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ABSTRACT
A new technique for the rapid and quantitative analysis of the
volatile companents in wine has been developed. This technique 1ncludes
~a new design of solvent extractor which is more efficient than any pre-

viously described designs and a low-temperature, vacuum concentrator.

This technique was a651ied to the study of the patterns of formation of

the volatile components in Concord and B]Lu?Hyhrid wines as a function
of the fermentation progress. The effect of fermentation temperature
on these pattern$ was also inQestigated. Identification of a number
of volatile components was achieved using both gas chromatographic
retention time and mass spectrometric techniques.
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CHAPTER 1

INTRODYCT ION

A. History of Wine

There are many reasons for interest in wine. <Amongst these
reasons are ones that are philosophical, historicai, economic, and aca-
demic 1n origin. A brief description of what motivates one to study the
chemistry of wine follows. .

It has been claimed (1), with some hist0;1cai justification,that’
the grape is the only fruit that naturally preserves itself. Any system -

making such a claim to unique status in nature merits further investiga-l
tion. , P

In many ways the history of civilization 1s reflected in the
history of wine. It™s believed the first grape-growing civilization was
located 1n a region, which is now northern Iran, several thoﬁsand years
B.C. 2). Ther; is possibly a geographical 1ink between this civilization
and a biblical reference(3) to Noah's cultivation of grapes: "and Noah
began to be a husbandman, and he planted a vineyard; and hé drank of the
wine and was drunken". Noah's Ark is said to have come to rest on Mount
Ararat in Armenia. '

The first wine'rindustry dates to 3500 B.C.in Egypfifrom where 1t
soreads throughout the Mediterranean(4). It. is likely that wine formed an
important part of man's diet at this time. It not only represented a
sate, healthful, ;nd'cheab beverage but also constituted a food source of

"~high caloric value (5).

The im?ortance of wine 1s‘r1ch1y documented 1n historical liter-
ature. The Code of Hammurabi (circa 1792 - 1686 B.C.) dealt with the
problem of (dilution of wine with water (6). Archaeo]oq1kd1 evidence of
covered jars sunkén in the ground 1ndicate a knowledge of the éffect of

-both temperature and air on wine during this period. Homer'; [1iad and
Odyssey contain excé]]ent descriptions of wine (7). The first miracle of
1

\
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(fﬁzgt involved the tukning of water into wine. Horace and Virgil both
praised the quality of wine. ) ‘ S

The Greeks succeeded the Egyptians in advancing wine teéhno]qu
and were themselves succeeded by the Romans. The first good classific-
ation of grape varieties originagted in Rome. The Romans épreaﬁ vine
culture throughout their empire especially into what are now the world's
most important wine-growiné regions, in northern Europe (8). oy ’

The vineyard ndustry deteriorated along-with the Roman Empire.

It seems 1ilcly wnac only the need of the Church for sacramegtal wine
preserved the wine industry through the'DaFk Ages (9). In-fact monasteries
actually advanced wine technology, apparently introducing widespread

aging of wines and regional classification of wine.

The retu}n of political stab%Tﬁty accompanied the revival of the E
wine industry. With the development of wine trading providing the incen- '
tive, the quality of wine rapidly improved. Faced with increased demand
fgf wine, the vineyard acreage increased rapidly in the 15th to 17th cen- -

turtes (10). " 1
Wine prsduction reached a new maximum by 1850 but it is estimated

" that 25. of the w\ne spoiled before the fermentation was complete (11).

It was to this problem that Lou3ls Pasteur addressed his research and in
1866 r.» conclusively aemonstrated that‘the spoilage of wines was due to
aerobic organisms producing acetic acid (12). This conceivably marked the
origins of modern wine chemistry. .

In the last century the rapid.deve1opmengf§f science and‘industry
nas resulted in thi1s era being the dolden age of wine. It is distinguished
oy Increased quality, availability and lower relative cost of wine.

StuH}es aimed at the eventual improvement 1n wine quality have a
Jound é?fﬁﬁﬁﬁﬁ“ﬁmfivﬁtfbnf Annual wine sales in the United States alone
are about one billion dollars (13).

A reflection bf the economic importance of the wine industry 1n
certain countries 15 the fact that several research institutes, whose main

purpose 1s the study of wine, have been established. °

B. Grape Types . ,
While the treatment of the juice in the product y6n of wine_is )

ameter determining i/

crucial, 1t is apparent that the single, basic p

o




wine quality 15 the type of grape juice used. \ :

Grapes bé]ong to the botanical fawily V1tacaj which includes ten
other generé but the grape, genera vitis, is the only food p]antfk14)

The major "ommerc1a] wine grape in the world is the speqles Vitis
v1n1fera It was native to the area around the Caspian Sea~and 15 now
under cultivation throughout most of Europe and South America as well as
South Africa, Australia, and California.There are over 5,000 named cult-
ivars of V. vinifera at present (15). :

The species which is nagive to eastern North America is Vitis
labrusca which iseless suftab]e‘for wine making-than V. vimifera. C(anada
and‘the eastern United States'gre the only regions where species other ¢
than V. vinifera are used extensively for wine making. Attempts to culti-
vate pure varieties of V. vinifera in Ontario have failed due to the low
winter temperatures. In an effort to improve the quality of grapes avail-
able for wine production in Ontario, a great deal“~ef effort has Been put
1nt0 creating hybrids of 3 vinifera and V. labrusca which incorporate
the favourable wine-making characteristics of V2 vinifera and the weather
resistance of V. labrusca. Hybrids which show promise as wine grapes are
often then crossed with each oth;r in an effort to gain further quality
charavteristics. This process ha§ resulted in the creation of'hundreds of
d1fferent hybrids and significant difficulties in evaluating any.ging1e
hvbrid quickly. Efforts are being made eleswhere (16) to evaluate the
wine-producing potential of novel grape hybrids on the basis of the com-
position of their volatile components. The development of such a scheme
of evaluatjon‘would be of considerable worth to the Canadian wine industry.
In order for such a scheme to be applicable to the Canadian situatibn,

however, the volatile compdnents-of both V. labrusca and Canadian hybrid

juices and wines must be befter characterized than they are presently.

This research attempted£o initiate this characterization.

C. The Composition of Grape Juice and Wine -~ <o

The general chemical composition of grépe juice, must, and wine 1s
well known. It should be noted that the following defimition of wine is
assumed throughout this thesis: the beverage resulting from the fermen a-
tiormby yeasts of grape juice with appropriate processing and additions(17)
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Simlarly use of the word, must, refers to the prepared qrape—s3 amd—

the fermenting body. This it is the name used to describe the transition

from juice to wine (18).

‘ Table 1 srews the relative caemical composition of juice and
wine (14).

. The primary sugars in juice are dextrose and levulose which are
usually present in a 1:1 ratio at maturity. These sugars are converted
to ethanol in the presence of yeasts as 111u°trated by the Guy Lussac
equation (20): )

. L6 ]206-————*~———D 2 C2H50H O CO2

Tn Canada s.irose is generally added to increase the total sugar
percentage to.that desired for fermentation -- about 21%. This procedure
is referred to as chaptalisation (21).

Ethanol in wine not anly exe;ts a biochemical inftuence on the
humdn body but also makes a sensory contribution through its s]1ght odour
and being an exce]A%nt solvent for other odorous materials (22)

The principal acids of the grape are d-tartaric acid (pKa= 2.98)

and 1-malic acid (pKa= 3.41). The buffering action of these acids ensures

wine 1emains at a relatively low pHwhichis responsib1e for the biological

stariitty of wine and the maintenance of typical wine colour (23).

The pigments present in the solution (as well as . the pH of that
solution) determine the colour of the juice or wine. They are categarized
as polyphenols a]ong'with the tannins which contribute a bitter or astrin-
gent taste to the wine (24). ]

The nitrogenous constituents of wines include proteins, peptones,
polypeptides, amides, amino acids and ammonia. They play an important
rele 1n clarification,” in bacterial development, and in aroma develop-
ment {25). TN

The most abundant of the mineral compounds’in wine is potassium.

Small amounts or tﬁaces of many other cations and anions are present.

These inorganic const1tuents are often of cons1derab1e significance to the
wine or must in a %ar1ety of roles (26).

There 1s a wery small fraction of the chemicals 1n juice or wine
called the volatile components or odorous constituents. They rarely
exceed 0.15% of the wine and are even less abundant in the Juice. They



TABLE 1

Percentage Major Constituents in Must and Wine

- CH

Consgituent.~ M;st ‘ w;ne

Water 70-85 80-90

. Carbohydrates 15-25 0.1-0.3
£ thano! Trace g-15
Organic Acids 0.3-1.5 ) 0.3-1.1
Polyphenols . ' 0.01-0.10 0.01-0.30
Nitrogenous Compounds 0.03-0.17 9.01-0.09
Mineral Compounds 0.3-0.5 0.15-0.40

Volatile Components Trace 0.01-0.10
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are generally alcohols, esters, organic acids, aldehydes, and ketones 1n
the 50 to 250 molecular weight range (for the higher molecular weight
components, 'volatile' is somewhat of a misnomer). They are generally
held accouptable for the aroma of a wine and,. to a varying extent, the
flavour of a wine. For example differences in the aroma of various wines
are attributed to differences in their volatile composition (27).

~ The investigation of these volatile components was the.general
awn ¢f this research.

v

D. The Volatile Components of Wine

Reports of the analysis of the volatile components in wine'dppoared
i the literature as early as 1921 when: Power and Chestnut (28) reborted
the occurence of methyl anthranilate {n the Concord grape which is a cul-
tivar of V. labrusca. Subsequent analyses have since attributed great
mmportance to thg presence of methyl anthranilate in Conco;d grapes (29,
30), concluding that it is the predominant aroma-producing constituent of

" Concord grapes. These conclusions have resulted in most attempts at im-

proving the quality of grapes cultivated in Ontario being centred around
methyl anthranilate.

Early studies of the volatile components in juice and wine up to
abor’ 1960 utilized chemical and physical characterization of functional
groups as the primary method of identification. By 1957 eight volatile
components of Concord juice had been identified (31) and eleven vo]atlle
components of V. vinifera species were known (32).

Within the last 15 years the analysis of the volatile components
n wine has rapidly expanded due to the coming of age of gas chromatography
which provided a quick instrumental means of separating and detecting the
volatite components. This technique when teamed with mass spectrometry
idlso provided dependable identifications. A reflection of the rapid
expansion of the qualitative analysis of the volatile components 1s pro-
vided by the fact that, at this time, the presence of over 180 volatile
components 1n-wine has been reported (33). Over 60 compounds have been
reported as being wolatile compdnents of Concqrd wine (34). The umique
aroma of certain grape juice§ is attributed to single volatile components
stich a methy! anihranilate in Concord grapes, linalool in Muscat grapes,
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and Z2-phenethanol in V. rotundifolia grapes (35). Recent studies (36} ot

the'volatile composition of wines made from various juices indicate that the

characteristic aroma of any one wine is not due to one or more specific
components exclusive to other wines. This charactéristic aroma 1s, how-
ever, due to the same compounds present in all wines but arranged in
individual concentrations relative to one another.

Gas chromatography in particular increased the possibility of
doing duantitative analysis of the volatile components. Enologists were
thus enabled to make quantitative comparisons of the volatile components
ot w1nes‘br0duced by varying fermentation parameters which were known or
suspected to affect wine quality. One of the first of these parameters
that was investigated was the fermentation temperature which had been
previously established as having a definite effect on wine quality {37,
342, 39). In-1966 Ough and Amerine thoroughly reviewed the literature on
the effects of fermentation temperatures between IOOC and 30°C on wrne

waking (40). They reported the following findings: a decrease in ethanol

concentration at higher fermentation temperatures due to the.increased
partial pressure of ethanol-and increased rate of evolution of carbon
droxivie carrying ethanol with it; a significant difference in volatile
ester roncentration as a function of fermentation temperature (with a
naxima at 20°C) due to the increased enzyme activity at intermediate
fermentation temperatures; a minimum concentration Of aldehydes at the

intermediate temperatures, although the differences for aldehydes were less

siwnificant; and a varying response of higher alcohol concentration with
terment ation temperature. Ough, et al. (41) found maximum concentration
cf 3-wethyl-l-butanol and 2-methyl-1-butanol at 24°C as well as a mimimum
veentration of 1-propanoi. The concentration of 2-me¢thyl-1-propanol
nanged erratically with fermentation temperature. Ayrapaa (42) found a
@ax1mum yield of higher alcohols at a fermentation temperature of 20°¢.
i larly Nordstrom (43) found ester formation to be a maximum at 20°¢.
debb {44) in 1973 found when analyzing two replicate fermentations of
svynthet ic mixtures that, of 56 distinguishable components, 25 showed ..
rrregular functions of concentration with increasing fermentation temper-
S%ure. The concentration of 2-phenethanol varied irregularly with fer-
mentation temperature. The fermentation temperatures studied were 5°¢,

\

/
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TOOC, 15°C, and 20°C. Because of the limited sample sizes available for
mass spectral analysis only 17 of the 56 components were identified.

Daudt and Ough in 1973 (45) investigated the effect of various
fermentation parameters on the concentration of the volatile acetate esters
in the resultant‘wine. Lower fermentation temperatures generally resulted
in higher concentrations. of the volatile acetate esters. . The yeast strain
used also affected the formation of these esters although the amounts of
the individual esters formed were not affected equally by the specific
.yeast. The amount of sulfur digxide added to the must affected the amount
of the volatile acetate esters formed. A large variation in the quantity
of these esters was observed with changes in the grape variety used for
fermentation. There exists the possibility that the method of pressing

- —————

the grapes, hot or cold, also affects the volatile components later ob-
served (46). The suggestion was made that the fermentation process plays
a central role fn the formation of certain volatile components such as
the volatile acetate esters because alcoholic beverages from very differ-
ent sources, including wine and beer,all contain these compounds as major
components. - '
While these forementioned studies examining the effect of various
fermentation parameters.on the concentration of certain volatile compon--
ents were being carried out, other studies contrxbutedurelevant informa-
tion. Ough and Amerine (47) studied the effect of fermentation tempera-
ture on the fermentation rate and found that .for fermentation temperatures
in the 20°C to 30°C range there was a linear relationship between the log
of the fermentation rate and the réciprocal of the absolute' temperature
of fermentation. They also found that starting a fermentation with
higherltemperatures for the first 16 hours resulted in a more rapid yeast
growth period but had little effect on the overall rate of fermentation.
Further studies by Ough and Amerine (48) considered the effect of the
fermentation temperature on the growth of yeast cells. The results of
this study are shown in Figure 1. It was algg found that a linear rela-
tionship existed between the fermentation rate and the ferméntation temp-
erature as expressed in degrees Celsius (49). The fact that different
Juices respond 1n different ways to changes in the fermentation temper-
ature was also observed (48). These studies determining the effect of

J

[



FIGURE 1

Yeast Growth Curves Showing the Effect of Two
Fermentation Temperatures,’ ZIOC ang 15°C (48} -

<
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the fermentation temperature on the rate of fermentation were valuable
for comparison with studies determining the effect of the fermentation
temperature on the concentratibn of the volatile components. This ¢om-
parison supported the suggested tink between the formation of certain
.volatile components and the fermentation process.
Other studies concentrated on proposing mechanisms for the for-

mation of the volatile components. The accepted mechanism (50) for the
formation.of certain higher alcohols is as follows:

%§1iqe 1$uc3ne
pyruvate - - - - — = u-kgtoisovalerate-—--->.x-ketoisqcaproate
Z—methy]-f—propanol 3-methyl-1-butanol
and isoleucine
threonine - — --:;4>4-ket0bg}yrate-\— —<w—-»keto-ﬁ-nftgylvalerate
1-propanol Z-methyl-1-butanal

A <imilar mechanism accounts for the formation of 2-phenethanol. Using
such mechanmisms, Ough, et al. account for the fact that some higher alco-
hols are found i1n highest concentration at the same fermentation tewper-
ature that yields maximum yeast grdowth (50). It is also accepted (5),52)
that the formation of some volatile esters during fermentation rewults
fror *he alcoholysis of the fatty acid moiety of the acyl-CoA compounds
following the activation of that moiety. The formation of esters 1s ap-
parently not the result of direct esterification reactions betwéen aico-
nols and free acids in the fermenting medium. Consequently the levels of
esters may excged by many times the chemica} equilibrium for the corres-
ponding alcohol and acid. The acid function of these esters is expected
10 nave an even number of carbon atoms. It is well known that the even-
qumbered fatty acids predominate in natural products because the acid
precursors are synthesized by successive couplings of the acyl-LoA
fragment with acetyli-CoA (a C2 addition to the molecule). This ester for-
sation mechanism is linked to the fermentation process as was the higher
alcohol formation mechanism,

There are apparently no reports in the literature of studies mon-
1toring the concentration of the volatile components as they develop
during the fermentation. Such studies would seem likely to complement
the types of studies previously described as well as studies currently
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R Q
monitoring the concentration of amino acids during the

fermentation (53). The latter indicate that most amino acids decrease— ——— — '

from substantial levels in the juice to nearly undetectable tevels after

6 days of fermentation and then show significant increases in concentra-
tion at 21 days after the fermentation comﬁenced.

The reason for the apparent lack of daily analysis of volatile

components during the fermentation would seem to be the lack of a method

of quiwck and quantitative analysis of the volatile components. A review

of the ltterature shows most analysts* used solvent extraction to isolate
the volatile components from the must. Repeated batch extractions are
often performed or else conventional continuous downwards (or upwards)
displacement extractors are used. A few novel designs are reported (54,55).
The common extracting solvents used are methylene chloride (56), 150-
nentane (57), diethyl ether (58), a 2:1 mixture of pentane and meth}lene
unloridev(SS), and trichlorofluoromethane (59). For most techmiques of
solvent extraction reported in the literature, there is little lnformatioﬁ
'q1ven regarding the efficiency or precision of the extraction of typical
volatile components. Such information would seem necessary for any quan-
//J.Llﬁatlve analysis to be meaningful. The extraction times reported in the
fiter cture for quantitative extrgztions generally exceed 17 hours (60).
A 17 hour extraction would make daily analysas difficult. Other methods
ot 1selating the volatile camponents from wine are reported such as steam
distillation but again little data on the quantitative character of the
1solation 15 available (61). Daudt and Ough (62) report a minimum recov-
ery of 81, when using distillation to recover volatile acetate esters.

It 1s usually necessary to concentrate the volatile component,,

on-e they have been 1solated, in order that their concentration be suf- .
ticient tor gas chromatographic analysis. The most common technique of
concentration 1s fractional distillation (58, 63) which can be very time-
consumng with respect to the need for darly analysis. Other techniques
for enrichment used include rotary evaporation and a few novel procedures
(60). As was the case for isolating the volatile components, very Pittle
\gata 1s available concerning the losses of solutes involved 1n using these
techniques of enrichment. The size of sample to be concentrated deter-
mines the final volume of concentrate after sufficient enrichment has
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sccured, Tmis in turn can affect the choice of concentyation technique . -
used.

Gas chromatography-ts—the-techniqueused almost-exclusively for — .-

separating the individual components of the concentrated extract. Con-

\ventlonal packed columns (64) and open tubular cap111ary columns (65) are
both commonly used for this task. The time of analysis is greater using
the capillary column although betterAseparat1on is usually ach1eVed. A
variety of column coatings are used with Carbowax 20M being perhaps the
most common (64), Flame ionization detectors are almost exclasiVely used
in the gas chromatoéraphs with an exception being the use of elewseon
capture detectors for methyl anthranilate analysis (66).

The most commdh means of identification of the v01aﬁile components
are gas chrdmatographic retention times (67) or mass sﬁectra]‘dnalys1s(68)u
The mass spectrometer is usually coupled to the gas chromatograph for '
combined separation and ldehtlflcatibn. Recently {67) Brander ha; used
infrared spectroscopy to identify fractions collected from the gas chro-
matograph manually. .

To determine gas chromatographic peak areas, peak height measure-
most common technique used {69, 70). ehe peak
t\mes its/width at
_Re
{70) repgrt the calibration of the flame ionization detector in order to

/
convert peak areas to actual amounts of individual components. Once again

ment 1, \apparently

heighe 1f height is also used (71) to estimate peakh 3

ared: rts of actual peak area measurement are uncommon. Few amalyses

“very little data concerning the accuracy and/or precision of the gas
chromatographic analyses is available. Daudt and Ough (62) report thei
precision of the gas chromatographic analysis of volatile acetate esters
to not exceed 7% when using the peak height times 1ts width at half height
1o estivate peak area.

One quantitative analysis of the volatile components in wine (bl)
reports precision in the range of 1.1% to 17.0% for the overall analysis
o1 18 common volatije components in wine using steam distillation EB/ISO]-
ate them, Daudt and Ough (72) report a range of precisions of 7.6 to
21.5 for the averall an&lysis of 5 volatile acetate esters.
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(1)

- . EB. Statement of the Proposed Research )

Whereas many stud1es of the volatilé components of Ju1ce and wine
have been made,’ the absence of a relatively fast and quant1tat1ve tech-

nique of analyzing these components has been very.restrictive on the types.

of research conducted. For example there have been no studies of the

rate of formation of the var1ous volatile components durlng fermentation
and thére is only m1q1ma1 know]edge of the differences_between the vola-
.%i]e“compopents of V. labrusca and Canadiannhxbrids. The investigatioh

of the effett of fermentation temperature on the volatile components
would’ a]so be aided by such a~techn1que

. Exam1nat1on of the existing techniques shows that the time reQuwred
for the 1solat1on and concentration of the volatile components must be
reduced” in order that the overall analysis be refatively fast. It is to
this aim that the.major thrust of the research was directed
’ Once a satisfactory fechnique'bf analysis had been deVe]oped
subsequent research was des1gned to evaluate this technique-as we]l as
. make preliminary studies of the type descr1bed§above

£
.

]



CHAPTER 2
EXPERIMENTAL

A. Techniques of Analysis
In order to perform quantitative and qualitative analysis of the
volatile components of a wine or must, the following procedure was

devlged » . ) .
(=) - sample~coltection '
(b) isolation“of the volatile components in the sample

enrichment of the volatile components '

)
)
(d) .separation into individual volatile components
) quantitative analysis of the separated components
) identification of the separated components
One of the aims of this research was the development of a rela-
tively fast method of rogtine analysis of the volatile components of
wine. It was found that some of the techniques available in the liter-
ature were adequate whereas it was necessary to modify others 0;‘deve10p
new techiques for certa1n of the stages of the analys1s listed above. A :
descriotion of the techn1que adopted and used thrdhghout th1s project
for each stage of the ana]ys1s‘f011ows
(a) Sample Collection

Because it was desirable to obtaid a range of samples which were

representative of those encountered in the wine industry, grape juice and
" wine samples were obtained from Andre's Wines Limited in Winona, Ontario.
fne history of these samples was provided by the winery as were instruc-
tiéns for théir transport and handling. L.
{b) Isolation of the Volatile Components Friom the Sample

A 1iquid-liquid extractor of «.ew design was developed specific-
ally for use with the solvent trichlorofluoromethane. -This solvent
extractor is shown in Figure 2 .The commergial name of trichlorofluoro-
methane is "Freon 11" and henceforth in this thesis it will be refe;réd.
to as Freon. All Freon used throughout this research was redistilled {

-

by low temperature, vacuum distillation prior to i4s use.
' 14

e~



FIGURE 2

Solvent Extractor
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The extragftor is based on the continuous downwards disp]éﬁement
of Freon beads thro?gh the sample performing a liquid-liquid extraétfbn.
The extractor was built from Pyrex glass tubing and was operated as
follows: a warm water bath (35°C) is placed under the solvent pot A -
which initially contains Fredn (boiling point 24.10C) and an eggighaped
magnetic” stirrer. Vigorous stirring is maintained by means of a heater~
“ stirrer placed underneath the water bath, The resultant Freon vapour
" then condenses into the intermittent syphons - the reflux 1nterm1%tent
syphon B providing reflux solvent to the fractional disti\]ation-tblumn
¢ and the extract1ng intermittent syphon D providing a volume of Freon
sufﬁuent to form a single bead of{reon in the extracting tube E. The
latter 15 filled with the sample (juice or wine) through ‘the entry tube
f which leads to the sample supply. The Freon bead falls through the
length of the extracting tube into the collection bulb G at its base.-
The contents of the bulb can be withdrawn through the stopcock H. As
consecutive Freon beads fall, the Freon and extracted solutes flow into
the solvent pot via the capillary tube I'. The stopcock J determines the
"height of the Freon in the capillary tube and consequently the:height of
the sanple in the extracting tube. The extracted solutes collect 1n
the .lvent pot and this warm Freon solution undergoes fractional dis-
tillation in the column C enabling distilled Freon to recycle and re-
extract the sample. The column is 50 cm long and 2.5 cm in diameter
and is packed with 3 mm glass helices. The extracted sample flows out
of the top of the extracting tube into -the collection vessel K at a rate
determned at the sample inlet.

Most design and operational parameters ‘were experiméntal1y deter-
mined (belng"Functions of the exact solvent paig and solutes involved)
as follows: the extractlng tube internal diameter of 10.0 mm; the height
of the cap1]1ary tube wh1ch determines the samp1e “Tevel in the extracting
tube being 86 cm for extracting wine and 107 cm for extracting juice;
the volume of the éxtracting intermittent syphon of 1.15 ml and the point
of entry of this syphon on the extracting tube so single stable beads
of Freon form; and the setting of the reflux ratio for'the fractional
distillation column. ' y '

= adihg

[
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Note that the operation of the extractor is possible with con-
tinuous flow of sample ar in a statioﬁary mode with a sample volume
“equivalent to 95 ml, the volume of the extracting tube, and‘preSSurazed
air in the entry tube with the stopcock leading to the'sampie tube closed.

In order to evaluate the efficiency of this extraction technique,
standard solutions of certain typical volatile components in 129 ethanol
were prepared in the following concentrations: 2.0 ppm, 20.0 ppm, and
200 ppm by dissolving the appropriate amount o% each component as mea-
sured by a‘microlitre syringe in 95% ethanol and diluting with water to
12 ethanol.

