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Milk,   preheated at 82° C for 30 minutes,  was heated to 146° C 

for four seconds (UHT-treated) and cooled to 5 " C in a tubular heat 

exchanger.    Immediately after heat treatment,   20 gallons of heated 

milk were vacuum distilled at 30° C in a semi-continuous,   reduced 

pressure glass apparatus.    Twenty gallons of non-heated milk were 

distilled in a similar manner to serve as a control.    Continuous 

liquid-liquid ethyl ether extractions were employed to recover the 

compounds from the aqueous distillates. 

Gas chromatography,   mass spectrometry,   infrared spectro- 

photometry and odor confirmation were used to characterize the 

compounds in the flavor concentrates.    A technique for collecting 

and transferring packed column gas chromatographic fractions to 

capillary columns for mass spectral analysis was developed. 

The following compounds were identified in UHT-treated milk 



(the underlined compounds appeared to result from the heat treat- 

ment):   the C3, 4, 5, 7, 8, 9, 10, 11, 13 JJ-™6^1 Atones,  the C8> ^ 12 

delta-lactones,  acetaldehyde,  hexanal,   benzaldehyde,  furfural, 

phenylactaldehyde,  vanillin,  the C,   0   ._ n-alkanoic acids,   ethanol,       o, o, 1U — 

oct-1 -en-3-ol,  n-heptanol,   2-butoxyethanol,   diacetyl,   maltol, 

acetophenone,   ethyl acetate,   benzothiazole,  toluene,   naphthalene, 

a dichlorobenzene,  a trichlorobenzene,   methyl iodide,   benzonitrile 

and chloroform. 

The following compounds were identified in non-heated milk: 

C.   .   _        Q n-methyl ketones,   C  n     _ delta-lactones,   hexanal, 

benzaldehyde,        C^   g   JQ    n-alkanoic acids,   ethanol,  diacetyl, 

ethyl acetate,  methyl palmitate,   diethyl phthalate,   a dichlorobenzene, 

a trichlorobenze and methyl iodide. 

The concentration of diacetyl in UHT-treated and non-heated 

milk was determined by a modified gas entrainment,   on-column 

trapping GLC technique.    The amount of diacetyl in non-heated milk 

was 3 ppb while the amount in the UHT-treated was 3 8 ppb.    The 

diacetyl concentration of UHT-treated milk decreased approximately 

40% over 16 days storage at 4° C.    The average flavor threshold for 

diacetyl in milk was found to be  12 ppb.    It seems therefore that the 

UHT-treatment increased the diacetyl concentration from a sub- 

threshold level to above the average flavor threshold.    It is  suggested 

that diacetyl contributes to the "rich",   "heated" note in the flavor of 

heated milk. 
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Heat Induced Compounds in Milk 

INTRODUCTION 

Fluid milk products are heated primarily for pasteurization 

and sterilization.    Although the heat treatment used for pasteuriza- 

tion is not without its effect on the flavor of milk,   the consuming 

public generally accepts the slight cooked flavor of pasteurized milk 

as the "normal" flavor of milk.    In contrast,  however,  the more 

pronounced flavor changes brought about by sterilizing heat treat- 

ments have contributed to the lack of acceptance of sterilized milk 

products.    Conventional evaporated milk,  which is generally ster- 

ilized at 117° C for 15 minutes in a tin can,   often exhibits a caramel- 

ized flavor.    For this reason,  the dairy industry has turned to less 

severe ultra-high-temperature (UHT) heat treatments for the devel- 

opment of newer sterilized fluid milk products.    Although the exact 

processing parameters vary between different processors,   UHT- 

sterilization is usually accomplished by heating the product to 135- 

150oCfor several seconds (13,   16,   15,   14,   84).    The sterilization 

treatment is usually preceded by a lorewarming treatment which 

also varies among processors.    Burton (13) described an UHT 

process which utilized a forewarming temperature of 85 " C for six 

minutes while Roehig,  Mayer and Swanson (84) worked with   a fore- 

warming temperature of 85 0 C for 30 minutes.    Usually when an 



UHT heat treatment is employed,  the product is aseptically pack- - 

aged after the heat treatment.    Although the deleterious effects of 

the UHT-treatments are considerably less than when conventional 

sterilization is employed,   milk constituents are effected and the 

flavor of the product is altered. 

A more complete knowledge of the compounds produced and 

their mode of fornnation would probably make more evident nneans 

by which their formation could be prevented or minimized.     There- 

fore,  this study was undertaken to study the changes which occur in 

the volatile fraction of milk immediately after heat treatment. 



