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The quality of wines and other spiritous products is strongly in-
fluenced by the nature and the length of the aging treatment to
which the product is subjected. The traditional methods of aging
wines and related products are costly and slow. Their effects are
imperfectly understood with the result that they are unpredictable,
poorly controlled, and wasteful.

Nearly every conceivable physical treatment has been tested as
a means of improving the quality of spiritous products by accel-
erating or simulating aging. The results of these tests are often
individually unconvincing or apparently conflicting, involving as
they do many problems of engineering, chemistry, and quality
evaluation.

The extensive and scattered bibliography on this subject has
been collected, summarized, and evaluated in the light of recent
developments. This publication aims at informing on the one
hand, chemists and food scientists regarding the state of the art
and future possibilities of accelerated wine and spiritous beverage
aging; and, on the other hand, persons in the industry regarding
the scientific understanding of the effects produced by various
physical treatments intended to accelerate aging. It is hoped that
both basic scientific and commercial research will be stimulated
and to that end several suggestions are made upon lines of attack
that appear promising for further study.
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FOREWORD

WitH THE increasing interest of the general public in wine appreciation
and quality, coupled with the need for cost reduction through modern tech-
nology, California wine makers have become increasingly interested in ac-
celerated aging treatments.

The purpose of this publication is to provide a comprehensive and eritical
summary of the reported physical methods of accelerated aging. The litera-
ture upon this subject is extensive and unusually widely scattered—by
language, type of product, date of publication, and type of publication
(trade journal, applied scientific journal, basic scientific journal, ete.). As
a result, many of the papers are not readily available in any one library.
Although the emphasis is upon wines, the reactions should be similar and
much important information is available on other products; therefore ref-
erences not bearing directly on wines are included as they appear necessary
for as complete an understanding as possible.

It was difficult to draw the line with regard to articles of a trade-journal
nature. To make the bibliography as complete as possible, the tendency has
been to include such material. In such cases greater emphasis has probably
been placed upon articles published in English since these were more readily
available and more pertinent to the situation in California and the United
States of America.

Many citations have been obtained through Chemical Abstracts, and the
abbreviations of publication names and reference designation will, in so
far as possible, reflect the practices of that publication. Other important
sources of citations have been the bibliographies of cited articles and reviews,
and the abstract sections of Chemasches Zentralblatt, Industries alimentaires
et agricoles, Bulletin de UOffice International de la vigne et du vin, Zett-
schrift fiir Lebensmittel-Untersuchung und -Forschung, and others. The orig-
inal articles have been studied in most cases. Those which it was impossible

1 Received for publication October 9, 1961.

? Lecturer in Enology and Assistant Enologist in the Experiment Station, Department
of Viticulture and Enology, Davis.

[319]



320 Hilgardia [Vol. 32, No. 7

to obtain have been evaluated by cross comparison of as many reviews or
abstracts as possible. -
This publication aims at informing, on the one hand, chemists and food
scientists regarding the state of the art and future possibilities of acceler-
ated wine and spiritous beverage aging ; and, on the other hand, winery per-
sonnel regarding the scientific understanding of the effects produced by
various physical treatments intended to accelerate aging. Many of the older
reports are re-evaluated in the light of more recent developments. Since
improvement in a wine is difficult to agree upon, particularly when differ-
ent national, dietary, climatic, ete. factors are involved, emphasis is placed
upon the more definite experimental results such as compositional changes.

INTRODUCTION

The slow, uncontrolled, and imperfectly understood traditional methods of
aging of spiritous products are expensive and wasteful. The large inventory
of product and storage facilities with the attendant immobilization of capital
and tax liability result in raising the cost of the product considerably to
provide a reasonable return on the investment. These costs increase continu-
ally with longer aging. Traditional methods do not give uniform, predictable
improvement in each lot and the long storage increases the unavoidable or
accidental loss and damage hazard. Consumers are not always informed
enough or individual lots may not be improved enough to justify increased
selling prices to cover the increased cost. As a result there continues to be
strong pressure to avoid the traditional methods of aging either by modifying
the product so that less aging is needed or by accelerating the aging process.

For one reason or another interest in accelerated aging of wine and spirits
has been very sporadie. For example, the immediate post-repeal era in the
United States saw an intense interest in quick-aging methods. Almost every
conceivable treatment was hastily tried in an effort to market products in
short order with reasonable quality. As inventories were built up, producers
returned to traditional methods and the majority of the proposed methods of
quick-aging had a very short life. In fact, many treatments never achieved
commercial application and were not tested by what today would be con-
sidered adequate methods. The situation at other times and in other countries
has been similar—an intense interest, diligent study for a short period,
acclaim and strong partisanship for various procedures, followed by silence,
and return essentially to the status quo.

It is believed that a less frantic and more sustained study of accelerated
aging should bear more permanent fruit and that the improved techniques of
product treatment and evaluation available today promise more clear-cut and
permanently useful results. This opinion is apparently shared as evidenced
by the renewed scientific interest in the problem not only in the United States,
but also in the U.S.S.R., France, Germany, Spain, Italy, and other wine-
growing countries. So many man-years having been already expended, it
seems imperative to evaluate and summarize these efforts as prelude to
further experimentation.

The estimation of the effects produced and the value of a given quick-aging
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treatment is a knotty problem and may be the stumbling block that has pre-
vented more general adoption of previously proposed procedures. Certainly
there is no unanimity of opinion as to the optimum degree of aging for any
product. At the outset it should be recognized that just as the label “im-
ported” will be preferred by a certain class of consumer regardless of the
merits of the product, so will products “aged by ancient, traditional methods”
have appeal and probably maintain a place in commerce. “Aging” is not an
entity or single reaction; neither is a single product produced by a single
method expected to be the utlimate, desired by all consumers above all other
similar produects. The approach taken here, then, will be to estimate the effect
of specific types of physical treatment on the quality and chemistry of the
treated product based upon the available data and in relation to the effects
generally eonsidered desirable in traditional aging without insisting that the
traditionally aged product be exactly simulated. Wines and other produects
of this class are expected by the consumer to have differences, at least within
certain limits, depending upon the particular producer, ete. A flavor change
in a product such as, for instance, grape juice is likely to be interpreted as an
“off” flavor and discriminated against. In wine and related products, how-
ever, the consumer expeets flavor change as a result of processing and aging.
It would appear that, with proper merchandizing, a flavor that is unusual
with respect to any existing product yet not objectionable might be saleable
as a new product. With this in mind, the eventual commercial application of
procedures first considered as accelerated aging treatments appears even more
promising.

Another point worth mentioning by way of introduction is that, consider-
ing the risk and expense involved, it is not surprising that only the premium
lots of wine were habitually saved for extended traditional treatment. Con-
versely, at least within small commercial organizations, a premium lot of wine
may not have been risked in testing any experimental quick-aging process.
The quick-aging treatment was expected to up-grade standard or even
slightly defective products and yet was often compared, consciously or un-
consciously, with the traditionally aged premium produets. It is believed that
expecting too much of quick aging, together with ill-defined goals and preju-
dice against innovation, may have prevented adoption of useful treatments.
With dispassionate reassessment, the scientific basis and potential value of
the myriad suggested treatments should become clearer. To limit this report
to manageable size, consideration has been restricted to physical treatments.
This classification has been necessarily arbitrary. For example, distillation
and adsorption are physical in nature, but the results are achieved by
chemical fractionation so they are not discussed here.

TRADITIONAL AGING TREATMENTS

Before accelerated aging can be considered, it is necessary to consider the
traditional methods and their objectives. It is intended to make the volumi-
nous literature upon the chemistry and technology of traditional aging the
subject of another report, so only the briefest outline will be considered here.
General references on the subject include those by Amerine (1938, 1950),
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Sichel (1946), Carles and Lamazou-Betbeder (1959), Ribéreau-Gayon (1948-
49), Bedoukian (1952), Strausz (1947a, b), Joslyn and Amerine (1941a, b),
Jacobs (1951), and the standard technical reference books for particular
products.

Our use of the terms maturing and aging of alcoholie solutions is intended
to relate to those changes perceived by the senses as color, flavor, or odor
changes in freshly finished or semi-finished products as a result of time or
additional treatment. Under our broad definition any quality change and the
underlying compositional changes are considered a part of aging if they
occeurred or were produced after the product had been fermented, distilled,
or blended to its typical alcohol content or if they accomplish the same ends
as such changes. Some writers have applied “maturing” to aging in wood
and “aging” to bottle aging of wines. This distinction does not seem useful
and will not be used here. Maturing does, however, imply changes in the
earlier and overall still desirable stages, whereas aging is still going on in
products that are deteriorating with time. Particularly in older reports, the
processes of natural or assisted clarification and loss of yeastiness of freshly
fermented products are considered a part of aging. Clarity and yeast removal
are readily achieved today in very young products without resort to treat-
ments that are considered part of aging, and terming such treatments “aging”
should be avoided. Such treatments do, however, change composition and
quality and thus do relate to aging.

Although the details vary greatly with the specific wine type, the producer,
and the different geographical areas, wines traditionally have been aged for a
period of several months to a few years in relatively small wooden containers,
usually made of some species of oak. When the wine is judged “ripe” to bottle,
the final processing and bottling is done. The bottle, stoppered with natural
cork, is then stored by the producer or other members of the distribution
chain and perhaps by the consumer for various lengths of time ranging up
to many years. Except for frequent filling up of the wooden container to
prevent the harmful effects of the air space produced by evaporation, the
maintenance of appropriate—usually relatively cool—temperatures, and
occasional transfer to other containers for various reasons, there is little
direct participation in this traditional process of wine aging by the wine
maker. Time is expected to produce the desired effect and the control of the
process involves primarily the decision to terminate each stage based upon
frequent sensory evaluation, traditionally depending upon the sole judgment
of the master cellarman. This description is over-simplified, and in modern
wineries many modifications and more elaborate controls and evaluations are
used. There seems to be a feeling, however, justified or not, even among
scientifically trained wine producers that these newer treatments may be
indispensable for other reasons, but from the single viewpoint of the most
desirable aging either contribute little or represent compromises.

