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The malty flavor defect produced by Streptococcus lactis var. 

maltigenes  has been the cause of considerable economic distress to 

various segments of the dairy industry.    This study was conducted 

in order to develop a more thorough understanding of the chemical 

nature of this defect,   and to formulate a synthetic malty flavor prepa- 

ration. 

An 18 hour malty culture and an acidified heated skimmilk 

control were steam distilled using a specially designed,   low tem- 

perature,   reduced pressure glass apparatus fitted with ground 

glass ball or standard tajSer joints.    After subsequent ethyl ether 

extractions, the aqueous distillates   yielded flavor   concentrates 

which were suitable for gas-liquid  chromatographic  (GLC)   and 

mass spectrometric analysis.       Flavor   component identifica- 

tions  were  made   on  both  a  tentative  and  positive  basis. 



Tentative identifications were made using the technique of GLC rela- 

tive retention times.    Identifications were considered positive when 

GLC retention data could be coupled with mass spectral data. 

Compounds positively identified as being present in the malty 

culture included acetaldehyde,   3-methylbutanal,   phenylacetaldehyde, 

ethanol,   butanol,   2-methylpropanol,   3-methylbutanol,   2-furfurol, 

phene.thyl alcohol,   acetone,   butanone,   2-pentanone,   2-heptanone, 

2-nonanone,   ethyl formate,   ethyl acetate,   ethyl butyrate,   ethyl 

isovalerate,   ethyl octanoate,   isoamyl acetate and toluene.    Com- 

pounds tentatively identified included 2-methylpropanal,   pentanal, 

benzaldehyde,   2-furfural,   2-undecanone,   2-tridecanone,   ethyl 

hexanoate,   ethyl decanoate,   methyl acetate,   Y-octalactone,   6-octa- 

lactone,   formic acid and acetic acid. 

In the heated skimmilk control,   acetaldehyde,   benzaldehyde, 

2-furfural,   2-furfurol,   2-pentanone,   2-heptanone,   2-nonanone, 

2-undecanone,   2-tridecanone,   ethyl acetate and methyl chloride 

were positively identified while pentanal,   hexanal,   octanal,  nonanal, 

2-hexanone,   2-octanone,   ethyl formate,   ethyl octanoate,   methyl 

acetate,   Y-octalactone and 6-octalactone remained as tentative 

identifications. 

Quantitative evaluations of the volatile constituents present in 

each of four strains of the malty culture were conducted using a gas 

entrainment,   on-column trapping,   GLC technique.    From the 



quantitative data obtained from a 24 hour S.  lactis var.  maltigenes 

L/M-20 culture,   a synthetic malty flavor preparation,   suitable for 

use in baked foods,  was developed.    This investigation used biscuits 

as a model system for the baking studies.    The biscuits were pre- 

pared using the General Mills' Bis quick mix and a malty milk prepa- 

ration replaced the normal milk requirement.    The milk contained 

1.70 p. p.m.  acetaldehyde,   34. 20 p. p. m.  3-methylbutanal,   17.90 

p. p. m.   2-methylpropanolr   90. 10 p.p.m.   3-methylbutanol and 10.00 

p. p. ITU diacetyl. 
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MALTY FLAVOR COMPONENTS OF 
STREPTOCOCCUS LACTIS VAR.  MALTIGENES 

INTRODUCTION 

The dairy industry is very dependent upon desirable microbial 

fermentations for the production of a great variety of cultured prod- 

ucts.    Undesirable fermentations,  however,   are frequently encoun- 

tered in dairy products and are the cause of defects which annually 

result in substantial economic loss to the dairy industry.    One such 

defect often associated with milk and butter is the malty flavor de- 

fect.    This defect is caused by the organism Streptococcus lactis 

var. maltigenes and is characterized by a malt-like or caramel 

flavor and aroma. 

S.   lactis var. maltigenes has been shown to possess trans^ 

aminase and decarboxylase systems which mediate the conversion of 

an amino acid to its corresponding aldehyde.    The conversion of 

leucine to 3-methylbutanal has been implicated as being responsible 

for the malty flavor.    With the enumeration of several other meta- 

bolic by-products,   recent investigations suggest that the malty flavor 

is an expression of several compounds with the principal contribution 

being that of 3-methylbutanal. 

The purpose of this investigation was two-fold.    First,  to iso- 

late and identify the components responsible for the malty flavor and 

second,  to formulate and examine the utility of a synthetic malty 

flavor concentrate. 



REVIEW OF LITERATURE 

Historical Review 

Early literature reviewing the incidence of flavor abnormali- 

ties in dairy products testifies to the common occurrence of the 

malty flavor defect.    The defect is an expression of the growth of 

S. lactis var.  maltigenes.    Adjectives such as burnt,   caramel and 

malty are frequently employed to describe the defect's character- 

istic flavor and aroma. 

The microbial nature of this defect has been well documented 

by several investigations.    McDonnell (23),   after an extensive study 

of the lactic acid bacteria,   developed a classification scheme based 

upon an organism's flavor and aroma production in milk.     Using this 

scheme as his criterion,   McDonnell named one malty flavor produc- 

ing organism,   Bacterium lactis acidi maltigenum.    Later,   Sadler 

(31,   32) and Hammer and Cbrdes (13),   conducting separate studies 

on milk and buttet,   respectively,   established the cause of the car- 

amel flavor often found in these products.    They isolated the causa- 

tive organism which reportedly resembled closely the organism 

earlier named by McDonnell.    Hammer and Cordes tentatively desig- 

nated their organism,  S.  lactis var.  maltigenus. 

From comparative studies,   Hammer and Cordes (13) concluded 

that the only difference between Streptococcus lactis and S.  lactis 



var.  maltigenus was the ability of the latter to produce a distinctive 

malty flavor and aroma.    These observations are in agreement with 

the earlier results of McDonnell (23) in his research comparing 

B.  lactis acidi maltigenum with other lactic bacteria. 

Differentiation of the Malty Variant 

The naming of S.  lactis var.  maltigenes according to the sys- 

tems of determinative bacteriology is as yet a topic surrounded by 

controversy.    Both S. lactis and S.  lactis var.  maltigenes possess 

the same general physiological and morphological characteristics 

but differ in the ability of the latter to produce a malty flavor and 

aroma (13).    From this one distinction,  the suggestion was made 

that the organism be classified as a variant of S. lactis (12,   13). 

The difference was recognized by the authors of the 6th edition of 

Bergey's Manual (5) and the organism was included with the other 

variants under the description of S.  lactis.    This earlier recogni- 

tion was subsequently revoked with the printing of the 7th edition (6) 

suggesting a lack of adequate distinguishing features. 

In an attempt to preserve the identity of the malty variant, 

Gordon et al.  (9) re-examined the two organisms and established 

the following differences.    The malty strains showed:    1) a vigorous 

a -keto acid decarboxylase activity; 2) a granular type growth in 

glucose broth; 3) greater than 0. 6% titratable acidity in milk at 



32° C; and 4) a weak positive Voges-Proskauer test in glucose 

broth. 

Carbohydrate Fermentation of 
Homofermentative Organisms 

Lactic streptococci are classified as homofermentative organ- 

isms because they form lactic acid as the principal product of glu- 

cose oxidation.    Homofermentatative organisms produce L(+) -lactic 

acid,  in contrast to the production of predominately D(-<) -lactic acid 

by the heterofermentative organsims (8).    Glucose utilization has 

been shown to proceed by way of the Embden-Meyerhof-Parnes (EMP) 

pathway to the lactic acid end product. 