REVIEW OF LITERATURE 

The Flavor of Heated Milk 

It is generally recognized that heat alters the flavor of milk. 

The kind and intensity of the flavor change depends on the time and 

temperature of the heat treatment. 

Gould pointed out (29) that pasteurization tends to produce a 

mild "heated" flavor.    At higher temperatures,   such as 75° C to 

100° C for holding periods up to 60 minutes,  a distinct off-flavor 

is produced which he (29) characterized as a "cooked" or "boiled 

milk" flavor.    Gould attributed this flavor to sulfhydryl compounds. 

He further stated that under more adverse heating conditions,   such 

as 116° C for 15 minutes,  the milk undergoes changes   which result 

in a "caramel" type flavor. 

Jenness and Patton's (42,   p.  3 85) remarks concerning flavor 

changes resulting from various heat treatments agree quite well with 

Gould.    They reported (42,   p.   385) that pasteurization imparts a 

very slight change in flavor.    When heat treatments in excess of 

those employed for pasteurization are used,  varying degrees of 

flavor change are observed.    Josephson and Doan (45) stated that 

a distinct cooked flavor commences to develop when milk is momen- 

tarily heated to 74° C.    Jenness and Patton (42,   p.   385) attributed 



this flavor to the production of volatile sulfides,   and hydrogen 

sulfide in particular.    Hutton and Patton (41) suggested that the 

hydrogen sulfide arises from the sulfhydryl groups activated by 

heat denaturation of beta-lactoglobulin and proteins of the fat globule 

membrane.    When heat treatment is prolonged or extended to tem- 

peratures well above 74° C,  the cooked flavor gives way to a variety 

of undefined flavors that are culminated in the production of a 

caramelized flavor (42,   p.   386).    Evaporated milk,  which receives 

a'Velatively severe heat treatment,   usually 117° C for 15 minutes, 

very often suffers from a caramelized flavor defect.    The chemical 

nature of the caramelized flavor is largely unknown,  however,   its 

formation seems to be associated with nonenzymatic browning reac- 

tions (42,   p.   386). 

The reports in the literature indicate that UHT treatment is 

not without its effect on the flavor of milk,  Seibert et al.   (88) re- 

ported that samples of sterilized concentrated milk were criticized 

as being cooked initially and stale after three months storage at 

24 °C.    Bingham (9,   p. 75) verified this observation.    A stale flavor 

develops within two to three months of storage at 21° C according 

to Arnold (5).    Ashton (6) published an extensive report on the flavor 

of UHT treated milk.    Immediately after processing the milk had a 

mildly or markedly unpleasant flavor which resembled boiled cab- 

bage,   hydrogen sulfide and/or carbon disulfide.    After one to three 



days,  depending upon the storage temperature,  the sulfureous note 

disappeared and the milk was considered palatable and acceptable. 

After about three weeks of storage at 22-38° C,   a residual cooked 

flavor was quite noticeable.    This flavor was,   on occasion,  de- 

scribed as unacceptable.    According to Ashton there is also a pos- 

sibility that the milk will develop a flavor which can be described 

as an oxidative rancidity.    This off-flavor becomes progressively 

obnoxious with age.    At storage temperatures below 21 "C,   a simi- 

lar off-flavor is also probable after three weeks storage. 

Compounds Identified in Heated Milk 

The literature lists numerous compounds which have been iden- 

tified in heated milk products.    Many of the reports include compounds 

which developed during storage from causes other than heat,   such as 

lipid autoxidation.    This is especially true with studies carried out 

on dried milk products.    Obviously,   in some cases,   it is not possible 

to state the cause or the mode of formation of certain compounds. 

This investigation was primarily concerned with the identifica-   . 

tion and mode of formation of heat induced compounds.    Therefore, 

an attempt was made to limit the literature coverage to work which 

dealt with compounds that seemed to result,  at least to some extent, 

from heat. 



Ketone s 

Methyl ketones have been identified in heated dairy products 

by numerous investigators.    That the odd-numbered n-methyl ketones 

are heat induced in larger concentrations than the even numbered 

n-methyl ketones is well established.    Acetone,   2-pentanone and 

2-heptanone were identified in distillates obtained at low tempera- 

ture and reduced pressure from commercial evaporated milk (100, 

61).    Gas chromatographic retention times and 2, 4-dinitrophenyl- 

hydrazone derivative data was used as a means of identification. 

Wong,   Patton and Forss (100),  by comparing raw milk with milk 

heated to 1160C for 15 minutes,   demonstrated the heat production 

of 2-pentanone and 2-heptanone. 

