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RDI

* Provide less than full evapotranspiration demand
(Keller, 2005) e o

— More uniform ripening Pruning weight = 0.91 kg/vine| | Pruning weight = 0.42 kg/vine
— Reduce water usage
— Reduce vigor

— Control berry size




Berry size

e Winemakers want small berries

* Berries do not grow like balloons
Shellie (2004), cv. Merlot
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Winemakers Like Phenolics

Grape and wine pigments: Anthocyanins

Astringency of Red Wine:

— Tannins are heterogeneous class of molecules
— Interaction with salivary proteins

Long Term Color:

— Polymeric Pigments known as stable Color
— Anthocyanins react with tannins and other phenolics

Antioxidant
— Role of SO,, Fe, Cu



Where do they come from and why
does that matter?

« Skins contain anthocyanins and large MW tannins
— Large MW Tannins are effective protein ppt

e Seeds contain low molecular weight tannins

— Small MW tannins are more less effective protein ppt
— Tend to be more bitter than astringent

 \When you pick fruit and how you make wine

Influences types of tannins and amount of pigments
you extract



Back to RDI & berry size

RDI

Concentration
(mesocarp
reduction)

l Biosynthesis
B) > @ (vacuole
concentration)




Two Sets of Experiments

Dr. Keller, Dr. Smithyman, Dr. Riley Dr. Larsen & now
Dr. Casassa

Cold Creek Vineyard: Cabernet Sauvignon

15t Exp. When should deficit be applied? Early, Late,
or Full?

2"d Exp. Full season deficit severity and compensation
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Anthocyanins & skin tannins (mg/g)
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Dryness
Brown hue

Red hue Harshness
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Surface Texture
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Late Deficit and Industry Standard Wines driven by Red and
Brown hue
Early and Full Deficit Wines driven by Astringency, Color



So who would win a fight between...

T-Rex and Great White  We pit vineyard vs. winery in these
Shark? experiments

Lion and Tiger?  Which one controls phenolic
Snake and Mongoose? content of wine?

Great White Shark and Orca? © Deficit Irrigation in the Vineyard
Answer: Clearly it depends. vs....Extended Maceration &

Saignée
Land vs. Water; Future vs. N 1
Past ot really.

e But it makes it more exciting.



Berry weight and yield

(2011, 2012, 2013)

Berry weight, irrigation percent reduction and yields over 3 consecutive seasons (2011-2013) in

Cabernet Sauvignon grapes of the different RDI treatments.

Berry weight Irrigation Yield
Entire
Treatments queaI\s/‘.IcF))n V?;rrr)]/t % Applied % K/ %

s (MPa) (g% reduction | (mm) | reduction | vine reduction
Full irrigation: 100% ET, -0.83 a 1.15a | --—--- 315a | ---- 6.53a | -
Industry Std: 70% ET, -1.03 b 1.11 a 3% 228 b 28 % 491Db 27 %
Late irrigation: 25/100% ET, | -1.03b 0.99b 14 % 180 ¢ 43% | 5.68b 15 %
Full deficit: 25% ET, -1.22 c 0.87c 35 % 77d 76 % 2.76 C 60 %

Different letters within values in the same column indicate significant differences for Fisher’ s LSD test and p < 0.05.




Phenolics (mg/g FW)

Fruit phenolics

(2011, 2012, 2013)

Phenolics FW basis

Phenolics per berry basis

B Anthocyanins
EE Skin tannins
I Seed tannins

Phenolics (mg/berry)

100% ETc 70% ETc 25/100% ETc 25% ETc

Irrigation treatment

Y XX

100% ETc 70% ETc 25/100% ETc 25% ETc

Irrigation treatment

Casassa, Keller, Harbertson, unpublished



Concentration (mg/L CE)
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Tannin distribution by concentration: RDI
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Casassa, F., R. Larsen, C.W. Beaver., M.S. Mireles, M. Keller, W. Riley, R. Smithyman and J.F. Harbertson. Journal of Agricultural and Food Chemistry.