The chemical reactions that occur during the wine aging process include
limited oxidation, esterification, ester interchange, polymerization and pre-
cipitation, hydrolysis, etec. Compounds that participate directly or indirectly
in color or flavor are contributed from the wooden container, probably from
the cork, and possibly from the glass bottle. In some wines special processes
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contribute to the modification of color and flavor. Aging of bottle-fermented
sparkling wine on the yeast sediment is accompanied by yeast autolysis and
flavor change. The various wines called sherry include types whose flavor
depends upon a secondary aerobic yeast fermentation during aging as well
as Madeira-like wines baked to produce special flavors. The degree of oxida-
tion which produces a desirable sherry would “spoil” a wine intended for
market in many other categories ; this fact re-emphasizes that the desirability
of a reaction or its extent cannot be considered entirely separately from the
specific product.

Among alcoholic products other than wine, perfumes and flavor tinctures
are usually blended and then subjected to a period of “marrying.” This
requires a few weeks or months of storage of the alcoholic solution, usually
in impervious containers, to allow interaction of the odorous constituents and
precipitation of substances which are not soluble in the mixture. As a result,
the product usually acquires a fuller aroma and is also stabilized as to odor
quality and clarity before leaving the producer’s hands or being bottled.
Beer may be aged for short periods, in some cases some contact with wood
shavings is included, but in the United States little true aging is involved,
and once the beer has deposited or been relieved of yeasts and haze-forming
substances it is considered marketable. Whiskey and brandy, on the other
hand, are largely dependent upon the changes produced during aging. Their
identity and quality depend heavily upon colored and flavored substances
extracted from the wooden barrel, although oxidation and chemical inter-
action with the constituents of the distillate being aged also appear to be
involved.

The effects of aging from a sensory point of view are also several. The
amount of brown color (or yellow, amber, gold, ete.) ordinarily increases. In
red-colored wines, the red decreases, the net effect being change from a frank
red or purplish red to a tawny, brown or orange-hued red. The flavor should
improve from three directions—harsh or too strong flavors appear less
strongly, extra flavors are added, and flavors change by interaction. As a
result, the flavor becomes more mellow, more complex, “rounder,” fuller,
and more interesting. The “hot,” alcoholic, raw taste of distillates and forti-
fied wines is lost or masked. The hard, astringent, tannic taste of young red
wines is mellowed. Flavorsome amounts of wood flavor may contribute
favorably to several kinds of beverages. Bottle bouquet is an extra, desirable
odor and flavor in most table wines and some fortified wines. The known
odorous and tasteable compounds in several fruits, wines, and other fer-
mented beverages are numerous. Many of these compounds are quite reactive.
As an illustration related to aging, imagine a solution containing appreciable
amounts of four primary aleohols. If portions of each of these were oxidized
to aldehydes and some of each of the aldehydes further oxidized to carboxylic
acids, the remaining alcohols could each esterify with each acid and the
mixture would eontain 28 compounds as compared to the original four. If the
possibilities of mixed acetals are considered, the number is multiplied even
more. Similar multiplications of flavorsome compounds undoubtedly con-
tribute to the improved fullness and complexity produced during marrying
and aging of spiritous products.
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Just as it is difficult to define the point in time that aging of a product
starts, it is also difficult to define the traditional practices even for a single
type of product. There are no inviolate operations in modern commercial
practices and what is “traditional” at one moment is greatly or slightly modi-
fied the next. Although such treatments are not directly accelerated aging,
the net result is the same if the requirement for aging can be lowered or
eliminated. Some of the most successful yet least heralded treatments for
shortening aging time lie in this area. Since the composition of the young wine
governs its need for and reaction to the various changes introduced during
aging, any processing change with effect upon wine composition will probably
also affect the aging of the wine produced. It is not within the scope of this
report to detail all such interrelationships and one or two examples will serve
to illustrate the importance of such manipulation. It goes without saying,
of course, that sound initial products are assumed—aging, accelerated or not,
should not be used to cover up defects resulting from poor wine-making
practices.

One of the common defects of young dry red table wines one expects to
rectify by aging is the extreme astringency and roughness resulting from a
high tannin content. The tannin is extracted from the seeds, skins, and stems
during the early stages of the fermentation, but onee the wine has been
separated from the particulate matter no further extraction can occur. If
the wine is separated from the skins, etc., earlier, the tannin content and the
resultant aging requirement are reduced. Since color extraction from the
skins parallels tannin extraction (Ough and Amerine, 1961), color may be
too low if early pressing is carried to extreme. It is true, however, that the
trend has been to earlier pressing of red wine fermentations. Specific data
upon current commercial practices are difficult to obtain, but Amerine and
Cruess in 1960 state that for red table wines the wine is drawn off after about
three to four days and rarely more than five in California. Amerine and
Joslyn in 1951 stated that four to six days in contact with the skins was
desirable in California for red table wines and might be as long as 15 days
depending upon the degree of astringency and color desired. The diversion
of some red grapes to the making of pink rather than red wine is part of this
trend. Rosé wines generally require much less aging than is traditional for
red wines. The same trend—reduction of time on the skins and aging require-
ment—has been noted in other viticultural areas. For example, Reuss (1961)
has noted a decrease in the age at which Bordeaux and Burgundy wines are
retailed in England owing at least in part to changes in vinification practices.
Although wines produced by decreased contact with the skins may not have
as high potential quality as those with longer contact, they do appear to
realize their potential sooner.

Another example of the effect of a change in production procedures upon
aging lies in the use of more nearly pure ethanol for fortifying dessert wines
or for beverage spirits. The “hotness” of freshly distilled spirits has been
attributed to some ingredient among the more volatile constituents or
“heads.” Less volatile constituents including the fusel oil or higher alcohol
fraction also affect the flavor. The distillate with the most congeneric sub-
stances may eventually yield the most interesting and highest quality prod-
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uet, but more time is ordinarily required for the hot or heavy flavors to be
lost or adequately modified by the reactions of aging. Conversely then, the
use of as pure ethanol as permitted by practical or legal considerations should
shorten the aging requirement. Arroyo (1940) reports the reduction of aging
of rum from four years to six to nine months by controlling the nature of the
distillate. Again the ultimate quality may be somewhat less, but acceptable
quality is achieved sooner. With the shift away from pot stills and the im-
provement of continuous stills with efficient fractionating columns, the
spirits for use in blending and in making dessert wines have been more and
more nearly pure ethanol. The resultant products can lack much of the raw,
fiery taste which required either long aging or customer fortitude in years
past. Legal restrictions, in the United States at least, limit the extent to which
this idea can be pursued in production of straight beverage brandy or
whiskey. However, the use for blending of neutral spirits aged for a short
time in previously used barrels, the market growth of blends, and approach-
ing the legal limit of proof of distillation as closely as possible appear to be
widespread and growing. The result is non-offensive products requiring less
expensive aging than has been traditional.

In both of the examples given, the product required less aging than before
because of a decrease in some constituents. As already implied, the quality
score of such products would be expected to be satisfactory, but not as high
as well aged, premium ‘“‘old-fashioned” products, at least if scored by con-
noisseurs of the traditional product. Whether or not the general public really
favors the decreased flavor level and increased mildness (or insipidness)
which seem to be the commercial vogue in many mass produced products is
subject to debate. Even if so, however, the manipulations of product prepara-
tion which may delete objectionable features or enhance some desirable ones
such as fruitiness will not completely obviate the need for aging of spiritous
products since there are desirable qualities added during aging. These quali-
ties are recognized and prized by a portion of the consuming public. If they
can be introduced into the products reliably and inexpensively it is reason-
able to suppose the products would have increased appeal to additional por-
tions of the public.

ACCELERATED AGING BY PHYSICAL TREATMENTS

It is proposed to discuss the methods of physical treatment which relate to
attempts to accelerate aging of spiritous products under several subheads.
In most cases the critical review of the data available from previous studies
specifically upon accelerated aging will be supplemented with a discussion of
the physical and chemical effects to be expected from the treatment. Previous
general publications on accelerated aging include those by Malvezin (1903),
Pozzi-Escot (1905), Snell (1934), Joslyn (1934), Brown (1937), Jacobs
(1947a), Deibner (1957a), Singleton (1959), and others which will be men-
tioned later in connection with specific treatments.

Agitation

Mechanical Treatments. In common with several other “quick aging” ideas
there has been a great deal of occultism associated with the effect of various
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forms of agitation on wines and spirits. The pleasant legend of the miller
who, noting that he lacked aged wine for his daughter’s wedding feast, at-
tached small casks to the arms of his windmill and was able to serve well aged
wine to his guests two days later has been quoted by Malvezin (1903). Mal-
vezin immediately points out that this treatment is more likely to lead to casse
formation—oxidation and turbid wine. He also quotes an 1844 article by
J. Fauré to the effect that agitation of a bottle of wine followed by repose
hastened the deposit of sediment and improved the wine. In the modern situa-
tion, clarity is achieved preferably by stabilization before bottling and
hastening deposit formation in bottles probably would not apply. Of course,
much agitation of a bottled wine which contains a deposit would not ordi-
narily be desirable because the sediment probably would be dispersed in the
wine and decantation of clear wine would be impossible at least for the time
being. Malvezin believed that the effects noted were due to hastened oxidation
rather than the movement as such and stated that if the wine was sealed in
the presence of carbon dioxide rather than air the improvement by bottle
agitation deseribed by Fauré did not occur.

The agitation produced by shipment (often a round-trip) on ocean-going
ships has often been claimed to improve wines. As recently as 1959 consider-
able publicity was given to the return of a cask of wine which had sojourned
some time on a ship. The tasting of this wine by several reputed experts in a
garden-party atmosphere led to several favorable opinions upon the effect of
the “treatment.” There may be some historical justification for the belief held
by some that baking of wine under oxidative conditions to produce baked
sherry or Madeira-type wines was copied from the effect of transportation of
wines in the hot holds of slow ships. One report (Malvezin, 1903) describes
the shipment of French dry red wines, vintage 1848 bottled in 1851, on a
year-long voyage to Calcutta. When compared with bottles of the same wines
retained in the cellar, the shipped wines had more orange color, less softness
and fruitiness, much more developed bouquet, and in short appeared much
older than the samples not shipped. Pasteur (1873) concluded that the effect
of an ocean trip to warmer climates was the result of high temperature and
aeration perhaps encouraged by the alternate positive and negative pressure
effects within the container (especially wood) and not agitation itself. He
notes that wines so treated often take on a cooked or burnt taste suggesting
the important effect of temperature. This flavor change was prevented if the
wine was hermetically sealed and was less in bottles than in casks.

