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It has long been recognized that fermented food products possess 

a characteristic but pleasant flavor.    The use of such foods,  however, 

has been limited by the presence of ethanol.    Thus the objective of 

this research was to investigate the possibility of producing non- 

alcoholic fermented juice concentrates. 

Three varieties of juices,   Concord grape,   apple,   and black- 

berry,   were ameliorated as needed and fermented to five to seven 

percent alcohol by volume.     The fermented flavor was extracted with 

ethyl chloride and concentrated by distillation.    These extracts were 

analyzed by gas chromatography using two different column tempera- 

tures.    Low column temperature was 100    C while high column tem- 

perature was 170    C. 

Four peaks were found to contribute from 93 to 97 percent of 

the flavor compounds chromatographically separated from the three 

juices at low temperature.    By use of the enrichment technique,   these 



peaks appeared to be propyl alcohol,   isobutyl alcohol,  butyl alcohol, 

and a mixture of isoamyl and active amyl alcohol.    At high tempera- 

ture separation,   four peaks were observed to comprise 56 to 64 per- 

cent of the flavor components fractionated.     These four peaks appeared 

to be a mixture of acetic acid and ethyl octanoate,   caproic acid, 

phenethyl alcohol and caprylic acid.     Other components were tenta- 

tively identified to be acetone,   ethyl acetate,   ethanol,   n-amyl alcohol, 

ethyl hexanoate,   n-hexanol,   propionic acid,   2,3-butylene glycole, 

butyric acid,   isovaleric acid,   diethyl succinate,   4-butyrolactone, 

valeric acid and capric acid. 

Freeze drying and a combined method of distillation and freeze 

centrifugation were the two methods employed to remove ethanol and 

water from the fermented juices.    A   fivefold  concentration of the 

original juices was obtained.     From 91 to 9 5 percent of the alcohol 

and 80 percent of the water were removed from the juices by freeze 

drying while the combined technique removed only 79 percent of the 

ethanol and 80 percent of the water.     Total acids,   color and total 

soluble solids were not affected by the freeze drying procedure where- 

as the combined technique for removal of the alcohol resulted in some 

loss of these constituents. 

The fermented dealcoholized juices were analyzed by gas 

chromatography using only high temperature columns.     These data 

indicate that dealcoholization resulted in a decrease in the peak 



heights of the first ten peaks to be separated.    The remainder of the 

peaks generally showed an increase although a few exceptions were 

noted. 

The dealcoholized fermented juice concentrates were recon- 

stituted and evaluated by a flavor panel.    The panel data indicated 

that the rank order of preference for the three juices was blackberry, 

apple and Concord grape.    The flavor panel also preferred the juices 

served at the higher levels of sweetness.    The total average panel 

score for these three juices was observed to be about a neutral rating 

of "neither like nor dislike". 
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DEALCOHOLIZATION AND CONCENTRATION 
OF FERMENTED FRUIT JUICES 

INTRODUCTION 

The fermentation of fruit juices dates from approximately 3000 

B. C.     It apparently started with the Neolithic civilization although the 

best indication of the early development of fermented fruit juices 

seems to evolve from the pre-dynastic period of Egypt.     There is 

some evidence that about 1955-1913 B. C. ,   the effects of temperature 

and air on the stability of fermented fruit juices (wines) were recog- 

nized.     Many of the fermented juices of that era were either stored in 

jars buried in the ground or placed in plastered,   stone containers. 

These methods were apparently used to improve or at least preserve 

the fermented flavors during the aging process and subsequent storaga 

Throughout the course of history,   various means have been em- 

ployed to improve the flavor qualities of fermented juice.    In the early 

Greek civilization,   wines were blended with odorous materials where- 

as the Romans used salt water to dilute off-flavors.    The use of gyp- 

sum for correcting defects due to total acidity originated in North 

Africa.     From antiquity until now,   man has been quite aware of fer- 

mented flavor. 

Some of the most important scientific work of the mid-nineteenth 

century was completed by Louis Pasteur who initiated the application 

of scientific principles to fermentation.    Although fermentation 



represents a very practical method for the preservation of fruit 

juices,   it has not received universal usage since approximately one- 

third of the world's population follows religious beliefs (Islam,   Mor- 

mon and certain other Christian sects,   etc.)    that forbid the intake of 

fermented beverages due to the presence of alcohol (ethanol).    If the 

alcohol is removed,   however,   these people can then use beverages 

and other food products possessing the fermented flavor.    Thus the 

development of a means for the de alcoholization and concentration of 

fermented juices should find considerable application in many areas 

of the world.    Moreover,  products of such a nature should also offer 

certain economic advantages in regard to transportation and taxation 

costs,   and possibly in the development of new products. 

The research reported herein pertains to studies involving the 

dealcoholization and concentration of three fermented fruit juices - 

grape,   apple,   and blackberry.    Experimentally,   freeze-drying,   dis- 

tillation and freeze centrifugation were the research techniques em- 

ployed to dealcoholize and concentrate the fermented juices while gas- 

liquid chromatography and flavor panels were used to study and eval- 

uate flavor differences. 



REVIEW OF LITERATURE 

The flavor of fermented fruit juices can be classified into two 

general classes: 

1. The flavor that is derived from the fruit. 

2. Group of compounds that are produced during and after fer- 

mentation. 

Flavor From the Fruit 

In 1921 the characteristic aroma of the Labrusca grape was identi- 

fied as methyl anthranilate by Power and Chesnut (82).    Holley et al. 

(46)  confirmed the importance of methyl anthranilate in the Concord 

aroma,   and in addition,   identified many other simple odorous com- 

ponents.    Walker (111)  reported that the amount of methyl anthrani- 

late present varies from 0. 5 to 1.5 ppm,   although the total esters 

content is about 50 ppm.     Anthranilate is responsible for the total 

taste sensation of the Concord grape.     Roger (85) described a tech- 

nique for the recovery of methyl anthranilate from Concord grapes. 

Haagen-Smit et al.   (41)  studied the chemical composition of Zinfandel 

variety of vitis vinifera.    Kepner and Webb (60) identified the flavor 

constituents of vitis rotundifolia grapes.    Although Webb and Kepner 

(115)  studied the aroma constituents of  vitis vinifera var.   Muscat of 

Alexandria,   Webb (113)  reported the presence of four terpene com- 

pounds,   geraniol,     terpineol,   linonene,   and linalool at levels of 2 ppm 



in Muscat of Alexandria and Muscat Canelli.     Chaudhary et al.   (25) 

in a recent study identified some volatile compounds in an extract of 

the grape,   vitis vinifera variety Sauvignon blanc.    Power and Chesnut 

(80) reported that the odorous constituents of several varieties of 

apples consisted essentially of the amyl esters of formic,   acetic, 

caproic acid with a trace of caprylatic and a considerable proportion 

of acetaldehyde.     Traces of methanol,   ethanol and possibly some free 

formic,   acetic,   and caproic acid were also present.     Later Power and 

Chesnut (81)  reported the occurrence of geraniol in Mclntosh apples. 

White (120) reported that the volatile fraction of apples is 92 per- 

cent alcohols,   6 percent carbonyls,   2 percent esters,   whereas Meigh 

(72) described the volatile compounds produced by apples as aldehydes 

and ketones.     Later Sugisawa et al.   (96) by using gas-liquid chroma- 

tography isolated 26 compounds from Mclntosh apple juice and identi- 

fied 12 alcohols,   11 esters,   2 aldehydes and acetone; in addition,   7 

other peaks were found but not identified.    Kieser and Pollard (62) 

used the flame ionization detector to study the apple aroma compounds 

in different varieties.    Koch (64)  described the aroma of apple and 

grape juices. 

Fermented Flavors 

In general the number of compounds found in a fermented juice 

is considerably larger than the number in the unfermented juice. 



This result is not surprising when one considers that the action of the 

yeast on the sugars present produces many by-products as well as 

ethanol and carbon dioxide,   according to Webb (119).    Many of these 

compounds are universally agreed to exist in the fermented fruit or 

wine regardless of the type of yeast or fruit.    The chief products of 

vinous fermentation are ethanol and carbon dioxide which account for 

94-95 percent of the sugar while the remainder can be divided as 

follows:   glycerol,   2. 5-3. 6 percent; acids,   0.4-0.7 percent; an ap- 

preciable quantity of higher alcohols; some acetaldehyde and other 

aldehydes; and some esters (44). 

Webb (119) reported that ethanol represents one of the two princi- 

pal products of the action of the yeast on hexose sugars with carbon 

dioxide as the second principal product.     The other by-products of 

the fermentation are of great importance to the fermented flavor. 

Amerine and Joslyn (2) reported that products other than alcohol 

and carbon dioxide contribute to the flavors and aromas acquired by 

wine during fermentation.    Ribereau-Gayon et al.   (84)  stated that the 

proportions of the secondary products are determined by the level in 

the yeast cell of diverse enzymes responsible for their formation. 

The composition of the fermented liquid reflects in a certain measure 

the enzymic composition of the yeast. 
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Fermented Flavor Constituents and Their Biosynthesis 

Alcohols 

Ethanol is one of the two principal components produced from the 

action of yeast on hexoses (44; 112).    Ethanol has been found in the 

natural flavor of grapes (24; 41; 61; 115) and is one of the major com- 

ponents of apple flavor (0. 54 percent ethanol,   0. 22 percent other al- 

cohols and esters).    Alcohols make up 92 percent of the total apple 

aroma (80; 120). 

Other alcohols are produced during the main alcoholic fermenta- 

tion and apparently represent waste or by-products of the yeast's 

syntheses and metabolism of amino acids,   according to Webb (112). 

Webb and Kepner (116) reported that fusel oil contributes significantly 

to the aroma and flavor of the ferrnented juices (wines).     They de- 

termined the main components of fusel oil as being n-propanol,   iso- 

butanol,   active amyl alcohol and isoamyl alcohol.     They suggested 

that variations in the proportion of these alcohols would result in 

variations in aroma.    Sihto and Arkima (88) demonstrated that the 

effect of fusel oil on beer aroma is considerable. 

The investigation of Ehrlich (30; 31; 32) led him to suggest that 

the higher alcohols are produced during fermentation by deamination 

and carboxylation of annino acids.     Leucine produces isoannyl alcohol 

(31),   isoleucine yields active amyl alcohol,   valine gives isobutyl 



alcohol (30),   phenylalanine produces phenylethyl alcohol,   tyrosine 

gives tyrosol (31),   and tryptophan yields tryptophanol (32).    Steven 

(95) reported that tyrosol and tryptophenol are not volatile,   but both 

are bitter-tasting substances which have been connected with yeast- 

bite. 

Thome (106) confirmed much of Ehrlich's work and showed that 

fermentation of sucrose by yeast with a single amino acid as the nitro- 

gen source led to the formation of the products predicted,  which were 

isolated in 60-80 percent yield.    Castor and Guymon (21) found that 

the amino acids,   leucine,  isoleucine and valine decreased rapidly in 

quantity during the fermentation of grape juice.    Barton-Wright (9), 

using microbiological assay,   examined the behavior of 18 amino acids 

in wort during fermentation with a top yeast and found that 93,   93 and 

91 percent,   respectively of valine,   leucine,   and isoleucine were as- 

similated.    In a similar fermentation of wort (S. G.   1042) with a bot- 

tom yeast,   the percentage of these amino acids utilized was 85,   88 

and 90 percent respectively.    Suomalainen and Kahanpaa (99),   using 

14 
radioactive tracers,   DL-valine-4-C     ,   uniformly labeled 1-leucine- 

14 14 
C      and 1-isoleucine-C     ,   observed that after the completion of fer- 

mentation a considerable amount of the radioactivity was accumulated 

in the ester pentane extract containing the fusel alcohols.    Gas chro- 

matographic analysis revealed that in all the cases investigated,   more 

than half,   (valine up to 80 percent) of the radioactivity of the extract 
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was present in the corresponding fusel alcohol fraction.    In comment- 

ing on Ehrlich's proposal that all fusel oil alcohols resulted directly 

from the breakdown of the corresponding amino acids,   Webb (112) 

stated that such an assumption was only a part of the picture because 

most of the carbon skeleton of these alcohols comes from the hexose 

sugars being fermented.    According to Ingraham et al.   (52),   n-butyl 

and n-amyl alcohols can also be considered part of the fusel oil or 

higher alcohol mixture and can be produced by pathways closely re- 

lated to those involved in the production of the main components of 

14 
the mixture.    Genevois   and Lafon (39) showed that C      labeled ace- 

tate is incorporated into iso-amyl alcohol formed during fermentation 

in the presence of unlabeled amino acid thus establishing beyond any 

doubt that not all of this alcohol is formed from exogenous leucine. 

Sentheshanmuganathan and Elsden (86)  studied tyrosol formation be- 

cause they found that this product can be easily estimated by Folin 

and Ciocalten reagent after separation from interfering materials by 

ether extraction under alkaline conditions.     They obtained a cell free 

system which catalyzed the conversion of tyrosine to tyrosol if sup- 

plemented with pyridoxal phosphate and a-ketoglutarate.    Valaize 

(109)  attempted to correlate the fermented juice quality,   through in- 

tensity of bouquet,   with the concentration of amino acids in the must. 