Arnold (5) identified 2-heptanone,   2-nonanone and 2-tridecanone 

in a flavor extract of sterilized concentrated milk.    Lindsay (55) iden- 

tified acetone,   2-butanone,   2-pentanone,   2-hexanone,   2-heptanone, 

2-nonanone,   2-undecanone and 2-tridecanone in the ethyl ether 

extracts of heated milk distillates.    The identifications in these 

studies (5,   5 5) were based on gas chromatographic retention times 

coupled with mass spectral data. 

It has been well established that the odd numbered n-methyl 

ketones are produced from beta-keto acids which occur in the milk 

fat as esters of glycerol.    Heating milk fat in the presence of water 
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effects hydrolysis of the beta-keto acids and subsequently decarbox- 

ylates them to form n-methyl ketones.    Workers at the Unilever 

Research Laboratory (10,   95) reacted Girard-T reagent with milk 

fat and isolated a series of six pyrazolones which corresponded to 

the six even-numbered beta-keto acids with 6 through 16 carbon 

atoms.    The beta-keto acids correspond to the precursors of the 

odd-numbered n-methyl ketones,   2-pentanone through 2-tetradeca- 

none.    Later Parks et al.   (69) substantiated the work from the 

Unilever Research Laboratory by isolating and identifying the methyl 

ketone precursors as beta-keto esters. 

Langler and Day (52) investigated the influence of temperature 

during heat treatment,  time of heat treatment,   and the effect of air 

and water on the quantity of methyl ketones produced in milk fat. 

The maximum yield of ketones was obtained by heating a degassed 

sample for three hours at 140° C; heating an additional 15 hours had 

no further effect.    They also demonstrated that water is essential 

for significant methyl ketone formation in milk fat.    Day (20) re- 

ported that ketones have been implicated in the stale flavor of dry 

whole milk and butter oil. 

Recently,   a very comprehensive review on the formation and 

metabolism of methyl ketones has been compiled by Hawke (33).    A 

scheme for odd-numbered n-methyl ketone formation can be written 

as follows: 
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The precursor and mechanism of formation of the even-num- 

bered methyl ketones in heated milk have not been elucidated. 

Maltol was isolated and identified from heated skimmilk by 

Patton (74).    The melting point of the pure compound,   a molecular 

weight determination,   the melting points of the benzoate ester and 

phenylurethane derivatives,   solubility characteristics and a positive 

ferric chloride test were used for the identification.    It has been 

demonstrated (73) that maltol is produced as a degradation product 

of lactose.     Upon heating a lactose solution containing casein,   glycine 

or small quantities of ethanolamine,   maltol was produced.    Maltol 

was not generated from lactose in the absence of amino groups. 

Maltol was isolated from autoclaved solutions of maltose or lactose 

with glycine (73) and from maltose in nearly dry reactions with 

piperidine   salts (3 7); however,   no maltol was isolated from parallel 

reactions with glucose or galactose.    Hodge concluded therefore 

(36),  that maltol arises from 4-0-substituted glucose derivatives 

(e.g.   maltose,   lactose,  cellobiose)   by nonenzymatic browning 



reactions with amino acids.    In his recent paper on nonenzymatic 

browning,   Hodge (36) points out that maltol has been found in a 

variety of heated foods including coffee beans,   soybeans,   cereals, 

condensed and dried milks,   soy sauce and bread crusts. 

Arnold,   Libbey and Day (5),   using gas chromatographic reten- 

tion times and mass spectral data,   demonstrated the presence of 

acetophenone in sterile concentrated milk. 

Bassette and Keeney (7) identified diacetyl in one-year old 

non-fat dry milk by forming the 2, 4-dinitrophenylhydrazone and 

comparing its  X maximum with the authentic.    The authors attributed 

its presence to nonenzymatic browning reactions.    Recently,   Forss, 

Stark and Urbach (24) identified,  by the combination of gas chro- 

matography and mass spectrometry,  diacetyl in Australian butter 

oil.    Since the butter oil was prepared commercially from a mixture 

of farm and factory separated cream,   it is difficult to say whether 

the diacetyl originated from heat or microbial action.    The presence 

of diacetyl has been reported in other heated foods.    Hornstein indi- 

cated (40) that diacetyl was present in volatiles of cooked beef and 

suggested that it was formed via nonenzymatic browning reactions. 