" The components chosen for the standard solutions were:
2-methyl-1-propanol, 3-methyl-1-butanol, 1-octam 1, diethyl succinate,
and 2-phenethanol. These compounds represent the range of volatilities
that were likely to be of interest. )

The standard solutions were’subjected to solvent extraction with
the extractor operating in the stationary mode as follows:

(i) 95.0 ml of the 200 ppm standard solution was introduced to the
extracting tube and 400 ml of Freon added to the solvent pat and collec-
tion bulb. The solvent pot was then heated to 35°¢ by a water bath. As
consccutive Freon beads descended the extracting tube, the contents of
the collection bulb were withdrawn through stopcock K and labelled accor-
ding to which beads they represented. These bead samples were then

" Lubmitted to gas chromatographic analysis to measure tpe concentration
of solutes in each. The data thus obtained provided a monitoring of the
songcentration of solutes with time and an estimate of the completeness
of the extraction with time. This procedure was duplicated usiﬁg the
20.0 ppm standard solution and repeated for both standard solutions.

(The results of this study are given in Tables 2 and 3, pages 32 and 33.)
{1i) To determine the amount of solutes carried over by thé Freon past
tfractional distillation column, 250 m} of standard solutions of the
same typical volatile components in Freon were placed in the solvent pot
and heated at 359C for three hours with all extracting condityons being
duplicated, except no solution occupied the extracting tube. The Freon
distillate condensed inta the extractiné tube and after three hours 1t

I
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was removed and enriched 100-fold using the 1ow—température, vacuum
concentrator (described in the next section) and submitted to gas chro-
matographic analysis. This procedure was carried out for both a 200 ppm
and a.20.0 ppm standard solution.- Both of these standard solutions were
madé by dissolving 20.0 u1 each of 1-octanol , 2-methyl-1-propanol,
3-methyl-1-butanol, 2-phenethanol, and diethyl succinate in 100.0 ml of
freon (200 ppm) or 1000.0 ml of Freon (20.0 ppm) in volumetric flasks.
For both studies the solvent pot solution was diluted after three
hours to 1ts original volume and submitted to gas chromatographic analy-
515 for comparison with a sampte of the appropriate standard solution.
For all tests such as this using standard solutions and gas
chromatographic analysis, the peak areas were measured using the 'cut
and weigh' method. The reproduciﬁility of this measuremeént procedure
from injection of sample through to peak area determination was checked
oy repeated injections of the same sample. (The results of these studies

are shown in Tables 4 and 5, pages 35 and 37.)
(¢) Enrichment of the Volatile' Components .

A new design of concentrator was developed which takes advantage
of fhe unusually high vapour pressure of Freon at low temperatures.

The apparatus shown in Figure 3 was designed and built from
Pyrex glass tubing for performing low-temperature, vacuum distillations.

The standard procedure for operating this apparatus was as
follows: the Freon solution containing the 1solated volatile components

'was-placed along with a 2 cm egg-shaped magnetic stirring bar in a 500 ml
fround-botfomed'flask equipped with a B24/40 female, ground glass joint.

T his reserv01r bulb A and its contents were frozen 1n }iquid nitrogen
then Lonnected via the’ ground glass joint to the s1dearm B of the dls-
trilation bulb C, and cooled from below by a dry ice-acetone slush D

(at -78.1 C) which sits atop a magnetic stirring motor E. The entire
system was then pumped out via the exit arm F which was connected to a
mercury diffusion pump. Once the contents of the reservoir bulb had
melted, liquid nitrogen was poured into the cold finger G and the dewar
H which surrounded the, distillation bulb. This low temperature (—196OC)
resulted in the condensation at the glass wall of the Freon vapour which
was then boiling out of the reservoir bu]b#while the Freon solution was



FIGURE 3

Vacuum Distillation Device
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being vigorously stirred to prevent tﬁé formatiop of a concentration
gradient at the solution's surface. The.disti Jation was cont{nued
“until the desired ffna[ volume in the reservoir bulb was reached. At
this time the pumping and all cooling were discontinued and the reser-
vorir bulb was disconnected. Once this bulb and the enriched fraction
of interest had warmed to room_temperature, the enriched solution was
removed by a cooled microlitre syringe followed by a few Freon rinsings
of the bulb to ensure complete transfer of the solution to a calibrated
“tube allowing accurate measurement of the amount of enrichment. The
dystilled Freon was allowed to thaw and stored for redistilling.

' In order to test the 3uitability of tﬁis technique for enrich-
ment of the isolated volatile components in the range of concentration
desired (approximately 100- to 500-fold), 250.0 ml of a standard solution
ot some typircal volatile components in Freon were concentrated to 0.5 ml
then diluted back-to the original volume with fresh Freon. Then the
vriginal standard solution, the diluted concentrate, and distillate were
all submitted to gas chroﬁ%&ographic analysts: This procedure was
carried out for both the 20.0 ppm and 200 ppm standard solution ot ,
ethanol, 1-propancl, 2-methyl-1-propanol, and 3-methyl-1-butanol 1n freon.
(The cesults of this study are given 1n Table 6 , page 43.)

{d) Separation into Individual Volatile Components

Separation of the enriched fraction of interest 1nto individual
components in order to allow their identification was performed gas
chromatographically using a 15 foot long by 1/8 inch in diameter stain-
Tess wteel column patked with 80/100 mesh Chromosorb W (AW/DMCS) coated
w1th'h  (arbowax 20 M. This column was used in a Varian 1800 gas chro-
ratograph equipped with twin flame ionization detectors, one being
hreceded by .a 9:1 stream splitter (exit port: detector). A temperature
program was utilized going from 40°C initially 1n 6°C per minute incre-
ments until ho]dlng at 200°C. The carrier gas used was helium, flowing
at 25 ml/min yp11e the flame mixture was hydrogen (25 ml/min) and a1r
(250 m¥/mig):~ Both the 1njector and detector port were kept at 225%¢.
The standard injection volume was 5.0 ul of sample. Detector output
was recorded on a Leeds and Northrup recorder Model Speedomax H operating
at a paper speed of 1.0 cm/min,
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(e) Quantitative Analysis of the éeparated Components

The conventional flame ionization detector was used for quant-
tative detection operating under the conditions described on page 2¢) .
, In order to check the linearity of the response of the flame
1onizatyon detector and spectral recorder system with sample size, a

series of injections of different volumes of a standard solution was
made under the standard operating conditions of the gas chromatograph.

A 1000 ppm solution of hexyl acetate, pentyl butyrate, and l-octanc} was
prepared by injecting 10.0 .1 of each compound into 10.0 ml of Freon.
The 1njection 'volumes were 0.2, 2.0, 4.0, 8.0, 20.0; 30.0, and 60.0 ,1-
which represented the response range of the detector-recorder systam
Ihkely to be utilized. (The results of the study are shown in Table 9 ,
page 55.) _

The areas of the peaks in the gas chromatographic spectra were
aeasured using the Dupont 310 Curve Resolver. The same four peak envel-
ope was resqlved and integrated for all spectra at the same time while
Cthe f1fth channel was always occupied by a selected reference peak which
represented 1007 area. Once asingle envelope of four peaks was resulved
and 1ntegrated for all spectra then another four peak envelope was
analyzed. Frequent adjustment to the offset integrator drift was made
as necessary using the 100% area reference peak. -

The relative peak areas provided by this technique were then
normaly zed for all Concord spectra using the peak area of methyl anthran-
liate as the'intgrnal standard,

(t) Reproducibility of the Routine Analysis Technique

In order to obtain a check on the reproducibility of the tech-
-nique of routine analysis from solvent extraction through quantitative
analysis, the following procedure was carried out. ¢

5.0 ml of the 20.0 ppm standard solution of typical soluytes in
12, ethanol (refer to page 17 ) was introduced to the extracting tube and
250 ml of Freon added to the solvent pot and collection bulb. The sol-
vent pot Qas then heated to 35°C by a.water bath. The standard solution
was then extracted for three hours at which time the contents of the
solvent pot were concentrated to less then 1 ml using the low-temperature,
vacuum concentrator and diluted to 10.0 ml with Freon. The resultant
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- concentrate was then submitted to gas chromatographic analysis and the
peak areas measured by 'cut and weigh'. This procedure was -repeated
twice more for the 20.0 ppm standard solution. -

The same procedure was tarried out three times (each) for the
J00 ppm and the 2.0 ppm standard solutions (12, ethanolic) of Z-methyl -
propanol, 3-methyl-1-butanol, l-octanof, 2-phenethanol, and diethyl
succtnate.  In order that the final solution be in the 200 ppm range for
gas Chromatographic analysis, the concentrate was diluted to 9%.0 ml
for the 200 ppm solution and to 1.0 ml for the 2.0 ppm solution.(The
resuits of ‘this study are given in Table 7 , page 5] .)
(q) Identification of the Separated Components

Identification of the separated volatile components was done by
means of gas chromatographic retention times and mass spectral analysis.

The former procedure 1nvo]vedlthe addition of a standard chemical
o thg concentrated wine extract. Injection of this combination into the
gas chromatograph under standard operating conditions then allowed the
observation of whether any peak in the wine extract §bectrunnnatched the
standard chemical 1n retention time. This was repeated for approximately
10 Jdrtterent compounds all of which had previously heen reported 1n wine
extra ts, N .

In order to perform mass spectral analysxs: manual collection of

amples from the exit port of the gas chromatog}éph's channel equipped
“4ith a 9:1 streamsplitter (exit port:detector) was employed. These
~amples were then introduced into a Hytachi RMU-6A mass spectrometer.

The technique used for the mass spectral analysis was a follows:
the Lample was trapped upon exiting the gas chromatograph in an 8 ¢m
cenqth of 2 mn (inside diameter) glass tubing which fit over the exit -
port and which was cooled by a tissue\soaked with liquid mitrogen to
~nsure condensation of the gaseous sample on the tube. After warming
cutficiently to allow removal of condensed water from the outside ot the
collection tube, the tybé‘was placed 1nside another tube containing
helium yas at atmospheric pressure and 1i1quid nitrogen temperature
k-1960C). This outer tube was equipped with a B10/19 ground glass joint
which allowed it to be connected to the mass spectrometer. After all
gases were pumped out of the system, the tubes were allowed to warm to
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room temperature and any water vapour introduced with the sample was
pumped off. Then a tissue soaked 1n liquid_nitrogen was wrapped around
the glass entry tube leading to the mass spectral source just before the
sample leak and the valve leading to the pump was closed to prevent further
pumping. Sufficient time was allowed to enable the sample to evaporate
trom the collection tube and condense at the site of the cooled glass
entry tube. All valves preceding this condensation site were then closed
to ensure the expansion of the sample as it re-evaporated into a min- -
um volume. Temperatures throughout the mass spectrometer were then
maintained at 90°G including the glass entry tube which was wrapped with
heating tape following the evaporation of the sample. For certain com-
ponents 1t was necessary to maintain the temperature in the glass entry
tube at. a higher temperature than 90°C in order to observe a spectrum.
the ac tual temperature required varied with the volatility of the sample
but never exceeded 200°C. ’The 1omizing voltage of the soyrce was main-
tained at 70 eV. ‘

’ This technique was tested byllnjecting standard solutions of
known compounds 1n Freon into the gas chrgmatograph. The separated com-
ponerts were then collected and their mass spectra obtained using the
technique deseribed above. These mass spectra were then compared with
the corresponding literature values.

A Tibrary of mass spectra of compounds which have previously been
reported 1n wine extracts was compiled by consulting the literature.
Wnherever possible,a spectrum of each compound was obtained using the
technique described previously af collection and mass spectral analysis.

The mass spectra of the individual peaks of the congentrated

swine extract were obtained by ingecting 10.0 ;1 of concentrate 1nto the

gas chromatoqraph and following the prev1bus]y described technique of
collection and mass spectral analysis. These spectra were then compared
wirth the library of mass spectra for a possible match.(The resylts of the
1dentification procedures are given in Tablelo, pagesSsa.)

(") Calibration of Gas Chromatograph

For those components of the wine extract whose identities were
known and which were available, 1000 ppm standard solytions of the com-
ponent 1n Freon were prepared by injecting 10.0 ul of the component into

(8



10.0 m1 of Freon. Then 2.0 1.1 of the standard solution was 1njected into
the gas chromatograph which was operatlng under the standard conditions
_of routine analysis (refer to page 20). The resultant peak's area was
measured using the Dupont 310 Curve Resolver, allowing calculati®n of a
ppm 1n wine per relative peak area caiibratign factor fo} each component
whose identity was known and which was available. (The results of ‘this
~tudy are given in Table 10, page 56a.)

(1) Extraction of Carboxylic Acids

In order to ascertain whether certain carboxylic acids would be
extracted from wine by Freon, the following test was conducted. A
50.0 ppm standard solution of acetic acid, 1-butanoic acid, 1-hexanoic
acid, l-octanoic acid, and l-decanoic acid in 12% ethanol was prépared
by injecting 12.5 .1 of each acid in 30.0 ml of ethanol and diluting
this with distilled water-to 250.0 ml in a volumetric flask. 100 ml
of this 50.0 ppm solution was then shaken in a 250 ml separatofy funnel

&

with 100 ml of Freon for 10 minutes. The-Freon solution was then col-
lected and concentrated at 0°C by rotary evaporatidh to-1ml. 5.1 of
this concentrate was then 1njected into the gas chromatograph and the
resultant spectra checked for the presence of any of the acids found in
the .tandard solution.

(i) Distribution Ratios of Certain Solutes .

In order to obtain approximate values of the distribution ratios
of some volatile components between 12% ethanol solutions and Freon at
20%¢, 100.0 ml of the 200 ppm standard solution of 2-methyl-1-propanol,
3-methy1-1-butano],'l—octanol, diethyl succinate, and 2-phenethanol in

l a4l

2 cethanol were shaken vigorously in a 250 ml separatory funnel with

100.0 il of Freon for 10 minutes.“'Eafh‘se+u$ions‘gg£g_fﬂfn separated and

submitted to gas chromatographic analysis. (The fF8u¥&snof this study
are shown on page 41.)
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B. |Application of the Techniques of Analysis

- Having deje1qped a satisfactory method of routine analysis of
the volatile pémpbgents in grape juice and wine, it was, decided to use

this method for a comparison of the change in concentration of these

.volatile components) during fermentation. The first comparison was bet-

ween the two basic %(pes of wine grapes grown in Ontario: Viti‘s
labrusca and hybrids| of V1t1s labrusca and Vitis vinifera. Concord

represented the former type dnd Blue Hybrid the-latter. The second com-

. parwson was between a Juice fermented at a relatively low temperature,

20.0° C, and a juice féermented at a relatively h1gh temperature}‘ZB 0°c.
These comparisons necessitated four different fermentat1ons to be done
and it was’-decjided to do a f1fth fermentation which was 1dentical n all -
respects to one of_the thers infbrder to provide an indication of the
reproducibility "of the
The exact\proportioes of grape juice and additives used were provided by

ntire procedurec - fermentation and analysis.

the winery as well as all materials needed. The winery provided complete
" instructions for conducting the fermentgt?ons from start to finish. A
descraption of the procedure followed fhfoughout these studies is found
bEtow. O
(a) euncord Fecmentation Study . : ) i

On Tuesday, October 12,1976 (Ddy 0) approximately 10 gél]onsﬂoﬁ
were removed from a fermentation tank at

Freshly crushed Comcord JUJC
-tne winery prior to any additions.- Fo!]ow1ng ‘immediate transportat1on to

v. to the laboratory, the juice was d1v1ded between two 5 ga]lon Pyrex g]ass

fermentation vessels, ]abe]]e A and B, which both steod in a 20- ga]lon
nolyethylene tastk filled with water at room temperature (19.5 C) 'To-
each fermentation vessel was added 4.0 g of diammonium phosphate, 2.0 g
of*potassium metabisulfite; 0.4Q g of -Montrachet Green-Star yeast,

and sufficient’ ligisid invert sugar to raise the speC1f1c gravity of the

must to 2] 0%rix as measured on la Brix hydrOmeter(w1th enciosed ther—

mometew and correctlon scale).

iy u " The yeast had prev10us]y been softened for 5 hours in a 400 ml
port{on~of juice at 35°C.
The pH of both musts was determined by a pH meter. JAYI pH -
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measurements were done using a Beckman' Zeromatic Il pH meter equipped
with a Beckman #41623 glass electrode and a silver-silver chloride ref-
erence electrode. _‘

‘ A glass fermentation lock containing a 100 ppm aqueous solution
of potassium metabisulfite was placed in the neck of both fermenfa@ion
"vessels. A length of glass tubing penetrateb this lock in order to allow
sampling of the must quickly and easily. During sampling, the qlass
-tdbing was joined by Tygon tubing to a 250 ml Erlenmeyer flask which 1n
turn was connected to an aspirator. Asp;ration was' continued until
approximately 150 ml .of must had entered the flask at which time a pinch
" clamp sealed off the Tygon tubing.

" The following standard procedure as well as the sampling tech-
nique described above was used for all sampling and ana]yzing'for all
five fermentations.
The must sample was filtered through a‘Buchner funnel 1ined with

Whatman No. } filter paper which was covered with a 1 cm 1a}er of

Kieselguhr (Baker TLC). When the filtration was compjete,'the clarified
must was carefully poured into a glass cylinder and a soluble solids

reading taken qsfnb the Brix hydrometer after allowing sufficient time

for oquitibra;ibn. The pH of the c]arifiéd must was then measured. Then
95.9 ml of the must were then carefully measured using a graduated cylin-
der and added to the entry tube of the solvent extractor. 20 ml of

Freon had previously been added to the colléction bulb of the extractor. )
Compressed air then was used to force the rust into the extracting tube,

230 ml of Freon and an egg-shaped magnetic stirring bar were placed

inside a 500 ml round bottomed flask equipped with a B24/40 ground glass
‘Joint and connected to the solvent extractor as the solvent pot. A 35%¢C
water bath was then .placed around the solvent pot supported by a magnetic
stirrer-heater. Brisk stirring of the solvent pot was continued through-
~. out the extraction as was the'circulation of cold water through all
condensers. After 3 hours of solvent extraction, the heating kas«stopped G-
and the Frean soluble fraction collected in the so]veni pot. This flask
was disconniected from the extractor énd placed in liquid nitrogen in (.
order to freeze the sample. Then, in Jgder to concentrate the isolated ‘
volatile components of the sample, the f]ask was conne;ted to the
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low-temperature, vacuum distillation devite in the reservoir bulb pos-
1tion and the contents were allowed to melt. A dry ice-acetone slush
was.v]aced around this bulb and a liquid nitrogen dewar surrounded the
distillation bulb. The cold finger was filled with liquid nitrogen and
the exit arm connected to the mercury diffusion pump . Vi§0r0us stirring
of the reservoir bulb (still containing the egg-shaped magnetic stirring
bar) was maintained throughout the d1st11]at1on When visual inspection
indicated less than 0.5 ml of concentrate rema1ned in the reservoir bulb,
th1s bulb was d1sconnected and the cooling discontinued. The concentrate
Was renmved from the bulb by a 100 ul syringe and placed in a calibrated
glass tube. The inside of the bulb and the stirring bar were rinsed
thoroughly with Freon and the rinsings added to the concentrate. The

“concentrate was then diluted with Freon to the 0.50 ml mark. The con-

centrate was then transferred via a cooled 1.0 ml syringe to a gas
chromatograph1c screw cap septum vial. From this vial was removed a
5.0 ;1 sample for injection into the gas chromatograph using a‘5.0 ul
syringe. The column used and other cénditions of the das chromatograph
are given opn page 20. °  The spectrum was recorded and required man-
wal scale-changing to ensure all peaks were on scale. The spectrum was
?hen stored for later curve resolution and integration®while the sample
vigl was stored at -15%C for future reference.

This procedure was repeated for the Concord fermentations approp-
rate to 6he rate of fermentation asysdetermined by the Brix hydrometer .
readings g For the first 7 days o e fermentation the rate necessitated

. daily sampl1ng but, as this raté décreased less frequent sampling was

necessary. - 4ﬁf¢

The Cancord fermentation was allowed to progress without inter-

‘ference except for'this sampling procedure and frequent monitoring of

temperature. FodTowing winery instructions the two musts werg first
racked at Day 10 of the Concord fermentation at which time the fining
agent, bentonite, was added to 750 ppm as well as an additional 50 ppm
of potassium metab1su1f1te On Day 21 of the Concord fermentation, the
two musts were racked a second time followed by the addition of 400 ppm
of bentonite and 20 ppm of potass1um metab1su]f1te The headspace above

" the must in both ferflentation vesse]s was purged with carbon dioxide



28

after each samp11ng ’ i T
The sampl1ng and ana]ys1?/was discontinued on Day 43 for vessel
5 and on Day 45 for vessel A.

(b) Blue Hybrid Fermentation Study

On Tuesday, O¢tober 19, 1976 (Day 0) approximately 5 gallons of
freshly crushed Blue Hybrid juice were removed from the fermentation )
tank at the winery prior to any additions. Upon transportation to the.
“laboratory the juice was poured into a 5-gallon Pyrex ghass vessel,
labelled H. This vessel was placed in a 20-gallon polyethylene water
bath at room temperature (19. SOC) Identical quantities of the same '
add tives as the Concord musts received were added to the Blue Hybrid
must: 4.0 g of diammonium phosphate, 2.0 g of potassium metab1su1?1te,
0 40 g of Montrachet Green Star yeast, and sufficient liquid invert
sugar to raise the specific gravity of the wust to 21.0%rix. *Again
the yeast had been softened prior to its addition. The votume of the
mist at this time was 19.5 1 and the bH =3.18.

The sampliﬁg and analysis prbcedure was carried out on the blue
Hybrid must twice daily for the first 3 days during the most rapid fer-
mentition period. For the next 14 days daily sampling and analysis was
conwucted after which time the frequency of sampling and analysis was
decreased. The sampling and analysis procedure used for the Blue Hybrid
fermentation was identical to that described for the Concord fermentations
in all respects. The Blue Hybrid fermentation was allowed to progress
without interference as had the Concord fermentations. The temperature
was frequently monitored. On Day 16 fhe Blue Hybrid must was first
rached and 750 ppm of bentonite was added along with 75 ppm of potassium
mctabisulfite. A second racking was done on Day 20. As was done for
the honcord fermentations, the headspace above the Blue Hybrid must was
purged after sampling with carbon dioxideonce this became necessary. The
Blue Hybrid sampling and analysis was ceased after Day 42 of 1ts fermen-
tation. ' )

Tne final addition of the potassium metabisulfite for both the
Concord and Blue Hybrid fermentations was based on a free SO2 analysis
by the winery @f both muysts after both fermentations were virtug]]y com-
ptete. The levels of free 502 in all rusts were then adquted to 35 ppm.
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{(c) Fermentation Temperature Study

In order to investigate the effect of fermentation temperature
on the_growth of the volatile components ig the mus; during fermentation,
it was decided to ferment simultaneously two identical volumes of Concord
yrape juice with the only difference being the fermentation temperature.

On Monday, November 15, 1976 approximateiy 10 gallons of Concord
‘grapg juice were obtained from the winery. These grapes had been crushed
about October 14, 1976 and the juice storeq\?ﬂ stainiess steel tanks at
12%¢ 1n‘order to retard fermentaggon. This\ﬁuice was equally divided
between two 5-gallon Pyrex glass fermentation vessels and the following
additions were made to each vessel: 4.0 g of diammonium phosphate,
2.0 g of potassium metabisulfite, 0.4 g of Montrachet Greeq Star yeast,
and sufficient 1iquid invert sugar to raise the specific gravity of the
must Lo ?I.SOBrix. As had been done previously, the yeast was softened
praor to 1ts addition. The volume of both musts at this time was 19.0 1
and the pH of each equalled 3.10.

One vessel, .marked K, was placed in a 20-gallon water bath at .
ZO.OOC. The other vessel, marked W, was placed in a 20-gallon water
bath at 28.0°C. Both water baths were equipped withjé thermostat,
stir r, and heater which allowed only a t 0.1°C variation in water
temperature. The contents of both vessels were allowed sufficient time
in the baths to equilibrate beforé the yeast was added. 1t was necessary
‘o use a 10 foot stainless steel cooling coil with cold water circulating
through it to achieve proper temperature stability in the 20.0°C water
oath.

The sampling and analyzing procedure used for both of these
L mts was 1dentical to that described previbusly on page 26 . Because of
the faster 1nitial fermentation rate of vessel W it was sanmpled more
frequently until the rate of fermenatation of vessel K surpassed that of
vessel W at which time vessel K was more frequently sampled. When the
rate of both fermentations became less then O.SOBrix per day, the sam-
nling frequency was reduced (Day 8). Once the rate of fermentation of
vessel W beéame less then 0.1%rix per day the temperature of its wéter
bath was reduced to 20.0°C. This was at Day 4 when the specific gravity

p%
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of vessel W equalied -0.5%rix. After this time the temperature of both
water baths was the same. On Day 6 must W was first racked and 750 ppm
of bentonite added as well as 75 ppm of potassium metabisulfite. The
identical treatment was given to must K on Day 10. A second racking was
done for both vessels on Day 16 and 400 ppm of bentonite added to each.
When necessary, the headspace above both musts was purged with carbon
dioxide after sampling. The final sampling and analysis of both must K
and must W was done on Day 50. ‘ ‘

For all fermentations described in this chapter sampling was car-
ried out at the same time each day in order that the time interval between
samples be consistent.



CHAPTER 3

»

RASULTS AND DISCUSSION

A. Techniques of Analysis
Because of the sensory importance attributed to the volatile com-
ponents of wine (22,27,29), it is of interest to monitor the change in
concentration of these components which occurs during the fermentation
" process. Such monitoring could yield data that might contribute to the
understapding of their possibie origins. Thus the source of differences
n the volatile components between wines made from different grapes or

utider different fermentation. conditions might be better understood.” Con-
stdering how rapidly the fermentation process can progress in a 24-hour
period, the technique used for monitoriné the concentration of the volattile
components during the fermentation must be quantitatively performed in a
few hours. Such a technique is henceforth referred to as a technique for
rdut1na quaﬁtitative analysis.