Ingraham et al.   (52) reported that n-hexyl alcohol is found in many 

wines but does not seem to be a normal component of fusel oil.    Webb 



(112)  speculated that relatively large amounts of hexanol would result 

from reduction of caproic acid during fermentation.    Most of these 

higher alcohols and also 2 phenethyl alcohol were found in the un- 

fermented grapes.    Chaudhary et al.  (2 5) found propyl alcohol,   ethyl 

alcohol,   isobutyl,  butyl,   active amyl alcohol,  isoamyl alcohol,   n- 

amyl alcohol,  n-hexyl in an extract of the grape,   vitis vinefera variety 

Sauvignon Blanc.    Ikeda et al.   (51) studied the effect of grape variety 

on the composition of fusel oil.    It was reported by Webb (112) that 

it is not known what role these alcohols play in fruits and berries, 

but it may be that they are by-products of amino acid metabolism here 

just as they are in fermenting yeasts. 

Kepner and Webb (61) identified 2-phenethyl alcohol in Rotundi- 

folia grapes,   and it was also reported by Webb and Ingraham (114) 

and Ayrapaa (7) as a by-product of alcoholic fermentation.    Webb 

indicates (112) that this alcohol is related to the metabolism of pheny- 

lalanine both in the fruit and during fermentation.    Methyl alcohol was 

found in small amounts in the unfermented grape by Kepner and Webb 

(61)  and White (120),   and it was also found in the fermented juices by 

Muller et al.  (85). 

Acids 

Volatile Acids.    The term volatile acidity as described by 

Amerine and Cruess (1)  refers to the steam volatility of the fatty 
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acids.    Acetic,  butyric,   caproic,   caprylic,  propionic,  isobutyric,  iso- 

valeric,   and isocaproic acids have been identified in fermented bev- 

erage by Sugisawa et al.   (96),   Diemar and Schams (27),   Webb et al. 

(118).     Acetic,   butyric,   caproic,   and caprylic were found to be the 

most common acids.    Acetic acid is produced during the initial stages 

of alcoholic fermentation,  but during the course of fermentation an 

appreciable amount may be utilized by the yeast.    Acetic acid is also 

the product of air oxidation of ethanol or acetaldehyde.    The biosyn- 

thesis of fatty acids has been explained by Dixon and Webb (28). 

Non Volatile Acids.    These acids are not formed during the fer- 

mentation,  but are present in the natural fruit. 

Acids in the Grape.    Acid tartrate,   but usually not free tartaric 

acid is the chief acid material present in grapes.    In addition, . small 

amounts of citric and malic acids and acid malates are also found 

(58).    Included in the list of other organic acids found in grapes are 

ascorbic,   glyceric,  glycolic,   lactic,   oxalic,   protocatechuic,   guinic, 

salicylic,   succinic and tartaric acids (16).    The biosynthesis of tar- 

taric and malic acids by grape vines was investigated in some detail 

by Peynaud and Maurie (79).    Hennig and Burkhardt (43) reported the 

detection of phenolics and hydroxy acids in grapes such as d-catechin, 

1-epicatechin,   1-epigallocatechin,   gallic acid,  protocatechuic acid, 

and ellagic acid.    Among the polyphenols were chlorogenic acid, 



1] 

isochlorogenic acid, cis- and trans-caffeic acid, and probably caffeic 

acid lactone. Among the phenols were cis- and trans-coumaric acids 

and probably a coumaric acid lactone. 

Acids in the Apple.     Tressler et_al.  (102) reported that malic 

acid is the only acid generally recognized to be present in apple juice. 

Joslyn (57) indicates  that some varieties contain very small amounts 

of citric acid (0. 02-0. 03 percent).    He also reported that the malic 

acid content of apple juice varies from a minimum of about 0. 10 per- 

cent in certain sv/eet varieties to 2. 5 percent in exceedingly tart 

apples.    Hennig and Burkhart (43) reported the amount of phenolics 

and hydroxy acid in apple juice to be about the same as found in grape 

except for the addition of gallocatechin. 

Acid in the Blackberry.      The acidity of most of the berries is 

approximately one percent,   calculated as citric acid.    Chatfield and 

McLaughlin (24)  reported that the acidity in blackberries was 0. 92 

percent calculated as citric acid. 

Carbonyls and Acetals 

Such compounds as ethanol,   isobutanal,  isopentanal,   2-hexenal, 

vanillin,   cinnamaldehyde,   benzaldehyde,   p-hydroxybenzaldehyde, 

phenylacetaldehyde,   furfural,   acetone,   and 2-butanone,   2, 3-butandione, 

1, 1-diethoxyethane have been identified in different fermented 
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products.    Ethanal is the most common.     These compounds have been 

identified by Diemair and Shams (27),   Matthews et al.   (70),   Kepner 

and Webb (61),   Mecke_et aL   (71),   Miller et_ah   (73),   and Wick et al. 

(121).     The formation of 2-hexenal and 3-hexenal has been described 

by Webb (112).    Acetone arises through the decarboxylation of ace- 

toacetic while the biosynthesis of 2, 3-butandione,   2-butanoneand 

diethylacetal has been discussed by Stevens (9 5).    Sisakian et al.   (91) 

reported that diethylacetal has a very definite aroma and appears to 

be a critical component in the flavor of flor sherry. 

Esters 

The following esters have been identified in fermented beverages; 

methyl formate,   methyl acetate,   ethyl formate,   ethyl acetate,   ethyl 

propionate,   ethyl isobutyrate,   ethyl valerate,   ethyl isovalerate,   ethyl 

caproate,   ethyl heptanoate,   ethyl caprylate,   ethyl pelargonate,   ethyl 

caprate,   ethyl undecannoate,   ethyl laurate,   ethyl myristate,   ethyl 

palmitate,   ethyl lactate,   ethyl pyruvate,   diethyl succinate,   diethyl 

malate,   propyl propionate,   butyl acetate,   butyl caproate,   isobutyl 

acetate,   isobutyl propionate,   butyro lactone,   isoamyl acetate,   isoamyl 

butyrate,   isoamyl caproate,   isoamyl caprylate,   isoamyl lactate, 

hexyl acetate,   hexyl caprylate,   2-phenethyl acetate,   and 2-phenethyl 

caproate.     These esters were identified in different fermented bev- 

erages by workers; Matthews et al.   (70),   Webb et al.   (119),   Muller 
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et al.   (75),   Kepner and Webb (6l),   Diemair and Schams (27),   Webb 

and Kepner (117),   Webb et^ aL   (118),   Wick_et aL  (121),   and 

Suomalainen and Nykanen (100).    Nordstrom (76)  studied the produc- 

tion of esters during fermentation in considerable detail.    He found 

that ester formation is dependent upon the metabolic activity of yeast 

and it proceeds through the reaction of an acyl-CoA (activated acid) 

with alcohols of the medium.    Acetyl-CoA was found to come from 

pyruvate,   but the other oxo acids do not give rise to the correspond- 

ing acyl CoA product.    Tabachnick and Joslyn (101) reported that 

free acetic acid is toxic to Hansenula anomala at pH 2.4 to 3. 0,   the 

optimal pH range for ester formation.    It appeared to them that the 

formation of ethyl acetate exerted a protective effect for the survival 

of this yeast by preventing the accumulation of acetic acid.    Amerine 

and Cruess (1)  reported that for normal wines the conception that 

esters are an important part of the odor appears to be an exaggera- 

tion,   not only because the esters normally present leave very little 

odor but because they are present in such small amounts.     Ethyl 

acetate is an exception and when present at concentrations below 200 

mg/1 imparts a desirable odor.    When present at higher levels it 

tends to give a spoiled character to wine. 

Thus it may be that esters do not contribute much to wine aroma, 

but their formation tends to decrease the fatty acid contents in such 

a manner that wine flavor may be improved during the aging process. 
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Effect of Yeast on the Formation of the Fermented Flavor 

Yeasts vary widely in their ability to ferment sugars,   in the com- 

pleteness of fermentation and in the character of the by-products pro- 

duced,   according to Amerine and Joslyn (2).     They found that various 

strains of Saccharomyces cerevisiae var, ellipsoideus differed in the 

amount and type of desirable vinous flavors they produced.    This was 

substantiated by Wahab et al.  (110) who found that wines of different 

flavors and bouquets could be produced by initially fermenting steri- 

lized must with pure cultures of ester-forming yeast and then com- 

pleting the fermentation with Saccharomyces ellipsoideus. 

Amerine and Joslyn (2) observed that beer yeast,   commonly 

called Saccharomyces cerevisiae,  gave a cereal or yeasty flavor to 

grape must,   whereas wine yeasts (Saccharomyces ellipsoideus strain^ 

produced a fruity or vinous flavor even in sweet wort. 

In an extensive comparison of the products of fermentation of 

grape must,   Castor (20) found considerable variation in the flavor of 

the fermented product.    Orser (77) used gas chromatography to study 

four yeast strains,   Saccharomyces oviformis,  Saccharomyces bayan- 

us,  Saccharomyces ellipsoideus and Saccharomyces cerevisiae,   and 

was able to demonstrate their different fermentation characteristics. 

Webb g.nd Kepner (116) evaluated the differences in the four main 

fusel oil alcohols,  n-propanol,  isobutanol,   active amyl and isoamyl 
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alcohols by the use of three pure strains of yeasts.    They found a 

highly significant variation bet-ween the yeast strains. 

Gas-Liquid Chromatography of Fermented Fruit Flavor 

The use of gas-liquid partition chromatography in the analysis of 

food and beverage aromas has provided a new and very powerful 

method for the separation and identification of those compounds which 

are present in the product in only trace amounts (18).    Before gas- 

liquid chromatography came along,   the chemist hoped to convert com- 

pounds to solid derivatives to facilitate separation because distillation 

was the only method available.    Distillation was slow,   very inefficient, 

required large amounts of material,   and often damaged the materials 

being distilled.    With gas-liquid chromatography,   complete separa- 

tions can be made in about one hour.    Extremely efficient separations 

are possible,   even if the difference in boiling point is less than 1     C 

(e.g. ,   ethanol and ethyl acetate).    Milligram and microgram quanti- 

ties may be analyzed while very little thermal damage is encountered. 

Martin and Synge (69) were.the first to mention the use of gas chroma- 

tography for analytical purposes.     James et al.   1952 (56) published 

their work on the separation and micro estimation of volatile fatty 

acids by gas-liquid chromatography. 
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Principles 

In gas-liquid chromatography during the stationary phase or the 

very high boiling stage,   the non-volatile liquid may be coated as a 

thin film on an inert powder and packed in a tube for support,   or 

coated as a film on the inner wall of the tube itself.    For this latter 

application copper,   stainless steel,   and glass capillary tubing are 

used.     The liquid to be used,   such as silicone oils,   heavy greases, 

waxes,   synthetic polymers,   is coated on a solid support such as 

celite or crushed fire brick.    Tubes packed with coated powder may 

run from 2 to 20 feet in length and 1/8 to 2 inches in diameter. 

Coated capillaries may be 100 to 500 feet long,   and 0. 01 to 0. 03 inch- 

es in dianaeter.    In gas-liquid chromatography the tube containing the 

stationary phase (the column) is connected at one end (the inlet) to 

an injector port and at the other end (the outlet) to a detector.    The 

column and injector are heated with accurate control systems.    Nit- 

rogen or helium or some other inert gas passes continuously through 

the column and serves as the moving force.     The mixture of volatiles 

injected at the port through a silicone rubber then enters the column 

as a plug of vapor in the carrier gas stream,   after which the com- 

ponents are moved toward the outlet by the carrier gas.    As the 

components move through the column the less volatile ones are held 

back by the stationary phase wherein separation governed by volatility 
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and solubility is achieved.    In this example,   the detector is an in- 

tensely hot hydrogen flame in which organic compounds are converted 

to positively charged clumps of carbon atoms that pass as a minute 

current in a 300 volt potential gradient between the burner tip and a 

wire loop above it.    The current is amplified electronically and then 

recorded with a strip chart recorder.     The degree of separation of 

two different solutes will depend on their solubility or affinity for the 

particular liquid phase inside the column.    The factors of vapor pres- 

sure and solute-solvent effects are generally agreed to be highly im- 

portant in determining the position of a compound on a chromatogram. 

James (55) reported molecular weight to be the main factor in control- 

ling elution order although other factors such as Van der Wall's in- 

teractions were important.     The class of compound,  whether it is 

polar or non-polar,   the type of liquid phase,   the percent of liquid 

phase,   the column length,   the column temperature,   the rate of gas 

flow and the solid support also influence the elution order of a group 

of compounds.    As an example,   the type and percent of liquid phase 

is very important,   because as the amount of liquid phase is decreased, 

retention times become shorter and peaks become sharper without a 

significant change in resolution (4 5).    Moreover,   it has become ap- 

parent that in addition to the amount of liquid phase coating,   the sur- 

face area and activity of the solid support significantly contribute to 

the overall gas chromatographic behavior of polar solutes,   according 
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to Urone and Pecksock (107).    Equations for deternaining optimum 

operating conditions are found in the article "Principles of High-Speed 

Gas Chromatography With Packed Columns" by Ayers et al.   (6). 