In addition,   Bondarovich et al.   (11) identified diacetyl in tea volatiles 

and Gianturco (26) reported its presence in coffee. 
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Aldehydes 

Acetaldehyde was found to be a heat induced compound of heated 

skimmilk (58).    The authors identified the aldehyde by observing the 

mobility and melting point of the 2, 4-dinitrophenylhydrazone.    They 

suggested (58) that the acetaldehyde arises through a Strecker de- 

gradation of alanine.    Bingham (9,   p.   77) demonstrated the presence 

of acetaldehyde,   propanal and pentanal in sterilized concentrated 

milk.    His identifications were based on relative retention times on 

dissimilar gas chromatographic columns.    It should be noted that 

Bingham (9,   p.   5 7-72) also identified these aldehydes in a raw milk 

control. 

Wi shner and Keeney (9 7) identified the C. -C_,   C.-C. , alkanals 
1       5 b       II 

and the C.--C,-, alk-2-enals in fresh pasteurized (HTST) milk. The 

2, 4-dinitrophenylhydrazone derivatives were used for their identifi- 

cations.     Parks,   Keeney and Schwartz (66) reported the presence of 

Cp-C. , alkanals and C.-C.     alk-2-enals in milk which was heated 
bib 711 

at 65° C for six minutes.    The aldehydes were identified as their 

2, 4-dinitrophenylhydrazones on the basis of their behavior on mag- 

nesia,   ultraviolet spectra,   column partition chromatographic reten- 

tion volumes,   paper chromatographic properties,   or the gas chro- 

matographic characteristics of the regenerated compounds. 

It is difficult to state whether the aldehydes reported by 
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Wishner and Keeney (97),  and Parks,   Keeney and Schwartz (66) 

were heat induced.    The samples in these investigations (97,   66) 

served as controls for the study of oxidized milk samples.    There- 

fore,   relatively mild heat treatments were employed.    It is possible 

that the aldehydes (66,   97) were either present in the raw milk or 

developed as a result of autoxidation. 

Bassette and Keeney (7) identified methylpropanal and 3-methyl- 

butanal in one-year old non-fat dry milk.    The authors suggested 

that these branch chain aldehydes were formed by the Strecker de- 

gradation of the amino acids,   leucine and valine,   respectively. 

Morgan,   Forss and Patton (58) found 2-furfural and Patton 

(75) identified 5-hydroxymethyl-2-furfural in heated milk.    The 

mobility and melting point of the 2, 4-dinitrophenylhydrazone were 

used in the identification of 2-furfural.    Patton (75) based his identi- 

fication on the melting point of 5-hydroxymethyl-2-furfural,   a posi- 

tive Molisch test,   and the melting point of the semicarbazone and 

phenylhydrazone derivatives of 5-hydroxymethyl-2-furfural.    He 

(75) demonstrated that glycine,   casein,   or the heat degradation prod- 

ucts of casein were essential in the conversion of lactose to 5-hydraxy- 

methyl -  2-furfural.    The formation of both of these furan compounds 

can be accounted for by nonenzymatic browning reactions. 

Benzaldehyde has been identified in stored dry whole milk by 

Parks and Patton (67) and in sterile concentrated milk by Arnold, 
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Libbey and Day (5).    The former investigators identified the 2,4- 

dinitrophenylhydrazone by paper and column chromatography,   ultra- 

violet studies,  and melting point data.    Arnold,   Libbey and Day used 

gas chromatography retention times and mass spectral data for their 

identification.    Parks (65) suggested that benzaldehyde gets into the 

milk via the feed and cites the observation of Morgan and Pereira 

(59) that benzaldehyde was isolated from both corn and grass silage. 

Cobb,   Pattonand Grill (17) isolated and identified vanillin 

from commercial evaporated milk-    Gas and thin-layer chromato- 

graphic mobility data were used in the identification.    The authors 

pointed out that lignin,  a constituent of many higher plants,   will de- 

grade to vanillin upon heating.    They proposed that it might be pos- 

sible for ligneous fragments from the feed to pass through the meta- 

bolic processes of the cow into the milk.    Heating of the milk could 

then give rise to vanillin.    In this connection the formation of vanil- 

lin,  a significant component of maple essence (93),   during thie boiling 

down of maple sap appears relevant.    Cobb et al,  (17) suggested 

that vanillin,  a potent flavor compound,  may be involved in the 

caramelized flavor of heated milk. 