The location of storage cellars near heavy traffic and other vibration-
producing conditions has been considered as an aging treatment. Malvezin
(1903) described storage cellars built under railway arches in London in
which wine became perfectly clear more readily than in other cellars. This
effect appears to involve primarily clarification rather than aging and is
likened to the effects of hand turning in encouraging sedimentation of yeasts
from bottle-fermented sparkling wines. Treatment with sound will be dis-
cussed in another section but at low intensity is just another vibration. More
has been claimed for rocking or violent agitation than for tremulous agitation
(Jacobs, 1947). Among the early French patents reviewed by Malvezin
(1903) were those by Timby (1892), Cousseilhat (1867), and by an organi-
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zation with a most intriguing name, the “Mechanical Spirit Maturing Syndi-
cate Litd.” (1890). Cousseilhat aged alcoholic liquors by agitation in a barrel
with rotatable wooden paddles much like a butter churn. Timby used a small
circular railroad with vertical waves in the rails and pulled the casks around
on little cars which resulted in changing “the molecular state” and aging
wines and spirits. The Syndicate’s machine was supposed to age brandy and
other liquors by agitation and dispersion in air in a closed container, but the
drawing shown by Malvezin seems mechanically inoperable.

Perhaps frightened away by such antics as just described, in more recent
times workers have evidenced relatively little interest in agitation or other
purely mechanical treatments. As a part of other treatments they are more
common. In France, continuous stirring at 35°C to accelerate oxidation,
uptake of tannin (from wood), and esterification may be used with distilled
spirits (Bonis and Moroy, 1948). Drew (1935) has patented an aging con-
tainer for spirits which, by wooden baffles, resists motion of the contents,
although his primary purpose was to increase the wood surface available for
extraction. The improvement of flavor of spirits by treating in a vibrating
ball mill or similar device containing ceramic balls vibrating 0.5 mm at 100
cycles/sec has been claimed (Kiesskalt, 1951). Pressure with agitation and
then vacuum treatment without appreciable evaporation of aleohol have been
recommended by Wilkin (1952) for the improvement of distilled spirits such
as gin and whiskey. The primary effect claimed is the removal of relatively
volatile constituents. A British patent (Farbenindustrie, 1925) covers a
process involving use of rapidly moving beaters, pressure, and perhaps heat
or cold to mature alecoholic beverages such as sherry and port, and perfumes.
Kawasaki (1954) ages cider or beer by injecting CO, under pressure and
agitating. Takahashi (1907) suggests quick-aging of sake by rotating the
container at high speed for more than 20 days. Kraft (1950) claims produec-
tion of a superior whiskey distillate by mixing with air under pressure and
explosive release of the pressure.

These reports are not very satisfying and one is tempted to write off agita-
tion except as a way of speeding some other effect such as evaporation, aera-
tion, ete. One further thought, which has not been mentioned by previous
authors in this connection suggests itself. Ruggli (1912) in his classic work
on high dilution reactions has shown that if two functional groups capable
of reacting with each other occur on the ends of a relatively long molecule
one can get good yields of the eyclic product if there are few reactive mole-
cules present at any given moment, but gets instead the alternative polymeric
product if the coneentration is increased. Similar effects may oceur in wines.
It is the usual experience that rapid aeration does not give the same aging
effect that slow diffusion of oxygen through wood does. It is also known that
gradients may exist in static containers and portions of the liquid may be
relatively concentrated or dilute with respect to some constituents or react-
ants. These facts suggest that fewer side-reaction products may be formed if
the mixture receives sufficient agitation to ensure that concentration gradients
do not exist. For example, if one oxidizable substrate is considerably more
reactive than others, under conditions of agitation in the presence of air it
should be consumed before others are attacked. Without agitation it might be



328 Hilgardia [Vol. 32, No. 7

locally depleted at the top of the cask and other compounds could be attacked
in that layer. The result would be that the ultimate products produced with
agitation and without agitation would not have aged in the same way (which
would be better is unknown, of course). As has been emphasized before, a
change involving only a relatively small number of molecules of an odorous
compound need be made to change the flavor. For these reasons it is believed
that agitation may be found to be an important factor to be controlled in
achieving maximum rate of aging reaction in large containers without over-
throwing the desired flavor.

Sonic and Ultrasonic Treatment. The vibration produced by sound waves
has been claimed to have favorable effects in wine aging. Although the idea
of improving fine wines by subjecting them to violin concerts is romantically
attractive, it has never been seriously advocated and might be more appro-
priately applied to mellowing the consumers than the wine. The claimed
effects of audible sound on wine have been attributed to the agitation pro-
duced (Malvezin, 1903). Ultra sound (that above about 20,000 cycles/sec)
has been reported to have special properties with respect to beverage treat-
ment. Let us first outline what ean be expected to occur under sonic and ultra-
sonic treatment and then detail the reports of applications to spiritous
produects. .

Sonic treatment sufficient to produce physical and chemical changes in
liquids requires considerable intensity or power. This does not necessarily
mean high frequency. This point is often confused, probably because only
at high frequency is high power attainable economically (Henry, 1954). A
sound wave whether in, or higher than, the audible range consists of regularly
alternating higher followed by rarified pressure pulses accompanied by an
alternating, orderly, forward and recovery movement of the molecules. Some
of the sonic energy is absorbed and appears as disordered molecular motion
or heat. The relative movement of different molecular species and particles
within a liquid under the influence of a sound wave would differ somewhat
depending upon their size (inertia), their tendency to absorb sound, and
other factors such as sound reflection in the container used. Agitation and
mixing would result. '

Another effect of sonic vibration which can operate at relatively low fre-
queney and power is the agglomeration or dispersion of particles. Whether a
particle is dispersed into smaller particles or combines with other particles
to form a larger unit depends upon its own nature (size, the strength of the
forces of coherence, ete.) and the sound used (frequency, intensity). As a
rule, the larger the particle the lower the optimum frequency for agglomera-
tion (Weissler, 1953). Were it not for the effects of cavitation, the use of
sonie treatment of beverages would seem to be of rather feeble interest and
certainly less elaborate methods can be used to stir, heat, or clarify wines.
Treatment of liquids with intense sound can, however, produce more pro-
found effects, practically all of which appear to be the result of cavitation.

Cavitation is the phenomenon which results when the rarified pressure
stage of a sound pulse is low enough to produce a bubble-like fracture, or void,
within the liquid. This void collapses as the following high pressure phase of
the sound pulse arrives. The violent hammering produced may be likened to
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that produced when steam is vented into cold water. The momentary pressure
and temperature produced by the rushing together of the essentially incom-
pressible liquid as a cavity collapses are very high—of the order of millions
of atmospheres and at least 10,000°C are predicted by calculation of the forces
involved (Richardson, 1957). Cavitation is also related to sonoluminescence,
a faint light believed to arise from electrical discharge across the cavitation
bubble. These virtually unique conditions of pressure, temperature, ete. not
surprisingly produce interesting chemical effects. Although the mechanisms
are debated (Del Duea, et al., 1958), there is evidence for chemical bond fraec-
ture resulting in reactive ions and free radicles.

Weissler (1953) has studied and reviewed the chemical effects of ultra-
sound (see also Richardson, 1957). Intensity of the order of 0.03 watt/cm?
or higher is required to produce cavitation (and hence most chemical effects)
in ordinary distilled water. The frequency has as a rule little or no direct
effect upon cavitation rate. As the intensity (above the threshold) increases
cavitation generally increases linearly to some optimum and then decreases,
although not all reactions show the expected decrease (Lindstrom, 1955).
The decrease is believed the result of absorbing or damping out of further
energy by the intense bubble production or by decreased cavitation as a result
of degassing. The optimum intensity for H,0O, production in water was 0.1
w per g of solution in one series of experiments. As the volume of the liquid
in the treatment chamber was increased the optimum intensity increased.
Cavitation is difficult or impossible to produce with present equipment in
completely degassed water. Cavitation bubble initiation and the subsequent
violent collapse seem to require or at least are much more easily produced
when gas is dissolved or very finely dispersed in the liquid. The nature of the
gas has a great effect upon the reaction produced. When oxygen is dissolved
in water the major chemieal effect of cavitation is hydrogen peroxide produe-
tion. If air is used nitrous and nitric acid are produced in addition. Pressure
has a profound effect as might be expected ; low pressure inhibits (degassing)
as does high (bubble suppression). The optimum for maximum cavitation
appears to be about 1,000-1,500 mm Hg. As long as all reactants are present
in execess, ultrasonically produced reactions ordinarily proceed linearly with
time after the first few minutes. Temperature, in the 20-50°C range, appar-
ently does not have a great effect upon reactions depending upon ultrasonic
energy. The rate often decreases as the temperature increases. In addition to
the production of H,0, in water solution, many other chemical effects of
ultrasonie cavitation have been observed. Most of these reactions are oxidative
in character, but at least one case of a reduction has been reported (Richard-
son, 1957). Oxidative rancidity of unsaturated fats may be hastened. Poly-
merization or depolymerization reactions may be produced (equilibrium
molecular weight appears to be of the order of 25,000). Halogen or sulfur
may be liberated from organic molecules (Srivastava, 1958). Alcohol and
acetone inhibited this action and such relatively volatile compounds appar-
ently suppress cavitation or its effects. Aromatic rings can be completely dis-
rupted, acetylene being one of the produects (Zechmeister and Magoon, 1957)
and nuclear hydroxylation of the ring may be produced (Parke and Taylor,
1956).
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The effect of ultrasound upon the rate of reactions that will proceed with-
out ultrasound is variable. In some cases the reaction or the attainment of
equilibrium is speeded up—at least partly by inereasing the frequency of
contact or diffusion of the reacting molecules. In other cases the reaction
may be stopped or inhibited—particularly if H,O, is detrimental or if com-
plex molecules are disrupted. Ultrasonic treatment of a reaction catalysed by
insoluble mineral catalysts speeded the reaction, presumably by comminu-
tion of the catalyst particles (Nikolaev and Askadskii, 1958). The rate of
hydrolysis of ethyl acetate and .other esters was usually considerably in-
creased by ultrasonic treatment (Thompson, ef al., 1953 ; Miyagawa, 1949).
Ultrasonic treatment of aqueous ethanol solutions gave little oxidation unless
the ethanol content was below 45 per cent, but at low alcohol content aldehyde,
free acid, and ester increased with time of treatment (Taki and Kunitomi,
1951). Lapinskaya and Khenokh (1953) report that 3 hr treatment with
30,000 eycle/sec sound of 0.02 M ethanol solution produced 7.98 mg of alde-
hyde/100 ml. Glycine, lactose, or glucose inhibited the oxidation. Lioiseleur
(1954) groups the chemieal effects of ultrasound with other oxygen activating
or “peroxidizing” agents, namely X-ray and ultraviolet irradiation, and notes
that ultrasound is the least efficient of the three in a model dye-producing
reaction. The rate of ultrasonically produced chemical reactions is usually
rather low; 4 mg/l/hr at 16 watts/em? has been suggested as typical
(Richardson, 1957).