Each stage in the analysis.of the volatile components described
on paJé'la was then considered with respect to the suitability of the
avarlable techniques for routine, quantitétive analysis. Special atten-
tion was focused on the most time-consuming stages in the analysis. These
were considered to be the i%olatign stage and the enrichment stage. The
techmques described in- the previous chapter that were used for the routine,
Jquantitative analysis of wine and must are discussed(ﬁn the following
sections. '
1) Sample Collection

The acquiring of _samples from the winery was beneficial in allowing
access to established wine technology and in assuring as much as possible
*hat industrial-type samples were being dealt with.
Wb) I§gl§tion;of the Volatile bomponents From the Sample

The new design of the solvent-extractor was subjected to certain
tests to see if it met the criteria for routine, quantitative analysis.
Tables 2 and 3 show the results of the tests using standard
solutions of selected solutes in 12% ethanol to monitor the concentration
. 31
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of solutes as a function of the number of Freon beads descended through
the solvent extractor. [t is apparent that fhe concentration of any
s{nqle solute in the beads remained constant until a time at which a
gradual decrease in concentration began and continued unt11 the level

of solute in the beads was not detectable. Note that by the time 250
beads had passed through the 200 ppm standard solution, all solutes were
no longer detectable. This concentration was chosen for study because
1t represented the level rarely exceeded by even the most abundant voi-
atrle components in wine. For the 20.0 ppm standard solution extraction
. 211 solutes were undetectable after 150 beads had descended. 20 ppm 1s
4 typical concentration value of many volatile components in wine.

An estimate of the time required for comp1eté extraction of the
vilat1le components from wine using this extractor can be made from this
duta. It was found that the rate of beads descending the extracting
tube was 4 beads per minute (averaged over one‘hour) when the water bath
W dat BbOC. This rate was a function of the water bath temperature, the
stirring rate 1n the solvent pot, and the surface area in the solvent pot .
Tnus  the time required for 250 beads to descend through a sample was ©3
mnutey, at which point even those volatile components originally at 200 ppm
'n t sample should have been extracted. This figure suggested that the
new design of solvent extractor was fast enough for routine analysis and
only needed to be proven quantitative.

Table 4 shows the results of mass balance studies using standard
solutions of selected solutes in Freon as the solvent pot solution,while
measuring the amdunt of solutes which distilled over with the Freon past
the fractional distillation column, The level of solute which distills
wver determynes the limiting concentration at which solutes would no longer
be extrfacted from a sample. Note that the highest concentration of wolute
11 the distillate was 0.60 ppm for 2-methyl-l-propanol with the 200.ppm
“tandard solution 1n the solvent pot. This corresponds to 0.3 of the
solvent pot concentratien in the distillate. The concentration of solutes
in the solvent pot sofution (diluted to its initial volume) after 3 hours
of extraction was thé same as the concentration of the solutes in the
original standard solution within the experimental precision of the anal-
ysi1s technique. This was true for both the 20,0 ppm and the 200 ppm
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Concentration (ppm) of Solute in Distillate®

- - —

200°

J-methyl-1-propanol
3-methyl-1-butanol
I~0ctanol

dietryl succinate

¢-phenethanol

B T T a— -

0.60
0.40
0.30
0.20
0.08

20.0¢

————— e = - =

e ey, —— o ———————— e &

0.04
0.04
0.03
0.03
0.01

4501vent pot contents showed an

studies

t’2()0 ppm standard solution was in solvent pot

L

undetectable 10ss of solutes for both

2000 ppm standard solution was 1n solvent bot
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standard solution. The experimental precision of the gas chromatographi
analysis using the 'cut and weigh' method of peak measurement 15 <hown
in Table §.

The levels of solutes which distilled over during the extraction,
as measured by this mass balance study, indicated this method of solvent
extraction was sufficiently quantitative. Consequently thys technmgue of
isolating the volatile components was chosen as a stage in the routine,
quantitative analysis. Because it 1s a new design of solvent extractor,
some discussion of its behaviour is appropriate.

This new sesign of solvent extractor was developed specitically
forouse with Freon. The extractor is bdased on the continuous downwards
displacement of Freon beads through the sample performing a 1iquad-ligutd
extraction, If the sample to be extracted s restricted to a cylindrical
length of glass tubing of appropriate internal dlamet;r and an appro-
priate volume of Freon is introduced at the tup ot the sample, a single
plug or bead of Freon forms of an internal diameter only sligntly less
than that of the glass tubing and falls through the sample to the bottuu.
Note that this design of extractor does not resemble conventional down-
wards displacement extractors which maxiumze thessolvent surface area
exposed to the sample by minimizing the solvent qiop si12e. A feature of
this design\ws that the sample 15 contined e a vylindrical tube
through the entyre T@nétn Oof wmien each Freon bead falis. As only a
thin t1lm 15 between the bead and the glass wall, vvery individual freon
beaa can potential]y extract the entire volume ot sample. This is unlike
cony tional downwdrds displacement extracturs wnere edoh tiny solvent bead
intexgacts witionly a very small fraction of the sample. This new desiyn
ut solvent extraction can be considered 1n relation to a4 suwple bateh
extraction for which the expression for lhe percensage extraction, LE,
of a solute from solvent A into solvent B v (73 ):

€= 100071/ {07T (v )] (1 ‘

Here V represents volume and D 1s tne distritution rativ of the
solute between the solvents A and B. The ilatter 1s 4 constant for the
Specific solute and solvents concerned and eyudals the ratio at equilibrium
of the concentration of the solute 1n solvent A to the concentration of
the solute in solvent B, the extracting soivent.
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Y

in Repeated Gas Chromatographic Analyses

e - — e i - — -

Relative Chromatographic Peak Areas®

g mr—

Injection 2-methyl-  3-methyl- 1-octanol diethyl

2-phenethanol

I-propanol 1-butanol . succinate
a] 19.7 . 21,2 . 18.1 10.2 13.2
. 1800 20.8 17.2 - 9.7 12.6
;s 19.1 21.1 19.0 10.6 14.5
ad 19.3 22.0 18.9 9.8 14.0
Jveraqge - 19.0 21.3 18.3 . 10.1 13.6
percentage
rverdge 2.3 1.8 3.6 3.0 5.0

Jeviation

JRe-peatcd injections of 2.0 ul of 200 ppm solutions

—— e — - em v = wewim W e =

-~
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One objective of liquid-liquid extraction 15 to maximtze :E .
From equataon (1) i&nnay be seen that, if the volune of the extracting
“olvent, Vg. is suff{E\ently large, this can always be achieved. A
further objective however, is to concentrate the extracted solutes and
tms require§ that the volume of the extracting solvent be as small as
possible. Recycling the extracting solvent allowed Both of these objec-
tives to be achieved and consequently was included in this design of
extractor. )
for this extractor the total volume of freon, VB‘ is 200 ml.
However, due to recycling, the amount of Freon actually exposed tuv the

wine, V'B. i~ far 1n excess of 200 ml (750 m] 1n a 3 hour extraction)

and 1t 1y this votume which should be used in equation (1). From equation
1) {! can be seen that o principle, it V'8 approaches infinity, then 4
"t oapproaches 100 . The lmmiting factor iF £ for a given solute approa-

ching 100 1s the concentration of that solute in the recycled freon
which twst approach zero in order that ;he recycled extracting solvent
be 100 Freon. .

Thus, 1f.tne limiting concentration 6f a solute 1n the recycled
treon, Lsolute]]]m , then the limiting concentration of the solute n

Freon
the 11 would be: .
1im . lim

| [solute]w]ne =D x [SO]Ute]Freon (2)
where D 1s the distribution ratio as defined with equation (1). Hence,
. 1im Him
v Esolute]Freon goes to zero, [solute]wine '
As shown the Timit to the efficiency of an extraction such as this,

also goes to zero.

S involiving recycled solvent, iy’ the purity of the Freon beynyg distilled.
L pcint, out the cruq}al role the fractional distillation ¢olumn plays
inothie extractor and why it was included here 1n contrast to conventional
recycliinyg extractors.

There are two important experimental observations which are appar-
ently wmportant 1n evaluating this extractor. Ffirstly it is apparent from
studying Table 3, that the concentration of solutes remains constant for
at least the first 19 Freon beads which descend and also that the point
¢t which the concentration of solutes, in the beads decreases, appears to be
approximately the same for four of the five solutes studied. Just as
mmportant is the fact all solutes are at undetectable concentrations after
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150" beads Have extracted the 20.0 ppm stangdard solution. The fact that L

the solutes remain at constant levels for the first 19 beads means the
beads must be becoming saturated with the solutes during the -déscent.
This saturation could be throdéhout the entire Fredn bead or é]se be
stmply in the surface Tayers. The latter is commonly observed in con-
ventional cont1nuous downwards displacement extractors. Consequently
in order to achieve maximum eff1c1ency these devices minimize the drop
size. It must be concluded in the new design of extractor that the
entire Freon bead is becoming saturated. The evidence for this comes
from considération of a batch extraction edhatidn. If a batch extraction
were performed on 95 ml of wine with ].15 m1~df Frébn n times in suc-
cession, the percentage solute remainihg'{h the wine, R, is given by:
k=100 (D?g{’——g—g)” (3)

. - D
where D is the distribution ratio as def1ned within equation (1) (74)

-

.For 3-methyl-1-butanol the value of D is approx1mate1y 1.3 as g1ven on
page 41. For n = 150 the value of %R is 26%. However Table 3 shows
that after 150 beads ‘of Freon {1.15 m1 per bead) have descended the
solvent extractor thét 1ess than 10% of the 3-methyl-1-butanol remalns
in (he wine. The fact that ]50 Freon beads in the-solvent extractor
apparently could extract as eff1c1ent]y as 150 batch exgract1ons means
the entire Ereon bead must be becom}ng saturated.  The data for the other
solutes in Table 3 and all solutes in Table 2 confirm thjs conclusion.
Visual observation of severe agitatjon within the Freon beads,as;they
descend the extracting tube,also suggested stirring within the beads was
occuring. This dgitation is the resu]t of surface interactions depen-
dent on the diameter of the cylindrical glass tubing. These surface ‘
interactions also result in the rate of- fall of the Freon bead in the
extracting tube being'much slower than is observed for drops of this-
size in the free fall in this medium. i ®
The fact that 150 Freon beads in the new design of extractor ap-
parently extract more efficently than }50 successive batch extractions
relates to a second conglusion. 'Equation (3) for succe551ve’batch ex-
tractions is based on the fact that mixing of the solutes in the wine
occurs and each successive batch extraction removéé Tess solute than did
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fhe preceding extraction. Since the results of Table .3 show the first
19 beads éxtrhct a constant concentration of solute, it is concluded
that each of these beads is saturated at the initial concentration of
the solute in the wine. This can only occur if the bead is saturated
before it reaches the bottom of the extracting tube and if no substant1a1
vert1ca1 mixing of the so]utes in the wine is taking place.~- _ .~

It is seen that the.new design of extractor can be more efficient
than successive batch extractions.

From the above disscussion it seens that this design of solvent
extractor is in some ways ana]agous to column chromatography The essen-
t1a] features of the latter are’ that the compounds of’ 1nterest are re-
tained ,in the fixed phase and that a mobile phase,which is capable of
. eLutin@ the compounds of interest,is in equilibrium with the fixed phase
during its descent. These .features are similar to those of this design .
of solvent extractor where the lack of substantial vertical mixing of
the wine makes it comparable to a fixed phase. )

It is apparent from the preceding discussion that.the wine is
bernq stripped of the vo]atlie components from the top first. Thus there
1s the possibility of‘a_countercurrent system where the.wine, -which is
1es, dense than the Freon, 1s removed from the top of the extracting tube
and unextracted wine introduced at the base. The extractor was operated
in this countercurrent mode and apparently performed successfully a]though
* it was not characterized in this mode. '

This extractor was des1gned to take advantage of some physical
properties of Freon. First]y Freon has a very high density of 1.494 g/mi
at 17.2°C (75). Converse]y a typical density of grape juice is 1.090 g/ml
at‘17 2°C and wine typically has a density of 0.996 g/ml at 17. 2% (76).
This. d1fference in densities between Freon and grape juice and wine nmkes

“Freon an excellent Solvent for a continuous downwards displacement ex-
tractor. The downwards displacement of stable Freon beads through the
sample is the basis of this design of extractor: The use of an intermit-
. tent wyphan,. which 6eriod1ca]1y releases Freon of the minimum volume

, required for formation of a single, stable beéd in the ertracting tube,

makes‘a'dowowaros displacement design essential.

Y
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,Secondly, as illustrated by eqd;tion (1), the efficiency of any
extraction depends on the distribution ratios of the solutes of interest
between the sample and the solvent. The favourable distribution'rétlos
for the volatile components between wine or grape juice and Fredn has
been previously reported (59) as well as‘experimeqta]ly determ;hgg/for.a
few components. Using the procedure described on page 24 the following
values of the distribution ratio, D, as defined with equation (1) were
determined: for Zlmethy1—1-propano1, D = 4.3; for 3-methyl-l-butanol,

D = 1.3; for 1-octanol, D = 0.55; -for diethyl succinate, D = 0.36; and
for 2-phenethanol, D = 0.73. ' | .

Thirdly, Freon displays suitable so?ﬁbi]ity characteristics for -
use in the solvent extraction‘of both: juice and Wine,being effectively
insoluble in each (59). ' '

Fourthly, as illustrated earlier, the limiting concentration of
éo}utes, which will be extracted from the wine, depends of the ability
to separate the previously extracted solutes from the Freon during sol-
vent recycling. This separa&ion is optimized if the difference in vol-
atitities between the solutes and the solvent is optimized. The unusu-
dlly low boiling point of Freon, é4.1°C, for a compound which is liquid
at room temperature is.very advantageous'(75). The high vola{élity of
Freon a]]qws the use of a 35%¢C water bath to heat the solvent pot and
dchieve both adequate vaporization of the Freon for recycling and ade-
quate separation of solutes and solvent.

This new design. of solvent extractor is apparently a high]y'suc—
cess ful method of isolating the volatile components from wine and grape
Juice. This tgghnique has been shown both very*fast and quantitative
for the compounds of interest and is superior to conventional techniques..

Other studies have concluded solvent extraction to be the most suitable
method for isolating the volatile components from wine or: grape juice (59)

Of tnose solvent extraction techniques not using the solvent Freon, the
quichest one apparently uses a 2:1 mixture of pentane and methylene
chloride and has a 12-hour duration (33). It is not reported how quan—.
titative this technique. is. -An extraction technique which showed good
recoveries of the volatile components usi?g.n—pentane as a solvent has

" been reported but. required a 240-hour extraction period (59). Another

o
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study concluded that Freon was the most suitable solvent for isolating
the volatile components from wine or grape Juice (59). Techniques using
Freon in conventional continuous downwards displacement extractors have
_been described which made semi-quantitative recoveries of the volatile
compoﬁents from 10% ethanol solution in 17 hours (59). Thus it 15 clear
that this new design of continuous downwards displacement extractor, using
Freon as the solvent to perform a quantitative extraction in about one
hour, compares very well with alternative techniques: of isolating the
volatile components from wine or grape juice. It is necessary that this
isolation technique be coupled with a technique of concentrating the ex-
tracted components quick]yfﬁnd quantitatively to a level at which they
are easily measured in order that the overall analysis be successful.
The alternative to cancentrafing the extracted volatile components (rOQgh1y
100-fold concentration is required) would be to extract larger volumes

of sample. This would necessitate a proportionaie]y larger total fermen-
tation volume which would be undesirable for controlied laboratory con-
ditions. ‘ '

Expanding on this basic design of extractor, modifrcations are
possible which might iricrease its usefulness for this and other applica-
tions. There is no reason why the iength of the extracting tube could
not be ‘increased substantially, so the descending beads would extract a
larger volume of, solution. Similarly it is conceivable several extracting
tubes could be radially arranged around a single solvent pot-distillation
column system. Other non-enological solutions:requiring rapid, quanti=
tative solvent extraction might also use this extractor such as for thé
analysis of drugs in blood. This extractor system also can.operate as a
countercurrent extractor which is des1rab1e.f6r Qther types of extraction.
(c) Enrichment of the Volatile Components

The concentrétorﬁescribed in the previous chapter was tested by

enriching standard solutiopns of selected solutes 1n Freon and apaIyZIng
the solute concentr&%ioh C

These tests were to determine if this technique of vacuum distillation at
-78°C met the criteria for a routine, quantitative analysis. The results
of these tests are shown in Table 6. .For all sblutes the peak areas of

n both the concentrate and distillate sofutions.

the original standard solution and the econcentrate, diluted back to its
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TABLE 6

43

Percentagé of Solutes in Distillate of Standard

-

Freon Solutions for Yacuum Distillation at -78.106

——

Percentage of Origin

- e o e ———— -

al ancentration

in Distillate
* Component Original Concentration Original Concentration
200 ppm 20.0 ppm
1-propanol, 1.6 1.9
2-methyl-1-propanol 0.9 1.1
© 3-methyl-T-butanol G.5 0.5

The conceptrates diluted to their original volume
Toss of solutes for/both studies

showed an undetectable

[
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original volume, were the same within the experimental precision of the
gas chromatographic technique. ~

Study of Table 6 indicates that losses of solutes in the 0.5 to
2.. range can be expected using this technique of concentration with‘the
loss of solute decreasing with decreasing volatility of the solute.

It was concluded that losses of this magnitq&e were acceptabtle
especially when compared to alternative techniques% The time required
to concentrate 250 ml of Freon solution to 0.5 m]aﬁas approximately one
hour which was quite adequate for a routine analysis. It was decided
that this technique of vacuum d1st1]]at10n of the solvent at -789¢ would
be used in the routine, quantitative ana]ys1s of wine and grape juice.

Note that this technique complements the solvent extraction tech-
nique in that it also takes advantage of a physical property of Freon.
Freon has an unusually lTow mo]ar heat of vapor1zat1on (75)

How advantage can be taken of this property of Freon is revea]ed by the
Clausius C]apeyron thermodynamic equation (77):

4

d tnp _
dT vap/RT

where p = vapour pressure, R = gas constant, and T = temperature (Uk).
Thi. equation shows that, as a result of the low AHSap of Freon, the
relative vapour pressure of Freon compared to that of typical volatile
¢omponents becomes much higher as the temperature decreases. This be-
haviour is illustrated {n Figure 4.

A few of the operating conditions of the concentrator were exper-
imentally determined. It was found essential that the solution in the
reservoir bulb be stirred vigorously, since it was observed that much
larger amounts of solutes were distilled over without stirring. This
was presumably because, as the Freon molecules entered the vapour phase,
the surface layers became depleted of Freon mo1ecu1es resulting in a
concentration gradient with a h1gher concentrat1on of solutes at the
surface of the solution than inside the solution. In accordance with
Raoult's Law (78), this would result in a higher wvapour pressure of the
solutes than would be expected by the average concentration and also
result in greater distillation of the solutés. The formation of a sur-
face concentration gradient also determines the limiting volume to which



_ FIGURE 4

Vapour Pressure Versus Temperature

for- Freon and Typical Volatile Components (82)
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the solution could be concentrated. Attempts to use a calibrated t?p on
the reservoir bulb, which would have indicated the point of sufficient
concentration, failed because stirring within the tip seemed unfeasible.
The point of suff1c1ent concentration was determined 1nstead by visual
inspection. When the concentrate was removed from the reservoir bulb by
syringe, it was necessary to cool the syringe with ice in order to pre-
vent 1oss of the solution through volatilization of the Freon.

This technique seems to compare favourable with alternative tech-
niques of concentrating the isolated volatile components. fractional .
disillation techniques require much longer times to accomplish concentra-
tions of this magnitude and the hold-up of any fractional distillation .
column would need be very small since the final volume of concentrate 1s
only 0.5 ml. Rotary evaporation operated conventionally does not allow
low enough pressures to be achieved (]0'5 atm is adequate for vacuum dis-
tlildtion). There are large losses of volatile components such as 2-
methyl-1-propanol and 3-methyl-1-butanol when rotary evaporation 1is used
to concentrate wine extracts at temperatures about 0°C. There is dl<o
substantial difficulty in reducing the concentrate to low volumes such as
0.5 mi without significant losses.

[t is quite possible this technique of low-temperature, vacuum dis-
tillation could be improved by further modifications. The losses of sol-
utes could be further reduced by using a temperature bath even colder
.than dry ice-acetone (-78°C) but not lower than -lll C which is the
tfreezing point o% Freon (75). The time required might conceivably be
IedULed by expanding the size of the reservoir and distillation’ bulbs in
order to increase the s&??ite area and thus the rate of vaporization
[f adequately low pressures could be achieved and a reliable procedure
developed for concentrating to low volumes, rotary evaporation would
lhkely be preferable to this technique because of increased speed of con-
cenfration‘ 0f course 1t 1s essential that any such distillatian be done
at -78°C or lower to minimize losses of solutes. It is conceivable that
the principles on which this concentrator is based are applicable to
enrichment techniques where solvents other than Freon are used. The
requirement for these solvents is that they also have a low molar heat
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of vaporization in order to be suitable for low temperature, vacuum
distillation. 3-methyl-1-butane is an example of a solvent for which

this technique is also applicabie.
(d) Seyarption of the Individual Volatile Components

Unlike the previous two stages of the analysis, there seemed very
limited room for improvement of the techniques of separation described
n the literature. There was, however, a choice to be made between the
two basic types of columns used in gas chromatography which are conven-
tional packed columns or open tubular columns (9 ). The conventional
packed type of column was chosen for the following reasons: (1) because
it was decided to collect samples for ﬁass spectrometry from the stream
splitter exit port of the gas chromatograph, the packed type of column
was favoured since it allowed larger samples to be collected (69 ); (2)
because of the large range of concentrations of solutes in the concentrate
that were injected on to the celumn (roughly 100G-fold), the possibility
of the more abundant components floéding the column or the less abundant
ones being in undetectable amounts seemed to gkist for capillary columns,
(3) lacking a recorder with an automatic scale changer, 1t was necessary
to be present for the duration of the spectrum in order to manually.change
scai s as required. Since this stage is one of several in a technique
of routine analysis, it could not be too time-consuming relative to the
other stages and the use of packed-columns promised to be the quicker of
the' two; and (4) the availability of gas chromatographic facilities Qas
far yreater for packed columns than for open tubular ones and this allowed
greater fiéxibility for the overall analysis.

Having chosen to use a packed column, it was then decided to use
1 15 foot long by 1/8 inch in diameter staintess steel colGmn packed
with 80/100 mesh Chromosorb W (AW/DMCS) coated with 54 Carbowax 20 M.
This proved to be suitable when a temperature program of 40°¢ (imtial)
to 200%C {final) in 6°¢ per minute increments was used with a 25 mt per
minute rlow of helium carrier gas. The résulting spectrum offered an .
acceptable combination of resolution and time required. A typical gas
chromat&graphiq spectrum is shown in Figyre 5 along with peak assignments.

A flame ionization detector was used because of its high sensi-
tivity to a wide range of compounds. It also is very well suited for

~



FIGURE 5

Typical Gas Chromatographic Spectra
(Numbers shown are for subseq[:ent reference to peaks.)

-
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. programmed-temperature use o ). 1t was felt a therma]‘COnductiuity de- .
tector lacked a wide range of applicabi1ity The 5.0 ul injection volume
introduced, sufficient solutes without flooding the column With solvent

{e) Reproducibility of the Routine Analysis Technique ~° ~"‘«_*,f_

_In order to estlmate the experimental precision of ~the results
_obtained in the technique of routine analysis, standard solutions of
Qselected solutes 1in °12% ethanol solutions were submitted to repeated
‘extractwon concentrat1on, and gas chromatograph1c analysis. The results‘
of this study are shown in Table 7 . All concentrated Freon solutions

were d1]uted to a suff1c1ent final vo]ume S0 that the samples were in the -
200 ppm range for gas chromatqgraph1c analysis.

The average dev1at1ons fall between 1.1% and 7 7%. Thus 8% is
felt to.be a realistic estimate of, the precision involved “in any single
measurement and to be an acceptable precision for.a mu]ti-stage analysis
of this type. This precision compares favourably to the precisions
reported fo} .other quantitative analyses (72,.61). Error bars of &% were
used in subseouent gréphiﬁg of dita. ( ..

Note the less volatile components show highér average deviations
in Table 7 in a similar manner to'the results of the gas chromatographic
'reproduc1b111ty study shown in Table 5. _This suggests that the gas chro-’
matograph1c ana]ys1s is the major contribution to ‘the average deviation of
the overall analysis. The increased tailing Observed in the gas chroma—
tographic spectrum apparently results in less precise peak area measurement.

The use. of an internal standard in the Goncord fermentation
studies 1is 11ke1¥ to improve the precision of those studies. The rela-
tively poor resolution o( certain smallr peaks in the gas chromatographic
spectra of the fermentation studies m1ght quite possibly result in poorer
prec1s1on ' '

The use of standard deviation lnstead of average dev1at10n to
estimate: the precision was cons1dered but too few sets ofrdata were avail-
able for actua} statistical analysis (or even to estimate the shape of
the error curve). These precision values are only estimates of the reprOJ ut‘
ducibility of the technique of‘rout1ne analysis and _any subsequent quantw-‘
tative compqrisons are not maoe on the basis of single measurements but. ,

“ using several consecutive measurements ¥ “



i TABLE 7

Routine Analysis Procedure Applied :

to Standard 12% Ethanol Solutions

*

Relative Chromatographic Peak Area

v

deviation

51

. Fae
- 2-methy1- 3-methyl- 1-octanol” diethyl 2-phenethanol
1-propanol 1-butanol succinate
with ‘ 206
2.0 ppm - #1 210 291 322 224
ctandard 72 201 279 . 284 203 208
solution #3 191 259 335 . 186 247
average 201 276 314 204 220
percentage | .
average Lo 3.0 4.3 6.4 6.4 .7
deviation - - '
gt 127 187 185 122 124
T Ceandard  #2 132 175 162 1m0 119
Solution -#% 133 173 167 , 101 113
average 131.1 178.2 171.3 1]]20 118.5
. percentage . : ) '
average : 1.9 3.3 5.5 6.9 3.3
deviation
. A
W1th 41 179 196 186 13 122
200 ppm ’ ' .
ctandard #2 190 213 183 101 136
olution #3 173 208 181 106 . 136
average - 181 206 - . 183 107 131
percentage oo
average 3.3 + 2.9 1.1 3.7 4.6
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_ In order to determine if the accuracy of the standard solution
studies fell within thg estimated precision of the routine analysis, the
final solution of the Freon and extracted solutes from the extraction of
the 200 ppm standard so]utioné.was compared to the 200°ppm standard sol-
ution of the same solutes in Freon. The results of this comparision are
shown in Table & . As expected from the mass balance studies, the stan-
dard solution study was accurate within the estimated precision of the
routine analysis.