Lactose is the principal carbohydrate  in   milk and as a conse- 

quence,   provides the lactic streptococci with a readily available 

energy source.    Lactose fermentation is initiated by a preliminary 

hydrolysis of lactose to glucose and galactose.    Glucose is utilized 

directly by the EMP pathway while galactose is converted to glucose- 

1-PO. prior to its subsequent metabolism.    The galactose conver- 

sion involves the use of uridine diphosphate intermediates as out- 

lined by Kandler (17). 

Although homofermentative organisms are, by definition, 

limited to lactic acid as the predominate end product of glucose 

metabolism,   additional research has shown the presence of small 



quantities of other compounds.    Friedman (7) has provided quanti- 

tative evidence indicating the presence of acetic acid,  formic acid 

and ethanol.    Later,   Platt and Foster (29) demonstrated the ability 

of several Streptococcus sp.  to produce varying amounts of ethanol, 

formic acid,   acetic acid,  acetoin,   biacetyl,    2,3 -butanediol and car- 

bon dioxide.    These products were reported to represent less than 

18% of the recovered glucose carbon. 

Harvey (14) has demonstrated the ability of certain lactic strep- 

tococci to produce acetaldehyde,   and he implicated pyruvic acid as 

the precursor.    Recently,   Bills and Day (4) conducted experiments 

alluding to the alcohol dehydrogenase system previously observed 

in Streptococcus sp.  (11).    Their data revealed an active reduction 

of acetaldehyde to ethanol by cultures of S.  lactis,   S.  lactis var. 

maltigenes.   Streptococcus cremoris and Streptococcus diacetylactis. 

These investigations support the earlier speculation of Platt and 

Foster (29) who drew attention to the approximate molar equivalence 

of ethanol and CO_,   thereby inferring a pyruvic acid precursor. 

In a recent review,   Reiter and M^ller-Madsen (30) indicated 

that the route by which homofermentative streptococci produce most 

of their CO_ is as yet unknown.    They presented some evidence sug- 

gesting that the Entner-Douderoff pathway could be involved thereby 

providing another means by which CO_ may be formed. 



Biochemistry of Malty Cultures 

The malty flavor defect has long existed as a severe economic 

problem to the dairy industry.    S.  lactis var.  maltigenes  was impli- 

cated early as the causative organism (13,   31,   32),   however it has 

only been within the last 15 years that research has uncovered some 

of the mysteries surrounding the development of the malty flavor. 

Chemical Nature of the Malty Flavor and Aroma 

Virtanen and Nikkila (38) have described a "malt coccus", 

different from S.   lactis var. maltigenes,   which was responsible for 

a malty butter culture.    The organism was shown to produce consid- 

erable amounts of acetaldehyde,   and the addition of this compound to 

normal butter cultures reportedly duplicated the malty aroma. 

Later,   Zuraw and Morgan (40),   in an unsuccessful attempt to dupli- 

cate the work of Virtanen and Nikkila,   showed that many nonmalty 

strains of S.   lactis produced greater quantities of acetaldehyde than 

strains of the malty variant.    They concluded that acetaldehyde was 

therefore not directly responsible for the malty aroma. 

Jackson and Morgan (L6),  working with the distillates of malty 

and nonmalty S.  lactis milk cultures,   established what they consid- 

ered conclusive evidence that the characteristic malty aroma is due 

primarily to 3-methylbutanal.    2-Methylbutanal was also shown to 



be present.     Both pentanals were demonstrated to be derived from 

their corresponding amino acids,   however the authors (16) observed 

that the isoleucine to 2-methylbutanal conversion is of minor impor- 

tance in milk cultures.    Organoleptic tests indicated that 0. 5 p. p. m. 

of 3-methylbutanal added to a milk medium is sufficient to simulate 

the characteristic malty aroma. 

Recently,   Morgan et al.   (26) analyzed the volatile components 

of a malty culture and identified the following compounds:   acetalde- 

hyde,   2-methylpropanal,   ethanol,   3-methylbutanal,   2-methylpropanol, 

2-methylbutanol and 3-methylbutanol.    The authors supported the 

earlier contention that 3-methylbutanal is the principal component 

of the malty aroma,   however they concluded that the malty aroma, is 

an expression of several compounds. 

Transaminase and Decarboxylase Activity 

Leucine metabolism to 3-methylbutanal by S.   lactis var. 

maltigenes   has been shown to be the principal process leading to 

the production of a malty aroma.    The leucine conversion has been 

studied by MacLeod and Morgan (21) and has been shown to involve 

the action of two enzyme systems.    The first system is a pryidoxal 

phosphate mediated traiisaminase system which effects the transfer 

of an amino group from leucine to  a -ketoglutaric acid.    The products 

of this transaminase reaction are a -ketoisocaproic acid and glutamic 
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acid,    a-Ketoisocaproic acid is then degraded by an active a-keto 

acid decarboxylase system to 3-methylbutanal.    The decarboxylase 

is believed to be related to yeast carboxylase (21) which,   according 

to Green et al.   (10),   is a thiaminpyrophosphate-magnesium-protein. 

S. lactis is  able to form a-ketoisocaproic acid but lacks the decar- 

boxylating capacity of its malty variant (9,   21). 

MacLeod and Morgan (22) extended their study to determine if 

these systems permitted the metabolism of other amino acids.    They 

observed that resting cells of S.  lactis var.  maltigenes were able 

to form 2-methylbutanal,   2-methylpropanal,   phenylacetaldehyde 

and 3-methylthiopropanal from isoleucine,  valine,   phenylalanine 

and methionine,   respectively.    2-Methylbutanal and 2-methylpropanal 

have been identified in malty culture distillates (16,   26),   however 

phenylacetaldehyde and 3-methylthiopropanal have not been detected. 

The mechanism of a -keto acid metabolism by S.  lactis var. 

maltigenes has been studied by Tucker (35) and shown to be different 

from mechanisms reported for other microorganisms.    Tucker noted 

the presence of two distinct decarboxylating systems existing within 

this organism.    He observed that a-keto acids with five to six carbon 

atoms are non-oxidatively decarboxylated by resting cell preparations 

while the decarboxylation of pyruvate and a-ketobutyrate proceed 

according to an oxidative process. 

Reaction rates are most rapid for branched chain substrates. 
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especially if the branching occurs at the penultimate carbon atom. 

Straight chain a -keto acids are metabolized at rates proportional 

to their carbon number.    The preference seen in the utilization of 

straight chain a-keto acids possibly is related,   in part,   to the 

substrate's cell permeability (34). 

Nutritional Requirements 

Leucine,   isoleucine and valine have been shown to be the pre- 

cursors for compounds essential to the malty aroma (16,   26). 

Anderson and Elliker (2) and Niven (27) have indicated that these 

amino acids are necessary growth requirements for S.  lactis.    The 

authors did not mention if these amino acids were required to sup- 

port the grawth of S.  lactis var.  maltigenes.    MacLeod and Morgan 

(20),  concerned about this question,   conducted experiments and de- 

termined that leucine,   isoleucine and valine were required to support 

growth.    Also evident from their study,   was the fact that a -ketoiso- 

caproic acid in the presence of glutamic acid was able to satisfy the 

leucine requirement by way of the transaminase system. 