Although these and other reports cover a great amount of phenomeno-
logical data on relatively simple solutions, the overall picture of the chemical
effects of ultrasound is still incompletely understood. Certainly in a complex
solution such as wine it is not possible to satisfactorily predict the nature and
the extent of the reactions ultrasound will produce.

Another feature of ultrasonic treatment is the diffieulty of quantitatively
reproducing a given reaction. What have been called topographic effects by
Zechmeister and Magoon (1957) account for much of this difficulty. The
shape, wall thickness, precise orientation with respect to the generator,
capacity, ete. of the treatment chamber affect the sound pattern and intensity.
These geometrical factors interact with the wave length of the sound to give
standing waves, ete. As a result it is difficult to reproduce results of other
investigators even if considerable detail of their experiments is reported
(whieh is often not the case).

Several applications of ultrasound to fermentation and spiritous beverage
production have been covered in general reviews of Chambers (1938), Berg-
mann (1954), Mattiat (1954), Ots (1954), and Renaud (1960). Fermenta-
tion, particularly by poorly nourished yeasts, may be inereased by ultrasound
presumably by inereasing the diffusion of nutrients to and produets from
the cell or by disrupting polymeric nutrients to make them more readily
assimulated (Egger, 1955). Ultrasound can disrupt and kill microorganisms,
but sterilization by this means has not proven practical (Proctor and Gold-
blith, 1951). The use of ultrasound to improve extraction of hops has enahled
considerable reduction in the quantity of hops required in beer manufacture.
The resultant beer is said to be improved and the process has been investi-
gated and applied on a commercial scale (Speight, 1958 ; Salaé, 1955 ; Ultra-
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Technik, 1957; Purtschert and Caratsch, 1955; Schild and Weyh, 1960).
Experiments on clarification of wine with ultrasound have been mentioned
(Anon., 1956). .

Use of ultrasonie treatment as a rapid-aging procedure was actually one
of the first nonmilitary applications of ultrasound investigated. Such use has
been mentioned in several summaries of quick-aging applications (Bur-
meister, 1952; Miyagawa, 1949; Blaha, 1955; Perin, 1952) as well as in the
general reviews previously mentioned. Processes for sonie or ultrasonic treat-
ment to accelerate aging reactions in raw fermented or distilled alcoholic
beverages have been patented. Bachman and Wilkins (1937) emphasized
acceleration of normal aging reactions such as esterification, wood extraction,
tannin hydrolysis, and aldehyde oxidation by 2 megacyecle/sec ultrasonic
irradiation of distillate in casks or in the presence of wood. Several hours
treatment in the presence of oak chips is said to produce taste and bouquet
equivalent to one year or more in traditional barrel aging. Chambers and
Smith (1937, 1940) also obtained patents on sonic and ultrasonic treatment
by equipment suitable to be used in wooden barrels. The application was
considered to be beneficial for whiskies, brandies, rums, liqueurs, and to
some extent for wines, cider, champagne, beer, and ale. Details of the equip-
ment are given, but in neither case were actual experiments reported with
chemical or sensory analysis. Somewhat similar processes making use of ultra-
sound have been patented in Germany (Atlas-Werke, 1952), France (Bugard,
1948), Switzerland (Eisenegger, 1951, 1954) and Russia (Protopopov, 1938).
Bergmann (1954) in his rather exhaustive summary mentions work by Kilp
(1951) who had no suceess in treating various corn distillates except for a
fore-run distillate which after 10 min of ultrasound definitely improved to
become similar to a middle-run sample.

Treatment of spirits, wines and perfumes with ultrasound has also been
reported in German journals unavailable to the author (Specht, 1950¢, d;
Curtze and Burmeister, 1950; Koch, 1950, 1951; Schmidt, 1951; Conrad,
1950). However, other reports by most of these investigators were available.
Specht (1950a) reported the treatment of various distilled spirits in 100 to
1,000 1 portions with a 1 megacycle/sec generator producing 300 watts of
sound energy. Periods of a few minutes raised the ester content to about
120 per cent of the original value with a wine distillate. Aldehyde decreased
and no great or consistent change in total acids or pH was found. As a rule
a degradation of fusel oil was noted and a trace of methanol was apparently
removed or destroyed in “K spirit.” The increased ester was partly lost in
six months storage, but did not sink below the value reached in the same
period by untreated spirit. In a more detailed report apparently on an ex-
tension of the same research, but ecovering many more kinds of alcoholic
beverage the results appear less favorable (Specht, 1950b). He reports in-
crease in quality of flavor has been obtained with several distilled produects
(wine, gin, rum), but notes that the conditions of treatment are important,
either too long or too short treatment may cause damage, and there seems
to be considerable lot to lot variation.

Blaha (1955) reports that ultrasonies appear to offer the best results among
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physical treatments for rapid aging of wine and Janicki et al. reached the
same conclusion with rye whiskey in a comparison with ultraviolet light and
distillation with a catalyst. Lichev (1956) found brandy was improved and
the improvement coincided with increased aldehyde content. The treatment
was with 950 ke/sec at 20-2°C with a 100 w generator. The improved char-
acter was retained through subsequent storage in oak barrels and bottles.
A process patented in Germany (Siemens-Schuckertwerke, 1952) utilizes
ultrasound to accentuate the effect of ozone in aging of wines and spirits.

Aging of wines by treatment with ultrasound has been reported by
Rakesanyi and Peszeszér (1958). Some minutes of treating five lots of wine
with 1,600 and 4,800 ke/sec sound waves under cavitating conditions were
followed by chemical analyses of the wines. Part of the sound energy was
“stored” in the wine and by flavor judgment and chemical analysis it was
concluded that two effects were produced—an immediate shift toward chem-
ical equilibrium and faster subsequent aging as compared to the untreated
wine. The analyses as percentage of the control samples averaged for the five
lots for the 1,600 and 4,800 ke/sec treatment respectively were: total acid
157, 188; total ester 109, 195; acetaldehyde 120, 152; and fusel oil 91, 88.
Matikova (1957) mentioned using ultrasound in the production of sherry-
type wines from hybrids of New World grapes.

Koch and Bretthauer (1950-51) studied the effect of ultrasound ad-
ministered by several methods to various spirits—gooseberry, currant, and
cherry dessert wines, vermouth, a liqueur, a Miller-Thurgau dry white table
wine, and 96 per cent distilled spirit. A comparative tasting was made about
1-7 months after treatment. They report grape wines to be unfavorably in-
fluenced in all their tests—aroma was lost and the flavor became somewhat
oxidized or less lively. The fruit dessert wines were usually improved, becom-
ing less aleoholie, more harmonious, and with more rancio or dessert wine
taste. The vermouth (apparently a finished young wine, i.e. no herbs present
as such) had less strong, bitter herb taste and became more like a dessert
wine after treatment. Under their conditions the equipment generated 3.5
w/sq em and produced the equivalent of 164 cubic mm of active 0, (calculated
to standard temperature and pressure) in 30 min in a 350 ml water sample
or 18 cubic mm/350 ce in water flowing at 10 min/l—approximately the
conditions used on the wine samples. Analytical data selected from their
report are shown in table 1.

A report by Hennig (1951) describes experiments with dry table wines.
‘White wines were not improved and, in fact, hardly changed. Analyses re-
mained the same with both white and red wine. A mousey taste was made
more apparent in red wine. Sulfur dioxide remained unchanged in the treated
wine and this suggests that air was carefully excluded.