Sample Preparation 

Extraction.    Kabot and Ettre (65) performed direct analyses on 

many alcoholic beverages using a gas chromatograph equipped with a 

flame ionization detector.     Although they obtained only ten peaks in 

the analysis of wine,   their results indicated that direct analysis of 

alcoholic beverages by gas chromatography was possible using the 

flame ionization detector.     Bober and Haddaway (13) injected the al- 

coholic beverage directly,   using  1 jxl samples.     Their work was con- 

ducted on rum,   brandy and whiskey.    Austin and Boruff (5) pumped 

helium into the sample,   and the vapor,   after being passed through a 

tube containing CaCl  ,   was trapped in dry ice and methyl cellosolve. 

Webb and Kepner (117) in their stud/ on flor sherry used petroleum 

ether and then methylene chloride for extraction of the residue.    In 

preliminary studies on the odorous substances of wines,   Webb et al. 

(119) used pentane as a solvent,   then methyl chloride for extraction 

of the residue.     Kepner and ¥/ebb (60) isolated the free fatty acid from 

Muscat raisin fusel oil using 500 ml fusel oil,   500 ml diethyl ether, 

foUo'wed by extraction with five 50 ml portions of ten percent sodium 

carbonate solution.     The combined sodium carbonate extracts were 
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back-extracted with five 25 ml portions of diethyl ether and slowly 

acidified with excess 6 N sulfuric acid.    The acidified solution was 

then re-extracted with five 25 ml portions of diethyl ether,   slowly 

acidified with excess 6 N sulfuric acid,   and the acidified solution re- 

extracted with five 25 ml portions of diethyl ether.    The ether extract 

of the acids were dried over anhydrous magnesium sulfate,   filtered, 

and the ether removed by distillation to give approximately 200 mg 

of fatty acids.    Webb et al.  (118) in another paper dealing with flor 

sherry wine used methylene chloride as the extraction solvent,   and 

followed the previous steps but used less solvent.    Me eke et al.  (71) 

extracted 500 ml wine three times with 200 ml ether and pentane 

(2:1),   then washed the extract six times with 50 ml distilled water to 

remove the ethanol.    Then they added 10 g CaCl_ to the extract to re- 

move the water.    Flanzy and Jouret (33) used the same technique as 

Mecke in their analysis of armagnac brandies.    Modification of the 

method used by Mecke et al.  was completed by Shito et al.   (89) using 

a continuous extraction method in a Kutscher-Stendel extractor.     They 

used 200-220 ml of wine or beer and the volume of the solvent mixture 

was 2 50 ml of ether-pentane.    They washed the extract twice with 

25 ml water,   and then dried it with Na_SO..    Suomalainen and 2      4 

Kahanpaa (109) used the same technique in their study  of the forma- 

tion of fusel alcohols from amino acids with branched chains,   except 

that they omitted the washing of the extract with water.     The technique 
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of Sihto et al.  (89) was applied by Arkima and Sihto (3) in their study 

of beer aroma.    Singleton (90) found that the use of ammonium sulfate 

improved the efficiency of a water-solvent mixture.    Sober and 

Haddaway (13) proposed a simplified extraction procedure using 

column liquid phase material (polypropylene sebacate) in ethyl ether. 

The minor constituents were thus concentrated and when analyzed by 

gas chromatography,  give numerous obvious peaks useful for identifi- 

cation purposes and formation of patterns for comparison of bever- 

ages. 

Bills et al.  (12) reported an extraction procedure for the deter- 

mination of free fatty acids in milk fat.    They also described a low 

temperature distillation apparatus for removal of the solvent.    Orser 

(77) added 20 g sodium chloride to 100 ml of wine and after five hours, 

the sample was transferred to a cold room   where   the     wine was ex- 

tracted three times with 40 ml of ethyl chloride.    The ethyl chloride 

was removed using a low temperature distillation apparatus (see 

Bills et al.  (12) for a schematic diagram). 

Distillation 

Gadsden and McCord (36) described a preparative technique for 

the quantitative distillation of volatile material by gas chromatogra- 

phy whereas Bouthilet and Lowrey (15) used direct distillation of 

brandy in their study on fusel oil.    They concentrated 20 ml of brandy 



2.1 

in a 95   G water bath until 1 ml remained which was then injected in 

the gas-liquid chromatograph.    Various workers have distilled their 

fermented samples to concentrate the volatile constituents (10; 108). 

Distillation and Extraction 

Suomalainen and Nykanen (100),   in their study of the formation 

of aroma compounds by yeast in sugar fermentation,   first used dis- 

tillation,   then extracted the distillate with isopentane for three days 

in a modified Kutcher-Stendel extractor.    Crowell et al.   (26) in 

studying the mechanism of higher alcohol formation by yeasts,   used 

fraction distillation coupled with ether extraction.    Webb and Kepner 

(116),   in their study on fusel oil,  first distilled the wine,   then satur- 

ated it with sodium chloride followed by extraction with diethyl ether. 

Matthews et al.   (70) used a rising film evaporator to concentrate wine 

volatiles five fold.    Pentane,   isopentane and ethyl chloride have been 

tried as extracting solvents.    Ethyl chloride 'was chosen because of 

its ease of evaporation at room temperature and its higher yield of 

wine volatiles.    A 1000 ml of wine was saturated with sodium chloride 

and 150 ml portions of this was extracted with 15 ml of ethyl chloride 

in a separatory funnel.     The funnel was rotated gently for one minute 

every five minutes for 30 minutes.    A similar technique to Matthews' 

was conducted by Sugisawa et al.  (96). 
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Columns used in the Study of the Fermented Flavor 

Bober and Haddaway (13) in their study on the identification of 

alcoholic beverages used the following liquid phase:    Carbowax 400 - 

Carbowax 1500  - Carbowax 20 M - triton - Nujor - Diethyl d-Tartrate 

- Glycerol Ucon 550 - Versamid 900.    This material could not be used 

at temperatures above 100    C without excessive bleeding.    They also 

used 12 foot x 1/4 inch 5 percent triethanol amine on chromosorb W 

60 - 80 mesh.    Austin (5) used 2 meter columns of 60-80 mesh chro- 

mosorb as support with 20 percent Carbowax 300.    Webb et al.   (118) 

in comparison of the aroma of flor sherry,   used ten percent Empol 

1022 Dimer Acid as the liquid phase,   and retention time technique 

for identification.    Webb and Kepner (117) in their work on the aroma 

of flor sherry separated the aroma by using ten percent DEGS on 

60-80 firebrick ten feet x 1/8 inch stainless steel column.     Fatty 

acid was analyzed at 195    C on 1/4 x 78 inch stainless steel column 

with ten percent of Dimer Acid on firebrick.    Alcohols and esters 

were analyzed at 7 5    C on 1/4 inch x 10 foot copper column packed 

with ten percent diglycerol on firebrick,   the identification using rela- 

tive retention time on different columns:    10 percent (DEGS),   10 per- 

cent (NPGA),   10 percent (SAIB) and 10 percent of a mixture of one 

part erythritol and nine parts sorbitol. 

Webb et al.   (119) used DEGS to study the differences of red 
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French wine du Bordeaux produced in different years.    Kepner and 

Webb (60) reported on the following separations:    alcohols on digly- 

cerol; acids on Dimer Acid; low boiling point methyl esters on di- 

glycerol; and high boiling point methyl esters on DEGS.    Mecke et al. 

(71) used polyethyleneglycol (20 percent) for separating low boiling 
0 o 

compounds at an oven temperature of 7 5    C on two meters long 

columns of chromosorb 60-80 mesh.     For high boiling compounds 

they used polyethylene glycolsuccinate,   20 percent,   on 80-100 mesh 

chromosorb.    Sihto et al.  (89)   and Arkima and Sihto (3) used two dif- 

ferent columns,   TEA triethanolamine and Apiezon M-DEGS on chro- 

mosorb to study the aroma components of fermented beverages. 

Suomalainen and Kahanpaa (99) used a 1 meter long copper column 

filled with di-2-ethyl hexyl sebacate on chromosorb.    Bober and 

Haddaway (14) used polypropylene sebacate as liquid phase.    Bouthilet 

and Lowrey (15) used Beckman Flexol column (N    70001).    Suomalai- 

nen and NyKanen (100) in their study on the formation of aroma com- 

pounds by yeast in sugar fermentation,   used 2. 4 m long column of 

10 percent Carbowax 20 M on 60/80 mesh chromosorb W HMDS. 

Crowell et al.   (26) in their study of higher alcohol formation used 

6 foot x 1/4 inch column containing Ucon LB 38 5 as the stationary 

active phase,   and they mentioned that the separation of active and 

isoamyl alcohols required a second column with glycerol packing. 

Matthews et al.   (70) in their identification of apple wine volatiles, 
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used 30 percent carbowax 400 on 40-60 mesh firebrick. 

Sugisawa et al.  (97) examined the volatile acids of apple wine. 

They used Ucon 50 HB - 2000 and Ucon-non polar.    Ten distinct peaks 

were revealed.    Methylate and volatile acid fractions studied using 

diethylene glycol succinate and Carbowax 400.    Orser (77),   in his 

study on the fermentation products of different yeast strains,   used 

five percent Carbowax 400 on 80-100 mesh acid-base treated celite 

545. 

Freeze Drying 

The process of drying foods in the frozen state,  known variously 

as freeze-drying,   sublimation,   and lyophilization,  has been used in 

experimental laboratories for many years.    It was not until World 

War II,   ■when the preservation of large quantities of blood,   penicillin, 

and other biological preparations were required,   that it came into 

major industrial use.     Then it became applicable to food such as 

coffee,   orange juice and shrimp. 

In freeze-drying,   the product to be dried must first be frozen. 

This may be done either before placing it in the vacuum chamber or 

by self-freezing (placing the cool,  wet or liquid product in the equip- 

ment,   and causing it to freeze by rapid evaporation when high vacuum 

is applied),   or by combination of these procedures.    Rapid freezing 

is preferred to slow freezing since less change in the product is 
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likely to occur (105).     Flosdorf (34) described the freeze-drying of 

single-strength orange juice as follows:   the juice was first deaerated, 

then rapidly frozen by the application of vacuum,   followed by freeze- 

drying.    He also described the application of these methods for 

pineapple,   guava,   strawberries,   and papaya juices. 

Burton (17) described the orange juice drying procedure wherein 

50    Brix orange juice concentrate is sprayed at room temperature on- 

to drying columns of chambers maintained at a vacuum of 500 to 700 

microns.    At this high vacuum the juice is evaporated so fast that it 

is almost instantly frozen.    Sluder et al.  (93) described a continuous 

method of freeze-drying orange juice concentrate on a moving stain- 

less steel belt. 

The Chain Belt Company (105) manufactures an apparatus which 

consists of a vacuum chamber housing an endless steel belt running 

over two drums,   one hot and the other cold.    Orange juice concen- 

trate is pumped to the vacuum chamber of 1 to 1. 5 mm mercury 

pressure.    Suspended within the trough is a feed roller which trans- 

fers the concentrate to the bottom of the belt between the hot and cold 

drums.    The thin layer of orange concentrate is transported by the 

belt up and over the hot drum (100    F).    Dehydration begins im- 

mediately after the concentrate is applied to the belt and continues 

up to the cold drum.     The freeze dried technique has been applied to 

other foods besides fruit juices (35).    Other recent techniques for 
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drying of fruit juices are described by Luthi (68). 

Freeze Concentrations 

Long ago farmers learned that a pleasing alcoholic beverage could 

be made by allowing a barrel to freeze in winter,   then drain-out the 

liquid which had a high amount of alcohol.     Jackson (54) described a 

process for concentration of fruit juices.    Gore (38) and Jackson (54) 

suggested this means as a method of making apple concentrates.    In 

1929,   Irish (53) and Zorn (124) proposed methods of concentrating 

fruit juices which involved two or three successive freezings. 

Bilham (11) published a discussion of the principles and practices in 

the concentration of fruit juices by freezing.    Later Krause (65),   dur- 

ing World War II,  was the first to develop a successful continuous 

commercial freezing method.    The simplest process of freeze con- 

centration was applied in Western Canada and explained by Shaw (87). 

Pederson and Beattie (78) studied the concentration of cherry,   rasp- 

berry,   and rhubarb juices by freezing.    Different commercial pro- 

cesses of concentrating fruit juice by freezing have been described 

by Tressler and Evers (105).    These processes are:   the step freeze 

process; the Heyman process; the Sperti process; and the Krause 

process. 

1.     The step freeze concentration involves freezing out about 

one-third of the water from the juice,   or partially 
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concentrating the product in each of five different steps, 

removing the ice crystals by centrifuging after each refrig- 

eration. 