Lactones 

In 1956 Keeney and Patton (47,  48) first isolated delta-decalac- 

tone from heated milk fat and demonstrated its presence in evaporated 
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milk,   dried cream and dried whole milk.    These workers identified 

the lactone as the hydroxamate by a paper chromatographic tech- 

nique.     Boldingh and Taylor (10) reported the presence of a series 

of delta-lactones,   extending from CR through C. ,,  in heated butter 

fat.    The series included both saturated and unsaturated members, 

and minor amounts of lactones with an uneven number of carbon 

atoms.    Infrared analysis and column chromatography of the lactone 

anilides were used to characterize the compounds.    Delta-decalactone 

and delta-dodecalactone were identified in the fat phase of raw cream. 

The authors (10) demonstrated a seven fold increase in these lactones 

as a result of heating the fat at 140° C. 

Both delta and gamma lactones have been reported in a number 

of animal and plant products.    Muck,   Tobias and Whitney (61) iso- 

lated delta-decalactone,  delta-dodecalactone and delta-tetradecalac- 

tone from evaporated milk.    Their identifications were based on gas 

and paper chromatography data.    Lactones have been found in a num- 

ber of heated,   stored dairy products (5,  48) and implicated with stale 

and coconut-like flavor defects.    It was reported by Forss et al.   (25) 

that gamma-dodecalactone was positively identified in commercial 

Australian butter oil and evidence was also presented for the pres- 

ence of gamma-C^-C, , and C, , -C, , lactones and delta-C. _ and C, _ . 
yil Jolb ij ID 

lactones.     Dimick et al.   (22) presented data to show the occurrence 

of delta-Cir.,   C.-,   C,. and C.. lactones in bovine,   goat,   sheep, 
1U 1Z 14 1 D 
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swine and human milk fat.    In addition,   traces of lactones were 

found in steer,   sheep and swine depot fat. 

Pertaining to the plant kingdom,   Jennings and Sevenants (44) 

identified gamma-hexalactone,  octalactone,   decalactone and delta- 

decalactone as components in peach essence.    Their identifications 

were based on relative retention times on two dissimilar gas chro- 

matographic columns and matching infrared spectra. 

In 1958 Mattuck,   Patton and Keeney (56) proposed that delta- 

lactones result from ring closure of 5-hydroxy acids esterified in a 

glyceride molecule.    Boldingh and Taylor (10) produced lactones by 

heating synthetic 5-hydroxy mono- and triglycerides.    Parliment, 

Nawar and Fagerson (70),   using silica-gel chromatography,  thin- 

layer chromatography and gel filtration obtained a fraction of milk 

fat which which contained bound delta^-decalactone and delta-dodeca- 

lactone.     Based on molecular weight considerations,   it was concluded 

that the delta-lactone precursor in milk fat is most likely a mono- 

hydroxy-acyl-triglyceride. 

Wyatt,   Pereira and Day (102) identified the following hydroxy 

fatty acids from fresh milk fat:   5-hydroxy octanoic,  4-hydroxy 

decanoic,   5-hydroxy decanoic,   5-hydroxy dodecanoic,   5-hydroxy 

tetradecanoic,   5-hydroxy pentadecanoic,   5-hydroxy hexadecanoic and 

5-hydroxy octadecanoic.    Hydroxy heptadecanoic and hydroxy nona- 

decanoic were also identified,   but the position of the hydroxy groups 
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were not ascertained.    Identifications were achieved by mass spec- 

tral analysis and comparison of gas chromatographic retention times 

with authentic compounds.    Wyatt (101,   p.   55) concluded that the 

hydroxy acids exist in milk fat esterified to glycerol and the follow- 

ing mechanisms occurs for lactone formation: 

O OH 

H_C-0-C-(CH0)--C-(CHJ   -CH_ + HLO 
heat 

2'3 2'x 
O 
II 

HC-O-C-R 

H 

1 

H2C-0-C-R2 

CH2OH 

OH 
I 

CH--(CH-)   -(XCH-h-COOH 
3 2'x   l 2 3 

H 

+ HC-0-C-R1 

H2C-0-C-R2 

O- 

H_0 + CH.-(CH0)   -C-CH_-CH0-CH_-C = O 2 3 2 x   | 2 2 2 
H 

Acids 

Gould (30) cited many workers who have observed acid produc- 

tion in milkasa result of heat treatment.   It was demonstrated that the 
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amount of lactose decreases and titratable acidity increases upon 

heating (30).    He concluded that lactose is the major source of the 

acid formed when milk is heated.    Gquld found that approximately 

five percent of the developed acitity was lactic acid (30) and 80-85 

percent of the volatile acids was formic acid (69). 