In summary, it appears from the data outlined that one may expect oxi-
dative effects from the resultant H,0, and probably molecular fragmentation
and recombination of the reactive fragments produced, if wines or spiritous
products are treated with ultrasound under cavitating conditions in the
presence of some dissolved oxygen. Ultrasound may or may not hasten the
attainment of an equilibrium or increase the rate of a pre-existing reaction.
Thus, one could hardly expeet to achieve the identical effect of long, tra-
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ditional aging merely by ultrasonic treatment. The comments of Ots (1954)
in this regard are particularly suecinet. To the extent that more rapid extrac-
tion of wood and oxidative changes are desirable in a given product, these
two types of sonically aceelerated “aging” would appear to be interesting.
It is unlikely that delicately flavored wines (dry white table wines, for ex-
ample) will survive or benefit from sonic treatment. More robust products
may be improved and will withstand more intense treatment. There is no
evidence for specific “ultrasonic” flavor production although with intense
treatment Koch and Bretthauer (1950-1) noted a burnt taste and Surkov

TABLE 1
EFFECTS OF ULTRASONIC TREATMENT ON SPIRIT COMPOSITION

Inten- Time Free | Volatile | Total |Volatile
Spirit and treatment sity min aldehyde| ester acid acid rH pH
. w/cm? mg/1 mg/1 g/l g/l

96 per cent alcohol .. ................ O 3.28 10.00 0 0.02 21.16 4.86
Erlenmeyer flask................. 3.5 30 3.63 10.16 0 0.02 21.33 4.86
Miiller-Thurgau (1 year old)........ P 31.30 167.7 6.5 0.41 17.84 3.08
Flow through.................... 3.5 8 perl 30.47 162.8 6.5 0.39 19.32 3.08
Flow through.................... 3.5 16 per 1 30.93 162.3 6.5 0.38 19.62 3.08
Erlenmeyer flask................. 2.5 30 31.79 163.3 6.5 0.38 19.87 3.08
Erlenmeyer flask................. 3.5 30 32.89 155.4 6.5 0.39 19.90 3.08
Direct immersion................ 3.5 30 33.68 146.3 6.5 0.40 20.20 3.08
Vermouth. ......................... T I 129.9 174.2 4.8 0.56 19.56 3.06
Flow through.................... 5.0 16 perl | 137.9 158.4 4.8 0.50 20.09 3.10
Currant dessert wine................ P 76.69 157.5 10.7 0.48 18.27 3.67
Flow through.................... 2.5 8 perl 76.82 154.5 10.7 0.44 18.39 3.16
Erlenmeyer flask................. 2.5 30 78.37 131.4 10.7 0.43 18.49 3.16
Direct immersion................ 2.5 30 80.82 120.9 10.7 0.40 18.59 3.16

et al. (1960) mention a scorched flavor produced in milk. The slowness of
reaction rates produced by ultrasound might prove to be an advantage in
aging applications because a major problem in accelerated aging is over-
treatment and for flavor changes a relatively small number of molecules need
be changed. Further investigation of ultrasound seems warranted as a con-
trolled method of introducing small amount of H,O,, as a means of increasing
the rate of extraction of wood components (and perhaps herbs in vermouth
production), and perhaps (for example, under the influence of dissolved
gases other than air) production of other reactions related to accelerated
aging of wines and other spiritous produets.

Temperature Control

The microclimate desirable in a good aging cellar for wines has been studied
by Wegner (1955) and reviewed by Saller (1955). For red table wines
12-14°C (54-66°F) and for white table wines 7-11°C. (45-52°F) are sug-
gested with annual variation not to exceed 3-5°C, 92-95 per cent relative
humidity, and adequate air circulation. Amerine and Cruess (1960) recom-
mend 52-60°F for table wines and TO°F for dessert wines. Escritt (1960)
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suggests 54°F as the best temperature for a mixed cellar. There is general
agreement today on the desirability of a minimal variation in eellar tempera-
ture and that which oceurs should be slow and infrequent. That cooler tem-
peratures are more desirable for aging the lighter and less alcoholic wines,
warmer for the robust table wines, and warmer still for the fortified wines
is also generally agreed.

The same trend is noted with other beverages. Beer storage is quite cool,
about 32°F (Sieben and Elliott, 1959). Distilled beverage storage is variable
by product and area—ventilated sheet metal warehouses exposed to the
weather are often used for bourbon whiskey, masonry buildings heated in
winter for rye whiskey, and insulated buildings kept from overheating in
summer for California brandy (Herstein and Jacobs, 1948; Crampton and
Tolman, 1908). The trend appears to be toward more complete control of
temperature, humidity, and air circulation to minimize evaporative losses.
The temperature used is usually rather warm compared to that for other
products. Brown (1937) reports 70-80°F as most favorable for California
brandy.

As can readily be appreciated the time-temperature conditions for aging
reactions in spiritous products are quite unusual compared to conditions
used with food processing or chemical reactions where time is money if re-
actions are slow. Since the aging reaction rate must be related to temperature,
it is not surprising that the possibilities of improving or controlling aging
by temperature manipulation were among the earliest accelerated aging
treatments to be explored. For our purposes the use of any temperature
outside the “normal” conditions just outlined is to be considered an effort
to control or accelerate aging and therefore of interest.

Heating is the most obvious means of accelerating chemical reactions and
has been investigated again and again both alone and as part of other treat-
ments for accelerating the aging process. The temperature coefficients of
most chemical reactions lie between 1.5 and 3 (i.e. the rate is increased 1.5
to 3 fold for a 10°C temperature rise near room temperature). In many
cases the Arrhenius equation is applicable to systems involving several re-
actions even when they are not individually known (Steiger, 1958). It would
seem on this basis that one would need only to hold other conditions eonstant
and raise the temperature from 10° to 60°C to shorten an aging requirement
from four years to six weeks, assuming an overall temperature coefficient of 2.
It has not proved this simple, however. For one thing, aging involves several
reactions and the effect of increased temperature over such a wide range
could hardly be expected to be the same for all of them. The temperature
coefficients of the desired reactions may differ and other reactions which may
be negligible under traditional aging storage temperatures may become im-
portant at elevated temperatures.

At the risk of considerable oversimplification let us review briefly the
reasons behind these effects. As we apply heat to a solution and increase its
temperature we are increasing the speed of the molecules present in the
solution. This increase in kinetic energy increases the frequency of collisions
and the colliding molecules give or receive energy to each other depending
upon their speed, collision vectors, mass, etc. As a result, more molecules
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acquire sufficient energy to be “activated” and able to enter into a given
chemical reaction than would be the case at lower temperatures. A reaction
may be thermodynamically possible, but it will not occur at a useful rate
until sufficient numbers of the molecules capable of reacting can acquire the
necessary activation energy. Charcoal combines with the oxygen of the air
and the heat evolved maintains the reaction once the charcoal is ignited,
but as many backyard chefs will testify, it requires considerable activation
energy to initiate the reaction. If the activation energy for a given possible
reaction is low, then some of the reactive molecules can readily become acti-
vated and the reaction should proceed at a measurable rate at low tempera-
tures. The larger the activation energy of a reaction, the higher the tempera-
ture, in general, at which the reaction rate becomes appreciable (Glasstone,
1946). Conversely, of course, as temperature is lowered the reactions should
cease being observable in order of highest activation energy first. If a series
of reactions are arranged in order of increasing activation energy, it will be
found that their temperature coefficients increase in the same order.

Since traditional temperatures for aging spiritous products have been
relatively low—for the most part below room temperature, it appears that
the activation energy of the desired reactions is low. One would expect, then,
not only to bring in appreciable rates of other reactions of higher activation
energy as the temperature was raised, but also that further temperature
inerease would increase the rate of these higher activation energy reactions
more rapidly than it increases the rate of the desired low activation energy
reactions. This undoubtedly helps explain why, if one attempts to accelerate
aging by heating, the flavor of the produect is often altered compared to the
traditionally aged produect.

Heat treatments of wines to alter their quality and serve as quick aging
treatments, as broadly defined here, fall primarily into two classes: those
which drastically change the flavor of the wine and result in new types of
wine, and those which simulate aging but leave the produet still recognizable.
In the first case the produect is more the result of the process than any nuances
of raw material, as the ham may be more the child of the smokehouse than
the pig. In the second class, however, the process must be delicately engineered
to improve without spoiling the elegance of the starting material—perhaps as
cooking a prime beef steak—medium well done, please.

Many wines, if stored too long or in too frequent or intense contact with
air, become brown and take on special flavors. This condition is referred to
as maderization (or becoming Madeira-like) for white wines and has been
called rancio for red wines. Since the precise flavor connotation of the latter
term is not clear to the author and the ultimate result is very similar whether
red or white wine was the starting material, maderization is considered here
as the result of extensive oxidative changes in both red or white wine.

Whether or not such products originally resulted from making a virtue
of a necessity or a frequent calamity is beside the point. The fact is that
today there are a series of wines of this type which are widely appreciated
and are produced in eonsiderable volume such as Madeira, Marsala, American
baked sherry, tawny port and others. These wines or parts of them are now
usually cooked, baked or otherwise processed at relatively high temperatures
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and often for a considerable time. However, as has already been said, the
primary reaction is oxidation and detailed discussion does not belong under
the heading of physical treatments. It is tempting to digress long enough
to point out that the usual modern process for baked sherry is in reality a
quick-aging procedure in itself. It is the fate of an accelerated processing
technique to be considered as such for only a short time. If it works it soon
becomes the “traditional” process and research then starts to replace it with
a further accelerated, better controlled, or otherwise improved process. The
Tressler (1939b) process and the changes during baked sherry production
may be referred to by the reader for comparison with the more strictly
physical processes we will discuss (Heitz ef al., 1951; Guymon, 1955; Mattick
and Robinson, 1960).

It was well known by 1900 (Malvezin, 1903) that heating of wines in the
presence of oxygen or air produced “cooked” flavors and the condition we
would describe as maderization. He reported, however, little or no change
in the flavor of wines heated in the absence of air. This distinction was
apparently made clear from studies of pasteurization which Pasteur (1873)
developed not for milk, but for wine. The improvement of wines by heating
was a much more ancient practice, however. Some attention was paid to the
type of container and mode of heating, but from the descriptions one suspects
that maderization was the result. Curtel (1903) describes various practices
of Greek and Roman times. The practice came into vogue, apparently about
120 B.C., of storing wine in amphorae or other ceramic forerunners of bottles.
These were sometimes placed in the sun to heat. Another type called apothecae
were covered with gum inside and out and the wine sealed in with plaster.
They were usually hung in the kitchen or bath since these were heated. In
fact they were often hung in the chimney or in the smoke of the heating fire.
For processing large numbers of these vessels heated chambers, fumaria, were
used. The Romans understood that the heat was the agent not the smoke and
were aware that aging was produced as well as preservation. A pre-Christian
era quick-aging procedure! The placing of containers of wine, whether
bottles and carboys or casks, in the sun for aging is probably largely a matter
of benefiting from heat although light may be a factor. Part of the effect of
a sea voyage to tropical countries and return no doubt was produced by heat
in the hold.