Alcohol Dehydrogenase Activity 

The alcohol dehydrogenase system of S. lactis var. maltigenes 

is as yet an undefined area in the over-all metabolism of this organ- 

ism.    Morgan et al.    (26)  have identified aldehydes and their 
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corresponding alcohols as being a portion of the volatile constitu- 

ents of malty cultures.    Very indicative of this sort of phenomenon 

is the action of yeast as described by Senthestanmuganathan (33). 

He observed that Saccharomyces cerevisiae possessed the ability 

to metabolize amino acids to their corresponding aldehydes.    The 

aldehydes were subsequently converted to alcohols through the action 

of the alcohol dehydrogenase system.    The alcohol dehydrogenase 

system utilizes reduced nicotinamide adenine dinucleotide (NAD) as 

a cofactor. 

The activity of the alcohol dehydrogenase systenn may assume 

additional significance if one considers its possible effect on the 

other enzymatic reactions.    Tucker (35) suggested that the rate of 

aldehyde to alcohol conversion could be an important factor in influ- 

encing the rate of decarboxylation of the a -keto acids. 

Figure 1  shows a pathway believed to be representative of the 

amino acid to alcohol conversion of S.   lactis var.  maltigenes. 
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L-Leucine + a-Ketoglutaric acid 

+ pyridoxal phosphate 

-*■ 0, -Ketoisocaproic acid + Glutamic acid 

+ pyridoxal phosphate 

a-Ketoisocaproic acid + Mg     + TPP - 3-Methylbutanal + Mg     + TPP + CO 

3-Methylbutanal + NADH + H ■* 3-Methylbutanol + NAD 

Enzyme systems involved in catalysis: 

1. amino acid transaminase system 

2. a-keto acid decarboxylase system 

3. alcohol dehydrogenase system 

Figure 1.    Utilization of L-leucine:   Illustrative of amino acid metabolism by 
_S. lactis var.   maltigenes. 
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EXPERIMENTAL 

Cultures 

Single strain cultures of S.  lactis var.  maltigenes L.M-20, 

L.M-21,   LM-22 and LM-23 were used during the course of this in- 

vestigation.    These cultures were obtained from the collection in the 

Department of Food Science and Technology,   Oregon State University. 

Culturing Conditions 

All single strain cultures were maintained in a 11% solids non- 

fat milk medium (Matrix Mother Culture Media,   Galloway-West Co. , 

Fond Du Lac,   Wisconsin),    The medium was prepared by dissolving 

the non-fat milk solids in distilled water and autoclaving at 121 0 C for 

ten minutes.    The cultures were transferred every third day,   using 

approximately a one percent inoculum.    The inoculated cultures were 

incubated at 30° C until coagulation occurred and were then stored at 

20C. 

Skimmilk,   prepared in ten gallon lots in stainless steel cans, 

was obtained from the University dairy and used as the culturing 

medium for the culture evaluations.    The skimmilk (approximately 

8. 5 percent solids non-fat) was heated to 96° C for one hour and 

immediately cooled to 5° C. 
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Recovery and Evaluation of Flavor Volatiles 

This investigation utilized the technique developed by Lindsay 

(19) for obtaining flavor volatiles from bulk cultures. 

Distillation Apparatus 

S.   lactis var.  maltigenes L.M-20 culture and a heated skimmilk 

control were distilled in a specially designed low temperature,   re- 

duced-pressure glass apparatus fitted with ground-glass ball or 

standard taper joints. 

Twenty gallon quantities of both the malty culture and heated 

skimmilk were used for each distillation.    Approximately 10-15 

percent of the volume was recovered after each distillation. 

Figure 2 is a diagram of the steam distillation apparatus.    The 

over-all dimensions of the apparatus were approximately eight feet 

in length and four feet in height.    During the course of the distillation 

the pressure was maintained at two mm of mercury and monitored 

manometrically at position Q according to the diagram.    The system 

was designed to allow a continuous distillation of 1500 ml quantities 

with the ability to remove the distilled portion and introduce fresh 

sample.    A 20 liter Pyrex carboy functioned as a reservoir for the 

residue and was connected by pressure tubing between position E and 

the dry ice trap P.    This feature of the system permitted the gravity 



:"f:aE=ll 

-» Q 

rj=tD=-» R 

A - Sample Inlet 
B - Heat Exchanger 
C - Thermometer 
D - Vaporization Chamber 
E - Sample Exit 
F - Cycle Monitoring Valve 
G - Foam Trap 
H - Tapwater Cooled Condenser 

I   - Dry Ice Trap 
J   - Pear-shaped 2-Methoxyethanol-dry ice Trap 
K - Pear-shaped Liquid Nitrogen Traps 
L - Liquid Nitrogen Traps 

M, N - Liquid Nitrogen Safety Traps 
O - Tapwater Cooled Condenser 
P - Dry Ice Trap 

Q, R - To Vacuum Trap 

Figure 2,   Diagram of the steam distillation apparatus. 
•*>• 
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flow removal of the residue without affecting the reduced pressure 

within the system.    The apparatus labeled  O and N was used to work 

in conjunction with dry ice trap  P for the purpose of condensing all 

moisture originating from the Pyrex carboy. 

The sample was introduced slowly through the stopcock A and 

was immediately flash-heated to 3 8-40° C in the heat exchanger (B). 

The heating was accomplished by steam injection into the jacket of 

a water condensor.    The material was then cycled from the heat 

exchanger to the vaporization chamber (D) where the volatile com- 

pounds were vaporized and removed.    The adjustment of the stop- 

cocks at positions A, E and F allowed for the proper intake of new 

sample,   exit of distilled sample and recycling of partially distilled 

sample.    A foam trap (G) was incorporated into the system to pre- 

vent whole sample from contaminating the steam distillate. 

As the volatile compounds were vaporized,  they were swept 

from the vaporization chamber through a series of cold traps where 

they were condensed.    The major portion of the steam distillate was 

condensed by two water-cooled condensers labeled  H.     The conden- 

sate was collected in Trap  I,   a 12 liter balloon flask cooled by 

crushed dry ice. 

The pear-shaped traps,  labeled  J and  K,   had a capacity of 

approximately two liters and were cooled with 2-methoxyethanol-dry 

ice and liquid nitrogen,   respectively.    Traps labeled   L were cooled 
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with liquid nitrogen.    Traps  M   served as a safety trap for the 

vacuum pump and were also cooled with liquid nitrogen. 

Samples for the Distillation Process 

The malty culture was 18 hours old at the time of the distilla- 

tion.    The culture had attained a pH of 4.4 and a titratable acidity 

of 1.04% expressed as lactic acid. 

The heated skimmilk control was acidified to pH 5. 2 with a 

50% phosphoric acid solution.    The acidification was necessary in 

order to remove basic compounds present in the milk,   i.e.  ammonia, 

and to approximate the acidic environment found in the culture. 

Extraction of the Steam Distillates 

The solvent chosen for the extraction was ethyl ether because 

of its low boiling point and relative inertness.    Prior to the extrac- 

tion,  the ethyl ether (reagent grade) was treated to remove peroxides 

according to the method outlined by Valseth (37).    Three liters of 

ethyl ether with 600 ml of ten percent sulfuric acid containing 60 g 

of ferrous sulfate   (FeSO.'TH-O) were swirled for one hour using 

a magnetic stirring bar in a six liter Erlenmeyer flask.    After the 

peroxide treatment,   the ether was slowly glass distilled. 