(f) Quantitative Analysis of the Volatile Components

Use of the flame ijonization deteétor without the preceding stream
shlitter a]leed 100% (rather than 10% for the stream splitter detector)
of the injected compounds to pass thrdﬁgh the detector. ?orsa mylti-
component quantitative analysis with substantial experimental uncertaint&
such as this is, it was preﬁeréb]e to use an internal standard which is
of constant concentration throughout the analysis. Because of thp com-

L

plexity of the gas chromatographic spectrum of the must samples, it was
unlikely that the samples could be doped with a suitable external stan-
dard prior to analysis without having it interfere with the spectrum.

_ Because it has been reported that methyl anthranilate 1ikely remains at
constcnt concentration throughout the fermentation (51), it was decided to .
use it as an internal standard for the Concord fermentations.

It was decided that the Dupdnb 310 Curve Resolver was the best
available method of resolution and integration of the spectra considering
the ?imigations of time, raliabili;y, and availability of otheF methods.

The curve resolver utilizes five function generator channels, each
capable of generating a single distribution function on a cathode ray tube.
Any given number of these functions can be positioned, shaped and summed
until a trace is obtained that will. match the experimental curve envelope.
When the synthesized. curve is manipilated inta a form identical to the , ’
ciperimental data, the individual components and tbeir relative areas are
determined by displaying each individual peak on its respective channel
and reading the area from -the i&?égration meter (80 ). ‘

The resolution and intégfatjon of the same envelope of four.peaks
for all spectra at once and the use 6f the fifth channel as a 100% area
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TABLE 8

Comparison of 200 ppm Standard Solution (Freon)
with Solution of Extracted Solutes Following the Extraction -

of 200 ppm Standard Solution (12% Ethanol)

- Relative Chromatographic Peak Area

2-methyl-  3-methyl-1- 1 octanol diethy] 2-phenethano]

T-propanol 1-butanol succinate
200 ppm : : :
Stantard 178 196 197 101 . 136
Salution
. a
Eg%;ifg:r"” 181 206 2183 107 131
Hovistion: 1.7(+) 5.1(+) . T.1(-) 5.9(+) 3.7(-)

[xtractlon solution refers to solvent pot contents after extraction'of
200 ppm standard solution (12% ethanol) following concentration and -
dilution to 95 ml. .

AP
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reference peak ensured maximum consistency in this procegs. The curve
resolver was especial]y'meqnt for use in interpreting spectra which werg_,5 —
not comp]etely resolved. Thus it was well suited for this situation. B
Th1sf1ncomplete resolution of the spectral peaks made 'cut and we1gh‘
technlques and mechanical 1ntegrators unsuitable for this task. The full-
time use of a digital 1ntegrator-processor was not feasible although such
a system is probably ‘the best method of reso]ut1on and integration.
- Table S shows the results of the tests to conform the linearity
of the’ response of the fTame jonization detector and chart recorder system.
This indicates that the detector-recorder system was linear in its res-
ponse to typical compounds over the range of quantities that were encoun-
tered in the gas chromatographic analysis.

(g) {déntification of the Volatile Components

An attempt was made to use a coupled gas chromatdgraph-mass
spectrometer system but this was unsuccessful because of insufficient
separation of the many componénts and insufficient sample size. By doing
the gas chromatographic cotlection independently from the mass spectro-

. metry, it was felt both the separation of the components and the amount
» of.sample required could be optimized. It was concluded that the very
wide rande of concentrations found in these wine extracts would be an
obstacle in the use of many coupled gas chromatograph-mass spectrometer
systems, even if excellent separation of the components were achieved.
The residual background spectrum of the more abundant componénts would
result in the spectrum‘of the less abundant components being indistin- .
" guishable from the background spectrum. Because of the very small amounts
] of compounds available for mass spectrometry, it was inevitable certain
difficulties would be enéountered in doing the delicate analysis (but it
was felt the final mass spectral technique approakhed the limit g? sen-
sitivity available with mass spectrometry. '

If the sample tubes were not swept with helium prior to cooling,
condensed water entered the mass spectrometer causing occasional decom-
posftion of the sample. A similar result occurred if the sample tubes
did not warm sufficiently after sample Eo]]éction to allow (emoval of ‘
condensation. The maintenance ofhthe gas chromatograph exit port at 200°¢C



TABLE 9

Linearity of the Response of the Gas Chromatographic

Detector-Recorder System With Different.AmOUnts Injected

‘ Relative Chromatographic Peak Area

55

T T
~

Injection Vo14me (u1) hexyl acetate pentyl butyrate 1-octanol
0.2 C210 2.0 196
2.0 208 215 194
4.0 ‘ s | 432 378
8.0 820 850 760
20.0 ‘ 2070 2150 1925
30.0 ©3140 3220 2880

60.0 ° 6240 6360 5680
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y

’/wds necessary to prevent the eluting samples condensing-on it. )
| The condensationof samples near the source after introduction to

the mass spectrometer avoided interactions between the sample and internal
adsorbents and contaminants which persisted despite numerous attempts to
remove them. This minimized the sample size required. The complete ad-
sorpt16n of the sample on the Pyrex glass walls at ambient temperature was
not anticipated and was' not apparently due to any contaminant. Varying
temperatures up to 200°C were required to desorb the sample: The necessity
to purge the system with water vapéur after running samples was perhaps
indicative of the same phenoﬁenon: strong interactions between the mol-
ecules of the sample and the glass. If the temperature.of the mass spec-
trometer was too high, the thermal decomposition of some samples was
observed.

Once all the forementioned parameters were determined, the mass
spectral technique was very sensitive to even small samples and the spectra
compared very favourably with those obtained by conventional mass spectral
methods. The preceding observations, suggest this technique might be useful
for other applications, v

The results of the techniqués of identification of the volatile

- compuaent peaks in the gas chromatographic spectraare shown in TablelO .
Because each compound has a unique mass spectrum, unlike its retention
time, the mass spectral identifications should be regarded as more reliable
-than the identifications based on gas chromatographic retention times.

For those components which were both identified and available,
the gas chromatographic detector-recorder system was calibrated in order
to allow Eonversion of the relative peak areas of Tables 12, 14, and 16
anto the original concentration of the component in the must. The cali-
bration factors are }isted in Table 10 beside the approbriate component .

In order to convert a relative peak area for any component into the con-
centration of that component, simple multiply the relative peak area by

its calibration factor. Note that the relative peak areas are not lineariy
related to the relative concentrations but these areas are a reasonable
approximation for comparing the guantities of various components..

In Table 10, note that certain even numbered acids were identified
as being present in the wine extract. . Although studies using so]vents‘
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TABLE 10

-

Identification and Calibration of Gas Chromatographic Pe;}ﬁ

b

Peak?# - . Identity M.S. G.c.© ppm/re]atgve aread

x10

1 Freon X X
2 Ethanol X X
3 Acetone X X
5 1-propanol X X 1.33
6 ethyl butyrate X 0.94
7 butyl acetate X 1.18
8 2-methyl-1-propanol X X 1.00
9 3-methyl-1-butyl acetate - X X < 0.75.
12 - 2-methyl-1-butanol X - X 0.88
13 3-methyl-1-butanol X X 0.88 .7
14 ethyl hexanoate X X 0.75
15 butyl butyrate X 0.92
16 diacetyl X
17 3-methyl-1-butyl butyrate X 0.81
19 ethyl lactate X X 1.36
20 1-hexanol X 0.84
423 acetic acid X X 0.92
24 ethyl octanoate . . X X 0.70
2+ 3-methyl-1-butyl hexanoate X 0.76
2¢ 1-octanol, X - 0.94
30 2-methyl-propanoic acid X X 0.77
39 ethyl decanoate X 0.66
40 diethyl succinate X 1.00
33 y-butyrolactone . X
47 hexanoic acid . X X 0.88
48 2-phenethyl acetate X X 0.80
49 ethyl laurate X 0.89
52 2-phenethanal X X 0.75
54 2-phenetnyl butyrate X X
5% l1-octanoic acid X X 0.82
59 tetradecanol ‘ X
60 2-phenethyl hexanoate . X X 0.77
62 methyl anthranillate X X 0.95
63 1-decanoic acid X X
66 hexadecanal . X
68 glycolaldehyde | X

3see Figure 5 for Gas Chromatographic Peak,
Mass spectral identification,
Gas chromatographic identification;
To convert data in Tables 12,14, and 16 from relative peak area to con-
centration in must as expressed by ppm, multiply the area by this factor.
- For example for peak #13 multiply the relative area number by 0.88x10-3.




other than Freon had reported the presence of these acids (33, 81), no
report of the detection of these acids when using Freon as the extracting
sé]vent could be found. To verify that these acids could be extracted
from 12% ethanol into Freon, a 'simple batch extraction was performed as
described on page 25. The'gas chromatographic analysis confirmed that
Freon can extract these acids from 12% ethanol.

Certain of the components.that were identified merit further
mention. No previous studies could be found that reported the identifi-
cation of 2-phenethyl acetate or y-butyrolactone in Concord must. Some
istud‘iés have been unable to identify 2-phenethyl acetate as a component
although its presence was anticipated (52). Other studies have observed
y-butyrolactone in Qifferent varieties of wine (52).

It can be seen from Table 10 that not all components were iden-
tified. However, the number that were identified exceed the number
idertified in a study {44) using similar mass spectral sample sizes, where
17 of 56 components were -identified. Another study (34) of Concord wine,
using the extract of 13 1 of wine, identified 59 components but a minimum
of 15 of these were recognized by the authors as being contaminants. This
casts doubt on the credibility of many of the other identifications that
have nut been confirmed by other analyses. Ié can be concluded that this
research, which identified 21 components by both mass spectrq1 and gas
chromatographic analysis, 3 by the former only and 12 by thellatter only,
compares quite well with other Concord analyses. Reproducible mass-spectra
were obtained for a few peaks but were not matched to available spectra.
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B. Results and Discussion of the Applications of the
Technique of Routine Analysis
(a) Discussion of Experimenta) Procedure

One of the aims of this research aside from the development of a
reliable ‘technique of routine analysis was the monitoring of the differences
In the volatile components of the two basic types of Canadian grapes
during fermentation. Sﬁch a study was of interest from the academic point
of view since the magnitudé of these differences was apparently not well
known. Because of the lack of wine research facilities in Canada and of
the lack of sufficient interest in Canadian wines at most foreign research

.centres, there has been yery limited analysis of the volatile composition
of Canadian wines. From a commercial point of view such a study was of
interest because large sums of money are being spent in replacing V.
labrusca grapes with recently developed hybrids and, at present, the
relative concentrations of a few volatile components are used as the

.criterion for selecting which hybrids will be cultivated. It is possible

that a wore sophisticated selection system could be developed as 15
peing attempted elsewhere (16). This would be advantageous to the Cana-
" “drar. wine industry.
It was decided to study red wines because of the‘]arger number
of red hybrid grapes, the greater popularity of red wines, and the fact
that red wines generally have a higher concentration of volatile compon- -«
ents. One of the main constraints in experimental design was the fact
that most grapet juice is available only in the-autumn of each year. Bearing
th%s in mind the most common of all V. labrusca grapes used for wine making,
the Concord, was chosen for study. It had the advantages of being avail-
able ot an appropriate time, of being stored at cool temperatures by the
winery. and thus available longer, and of being of considerable commercial
_and enological interest. The hybrid-type grape chosen for study was the
Glue Hybrid. Its juice was prepared by hot pressing as was the Concord,
making the two compatible for comparative study. It was also available
at a suitable interval from the Concord and regarded as a sophisticated
Ontario grape in contrast to the Concord. The former was important since
. another constraint on experimental design was the fact only three routine

ity .
analyses could be performed daily using this technique. Thus the one week

w



interval between the arrival of the Concord and the Blue Hybrid was the
minimum interval possible. .

Originally another type of hybrid grape had been selected for
study and, in order that the samples apalyzed be as close.to industrial
samples as possible, it was intended to withdraw several samples weekly
from the fermentation tanks at the winery. However, because of Several
problems, the rapid rate of fermentation and a high fermentation temper-
ature being foremost, this was unsuccessful. Therefore it was decided
to duplicate the winery's fermentatijon procedure o a 5.0 gallon scale in
the laboratory (the winery tanks are 20,000 gallons in volume). This
in1tial failure did, however, emphasize interest in the effect of the
termentation temperature on the development of the volatile components.
Thus the experimental design now included two basic studies and was set
up accordingly.

The choice of the 5.0 gallon laboratory fermentation volume was
based on the need for a volume large enough to be not drastically reduced
by frequent withdrawal of 150 ml samples but small enough to alfow r1gorous
control of certain parameters especially temperature. Aside from the
vo!une difference, everything else in the fermentation was done identi-
cally to the industrial procedure. This was confirmed by frequent com-
munication with the winery regarding the progress of the fermentations '
which were done simultaneously at the two sites. '

" It was decided to.do two Concord. fermentations in order to see
1f both gave simlar results for the development of the volatile compon-
ents. Fermentation A was a control standard for fermentation B . This
would give some idea of the reliability of the entire procedure. It would
nave been preferable to do 5 or 10 replicate fermentations but this was
beyond the limitations of the technique. The use of room temperature
(19.5°C) for these fermentations was both convenient to maintain and «
typical winery fermentation temperature. The additions to the must were
1dentical in proportion Qo the winery recipe and ha& the follow%ng purpose
the diammonium phosphate, (NH4)2HPO4, served as a'yeast nutrient; the

potassium metabisulphite, KZSZOS’ served as a source of sulfur dioxide, §02,

which acted as an antiseptic and antiox idant; the Montrachet Green Star
yeast provided a wine yeast for a controlled fermentation; and the liquid
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nvert sugar provided sufficient sugar for fermentation so the resyltant
wine would have about 12% ethanol as desired. The yeast was softened or
activated in a small portion of must at a slightly elevated temperature
1n order to ensure the fermentation began promptly before spoilage or
other detrimental action could occur. This also allowed time for the
temperature equilibration of the must.

Great care was taken at all times to.ensure the-sampling and .ot
analysis procedure was exactly as described for reasons both of reproduc- )
tbility and of avoiding contamination of the must. The system for removal
of samples from the fermentation vessel did not expose the must to air, \T\\\
assured removal from the central body of the must, and resulted 1n mininal /
wastage. Filtering assured that insoluble solids did not interfere with
the pH or Brix hydrometer determinations. The Kieselguhr acted as a filter
ard so that no more than two minutes were required for filtration.

| The extraction time of 3 hours was arrived at by tripling the
maximum time for complete extraction of any component of the sfandard sol-
ution studies. This time also allowed 3 analyses to be conveniently per-
tformed daily as desired. All other conditions of the extraction and con-
centration duplicated those of?thestandard solution characterization tests.

. descriped earlier which defined as much as possible the‘performdnce of the
Lystem, For the Concord fermentations the fre%ﬁency of ‘sampling and analy-
14 was adjyusted according the . rate of fermentation. As blénned the
need for darly sampling of the Conkord terminated as the need for daily
sampliyng of the Biue Hybrid began. A1l treatments described and their
twming followed the explicit instructions of the winery.

Since the purpose of vessel” A was to be a control for vessel

8 ., A was sampled and analyzed less frequently than B but suffic-
1ently to compare the two. Any difference in volume the more frequent
sampling of B might have caused was eliminated by pertodic corrections
to the volume of A . Thus it can be assumed fermentations A and B
were treated 1dentically 1n-all respects. Very careful monitoring of
temperature was maintained throughout the study but it remained at
(1.5 ¢ I)OC. In order to avoid a large headspaée above the must in. the
fermentation vessel, it is common procedure to add must from another con- .
tainer. This was very undesirable in tﬁiscase since b]enging was not
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4eceptable. As an alternative it was decided to purge the headspdace with
carbon dioxide in order to prevent the access of air to the must following
sampling. This procedure was recommended by the winery. '

The fermentation of the Blue Hybrid juice was carried out iden-
tically to the Concord fermentations in all réspects, in order that the
difference in juice be the only difference between then. Note that the
various treatment proceduyes were not applied to both types of fermentation
at the same time interval from initiation of fermentation but according
to the progress of the fermentation as indicated by the Brix hydrometer
reading. For example the first racking tgbk piace whenever there were
three consecutive steady readings of the Brix hydrometer in the -1.3 to
-1.8 region. There was a natural difference in the pH of the juices:

3.10 for the Concord and 3.18 for the Blue Hybrid.

) Rs per the expermmental design, the time of infregquent sampling
ot tgg\ﬁlye Hybrid and the Concord fermentations coincided with the 1n1-
tiation of the fermentation temperature study. It was possible to com-
inence the fermentation temperature study in mid-November only because
Concord juice was stored at‘12°c by the winery in order to prevent fer-
mentation. . )

The fact that the fermentation temperature affects the quality of
the wine produced has long been (40) recognized and some studies (37)
comparing the volatile components of the juice and resultant wine produced

.at various fermentation temperatures have been made. However it was of

interest to actually monitor the develoﬁment of the volatile components

in Concord must at two different fermentation temperatures. Such a Study
might yreld data which, firstly, contribute to understanding the formation
ot the volatile components and, secondly, contribute to understanding the
relative lmportancé of fermentation temperature at the i1ndustral level.
The major deterrent to having sophisticated fermentation temperature con-
trols in industry is the cost of this procedure.

[t was-decided that the two fermentation temperatures would be
20.0%¢ and 28.0°C. In consultation with the winery, 20.0% was felt to be
a typical and desirable fermentation temperature whereas 28.0°C was a rel-
atively high and undesirable fermentation temperature. More extreme fer-
mentation temperatures could have been chosen but they would not have been



L

-

;;uesentdtlve of 1ndustrial conditions.

Both!nusts were allowed to come to thermal equilibrium i1n the water
baths before fermentation was initiated. Especially during the early stages
of the fermentations, the temperature inside the fermentdtion vessel was
frequently checked to ensure it was the same as the surrounding water bath.

Agitation of the must due to evolved (O was quite sufficient to make

mechanical stirring unnecessary for therial equilibrium, The very tfast
rate of fermentation of the 28.0°C must was anticipated so this must was
the subject of frequent early sampling. Once the Brix hydrometer readings
foll by less, than 0. 1%Brix per day, the water hﬂtﬁ temperature was lowered
to 20.0°C. The choice of when to lower the temperature of the wam fermeh-
ration was based on the fact that industrially, when the fermentation rate
“esults 1n high temperature 1n1t1a11y, the must temperature returns to
lower level when' the fermentation Slows down. Tt was thus decided tha

maintdaining a high must temperature past this point would not'be a real-

/

1stie reflection of the industrial situatien. Since everything else/abouf
the treatment of musts K and y was identical, 1t was assumed any dit
rerence In their volatile components were due to this inmitial temggiaturc
difference. Note again the treatment of the mysts (racklng, etc ﬂ was b

sumier from the standpoint of fermentation progress (Brix hydrometer -
reading) rather than time. .

for all five fermentations the frequent sampling and analysis
rrocedure was ceased ab0u£ 28 days after fermentation began.’/This time: was
»hosen because winery treatment of musts for bottling purposes is carried
adat shortly after this time, rendering any. further comparisoﬁ between lab-
nratory and winery processes meaningleSs. As well the fermentation process
L1 apparently stopped and a substantial amount of data héd already
weumulated., . — .

Recause of the very small concentration of the methyl anthramilate
nothe Blue Hybrid must, methyl anthranilate was not ‘suitable for use as
in Internal standard for this fefmentation nor was any other component,
‘nerefore the Blue Hybrid fermentation data are not normalized with respect

ty evach other but it is felt they are still 1nterpretable The precision

‘estimate ot 8x for any single measurement is usefu} in cons1der1ng the
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TABLE 11
i . : )
pH of the ‘Musts During the Fermentations

— 2
Concord Study Hybrid Study " Temperature Study
Sample pH Sample pH Sample pH
AQ-BO 3.10 . HO 3.18 KO-WO 3.10
Bl 3.10 H1 3.18 W . . 3.10
A2, 3.16 - H3a 3.18 K2 > 3.10
A3 . 3.10 ) .HS 3.18 W3 . o 3.10
83 3.10. . H7 3.18 K3 3.10
A5 3.12 ..~ H9 3.20 W5 3.12
85 3.12 HT1 3.22 . K5 3.12.
A7 -+, 3.15 ‘ HI13  3.23 . W7 - 3.15

. 3.15 HI5. . 3.25 K7 . 3.15
B1t 3.15 , © H17 3.7 W9 3:18~»
A3 3.15 H20 3.27 K10 3.18
B14 3.18 . H24 3.27 R W 3.18
AYe 3.18 - Hes 3.30 K14 3.20
B17 3.18 “H35. © 3.30 Wld 3.20
821 318 - ‘ - H42 ., 3.30 : K22 3,20
A23 3.20 . : - W22 . 3.20
B28 . 3.20 S, T K29 3.22
A29 3.20 g R W30 3.22
B43 3.20 , E N .. . K50 3.22,
A45 3:20 - - - ‘L ) ‘ W50 3.22

. ,o T ” ;'
r 0
S - X
.‘\~ [ 4 .
. R ’ b ) »
- o ' L d ' -
! \M ¢ ' H [ S

A



significance of the results of hybrid'fermentation study. ok
Y Thé values of the pH for each sample of ald fermentation studies
are-given in Table 11. There is nothing apparently unusual about the

H values.
P -

(b) Discussion and Results of Fgrmentat1on Studies
(1) Concord Ferméntation Studies

For the results-of the study monitoring the concentration of the
volatile components during two identical fgrﬁentatfons of Concord grape
juice'see Table 12. For Tablel2 the peak area data for the same peak in
fermentations A and B are displayed side by side fol easy visqa] compar-
ison of the two studies. The first letter of the sample number indicates

‘the fermentation vessel sampled-and the following number ipdicates the day

of sampling. The density reading in\the_co1pmn to the right gives the
density as measured by a Brix hydrometer for that sample.- Thus sample
number Al6 means the sample was withdrawn fromtfermentat1on A on Day 16
of the fermentation. The Br14‘hydrometer readlng for that sample was

-1.40%rix. | : . ~ '

x

The main purposes for doing this study were, fﬁr§t1y, to see if
two 1dent1ca1 studies gave, s1m11ar results which wouTH indicate how mean-
ingful such.data were and, secondly, to provide s ome insight into the
relative pattern of fonnat1on of the various volatile components.

"Examining the data from the former’ perspect1ve, 1t should be
noted that due to the continuity of sampling up to and Tnc]ud1ng the 28-
29 Day samples, serious comparison of fermentatlon§ A and B can be made.
Restraint should be exercised in comparing the 43-45 Day samples since
there were no other samples run at about the same time which might indicate
if any trends shown were significant’ '

i It is apparent from studying Table.12 that essentlaily all compon-
ents behaved very similarly in both fermentations throughout the invest-

igation. To expedite compar1son the peaks were categorlzq&§ac6brd1ng to

the1r ‘final relative.peak area at the 28-29 Day sample. This categoriza-

tién js shown in Table 13 ‘Major' peaks are those with relative pegk area

exceed1ﬁg 10,000.._ Med1um peaks have re]at1ve peak areas between 1,000

and 10, 000 'M1nor -peaks have relat1ve peék aweas belaw 1 000 Because
of the1r magn1tude,for the maJon\and medlum peaks the compar1son of 'their



TABLE 12

Relative Chromatographic Peak Areas During

Duplicate Concord Fermentations

nsity

Relative Peak Areas for Spectral Peaks

#5

Sample . Dg b # s #6 #7 48
(°8rix) B2 A5 B A, B A, B A, B A
RCx10 Rx10 Rx10 Rx10" Rx10°5 .

AO-BO  21.5 ndd nd nd nd .578 578 nd nd nd nd
19.0  1.30 253 nd - 7.43

A2 13.5 3.01 679 1.83 3.02 26.7

B2 1.2 1.66 088 840 2.10 25.2

A3 6.5 2.93  3.72 1.97 +6.50 47.4

B3 6.4  3.30 3.31 1.91 - . 4.9 52.1

B4 1.8 4.30 3.25 2.38 9.64 48.5

AS .80 2.98 3.02 1.72 3.70 43.9

B5 10 4.43 - 3.78 .1.81 - 4.78 46.38

B6 -.60  3.51 3.11 1.22 2.54 40. 5

A7 ~1.00 0.88 . 1.78 .21 1.89 3.7

B7 -1.10 . 3. 1.49 3.54 40.3

B9 -1.30 3. 1.35 3.78 49.5

B -1.40  3.67, - 1.4 3.59 ' 49.2 .