There have been relatively few studies of heating in the complete absence
of or in controlled, limited amounts of air as aging treatments. Recently,
however, there has been a reawakening to the fact that one reason that quick
aging by heating has generally resulted in overtreatment probably lies in
the excessive oxidation produced when free contact with air was allowed.
This was first recognized in connection with pasteurization. Pasteurization,
although a life-saver for many commercial operators troubled with various
microorganisms contaminating their wines, fell into disrepute for fine wines
not requiring disinfection. Two important reasons for this were failure to
exclude oxygen efficiently enough and localized or general overheating of
the produect being processed (Miroir, 1931). It is now more generally appreci-
ated that the temperatures used should not be excessive, the processing time
must be carefully controlled, and the degree of oxidation must be sharply
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limited. Under these conditions it is possible to pasteurize wines with little
or no quality damage. Improved quality has been reported. Valvassori (1957)
treated vermouth at 85°C for 3 min, 100°C for 1 min, 105°C for 20 sec, and
105°C for 40 see. Organie nitrogen dropped from 170-210 mg/1 to 110-200
mg/], volatile esters calculated as ethyl acetate increased from 246-264 mg/1
to 282-300 mg /1, and oxidase activity decreased or disappeared. Organoleptic
properties were improved and faster aging achieved. Little or no effect on
S0, total acids, pH, or oxidation-reduction potential was produced. Ordi-
narily wines deerease in oxidation-reduction potential as the dissolved oxygen
present is consumed provided further contact with air is prevented. Lipis
(1957) reports that sweet wines heated to 65°C with exclusion of air for
periods of 4 to 10 hrs dropped in potential as much as would ordinarily have
required a year in enameled cisterns. Heating of cider away from air lowers
the oxidation-reduction potential and the lowered potential correlates with
desirable flavor (Creff, 1957). Deibner (1956) did not, however, find an
entirely consistent relationship between flavor quality, oxidation-reduction
potential, and heat treatment of fortified sweet wines. Deibner and Benard
(1956a, b) extensively reviewed the effects of heat on wines and reported some
of their own experiments. They found that heating wines in bottles (swept
with CO, to exclude air) at 40-45°C improved them, but the optimum time
and effect was variable by type and lot of wine. Particularly some white
sweet fortified wines were resistant to the treatment. Pretesting would appear
to be necessary to avoid overtreatment, but ten to fifteen days at 40—45°C
in the absence of air contact was usually beneficial to sensory quality. The
improvement was not clearly relatable to aldehyde content (which changed
little), acetal content (which was not detected), oxidation-reduction potential
(which usually decreased, but not uniformly or to any certain value), or
other usual analytical determination.

In general, fortified sweet wines appear to benefit from heating, par-
ticularly from severe treatment, more than do low aleohol, low extract wines.
This has been noted by several authors from Malvezin (1903) to the present
date. Kuttelvaser (1955) reviewed the treatment of wine with heat and noted
especially that warming dessert wines for a short time at 65-70°C improved
the flavor. Gerasimov (1955, 1958) has summarized work on the improvement
of wines with heat in a diagram which is reproduced in figure 1. Note the
low-heat conditions recommended for table wines compared to the extensive
heating with air for maderized wines and free of air for wines of the port
type. The application of these regimes in Russia is deseribed with some
details of the layout and operation of a commercial scale processing plant
utilizing a sequence of connected tanks in which it is possible to cold-stabilize
wines and heat them with or without addition of oxygen (Gerasimov, 1958).
The different treatment temperature-time conditions are not entirely equiva-
lent and Gerasimov notes that generally better quality results if the lower
temperature, longer time treatment is chosen over the faster, higher tempera-
ture treatment.

Gerasimov and Politova-Sovzenko (1950) note that heating of fortified
wines without oxygen develops the dessert wine flavor (as opposed to
maderization) and limited access of oxygen may be used beneficially with
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heat for port. A good port resulted from heating in 0.75 1 bottles with limited
oxygen (13 mg 0,/1) under the following regimes: 40°C—25 days, 45°C—
20 days, 50°C—15 days, and 60°C—10 days. The best quality, however,
resulted from heating without oxygen. Good results were obtained with
treatment for three to five days at 70°C followed by ten to twelve days at 40—
45°C. They found that wines already maderized lost the maderized taste and
became like old ports if heated 15 days in the absence of oxygen at 65-7T0°C,
Politova-Sovzenko (1954) reports analytical data in table 2 on samples of a
port-type, low sugar (3.1 per cent) wine heated at 60°C for 60 days.
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Fig. 1. Heat treatment for wines: Programs recommended for table wines lie in the
area A,B:C,D,; port treatment with air AC,D and without air AB,C,D; maderization (with
air) begins at MM, and is considered complete at BC.

Kazumov et al. (1956) heated light (table) and heavy (fortified?) white
wines at 60°C for 35-40 days. Maderization was the objective and the tannins
and coloring substances were found to play an important role in the reaction
to the treatment. A caramel note was found in the wines with sugar. Nani-
tashvili (1957) reported rather detailed analyses of a Kakhetinic wine with
6.2 mg 0,/1 subjected to heating for up to three days at 65°C, six days at
45°C, and fifteen days at 30°C. This wine was most improved by 1.5 days at
65°C, according to taste-score, and required less heating than did maderiza-
tion of European-type wines. Kakhetinic wines are quite different from any
produced in California. Both white and red wines of this tyvpe are left in
contact with the grape skins for about six months (Beridze, 1956).

Timova (1959) compared several treatments on Bulgarian wines from
several grape varieties. The wines from different grapes reacted differently,
but the best general treatment among several examined was low- temperature
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treatment near the freezing point for seven days, then 55°C for 30 min. This
is very similar to the Monti (1914) process which will be discussed further
under refrigeration. The Monti process, Malvezin’s (1903) ‘“Pasteuroxyfri-
gorie” process, and others like them include a cold step with some access
to oxygen then a pasteurization step ; the idea being to achieve stable clarity
(tartrate, protein, microorganisms, ete.) as well as some acceleration of
oxidative aging reactions. Heating experiments of this type were reported
by Lipis et al. (1959). They pasteurized fortified wines at 65-68°C and
stabilized in the cold to remove microorganisms, tartrates, proteins, and some
tannins. Acetals and aldehydes increased and a high oxidation-reduction
potential pertained owing to the contact with air (about 3 mg/l). Storage

TABLE 2

EFFECTS OF HEATING ON A PORT-TYPE, LOW-SUGAR WINE
(Heated at 60°C for 60 days)

H . .
Contrt | Heoted | Hestedith | Hosted with

Alcohol (percent)....................... 18.8 18.7 18.5 18.4
Aldehydemg/l.......................... 37.8 28.2 40.0 120.0
Acetal mg/l........... ... ... 21.2 28.9 29.0 41.2
Neutral estersmg/l...................... 404.8 598.4 686.4 756.0
Volatile acid mg/1....................... 900.0 810.0 810.0 870.0
Tannin plus pigment mg/1............... 790.0 800.0 450.0 260.0
Total nitrogen mg/1..................... 172.0 164.0 162.0 151.0
Oxidation-reduction potential

Before heating MV..................... 355 355 372 377

After heating MV...................... . 296 270 272

for two to nine months at 25°C with air excluded by an atmosphere of CO,
gave good improvement of quality and in their opinion better than more
drastic heat treatment.

Berti (1936) described rapid aging of dessert wines in California. He
states that the hot, alcoholic taste of fortified wines can be decreased by
heating. Heating treatments suggested (for clarification and pasteurization
as well as aging effect) were either 130-160°F for a few minutes or 100-
130°F for from a few days to several weeks (the longer time for maderized
products especially).

In a report upon flor sherry, Ter-Karapetyan and Ogandzhanyan (1953)
note that wine produced with submerged, aldehyde-producing cultures is
improved and acquires a sherry-like taste if heated at 45°C for about two
weeks in the absence of air. This is attributed to conversion of acetaldehyde
to acetals.

The production of tawny ports often involves heat treatments, but as a
rule oxidation is also involved and this might be better discussed under
oxidation. Muraki and coworkers (1957, 1960a, b) studied the process. They
report that baking at 40°C gives a better product than 60°C. Treatment
at 60°C for 60 days gave a good aged-flavored product with Muscat Bailey
A and Adirondac varieties. Added acetaldehyde was not converted to acetal
by the heating and addition of 20 ppm of Cu™, Fe™, or Mn"* and 12 per cent
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sucrose before heating were stated to be helpful, causing the formation of a
good intense flavor. Heating of mixtures of fruit juice and alcohol gave a good
wine with grapes, but not with apple or orange juices.

Treatment of sweet table wines has been the subject of very few reports.
Joslyn (1936), and Brown and Henriques (1935) describe the production
of Sauternes-type wines by adding 3-4 per cent sugar (via juice concen-
trate) to a good dry white table wine, raising the SO, level to 300 ppm
and baking in oak barrels. Joselyn says 60°C for several months, Brown
120-130°F for one week. This practice is not now followed for the wines
called California sauterne.

Ough et al. (1960) report tests on dry white wines in which storage tem-
peratures of 32°, 53°, 70°, and 120°F were compared for periods of one, nine,
and twenty-two months. In general, the results showed the best quality at
the lowest storage temperature and the shortest time. Unguryan and Lipis
(1957) treated both red and white table wines with controlled oxygen con-
tact and heat. Prolonged heating at 40-68°C with restricted access of air
was required to produce good quality white wines. Red wines took up oxygen
more rapidly than white wines and could be processed under air without
affecting their quality if the tannin content exceeded 2 g/1. Results of Maver-
hoff (1949) reportedly show that several days at 30-40°C age white table
wines equivalent to several years, but the details of the experiments are not
available to the author. )

In a series of tests of several quick-aging methods Joslyn (1935) heated
dry red, white, and California tokay wines in bottles with various head-
spaces at 120°F for two, seven, and fourteen days. Samples heated without
air were practically unchanged. In the presence of 0.1 per cent oak chips
the heated wines were improved by two days heating, 10 per cent headspace,
with exception of the tokay which became too oxidized. Tressler’s process
(1939¢) of oxidation and heating is used to remove the characteristic so-
called foxy taste from non-vinifera grapes. If the processing is stopped short
of maderization it enables production of wine types resembling traditional
European-type wines from these grapes.