2. The Heyman process uses an apparatus consisting of an in- 

clined jacketed tube in which a screw conveyor rotates.    Re- 

frigerated brine fed into the jacket at the low point causes the 

fruit juice to freeze to a slush,   which is then centrifuged to 

remove the ice crystals. 

3. The Krause process involves the freezing of the juice which 

is then thawed and centrifuged.    The process is repeated for 

the second and third concentrations which are similar to the 

first except that lower temperatures are employed. 

4. The Sperti process (94)  employs a combination of freezing 

and vacuum concentration.    The juice is frozen to obtain a 

concentrate which is then separated by centrifugation.     The 

remaining ice is concentrated by vacuum concentration which 

is then combined with the frozen concentrates. 

Tressler and Joslyn (104)  suggested the freezing of juices con- 

tinuously on drum freezers,   then centrifuging the frozen mass while 

subjecting it to controlled dielectric heating with radio frequency 

waves to melt the naixture along the crystal boundaries.    By this 

means,   they theorized a reduction of entrainment losses in the ice. 

Another method of separating ice from frozen solutions depends 
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on controlled thawing of the frozen mass under conditions that per- 

mit the formation of layers of liquid.    In this case,   practically pure 

water is recovered at the top layer.     This procedure is based on main- 

taining and exaggerating the density differences that are established 

in the solution through freezing.    This gradient freeze-thaw procedure 

has been investigated as a possible method for desalinating brines (47), 

but so far has not been applied to freeze concentration of juices.    It 

was proposed recently (37) for the concentration of biological solu- 

tions.    Another method for the concentration of beer,  wine,  fruit 

juices,   coffee,   milk,   and vinegar was recently, applied. The process 

is called the fractional crystallizatidn.     The beer with 3. 6 percent 

alcohol by weight is cooled in a continuous flow chiller.    Ice crystals 

form at about 28    F.    Cooling continues to 26    F to form a heavy 

sherbet like mass containing about 40 percent by weight ice which 

passes through a filter.    The ice crystals are separated from the cold 

concentrate at the first stage.    The concentrate is pumped to a second 

chiller and again cooled to about 21     F to form a heavy crystal slurry, 

which passes through another filter column to separate the ice.    By 

this method,   about 70 percent of the water to be separated from the 

original beer is removed.    Beer concentrates have been made in a 

dozen breweries where concentrates range from 35 to 86 percent  of 

the water has been removed.    Initial alcohol content of the beer varied 

from 4. 0 to 7. 6 percent,  while the final contents ranged from 5. 6 to 
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22. 8 percent.    Rentschler (83) described a method for concentration 

of commercial aroma distillates by congelation.    In this method, 

apple and pear essence •were concentrated from an initial level of 

1:200 to a concentration of about 1:1000 by repeated congelation and 

elimination of the ice formed by the centrifuging of the concentrated 

essence.    This concentration of essential oils at low temperature per- 

mitted the elimination of 40 percent to 60 percent of the water.    The 

concentration of fruit juices in Europe has been discussed by Charley 

(22). 
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EXPERIMENTAL PROCEDURE 

Preparation of the Fermented Juice 

Concord Grape 

Starter.    One liter of juice was prepared by diluting commercial 

Concord grape concentrate (distributed by Safeway Stores) to 10. 5 

Brix with distilled pasteurized water.    After the addition of one gram 

of urea,   the mixture was inoculated with a culture of yeast,   Sacchar- 

omyces var.   ellipsoideus (commonly called Saccharomyces ellip- 

soideus) used in the Enology Laboratory,   Department of Food Science 

and Technology,   Oregon State University.    It was incubated at 30    C. 

Maximum activity was observed by CO_ production.    The time re- 

quired to obtain this activity varies from 36-48 hours,   according to 

Yang (123).    In this experiment it was observed to be 36 hours. 

Fermentation.    One liter of starter and 10 grams of urea were 

added to ten liters of Concord grape juice,   10. 5    Brix.     These con- 

stituents were prepared in a five gallon jug,   wherein fermentation 

proceeded at room temperature (70-72    F).     Guymong et al.   (40) re- 

ported that aeration increases the formation of fusel oil so the jug 

was agitated three times a day in order to mix air with the fermented 

juices.     Before completion of the fermentation,   the yeast activity 

decreased and not much CO? was produced.    In order to prevent any 
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containing sulfuric acid to avoid air contamination.    See Yang (123) 

for schematic diagram. 

The fermentation was stopped when it reached -1.1    Brix.     The 

fermented juice was then transferred to the cold room at 40    F to 

allow the yeast cells to settle,   thus facilitating the filtration process. 

The bottle was kept two days in the cold room until the fermented 

juice was filtered. 

Filtration,   Pasteurization and Freezing.    The wine was filtered 

through No.   8 Ertel filter pads.    All of the filtered wine was mixed 

together to provide a homogeneous sample,   and the fermented juice 

was then bottled in No.   619 flint wine bottles.    It was pasteurized at 

180    F for one minute and cooled overnight at 40    F.    The sample was 

then frozen at -10    F. 

Apple 

Starter.    One liter of apple juice starter was prepared from 

Town House apple juice in which no sugar was added.     The Brix of 

the sample was found to be 13. 2  .    After the addition of one gram 

urea,   the mixture was inoculated with the yeast culture as described 

previously for the grape.    After 34 hours the starter -was in its maxi- 

mum activity. 
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Fermentation.    The starter was mixed with ten liters of apple 

juice and ten grams of urea were added to the mixture.     The fermen- 

tation occurred in a five gallon jug with the same procedure and care 

as previously described in the fermentation of Concord grape juice. 

The fermentation was stopped when a Brix reading of -0. 5    was ob- 

tained. 

Filtration,   Pasteurization and Freezing.     This was carried out 

as described previously for fermented Concord grape juice. 

Blackberry 

Starter.    Commercially packed blackberries frozen without sugar 

served as the raw material for this experiment.    A mixture of 666 

grams blackberries,   344 ml of pasteurized distilled water,   one gram 

urea and one gram pectinol A were inoculated with yeast (S.   ellipsoi- 

deus) and incubated at 30    C.    An active fermentation was obtained 

after 36 hours. 

Fermentation.    Fermentation was initiated by adding the starter 

to a mixture of 6. 66 kg of blackberries,  4.44 liters of pasteurized 

distilled water,   0. 1 percent of both pectinol A and urea,   and 510. 6 

grams of sugar.    Fermentation proceeded very slowly and after eight 

days a Brix reading of only 1. 5    was obtained.     Thus the mixture was 

filtered through a cloth bag to remove the pulp after which,   the liquid 
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was pasteurized.    To this fluid,   one liter of a new starter and 1738 ml 

of water containing 271 grams of dissolved sugar were added.    The 

brix reading of this mixture was 4. 3    and after ten days of fermen- 

tation a Brix reading of 0. 7    was recorded.    An additional amount of 

sugar,   285 grams was added to the fermenting mixture.    After an 

additional six days of fermentation,   the mixture had a Brix reading 

of 0. 3    and an alcohol content of 5. 29 percent by volume.    Fermenta- 

tion was completed at a room temperature of 72    F. 

Filtration, Pasteurization, and Freezing. These procedures 

were carried out as previously described for the fermented grape 

juice. 

The Fermented Fruit Juice 

Freeze Drying 

One liter of the fermented fruit juice was transferred to a stain- 

less steel pan measuring 23 x 29 cm.    The sample was frozen at -10 F 

and placed in the freeze dryer located in the pilot plant and fabricated 

by the Department of Food Science and Technology,   Oregon State 

University.    It uses ammonia in the condensing surface and it is 

equipped with a Stokes Microva high vacuum pump.    A plate tempera- 

ture of 90    F and a chamber pressure of 0. 5 - 0. 4 mm Hg were 

maintained throughout the freeze-drying cycle.    The length of time 
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required to reduce one liter of juice to ZOO ml,   a concentration ratio 

of 5:1,   varied from 11 to 14 hours depending upon the efficiency of 

the vacuum pump. 

After the sample was concentrated to 200 ml,   100 ml was re- 

moved and stored at -10    F for flavor analysis.     The other 100 ml 

was transferred to a 500 ml volumetric flask and diluted with dis- 

tilled water to 500 ml and analyzed chemically. 

Distillation,   Freeze Centrifugation and Low Boiling Point Compound 
Recovery 

Distillation.    One liter of the wine sample was transferred to a 

2000 ml flask -with neck 35/20.    The flask was joined by a condenser, 

110 cm long,   2 cm in diameter with thermometer on the top.     The 

condenser was filled with glass beads.    The arm opening was con- 

nected to an Allihn 400 mm condenser by an adapter.    This Allihn 

condenser was connected to a Liebig type condenser,   400 mm length, 

using an adapter.    The Liebig condenser was connected to a 250 ml 

graduate cylinder which was submerged in an ice bath.    The 2000 ml 

flask was placed in a heating mantle equipped with a Powerstat, 

(Figure 1) . 

After distilling to 4 volume of 160 ml,   the dealcoholized wine 

was transferred to the freezer. 
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Figure  1.    Alcohol distillation assembly. 

A = flask,   2 liter F =    graduated cylinder 
B = distillation column packed with G =   ice 

glass beads H =   heating mantel 
C = allihn condenser I   =   thermometer 
D = liebig condenser J  =    electric rheostat 



Freeze Centrifuge.    After the dealcoholized wine was frozen it 

was transferred to the cold room (38    F)  crushed and centrifuged at 

2500 rpm.     The dealcoholized concentrated wine was collected in a 

graduated cylinder until ZOO ml was obtained,   (Figure 2). 

Low Boiling Point Compound Recovery.     To 160 g of CaCl    in a 

500 ml flask,   160 ml of distilled wine was added.    The mixture was 

kept at 40    F overnight and fractionated in the apparatus shown in 

Figure 3.     This distillation lasted for seven hours until all the vola- 

tile constituents were removed.    The volatiles were then added to the 

dealcoholized wine concentrate.    Half of the concentrate was diluted 

to 500 ml for chemical analysis,   the other half diluted to 250 ml for 

flavor and taste panel evaluation. 

Gas Chromatography 

Preparation of Samples 

Extraction.     The fermented juice or the dealcoholized fermented 

juice was prepared by dissolving 60 ml of concentrate plus 90 ml of 

water and transferred to a 300 ml erlenmeyer flask.    Twenty grams 

of sodium chloride was added to this 150 ml portion to enhance the 

separation of the volatile constituents (63).    The flask was rotated 

gently to dissolve the sodium chloride and then allowed to stand for 

five hours at room temperature according to Orser (77),   after which 
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Figure 2.     Freeze centrifuge assembly. 

A = Frozen fermented juice 
B = Screen 
C = Basket 
D = Graduated cylinder (defrosted fermented concentrate) 
E = Speed regulator 
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Figure 3.     Fermented flavor recovery apparatus. 

A = N 
B = 5()0 ml flask (distillate + CaCl ) 
C = salty ice trap 
D = dry ice trap 

E = dry ice in ethanol trap 
F = water 
G = water bath 100° F 
H = thermometer 

oo 
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the flask was placed in a cold room at 40    F.    The fermented juice 

and glassware were allowed to cool for one-half hour before extrac- 

tion began.    The wine was then transferred to a 250 ml separatory 

funnel with a Teflon stopper.    A glass stopper was not used in order 

to avoid grease contamination.    Forty ml of ethyl chloride were added 

to the cooled wine in the separatory funnel and the funnel rotated 180 

fifty times.    This was done gently to prevent the formation of an 

emulsion between the fermented juice and ethyl chloride.    After mix- 

ing,  the contents were allowed to stand for ten minutes.    Then the 

solvent phase was collected in a 300 ml erlenmeyer flask.    Forty ml 

more of ethyl chloride were added to the separatory funnel and the 

extraction procedure repeated.    The extract was transferred to the 

flask containing the previous solvent fraction.    The extraction pro- 

cedure was repeated once more using an additional 40 ml of ethyl 

chloride.    The flask containing 120 ml of solvents plus extractants 

was stored at the freezer at -10    F overnight. 

Distillation.     The ethyl chloride was removed using the low tem- 

perature distillation scheme described by Bills et al.   (12).     The sol- 

vent was poured into a 50 ml pear-shaped distilling flask immersed 

in a 22    C water bath.    The vapors were refluxed with a Bantam-ware 

condenser maintained at a temperature of 11. 5 to 12    C.    The extract 

was concentrated until the solvent was removed.    It was transferred 
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to a three ml conical centrifuge tube,   stoppered,   and stored in a 

freezer until it was chromatogrammed.     The sample was stored for 

less than a week to prevent the formation of esters and changes in 

free fatty acids. 