The aqueous distillates of the malty culture and heated skim- 

milk were extracted for 24 hours in a conventional liquid-liquid 
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extractor (8.5 X 60 cm extraction chamber) designed for a solvent 

less dense than water.    Approximately 500 ml of ethyl ether were 

used to extract two liters of the aqueous distillate previously satur- 

ated with reagent grade sodium chloride.    The distillate was gently 

swirled by a magnetic stirring bar during the course of the extrac- 

tion. 

Concentration of Flavor Compounds 

The ether extract was subjected to a fractional distillation to 

remove the excess ethyl ether and thereby concentrate the extracted 

flavor compounds.    This was accomplished by initially drying the 

extract with excess sodium sulfate and then fractionally distilling 

the dried solution.    The distillation employed a 1 X 60 cm fraction- 

ation column packed with glass helices,  and the rate of distillation 

was electronically controlled at a reflux ratio of 1:3.    Distillation 

was continued until the residue reached a volume of 30 ml.    The 

residue was then transferred and stored in a 50 ml Bantamware 

pear-shaped flask.    Portions of the residue were subsequently 

transferred to a 2 ml chromatographic storage tube (Kontes K-42256); 

and,  with the stopper loosened,   the excess ethyl ether was allowed 

to evaporate at room temperature.    As the evaporation progressed, 

the residue was continually recharged from the 50 ml reservoir. 

By this method the original 30 ml volume was concentrated to 0. 1 ml 
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thereby rendering the residue suitable for gas-liquid chromatographic 

(GLC) analysis. 

Gas-Liquid Chromatographic and 
Mass Spectrometric Analysis 

GLC and mass spectrometry were used to analyze the flavor 

concentrates obtained from the malty culture and heated skimmilk 

control. 

GLC identifications were made on a tentative basis using the 

technique of relative retention times.    Columns packed with liquid 

phases representing a wide range of polarity were used,    pata col- 

lected on columns containing 20% diethylene glycol succinate (DEGS) 

and Porapak  Q  provided information essential to this investigation. 

The operating conditions were: 

Column-»20% Diethylene Glycol Succinate on 80-100 mesh 

acid-alkali treated Celite 545,   12' X 1/8" OD. 

Instrument--F&M Model 810 Gas Chromatograph equipped 

with a hydrogen flame detector. 

Temperature Program--60o  for 15 min,   20/min,   200° C 

Injection Block Temperatute--200 ° C 

Detector Temperature--225 " C 

Carrier Gas--Nitrogen 

Flow Rate--25 ml/min at 60 0 C 
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Column--Poropak Q,   10,X1/8"OD. 

Instrument--Aerograph Model 204 Gas Chromatograph 

equipped with a hydrogen flame detector. 

Temperature Program--100o,  40/min,   210oC. 

Injection Block Temperature--195 0 C 

Detector Temperature--210° C 

Carrier Gas--Nitrogen 

Flow Rate--20 ml/min at 100° C 

The mass spectral analysis was conducted using an Atlas CH-4 

Mass Spectrometer in tandem with an F&M Model 810 Gas Chromato- 

graph.    Compound separation was achieved using either a 300' X 

0. 01" Apiezon  L  column or a 300' X 0. 01" Butanediol Succinate 

column prior to the efluent's entry into the ionization chamber of 

the mass spectrometer.    The Apiezon  L and Butanediol Succinate 

columns were operated under the following conditions:   60° for 15 

min, 4°/min,   210oCandl25o for 10 min,  40/min,   200oC,   respec- 

tively.    The parameters for the mass spectrometer were: 

Scan Speed--mass 25 to 250 in 2 or 4. 5 seconds 

Filaments--Top Source Bottom Source 

20 eV 70 eV 

40 ixA 10 (xA 

Pressure --1. 5 X 10       mm Hg 

Multiplier Voltage--!. 6 KV 
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The faster scans were used for the faster eluting compounds.    Since 

this instrument had two ion sources,  the 20 eV source was used as 

a, chromatographic readout and the 70 eV source provided the frag- 

mentation patterns.    An oscilloscope furnished a continuous spec- 

trum and provided a constant monitor of the column efluent.    The 

mass spectra were recorded with a Honeywell Visicorder Model 

1508. 

Quantification of Flavor Compounds 

Important flavor volatiles of malty cultures have been previ- 

ously reported as being acetaldehyde,   2-methylpropanal,   ethanol, 

3-methylbutanal,   2-methylpropanol and 3-methylbutanol (26).    Dur- 

ing the course of this investigation,   these compounds were re-exam- 

ined and quantified for S.  lactis var.  maltigenfes cultures LM-20, 

LM-21,   LM-22 and LM-23. 

The analysis was made by employing the headspace entrain- 

ment and on-column trapping technique developed by Morgan and 

Day (25) and incorporating the modification described by Bills (3). 

Figure 3 is a diagram showing the entrainment assembly. 

For the analysis,  an Aerograph Model 1200 Gas Chromato- 

graph equipped with a hydrogen flame detector and a 12' X 1/8" OD 

column packed with 20% 1, 2, 3 -tris {2-cyanoethoxy)-propane (TRIS) on 

80-100 mesh acid-alkali washed Celite 545 was used.    The conditions 
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To GLC      ^V^? 
Column 

Sample 

Figure 3.   The headspace entrainment assembly used for the analysis of volatile 
constituents. 
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for the analysis were: 

Column Temperature--55° C 

Detector Temperature--200 " C 

Flow Rate--20 ml/min 

Carrier Gas--Nitrogen 

Purge Time--5 min 

Pressure for Purge--l6 psi 

Water Bath Temperature--50-52 0 C 

The samples used for the analysis consisted of adding equal 

4 ml quantities of culture and distilled water to a screw-capped vial 

containing 5.0 g of anhydrous sodium sulfate.    A few milligrams of 

1 -tetradecanol were also added to prevent foaming during the purge. 

Authentic compound controls were prepared in the same manner ex- 

cept that a sterile culture medium and specified dilutions of the 

authentic compounds were used in place of the culture and distilled 

water,   respectively. 

Determination of Flavor Thresholds 

The average flavor thresholds were determined using the  meth- 

od of Patton and Josephson (28) for the following compounds:   2-meth- 

ylpropanal,   2-methylpropanol,   2-methylbutanal,   2-methylbutanol, 

3-methylbutanal,   3-methylbutanol,   phenylacetaldehyde and phenethyl 

alcohol.    The determinations were conducted with both water and 
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skimmilk mediums.    Ten trained judges were used for the threshold 

tests. 

Synthetic Flavor Formulations 

Flavor compounds were added to a whole milk medium in 

order to approximate the characteristic malty flavor found in cul- 

tures of S. lactis var. maltigenes LM-20.      The synthetic flavor 

formulations were judged immediately following preparation.    The 

following levels of flavor compounds were used: 

0. 1 7 p. p. m. Acetaldehyde 

3.42 p.p.m.  3-Methylbutanal 

1.79 p. p.m.   2-Methylpropanol 

9.01 p. p. m.  3-Methylbutanol 

In a separate evaluation,  0.01 p. p.m.  of phenylacetaldehyde and 0.03 

p. p.m.  of phenethyl alcohol were incorporated into the above-mixture. 