Treatments involving heating of sparkling wines and the base wine for
their preparation have been the subject of some study. Kielhofer (1956)
patented a procedure in which the champagne is produced by the bulk
process, bottled, and the bottled wine heated under counterpressure in pres-
sure vessels at 35—-45°C for eight to fourteen days. A fine aged character is
claimed and the cork is set to the mushroom shape at the same time. Rudopulo
and Agapov (1957) studied the heating and cooling of champagne stock and
champagne with and without oxygen. Sylvaner wine plus yeast autolysate,
Riesling wine, and finished champagne were treated at 40°C for 48 hrs
and at 70°C for 15 hrs with 0, 1, and 3 ml of 0,/1. Cold stabilization at
-4.5°C for five days was tested before and after most treatments. The best
flavor rating was given to the wine treated without oxygen at 40°C for 48
hrs and then -4.5°C for five days. All the usual analytical values for wine
were determined and the amino acids were studied by paper chromatography.
With the exception of pH which remained nearly the same, all analvtical
values decreased during heating with oxygen at 70°C for 15 hrs in all three
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wines compared to their own controls (but the wines differed considerably
before and after heating). Changes in analyses were generally very small
during heating at 40°C for 48 hrs except that the champagne and Sylvaner
plus autolysate contained more different free amino acids after heating and
the total quantity of free amino acids appeared to be greater. Protein nitro-
gen decreased as did total nitrogen in all cases shown. It is concluded that
heating in the presence of oxygen is undesirable for champagne stock or
champagne from both color and flavor viewpoints, but without oxygen
present, warming to promote protein breakdown and improve champagne
appears desirable. Sarishvili and Pazyrev (1959) agree that oxygen is harm-
ful and use a preliminary fermentation to consume the oxygen, heat treat-
ment at 36°-40°C for 48 hrs, cooling to 16°-18°C, recharging with fresh
yeast plus sugar solution, and completion of the champagnization fermen-
tation. This appears to be an improvement upon the continuous process
described by Brusilovskii (1959a, b) who mentioned use of 40-50° for 24 hrs.
The process also accomplishes liberation of amino acids by lysis of the cells
of the first small yeast inoculum used to consume the oxygen. This promotes
the following fermentation and may contribute to the flavor improvement.

The rapid aging of distilled spirits via heating appears to be less complex
than with wines. The aging of distilled spirits like whiskey, brandy, and
rum requires the presence of wood and is indeed at least as much a function
of the wood extractives as the distillate. Therefore heat treatment of such
products has largely taken the form of heating the barrel and its contents
or alternatively heating the spirit in contact with chips, shavings, staves,
ete. of wood. Since during normal spirit-aging the ullage is not made up
and oxidative conditions prevail (relatively free air contact), no effort is
made to exclude air in rapid aging of spirits, in fact the contrary is usual.
Of course, evaporative losses must be controlled especially if heating is to
be used. Carrell (1936) patented an apparatus which connected a series of
charred barrels individually to small heat exchangers warmed with oil piped
from a boiler controlled so that the temperature never exceeded 150°F,
Copper tubing connected both ends of the barrel with the heat exchanger
so that the heating produced a slow mixing and flow through the tube and
each barrel formed a closed system so that the fire hazard was reduced. The
temperature of 120°F was stated to be preferred, but no data on the times
or effect of processing were reported. New barrels were used each time and
the catalytic and adsorptive properties of the internal charcoal was con-
sidered as the primary factor.

Plume (1937) patented a similar idea but the heating coil and a stirrer
were inserted into the barrels via the bung and modification of the barrel
itself was not required. An expansion chamber for fumes and fluid volume
increase was provided. Temperatures of 145°~155°F were preferred and the
liquor may be “purified in a few days to the same extent as has heretofore
been possible by storage over several years.” A thermostated electric heater
and stirrer was patented by Naylor (1929). Brown (1937) referred to the
use of such in-barrel heating methods (“goose-necking”) at about 155°F
for beverage brandy and noted that esters are destroyed, aldehyde increased,
and extraction from the barrel increased to an undesirable extent. He there-
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fore preferred that heat treatment be limited to maintaining the brandy
barrel storage warehouse at 70°-80°F and 40-50 per cent relative humidity
for best results. A process patented by Reiman (1938) involves heating
distillates in metal or glass-lined tanks for several hours near their boiling
point in the presence-of powdered wood char previously leached with boiling
aleohol. The distillate may be colored and flavored before this step by means
of toasted or partially charred white oak chips or afterward by storage in
charred barrels for a period of weeks. The hot char is claimed to accelerate
esterification and air may be passed through to also accelerate oxidation.
Forer (1933) has patented an apparatus for aging liquors by heating and
aeration.

Quick-aging of whiskey by heat treatment in barrels increased the color,
solids, and acids more rapidly than normally occurs (Valaer and Frazier,
1936). Dekov and Tsakov (1957) report results of storage of 4 liters of
cognac distillate in 5 liter oak barrels for 15 days at 39°~75°C. The sensory
properties were greatly improved and the product appeared aged. The ana-
lytical values averaged for duplicate tests for the control and the heated
samples were respectively: extract 0, 31 g/1; aleohol 69.0, 73.2 per cent;
aldehydes 40.2, 117.7 mg/1; esters 750, 928 mg/1; acids 14.2, 204 mg/l;
fusel oil 1762, 3292 mg/1, and methanol 178, 59 mg/l. If the barrels were
stored in 70 per cent relative humidity the increase in ethanol and fusel oils
was much less.

Lichev et al. (1958) studied treatment of cognac spirit at 45-50°C and
relative humidity 70-5 per cent for periods up to 30 days. Old kegs, new
kegs, and glass containers with and without added sawdust were used. Heat
accelerated extraction from the wood and favored aroma production. Taste
was altered to a lesser degree. The use of an old, previously used, keg gave
a more harmonious product. Heating gave increased titrable acidity, alde-
hydes, acetals, tannin, and furfural. Other experiments by Lichev (1958,
1959) upon plum brandy showed that heating of the casks themselves to
140°C for 50 hrs resulted in increased adehydic components, especially fur-
fural, in the brandy stored in them.

Heat may also be applied as part of the processing of spiritous products
with several objectives in mind other than aging. The changes produced may
alter the product’s quality in a manner contributing to aging even though
that was not part of the original objective. Some such applications of heat
directly and indirectly affecting aging are reviewed by Koch (1955, 1956),
Pozzi-Escot (1905), Reynet (1960), Scazzola (1959), and in general works
such as Amerine and Cruess (1960).

Several of these indirect effects have been mentioned already in passing,
but a few words of explanation may be in order. Pasteurization of wines,
for example, is primarily intended to produce biological stability by killing
the mieroorganisms in the wine (or beer). Ordinarily the time and tempera-
ture are controlled and air is excluded so as to minimize effects upon the
flavor of the product. This effort is not always successful and positive or
negative flavor changes may be produced. To the extent that possibly desir-
able further activity of microorganisms or enzymes is prevented by pas-
teurization it affects further aging. Direct effects occur also. For example,
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Jenard (1960) noted that pasteurization of beer increased the ester content
in relation to the higher alcohol content.

Urion (1957) noted that storage of beer at slightly warmer than usual
(but still cool) temperatures hastens the loss of the immature unpleasant
taste of freshly racked beer, but this probably relates primarily to comple-
tion of fermentation and yeast precipitation. It is well recognized that warm
storage may favor the development of malo-lactic fermentations in wine
(Rottgen, 1926). The use of heat to stop fermentation thus retaining sugar
(Kusida and Maruyama, 1960b) or to suppress originally present organisms
and enable fermentation by pure yeast inocula (Rosentiehl, 1908) has been
reported. Arroyo (1939) has reported that pasteurization (80°C/10 min)
of cane juice controlled microbiological off-flavor development and resulted
in a better quality rum that aged faster than that from natural cane juice or
from molasses. Van Haarlem ef al. considered the varietal differences in
relation to sherry baking important enough to include such tests in a grape
breeding program (1956).

Heating of musts produces compositional changes in the wine which affect
the quality. Kushida (1960) reported production of red wine of a new type
from Koshu grapes by heating the must to 80°C for 40 min and then fer-
menting it. Cooking the must at 150°C for 40 min resulted in a wine too
bitter and spoiled for usual purposes. Musts heated to 40°-50°C for 1 hr
produced wines judged superior to those heated to 60°~70°C. (Kushida and
Maruyama, 1960a¢). Amerine and Ough (1957) found that heating Cabernet
Sauvignon musts to 71°C before fermenting at 21°C increased tannin and
color extraction but decreased the quality rating of the wine. Fermentation of
red wines at 21° and 27°C gave higher tannin, higher color, and higher qual-
ity score than fermentation at 12° and 16°C. Dubaquié (1929) recommended
heating a portion of the must at about 40°-50°C for several hours, pressing,
and adding the fluid to the remainder of the lot after the tumultuous fermen-
tation is over. The wine was said to be more mellow and the flavor changed
in a manner such as would result from aging. Berg and Marsh (1956) treated
red grape musts with heat to release the pigment. The quality of the wines
fermented on the heated skins was definitely inferior although the red color
was increased. Similar results have been reported by Nedelchev (1959).
Nikandrova (1957) has also shown that agitation and heating at 60°C greatly
increased the extraction rate of anthocyanins and tannins from the particu-
late matter into the fluid of red grape must. The anthocyanins became maxi-
mal after 6 hrs, but the tannin continued to increase throughout the treat-
ments used. Konlecher and Haushofer (1958) also studied warm fermentation
of red wine. Dascalov (1957) studied various methods of color extraction in-
cluding heating of the skins separately then recombining with the grape
juice before fermenting. This gave better flavor than heating the whole
crushed grapes. Aso et al. (1956) reported that Concord grape juice lost as
much as 10 per cent of its color when heated to 75°C for 30 min and the
shade was shifted from purple toward yellow. Similar effects occurred in
storage and, of course, resemble color changes during aging of red wines.