Morr,   Harper and Gould (60),  utilizing a lyophilization con- 

centration procedure and a silica gel column chromatographic sepa- 

ration technique,  found that acetic,  fdrmic,   lactic and an unknown 

fraction accounted for 98 percent of the total acids produced by 

heating skimmilk to 100° C for six hours.    In contrast,   butyric, 

propionic and pyruvic acid accounted for only a small proportion of 

the total acid production.    The acids were identified by crystallog- 

raphy and paper chromatography. 

Jenness and Patton (42,  p.   85) point out that lactic,  formic and 

acetic acids have been demonstrated in heated lactose solutions buf- 

fered in the vicinity of neutrality or weak alkalinity.    Work by Patton 

and Filpse (77) has revealed that the major part of the formic acid 

produced is derived from the number one carbon atom of lactose. 

Kintner and Day (51) studied the free fatty acid content of raw 

and heated milk.    Their analyses included the even-numbered fatty 

acids from butyric through stearic and oleic and linoleic.    Heating 

milk had a pronounced effect upon the quantity of free fatty acids; 

as heat treatments increased,   the free fatty acids decreased. 
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Heating at approximately 100° C for one hour reduced the total free 

fatty acid content by 2 7 percent.    The observed decrease in free 

fatty acids due to heating poses an interesting question regarding 

their fate. 

Recently,   Sarra,   Canale and Caramello reported that high- 

temperature short-time pasteurization had very little effect on the 

free fatty acid content of milk (85). 

Sulfur Compounds 

The odor of hydrogen sulfide in milk shortly after heat treat- 

ment is readily apparent.    Early investigators demonstrated its 

presence qualitatively with lead acetate paper (80,   27).    Townley 

and Gould (92) measured hydrogen sulfide quantitatively by asperat- 

ing milk with nitrogen,   collecting the liberated sulfides in alkaline 

zinc acetate,   producing methylene blue by the addition of a hydro- 

chloric acid solution of p-aminodimethylaniline   in the presence of 

ferric chloride,  and measuring the intensity of the blue color photo- 

metrically.    The liberated sulfur for six samples averaged 0.018, 

0. 053,   0. 130,   and 0. 240 mg.   per liter when milk was heated momen- 

tarily to 76,   80,   86 and 90° C,   respectively (92). 

It is generally believed that the hydrogen sulfide arises from 

the sulfhydryl groups activated by heat denaturation of beta-lacto- 

globulin and proteins of the fat globule membrane (41);  however,   the 
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precise mechanism of hydrogen sulfide formation from the sulfhydryl 

groups is unknown (42,   p.   385). 

Dimethyl sulfide is a constituent of non-heated milk and is 

important to the flavor of milk.    However,   Keenan and Lindsay (46) 

have demonstrated that the concentration of dimethyl sulfide increases 

upon heating.    The precursor,   which presumably gains entry to milk 

through feed,  was identified as a methylmethionine sulfonium salt 

on the basis of its thin-layer chromatographic mobility and the heat 

instability of the compound. 

Recently (24) Forss,  Stark and Urbach,   employing the combina- 

tion of gas chromatography and mass spectrometry,   identified di- 
g 

methyl sulphone in an amount above one part in 10    of Australian 

commercial butter oil.    The authors did not determine whether the 

compound was heat induced in the preparation of the butter oil or 

present in the raw cream from which the butter oil was made. 

Lindsay,   Day and Sandine (55) on the basis of gas chromato- 

graphic retention times,  tentatively identified methyl mercaptan and 

2-mercaptoethanol in heated skimmilk.    Bingham (9,   p.   77) reported 

the presence of methyl mercaptan and dimethyl disulfide in sterilized 

concentration milk. 

Arnold,   Libbey and Day (5) identified benzothiazole in sterilized 

concentrated milk and suggested that it might have been the cause of 

the "old rubber flavor" of stored sterilized concentrated milk 
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reported by Patel et al.  (71).    Benzothiazole has also been recently 

identified by Australian workers (24) in commercial butter oil.    The 

identification of benzothiazole in both of these reports (5,   24) was 

based on mass spectral and gas chromatographic retention data. 

Alcohols 

Patton and Josephson (79) isolated and identified furfuryl 

alcohol in skimmilk which had been heated for 90 minutes at 126. 6° C. 

Furfural alcohol was not found in a non-heated control sample.    The 

identification was based on the boiling point,   refractive index,   den- 

sity, freezing point data and the successful preparation of naphthyl 

and phenylurethanes and 3, 5-dinitrobenzoate derivatives. 