Baking studies were also conducted using biscuits as a model 

system.    The biscuits were prepared from the General Mills' Bisquick 

mix-and a malty milk preparation replaced the normal milk require- 

ment.    The milk contained the following levels of flavor compounds: 

1. 70 p. p. m. Acetaldehyde 

34. 20 p. p.m.  3-Methylbutanal 

1 7. 90 p. p. m.   2-Methylpropanol 

90. 10 p.p. m.   3-Methylbutanol 

10.00 p. p.m.  Diacetyl 
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RESULTS AND DISCUSSION 

Identification of Flavor Components in the 
Malty Culture and Heated Skimmilk 

The recovery of the flavor compounds during both the steam 

distillation and extraction procedures was not quantitative,   and as a 

consequence,   component identifications were limited to qualitative 

interpretations. 

GLC and mass spectrometry were used to analyze the flavor 

concentrates obtained from the malty culture and heated skimmilk. 

Component identifications were classified as being either tentative 

or positive.    Tentative identifications were made using gas chromatog- 

raphy and were based on the coincidence of relative retention times of 

authentic compounds with those of the unknowns.    Identifications were 

considered positive when GLC retention data could be coupled with 

mass spectral data.    The mass spectral fragmentation patterns were 

compared with known mass spectra compiled in the ASTM tables (1) or 

with spectra obtained during the course of this investigation. 

The distillation of the malty culture yielded a steam distillate 

containing flavor compounds which had as their origin either the 

malty culture or the heated skimmilk.    A heated skimmilk control 

was distilled and analyzed separately for the purpose of establishing 

the source of subsequently identified compounds,   i.e.   most com- 

pounds observed in the cultured sample and not in the heated 
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skimmilk control were assumed to be metabolic by-products of the 

malty culture. 

Figures 4 and 5 are chromatograms obtained from a tempera- 

ture programmed analysis on a 20% DEGS column for the malty cul* 

ture and the heated skimmilk flavor concentrates.    The retention 

data was recorded relative to the retention time of 2-nonanone which 

was assigned a value of 1.000.    The identification of the peaks shown 

in Figures 4 and 5 are given in Tables  1 and 2,   respectively. 

The temperature program used with the DEGS column was 

designed to permit the simultaneous study of both the low and high 

boiling fractions found within the flavor concentrates.    This analysis, 

however,   reduced the column's ability to resolve a few of the low 

boiling compounds.    Figure 4 shows several peaks which contained 

more than one component,   and hence,   it was necessary to use an 

additional column for their resolution.    Figure 6 is a chromatogram 

of the malty culture flavor concentrate using a column containing 

Poropak  Q.    Poropak Q  is a polymer of ethyl vinyl benzene cross- 

linked with divinyl benzene and was used to resolve a portion of the 

multiple component peaks shown in Figure 4.    Table 3 is a summary 

of the identifications obtained from Figure 6.    The retention data in 

Table 3 is recorded relative to the retention time of ethyl acetate 

which was assigned a value of 1. 000. 
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Figure 4.    Gas chromatogram of tlic malty culture flavor concentrate using a DECS column. 
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Table 1.    Gas chromatographic and mass spectral identifications of malty culture components; 
gas chromatogram shown in Figure 4. 

Peak Compound TR TV 2-nonanone Confirmed Mass MS 

No. Isolated From     Authentic By Spectral Ref. 

Malty Culture     Compounds GLC Ident. 

1 Ethyl Formate 
Methyl Acetate 

0.095 0.096 
0.103 

YES 
YES 

POSITIVE 1 

2 Ethyl Acetate 0. 133 0.134 YES POSITIVE 

3-Metifiylbutanal 0.137 YES POSITIVE 

3 2-Pentanone 0.226 0.222 YES POSITIVE 

4 Ethyl Butyrate 0.279 0.262 YES POSITIVE 

2-Methylpropanol 0.284 YES POSITIVE 
5 Ethyl Isovalerate 0.404 0.395 POSITIVE 

Isoamyl Acetate 0.407 POSITIVE 

6 3-Methylbutanol 0.514 0.509 YES POSITIVE 
2-Heptanone 0.566 YES POSITIVE 

7 Ethyl Hexanoate 0.654 0.621 YES 

8 Methyl Heptanoate 0.733 0.741 
9 Benzaldehyde 0.860 0.820 YES 

10 2-Nonanone 1.000 1.000 YES POSITIVE 1 

11 Ethyl Octanoate 
2-Furfural 

1.070 1.044 
1. 106 

YES 
YES 

POSITIVE 1 

12 1.271 
1.374 13 2-Decanol 1.383 

14 2-Undecanone 1.435 1.421 YES 
15 Ethyl Decanoate 1.474 1.448 YES 
16 Hydrocarbon 

2-Furfur ol 
1.498 
1.731 YES POSITIVE 17 1.732 1 

18 2-Tridecanone 1.765 1.799 YES 
19 Phenylacetaldehyde 1.828 1.823 YES POSITIVE 18 
20 Hydrocarbon 1.978 

2.034 
2.161 
2.243 

2.276 YES POSITIVE 

21 
22 
23 
24 Phenethyl Alcohol 2.281 18 
25 2.333 

2.387 
2.477 TENT. 

26 
27 Y-Octalactone 2.407 

28 6 -Octalactone 2.502 2.512 TENT. 
29 Y-Nonalactone 2.548 2.588 
30 Y-Decalactone 2.768 2.774 
31 6 -Decalactone 2.865 2.889 
32 3.021 

3.086 33 Y-Undecalactone 3.000 
34 3.201 

3.443 
3.443 

35 
36 6 -Dodecalactone 3.485 
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Figure 5.    Gas cliromatogram of the heated skimmilk flavor concentrate using a DECS column. 
oo 
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Table 2.    Gas chromatographic and mass spectral identifications of heated skimmilk components; 

gas chromatogram shown in Figure 5. 
Peak 
No. 

Compound R   R 2-nonanone 
Isolated From     Authentic 

Confirmed 
By 

Mass           MS 
Spectral      Ref. 

Heated.Skimmilk Compounds GLC Iden. 
1 Ethyl Formate 

Methyl Acetate 
0.096 0.096 

0.103 
YES 
YES 

2 Ethyl Acetate 0. 133 0.134 YES POSITIVE 1 
3 Pentanal 0.208 0.201 YES 
4 2-Pentanone 0.249 0.222 YES POSITIVE 1 
5 Hexanal 0.335 0.339 YES 
6 2-Hexanone 0.443 0.374 YES 
7 2-Heptanone 0.556 0.566 YES POSITIVE 1 
8 Ethyl Hexanaoate 0.673 0.621. 
9 Octanal 0.758 0.753 YES 

10 2-Octanone 0.791 0. 780 YES 
11 Benzaldehyde 0. 876 0.820 YES POSITIVE 1 
12 Nonanal 0.946 0.989 YES 
13 2-Nonanone 1.000 1.000 YES POSITIVE 1 
14 Ethyl Octanoate 1.070 1. 044 YES 
15 2-Furfural 1.086 1.106 YES POSITIVE 1 
16 2-Nonanol 1.140 1. 184 
17 Decanal 1.212 1.191 
18 1.290 

1.396 YES POSITIVE 19 2-Undecanone 1.421 1 
20 Ethyl Decanoate 1.418 1.448 
21 1.468 

1.489 
1.581 
1.640 
1. 702 
1.734 YES POSITIVE 

22 Hydrocarbon 
23 
24 
25 
26 2-Furfurol 1.732 1 
27 2-Tridecanone 1.794 1.799 YES POSITIVE 1 
28 1.851 

1.875 
1.918 
1.974 
2. 045 
2. 141 
2.456 TENT. TENTATIVE 

29 
30 
31 Hydrocarbon 
32 
33 
34 Y-Octalactone 2.407 15, 24 
35 6 -Octalactone 2.498 2.512 TENT. TENTATIVE 15, 24 
36 Hydrocarbon 

Hydrocarbon 
Y-Decalactone 

2.556 
2.627 
2.876 

37 
38 2.889 
39 0 -Undecalactone 3.084 3.000 
40 Hydrocarbon 

Hydrocarbon 
6 -Dodecalactone 

3.216 
3.270 
3.389 

41 
42 3.485 
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Table 3.    Tentative gas chromatographic identifications of malty culture components; gas 
 chromatogram shown in Figure 6.  
Peak 
No. 