Gas Chromatographic Analysis 

The instrument used in this study was an Aerograph moduline 

gas chromatograph model 1520 (Figure 4),   described in detail in the 

instruction manual (122).    The column used in this study was a ten 

feet; x 1/8 inch Pyrex glass column packed with 20 percent FFAP 

(Free Fatty Acid Phase).    FFAP is Carbowax 20M having a molecular 

weight of approximately 20, 000.    It was reacted with acid containing 

N   to give better separation and stability.    The chromosorb W 70/80 

was acid washed,   and treated with DMCS (dimethyldichlorosilane) to 

prevent the adsorbtion of the sample by the solid support since the 

DMCS deactivates the OH groups of the chromosorb W.    The column 

temperature was maintained at 170    C while the injector was held at 

195    C.    The detector temperature was maintained at 205    C.    In 

order to demonstrate the first two peaks in which ethanol and isoamyl 

alcohol were the major constituents,   a lower temperature was used 

for their separation.    The column temperature was 100    C; the in- 

jector temperature was 170    C; the detector temperature was 205    C. 

The. nitrogen and hydrogen flow were both 24 ml/minute,   and the air 



Figure 4.   Aerograph 1520 gas chromatograph used for 
flavor analysis. 
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flow ■was 320 ml/minute.    The instrument was operated at range, 

attenuation of two at 1/20 of its maximum sensitivity.    The sample 

size for high temperature was 2. 3 |j.l while 0. 3 yjil was used for low 

temperature.    A chart speed of 30 inches per hour was used during 

all analysis. 

Calculation of Percent Composition of Chromatographic Peaks 

The recorder used in this study was a Honeywell Brown strip 

chart recorder,   class  15,   with a one millivolt (mv) full span sensi- 

tivity.     This one mv full span sensitivity serves as the basis for cal- 

culation of the percent composition of the wine extracts.     The height 

or recorder response of each peak was measured in tenths of a mv, 

multiplied by half of the base.    This value was multiplied by the atten- 

uation factor (amount instrument sensitivity was reduced to keep 

peaks on scale),   to obtain the peak's full weighted value.    The weighted 

values for all the peaks were added and the sum used as a divisor in 

determining the percentage contribution of each peak.     The two first 

peaks at high temperature injector were not considered in the calcu- 

lation of the area because they were out of the scale. 

Tentative Identification of Fermentation Products Using the Enrich- 
ment Technique 

Standards,   chemically pure compounds,  were added to the 
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extract concentrate to tentatively identify the products produced by 

fermentation.    Identification was accomplished by noting the increase 

in peak height after the addition of a standard compound. 

Other Analysis 

Total acids,   ethanol,   volatile acids,   and total soluble solids were 

determined on the fermented juices by routine standard methods 

described in A. O. A. C.   (4).    Color of Concord grape and blackberry 

juices,   fermented and dealcoholized,  was determined after diluting 

the juices 1:10 with distilled water and measuring the absorbancy at 

510 m\x in a Spectronic 20 colorimeter.    For apple juice,   absorbancy 

was measured directly at 430 mjo,. 

Flavor Panel 

A flavor panel evaluated the various samples on a hedonic scale 

as described by Calvin and Sather (19).    This scale was based on the 

degree of like or dislike.    The panel consisted of 20 people (10 men 

and 10 women) who were semi-selected from the staff and graduate 

students of the Department of Food Science and Technology,   Oregon 

State University.    For this flavor evaluation,   a sample of 20 ml per 

person was served at about 60    F. 
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RESULTS AND DISCUSSION 

Preliminary Experiments 

In previous work completed in this laboratory,   Orser (77) used 

a Aerograph Hy-Fi,   Model A-600-B,   gas liquid chromatograph (GLC) 

equipped with a stainless steel column (8 feet x 1/8 inch) packed with 

five percent Carbowax 400 on 80/100 mesh acid-base treated Celite 

545 to separate the flavor cornponents of blackberry wine.    He was 

able to demonstrate the separation of 19 different compounds.    In 

preliminary experiments of this study,  the same extraction and 

chromatographic techniques that Orser employed were used with the 

following exception.    An Aerograph Model 1520 gas-liquid chromato- 

graph was used in place of the Hy-Fi apparatus and 21 peaks were 

observed to be separated.     These results indicate that the Aerograph 

1520 was as sensitive as the Hy-Fi equipment.    Although Orser (77) 

obtained relatively good separation of the flavor components,  he did 

encounter difficulties in the separation of some components.    Propyl 

alcohol and ethyl isovalerate had the same retention time,  butyl al- 

cohol and amyl acetate were eluted together while ethyl hexanoate, 

active amyl alcohol and isoamyl alcohol were not separated from one 

another.    Ethyl octanoate and 2, 3-butylene glycole caused an increase 

in the same peak.    Thus these compounds could not be chromatographi- 

cally separated by the equipment he used. 
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Since the completion of Qrser's work,   the Wilkens Instrument 

Company,   manufacturers of the Aerograph equipment,   developed a 

free Fatty Acid Phase (liquid phase)  column that showed excellent 

potential for the separation of such compounds as alcohols,   esters, 

aldehydes and ketones,   many of which are found in fermented flavors. 

Thus it was decided to test the Free Fatty Acid Phase (FFAP)  column 

to determine -whether better separation of the fermented flavor com- 

ponents could be obtained.    Moreover,   a Pyrex glass column (10 feet 

x 1/8 inch) was used in place of the stainless steel column since the 

latter might cause decomposition of some flavor components by met- 

allic ion contamination.    Also chromosorb W is more inert than chro- 

mosorb P.    This combination of the AW-DMCS treatment causes a 

major reduction in surface activity of the support,   which reduces 

tailing.     The deactivation obtained with DMCS is greater with acid- 

washed than non acid-washed supports and the DMCS treatment is 

more effective than HMDS (hexamethydisilazane) (23).    A preliminary 

experiment was completed using the above modifications with a column 

temperature of 130    C,   injector temperature of 165    C and a detector 

temperature of 190    C.    The flavor components were separated into 

more than 30 peaks.    Hence,   those compounds that were not separated 

by the Hy-Fi GLC equipped with a column of Carbowax 400 were 

readily chromatographed by this new procedure. 

Another preliminary experiment was conducted as follows:    a 
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ten feet x 1/8 inch stainless steel column packed with twenty percent 

FFAP on 100-120 mesh chromosorb W 100-120 AW-DMCS,   sample 

size 2. 3)j,l of fermented apple juice and column condition as pre- 

viously described in the experimental procedure,   24 peaks were ob- 

tained compared to 32 peaks which were obtained from a 10 feet x 

1/8 inch Pyrex column with 70-80 mesh.    This shows that the 

chromosorb W 70-80 mesh was more efficient in separation than 

the chromosorb W 100-120 mesh. 

Other preliminary work involved an attempt to inject the fer- 

mented juice directly into the chromatographic equipment without 

any prior treatment or extraction.    When 2. 3 |JL1 of the fermented 

Concord grape juice was injected into the Aerograph 1520 using the 

FFAP column,   only nine peaks were obtained in which ethanol was 

found to be the major peak while the remaining peaks were very 

minute in appearance.    Although non-volatile constituents such as 

pigments,   sugars and possibly other soluble substances were pre- 

vented from entering the column by the insertion of a plug of glass 

wool in the glass tube injector,   this effort to chromatograph the 

juice by direct sample injection was unsuccessful.    Thus the ethyl 

chloride technique was used tq extract the fermented flavor compon- 

ents in the subsequent work. 
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Gas-Liquid Chromatography Analysis of Fermented Flavor 

The graphs shown in Figures 5,   7 and 9,   are the results of in- 

jecting 2. 3 [xl ethyl chloride extract of the fermented Concord grape, 

apple and blackberry juices into the GLC at high tenaperature condi- 

tion as described previously.    Each of these Figures show that there 

was very poor separation of the first two peaks.    Conversely,   data 

presented in Figures 6,   8 and 10,  indicate that when 0. 3 jxl of extract 

were chromatographed at low temperature conditions much better 

separation of the initial peaks resulted. 

The tentative identification of the various peaks shown on the 

above figures was completed by the use of the enrichment technique 

and the results are given in Table I.    In this instance,   the identified 

compounds are documented by the results obtained by other workers. 

The percentage concentration data shown in Table II were obtained 

from duplicate chromatographic runs in which the percent deviation 

within a sample was less than .five percent.    However,   the ethanol 

fractions (peak 5 in Figures 6,   8 and 10 and peaks  1 and 2,   in Figures 

5,  7 and 9) were not used in these calculations. 

Low Temperature Chromatography 

In part A of Table II,   peak No.   10 was identified as isoamyl al- 

cohol and active amyl alcohol which had the same retention time. 
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8    12    16    20   24   28 38   42 

42   46 50 76   80   84 

TIME- MIN 

Figure 5.      Gas chromatogram of fermented Concprd grape 
juice at high temperature condition. 
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Figure 6.      Gas chromatogram of fermented Concord grape 

juice at low temperature condition. 
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Figure 7.      Gas chromatogram of fermented apple juice at 
high temperature condition. 
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Figure 9.   Gas chromatogram of fermented blackberry juice 
at high temperature condition. 
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oo 
CM 

TIME-MIN 
Figure  10.   Gas chromatogram of fermented blackberry juice 

at low temperature condition. 



TABLE I.    Result of the tentative identification using the enrichment technique, documented by the results obtained by other workers. 

Column Condition 
Retention Time Compound 

Peak No. (in minutes) Identified Identification by Other Workers 

Part A 

Chromatograming 3 
at low temperature. 
Column temperature 4 
- 100° C 
Injector tempera- 5 
ture - 170   C 
Detector tempera- 
ture - 205   C 6 

1.54 

2.23 

2.39 

4.20 

Acetone Meckeet_al. (71),  Matthews et al. (70),  Smith and Coffman (92). 

Ethylacetate Mecke et_al. (71), Webb et al. (119),  Suamalainen (98). 

Ethanol Webb et_al. (119),  Matthews et al. (70),  Muller et_al. (85), Hunter 
et_al. (49),  Morrison (74). 

Propanol Bober and Haddaway (13), Webb et al. (119),  Smith and Coffman 
(92),  Suomolainen (98),  Diemair and Schams (27). 

5.32 

7.47 

Isobutanol Mecke et.al. (71),  Bober and Haddaway (13),  Webb et.al. (119), 
Suomalainen (98),  Muller et al. (75). 

Butanol Mecke et al. (71),  Bober and Haddaway (13),   Suomalainen (98), 
Webb et al. (119),  Matthews et al. (70),  Muller et al. (75). 

10 10.32 Isoamyl Mecke et_al. (71),  Bober and Haddaway (13),  Webb et al. (119), 
alcohol Suomalainen (98),  Muller et al. (75),  Matthews et al.  (70). 

10 

Part B 

Chrom atograming 
at high temperature 
Column temperature 
- 170° C 
Injector tempera- 
ture - 195   C 

10.32 

2.14 

2.33 

Active alco- 
hol amyl 

n-amyl 
alcohol 

Ethyl 
hexanoate 

Webbet_al. (118),  Suomalainen (98),  Muller et_al. (75),  Webb and 
Kepner(116). 

Matthews et al. (70). 

Mecke et al. (71), Bober and Haddaway (13),  Suomalainen (98), 
Muller et_al. (85). 

4^ 



TABLE I. (cont. ) 

Column Condition Peak No. 

Retention Time 

(in minutes) 

Compound 

Identified 

Detector tempera- 
ture - 205   C 

6 2.85 n-hexanol 

7 3.12 Ethyl lactate 

9 4.14 Acetic acid 

9 4.14 Ethyl 
Octanoate 

12 5.73 Propionic 
acid 

13 6.28 2. 3-butylene 
glycol 

15 7.96 Butyric acid 

17 9.23 Isovaleric 
acid 

18 10.18 Diethyl 
succinate 

19 10.71 4-butyrolac- 
tone 

Identification by Other Workers 

Webb et_al. (119),   Suomalainen (98),  Matthews et al. (70),  Muller 
et.al. (75),  Webb and Kepner{117). 

Webbet_al. (119),  Webbet.al. (118),  Smith and Coffman (92). 

Wuomalainen (98),   Sugisawa et al. (97),  Webb et al. (118),  Muller 
et_al. (75). 

Meckeet_al. (71),  Bober and Haddaway (13),  Webb et_al. (118), 
Muller et al. (75). 

Suomalainen (98),  Sugisawa et al. (97), Hunter et al. (49). 

Ribereau-Gayon et al. (84),   Orser (77), 

Suomalainen (98),  Sugisawa et_al. (97),  Webb et al. (118),  Muller 
et.al. (75),  Hunter et,al. (49),  Diemair and Schams (27). 

Suomalainen (98),   Sugisawa (97),  Webb et al. (118),  Muller et al. 
(75), Hunter et.al, (49),  Webb and Kepner (117). 

Webbet_al. (118),  Webb et_al. (119), Webb and Kepner (117). 

Webbet_al. (118),  Webb et.al, (119),  Smith and Coffman (92), 
Webb and Kepner (117). 



TABLE I.    (cont. ) 

Retention Time Compound 

Column Condition Peak No.       (in minutes) Identified Identification by Other Workers 

21 

25 

28 

29 

34 

11.84 

17.65 

24.48 

39.62 

85.77 

Valeric acid        Suomalainen (98),  Webb et al. (119),  Muller et al. (85),  Hunter 
et_al. (49). 