Concentration (mg/L CE)
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Effect of EM and RDI

Quantltatlve Descrlptlve Analysis 2011
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Descriptive analysis (2011)

1.0

-l Purple Component E ( B )
| | Eed Co?ponent : Saturation o .

rown Componen :

B Saturation E 0

B Red Fruit Purple . ' 25 A) ETC

I Black Fruit Component 4 :'_
Oxidized Character y &

W Bitterness & - ”
B Astringency - ' B Astringency

Oxidized Character 25/ 100% ET

L
‘%3 Brown Component

0.5

C

Dimension 2 (17.02%)

i rin
o .":::E?r]

‘*; Red Component

70% ETC
LQ
S

100% ET.
C)' —
: I | T I[ T T T
-15 -1.0 -05 0.0 0.5 1.0 15

Dimension 1 (76.62%)

Casassa et al. (AJEV 2013)



Descriptive analysis (2011)
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Descriptive analysis (2011)

B Purple Component : B
B Red Component Saturation ( )
Brown Component [

B Saturation '

B Red Fruit Purple

W Black Fruit Component 3
Oxidized Character . I i .
M Bitterness i ; ~#p\Bitterness

B Astringency £ | "4 Astringency

0.5

. “\Oxidized Character

Iy 1

Red Fruit 3\-'"""1:-'-; % 3 Brown Component

D e | ettt e i i e e § - & | R
o -y LR
Black Fruit W ;
5‘-.-'; #/Red Component

Dimension 2 (17.02%)

-1.0

Controls EM

I I I I

-15 -1.0 -0.5 0.0 0.5 1.0 15
Dimension 1 (76.62%)

ﬁ
Casassa et al. (AJEV 2013)




Conclusions

 Winemaking Techniques vs. Vineyard Techniques: Draw!

— Extended Maceration has impact on tannin structure and
perception of astringency whereas RDI did not

— Extended Maceration impacted tannins, wine color and had more
evident impact than vineyard treatments

— Flavor profile changes evident from sensory showing RDI has
Impact too

* Vineyard Treatments Reduce Yield too much

— 25% ET_reduced yield by 66% but differential gain in phenolics
and color did not outweigh crop reduction

— 25/100 % ET_ was best choice for maintaining yield and some
phenolic improvements
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Sensory Impact of Extended Maceration and
Regulated Deficit Irrigation on Washington State
Cabernet Sauvignon Wines

L. Federico Casassa,'* Richard C. Larsen ? Christopher W. Beaver,!
Maria S. Mireles,! Markus Keller,* William E. Riley,” Russell Smithyman *
and James F. Harbertson*

Abstract ltnpbunpﬂl:boﬁmr_humguhh-l Mmtmmmn:ﬂmﬂmgmmhun—

temded maceration have besn

] parspective bt their imvpact on semsery

:mmﬂmmvﬁalmmﬂﬁ:lim&fmhﬂhmm impact of extendad

‘macaration
plenizhment of 100%., T0%%, and 274 of full-vine

to Cabarmst Sawvigmon grapes sourced from a vineyard subjected to four RTT troatmeats: m-

) From. fruit sot ustil veraizon. followed

‘op evapotaspiation
by 100% ET, until harvest {labaled 100%c ET,, 70% ET,, and 2% ET,, ruspectively) and 23% ET, from fruit st to
wurzison followsd by 100%: ET, from verisen to harvest (labeded 257100% ET.). Fach RTT tearmant was roplicatsd

four times (0= 4) and mads ixto wine, with tam
15) and chemical and sensory data wers cormelated wsing

of Aavomols,

replicatss designated as comtrols (10 day skim contace) and twro as
axtemded maceration (30 day skin comtact) Winss wers svabeated by desscriptive

anabysis with a traized pansl (2=

camemical correlxtion analysis. Wins-parceived sateration
ﬂpqlnmmwmhpmmsznmsmdmhgﬂymhﬂmhmm
mahridin- and and small

wmrs highest in the 23100% FT, and 70% ET, wines.

Wmhﬂudmmm

increased p d

bmumuwhuhmmmnmlindmﬁthmn{ﬂw—-]-o]lﬂm pmuntnq.:l:mlm;
Thass resnlts muggest that moderate RDI protocols such as 70% ET, and 25/100% ET, impact positively the Sty
aroms compensnt (hlack and red freif), whersas sxmnded maceration lowarsd froity anomas, posusibly dns to the
making effect of the cxddized character perceived in thess wines.

Eey werds: dsd

deficit irri

In wines, ohserved variations in sensary attributes such as
calar (hue and satiration) and taste and mouthfes] properties
(such as hitterness and astringency) are primarily the result
af the composition and concentration of two phenalic classes,
anthocyanins and proanthocyanidine {Lesschasve and Noble
2003, Preys et al. 2006). Anthocyanins are pigments that
mdulate wine color directly due to their speciral properties
and indirectly by panticipating in reactions such as copizmen-
tation resulting in the typical byperchromic shift (mare colar)
and bathochromir shift {more parple colar) ebserved in young
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red wines (Boulton 2001). Iselated antharyanins are tasteless
m'm.dmncllyﬂawed{\’mﬂ et al 2004). However, when
anthocyanins react with proanthocyanidine during winsmak-
Ing, polymeric pigments are formed and thess in turn can

modulate astringency (Weber et al 2013).
Proanthocyanidins (also referred to as tannins) and, to a

