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Abstract: The Department of Viticulture and Enology of Unisigy of California

at Davis has recently been endowed with a newit@iand research (T&R)
winery. The heart of the winery is the fermentatioom which houses close to
170 fermentation tanks of various sizes. The hagihtfermentation tanks raise
fermentation control to a new level. Each is eqagpwith digital sensors that were
purpose-designed by a team of engineers led bgtmgliished inventor and CEO
of a semiconductor producing firm who also is aevemthusiast. The sensors on a
chip closely monitor fermentation and wirelesslgngmit measurement data, e.g.
data on Brix, to the winery's computers and intodloeid. In this paper we briefly
introduce the winery and we then illustrate digfeimentation monitoring using
monitoring of color and phenols in red wine fernaion as an example. We close
our contribution with reflections on the transfaliépinto practical enology of the
digital sensors.

1 Introduction

In a modern university the applied sciences, ligecalture, enology, and other food
sciences, serve mainly three functions: teachiegearch, and the transfer of useful
research results into industry. Moreover, two gples have proven their worth in
applied research and teaching: (i) research andhiteg are best carried out in
conjunction, and (ii) some applied research is bestlucted not in a laboratory but on a
scale that approximates the scale of operationgractice. The actual scale of such
applied research is thereby often a compromise dmvgeveral considerations, such as
closeness to operational scales that prevail ictioey need for parallel experiments
conducted by students, and costs. Moreover, suehabpnal scale experiments often
also serve demonstration purposes.

The Department of Viticulture and Enology of Unisiéy of California at Davis has
recently been endowed with a new training and rebe@ &R) winery that raises digital
fermentation control to new levels. In our paper bréefly provide some general



information on the new winery, and we describdatsnentation control based on digital
sensors using a specific application that was tgceeported in the research literature
[SH14]. We then discuss the potential value of itB& winery for practical enology.

2TheT&R winery

The T&R winery is part of a teaching and researomplex which consists of the
winery, a brewery, and a food-processing facilttlf.three facilities are embedded in the
Robert Mondavi Institute. The winery covers an area,160 M - nearly the area of an
Olympic-sized swimming pool. Less than half of thatea is occupied by the
fermentation room, which houses 152 small fermématnks of 200 liters capacity and
14 larger tanks of 2,000 liters capacity each. @esioffices, a lab, and several cellaring
rooms for bottles and barrels, the winery also &dSchatzkammer" for special wine
collections, a classroom with large windows towatte fermentation room, and,
something that is rarely seen in other teachingrasdarch wineries, a special room for
the computers that process, store and make ackefisthdata captured by the sensors
that are embedded in the fermentation tanks. Méartlyeodata are, however, stored in the
cloud and are accessible there for staff and stad&he T&R winery is used by staff of
the Dept. of Viticulture and Enology and by MScestnts of enology. At present, the
number of students in a MSc-cohort is about thirty.

Prof. Roger Boulton, the godfather of the winesyproud of the winery's status as the
world's first LEED Platinum winery. LEED stands fdeadership in Energy and
Environmental Design, a rating system for the desigpnstruction and operation of
"green" buildings that was developed by the U.Sed@rBuilding Council (USGBC).
Features of the winery that have contributed th BED status are the capture of carbon
dioxide from all fermenters, the use of solar poviear hot water generation, and the
thorough insulation of the building, which has dicedly reduced energy requirements
for air-conditioning, even on Davis' hot summer glay

Even though the winery is operated as part of th#ip university system of the State of
California, its construction was privately funded full. A major donor was Robert
Mondavi, the legendary Oakville wine promoter whaaene the institute bears.