CAI3 T-1.40 19 2.3] 4.5 - 47.3

B4  -1.40- 3.58 | 4.97 2.09 5.43 . 489 *

Al6 -1.40° .00  5.45 2.38 3.8 '53.6

B17  -1.45  4.79 5.68 - 1.0 5.97 52.2 -

821 . -1.45 3.18 4.79 1.42 4.95 29.1

A23  -1.45 3.47 539 ' 1.73 5.37 ,

B24© -1.50 3.3 5.46 1.47 4.20 53.4

B28  -1.50 3.47 . ° 5.00 1.29 5. 04 53.0

A29 =150 - 3.68 6.07  1.85 5.65 56.6

543  -1.50  5.12 6.15 1.45 15.0 63.9

A4S -1.50 5.12 6.63 1.35 13.0 751

*Relative peak areas in column A

brelative peak areas in columi-B

Cq =

dg =

Refative peak area

not detectaﬁle

are for fermentation A.

are for fermentation B.
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TABLE 12 (continued)

Relative Chromatographic Peak Areas During

Duplicate_ Concord Fermentations

| ]

66,

Relative Peak Afeas for Spectral Peaks

nsity #9 #11 #12 #13- #14

Sample ?8 /
Brix) B..A, B A, B A, B A, B A
R0 RaoT) R0 R0 Rx10™3

AO-BO,
B1
A2
B2
A3
B3

A5

'B5

Bb
A7
B7 *
B9
811
A13
814
Al6-
Bl7

- B2l

A23
B24
BZ8
A29
843
A45

21
19
13
11

.5
.0
.5
2

.058 .058 nd nd nd. nd .003 .003 .109 .109

.043 6.1 1.13 2.08 112
2.53 - 8.0 5.93 8.83 .810%

3.39 7.1 2.86 4.81 .751
12.0 9.3 10.4 16.1 . .939

7.63 12.7 12.2 19.3 .890

8.67 *10.5 12.9 22.5 .999
10.5 8.6 12.0 . 19:3 J 1.14

9.38 . 9.4 13.1 21.8 .994

10.6 8.8 12.1 20.2 .884
6.44 10.0 9.99 15.6 .866

1.8 8.9 10.9 19.1 1.00

14.0 7.2 12.4 21.4 1.04

13.5 9.0 12.2 21.5 1.14
1.2 9.8 13.8 1.7 - 1.14

13.2 1.4 1.9 21.0 1.30
13.8 9.0 12.7 22.4 1,24

©14.3 7.2 13.2 23.2 1.41

13.4 8.1 13.3 23.0 1.21
7.7 13.9 2.5 -~ 1.37

15.6 8.2 - 13.4 23 4 1.38

4.2 8.4 13.5, 23.3 1.47

15.2 6.5 13.9 23.5 1.60

16.8 13.5 16.1 28.0 1.87

14.0 14.0 19.6 33.6 - 1.52
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TABLE 12 {continued)
Relative Chromatographic Peak Areas During
Duplicate Concord Fermentations
Relative Peak Areas for Spectral Pedks
Sample 'Dgnsity #15 #16 #17 #18 #19
("Brix) B A]' B 53 §~ 52 "B A, B 53
Rx10 Rx10 Rx10 Rx10 Rx10
A0-BO 21.5 nd nd .013 .013 nd nd .36 .36 .602 .602
Bl 19.0 6.1 18.8 nd 1.58 AR
A2 '13.5 13.1 . 6.27 nd ' 1.20 .566 .
B2 11.2 10.3 1.77 1.87 .54 - .469
A3 6.5 18.6 .279 1.12 1.61 .743
83 6.4 15.3 .394 1.27, 1.8 .610
B4 1.8 13.9 ° 116 1.16 1.92 .755
.80 15.5 nd g7 1.63 .930
B5 -.10 19,4 nd ~ .75 1.55 .919 :
B6 -.60 8.8 nd 79 1.86 .971
A7 -1.00 1.1 nd .1.00 1.74 .988
B7 ~-1.10 10.6 nd 1.51 .2.23 - 1,09
BS -1.30 © 9.0 .135 2.52 2.76 1.7
B11 -1.40 9.0 .664 3.32° 2.61 1.91
A13 ~-1.40 " 6.0 , .752 5.27 3.37 1.97
B14 -1.40 7.0 1,100 Y 4,20 2.82 ©2.35
Al6 -1.40 4.0 1.20 6.21 - 3.55 2:50
B17 -1.45 6.0 1.55 4,54 3.01 2.63
B21 -1.45 7.1 1.84 4.44 2.94 . 2.93
AZ3 -1.45 7.7 1.37 5.75 3.16 2.86
824 -1.50 3.2 2.13 4.52 2.48 3.15
BZ8 ~-1.50 6.3 1.66 4.94 2.89 3.46
A29 -1.50 3.3 1.96 6.52 3.50 - ' 3.80
B43 -1.50 4.1, 3.13 5.28 3.30 .6.80 . .
Ad45 © -1.50 - 4.7 2.62 4.76 - 6.12




Relative Chromatographic Peak Areas During

Duplicate Concord Fermentations

TABLE 12 {continued)

“ Relative Peak Areas for Spectral Peaks

#21

68

Sample Dgnsity ng?o 422 423 #24

: (%8rix) A, B A, B A, B A "B A
Rx10 Rx10 Rx10 Rx10

AO-BO  21.5  .097 .097 nd nd .95 .95 1027 .027

B1 19.0  .102 - nd .162 .030

A2 13.5 .077 nd 2.32 " .300

B2 11.2 .152 nd 2.59 278

A3 - 6.5 251 - nd° 3.73 .455

83 6.4 - .239 . nd 3.34 .445

B4. 1.8 .256 nd 3.19 558

A5 .80 . .198 nd 2.71 818

BS .10 .29 nd 2.95 741

B6 -.60°  .306 nd 2.76 - .700

A7 -1.00 .266 . - nd 2.80 777

B7 -1.10 .275 nd 3.83 .886

B9 -1.30 . .423 nd 5.45 .908

B -1.40  .530 nd '5.08 , 1.27

A3 -1.40 .820 .75 5.50 1.08

B14 -1.40  .788 1.75 6.06 1.31 /

Al6 -1.4Q 1.06 2.20 5.91 1.18

B17 -1.45  .740 2.63 5.35 . 1.33

B2] -1.45 - .969 3.63 7.07 1.21

A23 -1.45 1.08 2.20 4,45 1.30

824 - -1.50  1.03 3.36 6.11 - 1.57 -

828 -1.50  1.03 3.68 . 5.20 . 1.50

A29 -1.50 1.44 2.94 5.64 1.69

B43 -1.50  1.50 5.82 9.48 1.48

A4S -1.50 3.88 - © o ..899

2.02

7.56
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TABLE 12 (continued)

Re]ative‘Chromatographi; Peak Areas During

Duplicate Concord F

ermentations . °
‘g

69

Snsity

Relative Peak Areas for Spectral Peaks

Sample D #25- #26 - 4 #28 #29
("Brix) B - 52 B. 53' B' A B 53 B 53
’ Rx10 Rx10 ~. Rx10 Rx10
AO-BO. 21.5 nd nd 2.00 2.00 2.61 2.61 nd nd
B1 19.0 nd '3.00 3.25 17
A2 13.5 nd 2,74 3.35 nd
B2 11.2 nd - 2.65 . 3.02 .194 '
A3 6.5 nd 3.86 4.23 .985
B3 6.4 nd 4.15 : 4,23 .636
- 84 1.8 nd 2.84 3.47 1383
A5 80 nd 3.07 3.93 .904
B5 -.10 nd 2.75 3.54 .469
B6- < -.60 - nd 2.49 3.40 . - .280
a7 -1.00 . nd 3.08 3.83 .866
B7 -1.10 ° nd 3.15 4.30 .886 -
B9 -1.30  1.80 3.53 4.69 908
B11 -1.40 2.42 - 4,17 5.3 - 1.24
Al3 -1.40'q 1.50 3.54 - 4.8] 1.16
bE14 -1.40 4.73 3.59 . 5.34 1.18
Al6 ~-1.40 1.80 ) 3.63 5.09 ,982
B17 -}.45 3.94 3.66 ~° 5.65 1.06
B21 -1.45 3#03 3.97 ) 5.97 1.15
A23 -1.45 . ’ 2.68 3.04 4.99 _.891
B24 -1.50 . 3.26 3.p4 7.33 1.26
B28  -1.50 1.89 ?;)gz v N— 557 .935
A29 | -1.50 5.44 3.77 . 6.39 1.07
B43 -1.50 4,06 4.77 < 9.07 1.37
A45 * -1.50 3.10 4.63 8.99 » 1.40
-+
N .
\ W,



Sample Dgnsity

RO-BO
B1
A2
B2
A3
B3
B4
A5
B5
B6
A7.
B7
BS
b1l
At3
B4
Af
B17
BZI

" AZ3

824
B28
A29
B43
A45

TABLE 12

(continued)

Relative Chromatographic Peak Areas During

Duplicate Concord Fermentations

Relative Peak Areas for Spectral Peaks

e

#30
("Brix) B 53
Rx10
21.5 nd nd
19.0 nd
13.5 .051
11.2 .089
6.5 .532 ,
6.4 . 503
n.8 275 -
.80, 577
-.10 . 361
-.60 .369
~-1.00 .501
~-1.10 775
-1.30 . 807
~1.40 1.05
-1.40 . .788
-1.40 .795°
-1.40- .707
-1.45 .735 ¢
-1.45 .785
-1.45 . .543
-1.50 .783
-1.50 .579
-1.50 71
-1.50 .768
-1.50

.780

70

#31 #32 433, 434
B A B A, B A, B A
Rx10°3 RX1073 - Rx10°3 Rx10°¢
.098 .098 .029 .029 nd nd 1.06 1.06
086 1034 nd 1.41
509 7T a5 1.58
193 295 A1 1.48
571 1.34 961 2.20
566 1.00 .707 2.14
1483 574 1508 1.99
18 1.2 1.03 2.32
560 .699 649 - 2.13
"45] 461 461 1.99
S A6 1.44 1.27 2.63
642 1.23 1.21 3.10
1737 1.59 1.34 2.97
717 1.92. 1.55 3.72
S sel . 1,98 1.46 2.4
768 2.06 1.75 . 2.8
982 T 2RIt 2.1
1.05 2.62 . 1.37 1.93
1.09 2.30 - 1.29- 1.70
1.07 .28 ¢ 948 2.
1.32 1.8 . 1:13 1.67
975 31.30 .951 C1.67
1.46 1.68 1.33 2.36
1.45. 1.86 1.22° 2.42
1.49- +  1.75 1.12 3.01




TABLE 12 (continued)

Relative Chromatographic Peak Areas During

, Dupticate Concord Fermentations

Sample Dgnsit
(“Brix
AO-BO  21.5
Bl 19.0
A? 13.5
B2 11.2
A3 6.5
B3 6.4
B4 1.8
A5 .80
B5 -.10
B6 -.60
A7 -1.00
B7 -1.10
B9 -1.30
"Bt -1.40
AV -1.40 .
B14 :1.40
Al6 -1.40"
B17 -1.45.
B21 -1.45
A23 -1.45
B24 -1.50
828 -1.50
A29 -1.50
B43 -1.50
A45 -1.50

Relative Peak Areas for Spectral Peaks

71

8.31 645 nd

#35 - #36 #37 © #38 #39
f B A, B A B Ay B A, B Aj
Bx]O ' Rx10 Rx10 Rx10
nd nd : ..018.018 nd nd nd nd
nd * 104 .42 027
A7 .061 1.11 .053
.22 ‘ .012 1.27 .069
2.49 .320 1.50 118
1.58 .262 1.58 .125
1.44 ' .239 1.44 1.14
3.08 .393 2.27 182 -
2.28 .286 - 2.35 .182
1.51 ) .252 1.66 116
.. 3.34 .507 2.74 .263
2.92 . .394 2.92 .225
3.89 671 2.85 .250
4.85 .740 4.99 .436
-5.18 i .654 3.72 .244
6.17 .937 . 4.80 ,428
.7 6.52 .689 2.98° _.487
5.75 .787 '3.44 .627
5.83. .844 2.62 .749
6.24 ' 473 2.09 .606
6.06 ' .740 2.51 .823
4.89 .692 T 2.59 .745
8.16 T .735 . 2.24 .739
7,36 - . 1.07 nd 1.46
1.29
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TABLE 12 {continued)

Relative Chromatographic Peak Areas During

‘During Concord Fermentatipns

2 -

) ‘ Relative Peak Areas for Spectral'Peaks

Sample DSnsity #40 #41 #42 #43 #44
("Brix) B 53 B 53 B 53 B8 53 B 53
Rx10 Rx10 Rx10 ©  Rx10 Rx10
AD-BO 21.5 nd nd nd nd nd nd .190 .190 nd nd
B1 19.0 016 .016 .100 .200 .075
A2 - 13.5 .057 .051 .

2 11.2. .055 .053 .656 .673 .
A3 6.5 .268 471 1.20 1.05 .746
B3 6.4 215 592 - 1.58 1.16 .864
B4 1.8 .158 .546 1.34 - .790 .790
A5 .80 .333 .993 1.27 .937 1.50
B5 -.10 .182 «. 707 1.47. .805 1.28
B6 -.60 .151 .584 1.44 .681 .956
A7 -1.00 ) .388 ‘1.19 }.50 1.08 1.70
B7 -1.10 .321 .948 1.55 .971 1.3% ‘
B9 -1.30 .645 .860 +1..63 .993 1.56
B1] --1.40 914 1.00 1,80 1.04 1.79
AT3 -1.40 1.03 91 1.79 1.07 1.73
Bi4 ..-1.40 ..3.07 1.18 1.70 1.04 1.66
al6 -1.40 1.17 .888 2,06 1.00 1.73
B17 -1.45 .979 .969 1.82 1.04 1.42
B2l -1.45 1.18: .861 . . 1.75 1.24 1.58
A23 -1.45 - 1.09 .679 " 1.95 923 1.20
B24 -1.50 1.06 .688 1.82 1.14 1.32
B28 -1.50 1.00 576 1.66 - 1.02 1.23
Al9 -1.50 1.22 7 2.31 1.03 1.37
B43 -1.50 1.51 .736 .961 .987 1.49

A4S . -1.50 1.37 .913 2.81 1.08 1.33
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+ JABLE 12 (continued)
~
Relative Chromatographic Peak Areas During
Duplicate Cancord Fermentations
Relative Peak Areas for Spectral Peaks

Sample Dgnsity- #45 #46 #47 #48 . #49

(Brix) B Ay B A, B Ay B Ay B Al

Rx10 ‘Rx10 Rx10 Rx10 Rx10

AO-B0 2.5 nd nd nd nd nd .nd nd nd nd nd
Bl 19.0 nd > nd nd .036 .016
A2 13.5 nd nd nd .954 .029
B2 11.2 nd .48 nd .974 .146
A3 6.5 .153 .76 nd 1.02 . .68
B3 6.4 nd 1.04 nd 1.22 . 158
B4 1.8 .296 .95 nd 1.27 .095
AS .80 310 v nd 1.12 319
BS -.10 .259 .97 nd 1.28 0135
B6 -.60 . 368 .109 nd 1.25 .162
A7 -1.00 .183 21,74 nd 1.15. .366
B7 -1.10 .566 : nd 1.21 .190
B9 -1.30 .826 3.71 3N 1.97 1.03
B11 -1.40 .881 5.44 .333 1.76 1.04
Al3 -1.40 :589 . 6.42 .961 1.48 - 1,21
B14 -1.40 1.17 9.01 1.29 . 1.89 "1.12
A16 -1.40 .537 5.28 1.58 1.9 .701
817 -1.45 .826 5.41 1.66 2.05 .851
B21 -1.45 .977 4.79 1.72 2.09 .673
A2l ~-1.45 .387 3,95 1.7 1.96 .663
B24 -1.50 .835 - 4.33 1.69 2.10 .636
828 -1.50 .649 4.02 1.79 2.20 .598
A29 -1.50 .507 5.73 . 1.92 2.25 .560
843 -1.50 .726 4.97 2.22 2.76 . 770
Ad5 -1.50 .479 6.71 1.90 2.4

e e

766
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Sample

AO-BO
B1
AZ
B2
A3~
B3
B4
AS
BS
B6
A7
B/
B4
Bl1
r’\]3
B14
Al6
517
B21
AZ3
824
B2
A29
B43
Ad5

Dsnsity #50
("Brix) B 52
Rx10
21.5 nd nd
19.0 nd
13.5 nd
11.2 nd
6.5 nd
6.4 nd
1.8 nd
80 : .89
-.10 nd
-.60 nd
-1.00 1.05
-1.10 nd
-1.30 1.85
-1.40 1.85 ‘
-1.40 2.73
=1.40 2.81
-1:40 1.85
-1.3% 1.23 '
-1.45 .83
-1.45 1.26
~1.50 1.30
-1.50 .57
-1.50 * 80
-1.50  1.95
-1.50 1.15

TABLE 12 (continued)

Relative Chromatographic Peak Areas During

Duplicate Concord Fermentations

_— =

Relative Peak Areas for Spectral Peaks

- —

A =

452

B

Rx10™

Ay

R

- ww = A= n -

74

#54
8 A
Rx10°%

e s - ———— A = %~ mmei o

151
.719

3.

Y h o

oo O

07

.03
.30

.30
.21

.22
.44
71

.92

.30
14

41
.32

8.

01

151
2.01
4.73

5.53

5.32

6.79

#53
B A
Rx10” 2
nd nd
nd
nd
nd
nd
nd
nd
1.07
.17
1.62
1.38
1.64 .
1.03
.87
.72
1.15
2.71
1,63 " .
1.38
}.43
1.30
1.71
3.07

3.19

.60

nd nd
nd

nd
nd -
nd
nd
nd
.84

.28
1.09
.29

.51
.54
.50

>

03
.03
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Relative Chromatographﬁc Peak Areas During

Duplicate Concord Fgrmentations
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Relative Piykﬁﬁgeas for Spectral Peaks
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Sample Dsnsity #55 #56 #57 458 T #59
(Brix) B Ay B A B Ay B Ay B A
Rx10 Rx10 Rx10~ " »
AD-BO  21.5 nd nd ‘ ‘nd nd nd nd
31 19.0 nd nd nd
A? 13.5 nd nd 1.04
B2 11.°2 nd nd nd
A3 6.5 . nd nd .14
B 6.4 . nd nd .76
B4 1.8 nd nd nd
A5 .80 1.42 . nd .26
B5 -.10 1.19 nd .14
B6 -.60 2.61 13 nd
A7 -1.00 1.44 nd .60
B -1.10 2.12 .27 nd ¥
89 -1.30 1.12 .43 nd .
BT 21,40 2.29 .46 nd
A3 -1.40 3.20 .52 .07
814 -1.40 3.47 .42 nd
Ale -1.40 4.13 T .60 nd
817 -1.45 3.92 .43 nd
821 -1.45 4.26 .61 nd
A23 -1.45 4.49 77 nd
624 -1.50 4.13 .69 nd
B28 -1.50 " 4.45 .60 nd .
A29 -1.50 5.07 .87 nd
43 -1.50 5.44 1.33 nd
AdL -1.50 4.93 1.16 nd
)



TABLE 12 (continued)
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Relative Chromatographic Peak Areas During

Duplicate Cobncord Fermebtations

-
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" Relative Peak Areas for Spectral . Peaks
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Sample Ugnxlty #60 #61 #65’ . 463 #64

("Brix) B. @2 B A B Ao.B A2 B AZ

Rx10 Rx10 Rx10 Rx10~ Rx10~

AU-Bo 21.5° nd nd nd nd 1.57 nd nd nd nd -
B1 19.0 nd nd - . 1.57 nd nd
A2 13.5 12 nd 1.57 nd nd
BZ 11.2 .2 nd 1.57 nd ‘ nd
A3 6.5 .48 nd 1.57 nd nd
B3 6.4 .31 nd 1.57 ' nd “nd
B84 1.8 .66 nd 1.57 nd -nd
A5 .80 TR nd 1.57 nd nd
B5 -.10 .72 14 1.57 nd nd
Bo -.60 .66 13 1.57 nd nd
A7 - -1.00 A7 nd 1.57 .33 nd
b7 -1.10 .66 27 1.57 A7 0 < nd
] -1.30 .63 227 1.57 . .69
61! -1.80 .22 .27 1.57 1.5 . - 1.07
ATl -1.40 nd .78 1.57 2.26 .85
B14 -1.40 nd 1.57 2.07 2.16
Alb -1.40 nd .78 1,57 7.21 5. 31
817 £1.45 nd 43 1.57 ‘4.19 6. 05
B2l -1.45 nd .90 1.57  6.80 6.02
A23 -1.45 nd 1.14 1,57 6.27 5.05
824 -1.50 nd 1.22 1.57 8.56 5.72
B8 -1.50 nd ~— 1.19 1.57 8.43 5.72
A29 -1.50 ' nd * 1.52 1.57 7.13 5.76
B84 3 ~1.50 nd 3.42 1.57 9.61 . 6.17
Ad5 -1.50 nd- 3.10 1.57 6.51 6.46

dpeak #62 (methyl anthranilate)

[PUREE

is internal standard

*

r— .~

——



. Lt s ~_
TABLE 12 (continued) .
* ‘Relative Chromatographic Peak Areas During
\\\\\ Duplicate -Concord Ferméntations
Relatiye Peak Areas for:Spectral Peaks
Sample 'DSnsity #65 - 166 #67 . #68 “#69
- (%rix) B A, B A B A B A, B A
Rx10 Rx10 * Rx10-
- bt .
A0-BO 21.5 .65 .55 ™ 005 .005 .27 .27
B1 19.0 015 nd
A2 o 13.5 .65 317 .77
B2 11.2 + .53 .495 1.03
A3 6.5 .70 N . 1.61 2.35
B3 6.4 .38 ., 1.30 2.5% ~
B4 1.8 .63 1.82 . 3.08
N 80 .57 2.3 2.32
BS -.10 .56 : i 1.97 - . 2.68
B6 -.60 .73 1.46 Z2.47
A7 -1.00 .63 : - = 1.46 - 1.95
B7 . -1.10. A - 1.02 2.13 .
B9 -1.30 1.85 .397 .65
B11 -1.40 1.71 - .337 .65
Al3 -1.40 . 1.90 \ .164° T.47
B14 -1.40 1.57 .196 .44
A16 -1.40 2.4 ' 100 . .40
B17 -1.45 2.32 t .092 .45
321 ~-1.45 1.96 .039 .19
A23 -1.45 ’ 2.37 .043
524 -1.50 2.29 .010 .20
R28 -1.50 2.29 . nd .20
. A29 -1.50 2.65 nd .28
B43 -1.50 3.22 , " nd- .64
A45 -1.50 2.87 , nd .43



%Relative peak area exceeds 10
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N
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) " TABLE .13
[ ‘ “ ,
Categorization of Gas Chreomatographic Peaks
According to Relative Peak Area at Day 28
Majord Medium® Minor®
8 5 32 4 4
12 6 39 7 45
13 9 40 10 46
52 14 42 11 49
16 43 15 50
19 44 17 51
20 47 18 53
24 48 21 54
' 26 55 22 56
; 28 62 23 57
31 63 25 58
.27 59
29 60
30 61
33 64
) 34 65
35 66
o 36 67
37 68
- 38 69
70
4

PReTative peak area between 103 and‘]O4

CRe]ative‘Pgal area below 103

!
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behaviour in fermentat1ons A and B should be eas1est -and perhaps most
mean1ngfu1 It is for those peaks that part1cu1ar]y close agreement is
obsprved between fermentatlons A and B within the experimental precision
estimated by. standard 50]ut1on stud1es Note‘that, during the early stages
of fermentation, it is necessary to correlate the concentration to the pro- .
gress of the fermentation in that vessel as indicated by the Brix hydro; .
meter reading rather than to the elapsed time of fermentation. This is
because fermentation A initially progresses slightly more slowly than fer- -
- mentation B until equilization occurs at about 7 days. The similarities

of the concentration'development patterné of certain peaks as a function

of time is shown in Figure 6 for peak #8 (2-methyl-1-propanol), in Figure 7
for peak #13 (3-methyl-1-butanol) and in Figure 8 for peak #24 (ethyl
octanoate). V -

There are a few peaks of very small area which were poorly resolved
in the gas chromatographic spectrum and show irregular development for both
fermentations such as peak #29. ' \

‘It is concluded that there is sufficient simitarity in the concen-
tration development patterns of the volatile components of fermentations
“A and B to assume that such studies of the concentration development of _
the volatile components during fermentation do yie]dameaningfu1~ﬁata:

It is also possibte that the resuits shown in Table12 provide
some 1ns1ght into the relative pattern of ﬁormat1on of the various volatile
components.” It was anticipated and observed that if the mechan1sm of for-
mation of these components is regular, then“not only should the final
0uant1t1es of any one component be the samem1n the two fermentations but(
also the concentration development pattern of any one component should be:
the same throughout both fermentations. o ‘ A

. Many of the vo]adﬂﬂe components have concentration development
patterns that are qu1te similar. ‘The general pattern that they res&mble
15 as follows: from an initial concentration in the juice thére is a
napid increase in concentration followed by a-slow rate of increase in
concentration. The development patterns shown in Figures 6, 7, and 8§ all
fit this general description. _J

There are certain common variations of this basic development
i,i'pattérn which merit description. Somé components such as peak #8

~
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. FIGURE 6

Plot of Relative Peak Area vs Time for peak #8 (2-methyl-1-propanol) o
Concord fermentation B. C1rc1es represent corresponding data of Concord
fermentation A. (For this and a]] subsequent plots of Relative Peak
Area vs Time the curves are drawn through bars which represent the data

pO‘lnt T 8%.
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‘ | _ FIGURE 7

~
~

Plot of Relative Peak Area vs Time for peak #13%3-methyl-1-butanol) of

toncord fermentation B. Circles represent corresponding data of Concord

fermentation A. ' -,
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FIGURE 8

'S

Plot of Relative Peak Area vs Time for peak #24 (ethyl octanoate) of Concord
fermentation B. Circles represent corresponding data of Concord fermenta-

tion A.
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FIGURE 9 '

Plot of Relative Peak Area vs Time for peak #52 (2-phénethanol) of Concord

fermentation B Circles represent corresponding data of Concord fermen-
taton A,
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FIGURE 10

Plot of Relative Peak Area vs Time for peak #55 (1-octanoic acid) of
(oncord feﬁepntation B. Circles represent corresponding data of Concord

fermentation A.
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. FIGURE 11

~

Plot of Relative Fermentation Progress vs Time for Concord fermentation .
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FIGURE 12 1

’ A

Plot of Relative Peak Area vs Time for peak #16 (diacetyl) of Concord

fermentation B. Circles represent corresponding data of Concord fermen-
tation A. .
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(2-methyl-1-propanol) are at a very low or undetectable level in the juice
prior to fermentation whereas other components such as peak #52 (-
phenethanol) have a substantial concentration in the juice, These two
peaks are illustrated in Figures 6 and 9 respectively. Certain compon-
ents such as peak #8 show an increase in concentration which beginé im-
mediately with the start of fermentation. Other components such as peak
#55 (1-octanoic acid, 1]1ustrated in Figure 13) do not hegin te Increase
in concentration until a considerable tTn@ (% days in this example) after
the fermentation begins. Once the concentratlon does begin to increase,
the level of some components rises very.dy<ckly. Pear %13 (3-methyl-1-
butanol} T1lustrated in Figure 7 exemplifié, tnis. Other components
increase in concentration very gradually such #s peak #24 (ethy] octanoate
shown in Figure 8 ). The point at which the rate of 1ncrease of concen-
tration siows down considerably a]sg varies. Typicad points are sabout
7Oér1x as peak #8 illustrates and Jl.408rvx onak #ab allustrates.  Cer-
tain components show an apparent iocal i .3 or dip 1n concentratron
after the rate of 1ncrease slows down. Pear 28 15 one of them where the
amount of decrease apparently.exceeds experiwental fluctuation. The fact that
the dip appears 1in both fermentation A and [ adas to ity credibility.