Caproic acid        Suomalainen (98),  Sugisawa et al. (97),  Webb et al. (119), Hunter 
et.al. (49). 

Phenethyl Webb et.al. (118),   Suomalainen (98), Webb et al. (119),  Muller 
alcohol elaJ. (75), Hunter et al. (49),  Smith and Coffman (92). 

Caprylic acid      Suomalainen (98),  Sugisawa et al.  (96),  Webb et al. (118),  Muller 
et.al. (75), Hunter et.al. (49). 

Capric acid Suomalainen (98),   Sugisawa et al. (96),  Webb et al. (118),  Muller 
et_al. (75), Hunter et_al. (49). 
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TABLE II.    The average percent composition of the peaks obtained from chromatographing the 
ethyl chloride extracts of three fermented alcoholic juices. 

Peak Retention Time ;    Fermented Fermented Fermented 
Column Condition No. (in minutes) Concord Apple Blackbejry 

Part A 

Chromatographing a 0.40 0.01 
at low temperature b 0.45 0.01 
Column tempera- c 0.55 0.05 
ture - 100   C 1 1.05 0.03 0.04 0.15 
Injector tempera- 2 1.19 0.07 0.10 0.06 
ture - 170° C 3 1.54 0.13 0.22 0.11 
Detector tempera- 4 2.23 0.30 2.50 2.69 
ture - 205° C 5 2.39 - -Ethanol  

6 4.20 9.78 10.98 8.09 
7 5.32 14.96 22.84 21.05 
8 7.00 0.07 0.04 0.03 
9 7.47 1.20 1.02 0.45 

10 10.32 73.39 62.26 67.37 

Part B 

Chromatographing 1 1.14 X X X 

at high temperature 2 1.53 X X X 

Column tempera- 
ture - 170   C 

3 2.14 3.81 1.87 3.83 
4 2.33 1.31 2.55 1.37 

Injector tempera- 5 2.45 2.08 1.03 3.38 
ture - 195° C 6 2.85 3.46 6.48 2.56 
Detector tempera- 
ture - 205° C 

7 3.12 2.06 1.03 1.60 
8 3.36 2.46 2.67 2.20 
9 4.14 11.97 15.68 15.07 

10 4.73 0.79 1.32 1.79 
11 5.23 1.47 1.27 - 

12 5.73 3.92 1.39 3.42 
13 6.28 1.88 2.18 3.07 
14 7.19 0.03 0.62 0.14 
15 7.96 1.46 2.45 1.53 
16 8.49 0.07 0.02 0.32 
17 9.23 0.70 3.12 1.47 
18 10.18 0.06 0.20 0.29 
19 10.71 1.05 1.33 1.16 
20 11.10 - - 0.36 
21 11.84 0.14 0.57 0.03 
22 12.47 1.72 1.08 2.12 
23 13.45 0.09 0.13 0.19 
24 15.48 0.55 1.38 0.61 
25 17.65 9.64 9.10 7.70 
26 19.52 - - 0.26 
27 21.29 - - 0.62 
28 24.48 22.70 15.22 33.33 
29 39.62 18.23 16.28 8.66 



TABLE II.    (cont.) 

Column Condition 
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Peak      Retention Time   Fermented Fermented Fermented 
No. (in minutes)        Concord Apple Blackberry 

30 48.25 0.06 0.11 0.03 

31 54.69 0.09 1.64 0.03 

32 60.85 - 0.73 0.33 

33 78.66 0.32 0.02 0.03 

34 85.77 4.28 2.80 1.42 

35 96.52 - - 0.09 

36 107. 70 3.60 5.73 0.99 

x  =   peak was not used in the calculation 
-  =   peak was not present 

Webb and Kepner (116)  succeeded in separating these isomers using 

diglycerol column.    This peak was found to have the highest percen- 

tage concentration of the three fermented juices (concord grape, 

blackberry,   and apple).     Baraud (8) in his work on cognac fin bois, 

and cognac grande champagne found that isoamyl alcohol and active 

amyl alcohol were the major components.    Moreover,   Orser (77)  re- 

ported that the largest flavor component after ethanol was isoamyl al- 

cohol which had the same retention time as active amyl alcohol,   and 

the data were obtained by fermenting blackberry juice using three 

different types of yeast strains; S.   oviformis,   S.   cerevisiae,   and 

S.  ellipsoideus.    Similar results were obtained by Hudson and Stevens 

(48) in their work on beer.    Also the sum of isoamyl alcohol and active 

amyl alcohol were found to be the major component of Australian 

beer,   Harold et al.   (42). 
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After isoamyl alcohol and active amyl alcohol,   the other major 

peaks listed in descending order of concentration were isobutyl alco- 

hol (peak 7),   propyl alcohol (peak 6)  and butyl alcohol (peak 9).     These 

findings also parallel those reported by Orser (77) for S.   cerevisiae, 

and S.   ellipsoideus. 

A small amount of ethyl acetate (peak 4) was found in the three 

fermented juices.    Although ethyl acetate is formed by both biological 

and chemical reactions,   aging time and high concentrations of both 

acetic acid and ethanol are required for its accumulation.    Even though 

there is considerable similarity between the chromatpgrams of Con- 

cord grape,   apple and blackberry fermented juices,   only in the case 

of the grape juice were the three initial peaks,   labeled a,   b,   and c, 

found to be present.    These very small peaks might represent minute 

concentrations of some components present in the grape juice prior 

to fermentation which ar«e not found in either the apple or blackberry 

juices.     Another possible explanation for their occurrence is that they 

might be formed from unknown precursors during the fermentation 

reactions. 

The percentage distribution of the higher alcohols in the three 

fermented juices is similar as shown in Figure  11 although the propor- 

tions vary from one juice to another.     The total percentage of the four 

higher alcohols (propyl,   isobutyl,   butyl,   isoamyl and active amyl al- 

cohol) in the fermented juices was 93. 33 percent for grape,   97. 1 
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percent for apple and 96. 96 percent for the blackberry. 

In the fermentation of blackberry juice,   Orser (77) found that dif- 

ferent strains of yeast varied in their ability to form the three peaks 

(propyl,   isobutyl,   isoamyl active amyl alcohol) that comprise the re- 

spective major peaks 6,   7 and 10 shown in Figures 6,   8 and 10.    Hence 

from the data in Figure  11 it appears reasonable to assume that by 

the use of a single strain of yeast to ferment three different types of 

juices would also result in different rates of production of these alco- 

hols. 

High Temperature Chromatography 

Results of the high temperature GLC separation of 2. 3 ^1 of ethyl 

chloride extracts of the three fermented juices are shown in Figures 

5,   7,   and 9.    According to these data,   35 constituents were separated 

from the blackberry juice,   32 from apple juice while grape juice was 

separated into 31 components.    In further comparison of these results, 

it appears that 30 of the peaks are common for all three juices.     The 

apple and grape juices appear to have 31 peaks in common and the 

grape and blackberry juices have 30.     Apple and blackberry also have 

31 peaks in common.    The results of the tentative identification of the 

flavor constituents of the three fermented juices by the application of 

the enrichment technique are given in Part B of Table I. 

Although the percentage of these constituents varied from juice 



to juice,   four peaks (numbers 9,   26,   28,   and 29,   tentatively identified 

as acetic acid + ethyl octanoate,   caproic acid,   phenethyl alcohol,   and 

caprylic  acid respectively) were found to comprise more than 55 per- 

cent of the total percentage for each juice as graphically illustrated 

in Figure  12.     The total percentage of these four peaks was 62. 54, 

56. 28,   and 64. 76 percent for grape,   apple and blackberry juices res- 

pectively. 

From further comparison of the chromatographic results of the 

three juices,   it should be mentioned that differences in the four major 

peaks between the juices would in turn alter the concentration of the 

remaining components.    Thus it may be possible that one or more 

minor components might be present in very similar amounts in all 

three juices although this would be difficult to detect from visible ob- 

servation of the chromatograms. 

Dealcoholization and Concentration of the Fermented Fruit Juices 

Although several techniques were studied in the preliminary in- 

vestigations on the dealcoholization and concentration of the juices, 

the following methods were found to be promising for dealcoholization 

and concentration of the fermented fruit juices. 

Freeze Drying 

One liter of fermented Concord grape juice,   12 percent alcohol 
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by volume,   was  subjected to freeze drying in an attempt to remove the 

alcohol by this technique.    However,   the freeze drying equipment 

available was unable to remove this amount of alcohol effectively due 

to the low capacity of the vacuum pump.    In order to overcome this 

difficulty,   it was decided that the freeze dryer might be able to re- 

move the alcohol from fermented juice that contained a much lower 

level of alcohol.     Moreover,   the research data of Arkima and Sihto 

(3) indicated that most of the aromas and flavors are produced in the 

first five days of the fermentation process whereas the production of 

ethanol continues to increase in the later stage of fermentation.     Con- 

cord grape juice was fermented to produce a final product containing 

approximately six percent alcohol by volume.    The alcohol was suc- 

cessfully removed from the juice by freeze drying.     The resulting 

juice was concentrated two fold to approximate the original juice con- 

taining  12 percent alcohol.     This beverage was evaluated by the flavor 

panel and these particular results will be discussed later with other 

organoleptic data. 

In some of the freeze drying experiments,   the fermented juice 

was subjected to freeze drying until all of the fluid was removed 

leaving only a dry residue.     The alcoholic content of the fermented 

juice prior to freeze drying was 5. 96 percent by volume and the vola- 

tile acid content was 0. 03 percent.     The dry residue was then diluted 

to the original volume with distilled water and the resulting mixture, 
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upon analysis,   was found to contain only 0. 20 percent alcohol and no 

volatile acid.    An ethyl chloride extraction was completed on this mix- 

ture and this extract was analyzed by gas chromatography using a 

stainless steel column with five percent carbowax 400 on 80-100 mesh 

celite.     Only one peak was obtained in addition to the ethanol peak as 

contrasted to the 21 peaks observed to be separated on the original 

juice prior to freeze drying.    Moreover,  results of a preliminary 

flavor screening of this mixture in the laboratory indicated that only 

a minute amount of fermented flavor could be detected.     Thus the com- 

plete removal of all liquid from the fermented juice by freeze drying 

also removes practically all of the fermented flavor constituents.    In 

another experiment, a synthetic mixture of 5. 95 percent ethanol by 

volume plus the addition of vinegar to give a volatile acid content equal 

to 0. 03 percent was frozen and then freeze dried.    After different per- 

iods of time a sample was removed and alcohol and volatile acid con- 

tents were determined.    Results showed that the fernaented alcoholic 

juice was concentrated five fold, in which 80 percent of water was removed. 

Distillation and Freeze Centrifugation 

After various preliminary experiments,   the conclusion was 

reached that a single process would probably not be successful for 

attaining the goal of dealcoholization and concentration.of fermented 

juices.     However,   it remains possible that a conabination of different 
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techniques might be devised wherein the alcohol could be removed 

even when present in high proportions while still retaining a high yield 

of volatile acids although the latter are normally present in low con- 

centrations.    Such a combination might be based on the removal of 

alcohol by preferenial or selective distillation although some of the 

volatile constituents would also be removed with the ethanol.    There- 

after,   the water could be removed from the dealcoholized fermented 

juice by freeze centrifugation.    Although the distillate is mainly 

ethanol,   other volatile components would also be contained therein. 

It appears most likely,  however,   that the distillate could be treated 

with CaCl_ to saturation,   followed by pumping nitrogen through the 

system which would act as a carrier of the volatile compounds.    These 

components could then be collected in dry ice traps and recovered for 

later addition to the dealcoholized fermented concentrate. 

Separation of Dealcoholized Freeze Dried Fermented Juices 
by Gas Liquid Chroynatography 

Graphs showing the gas liquid chromatographic separation of the 

ethyl chloride extracts obtained from the three fermented juices after 

freeze drying are presented in Figures  13,   14 and 15.     These figures 

show that 36,   3 5 and 41 components were chromatographically sep- 

arated from the grape,   apple and blackberry juices respectively.    In 

comparing these graphs with those obtained from the chromatographic 



12    16     20   24   28 36    40 
56   60 

62   66 

Figure  13.   Gas chromatogram of dealcoholized fermented Concord 
grape juice by freeze drying method. 
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Figure  14.    Gas chromatogram of dealcoholized fermented apple juice 
by freeze drying method. 
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Figure  15.   Gas chromatogram of dealcoholized fermented blackberry juice 
by freeze drying method. 
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separation of the original fermented juices prior to any treatment, 

three new peaks for apple and six additional peaks for both the black- 

berry and grape juices were observed to be present in the dealcohol- 

ized and freeze dried juices.     These new peaks which were not noted 

with the original juices are listed according to the particular juices 

as follows: 

Peak No. 