3 Digital fermentation monitoring

Wine fermentation is a highly complex process inclthyeast cells convert sugar into
CGO, and alcohol, and during which a large but unknomymber of aromas are generated
or transferred from the grapes to the wine [BOE&rmentation has been described as
chaotic, comparable to the weather or the stocketdFL94]. Chaotic complexity may
have contributed to the evolution of consideratedity in wine making processes that
range from the laissez-faire of “natural” wine maki through moon-calendar guided
biodynamic wine making, to high-intervention wineaking. Improvements in wine



fermentation that enhance the market value of @&wam that reduce wine production
costs, are not achieved by poetically waxing altoeitwonders of natural wine making,
or by adhering to moon calendars, or by stubboctilyging to ancient wine making
traditions. Rather, progress in wine making, atha production of any other food and
beverage, depends on the ability of producers qoiee knowledge of the scientific laws
of enology and to turn this knowledge into supeporduction skills and products. This
is why students of wine making are usually educatestientific research and training
facilities, and not in wine ashrams or wine museums

In the natural and applied sciences new knowledtgn aarrives in the wake of new
instruments for measurement. Miniaturized digitaisors are such new instruments and,
by using digital sensors the T&R winery has raifdhentation monitoring and control
to a new level. Each of the fermentation tanks dsigped with sensors that were
purpose-designed by a semiconductor producing firhose CEO also is a winery
owner. The sensors on a chip closely monitor fetatemn and wirelessly transmit
measurement data, e.g. data on must temperatur8raqdto the winery's computers
and into the cloud. Moreover, a digital sensor hasn developed that allows online
monitoring of color and total phenolics during fenmation of red wine [SH14].

Color, mouth-feel, and astringency are importardlity: attributes of red wines. Color
results from extracting during fermentation col@apents from the grape skins. Mouth-
feel, astringency, and bitterness of a wine areedjorelated to the presence of phenolic
compounds that are extracted during fermentatiomfgrape skins and from grape
seeds.

For phenolic measurements either chromatographgpectroscopy are usually used.
Color measurements are usually made using specpps8oth measurement methods
require taking samples manually on a regular sdeedefrigerated sample storage, and
taking the measurements sometime after sampling.rmiéasurement intervals — not the
sampling intervals - may be longer than pump-owéervals and pump-over may occur
even after desired levels of color and phenolictraekon have been attained or
exceeded.

To allow inline measurement of color and phenolitsreal-time during an ongoing
fermentation a sensor on a chip was built. Thea@eosnsists of a quartz transmission
flow cell, UV and visible light LEDs for light of iferent wavelengths, photodiodes,
analog to digital converters, printed circuit bgamicrocontroller, power supply,
graphical user interface and USB interface. Inlidtee sensor is composed of more than
30 elements, most of which are available from etsit equipment suppliers.

The sensor was used to measure the evolution @fr @id total phenolics during
fermentation in the T&R winery’s research fermestef grapes of various varieties.
Measurements taken by the sensor were compared wigasurements taken
conventionally and both types of measurements latee highly, for color as well as for
total phenolics.



4 Discussion

Monitoring data are valuable for fermentation mamagnt when the data can be
processed by decision routines or heuristics thable wine makers to better control
fermentation. This suggests that fermentation nooiniy data need to be combined with
fermentation process models that in turn can beeeohbd into decision models or
fermentation management heuristics. Neither prooessdecision models exist at this
time, but research on such models is under wayeMaar, both digital data capture and
decision heuristics would have to be integrate@d minery work flows to assure
continued adoption. Finally, the cost of digitahsers, which are at present custom-
made and priceless, would have to fall to a levieéns their use becomes economical.
Given that digital sensors are a capital investmrith incurs fixed costs, their use is
more likely to be economical when they are imbeddddrge fermentation tanks.

New technologies regularly incur revenge effectdiicv are “ironic unintended
consequences of ... ingenuity” and which happen “bseaew structures, devices and
organisms react with real people in real situationsays we could not foresee” [TE97].
A typical revenge effect of new methods of meas@mmand quantification is the
“McNamara fallacy”, that is the human tendency ttaeh more weight and attention to
things that can be quantified than to things tlainot, but that may be more important.
In wine production, where many wine attributes tthetiermine the wine experience by a
drinker cannot be measured, the consequencessofallicy may be comparable to the
fallacy of reducing female beauty to the measurasnehbust, waist, and hip.

5 Closing remark

Still, beauty is in the eye of the beholder andanismore a good than it is an art form.
While no one set of measurements will ever captiueemany dimensions of fine wine,
this new tool will allow winemakers to more consigly produce wines of specific
extraction levels. Like other advances in the rsme of winemaking, on-line
measurement of color and phenolics should resudetter wines at reduced prices, thus
benefiting wine drinkers across the globe.
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