It is noteworthy that ali 4 major peaks. which were all subsequently

identi1fied as higher alcohols, Lenave similai 'y Trgure 7- tllustrates

" the concentration deve]opmeht pettern for peak =13 {3-methyl-l-butanol),
” "

Peak #8 (2-methy]-?-pr6panol), pean #i (J-aeth,yi-i-butant]) and peak #52
(2-phenethanol) all resemble this pattern Mecranisms have been proposed
in the titerature which associate the foruatron ot ce?ta1n nigher alcohols
(50) with particular amino acids. Examples of fneLe mechanisns were shown
previcusly (see page 10¥. These mechndanisie ink the rate of jormation of
certain of these higher alcohols to the rate of veast growtn (pu)_ The
distinct similarity between the curve shape. snown 30 Figures 6 , 7 ; and
9 for higher élcqﬁol formation and the cur,e Lhape of the ydast Jrowth

shown in Figure 1 'may be quite sigmificant, “he ferwentation rate curve
for this study 1s fhown in Figure 1. It .. o rosembies the concentrafdon
development Qafterb of the higher alcohcis. “ne tailing off ot production

of the alcohols at about the same time as tre fermentution rate drops and
the general similarity of the other features or tne’ forementioned curves

~
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tend to confirm the link between higher alcohol formation and the rate of
fermentation. The possibility also exists of linking the concentration
\\Héve]opment pattern of a higher alcohol to that of its corresponding
amino acTd if both were available (53). ,
Likew%gé\tbe results observed for certain esters such. as peak =9
(3-methy1-1;buty1 aEEta e), peak #14 (ethyl hexanoate) and peak #24
(ethyl octanoate) wou}dLEEﬁd\io support the acknowledged mechanis% of
theL; rmation. It has been established that the formation of fatty acid
estérs occurs during the fermentation as a result of the alcoholysis of
the fatty acid moiety of the acyl-CoA compounds in the fermenting medium
(51,52 ). Note for those peaks later identified as fatty acid esters the
delay after the initiation of fermentation before significant increases
in concentration occur. This delay may correspond to the time required
for the apprgpriate higher alcohols to reach sufficient concentration’for
('the alcoholysis to proceed. The apparent dip in the development pattern
of certain higher alcahols could conceivably be retated to their role 1n
ester formation. The cor}espondence between the production of these
components and the fermentation rate suggests an ester formation whicn
is Tinked to the fermentagion rate. e
A further observation of Table 12 also supports previous findings.
Subsequent sample coTlection identified the following peaks: peak #23
(acetic, acid which was found in all other fermentations), peak #29 (2-
methyl-1-propanoic acid), peak #47 {1-hexanoic acid), peak #55 (1-
octanoic acid) and peak#63 (1-decanoic acid). It is well known that the
even-numbered tatty acids predominate in natural products, apparently
because the acid precursors are synthesized by successive couplingsof the
acy1-CoA fragment with the acetyl-CoA (a C, addition to the molecule) (b1},
Only the even-numbered acids are observed and their patterns of concen-
tration development are similar to each other. It is suspected that
1-butyric acid was present but not identified. A typical example 1s shown 1n
Figure 10 for peak #55 (1-octanoic akid). The rather late appearance of
these componentx is followed by a rapid increase in concentration and
levelling off as the rate of fermentation also levels off. This may cor-
respond to a mechanism of formation that is linked to the release of the
acid fragment from the yeast cell which occurs as yeast cell growth ceases.
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" The formation'of 2-methyl-1-propanoic acid does not result from this
mechanism. ' .

Peak #43 was later identified as y-butyrolactone and shows a fast
increasé in concentration which coincides with the most rapid rate of
fermentation. This compound has$ previously been found in non-Concord
wines (52) and is reported to be derived from glutamic acid during the
fermentation. '

‘There are certain peaks which have unique concentration develop-
"ment patterns that are likely indicative of complex formation and consump-

tion mechanisms. Peak #16 (diacetyl) has a very unusual pattern'as 11 lus-
trated 1n Figure 12 which features. a very sharp increase followed by
disappearance then reappearance. This strange behaviour was observed for.
all five fermentations. Peak #68 also shows an unusual development pattern
featuring a quick rise to a maxima at about 1%°Brix and followed by a
gradual decrease in concentration until an undetectable level is reached

by Day 28. Peak #38 behaves similarly to peak #68. These components

are apparently intermediates in the fermentation process and are sug-
gestive of unusual mechanisms.

Since the principal purpose of these fermentation studies was

to vovide comparison of the volatile components of different fermenta-
tions, tfurther and more complex mechanistic analysis of the data will be
avoided. ' .
The preseit research has shown, however, that the analytical
procedures developed would be useful for obtaining data for such mech-
anistic analysis. ’ . . .
(2) Hybrid Fermentation Study.
Table 14 shows the results of the study monitoring the concen-
tration of the volatile components during the fermentation of the Blue
_ Hybrid juice. ‘

The main purpose for doing this study was to obtain a qualitative
and quantitative comparison of the concentration development patterns -of
the hybrid and the Concord volatile compopents during the fermentation.

- With respect to the qualitative comparison, it was uncertain
prior to the ;tudy whether the volatile components of the hybrid would
be the same ones observed in the Concord and, if they were substantially (

&



HO
H1

Hla -

Hep
H3a
H3p
H4
HS
HO
H7
HE
H9
10
H1Y
H12
H13
1nia
H1b
H16

H17

H20
H24
"RZ28
H35
H4?

R

Sample 08n51ty { #6 -3 #7
Brix) R Rx]O Rx10™° Rx10~
21.0 7 .025 .010 14
20.7 .55 .155 .036 1.06
19.9 - .70 .147 .237 1.61
16.0 .55 .628 .677 .84
11.9 .55 2.79 2.01 2.37
9.0, 1.10 4.54 1.82 2.79
7.0 1.64 4.75 1.82 2.86
4.0 2.19 6.12 2.32 -+ 3.35
2.8 2.19 4.78 1.89 2.79
2.0 1.92 4.96 1.91 2.79
1.85 3.46 5.46 1.77 3.35
1.15 3.19 4.70 1.87 4.05
.50 4.66 5.85 1.88 4.05
-.15 4.50 4.61 1.88 3.4?2
-.70 2.80 5.02 1.55 3.35
-1.05 3.4 5.22 1.58 4.12
-1.40 3.95 5.14 1.73 3.56°
-1.75 2.74 5.99 1.74 3.56
-1.75 }.70 5.47 1.84 3.49
-1.75 1.70 6.13 1.68 3.49
-1.7% 2.69 6.57 1.26 3.42
-1.80 1.2] 6.14 1.18 3.42
-1.80 6.90 1.38 7.89
-1.80 3.30 6.70 1:40° 9.49
-1.80 1.31 5.86 .670 5.02

a

e . ——————n

- Relat

e ik w—— E e ———— e o = a . R A e %

TABLE 14

Relative Chromatographic Peak Areas During

U

Blue Hybrid Fermentation

#8

Rx10~

———— ————

.018
212
.565
1.03
3.85
5.32
6.32
7.59
7.80
7.63
10.2
8.19

8.96

9.07
8.51

7.63
8.40
9.77
8.67
10.4
8.51

7.41
7.59
7.59
7.08

ive Peak Area

¢

v

4

Rx1073 Rx10™

Relative Peak Areas for Spectral Peaks

#Q

.140
.585
.322
.197

WEBEDLDLEOGEOMODDNWARWBIONN —— .

I
|

#10

.030
.049
103
151
.628
872

A2

.79

. . — ot it d i i
—
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TABLE 14 (continued)

Relative Chromatographic Peak Areas During

Blue Hybrid Fermentation

SR e e A e e . ——— e e [

Relative Peak Areas for Spectral Peaks

. e T - —— = Bt e e m—— . ——— e > %~ m = & o om ot 4t oa— v om o .

g1

K6

Sample  Density #12_5 #]3_5 #14_2 #15_2 #16_3 #17.2 #18_,
(Brix) Rx10 Rx10 Rx10 = Rx10 Rx10 Rx10 Rx10 °
H 21.0 nd®  .013  2.23 nd nd nd nd
H 20.7 nd .096 42 .07 nd nd o
HZa 19.9 nd 177 1.40 1.29 4.40 . 1.54 .94
Hp 16.0 nd .461 1.19 .70 4.50 2.23 .70
H3a 11.9 .620 1.22 6.21 2.79 2.32 1.95 .56
H3p 3.0 1.03 2.04 8.23 3.56 .789 1.74 1.40
tHa 7.0 1.11 2.21 8.23 2.93 ,370' 1.95 1.40
HS - 4.0 1.45 *2.85 8.65 2.93 .356 2.37 2.58
2.8 1.57 3.08 8.65 2.44 .188 2.09 2.37
H7 2.0 1.51 2.96 8.79 1.40 .070 1.40 Z.30
H8 1.85 -1.84 3.65 8.58 .77 "
h9 1.15 1.41 2.80 7.47 nd .021 1.26 2.37
H1v .50 1.86 3.65 9.07 nd
bl -. 15 1.78 3.51 9.14 nd .070 1.61 .93
e -.70 1.79 3.52 9,07 nd
TR -1.05% 1.57 3.1 7.89 nd .049 1.40 2.86
Hid - -1.40 1.75 3.48 8.65 nd
Hih -1.75 1.84 3.60 9.07 nd .056 1.40 2.8b
116 -1.75 1.62 3.24 8.86 nd
hl) -1.75% 1.85 3.64 8.44 nd .063 1.75% 2. 1Y
1.0 -1.75 1.81 3.51 9.07 nd .063 1.74 A
HOu. -1.80 1.57 3.19 7.54 ng’ .265 2.16 2.09
H28 -1.80 1.78 3.46 9.07 nd .482 3.28 2.79
H35 -1.80 1.64 3.25 8.37 nd .488 3.84 3.00
hée -1.80 1.58 2.99 7.26 nd .419 2.44 2.58
“nd - not detectable Yy
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TABLE 14 (continued)

Relative Chromatographic Peak Areas During

Blue Hybrid Fermentation

e . - = — e - ———— v~ wmre @y A A SR

Relative Peak Areas for Spectral Peaks

Sample Density — #19 5 #20 , #21 , 422 , . 423 , #24 5. w25 ,
("Brix} #x10 Rx10 Rx10 Rx10 Rx10™ ¢ Rx10 Rx10
H{) 21.0 .338 .77 nd .27 nd .032 nd
Hl 20.7 3.14 2.30 .66 1.22 nd .033 nd
H2a 19.9 3.93 2.57 .84 - 1.22 nd 023~ nd
H?Zp 16.0 3.77 2.14 . .21 2.58 nd .057 nd
H3a 11.9 3.78 3.4 3.70 nd L 237 nd
H3p 9.0 4.48 ° 3.35 3.70 nd 419 nd
4 7.0 4.13 2.69 3.49 nd .593 nd
H5 4.0 5.12 3.74 .35 4.68 nd .635 nd
o 2.8 ' 4.61 3.79 1.47 3.49 nd .803 nd
H7 2.0 4 .55 3.13 3.00 nd .803 1.10
HB 1.85
HY 1.18 4,24 3.19 2.79 nd .761 2.08
o .50 5.06 3.19 4.05 nd
H1I -.15 4.98 3.24 3.00 -nd 1.49 4.39
il ',70 . . R
i3 -1.05 4.47 3.30 2.44 nd 1.22 3.84
g -1.40 4 .97 3.30 2.79 nd 1.33 4 .50
TREN -1.7%9 5.53 3.30 3.35 4.05 - 1.6] 5.49
ek -1.75 '
17 -1.75% 5.61 3.89 3.00 3.21 1.40 .43
HZO -1.75 5.60 2.9 .21 2.58 1.67 1.32 4.44
H24 -1.80 5.83 4.94 .77 2.09 3.84 1.33 5.32
Hre -1.80 6.87 4.88 77 3.35 6.07 1.75 5.54
135 -1.80 6.94 5.54 1.67 3.56 3.49 1.55 4.77
Ha -1.80 5.83 5.71 1.54 2.65 3.49 1.40 3.73

I ———— -




" TABLE 14 (continued)

Relative Chromatographic Peak Areas During

Blue Hybrid Fermentation

e - —— —— ——

Relative Peak Areas for Spectral Peaks

#28 £#29

] ’ #30 431

varple  Density #26 #27

Sori 1072 R0 rx107d Rx1073 R1073 R0
N ¥ .33 2 045  .074  .010 .00
" 0.7 198 9 161 016 .016  .020
Hea 19.9 77 1.4 216 016 .028  .016
Hop 16.0 68 7 114 035 145
Ha 1.9 77 nd 209 .088 161 .405
v 3p 9.0 .91 nd ¥ .349 .181 .300 419
Ha 7.0 170 nd ~ .698  .368  .468  .537
i, 4.0 1.40  nd 117 .549  .712  .803
e 2.8 1740 nd 1.26 477 .705  .705
" 2.0 209  nd 136 466  .558  .649
ris 1.85 -
b 115 1.40  nd 1.40  .466  .502  .698
10 50 nd 227 807 .914  .977
n -5 2.58  nd 2.72 993  1.10 1.12
TR -.70
b3 1,05 .88 nd 1.5 .477 530 621
Wi <1.40 195 nd  2.09 .58  .719  .837
g 21,75 244 nd 3.15  1.04  1.13  1.26
e 275
a7 -1.25 2.16 nd 2.96 1.00 1.08 1.19
BT O 1 195 nd  1.95  .483  .593  .844
Ad -1.80 2,23 nd 2.67 971 1.4 1.23
b -1.80 300 nd 546 1.37° 1.1 1.79
35 -1.80 2.44 nd 280  .807  .949  1.12
a -1.80 1.95 nd  2.42 658  .768 -.796

e thv o e e Ay e ——— e

- -

——— v e m o n o m am pew —

8

3¢ 3

Rx1 ()

o

L0
.0lb
017
042
U3
Y43

|
]
]

1

—

— el P o T

768
.61
.61
.47

.38
.30

.58
.68
.21

.0
.41
.05
L34
b3
.54

93



TABLE 14 (continued)

Relative Chromatographic Peak Areas During

Blue Hybrid Fermentation

Relative Peak Areas for Spectral Peaks

\ e Teek frem, T S e

#34_5  #35, #36_, #37_, 438, %39

Sample Dsnsity ﬁ33_3 _ _ _ -3
("Brix) Rx1077 Rx107” Rx10°° Rx107° Rx10°° Rx10 ° Rx10
HO 21.0 nd .012 .04 .02 .09 ah .024
HI 20.7 .01 .020 .07 .06 13 nd .028
Hoa 19.9 .013  -.070 .20 .18 .35 7 091
H2p 16.0 .040 05 - .27 .33 .64 .76 098
t3a 11.9 .346 .482 .84 1.33 2.37 2.74 426
H3p 9.0 .466 .482 .91 1.54 2.79 3.4] L399
14 7.0 .565 .551 1.26 1.54 3.07 4.1 488
HY 4.0 .933 .830 1.47 2.16 4.40 5.77 1.03
Hb 2.8 .922 .816 1.40 2.23 4.68 6.04 1.12
17 2.0 .86? .775 ].40 2.30 4.33 5.54 977
H& 1.85
H9 1.15 .686 .635 1.40 2.23 4.19 4.66 1.26
H10 .50 . ‘
M -.15 .21 T.03 2.86 3.49 8.23 6.21 2. 30
My © -.70 .
13 -1.05 .779 .670 2.72 2:57 5.37 5.38 .31
Hd -1.40 .868 .789 .
SR -1.7% 1.08 1.07 5.65 4.68 ¢ 8.37 4.11 2.91
it -1.7%
SERAREE B L 1.10 . t.10 4.68 4.68 7.54 4.1 2.9%5
20 -1.75 .610 .621 3.28 3.21 © 4.95 3.84 2.00
TR -1.80 1.06 1.1 3.84 6,21 11.9 . 5.10 3.06
TR -1.80 1.22 1.12 4.47 5,37 9.70 1.2 4.64
35 -1.80 .894 .844 4.19 4.68  8.65 1.21 3.66
M4 -1 80 .669 .642 3.49 3.56 6.77 1.27 4.26

Ry —— — ———— e e e — = =




Sample Ds

TABLE 14 (continued)

Relatiye Chromatographic Peak Areas Dur1n§

nsity #40_4
("Brix) Rx10
1.0 .016
20.7 .007
19.9 .015
16.0 . 084
11.9 216
9.0 .279
7.0 .426
4.0 .551
2.8 .600
2.0 . 747
1.85
1.15 .768
.50
=15 1.01
L0000
-1.0% .893
-1.40
A 1.23
1075
175 1.4]
-1.75 1.49
-1.80 2.62
-1.80 2.70
-1.80 2.30
-1.80 1.61°

1
|

Blue Hybrid Fermentation

A —————— . —— —————— S+ — =

Relative Peak Areas for Spectral Peaks

#4la
Rx10

.028
.033
071
. 158
.286
.516
.761
.13
21
.25

7 et — —

- 1.12
1.61
1.31
1.81
1.96
.858
1.13
1.17

~1.03
.733

3

#41b
Rx10

.028

.033
190
.187
.698
419
.698
.789
}.05
1.10
1.40
2.23
1.31
1.8}
1.74
.907

1.2
1.34

1.12
.754

3

#2_y 443
Rx10™° Rx10
007 .021
027 .06
084 179
258 .733
.22 .977
1.51 1.3
1.78  1.29
T 2,62 1.56
2.65  1.54
2.44  1.49
2.00- " 1.75
3.15° 3.10
2.3 1.88
3.77  3.15
4.33  3.28
3.37  2.30
3.94  2.77
5.16 3.9
4,38  2.88
3.18 212

3

444

Rx](f3

L029 -
L0583
106
109
.543
.768
988
.64
2.02
.92

—_— )

2.26
4.34
2.98
5.04

A
.05
.21
.23
.83

.79

oW Hw &

95

2
Rx 1t -

003
.014
L1345
. 061
CoTY
. 349

3

1 398"

621
.816
.809

.907
2..23
1.7¢
3.4
;.67
1.61
3.33
3.30
2.38

1 2.30
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TABLE 14 (continued)

Relative Chromatographic Peak Areas During

Blue Hybrid Fermentation

-

s v eememre % e — o m————  ~ —r — — - - “ - - -

Relative Peak Areas for Spectral Peaks

o A e e —— - # ek e ® = e 8 A = v e e -

Sample )&nSIty #46 3 H7_,  #48 . 449 , 450 , . 45 452 _,

(Brix)  Rx1077 Rx107 @in Rx107 RAONOTY Ra1072 Rxl0”
mn 21.0 059 ., nd 042 .22 .54 66 . .062
1 20.7 033 nd  .042 .21 .58 .68 .10
12 19.9 .063 nd  .048 .57 .98 .69 .23
ep.  16.0 022 nd 070 1.27 .98 .69 . .588
H i 11.9 035 nd 258 2.74  2.58  1.54 1.8
H3p 9.0 154 nd 349 3.30 2.65 1.61 3.6
14 " 7.9 181 nd 488  5.43 3.9 09 394
o 40 - 230 nd 949 7.35 3.84 209  5.86
fo 2.8 244 nd  1.05 6.04 2.09 4.19  5.85
" 2.0 279 2.79  1.06 4.4 .70 nd  6.10
He .35 . 6.82
! s 216 2.65 1.26  4.39 .70 nd  5.75
B 507 7.56
s .15 579 5.8 1.66  5.32 .17 nd  7.65
a0 .70 7.29
(s -1.05 .68 4.54  1.40  4.44 .77 n9/ 6.00
G4 -1.40 o “6.74
178 110 5.58  1.93 549 1.26 " ol 7.0
e D5 6.95
0 N 1.13 558 193 532 1.05 n 7.40
SRV O 614 4.40 .1.73  3.19 .70 n 6.76
A2 <180 1.56.  4.88 1.9 3.9 .9} n 0
= -1.80 .31 5,58  1.94 4.1 .70 nd 1 —
B -1.80 1.05 4.95 1,80 3.8 .70 nd 7.0
12 -1.80 977 -4.12  1.61  3.41 .35 nd  5.86

. e e e e — .- > - e~
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"S}mple DS
‘ (

HO'

-#1

HZ2a
H2p
H3a
H3p.
H4
H5
Ho
H7

He - -

H9

H10
th
Hie
i3
14
Yo
1o
M7
RV4Y,
H24
428
135
H42

21.
20.
9.
_16.
1.

nsity
Brix)

Relative Chromatographic Peak Areas During

TABLE -14 (continued)

Blue Hybrid Fermentationﬁ(ﬁ

OO ODOWOWIO

Relative ‘Peak Areas for Spectral

#53_,

Rx10

nd
nd
.33
.35
2.04
7
2.09
1:.74
*1.47
nd
nd
nd

nd
nd
nd
nd
. nd
nd
nd

nd
nd

#54

#

55

Rx10~

3

»

-——

nd
nd
nd

" nd
.094.

195
.26

.
—t et pd i
.

PR WM

nd
nd
nd
nd

: nd

> nd
‘nd

. nd*

nd
nd
nd
.19

.33

15

.42

.58
.59

1.19

" 1.67

1.19

#57
Rx1Q

- ———— -~

Peakgﬁ

<
- —— e e e

#59

458
Rxl,O_2

1.24
.42
2.16
310

.28-
nd
nd
nd
nd
nd

. nd

nd
nd
nd

nd
nd
nd
nd
nd
nd

97
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TABLE 14 (continued)

Relative Chromatographic Peak Areas During

Blue Hybrid Fermentatjon

98

Relative Peak Areas for §pectrdl Peaks

Sample Density #60 #61_ #62_ #63_ #64 #66_,
("Brix) . Rx10 Rx10 Rx10 Rx10 Rx10

HO 21.0 nd 3.5 nd nd

H1 20.7 nd 4.2 nd nd

H2a 19.9 nd 4.2 nd nd

H2p .16.0 nd 4.2 nd nd

H3a 11.9 o nd nd nd

H3p 9.0 " nd 3.8 nd nd

H4 7.0 nd 2.6 .14 .07

H5 4.0 - nd 2.8 .59 7~ 90

H6 2.8 nd 2:4 .59 190 -

H7 2.0 nd 4.9 .76 1.15 \

H8 1.85 nd 2.29 4.03

H9 1.15 nd < .97 3.01

H10 .50 nd +1.86 2.19

H11 -.15 nd 5.74 4.31

H12 -.70 _

H13 -1.05 .07 3.33 4,24

Hi4 ~-1.40 5.18 4.35

H15 -1.75 .38 2.6 6.93 4.45

H16 -1.75° : .

H17 -1.75 .57 2.5 6.15 4.48

H20 -1.75 .64 3.5 5.73 4,21 2.1

H24 -1.80

H28 -1.80 2.42 5.1 6.97 4.06 9.8

H35 -1.80 3.22 4.2 6£.98° 4.05 8.5

H42 -1.80 3.55 2.2 6.03 4.03 8.@

Lo



TABLE 14 (continued)

.

Relative Chromatographic Peak Areas During

Blue Hybrid Fermentation

o

Relative Peak Areas for Spectral Peaks

Sampie Dsnsity #67_2 #68_Z #69 #70_]
("Brix) Rx10 Rx10 Rx10

HO 21.0 nd

H1 20.7 nd .

H2a 19.9 2.30

H2p 16.0 2.80

H3a 11.9 5.02

tH3p 9.0 2.93

te4 7.0 -~ 3.42

H5 4.0 4.40

H6 2.8 2.5]

W7 2.0 1.71

n& 1.85 : 1.19

HQ 1.15 .56 5.1
HI1D .50 nd 7.7
H11 -.15, nd

412 -.70 nd

413 -1.05° nd

14 -1.40 nd

15 ~-1.75 ‘ "nd . N
<16 -1.75 nd

1/ -i.75 nd

H20 -1.75 nd

24 -1.80 , nd

H28 -1.80 - 1.14 nd

H35 -1.80° 1.27 nd .

142 -1.80 1.55 nd -
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the same, whether the pattern of deve]gpment wéuld be similar suggesting
similar mechanisms of formation. Study of the data suggests that, to
a large extent, the volatile components in the hybrid must are the same
as those in the boncord must. There are a few exceptions to this general
observation such as peaks #36, #41b, -and #51 all of which are apparently
unique to the hybrid fermentation whereas peak #10 1s unique to the Con-
‘cord fermentation. It should be noted that these peaks are all 'minor'
peaks. In fact the small size of these peaks was a contributing factor
to their remaining unidéntified. A1l of the 'major' and ‘medium‘ peaks
as categoriéed in Table 13, are common to both fermentations.

For the vast majority of these common components the concentra-
tion deve]opment‘pattern is very similar ing the hybrid and Concord fer-
mentations. The basic pattern of a fast increase foilowed by a slow or
zero rate of increase in concentration is repeated for the hybrid fermen-
tation. Espectally fo; the large peaks where the greatest diversity in
development patterns would be observable, deveiopment patterns are
similar. Comparisons of the concentration development patterns of peak
#13 (3-methyl-1-butanol), peak #24 (ethyl octanocate), and peak #52 (2-
phenethanol) are shown in Figures 13, 14, and 15 respectively. Note that
components such as peak #13 and peak #52 which showed a levelling off of
the concentration at 7°rix in the Concord termentation, do so at about
4%Brix in the hybrid fermentation. This is pernaps accounted ¥or~by the
fact that the hybrid fermentation .progressed more siowly than did the
Concord fermentation, taking 10 days to reach 0.0%rix rather than 5 days
as did the Concord fermentation. The relative fermentation rates are
compared in Figure 1¢. The formation of some volatile components exhib-
iting this type of behaviour was associated with the rate of fermentation
in the previous section. Thus 1t is expettea that the volatile compon-
ent formation curves would be somewhat d}gplaced: The observation of a
stower rate of fermentation than that whicr vccurred under 1dentical fer-

_menta;ion conditions with a different juice agrees with previous conclu-
sions (48) that the ?ermentation rate 1s a function of the juice used.

The peaks which were associated witn-the levelling off of the Brix
values as the Concord fermentation slowed 1n rate, show a similar assoc-
jation for the hybrid fermentation., Peak #47 (1-hexanoic acid) and peak
#55 (Y-octanoic acid) exemplify this.