Heating of spiritous products, wine in particular, often produces hazes
and precipitates. These substances rendered insoluble by heat may be removed
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by filtration and the product thus clarified is ordinarily stable to further
precipitation of the same type. Proteins are the most important group of
such heat precipitable compounds in wine. Schaffer and Philippe showed as
early as 1912 that pasteurization greatly reduced the content of nitrogenous
compounds precipitable by alecohol from grape juice. More recent studies by
Koch and his coworkers have added to the knowledge of the subject, par-
ticularly with regard to white table wines. Heating of wine 2 min at 75°C
is sufficient to produce stability to further such precipitation (Koch, 1957).
The resultant precipitate contains the same amino acids as natural preeipi-
tates and is composed largely of protein with some pectic and mineral mate-
rial (Koch and Geiss, 1955; Koch and Bretthauer, 1957a, b). Analytical
evidence for the effects of heat on protein removal, color change, ete. can
be found in many of the references already mentioned, see for example Un-
guryan and Lipis (1957).

Heating, then, directly or indirectly affects the quality and eomposition
of wine and other spirits and may simulate or affect normal aging. More
specific compositional changes have been reported. Hydroxymethylfurfural
is produced by dehydration of hexoses, especially fructose, during heating
of acid solutions such as wines; furfural may be similarly produced from
pentose sugars. Furfural derivatives have been found in wines that have
been pasteurized, baked, made from concentrated must, or otherwise heated
(Amerine, 1948; Prostoserdov and Taranova, 1949; Cresa, 1960; Mehlitz
and Drews, 1959 ; Espinosa, 1959 ; and Querberitz, 1961). In fact, the quali-
tative identification of hydroxymethylfurfural in wines has been suggested
as a means of detecting heating of the wine at some stage of production.
Although the direct importance of furfural derivatives to the flavor and
quality of wines and spirits is not clear, they are not flavorless compounds.
The browning of black tea during fermentation and drying has been attrib-
uted to furfural-tannin reactions (Bokuchava and Skobeleva, 1957). Similar
components occur in wine and certainly browning does result from heat treat-
ments of wines (Berg, 1953a).

Bokuchava et al. (1958) have shown that heating of tea extracts intra-
converts cateching without appreciable effect upon the total tannin content.
They quote similar work with grape tannins by Nutsubidze. Bitterness was
decreased by the heat treatment and a pleasant tart flavor developed in tea.
Smirnova and Babkina (1960) have reported a decrease of tannin oxidiza-
ble by permanganate and a decrease in both phloroglucinol and pyrogallol
types in treated wines, but since both low temperature stabilization and
pasteurization were used the specific effect of heat is obscured. Berg (1953a,
b), in his investigations of the absorption spectra of white wines in relation to
browning, found that heating increased the absorption in the 240-297 mp
region. Heat has variable effects on the anthocyanins of fruits, but the ma-
jority (including those from currants) seem to have heat instability (Lamort,
1958).

Miscellaneous heat treatments for spiritous product aging not previously
mentioned include treatments reported by Muraki et al. (1960c) on sake,
brandy, and plum wine mixtures. The sake was altered to a new type of rice
wine, the brandy was not appreciably changed, and the plum products were
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rated as good. Vianna (1913) patented a process for aging wines and spirits
by agitating them in closed vessels for some months at 110°F. Jean and Lizée
(1935) patented a procedure and appartus in both England and France
used to age alcoholic beverages by heating them to 57°-109°C in a closed
system. Potable spirits were heated as a part of the treatments of Wilken
(1952) and Farbenindustrie (1925). Treating of perfumes and flavorings
with heat has seldom been reported (Chatelanat, 1948 ; Farbenindustrie,
1925) and is evidently both unnecessary and apt to be harmful (Strausz,
1947a, b). Heat is used to produce special ingredients for such mixtures (and
for addition to wines and spirits) such as caramel, pyrolysis mixtures (Guen-
ther, 1957), and wood char (Merritt and White, 1943), but to go into these
subjects would take us too far afield.

The future of heat treatment seems secure as we have every reason to expect
that temperature manipulation of one form or another will be required in
any system of rapid aging and quality improvement for any of the produects
we are considering. More information is needed before the specific optimal
regimes can be considered known, but it is clear that different produets will
require different heating programs. Probably some adjustment lot to lot of
the same product will be needed. More information upon the activation
energies of the individual reactions is needed. Arrhenius plots of the tem-
perature-rate relationships of specific aging processes (maderization for
example) in specific types of products should be possible. Recognition and
better understanding of the competitive effect on quality of some effects of
higher temperature versus others is needed.

Refrigeration has long been known to affect wine. Winter temperatures
in many European wine producing areas may be sufficiently low to freeze
wine or rather some of the water from wine. Remarks upon the phenomenon
and the resultant concentration of the wine were made in the writings of
Pliny and Horace. Early experimentalists who interested themselves in the
effects of cold on wine include Van Helmont, Stalh, Parmentier, Pasteur,
and Raoult. This is another intriguing example of the breadth of interest of
the scientific pioneers on the one hand and, on the other, the central role in
early science played by wine and its problems.

The first definitive experiments upon the effect of winter or artificially
produced low temperature on wine were those of de Vergnette-Lamotte
(1868) who studied both the concentration and clarification effects. Although
the details of the process are much better understood and the equipment is
much improved today, the effects of strong cooling upon wine were well
covered in several of the older reports and surprisingly little other than am-
plification has been added in all the subsequent summaries.

The effects of refrigeration made use of in processing alcoholic products
are several. Precipitation of excess tartrates from supersaturated young wines

- to a degree ensuring no further precipitation under conditions of commerce
can be hastened by several days at a temperature near the freezing point
of the wine followed by cold filtration. Similar “chill proofing” may be used
to remove inorganic, pigment, protein, and other turbidities from beer, wine,
and from aged distilled spirits diluted for bottling. Retention of fruit aromas
and highly volatile constituents may be much better at lower temperatures.
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The composition of fermented products can be changed and in many cases
the quality improved by conducting the fermentation at controlled low
temperatures. Secondary fermentation, microbiological spoilage, and enzyme
action can be prevented or minimized by refrigeration. Ice can be removed
from dilute alcoholiec products or materials to be fermented by fractional
freezing and the residual solution thus concentrated. All of these treatments
have been used in commercial practice (Saller, 1955; Marsh and Guymon,
1959; Joslyn and Marsh, 1935).

Although all these treatments relate at least indirectly to the product’s
aging, refrigeration can affect aging directly or substitute in part for tradi-
tional aging. For example, the less soluble or partly oxidized and poly-
merized polyphenolic compounds precipitate from wine during aging. Re-
frigeration has been used to speed up this process, especially in dry red
_table wines, and the wines not only appear to the taste and to the eye more
similar to aged products for having lost some color and some astringency,
but the formation of precipitates and coatings during bottle storage is prob-
ably lessened. The color change may not simulate aging, however, Mestre
Artigas (1942) notes that the red color is apt to be more lively and a pre-
mature old look is avoided.

The nature of the precipitate produced by chilling wine is apparently
variable. Some authors report that in their experiments it was nearly all
potassium bitartrate, calcium tartrate, ferric phosphate, and such salts with
only a small amount of tannin, protein, and pigments entrained (Joslyn
and Marsh, 1935; Flanzy, et al., 1953). In other cases appreciable amounts
of tannins, pigments, pectins, or proteins were found in the precipitate
(Jaulmes and Hamelle, 1954 ; Okolelov and Kotlyarenko, 1951). Rentschler
and Schaeppi (1957) report experiments with a red Veltliner wine which
was rich in tannin and color but low in tartrates. The precipitate from cold
treatment (—4° to —8°C, eight days) contained about 8 per cent protein, at
least 24 per cent tannin, considerable coloring matter, but only a trace of
tartrates. Part of this apparent disagreement depends upon the nature of
the wine and part upon the degree of cold treatment (Joslyn, 1935), but the
effect of a given treatment upon the color and tannin content of a given wine
cannot yet be predicted without experimentation. It appears that cold treat-
ment cannot be depended upon to prevent turbidity resulting from protein-
aceous precipitates (Koch and Geiss, 1954).

Le Corvaisier (1959) noted that the permanent precipitate of aged beer
resembles that induced by oxidation and is not the same composition as that
formed by chilling. Waldschmidt-Teitz and Kloos (1959) found leucoan-
thocyanins, carbohydrates, and peptides in the chill precipitate and analysed
them in detail.

Oxygen and other gases are more soluble in wine and similar solutions
at cool than at warm temperatures. This, then, is the second important way
that refrigeration can accelerate reactions related to aging. Cooling and
handling of cold wine in the presence of air has been noted by many authors
to cause loss of a little of the grape aroma and to produce flavors similar to
heating. The flavor has been described as burnt (Gerasimov and Politova-
Sovzenko, 1946), cooked grape (de Vergnette-Lamotte, 1868), dried-prune-
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like (Malvezin, 1903), and maderized or rancio (Astrue, 1910). Malvezin
(1903) notes that such flavor changes are not without merit. Other workers
report flavor improvement without oxidized or cooked flavor—“riper,
rounder, smoother, aged”—upon refrigeration of wines (Mayer-Oberplan,
1953 ; Okolelov and Kotlyarenko, 1951 ; Deleuze, 1931; Anquez, 1950). The
workers’ opinions depend upon the wine used, the treatment, and their con-
cept of desirable change, but oxidation or the lack of it is certainly involved.
The oxidation-reduction potential shifts showing oxidation (Saller, 1955)
and sulfur dioxide is oxidized to sulfate (Jaulmes and Hamelle, 1954) in
refrigerated wines exposed to the air. If the wine is prevented from contact-
ing the oxygen of the air, the cooked-oxidized tastes do not develop (Malvezin,
1903). Of course, the desirability and degree of oxidation desirable is very
variable. Desert wines and vermouth are particularly susceptible to improve-
ment by refrigeration (presumably in the presence of air) (Mayer-Oberplan,
1953). Especially “green” young wines or those rich in oxidizable substances
may withstand and benefit from more oxidation coupled with refrigeration
than other wines (Astrue, 1910; Carles, 1913).

On the other hand, maderization (oxidized, browned, Madeira or baked-
sherry-like changes of white wine) was prevented by cold stabilization and
pasteurization in experiments by Malvezin (1909).

Oxidation by air will have to be discussed elsewhere, but aging is not only
oxidation. Several authors suggest that esterification and other aging changes
which would be presumably inhibited by cold temperatures may account for
the observed fact that although the product may be improved by refrigera-
tion-oxidation treatment it usually isn’t as high quality as may be possible
by slow