasassa@calpoly.edu) 

mailto:lcasassa@calpoly.edu