Patton (76) proposed a mechanism for furfuryl alcohol produc- 

tion in which the alcohol is formed from the glucose portion of the 

lactose molecule.    Patton proposed that the formation of furfuryl 

alcohol from lactose is fundamentally a consideration in carbohydrate 

chemistry.    Although furfuryl alcohol was one of the principal heat- 

generated compounds of milk or lactose-casein systems,  data was 

presented to show that the compound can be produced in pure lactose 

solutions having the required pH and buffer capacity (76). 

Based on gas chromatographic retention times,   methantil and 

n-butanol have been tentatively identified in heated skimmilk (55). 
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Nitrogen Compounds 

Parks,  Schwartz and Keeney (68) identified ortho-aminoaceto-: 

phenone in stale non-fat dry milk and Arnold,   Libbey and Day (5), 

using a combined gas chromatograph-mass spectrometer,  foiand this 

compound in stale flavored sterilized concentrated milk.    The former 

workers based their identification on mass spectral and infrared 

spectra.    Further evidence for the presence of ortho-aminoacetophen- 

one   was obtained as its 2, 4-dinitrophenylhydrazone (68).    Both 

groups of workers implicated the compound with the stale flavor 

defect.    Parks,   Schwartz and Keeney (68) suggested tryptophan, 

indican and kynurenine as potential precursors for ortho-amiho- 

acetophenone. 

Jenness and Patton (42, p. 354) indicated that ammonia is 

formed by high temperature treatment of milk and results from 

protein,   and possibly urea decomposition. 

Miscellaneous Compounds 

Recently Forss,  Stark apd Urbach (24) isolated from Australian 

butter oil and identified by the combination of gas chromatography 

and mass spectrometry the following compounds:   toluene,   ortho- 

methoxyphenol,   a cresol,   phenol,   methyl benzoate and methyl 

n-decanoate.    Lindsay,  Day and Sandine (55) using gas 
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chromatographic retention times and mass spectral data,  identified 

methyl decanoate,   ethyl formate,   ethyl acetate and ethyl octanpate. 

in heated skimmilk.    Tentatively identified were ethyl butyrate, 

ethyl hexanoate,   ethyl decanoate,   ethyl dodecanoate and 2-furfural 

acetate.    Since the primary purpose of these two investigations (24, 

55) was not to study the production of compounds by heat,   studies 

were not carried out on non-heated samples.    Therefore,   it is not 

possible to state whether the identified compounds were heat induced 

or native to the raw starting material.    Arnold,   Libbey and Day (5) 

identified a dichlorobenzene in sterilized concentrated milk using 

gas chromatography and mass spectrometry. 

The compounds that have been identified in heated milk are 

summarized as follows: 

Compound Reference 

Ketones 

acetone 100,   61,   55,   52 

2-butanone 55,   61,   52 

2-pentanone 100,   61,   55,   52 

2-hexanone 55 

2-heptanone 100,   61,   52,   55 

2-nonanone 5,  52,   55 

2-undecanone 55,   52 

2-tridecanone 52,   5,   55 
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Compound Reference 

2 -pentadecanone 52 

Maltol 74 

Acetophenone 5 

Diacetyl 7,   24 

Aldehydes 

Alkanals 

ci 
97 

C2 
97, 58,   9 

C3 
97, 9 

C5-Cll 
97, 66 

cn-cit 66 

Alk-2-enals 

s-s 66 

cio-cii 66, 97 

ciz 97 

Methyl propanal 7 

3 -Methylbutanal 7 

2-Furfural 58, 55 

5 -Hydroxymethyl- 2 - 

furfural 75 
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Compound Reference 