FIGURE 13

Plot of Relative Peak Area vs Time for peak #13 (3-methyl-1-butanol)
of hybrid fermentation. Circles represent corresponding data of Concord
terwentation B.
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FIGURE 14

~

Plot of Relative Peak Area vs' Time for peak #24 (ethyl octanoate) of

_hybrid fermentation. Circles represent corresponding data of Concord
fermentation B.
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FIGURE 15

Piot qf Relative Peak Area vs Time for peak #52 (2-phenethano1).of hybrid

termentation. Circles represent corresponding data of Concord fermen-
tat on B.
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FIGURE 16

Plot of Relative Fermentation Rate vs Time for hybrid fermentation and

Concord fermentation B. i N
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RELATIVE FERMENTATION PROGRESS (%)
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\

'Plot of Relative Peak Area vs Time for peak #19 (ethyl lactate) of

FIGURE 17

* “
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Circles represent corresponding data of Concord
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~ Note that peak #16 (diacetyl) and peak #68 show very. similar '
patterns of concentration development in both the Concord and the hybrid
fermentations despite the complexity of these patterns. ) ,
While the s1m11ar1ty of the development patterns of ‘the. voTatlle
tomponents in both the Cpncord and hybrid fermentation suggest the ‘mech-
anisms of formation are the same, it is expected that, if these mechan-
dsms were d]fferent the difference in deve1opment patterns would be
. 1mhed1ate]y apparent A possible example of this 1s peak #19 (ethy! .
1actate) which showed a distinétive development pattern in the*Concord
gfermentat1on but whose development.pattem in the hybrid fermentation
appears ver d1fferent, as illustrated in F1gure 17. Peaks #26 and #28
are other 'medjpm‘ peaks that déve]op_qu&te~different]y in the two types
of fermentation. Other smaller peaks show less distinct differences that
aré of questionable significarice.
“ > The qua11tat1ve comparison of the concentrat1on deve]opment pat—'
terns of - the volatile .components of the hybrid fermentation with those of
the\Concord fermentation suggest that the volatile compoqents are most]y
the same and have similar deve]opment patterns .in both fermentations.
.Cons1der1ng the quantitatiVe comparison of the volatile gompon:'
eni of the two fermentations,- the differences are more apparent. - For
wexample the relative concentrations throughout .both types-of fermentation
. can pe seen for two of - the 'major' peaks, #13 and #52, in. Figures 13 and
5. The two other ' maJor peaks #8 (2=methy1 1- propano]) and #12 (2-
methyl-1-butanol) show that the concentrat1on Ain the hybrid must is sig-
i ﬁ1f1CaRL]Y higher than in the Concord must after 28 days Similar anal-
ysis by comparing Table 12. w1th Tab1e 14 shows for: the 'medium’ camponents '
that there are roughly the same number of peaks where the hybrid concen-
tratvon is higher, where the hybrid‘concentrat1on is 1ower, and where the
hybr1d concentration'is 1ns1gn1f1cant1y d1fferent Wwith respect to, the
Concord concentration. This compar1son is based on-the last 3 samples
up to and including the 28 Day samp]e This’ categorization is shown in
" Table 15 with differences exceeding 20% being considered significant.
The results shown in Table 15 are not Surpr1s1ng since it was '
expected that certa1n components would be hlgher in concentration in the: I
hybr1d must, others would be h1gher in concentrat1on in the Concord’ must

>
+

a
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TABLE 15

Comparison of Relative Areas of:hajof and Medium Peaks

at Day 28 Between Hybrid and Concord Fermentations

Hybrid® .+ Equal : Concord® -
. B - ,

5 6 - 9
8 24 14
12 31 16
13 32 26
19 52 28
23 63 47
39 48
40+ 62
82 _—
43 °
44
55

-3 P e

N

3 £inal relative area of peaf:in hybrid must is significantly greatér

Y tinal relative area of jpeak in Concord must is significant]y'greater

—— e n p—

~ M )

.

&

AN
P
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and some would be about equal in hoth. What is of greater interest ts

* the magnitude of these differences. It was uncertain priaor to the sfudy

ﬂwhethef the differences would be orders of magnitude or less than 100..

0f.the 'major' components peak #13 (3~metﬁy1-1—butanol) shows the greatest
dxffgrence“hbout 49%. For the medium' components a greater range is shown.
Peak #62 (methyl anthranilate) has a'ratio of 37:1 (Concord to hybrid) .

.which is the greatest difference. With the exception of a few peaks

however, the ratio is less than 5:1. This fact coupled with the fdct
that there are few'peaks unique to one type of nmust illustrates the point
that the gifference between the hybrid's volatile component content ana

‘that of the Concord is rather subtle and certainly not gross. Thi's could

be regarded as a very important observation since it indicates very care-
ful scrutiny of the balance of the volatile components in a juice or wine
must, be made before specu]atlng about its probable sensory quality. It |
1S genera]]y conceded that the hybrid juice produces a qua11tat1ve}y Sup-
error product compared to the Concord but the difference 1n the volatile
compesition of the two, which apparéptly accounts in part for this dif-
fererce, is rather subtle in nature. While the large difference in the
metiy anthranilate contents of the two types of must is traditionalily

. ne.. ..countable for much of the sensory differences, it should be pointed

out®hat the ratio of 3-methyl-1-bytanol to methyl, anthranilate in the

Corcord must 1s about 1150 1. Although the sensory contribution of any

.oompunent 1s not 11near1y related to concentrat1on, it seems unlikely that

the wottyl anthranilate would dzz}gggsxéhe 3-methy]—1—butano] in sensory

.etfect in view of the vast excess of the latter and its distinctive aroma

which 1% easily sensed. \

Tnis stqu‘sugggsts the conclusion that the charactgrﬁstic aroma
of ¢ wine 1s derived from the same compounds, but having different con-
centrations, jz~}ﬁe bresent in other wines. It seems unlikely that one
ur Lare cpec1f1c compounds exclusive to other wines dominate the aroma

Utne“ shudigé have also reached this conclusion. (52)

(3) ‘Fermentation  Temperature Study * ‘ ;

The resths of the study comparing the deve]opment of the volatile
components in Concord Juice fermented at 20.0°C with Concord juice fer-
mented at 28.0°C are®hown in Table 16. . ’



. TABLE 16 fou
%
Relative Chromat;ﬁrapn1c veak Areas During
Fermentations fqr Fermentation Temperature Study
* - Relative Peak Areas for Spectral Peaks
Sample Densaty 0#4' 5 #5 #6 #7 8
("Brix) KT W Ko Wy Ko Wy KM, KW
R™x10 Rx10 Rx10~ Rx1Q~ Rx10
F - WO 21.5 18 .18 157 (157 ndd nd 1,07 1.067 .136 .136
i 19.3 nd .106 .085 C1.05 137
e 1.6 .10 122 nd 1.18 122 N
K3 i5.0 .86 .925 .622 ©3.48 167C -
Wl 2.4 .78 F.05 .852 1.23 1.07
Fap 10.0 2.0l 2.07 k,19 5,29 v 17
N 7.4 1.56 2.1 .10 3.97 1.34
n 7.0 i.26 1.89 .946 &.02 V.77
b 4.h .94 1.92 . 808 2.06 1.44
2 1.5 1.85 -1.91 .767 3.14 1.4,
w3 .80 1.99 - 1.40 458 4.58 Y
Y -.10 2.31 2.50 .840 3.57 .60
W -.40 1.30 2.43 964 2.73 .00
ah -.50 1.82 2.66 1.06 3.48 2.73
W7 -.50 3.07 3.31 .886 3.89 .75
7 ~.60 72.23 2.48 1.06" 3.63  1.53
Ko . ~-.b0 - 1.53 2.11 .837. -+ 4.37 1.40
W -.66 1.84 3.1 -.1.00 2.82 2.66
MU ~. 60 2.38 2.81 - 1.0 5.3% 193 '
S -.00 2.54 2.90 1.24 3.47 2.99
NI -.90 2.46 2.74 6.78 . S22t 1.89
Wb L - 70 2.87 3.20 .945 < - 3,93 3.21
<1 ;.90 2.87 . 3.26 .757 5.38 ° 2.23
W - .80 3.30 3.86 1.07 4.63 3.52
-.90.. 2.06 3.31 886  8.99 2.14 _
Wl -8 1.25 2.76 .859 2.36 2.63
. 3.1 3.68 .876 5.65 2,30 '
e -.5¢ 1.6¢ 2 3.24 826 3.83 3.47
neY -1.05 2.57 3.71 896 - 6.32 2.40"
w30 -.%0 2.13 3.92° 1.06 . 4.54 3.59
W o) -.90° 1.50° 6.37 <4z7 . 4.49 3.36
No0 -1.05 2.2) 3.75 . 951 7.90 2.53" ’
..—/ o T ) “”,
YReiatave peak areas in column K are for 20.0°C- fermentation.
relatve peak ageas 1n column W are for 28.0%C fermentation. .
“R = Relative peak area
AN :

PG = not aetectable

S m— e —————
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- "Relative Chromatographic Peak Areas During

Fermentations for Fermentation Temperature Study

"TABLE 16 (continued)

- e - —t = = & =

Relative Peak Aregg for Spectral Peaks

1o

[ ——

vm e e e — —— = -

~
Dgnsity 49 11 12 213 414
CBrix) K Wy K W, K W K We o KWy
Rx10 Rx10 Rx10 Rx10 “Rx10
21.5 474 474 1.33 1.33 .201 .201- .041 .041 .073 .073
19.8 .393 1.38 .320 .058 .078
18.0° 1.22 . 1.05 . 246 .050 .09
15.0 j.18 nd 1.89 . 390 . . 847
12.6 1.32 . .37 2.6 .805 .740
10.0 3.14 .91 2.92 .606 1.74
7.4 4.87 .79 3.83 .807 2.37
7.0 2.79 28 _ 3.15 637 1.29
4.5 6.21 .92 4.04 8l 2.5Y
1.5 7.81 - 1.05 4.43 9.38 2.78
.80 ’ 4.490 898 1.7y
-.10 7.91 R 4.20 .866 ©2.37
-.40 5.3 .88 - 4.28 .364 1.37
-.5G 5.49 .58 4 .45 .933 7.33
-.50 5.35 .88 4.48 .903 1.29
-.6C 7.98 1.5 4.28 .892 2.39
-.60 7.05 .93 4.35 . .889 2.31
-.6C 5.94 .97 4.36 .880 1.46
-.060 8.01 1.21 5.36 1.10 2.27
-.60 5.34 .83 4.20 .850 1.32
-.50 . 8.30 1.04 5.34 - .. 1.18 . 217 )
AV 5.78 .94 4.90 .999 1.30
-9 5.53 . 1.10 5.62 1.16 2.17
-850 6.39 1.10 . 6.04 .23 . 1.46
-.90 7,90 - 1.07 " 5,53 Slae 2.15
-.85 . 4.8 . R 5.15 .04 1.1
-1.0C 3.46 1.22. 6.5% 1.27 2.20
-. 60 5.37 .58 5.11 .02 1.10
-1.05 6.11 1.26° 6.66 1.31 ¢.34
-.90 5.58 .97 5.32 .08 1.28
-~.90 5.20 - 1.01 5.52 11 1.22
-1.08 7.26 1.34 - 7.77 . 1.53 2.00
@C
>

rnd
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TABLE 16 (continued) -

Relative Chrpmatographié Peak Areas During

Fermentations for Fermentation Température Study

ORI m o i e m e e e = e . v = b e = = g = ke e e M e = = = e m A =

Relative Peak Areas for Spectral Peaks’

W e ot . —— G e e —— - — A ———— W e ey S e o w8 e e % o

Sample  Density #15 #16 #17 18 #14
Cbra) K W, K Wy K Wy K W, KW
Rx10 Rx10 Rx10 " Rx10 © Rx10
ra-Wo 21.5 nd nd .064 .064 nd nd .35 .35 144 144
Wi 19.8 - .05 . 260 .48 .65 .328
N2 18.0 .26 .852 .85 .51 231
K34 15.0 .73, 3.75 2.75 *1.98 .265
w.a 12.6 74 4.36 3.46 1.84 .247
N3P 10.0 .55 - 3.51 1.64 .86 .183
Kba 7.4 .79 1.38 1.69 .93 199
Wep 7.0 .56- 1.30 2.62 1.18 137
&4p &~ 5 .92 .569 1.47 ¢ 73 .134
) .96 .436 1.05° 1.03 .288 -
W3 . .80 N .458 1.37 .89 L2248
MU -.10 .70 .21 .84 .55 294
W -.40 .58 127 -1.27 - .85 .419
W -.50 " 1.04 151 1.28 1.01 568
W/ -.90 + .88 .204 1.65 1.46 . .808
N - .60 .88 0n .88 .88 .372
W -.60 1.93 .074 .93 1,25 . .474
w9 -.60 .78 ) .516 2.43 1.53 i.15
CHe -.5C . .97 .386 1.57 1.62 .760
Wi -.62 .66 .662 . 1.96 < .98 1.13
e -.90 .73 .646 271 . 1.407 - .730
WL -.7d .56 . 851 2.15 1.10 . 1.3
- -Gy .73 .913 2.37 1.43 849
Wiz —-bo .44 1.07 2:53 1.39 1.74
Ma -.90 .73 1.28 2.43 1.53 1.12:
82 o =85 .43 - .887 3.29 1.80 ° ©1.85
WO -1.00 75 .59 2.26 1.34 1.34
25 -. 90 .60 . 1.56 - 2.95 1.40 Z2.14
£9 -1.65 .53 ©1.90 2.85- 1.41 1.90
e -.90 .43 1.53 3.03 1.36, 2,49
1Y .90 .45. 1.56 3,14 1.59 3.92
K60 = -1.05%. .40 1:90 2.41 -1.37 3.19



Fermentations for Fermentation Temperature Stu@y

. TABLE 16 (continued)

Relative Chromatographic Peak Areas During

-

Relative Peak Areas for Spectral Peaks

L] - - et
bumple  Dgnsaty #20 421 #22 #23° 24
(“Brix) K Wy K W, K W, K W, K Wq
Cot Rx10 s Rx10 Rx10 Rx10 Rx 107
KU=W0 2h.5 .039 .03% .31 .31. .53 :53 'Nnd nd 022 002
Wi 19.8 054 .25 .58 nd 023
% i8.0 .37 . 8% .61 nd .021
Kda i5.0 .09 1.10 1.66 nd .302
Wla . 12.6 123 .99. 1.94 “ nd 327
¥3p 10.0 .091 .9} 1.43 nd 502
K4a 7.4 .099 .95 1.56 nd 1.09
W2p 7.0 131 1.85 - nd . .553
Kép 4.5 .092 .28 .. 1.44 nd 1.32
L, 1.5 157 .26 1.92 3.05 1.85
W3 .80 _ 4.58 - 'nd 916
K6 =19 19 . nd 1,48 3.85 0 1.90
Wa -.40 f 136 nd 1.68 . ° nd 1.34
CWh -.50 16 nd 1.91 nd 51
LA -=50 243 " nd 2.30 3.1 - 1.55
Y. -.60 .88 nd 1.74 © 5,13 2.08
E - .50 .93 .19 1.61 ©4.84 2.09
Wi - .60 .389 2.24 2.47 5.06 1.70-
o253 .2 2.09 (%.28 2.10
W - BU ,397 .90 2.54 4.96 1 5%
L -0 .386 1.67 2.46 5.21 1.91
ala -0 449 1.22 2.2 2.53 1.53
b -.90 . 465 1.92 . 2.15 6.39 1.99
wel -.80 628 3.0 2.9 1 2.98 1.72
AR -.90 .603 2.63 2.22 - 6.62 1.97
RN - .85 7615 2.72 2.82 1.7
. -1.00 1763 - '3.30 2.22 6.50 - 2.08 -
W -.90 : .688 L 275 2.86 2.56 ©1.65
NG -1.0% .980 - 4.07 . 2.90 - 7.2 2.33
W30 -.90- 746 - 2.49 2.73 2.60 62
Weh,  -.90 . .820. . 2.69 - 2.65 4.27 1.63
K50 © -1.05. ., 1.05 3.88 "2.32 ., 6.83 2.05
"i;',’: )
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Fermentations for Fermentation Temperature Study

TABLE 16 frontinued)

Relative Chromatographic Peak Areas During

~w

Relative Peak Areas for Spectrai Peaks

— e P

L A S

#26

113

Sample Dpnsity #25 . #27 #28 . #29
(Brix) K Wy ke Wao K W, K Wa KW,
‘ Rx10 Rx1Q Rx10™ Rx10 Rx10”¢
. .
KU-WOT 0 21,5 nd nd 1.971.97 .52 .52 1.701.70 .65 .65
¥ 19.8 nd 2.52 .23 2.12 .27
v 18.0 nd . 1.80 - .67 1.57 .55
¥la. 15.0 nd 2.66 .91 2.09 9]
W2a 12,6 “nd . 2.43 1.3 ° 2.00 23
K3p 10.0 . 2.46 2.53 2.19 2.5% 2.56
K4a 7.4 3.48 - 2.64 1.59 2.28 3.48
Wop 7.0 3.28 2,30, 1.87 216 . 2.81.
K40 4.5  3.12 . 2.2 1.29 2.06 2.85
5 1.5  5.05 2.97 2.09 . 2.79 6+ 36
3 "30 nd ©1.93 2.52 01,97 .
K@ -0 5.04 " 2.47 1.88 2.34 6.16 .
W4 -.40 . 3.2 2.46 - 3.02 2.38 2.92
W5 .50 4.87 2.66 3.60 2.54 4.76
w7 -.50 4.28 °©  2.83 2.92 2.98 5.84
<7 -.60 7.08 2.44 1.77 2.32 % 4.25
K8 -.60  5.58 2.63 2.05 - 2.43° 4.46
A0 -.60 4.87 3.28  2.92 3.21 9.44
1) .60 8.69 3.06 2.65 2.78 . 6.03
. -.53 4.96 2.86  2.48 290 . 6.62
2 -390 7.30 2.99 1.88 2.83 5.42
o -.20 3.86 | 2.75 2.15 2.94 5,52
14 -.96 575 2.64 C110 2,67 4.84
a7 -.80 . 3.86 '3.10 2287 . 3.31 6.28
o -850 4.77 2.92 .97 . 3.03 4°.38
RE S 5.30 3.08 . 4.000 ' 3.42 5. 72
X -1.00  6.03 2.98 1.70 3,25 5.8
a5 -.90 3,76 3.4 2.95  3.96 6.88
N -1.05 -6.75 3.33 1.90 3.68 ° 5.80 -
W30 -.90 3.68 3.31 3.57 - 3.87 6.49
NSD -.90 3.14 3.31 3.8 4.12 5.84 -
K50 -1.05  5.09 3.50 3.99. 5.36 :

1
. . .
3 SO RS b s
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TABLE 16 (continued)

Relative Chromatographic Peak Areas During

Fermentatigns for Fermentation Temperature Study

e e e - — e —— - ———y—— = S he

.

>

a o m ——————— i —— =

L3

Relative Peak Area§ for Spectral Peaks

[

Semple  Density #30 431 #32 #33 =34
"8rix}) K W, K Wy LK My KW, Ky
Rx10° Rx1077 . Rx10 Rx1Q° Rx10
e ' e e
K3-WO 21.5 nd nd .009 .009 .018 .08 nd nd .91 .9
Wl 19.8 .04 ©.026 .023 nd 1.00
A 16.0 nd .008 010 nd .82
Nl " 15.0 nd 174 .087 nd 1.13
wla 12.6 nd .194 163 nd 1.2]
P 10.40 " nd .169 . . 162 nd .bb
Kda. 7.4 1.32 .237 328 - 1.27 115
Wi'p .0 - 3.06 .390 432 2.04 )
N 4.% 1.22 s A12- 1.89 P/
" 1.h 3.39 496 .b44 3.84 1.64 -
N .80 .188 1,12
XY -.10 3.18 .404 - .829 3.46 1.30 -
Wé -.40 1.70 .454 .730 2.53 2.28
wh -0 2.67 .593 .707 3.25 ., 2.03
W7 - =50 4.54 .706 1.18 5.09 2.68
7 -.60 - 2.87 .3% .674 3.35 . 1.72
" -.00 2.56 .421 .723 2.30 . 1.59
W) -.00 6.08 - .934 1.38 6.17 3.07
VT -.60 3.25 SR 746 2.68 2.20 -
o .60 5.25 ~879 118 4.9 2.68
L ~.90 3.44. .45] .855 2.92 . 1.89
. -.70 .3.27 733 .871 . 3.85 o 2.33
5 -9 3.5 .507 .805 2.59 1.51
7 -.80 3.54 . .908 .876 3.27 2.22
P -.90 3.26 .598 .710 2.53 1.58
W - .88 . 3.817 .879 .873 4.25° Z.50
e -1 .00 3.02 .593 .640 2.40 1.55
wed -9 - 478 1.10 =~ . .932 373 2.10
vy - 3.72 738 783 2.65 o
ag T =90 4.21 1-.00 883 0y sl 17 2.0
OO Y =90 4.81 1.16 . 949 3.23 2.29
 Kad -1.05 .3.438 .844 .624 2.10 1.65
. N
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BLE 16 (continued).

. ——tp w2

N Relht1ve Chromatographic Peak-Areas Durihg

Fermentations for Fermentation Temperature Sludy

- - @'t e s ke w s mmm - s mowm e mom o mm mom - -

Relative Peak.Areas for Spectral Peaks

v e e e s mw m I =M e e e % = m = ———. = - = = - =~ = - - -

Sample =08ns1ty : #35 - 436 #37 : #38 239
("Brix) K W, T KW K Wy Ko Wy KWy
Rx1Q Rx10 Rx10Q © . Rx1077
Ko- WU 21.5 nd nd ’ .20 .20 nd nd .064 .064
WY 19.3 nd , 13 .09 .030
K2 18.0 nd .34 \ nd nd
T} 15:0 nd - . 1.14 1.14" 196
dZa 12.6 . nd : Co 77 .77 .064
N3P 10.0  nd : T 2.33 148
K4 ' 7.4 1.23 1.76 4.71 200 .
o .0 : nd .85 }.82 A2
(Xi ) 4.5 1'.89 ' 2.57 © 4,92 143
) 1.5 4.24 3.88 7.22 L3056
W 80 0 nd "2.08 2.34¢ . . L1065
KE -.10 3.87 ‘ 4,24 7.93 .336
WS - .40 1.61 3.2} " 5,58 - .53
‘ . =50 2.15° 3.02 5.97 275
WY - .56 2.37 4.90 6.34 AW
N T ~-.60 3.61 4,78 7.94 319
N -.60 3.56 4.59 . 8.35 , 353
WJ -. 60 3.37 6.01 5.58 .625
VI -.60 “-4.82 5.47 . 8.35 ; 422 -
Wil - .60 3.00 4.39 5.18 .639
N -.9Q 4.64 4,72 6.02 .507.
v T -5 2.31 3.78 4.36 .607
N -.93 +.17 ' 4.47 6.54 .570
wi7 -.80 2.27 : 4.27 4 .41 794
N -.90 4.41 . 4.33° 2.09: A9
w2 .36 4.72 4.12 :779
v 5.08 5.7, 108
W 3.08 4 .05 /.30 Ladl
9 4.51 8.69 .953
w30 .63 4,41 5. 80 S04
WHO 29 4 .08 nd 2.5
XL 3.42 nd 1.87
1




o) i

pamWuy
vl

A

N
Wcd
K3,)
w4a
W2p

"
N
b Y

wd

i
{

’

Fnstty 40
"Brix) N W.,
Rx10™

Jh.h 43 .43
19.5 . .94
18.0 .36
.0 714
I B 1.94
19.0 1.13

7.4 4.01

7.0 v 2.04
4.5 3.93

1.4 4 .78

30 -
-~ 10 o] ]3
-4 6.41
Y 7.55
a0 .. 8,94
~.0U Sl .
-.6J %.37
-, 62 9.63
-.60 6,91
-.0u 6.30
- .90 5.15
-. 70 5.98
-.90 4.89
-.80 7.58
-.90 H.22
-.5% 8.84
1.00 6.33
-.90 T 6.28
1.05 6.80
-0 b.24
-.96 5.60.
1.05 5.96

’

Fermentations for Fermentation Temperature Study

TABLE 16 (continued)

Relative Chromatograbhic Peak Areas During

Relative Peak Areas for Spectral Peaks

oy —

oo

I .

(o2}

4.

#4)

K

Rx10~

nd

.43
.29

.96
.97
.93
.34

.68

.60

/4

v

W)

nd
55

‘nd .

O o~

.10
.03
.95
.94
.54
.90

.09

.34

.96

.81

.63

e et v e te e -y ——

Y

w42

K

nd

1.38
3.40°

2.37
2.74

3.33
5.03

4.10,

5.34
5.09
5.74
5.43

5,52

oo

W
Rx10

2

nd
.87

2

.34

2.13

(o2} [82}

o o

o

.08.
.01
.88
.54
.41l
12
.59
.68
14
.40

.80 .
.57

oW W W

R

1

N

nd

31
.95

.64

.73

46
051
132

4

93

.79
.04

W

Rxlo-?

nd

.53

.85

79

0

7.26

o o

h

~~

.88

91

.06
.68
.41
J4

19
.98

.730

an
K W
Rxly” >

nd nd

L0197

131
.266

246G

.586
077

1.