lesser extent, meonomeric flavan-3-ols, display hizh affinity
for proline-rich protein: found in the saliva of humans and
other mammals etal. 1987, Poncet-Leprand et al
2007). The tactile sensation of astringency arises from the
formation of proanthoc yanidin-protein complexes upon con-
tact of the wine proanthocyanidins with the oral epithelinm
in a reaction driven by both bydn ic interactions and
bydrozen bonding (Baxter et al. 1997, Simon et al 2003).
Epicatechin-3-0-gallate and catechin can precipitate proline-
rich proteins when the malar ratio of Savan-3-ols to protein
exceads 17 (Poncet-Legrand et al. 2006), which highlights
the patential cooperative role of Savan-3-ols in astringency
perception in red wine.

Manapement of the maceration period during red wine
is arpuably the most common practice to achieve

production

the selective diffusion of phenolics, aroma precursors, and
free aroma compounds from the skins, seeds, and stems
(when present). Extended maceration (EM) is a widely nsed
winemaking technique based on extending the contact of
the fermentation solids with the wine after farmentation iz

Am. J. Enol. Vitic. 04:4 [2013)
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Impact of Extended Maceration and Regulated Deficit Irrigation (RDI)
in Cabernet Sauvignon Wines: Characterization of Proanthocyanidin
Distribution, Anthocyanin Extraction, and Chromatic Properties
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(1) 100%

crop (100% ET,),

{I) 70% ET,, (TN 5% ET, mlﬂnnm,iln\uibp 100% ET, onel hareest, and TW) 25% ET,. Each vineyard replicate wos
made inio wine with fwn replicates designated as contmls [mdnrhmm)mdn-:umddmm {EM, 30-day

(mDF), size conc

of wine

slrin mdﬂ:i;l "I'IJ: mean degree of
dins (PAs) and
techniqoes. The maceration lengdh impared a Lge

famn-3ok of 90 Mmmmhmﬂmmm
efiet on most chemicll paramesers. The RDT teatment had no ofect on

ithe exiraction patierns nfmlnqmtu, PAs, andfor an hmnfﬁ:l"hﬂ:ﬂdhhﬂnﬁufmnﬁ EM led to
increased PA exmaction

anthocyanin bosses and
of flavan 3.0z, olig:

~73% of seedderred PAs Accordingly, the

maceration, with
(2 < mDP < &) and polpmenic PAs (mDP > §) wos higher in EM wanes

The size distbution of the wines PAs revealed o major peaks & a fandion of conceniration at mDP 2 {12—37% of ital PAs
mass) and at mDPF 67 [12—17% of ol PAs mass) -ﬂminuimﬁirnnmmnmlwmm
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d defictt brri
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B INTRODUCTION

Phenolic compoands are nhiquitons in plant-deived food and
bevemge prodocts. These are fonctonal bimaleonles poasessing
a spectfic three ammatic ring sptem defined by a C6—C3-C
mbutgmllﬂl\ql and nonhydrond sobstio:
thons! T Vith weifrs L, phenolics are synth d via the

flamn- 30l in the PA stroceare, which
are linked by cowmlent C4—C8 (or less commondy C4—08)
interflavanic bonds, is mferred to as mean degree of poler.
iragion (mDP) In wines of five V. salfera alvars, e polpmesc
[mD'P:\- 5)PA fracSon accoanted for 77— 95% of the mal PA
# 10, ex, in the previons sindy FacfionaBion was

phenylpmpanoid biosynihesic pathway, which & modolaed by
hhbkwtm&hmmmmhmg
umlglﬂn.""ﬂma dp ghetwn
mtm&nﬂtﬂnkdﬂﬂmwﬂpswmsm
anthocyanins and proanthocpaniding Anthocmnins ocor as
warnolar components in the siin tieme (and in the mesocarp of
the felaturier varietes) and are present as monomers of siv
giyansylated foms, malvidin, cyanidin, pemnidin,
peansdin, delphinidin, and pelargonidin ** Glycosylation
typially ooors at ghe C3 position and renders the maolecole
vl:u—n:hl:t' Bmos Gaolitating ther eady ermacion doring

macenSon

Preanthocyaniding (PAs) are present in seeds, sirs, and
stem/rachis as oligomers and polymers of foor flavan 3.l
sabandts: (+)-catechan, (—)-epicatechun, (—)-epigalocatechan,
and [—quudmmfﬂn" The awerage number of

vm Publcations  ©2012 e i sacieey

performed in C18 SepPak mrmidges and quansficaton was
Mlqllgnlﬂ exaay, which lacks spertficty in wine