Compound 
Isolated From 

elhyl acetate 
Authentic 

Maltv Culture Compound 

0.043 0.044 

0.526 0.513 

0.729 0.725 

0.760 0.762 

0.857 0.873 

0.905 0.942 

1.000 1.000 

1.052 1.040 

1. 180 1.206 

1.255 1.251 

1.319 1.276 

1.476 1.369 

1.567 1.573 

1.669 1.612 

1.853 

1.977 2.054 

1 Acetaldehyde 

2 Ethanol 

3 Formic Acid 

4 Ether 

5 2-Methylpropanal 

6 Acetic Acid 

7 Ethyl Acetate 

8 2-Methylpropanol 

9 3 -Methylbutanal 

10 2-Pentanone 

11 Pentanal 

12 3-Methylbutanol 

13 Ethyl Butyrate 

14 2-Furfurol 

15 

16 2-Heptanone 
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Mass spectra for phenylacetaldehyde and phenethyl alcohol were 

obtained from the malty culture flavor concentrate.    The fragmenta- 

tion patterns of phenylacetaldehyde and phenethyl alcohol were secured 

from chromatographically pure samples (18) and used for the identifi- 

cation of these compounds in the malty culture.    Both compounds have 

m/e 91 (C7H7+) as their base peak.    Phenylacetaldehyde shows the 

following fragmentation pattern:   m/e 91 (C7H7+),   100%; m/e 92 

(C7H8+),   24%; m/e 65 (C5H5+),   24%; m/e 39 (C3H3+),   16%; m/e 120 

(CQH00+),   16%; m/e 51 (C.H-. + ),   9%.    The fragmentation pattern for 

phenethyl alcohol is:   m/e 91 (C_H_+),   100%; m/e 104 (C0H0+),   96%; 
I      I o     o 

m/e 92(C7H8+),   36%; m/e 65 (C H5+),   29%; m/e 52(C4H4+),   18%; 

m/e 77 (C/H(.+),   11%.    All percentage values are recorded relative 

to the base peak m/e 91 =  100%.    The m/e  104 fragment found in the 

phenethyl alcohol spectrum is indicative of the parent compound minus 

water and is a characteristic fragment for alcohols.    Table 4 is a 

tabulation of the mass spectra obtained from the malty culture flavor 

concentrate for phenylacetaldehyde and phenethyl alcohol. 

y-Octalactone and 6-octalactone were listed in Table  2 as 

tentatively identified.    According to earlier reports (15,   24),   m/e 

85 and m/e 99 represent the ring fragments and are characteristic 

of gamma and delta lactones,   respectively.    Lactones have been 

shown to lose water and as a consequence,   small samples yield 

fragmentation patterns in which the parent peak is absent.    The 
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Table 4.    M^ss spectral identifications of phenylacetaldehyde and phenethyl alcohol. 

Name of Compound:   Phenylacetaldehyde 
Base Peak:   m/e 91 
Parent Peak:   m/e 120 

m/e 

39 
51 
65 
91 
92 

120 

Relative Intensity 

a 
Reference Experimental 

16 25 
9 6 

24 25 
100 100 
24 28 
16 18 

Name of Compound:   Phenethyl Alcohol 
Base Peak:   m/e 91 
Parent Peak:   m/e 122 

Relative Intensity 

a 
m/e Reference Experimental 

52 18 14 
65 29 37 
77 11 10 
91 100 100 
92 36 34 

104                                                                        96 95 

a_ 
Refers to the data of Libbey (18). 
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tentative identifications were made on the basis of the observed 

ring fragments and GLC retention data. 

Methyl chloride observed in the heated skimmilk and acetalde- 

hyde observed in both the malty culture and heated skimmilk yielded 

mass spectra which alone were sufficient for positive identifications. 

Table 5 is a summary of the flavor compounds found in each of the 

flavor concentrates.    The hydrocarbons listed in Tables 1 and 2 were 

impurities obtained from the stopcock grease used during the distilla- 

tion procedure. 

Quantitative Analysis of the Volatile 
Constituents Present in the Malty Culture 

The volatile constituents of a substance have been traditionally 

regarded as a major source of flavor and aroma.    For this reason, 

a quantitative analysis of the volatiles present in the malty culture 

was considered fundamental to the subsequent synthetic formulation 

of a malty flavor preparation. 

In an earlier report,   Morgan et al.   (26) established the follow- 

ing volatile compounds as being metabolic by-products of S.  lactis 

var. maltigenes :   acetaldehyde,   2-methylpropanal,   ethanol,   3-meth- 

ylbutanal,   2-methylpropanol and 3-methylbutanol.    Figure 7 shows 

a chromatogram obtained from the headspace of a malty culture 

chromatographed isothermally at 55° C on a TRIS column.    The 



Table 5.    Summary of the flavor compounds identified in the malty culture and heated 
 skimmilk using gas chromatography and mass spectrometry.  

35 

Compound Malty Culture 
GLC      MS 

Heated Skimmilk 
GLC MS 

Aldehydes 
Acetaldehyde 
2-Methylpropanal 
Pentanal 
3-Methylbutanal 
Hexanal 
Octanal 
Benzaldehyde 
Nonanal 
2-Furfural 
Phenylacetaldehyde 

Alcohols 
Ethanol 
Butanol 
2-Methylpropanol 
3-Methylbutanol 
2-Furfurol 
Phenethyl Alcohol 

Methyl Ketones 
Acetone 
Butanone 
2-Pentanone 
2-Hexanone 
2-Heptanone 
2-Octanone 
2-Nonanone 
2-Undecanone 
2-Tridecanone 

Esters 
Ethyl Formate 
Ethyl Acetate 
Ethyl Butyrate 
Ethyl Isovalerate 
Ethyl Hexanoate 
Ethyl Octanoate 
Ethyl Decanoate 
Methyl Acetate 
Isoamyl Acetate 

Lactones 
Y-Octalactone 
5 -Octalactone 

Acids 
Formic Acid 
Acetic Acid 

Miscellaneous 
Methyl Chloride 
Toluene   

+ + 
+ 
+ 
+ + 

+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

± 
± 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

■ + 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

± 
± 

+ 
+ 
+ 

Tentative 
Tentative 
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component identifications are listed in Table 6.    Retention values 

are recorded relative to the retention time of methyl acetate which 

was assigned a value of 1.000,    The volatile constituents for four 

strains of the malty variant,   LM-20,   LM-21,   LM-22 and LM-23, 

were quantified according to the standard curves shown in Figures 

8 and 9.    Table  7 is a tabulation of the results from this quantifica- 

tion. 