11 
24a 
2Sa 
26a 
28 a 
28b 
32 
32 a 
35 

Grape 

present 
N present 
N present 
N present 

absent 
absent 

N present 
N present 
N  present 

Apple Blackberry 

present N present 
absent N present 
absent absent 

N  present N present 
absent N present 

N  present N present 
present present 

N  present N present 
present absent 

N =   new 

It is possible that the high concentrations of ethanol may have 

adversely altered the solubility characteristics of some of these flavor 

components which,   in turn,   interferred with their subsequent chroma- 

tographic separation.    Another possible explanation for the appearance 

of these new components is that they have been formed during or as    a 

result of the dealcoholization and freeze drying procedures. 

Data concerning the relative area of each peak expressed as the 

percentage of the total area per graph are tabulated in Table III.   These 

values were obtained from the composite results of duplicate chro- 

matographic determinations for each juice.    The new peaks,  listed 
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TABLE III.    Average percent composition of the peaks obtained from chrom atographing the ethyl 
chloride extract of the fermented juice before and after removing the ethanol. 

Peak Retention Time 
(in minutes) 

Concord Appli a Blackberry 
No. Before After Before After Before After 

1 1.14 X X X X X X 

2 1.53 X X X X X X 

3 2.14 3.81 0.26 1.87 3.86 3.83 0.77 
4 2.33 1.31 1.11 2.55 3.37 1.37 1.29 
5 2.45 2.08 2.28 1.03 0.05 3.38 0.60 
6 2.85 3.46 0.40 6.48 1.39 2.56 0.78 
7 3.12 2.06 1.27 1.03 1.37 1.60 1.13 
8 3.36 2.46 0.49 2.67 1.74 2.20 0.55 
9 4.14 11.97 0.90 15.68 3.48 15.07 2.31 

10 4.73 0.79 0.22 1.32 0.71 1.79 0.46 
11 5.23 1.49 0.65 1.27 0.21 - 0.40 
12 5,73 3.92 12.46 1.39 5.84 3.42 20.00 
13 6.28 1.88 2.72 2.18 0.83 3.07 5.75 
14 7.19 0.03 0.97 0.62 0.31 0,14 0.73 
15 7.96 1.46 1.40 2.45 1.83 1.53 2.75 
16 8.49 0.07 0.86 0.02 0.63 0.32 2.11 
17 9.23 0.70 0.01 3.12 1.41 1.47 0.70 
18 10.18 0.06 0.30 0.20 0.21 0.29 0.21 
19 10.71 1.05 1.42 1.33 2.63 1.16 4.19 
20 11.10 - - - - 0.36 0.88 
21 11.84 0.14 0.65 0.57 0.62 0.03 1.18 
22 12.47 1.72 5.86 1.08 3.63 2.12 8.01 
23 13.45 0.09 0.39 0.13 0.04 0.19 1.42 
24 15.48 0.55 2.79 1.38 4.44 0.61 6.35 
24a 17.50 - 0.03 - - - 0.04 
25 17.65 9.64 3.77 9.10 5.93 7.70 2.24 
25a, 26     19.52 - 0.03 - - 0.26 0.10 
26a 20.24 - 1.24 - 0.03 - 1.20 
27 21.29 - - - - 0.62 1.31 
28 24.48 22.70 20.92 15.22 14.13 33.33 15.80 
28a 28.00 - - - - - 0.66 
28b 33.30 - - - 1.06 - 0.16 
29 39.62 18.23 11.82 16.28 10.70 8.66 4.30 
30 48.25 0.15 0.08 0.11 0.11 0.03 0.13 
31 54.69 - - 1.64 13.12 0.03 1.01 
32 60.85 - 0.13 0.73 4.94 0.33 1.26 

' 32a 68.32 - 0.39 - 0.30 - 1.20 
33 78.66 0.32 2.36 0.02 0.06 0.03 0.99 
34 85.77 4.28 6.61 2.80 3.13 1.42 2.17 
35 96.52 - 7.95 - - 0.09 3.03 
36 107.70 3.60 7.26 5.73 7.89 0.99 1.63 

x = peak not used in calculation • 
- = peak not present 
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just previously,   account for 9. "77,   1. 39 and 3. 66 percent of the total 

area percentage for grape,   apple,   and blackberry juices respectively. 

Further examination of these data indicate that 33 peaks appear to be 

common to both grape and apple juices,  while 35 peaks are common 

to apple and blackberry and to grape and blackberry juices. 

Three major peaks that appear to be common for the three juices, 

numbers  12,   28,   and 29 comprise a total area percentage of 45. 20, 

40. 10,   and 30. 67 percent for grape,   blackberry and apple juices 

respectively. 

The results of the peak area percentages obtained before and after 

removal of the alcohol are also given in Table III.    In Concord grape 

juice,   percentages of the chromatographic peaks,   numbers 1 through 

11,  were notably less in the deialcoholized fermented juice than in the 

original juice except for peak number 5 -which showed a slight increase. 

The remaining peaks of the dealcoholized grape juice,   numbers  12 

through 36,   showed increases over their counterparts of the original 

fermented juice with the exception of peaks numbers 17,   25,   28,   29, 

and 30 which decreased. 

In the dealcoholized blackberry juice,   peaks number  1 through 

10 showed a reduction in area percentages as compared to similar 

peaks of the untreated juice while peaks numbers 11 through 36 were 

noted to increase with the exception of peak numbers  17,   18,   25,   26, 

28,   and 29.    Excluding peaks numbers  5,   11,   and 18,   there is much 
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similarity in the patterns of increasing and decreasing area percent- 

ages bet-ween the peaks of both dealcoholized grape and blackberry 

juices when compared to their original juices. 

Conversely,   the dealcoholized apple juice does not approximate 

the area percentages changes as noted with grape and blackberry 

juices.    In the dealcoholized apple juice with the exception of four 

peaks (numbers 3,   4,   7,   and 12),   peak numbers  1 through 15 show a 

decrease in area percentages when compared to the original fermented 

apple juice.    Moreovfer,  peaks, numbers 16 through 36 of the dealco- 

holized apple juice show an increase in these changes over that of the 

untreated juice except for four peaks (17,   23,   25,   and 28) which show 

a reduction. 

The application of the freeze drying technique to remove alcohol 

from fermented juices results in a subsequent alteration of the chro- 

matographic patterns of such treated juices.    As a general rule,   the 

heights of the chromatographic peaks,   numbers  1 through 10,   which 

represent compounds having low boiling points appear to be reduced 

whereas the remaining peaks (11 through 36)  or the high boiling point 

compounds tend to increase. 

In the fermented alcoholic juices,   four peaks (numbers 9,   25, 

28,   and 29) contribute 62. 54,   64. 76,   and 56. 28 percent of the total 

flavor components of the grape,  blackberry and apple juices respec- 

tively.     For the freeze dried dealcoholized juices,   these same four 
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peaks comprise 37.41,   24. 85,   and 34. 24 percent of the flavor com- 

pounds of grape,   blackberry and apple juices respectively.     Thus, 

these four peaks which are so prominent in the original fermented 

juices were diminished after the removal of alcohol by freeze drying 

while other peaks such as number 12,   tend to become major flavor 

constituents of the dealcoholized juices. 

Gas Liquid Chromatographic Separation of Fermented Grape 
Juice Dealcoholized by the Combination of Distillation 

and Freeze Centrifugation Procedures 

Figure  16 shows the chromatographic separation of fermented 

grape juice in which the alcohol was removed by a combined procedure 

of distillation and freeze centrifugation.    Peak numbers 26a,   32,   and 

32a emerge in this pattern as a result of the combination of the above 

two treatments.    These new components may be formed as a result 

of the particular treatments employed or due to alteration of their 

solubilities by the removal of the alcohol. 

The fermented grape juice, in which alcohol was removed by the 

combined technique of distillation and freeze-centrifugation showed 

a large increase in peak number 28.    In this case,   as indicated by 

the data given in Table IV,   peak number 28 is about twice that found 

for either the original fermented juice or for the freeze dried juice. 

By the use of gas liquid chromatography,   the original fermented 

juice was separated into 30 peaks.    The juice dealcoholized by 
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Figure  16.    Gas chromatogram of dealcoholized fermented grape 
juice by the combination of distillation and freeze 
centrifugation procedures. 
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TABLE IV.    Average percent composition of the peaks obtained from chromatographing the ethyl 
chloride extracts of fermented grape juices dealcoholized by freeze drying and by 
distillation and freeze centrifugation methods. 

Peak Retention Time Fermented Alcoholic Concord using the Concord using the Freeze 
No. (in minutes) Concord Combined Method Drying Method 

1 1.14 X X X 

2 1.53 X X X 

3 2.14 3.81 0.34 0.26 
4 2.33 1.31 0.97 1.11 
5 2.45 2.08 0.38 2.28 
6 2.85 3.46 1.30 0.40 
7 3.12 2.06 2.80 1.27 
8 3.36 2.46 1.98 0.49 
9 4.14 11.97 7.08 0.90 

10 4.73 0.79 0.62 0.22 
11 5.23 1.47 2.06 0.65 
12 5.73 3.92 4.48 12.46 
13 6.28 1.88 2.01 2.72 
14 7.09 0.03 0.35 0.97 
IS 7.96 1.46 1.18 1.40 
16 8.49 0.07 0.53 0.86 
17 9.23 0.70 0.45 0.01 
18 10.18 0.06 1.13 0.30 
19 10.71 1.05 1.80 1.42 
20 11.10 - - - 
21 11.84 0.14 0.39 0.65 
22 12.47 1.72 2.31 5.86 
23 13.45 0.09 0.26 0.39 
24 15.48 0.55 0.98 2.79 
24a 17.50 - - 0.03 
25 17.65 9.64 9.37 3.77 
25a 19.52 - - 0.03 
26 a 20.24 - 0.11 1.24 
27 21.79 - - - 
28 24.48 22.70 63.00 20.92 
29 39.62 18.23 9.96 11.82 
30 68.25 0.15 0.07 0.08 
31 54.69 - - - 
32 60.85 - 0.04 0.13 
32a 68.32 - 0.21 0.39 
33 78.66 0.32 0.37 2.36 
34 86.77 4.28 1.05 6.61 
35 96.52 - - 7.95 
36 107. 70 3.60 2.42 7.26 
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distillation and freeze-centrifugation was chromatographically separ- 

ated into 33 components while the freeze dried juice was fractionated 

into 36 peaks. 

The four major peaks (numbers 9,   25,   28,   and 29) that made up 

62. 54 percent of the total area percentage of the chromatographic re- 

sults for the original juice comprised 69.41 percent for the juice de- 

alcoholized by distillation and freeze centrifugation.    However,   for 

the freeze dried juice,   these four peaks accounted for only 37. 41 per- 

cent of the total area percentage. 

In the juices dealcoholized by either freeze drying or distillation 

and freeze centrifugation,   13 peaks showed a decrease while 14 peaks 

increased in area percentages and six peaks remained fairly constant 

when compared to the original fermented juice (Table IV). 

Other Analyses 

Other constituents present in the fermented juices which might 

influence the appeajrance and over-all quality of the product were de- 

termined.    Analyses for alcohol,   volatile acids,   color,   total acids 

and total soluble solids were carried out as described in the experi- 

mental procedure.     These results are given in Table V.     These data 

were obtained from duplicate analysis of two different samples per 

juice with the average values being listed. 
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TABLE V.    Result of alcohol, volatile acids,  total soluble solids,  color analysis before and after 
applying the freeze dried method. 

Concord Apple. 
Analysis 

Blackberry 

Percent alcohol/ 
volume 6.01 0.28 

Percent volatile acids 
calculated as acetic 
acid 0.0180 0.009 

Percent total soluble 
solids 0.4350 0.4294 

Color percent trans- 
mittance 63.0 62.3 

7. 06 0.63 

0.036 0.018 

0. 4154 0.4087 

50. 40. 

5.29 0.21 

0.036 0.015 

0.7145       0.6864 

67.0 67.25 

1 =   fermented 
2 =   fermented and dealcoholized 

Alcohol 

The alcoholic contents of the original fermented grape,   apple, 

and blackberry juices were 6. 01,   7. 06,   and 5. 29 percent respectively. 

After the application of freeze drying to remove the alcohol,   the al- 

cohol levels were 0. 28,   0. 63 and 0. 21 percent respectively for the 

grape,   apple,   and blackberry juices.     Thus,   more than 95 percent of 

the ethanol was removed from the fermented grape and blackberry 

juices while 91 percent was eliminated from the apple juice.    These 

data indicate that the efficiency of the freeze drying technique for the 

removal of alcohol increases as the initial level of alcohol is lowered. 

The method used for alcohol determination is based on distillation 

of the sample followed by immerse refractometer reading of the 
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distillate obtained.     This distillate,  however,   not only contains the 

ethanol but some other volatile components which tend to elevate the 

ethanol determinations,   particularly if the ethanol is present in very 

low concentrations.    Although the acid dichromate method for the de- 

termination of alcohol was tried,   considerable difficulty was en- 

countered in establishing the end point which led to large deviations 

among the results of duplicate determinations. 

Volatile Acids 

In the determination of the volatile acids,   the final results are 

expressed as percentage of acetic acid.    The volatile acids contents 

were found to be 0. 018,   0. 036,   and 0. 036 percent acetic acid respec- 

tively for the fermented grape, . apple,   and blackberry juices.    De- 

alcoholization of these juices by the freeze drying procedure resulted 

in a 50 percent or more reduction in the volatile acid levels. 