W In a separate smdy, the polymeic Fadion
repmsented 77 —84% of the ol PA dstribation and showed a
mDP varighle fram 63 fo 13, bot ghe presence of oligomes,
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m“anmmﬁkmtdmm&m&uﬁ,uﬂl
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Effects of Vineyard and Winemaking Practices Impacting
Berry Size on Evolution of Phenolics during Winemaking

L. Federico Casassa,! Richard C. Larsen ? and James F. Harbertson*

Absiract: Four methods of egelated deficit irrigation (RDT), an Erigation. wharalry
rates at or balew the full evapotranspiration (ET), m:pphldmt‘lh-tnﬂs-\mmﬂl 'l'hnmm

mmuﬂmmmmmu comtel (10-day (1.5
iremnoval of 16% of omst by volues at crushing). The 27 ET, troatment had highar

30-day macoration), and sxignde

techmigas ‘water s supplied at

:nnﬂnmu.m{ﬁn!hwushthm:luflkmauhrymm and soed tanmims. Ovarall, skin tannime showod morsased
‘bdosymthesis in 100% ET, and 25100% ET.. wheasas seed tanmuing wers mostly (posithvely) affoctod dee fo a reduc-

tion of frech wedight in 2% ET,  Extractiom of anthocyaming and tasmins during

ramged from 40 to T3%

‘winsmaking
and from 17 to 26%, respectivaly. Dunngmmhmbmmmlh:h& ﬂhﬂq:mlndhmmm

oy tha BOL e

“were crased pri by the and

secondarily by the DI treatments. Consdsteat with a higher cozfent of anthocyanins, 23% ET, wizes had higher

concemrations of polymeric pigments and greater color saturation and a* (red color comsponant) both at day 30

and after 120 days post-crashing. FM anboamesd sood tazmin extraction, which rewnlted in a 50% incrosso in wing

tannins relative to control and saigmés wines, but it lowsred anthocyanins and color saturation. Saignée increased

anthocyznins at day 5 by 22% and tazmims by 24% {rulative to control wines), reselting in bigher concentrations of

pbmpm:ﬁrlﬂ]-ﬂ:yl Both satgnés and control wings had a ronghly sqeivalent proportion of seed- and
sead-darived

skim-derived tazming, whereas FM wings had 73%

tazming.

Key werds: anthocyanins, sxtended maceration, regulated daficit brigation, saignés, tazmins, wize color

Anthocyanins and tannins are phenolic compounds bear-
ing a three-aromatic ring system defined by a C&—C3-Ca
structure that possess specific hydroxyl and nonbydroxyl
substinutions. Anthocyanins and tannins are responsible for
the sensory features that distinguish red wines from other
‘beverages (Cheymier 2008), inchading taste sensations such
as hitterness (Robichmsd and Mable 1990), tactile senzations
such as asiringency (Arnold et al. 1980), and wisual sensations
such as cobor sanration and bue (Somers 1978). Anthocyanins
and tannins cannot elicit aromatic sensations due to restric-
tions impesed by their molecular weights, which are higher
than the 300 Da limit for volatility (Foman 3011). Newverthe-
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less, they may affect the partitioning of aromatic compounds
Mmmﬂh@mﬂpﬂuuﬂmmm
ortho- and retronasal perceived aroma (Mufioz-Gonzaler at
al. 2014). Therefore, anthocyanins and tannins can medulate
the whole sensory spectrum of red wines.
Anthocyaning are responsible for wine color and ocour as
wacuolar inchisions in grape skins (and in the mesocarp of the
Iem.n.u culu\lals} as gl]ﬂ:osyia‘ml LOLOmETS cct'lmhmlm.

electrophil-
ic substitutions (He et al 2017). Anthocyanins can react with
tannins during winemaking to furm palymeric pigments, which
can madulate astringency (Wollmann and Hofmaon 2003
also referred to as fannins, Soour m
seads, skins, and stem/rachiz as olipomers and polymers of
four flavan-3-ol subunits: (+)-catechin, {-}-epicatechin, (3)-epi-
gallocatechin, and ()-epicatechin-3-0-gallate (Prieur et al
1984, Souquet et al. 1984). Seed- and skin-derived fannins
differ in their chemiral compositions, which affect their sen-
tham skin tannins and are compaesed of (+)-catechin, (-)-epi-
catechin, and epicatechin-3-(-gallate, with monemeric fla-
Seads are predominamtly bitter becanse of their high content
of monomeric favan-3-els (Thorogate and Moble 1995) and
proanthocyanidin dimers and trimers, which tend to be more
‘hitter than astringent Moreover, as the percentage of gal-
loylation of seed tamnins increazes (or in the wine made from
them), it enhances their ability to precipitate with proline-
rich-proteins (PRPs) found in human saliva, thus increasing
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