Table 6.    Tentative identifications of malty culture headspace vola- 
tiles; gas chromatogram shown in Figure 7. 

.     a 
Peak No. Compound ^R'*R 

Malty Culture       Authentics 

1 Acetaldehyde 0.469 0.469 

2 2-Methylpropanal 0.872 0.876 

3 Methyl Acetate 1.000 1.000 

4 Acetone 1. 218 1. 171 

5 Ethanol 1.494 1.480 

6 3 -Methylbutanal 1. 621 1.589 

7 Butanone 1.565 1.560 

8 2-Methylpropanol 3. 210 3. 215 

9 3 - Methylbutanol 6.535 6. 73 9 

Significance of Qualitative 
and Quantitative Results 

Earlier investigations have shown S.  lactis var.  maltigenes 

to possess transaminase,   decarboxylase and alcohol dehydrogenase 
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Figure 8.    Peak heights obtained with various concentrations of known compounds. 
(1) acetone,  (2) S-methylbutanal,  (3) 2-methylpropanal,  (4) acetaldehyde. 
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100 - 

CONCENTRATION (PPM) 

Figure 9.    Peak heights obtained with various concentrations of known compounds. 
(1) 2-methylpropanol,  (2    3-methylbutanol,  (3) ethanol. 



Tabl e 7. Quantitative results of the headspace analysis taken with 24 hour S. lactis var.   maltieenes LM-20, LM- ■21, LM-22 and LM- -23 cultures. 

a 
Strain         Acetaldehyde 2-Methyl- 

propanal 
Acetone 

a 
Ethanol 3 -Methyl- 

butaiiala 
2-Methyl- 
propanol 

3-Methyl- 
butanol 

Titratable 
Acidityb 

LM-20 0.17 0.57 0.28 56.34 2.85 1.79 9.01 1.04 

LM-21 3.30 1.87 0.28 31.03 4.45 2.07 7. 18 1.07 

LM-22 1.74 0.50 0.32 195.62 <3.00 2.98 14.58 0.78 

LM-23 6.00 0.50 0.32 22.45 < 1.00 0.20 1.37 0.75 

Concentrations expressed in p. p. m. 

Expressed as percent lactic acid. 

O 
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activities capable of mediating the conversion of amino acids to 

their corresponding aldehydes and alcohols (22,   26).    The metabol- 

ism of valine,   leucine and isoleucine has been previously observed, 

however,   the conversion of phenylalanine and methionine has not 

been detected (26). 

During the course of this investigation,   phenylacetaldehyde 

and phenethyl alcohol were positively identified as being produced 

by the malty culture.    It is assumed that these compounds have 

phenylalanine as their precursor and are formed by means of the 

pathway shown in Figure 1.    The metabolism of methionine to 3-meth- 

ylthiopropanal was not observed. 

The qualitative and quantitative GL.C techniques employed by 

this study did not permit the resolution of 2-methylbutanal from 

3-methylbutanal or of 2-methylbutanol from 3-methylbutanol. 

Jackson and Morgan (16) have demonstrated the presence of   both 

the 2-methyl and 3-methyl substituted aldehydes in milk cultures, 

and noted that 2-methylbutanal was produced at much lower levels. 

Therefore,   the concentrations of the above pentanals and pentanols 

were reported herein as 3-methylbutanal and 3-methylbutanol. 

The malty culture has been shown to produce several ethyl 

esters shown in Table 5.    Attention should,   however,   be drawn to 

the presence of isoamyl acetate and ethyl isovalerate.    Esters are 

normally formed through a reaction involving alcohol and acid 



42 

substrates.. Therefore,   in order for isoamyl acetate and ethyl 

isovalerate to be formed,   the organism must produce or have avail- 

able an exogenous source of isoamyl alcohol,   acetic acid,   ethanol 

and isovaleric acid.    Isoamyl alcohol (3-methylbutanol),   acetic acid 

and ethanol have been shown to be produced by malty cultures,   how- 

ever the source of isovaleric acid has not been reported.    One possi- 

ble explanation is that the acid could be a product of the oxidation 

of 3 -methylbutanal. 

The aroma of the four malty culture strains was subjectively 

evaluated by a laboratory panel and the results are recorded in 

Table 8. 

Table 8.    Evaluation of the malty aronna for strains LM-20,   LM-21, 
LM-22 and LM-23 of the malty variant. 

Strain Evaluation 

LM-20 Balanced aroma; smooth 

LM-21 Aroma is not balanced but of equal 
intensity as compared with LM-20; 
harsh. 

LM-22 Slightly malty 

LM-23 Aroma of a typical S.   lactis culture; 
no malty character. 

All four strains of the malty variant met the conditions estab- 

lished by Gordon (9) in order to be classified as S.   lactis var. 

maltigenes.    These strains,  for example,   show titratable acidities 
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above 0. 6% expressed as lactic acid (refer to Table 7) and possess 

active a-keto acid decarboxylase systems.    Although all four strains 

are of the malty variety,   they could very well represent extremes 

inherent to the classification,   i.e.    strains LM-20 and L.M-21 pro- 

duced a more pronounced malty aroma and attained an appreciably 

higher titratable acidity than did strains L.M-22 and LM-23. 

The aroma of S.   lactis var.  maltigenes cultures.is definitely 

a function of the volatile compounds quantified in Table 7.    Olfactory 

evaluation of authentic compounds gives ample testimony to this ob- 

servation.    The evidence obtained during the course of this investi- 

gation is in agreement with the hypothesis that 3 -methylbutanal is 

chiefly responsible for the malty aroma,   however,   the other com- 

pounds produced by this organism must be considered essential to 

the over-all aroma development. 

One interpretation of the observed variation in the quality of 

the aromas produced by the different cultures could exist in the alco- 

hol/aldehyde ratio (ethanol/acetaldehyde,   3-methylbutanol/3-methyl- 

butanal).     Table 9 is a summary of average flavor thresholds of sev- 

eral compounds essential in the malty flavor and aroma.    The data 

shows that the aldehydes yield flavors of greater intensity than the 

flavors arising from the alcohols.    The data presented in Table  7 

indicate an order of LM-22,   LM-20,   LM-21 as representative of 

a decreasing alcohol/aldehyde ratio.    Probably the loss of intensity 
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in flavor and aroma is due to an aldehyde to alcohol conversion as 

exemplified by the relatively weak aroma of LM-22.    Strain LM-20 

displayed a moderately intense,   smooth and well balanced aroma 

which would be indicative of an adequate balance between the alco- 

hol and aldehyde fractions.    The aroma of strain L,M-21,   however, 

possessed a harshness and lacked balance which would be suggestive 

of a high aldehyde content or a low alcohol/aldehyde ratio. 

Acetone was shown to be a product of the metabolism of the 

malty culture and exists as a component present in the volatile frac- 

tion.    The contribution of acetone to the aroma,   however,   must be 

considered negligible because of its high flavor threshold (39). 

Synthetic Flavor Formulation 

The formulation of a synthetic flavor preparation was ap- 

proached in two phases.    First,   consideration was given to the 

average flavor threshold of each volatile compound as an approxi- 

mation of its contribution to the flavor and aroma and second,   a 

flavor preparation was formulated.    Strain LM-20 was shown to pro- 

duce a balanced malty flavor and aroma,   and consequently,   this 

strain was chosen as a model for purposes of comparison. 