.638
121

Cl.ub

L7557

879,
887
.94G

733
.774
.745

.802

.738

LO%
.694

~

Al
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TABLE 16 (continued)
Relative Chromatographic Peak Areas During
Fermentations for Fermentation Temperature Study
Relative Peak Areas for Spectral Peaks
sample Density 345 246 347 248 24§
(CBraxj K Wy KWy KWy KWy K W,
Rx10”°.  Rx10 Rx10 Rx10™ Rx107°
NU-W 1.5 19 .19 nd nd nd nd nd nd nd  nd
al 19,0 19 o9 nd 1) A X
. YL 21 .27 nd .08 L4
- 15,0 .38 nd 189 L8690 . . 4.0/
WO 1/2.u nd _ nd nd b3 2.0
N 6.0 7 . nd 519 1,40 4.3
K 7.4 1.35 .74 1.09 T1.57 3,00
W 7.0 38 -7 nd .309 1.22 Ry
K3 4.5 1.25 .68 1.29 1.76 3.8,
<o 1.5 3.77 1.32 1.54 2. 11 6.7
e .80 2,08 © nd .595 ~ 1.08 491
Nt -.10 4.97 2.22 1.55 2.43 6.20
o dg 5.49 4.0 ° .902 1.57 5.61
w -.50 5.16 3.45 1.00 . 1.73 5.12
~ ~.50 © . 6.62 5.26 1.01 1.73 . 5.62
L) -.60 403 . 2.9 1.81 2.42 5.90
- 6L 6.05 2.68 1.91 2.70 - 5.0
Y -.Cu «8.70 -9.14 - 1.1 1.84 6.62
) - tC 5.96 2,84 -1.89 2.89 - 5.47
Vi -.EU 5.62 " 4.66 1.10 .91 4.77
- -.90 5.93 3.00 1.97 3.08 5.49 ’
' - ¢ 4,82 4.20 1.1C 1.83 s G
Ky o0 ‘5.53\5 3.01 . 1.79 2.77 4.7
sk -.8U : .44 4.82 ].24 ,'c’.();_) ) 6.4
N -.80 5.94 3.53 2.07 3.2 5.94
o -.bL 6.36 3.25 1.15 203 ;.07
» 02 -1.60 2.24 2.5} 2.13 3.51 coH 74
25 -.93 4.98 2.63 18 .68 L.6/
g -1.05 5.65 3.69 2.30 3.59 5.65°
wdd T =099 . 4.68 4.33 1.19 14 34. 3.57
wu’ ~.96 .63 4.86 1.32 2.11 5.46
a50 -1.05 4.14 3.0 . 2.14 . 3.44 . 5.96

. e gm e« w——e A s ———— —— e — - -—————



- TABLE _¥6 (continued)

~ . A
Retative Chromatographic Peak Areas During

fermentations for Fermentation Temperature Study

. An e e e = ——— S o i WA = MR e — % e e o = e A = m R - e s =

N

Relative Peak Areas for Spectral Peaks

e ot w - oww ow -
\

Samfie Hgnslty #50 #51 #52 L% H4
("Brax) . K W, KW K W, K W, K W,
. Rx10 Rx10 Rx107¢ Rxlu *©
Jhiv .o .26 .26 ©.120 120 nd  nd nd nd
W& 9.6 - .27 .285 " nd nd
. ig. a0 27 418 .39 nd
B 15.0 (68 .989 1.37 nd
Au 12.6 ' 1.49 nd nd
Ip 0.0 .37 "1.08 nd
Kda' 1A 1.32 nd
2 7.0 » 38 1.78 nd nd
Ny 4.5 .28 - 1.63 nd
Ko 1.5 .36 1.92 .87 .48
w3 .80 2.36 : 2.29 .88 nd
X 210 2,03 .70 85
wh o L e . 2.63 o
vo -.5G 72 - 2.55 1.44 nd
Loy .50 .80 2.7 1.2 79
-.60 L3 2.14 .68 .70
-.6G .38 . ® 2.33 93 .73
-.60 .80 , 2.7%  2.00 1.27
-.00 .49 2.47 1.21 .95
v -. 50 77 2.61 - 1.04 .32
, 30, 1.16 o2, 1,27 L9
", -G 1.51 2,77 .91 . 72
v -89 " 1.37 3.15 .90 70
3 “,9) 1.6l T2.82 97 77
S0 -.95 V.47 2.86 1.59 1.03
X <30 Va7 ., 3.03 .94 .78
NG -.9¢ V.22 2.67 o1.62 1.2
9 -1.05 .65° 3.1~ nd .83
Vil -.50 .89 2.95 .89 V.08,
wal -. 93 . 1.16 ' 3.15 .az 2.5%
oG -1.05 |, 3.06 - " 3.58 na 2.62



TABLE 16 (continued)

— — -
-

Relative Chromatographic Peak Aréﬁs During

Fermentations for Fermentation Température Study

e bt o = —— B i L L T R A

5

Lo v e A e ke -

Relative Peak Areas for Spectral Peaks

sanple Dsns 1ty #55 £56 #57 158 #59
{(Brix) KW K W Ko Wy KW K W,
Rx10 Rx10 Rx10°°
bu-dl 21,5 nd nd - nd nd . nd  nd.
el 19,4 nd - nd to
< 8.0 .65 nd .39
N 15.0 .320 nd. ‘ .bb
Wla 12.6 : 175 . . nd . .5
by 10.0 Aa nd :
KMa . - 7.4 474 cond 1.06
w,p 7.C .293 ¢ 5y nd
bdp 4.5 .542 o nd ’ .98
5 1.5 .605 AN nd K .93
! .80 ' .332 - nd N 3.27
N -0 2054 - nd . .75, ,
I -4 420 . nd o nd
! NN , 48] n nd
" - 05 448 nd nd
~ .00 N1 T nd .84
Lo v.bh 764 nd .61
W -.60 - .538° ‘ nd - nd
; -. b0 .810 nd ‘ G-
"o - 00 533, ' nd ! ‘nd
. <50 807 nd . .31
n 4 -0 .558 v nd . nd
N =~ J03s, 830 - nd : L2
W -.80 .583 . 2.0 ) nd
NRE -.90  .868 T _ ' na S
SR - 584 0 7 ) nd
AR -=1.00 911 . 2.8 .28 .
e -.90 536 o 47 nd
2% . 21,05, .960 S & ‘ 132 .
K3y .90 656 7.8 nd
e . =.90 .561 ;. ' 6.7 nd
£50 - -1.05° 1.08 6.4 g :
/ 3 LAY h
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TABLE 16 (continued) =~ ,
Relative Chromatographic Peak Areas During
Fermentations for Fermentation Temperature Study
Retative Peak Areas for Spectral Peak§
" Sample Density #60 #61 #6232 . #63 T #64
("Brix) K W K Wy K w'3 KWy KW
<7 Rx10 © -7 Rx10° Rx10 Rx10
RU-WO 2145 nd  nd 1.744 nd nd - nd nd,
Coul - 19.8 : " nd 1.74 nd . nd ~
SRS 18.0 ~ ~ . nd ‘ 1.74 nd nd
K43 15.0 nd 1.74  .882 - nd
dla 12.6 ’ nd . 1.74 ©.370. 1.88
K3p 10.0 nd o Y.74- 1.09 .- 5.74
Kda 7.4 ., nd_ 1.74 .70 < " 6.16 .
LW 7.0 ’ nd 1.74. . r.25 A4.75
) 4.5 " nd - 1.74 1.94 . 7.01
) 1.5 . nd . : 1.74 2.28 .. 6.34
W2 .80 e ’ nd 1.74 1.45 - 4.03
Ko -.10 " nd ~1.74 '1.92 5.47 ‘
R -, 40 " nd 1.74 , 1.64 - 4.64
Cwy -,n0 Lo nd -~ 1.74 1.66 5.53
CLoaT -.50 . nd 1.74 1.78 ‘4.93
X/ -.60 + . nd 1.74 1.76 5.80
e -.60 C nd - 1.74 1.84 6.40 - |
w9 -.6Q . * nd. 1.74¢ 2.00 -+ 5.10
230 . -.60 . nd 1.74 2.48 7.26 -
W -.60 .30 - 1,78 1.84 1 4.38
e -85 .nd 1.74 2.23 .6.53
v -=.70 ’ - .34 1.74 - 1.86 5.41
t1d -.90 Y 1.76 . 2.37 . 6.96
J10 0 =80 o .33 174 1.96 - 5.72
Y18 -.90° Lo .58 1.74 2:36 6.33
Al -85 . .69 . .1.74 Rt 5.97-
NZ2 =106 . . .57 1.74 2.5  *  7.30
N2G T T =90 - . .76 1.74° 1.75 - 5.80
K29 .+ -1.0% ‘ © 463 ‘ .74 2.70 - 8.7
w30 . =.90 , ' - .83 1.74 1.67 . 5.5%
W50 -.90 . © 2.60 1.74 . 1.72 - © 5,02
K60 = ~-1.05 - . 72,40 o Y.74.0 2.59 §.63
a?eax #62 (metnyl anthranilate). is internal_standard

)
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TABLE 16 (continued) ~
; Retative Chromatographic Peak Areas During |
Fermentations for Fermentation Temperature Study
Re]atjve Peak Areas for Spectral Peaks
Sample: Dsn‘éity #65 #66 7 T #68 #69 707
- (Brix) KW, KWL K W, KW KWy,
Rx10 Rx10 Rx10 Rx10-°
K0-W0  21.5 nd nd nd nd nd nd nd nd
Wl 19.8 " nd ) nd ' nd nd
V4 18.0 nd nd nd nd '
K3a® ~ 15.0 nd . 2.05 ' nd 1.36
W2a i2.6 .37 A4 -nd .59
K3p 10.0 nd 2.2% nd - 2.12
Kda 7.4 .60 3.93 . 2.6, .3.35
WZp 7.00° .56 2.30 2.2 .65
Kdp ° 4.5 . .61 ’ 5.72 5.4 2.93
K5 1.5 - .52 7.42 5.9 . .
e .80 - - .69 - 1.76 -~ 6.0 1.37
KL -.10 .42 o, 7.93° 4.8. - 1.83 .
Wé -.40 * . 3.40 -7 4.2 .53
wh -.50 .70 nd
N7 ~.50 . .58 1.04 nd .47
.7 -.060 .53 4.717 3.5 1.32
& -.60 1.11 2.77 2.2 1.1
w9 -.60 T .58 - 1.16 nd 3.25
N O -.60 1.26 1.00 : nd .72
sl -.50 .64 " nd nd nd
KiZ2 -.90 .44 ' .47 ' nd .63
PR -.70 .72 : nd ) nd . nd
K Y- 1990 55 A nd nd 55
Wi7 -.80 © . .96 ) nd . ' nd nd
8 -90. .59¢ nd . nd nd
W22 -.85 . .86 nd nd nd ’
(22 -1.00 .57 nd nd . nd 2
W25 -.90 .60 - nd nd nd
v2e* "7 1,05 , ‘ nd nd - nd .
a3C -:90 .. .65 ©ond. " hd ooond
W50 -.90 LT - nd .. nd nd
K20 zi/ : nd nd .° nd
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The main purposes for doing thiegstﬂdy—were to optain a qualit-
ative and duantitative comparison of the cbncentration déve]opment pat-
terns of the vo]atlle components produced at the two fermentat1on temp-
erature . - ’ )

Considering the qualitative appearance of the development patterns
of the volatile components, it is apparent. that nnet of tonem resemble the

'

same basic shape described earlier,of a fast increase in concéntration

after a certain inducﬁﬁon time, followed by a stow or zero rate of increase

in concentration Because both the’ prev1ous Concord and hybrid stud1es
showed this type of behavioury 1t was not Surpr1srng that the.20.0 % fer-

- mentation showed this behaviour s1nce it should be very similar to the

previous Concord studies. _That the 28. OOC ferhentation also $howed thrs
basic deve]opment pattern was more significant as w111 be d1scussed

The compar1son of the 20.0°C and 28.0°C development patterns
>quest§ an 1mmediate observation. There aré no detectable peaks that -
are upique to one fermentation. All components are common to both fermen-
tations. THis.rules out, at least for fermentation temperatures not ex-
ceedin. 28;OOQ, the possibility that the preeursors of fhese coﬁponents
hav: two (or more) h1netical1y controlled alternative pathways leading
L0 « fterent products. This agrees with previous studies (37).

W3 th regard to the similarity of the concentration develdbment

cpatterns ¢f any s1ng1e component produced at 20. 0%C and-at 28. OOC, it .

seems there are four general categories into one of which v1rtuallj all
n;mpanwsons‘of natterns fit. In making these comparisons it need be noted
that, “secause of the higher fermentation temperature, the rate of the
:n.QOC.fermenté;ion is initially faster than that of the 20.0°C fermenta-
1on s 11lustrated in Figure 18. Thus the peak'area of ényzcomnonent
must pe cerrelated to the fermentation proéress as indicated by the Brix
nvcrometer reading rather tham the elapsed time of fermentation for tne
first few days of the study. The progress of the 20.0°C- fermentation
equalizes that of the 28.0°C fermentation by Day 6. This obhservation
agrees with a previpus study S conc]uswon that 3 higher initral fermen-
tation temperaturé results in faster yeast growth origirally but makes ng
difference in tne overall fermentation rate (47)- The period of h1gher
temperature was 84 hours as opposed to 16 hours for the prev1ous study

-
-
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The observation of a higher f{nal Brix hydrometer reading is 1ndicat3ve
of a 1ower ethanol content .n the 28.0°C fermentation. This also agrees
with previous findings (40) which attribute this occurence to the higher
pdrt{al.pressure cf ethanol at 28.0°C than at 20.0% and greater loss of
ethanol by entrapment with escaping carbon diaxide which is evolved ‘more
quickly at 28.0°C.
- The four categories of comparison are as follows:

“ (1) The concentration development pattern of the volatile component is
very similar byth qualitatively and quantitatively throughout both of
tiese fermentations. From this it must be concloded that the entire
formation process for these components is not affected by fermentatlon
tumperdture It can also be conc1uded that these components do not con-

t ribute to’ 1he sensory d1fference observed in-wines produced at different
fermentation temperatwresaA Peak #5 (1-propanol) is exemplary of this type
o5 comparison and 15 11lustrated in Figure 19. Peak #52 (2-phenethanol

- a ‘major' peak}, peak #26 and peak#28 are other notable components
unaffected‘by the fermentation temperature.

(2) From the first samp]lng after the initiation of the fermentation tie
20. "%C fermentation. shows a higher concentrat1on of the vo]at1Te conmponent
that uoes the 28. 0°C fermentation. This d1fference aRparent1y does not
LeCunge nreater tnrOughout the entire study but rema1ns re]at1ve]y constant
atter onty a few days of the fermentations. The‘basxc shapes of the two
aevelopnient curves are not too diésimilar,on]y the 20:0°C curve is dis-
siaced vertically above the 28 0°C curve. Peaks #9 (3-methyl-1-butyl
Jnetate) #14 {ethyl hexanoate a7 (1- hexano1c acid) and:#SS (1-octaneic
a v d) aii yield this type of compér1son which 1s 1]1ustrated 1n Figure 20
cor pear #L8 fetnyl hexanoate) .

{3) irom the first samp11ng after the 1n1t1at10n of fernentat1on the 28.0°C

ferw ntation shows a higher concentration of the vo]at11e component than
aoes the 20.0°C fermentation. This difference rema1ns relatively constant
é?ter the first several ays af the fermentations (after the fermentation
"rate’slows). Peak,#é (2-methy1-1-prapanol) beTongs to this category as

do peék 219 (ethyl 1actate)’and peak #31. No other 'major' or medium
peaks (see Table 13) belong to'this category. o’ ‘ i

e

h
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’ FIGURE 18
\ | |
Plot of-Relative Fermentation Rate vs Time for 20.0°C fermentation and
28.0°C fernientation. '
]
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. FIGURE 19

2ot o f Relative Peak Area vs Time for peak #5 (1-propanol) ot 20,07

Terye ation,  Circles represent corresponding data of 28.0°C fermentation.

-



PR

RELATIVE PEAK AREA .

to

Y .l 6
[ N N A A rr‘

n
I WTifT.IE

S

O

Il s R s R o A

L e

Frrirr

r

[

L

J

1

- |

-

[ Y WA SN W K St TN UK TR VAN WA N S N G

8

10

12

14 16 18 20 22 24 26 28 30
TIME (DAYS)




FIGURE 20

Plot of Relative Peak Area vs Time for peak #14 (ethyl hexanoate) of
20.0% fermentation and 28.0°C fermentation.
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.4} The concentration development pattern of the volatile component 1n
tne ¢0.0°C fermentation 1s very similar qualitatively and quantitatively,
to that in the 28.0°C fermentation until the fermqntation rate levels oft

' {about Day 9). The concentration of the component in tﬁe ZO.bOC'fermén:

tation then steadily becomes higher than that in the 28.0°C fermentation
up to Day 28. Peak # 12 (2-methyl-1-butanol) and peak #13 (3-Methy1—1-
butanol ) are examples of this ﬁype of comparison. -Note that this diver-

‘Junce occurs after the temperature of the two fermentations were equal-

1zed.  This-implies that any change in the chemistry of the musts which
would account for this drvergence must have agcured several days earlier
It would seem unlikely that, for-a component belanging to any of

the last three categories, there exists an alternate mechanism that accounts

for the difference 1n concentration observed between the two fermentations.
btos more l1kely that the same mechanism occurs in both fermentations but
proceeds more .efficiently at -one of the two temperatures. For example,

1 f for peaks belonging to category (4), the 28.0°C fermentation showed no

production of the component at-all after Day 9, a second mechanism would
be suspected in order to accbunt Tor the production of nore of that com-
ponea. wn the 20. 0°c fermentatlon This, however, is not the case and pré-
vio.  studies {50) have accounted for the difference in the amount of both
3-methyl-J-butanal and 2- mquyl -1-butanol! produced at different fermenta-
ticn tesperatures using a single mechanism.: The swnilar shapes of the
concentration development patterns (except for the simple vertical dis-
slaceinent) of components belonging to categories (2) and (3) also do not
.w44est the exlgtence bf an alternate mechanism. The exact effect of the
teowerature ¢ifference on-the amount of Jloss due to volatility and on the
yme Lctivity 1s not known (56). Both of these factors weuld contribute
o deeraining the final concentration of any one camponent,

tven peaks displaying unusual concentration deve]opment patterns,
«WILA are perhaps ndicative of complex mechanisms, such as peak =lo

- {aracetyl) ana peak #68 pehave very similarly at“both fermentation temper-

Jtures,

On tne pasis of the preceding qualitative comparison of the re-
salts shown in Taple 16, it is cgncTuded that not only are the volatile
components formed at the d1fferen£ fermentation temperatures the same but

~

v



le¢a

also tne mechanism of formation of these components docs not change with
fermentation temperature. . This means that most probably any differences
observed in the concentrations of the volatile components during the fer-
wentations are due to the influence of the temperature difference on’ tre
same mechanism, ‘ 1

Considering the quantitative aspects of this fermentation temper-
ature study, it is apparent from Table 16 that the lower fermentation tem-
perature generally favours higher,concentfatidns of the volatile components
to be formed. Of all 'major' and ‘medium’ peaks only peaks =8 (2-methyl- |
1-propanol), #19 (ethyl lactate), and-peaks #31, #32, and 443 appear in a
s1gﬁ1f1cant1y higher concentration in the 28.0°C ‘fermentation. Of the |
remaining ;major' and 'medium' peaks there are very nearly the same num-
per of components where the peak areas are insignifiﬁantly differen1 in
the two fermentations and where the peak area in the 20.0%C fermentation
i, greater than that in the 28.0°C fermentation. Table 17 leés a break-
Jown of the effect of fermentation temperature on the relative peak areas
for 'major' and 'medium’' pedks. It should be stressed that the greater
formation of volatile components at the lTower fermentation temperature 1.
for- .ne fermentation of Concofd Jjuice. S1m11ar resu1ts would not nec-
e;J."ly be expected w1th other var1et1es of Ju1ce (40).

it can be seen that, while the formation of 3-methyl-i-butanol
and 2-pethyl-1-butanol is favoured and that of 2-methyl-l-propanol is not
ravoured at the)%ower,Fermentation temperafure, the formation of T-prgpanol
and 2-phenethanol 1s unaffected by the fermentation temperature, This\
]gijﬁmlld; to 'previous studies of higher alcohols in wines (41, 44).

The components later identified as acids, peaks #23 (acetic), =4/
. -hexanoic),, +95 (1-octanoic), and #63 (1-decanoic) had higher concentra- .
s1omn in the J0.0°C fermentation. The mechanism of their formatien 15
apparently favoured by the lower fermentation tempcrature

Certain components later jdentified as esters had n1qher tuvels
in the lower,.temperature fermentation such as péaks %9 (3-methyl-1-butyl
wcetate), #14 (ethyl hexanoate), #24 (ethyl octanoate) and #48 (phenctnyl

acetate). ‘*his opservation also agrees with previous studies (4§) Most
of the '‘minor’' peaks, which are quite likely esters, however show little

Jdifference..
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TABLE 17

Comparison of Relative Areas of 'Major and 'Medium' Peaks

at Day 29 Between 20.0°C and 28’.0°C Fermentations

20.0%c? Equal - 28.0%P
9 5 ) 8 M
12 | 6 ™ 19
13 , N ‘ 31
14 . 20 -3
24 24 43
47 X 26
48 28
56 . N 39
63 , 40-
. 42 .
44 : ..
52 S
. 62
% inal relative area of peak in 20.00(2 ferméntation is significantly
higher
b inal relative area of peak in 28.0°C fermentation is significantly
higher \ R
’ R)
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[t is apparent that the most significenu observation of the qean-:
tirtative aspects of this study of the effect of fermentation temperature .
on the development of the volatile components 1n Concerd.gmst is the small
magnitude of ‘the differences in the concentration of the volatile compon-
__énts? wir example, at.ghe 29-30 day sampling, peak #23 (acetic acid) s the
" only pe‘ where the difference in concentrations between the 20.09C ana
the 28.0°C fermentations exceeds 100%. -

In view of the generally acknowledged effect of the fermentation
temperature on the quality of wine produced (37, 39), these quantitative
difterences 1n the volatile components resulting from different fermenta-
tion temperatures must be congidered sign}ficant although subtle.

- . It is noteworthy that the magnitude of the differences 1n quantities
of the vdlatile cdhponents observed in the fermentation temﬁerature studic
are sxgn1f1cant]y iess than the magnitude of differences observed in fer- .
mentations of different juices, This-observation agaln stresses the basic
importance of the juice fermented which apparent]y exceeds that of the
fermentation temperature. ' : . ' ‘

Possibly these findings will be useful to the Canad1an wine 1ndus-
try 1n determining whether research funds.wou1d be better ;pent.Qn hybrid
deve pment or improved fermentation technology. )
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SUMMARY -

Y + ?
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A . N

. A new design of solvent extractor was developed- which was capable )

of ach1ev1ng fast and quantitative.isolation of the vo]atlle c0mponent> "
from Juice or wine. The eff1c1ency of this extractor suggests it may be .
very useful for other applications: \ ,

A techn1que for enr1ch1ng the extracted volat11e components quan-

vitatively and quickly was deVE]OPed which compiemented the method of
salvent extrgctaon : . -

+
s
¢

] Arsensitive procedure for performing mass spectral analysis of
separated vo]atm%e compohents‘follow1ng the manua]‘col1ect1on of the sam-

ples from the gas chrohgtognaoh-was useéd to identify a number of compounds.

Usind‘the forementioned techniques. and certain established pro-

”eduroa, a method of. rout1ne, quant1tatrve analysis of the volatile com- * °

ponei.-s in juice or.winé was ‘estab}ished. ThlS method a]]ows several
analyses to be performed daily. . ’ . .
The new techn1que of rout1ne quant1;at1Ve @na]ys1s was applied
tn the study Qf two rep11cate,ferment§t10ns of Concord grape juice. The
results of thi's study indicate the technique yields meaningful and repro-
gucible data. ' . ~ LT \
A comparlson %f the concentrat1on deve]opment patterns of the vo?—
=v1:e components during the férmentat1on of BTue Hybrid juice with those
. aurang tne fermentat1on of Concord Juice revealed that the vo1at11e com-
_ponents of both arefthe same with a few except1ons The. shapes of the
eoncentxatlon development curves of common components were generally s1m~
ila Quantltatlve differences between the concentrat1ons of comnon coms

‘ponerts in the ‘two types of fermehtat1ons after 28 days did nob u3ua11y
exceed a 5 1 ratio.

)

The concentratlon deve]opment\patterns of the vo]at11e components

which appeared iw the fermentat1on of Concord Juice at 20, 0°C were
. 131 ¢
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compared to those which appeared in the fermentation of toncord Juice
at 28,0°0C.. A]] component.'s were common to both fermentations and the
,shlape's of the concentration development curves were ‘quite sim’ﬂgr.

" Quantitative differences did not exceed 100% (with one exception) and
‘hklgl'ier levels of many components app‘earéd in the 20.0°C fgrmgntatidn.

.
€

W\l

— T -

o

e

ke ol S



| ’ CHAPTER 5

FUTURE WORK

-~

Because of the apparent poten%ial o%‘the new design of solvent
exfractor for various applications, further investigation of it would be
useful.  Such work mi§ﬁt_inc]uder' various tests leading t% the opﬁim{z—
ation of all parameters; especially the length of the exiracting tube;
Losts with different solvent-solute systems in order to determine its
general applfgab11ity;'further_tests‘with standard solutions in order to 
turther elucidate the mechanism of’the egtraction process; and 1nvestigT
atron of ceréain modifications such as several extracting tubes arranged

’rad?ally about a central solvent recycling system.

Identification of further components should be bossib]e using the
aodopted mass spectral technique, a]th0u9h~£he use of open tubular cap-.
111z ;4 columns in the gas chromatograph is recommended in order to achieve
bett -r separation of the components. -It is be11eved the mass, spectro- )
wetric technique is sufficiently sensitive to tolerate the smaller samp]les-
obtaineel For routine anal;sis time constraints may prevent this.

Using the technique of'routine quantitative analysis, the effect
ot various fermentation n?rameters on the concentration deve]opment pat-
terns of the volatile components found in the resultant must could be
Jawestigated. Some\of phe fermentation parameters to 1nvest1gate m1ght'
... 4 greater.range of fermentation temperatures than'examihed in ths
yesearch; various yeast strains;. several different jufces (both red and

white); the concentration of Sulfur dioxide; chaptalisation; aging; the
netrod OF obtaining the Jumce_(hot press or co]d press), the fermentation
V01ume and the type of fermentatlon vessel Stud1es of this type could
o8 or considerable interest to the wine 1ndustry

.The technique of analysis could a]so be app11ed to study the mech-

anisms of formation of the volatﬂle components An examp]e of this would
N 133 | L
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be the simultaneous monitoring of the concentration of the volatile
~omponents and the amino acids in the samé fermentation. The ﬁonitor1ng
ot certain radioactwve]}—]ébe]1ed compounds during the fermentation would
“also be of interest. Studies could be conducted to investigate the, par-
ateter to which thé-concentration of the volatile compopents js best
correiated. This study confirms the formation of these components 1s
iosely linked to the fermentation rate which suggests it is a Tikely
porameter fdr_such a correlation., Study of corre}ating_two paraneters
simultaneously tq the concentration (shch as time and soluble solids)
alsola bossibi11ty.' Studies such as these would not only be of
nuLervnt~fo the industry but might contribute to the fundamental under-

-tanding of the volatile components,’
. .
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