Total Soluble Solids 

An increase of less than one percent in the total soluble solids 

was observed in the samples which were dealcoholized by freeze 

drying and subsequently reconstituted to the original volume with 

distilled water.     This slight difference might possibly be due to dif- 

ferences in the specific gravities of alcohol and water; the alcohol 

present in the original juice was replaced by the addition of water in 
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the reconstituted dealcoholized juice. 

Total Acids 

A decrease of 0. 1 percent in the total acids was observed for the 

dealcoholized grape and apple juices while the similarly treated black- 

berry juice had a reduction of 0. 3 percent.    These losses are quite 

likely to be related to the partial removal of the volatile acids by the 

freeze drying process. 

Color 

The percent transmittance was determined spectrophotometri- 

cally at 510 m^j. for the grape and blackberry juices and at 430 mjj. 

for the apple juice.    Data in Table V indicate that the freeze drying 

procedure had very little effect upon the color of the dealcoholized 

grape and blackberry juices whereas this technique caused a 20 per- 

cent reduction in the transmittance value of the dealcoholized apple 

juice. 

Comparison of Fermented Grape Juices 
Dealcoholized'By Freeze Drying and byrDistillation 

and Freeze Centrifugation Methods 

In Table VI, data are presented which partially characterize the 

final products resulting from the dealcoholization of fermented grape 

juices by both freeze drying and by the combined method of distillation 



and freeze centrifugation. 

TABLE VI.    Comparison of fermented grape juices de alcoholized by freeze drying and by distillation 
and freeze centrifugation. 

Color Percent 
Trans- 

Material by Volume        as acetic acid) Solids lated as tartaric) mittance 

Percent Volatile      Percent Total    Percent Total 
Percent Alcohol. Acids (calculated Soluble Acids (calcu- 

by Volume        as acetic acid) Solids lated as tartaric) 

Fermented 
alcoholic juice      6.01 

Fermented 
dealcoholized 
freeze drying 

Fermented de- 
alcoholized 
distilled/ freeze 
centrifuge 

0.28 

1.29 

0.018 

0.009 

0.018 

1.2733 

1.2854 

0. 6584 

0.4350 

0.4294 

0.2325 

63.0 

62.3 

85.0 

So far as the alcoholic contents are concerned,   the freeze drying 

process appears to be approximately 4. 5 times more effective for the 

removal of alcohol as the distilled freeze centrifugation procedure. 

The freeze dried juice had a final alcohol content of 0. 28 percent as 

compared to 1. 29 percent for the distilled freeze centrifuged juice. 

The higher alcohol level in the distilled freeze centrifuged juice may 

be due to the presence of some residual ethanol collected with the 

recovery products during the distillation procedure.     The recovery 

products were subsequently added back in the re constitution of the 

juice. 

Although 50 percent of the volatile acids were lost in the freeze 

drying procedure,   the combined process of distillation and freeze 
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centrifugation resulted in no reduction of these acids. 

Approximately 48 percent of the total soluble solids were lost in 

the dealcoholization of the fermented grape juice by the distillation 

and freeze centrifuge techniques.    This loss probably occurred in the 

centrifugation process wherein some soluble solids remained in or 

with the ice slurry rather than being transferred to the concentrate. 

The freeze drying procedure had no effect on the level of total soluble 

solids. 

The distillation and freeze centrifugation technique caused a loss 

of 46. 5 percent of the total acids.    This loss is presumed to be due to 

the acids being held in the ice and not removed with the concentrate. 

Only a minute reduction of total acids was observed in the case of the 

freeze drying technique. 

Loss of color appears to be more severe in the distillation and 

freeze centrifugation process than in the freeze drying technique. 

The distillation of the fermented juice is very likely to destroy some 

of the natural pigments since these compounds are very labile either 

to heat or oxidation or a combination of these factors.    Also,  part of 

it could have remained in the ice water. 

In general,   the freeze drying process appears to be a more 

promising method for the dealcoholization of fermented juices than 

does the combined procedure of distillation and freeze centrifugation. 

In the overall comparison of these two methods,   the freeze drying 
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process removes a greater proportion of the alcohol while exerting 

less destructive effects on color,   total acids and total soluble solids 

than does the distillation and freeze centrifugation procedure.    Al- 

though freeze drying removes  50 percent of the volatile acids,   this 

may not be detrimental since high levels of these acids tend to simu- 

late a vinegar flavor in the fermented dealcoholized juices. 

Flavor Panel Evaluation 

The fermented dealcoholized juices were evaluated by a flavor 

panel consisting of 20 people (10 men,   10 women),   who rated the 

samples on a nine-point descriptive scale ranging from 9 (like ex- 

tremely) to 1 (dislike extremely).    A rating of 5,  located at the mid- 

dle of the scale,  is a neutral rating since it carried a descriptive 

term of "neither like nor dislike".    Each sample to be evaluated was 

served at three levels of sweetness.    These levels were prepared on 

the basis of acid:   sugar ratios of 1:10,   1:12 and 1:15,  which were 

defined as slight sweet,   medium sweet and sweet juices respectively. 

In discussing the flavor panel results,   it must be borne in mind 

that these fermented dealcoholized juices are new products which 

most people have never before tasted.    Thus,   some initial resistance 

may be encountered until people have an opportunity to adapt or ad- 

just to these new flavors or to develop a liking for such.     Table VII 

represents the scores of the test panel after converting their scores 



84 

o
 

o
 

W
3 

9 

U
 

u.* 
>

 d
 

^
4

 

-2 P 
H

 
o c o 
U

 

Q
 • g 

> 
<u 

rt 
■S

 
H

 •8 f—
1

 

PQ
 

d
 

1
.1

4
 

u. 
►-<

 

>
■ 

0) 

5 
D

 
fH

 
O

 
H

 
<

 

| 
u

i 
| trt  >-c 

I in 
| m

  o
 

>o   O
   CO 

tn
  p

i  m
  10  t^

  m
  m

  ■<#  c* 
■r-<\ Q

        t
^

w
m

io
i/im

o
o
c
o
 

T
<

: CT»I 
N

  CM
  ^

 
M

*  ■/> 
I *
 

I tn
  o\ 

vo 
I if)  to 

t^
tv

.t^
o

o
i/5

«
t^

fx
v

o
o

o
|o

o
        o

o
t
^

t
~

t
o

o
o

v
o

o
o

v
o

t
n

t
/)

|r
O

'H
«

io
io

 
I vo 

I >o   CO 

o
o

(O
u

iv
o

t^
ro

i/)<
o

m
T

j"
|m

        t^
'^

't
,»

fo
t^

io
t^

^
to

m
|>

0
'-'i/)io

i/>
 

in
 

I in  t-i 

v
o

-
^

t
^

t
^

^
io

i^
f
^

in
t
x

io
        o

o
t
v
t
^

f
o
t
^

io
c
o
K

t
^

M
t
-
-
i

s.io
<

o
w

 
I vo 

| «o  CM 

to
in

v
o

v
o

^
'^

''j'>
o

t^
*

o
|»

-i        a
i^

o
*
O

f
o
o
o
t
o
t
^

t
^

m
(
j
i|t

o
T

f
in

in
«
3

 
| in 

| 10 
TH

 

CM
 

■*
 

o^ 
c
M

*
o

v
o

o
o

'tfin
m

c
o

c
o

c
M

|\}
'        CT1i

o
v

O
'*

v
o

t
^

in
io

«
*

(
o

|(
T

ir
o

in
'*

in
 

C
*

W
'*

lO
I

,»
lO

W
^

,t
>

»T
l l|W

 
I w

 

^o  CM
 

in
 

•* 
t^ 

■*
  co  ■*

  in  <o| 

■^
T

jir
j'fO

t^
r
o
c
o
in

c
N

jr
o
lo

o
 

to 

0>i 
SI 

a 

O
  in

  TJ< 
o

o
to

to
to

r
^

v
o

o
tt^

c
M

M
^

a
tto

in
u

J
 

o
o

'*
in

in
>

o
to

o
o

ix
c
M

o
o

|<
o

c
M

in
T

j"
in

 
in  o

 

(^■
^

"
in

in
in

io
in

v
O

tM
o

o
lto

r
H

T
fr

o
in

 
in
 

o> 

a (U 

i <u 
bo  eo 

<
M

O
Q

W
U

<
0
3
:
H

-
, 

OJ 

a o 
^

 
<u 0

0
 

a 
+ . 

« 
<u 

a 
4) S 

0) 
> 

2 •5 
bo 

f-H
 

•—
t 

rH
 

« 
CD 

rt 
rt 

^ 
4-> 

-M
 

4-1 
0) 

o 
o 

o 
> 

H
 

H
 

H
 

<
 

s ■■B
 

■a
 

<
 



85 

to numbers. 

A few generalizations can be made in respect to the panel scores 

for the fermented dealcoholized fruit juices.     The average score for 

each variety of juice increased as the level of sweetness was elevated. 

This same order of panel rating prevailed for each sex although fe- 

males  scored the juices higher than men. 

The analysis of variance was used to test the hypothesis that all 

comparisons within a particular variety of fruit juice were equal.     Of 

the 12 hypotheses tested,   only three were found to be significant at 

the five percent level of probability.    The average mean score of the 

men who judged freeze dried Concord grape and blackberry juice at 

three levels of sweetness were significantly different.    The slightly 

sweet juice 'was less preferred.     The other hypothesis which was 

found to be false was the comparison between the three freeze dried 

juices.     The data in Table VII showed the order of preference to be 

blackberry,   apple,   and Concord grape juices. 
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SUMMARY AND CONCLUSIONS 

The purpose of this investigation was to study the possibility of 

producing non-alcoholic fermented juice concentrates from three 

varieties of fruit - Concord grape,   apple and blackberries. 

Initially,   stock juices were diluted and fermented to obtain a 

final level of five to seven percent alcohol by volume.    The fermented 

flavor components were extracted with ethyl chloride,   concentrated 

by distillation and analyzed by gas chromatography.     Two different 

column temperatures (100 and 170    C) were used to separate the 

flavor constituents.    Peak heights of the chromatographic results 

were determined by measuring the recorder response (in millivolts) 

and the percent contribution of each peak was then calculated. 

The chromatography data show that of all the components separ- 

ated at low temperature (100    C),   four peaks contributed from 93 to 

97 percent of the total flavor components of the three fermented juices. 

At high temperature (170    C)  separation,   four peaks formed 56 to 64 

percent of the flavor compounds.    Although there were several simi- 

larities between the chromatographic results of the three fermented 

juices,   the percentage distribution of the flavor constituents differed 

among the three varieties of juices.     Tentative identification using 

the enrichment technique was applied and the following compounds 

appeared to be present in the three fermented juices; acetone,   ethyl 
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acetate,   ethanol,   propyl alcohol,   isobutyl alcohol,  butyl alcohol, 

isoamyl alcohol,   active amyl alcohol,   n-amyl alcohol,   ethyl hexanoate, 

n-hexanol,   ethyl lactate,   acetic acid,   ethyl octanoate,   propionic acid, 

2, 3-butylene glycole,   butyric acid,   isovaleric acid,   diethyl succinate, 

4-butyrolactone,   valeric acid,   caproic acid,   phenethyl alcohol, 

caprylic acid, and capric acid. 

Two methods were used to dealcoholize and concentrate the fer- 

mented juices.    These were freeze drying and a combined method 

based on distillation to remove the alcohol and freeze centrifugation 

to remove the water.    The volatile components were recovered from 

the ethanol distillate by the addition of CaCl_.    Nitrogen was used as 

the carrier gas for removing the volatile components which were 

trapped in salty ice,   dry ice,   and dry ice in ethanol traps.    The 

flavor compounds thus trapped and recovered were later added to, 

the juice concentrates.    A five fold concentration of the juices was 

obtained by these procedures. 

The amount of ethanol removed by freeze drying was 96,   9 5 and 

91 percent respectively for the blackberry,   Concord grape and apple 

juices.     The combined technique for removing alcohol was tried only 

on the fermented Concord grape juice and was found to be less effec- 

tive than the freeze drying method since the former removed only 

79 percent of the ethanol. 

The dealcoholized fermented juices were analyzed by gas 
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chromatography using only.the high column temperature of 170    C. 

Comparison of these data with those obtained for the fermented juices 

shows that dealcoholization resulted in a decrease in each of the first 

ten peaks to be separated.    Remainder of the peaks showed an increase 

although a few exceptions were noted.    Total acids,   color and total 

soluble solids were not affected by freeze drying whereas the com- 

bined technique for removal of .alcohol resulted in a decrease of these 

constituents. 

Results of the flavor panel evaluation of the reconstituted de- 

alcoholized juices indicate that the panel preferred juices having the 

higher levels of sweetness.    These data also show that the rank order 

of panel preference was blackberry,   apple and Concord grape.    The 

total average panel score for these three juices was found to be ap- 

proximately a neutral rating of "neither like nor dislike". 
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