The average flavor thresholds are shown in Table 9 and were 

determined using both water and milk as a testing medium.    The 

thresholds show that the aldehydes probably contribute significantly 
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to the development of the malty flavor.     2-Methylpropanal,   2-methyl- 

butanal and 3-methylbutanal displayed similar flavors,  and a malty 

character was observed at certain concentrations.    Phenylacetalde- 

hyde,   on the other hand, hada very strong flavor and aroma sugges- 

tive of lilacs.    Phenethyl alcohol possessed a relatively low flavor 

threshold in comparison to the other alcohols.    The aromatic alcohol 

also displayed a sweet flavor note which could contribute significantly 

to the development of a smooth malty flavor. 

Table 9.    Average flavor thresholds of important volatile compounds 
present in malty cultures. 

Compound Average Flavor Thresholds 
Water Milk 

2-Methylpropanal 0.18 0.10 

2-Methylpropanol 5.25 5.00 

2-Methylbutanal 0.04 0.13 

2-Methylbutanol 5.50 6. 25 

3-Methylbutanal 0.06 0.06 

3-Methylbutanol 4. 75 3. 20 

Phenylacetaldehyde 0.04 0.0 2 

Phenethyl Alcohol 0.24 0.0 7 

a 
Average flavor thresholds expressed in p. p. m. 

A malty flavor formulation was prepared by adding the concen- 

trations of volatile constituents found associated with strain LM-20 

to a milk medium.    The malty preparation contained the following: 
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0. 1 7 p. p. m. Acetaldehyde 

3.42 p.p.m.  3-Methylbutanal 

1. 79 p. p. m.   2-Methylpropanol 

9.01 p. p. m.  3-Methylbutanol 

The amount of 3-methylbutanal,   added to the malty flavor prepara- 

tion,  was determined by adding the concentrations of 2-methylpro- 

panal and 3-methylbutanal found in the LM-20 culture.    Combining 

the aldehyde contents in this manner was considered justifiable 

since both aldehydes possessed similar flavors,   and the combina- 

tion also helped to maintain the mixture's simplicity.    The flavor 

of the malty formulation was judged by a laboratory panel and con- 

sidered similar to that of the malty culture. 

Phenylacetaldehyde and phenethyl alcohol were added to the 

malty preparation in amounts of 0.01 and 0.03 p. p. m.,   respectively. 

These compounds added a desirable flavor note and should be con- 

sidered with regard to the over-all malty culture flavor. 

Baking studies were also conducted using biscuits as a model 

system.     The biscuits were prepared from General Mills' Bisquick 

mix.    A malty milk preparation replaced the normal milk require- 

ment.    For this phase of the investigation,  the flavor mixture was 

concentrated by a factor of ten,   in order to compensate for the 

vaporization of the compounds during the cooking process.    The 

malty milk preparation contained the following levels of flavor 
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compounds: 

1. 70 p. p. m.  Acetaldehyde 

34. 20 p. p. m.  3 -Methylbutanal 

1 7. 90 p. p. m.  2-Methylpropanol 

90. 10 p.p. m.  3 -Methylbutanol 

10. 00 p. p.m.  Diacetyl 

Diacetyl was added to the mixture in order to take advantage of the 

compound's unique capacity to blend with and enhance the other 

added components.    The malty biscuit was judged desirable by a 

laboratory panel. 

At this time, consumer utilization of a malty flavor prepara- 

tion is only speculative; however, baked foods such as biscuits and 

cereals, in general, could provide areas where such a formulation 

would find acceptance. 
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SUMMARY AND CONCLUSIONS 

An 18 hour malty culture and an acidified heated skimmilk 

control were steam distilled using a specially designed,   low temper- 

ature,   reduced pressure glass apparatus fitted with ground glass 

ball or standard taper joints.    After subsequent ethyl ether extrac- 

tions,  the aqueous distillates yielded flavor concentrates which were 

suitable for GLC and mass spectrometric analysis.    Flavor compo- 

nent identifications were made on both a tentative and positive basis. 

Tentative identifications were made using the technique of GLC rela- 

tive retention times.    Identifications were considered positive when 

GLC retention data could be coupled with mass spectral data. 

Compounds positively,identified as being present in the malty 

culture included acetaldehyde,   3-methylbutanal,   phenylacetaldehyde, 

ethanol,   butanol,   2-methylpropanol,   3-methylbutanol,   2-furfurol, 

phenethyl alcohol,   acetone,  butanone,   2-pentanone,   2-heptanone, 

2-nonanone,   ethyl formate,   ethyl acetate,   ethyl butyrate,   ethyl 

isovalerate,   ethyl octanoate,   isoamyl acetate and toluene.    Com- 

pounds tentatively identified included 2-methylpropanal,   pentanal, 

benzaldehyde,   2-furfural,   2-undecanone,   2-tridecanone,   ethyl 

hexanoate,   ethyl decanoate,   methyl acetate,   y-octalactone,   6-octalac- 

tone, formic acid and acetic acid. 

In the heated skimmilk control,  acetaldehyde,   benzaldehyde, 
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2-furfural,   2-furfurol,   2-pentanone,   2-heptanone,   2-nonanone, 

2-undecanone,   2-tridecanone,   ethyl acetate and methyl chloride 

were positively identified while pentanal,   hexanal,   octanal,   nonanal, 

2-hexanone,   2-octanone,   ethyl formate,   ethyl octanoate,   methyl 

acetate,   Y~octa.lactone and 6-octalactone remained as tentative 

identifications. 

Quantitative evaluations of the volatile constituents present in 

each of four strains of the malty culture were conducted using a gas 

entrainment,   on-column trapping,   GLC technique.    From the quanti- 

tative data obtained from a 24 hour S.  lactis var. maltigenes LM-20 

culture,   a synthetic malty flavor preparation, suitable for use in baked 

foods,   was developed.    This investigation used biscuits as a model 

system for the baking studies.    The biscuits were prepared using 

the General Mills' Bisquick mix and a malty milk preparation replaced 

the normal milk requirement.    The milk contained 1. 70 p. p.nn. 

acetaldehyde,  34.20 p. p.m.  3-me.thylbutanal,   1 7. 90 p. p. m.   2-meth- 

ylpropanol,   90.10 p. p.m.   3-methylbutanol and 10.00 p. p.m.  diacetyl. 

The following conclusions were reached from the findings of 

this investigation: 

1. From the qualitative analysis of the malty flavor concentrate, 

21  positive and 13 tentative component identifications were 

made. 

2. The heated skimmilk control yielded 11 positive and 1 1 
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tentative identifications. 

3. Phenylacetaldehyde and phenethyl alcohol were identified for 

the first time in milk cultures of SL  lactis var.  maltigenes. 

4. 3-Methylbutanal is the  principal compound contributing to 

the malty flavor,  however,   other malty flavor components 

are essential to the development of a balanced flavor and 

aroma. 

5. Acetaldehyde,   2-methylpropanal,   3-methylbutanal,   2-methyl- 

propanol and 3-methylbutanol were found to be essential to 

the development of the malty flavor. 

6. The quality of the malty flavor and aroma produced by the 

malty culture is dependent upon the organism's ability to 

establish a balance between the concentrations of aldehydes 

and alcohols. 

7. A synthetic malty flavor preparation suitable for incorpora- 

tion in certain baked foods was developed. 
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