Benzaldehyde 67,   5 

Vanillin 17 

Delta-lactones 

C6 

C7 

C8 

C9 

C10 

Cll 

C12 

C13 

C
14 

C15 

C
16 

C
18 

Delta-dod 

lactone 

Gamma -lactone s 

50 

50 

10,   50 

50 

10,   47,  48,   61,   50,   5 

50 

10,   61,   50 

25,   61 

10,   61,   25 

25,   61 

10,   61 

61 

10 

C8 61 

C9 25,   61 
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Compound 

'10 

11 

12 

13 

'14 

'15 

'16 

Gamma-dodecene - 6- 

lactone 

Reference 

25, 61 

25, 61 

25, 61 

25, 61 

25, 61 

25, 61 

25, 61 

10 

Acids 

Formic 

Acetic 

Propionic 

Butyric 

Caproic 

Caprylic 

Capric 

Laurie 

Myristic 

Palmitic 

Stearic 

28,   60 

60 

60 

60 

51 

51 

51 

51 

51 

51 

51 
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Compound Reference 

Oleic 51 

Pyruvic 60 

Lactic 30 

Sulfur Compounds 

Hydrogen sulfide 80,   27,   92 

Methyl mercaptan 55,   9 

Dimethyl sulfide 46 

Dimethyl sulphone 24 

Dimethyl disulfide 9 

2 - Me r captoethanol 55 

Benzothiazole 5,   24 

Alcohols 

Furfuryl alcohol 79 

Methanol 55 

n-Butanol 55 

Nitrogen Compounds 

Ortho-aminoacepto- 

phenone 

Ammonia 

68,   5 

42 
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Compound Reference 

Miscellaneous Compounds 

Toluene 24 

Ortho-methoxy phenol 24 

A cresol 24 

Phenol 24 

Methyl benzoate 24 

Methyl decanoate 55 

Ethyl formate 55 

Ethyl acetate 55 

Ethyl butyrate 55 

Ethyl hexanoate 55 

Ethyl decanoate 55 

Ethyl dodecanoate 55,   24 

A dichlorobenzene 5 

Nonenzymatic Browning Reactions 

No attempt will be made to completely review the literature 

on nonenzymatic browning reactions.    However,   since the subject 

is so pertinent to the production of heat induced compounds a few 

comments may be relevant. 

Several reviews on nonenzymatic browning reactions are avail- 

able (72,   81,   82,   36).    Patton (72) in his review,   pointed out that the 
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two principal reactants in the nonenzymatic browning of milk systems 

are lactose and casein.    The evidence indicates that the glucose por- 

tion of the lactose molecule reacts.    Homer and Tuckey (39) observed 

that when lactose is destroyed in milk,   galactose,   but not glucose 

accumulates.    Work by Patton and Filpse (77),   in which they used 

labeled lactose,   has shown that the major part of the formic acid 

produced is derived from the number one carbon of lactose.    Jenness 

and Patton (42,   p.   355) also indicated that maltol is formed from the 

glucose portion of lactose. 

The question arises as to what chemical groups of the casein 

are primary reactants in the nonenzymatic browning mechanism. 

Patton (72) reported that the work in this area points to the epsilon- 

amino groups of lysine as a key reactant.    Jenness and Patton (42, 

p.   348) suggested that the other basic amino acids may be involved 

secondarily. 

The exact mechanism for nonenzymatic browning in milk is not 

known.    However,   Hodge (3 6) presented a general pathway in which 

the condensed sugar and amine undergo an Amadori rearrangement 

and react further to form subsequent fragmentation,  dehydration 

and melanoidin products. 

Jenness and Patton (42,   p.   354) point out that a substantial 

number of compounds,  which have been shown to result directly 
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from lactose decomposition,  have been revealed to result from the 

prolonged high temperature treatment of milk.    These include 

furfuryl alcohol, furfural,  hydroxymethylfurfural,   maltol,   acetol, 

methylglyoxal,   acetaldehyde and acetic,  formic and lactic acids. 

A significant reaction in browning systems is the Strecker 

degradation.    It accomplishes the conversion of an amino acid to an 

aldehyde containing one less carbon and may be represented as 

follows: 

R o o 
!   II 

R   -CH(NH2)-C-OH + R2-C-C-R3 

heat 

fi R 
R^C-H    +     R2-CH(NH2)-C-R3  +   C02 

If the hydrogen on the alpha-carbon of the amino acid is substituted, 

a ketone is produced.    Schonberg,   Moubacher and Mostofa (87) dem- 

onstrated that the amino group must be alpha to the carboxyl group. 
O O 

In addition,  the carbonyl compound must contain a -C-(CH=CH) -C- n 

group in which n may be zero or an integer.    The necessary reac- 

tants for the Strecker degradation are present in heated milk.    Trace 

quantities of free amino acids exist in milk.    Dicarbonyls such as 

methylglyoxal,   pyruvic acid,   dehydroascorbic acid,   and 2, 3-diketo- 

gulonic acid are present in heated milk (42,   p.   356).    Jenness and 
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Patton (42,   p.   355) point out that,  as yet,  there is little direct evi- 

dence for the Strecker degradation in milk. 

Compounds Identified in Non-Heated Milk 

Carbonyl Compounds 

Day,   Forss and Patton (21) found trace amounts of acetalde- 

hyde and from one to ten ppm of acetone in skimmilk.    The 2, 4-di- 

nitrophenylhydrazone derivatives of acetaldehyde and acetone were 

identified by determinations of R    values on paper chxomatograms, 

melting points,   and absorption maxima in the ultraviolet region.    The 

approximate amounts of each carbonyl were determined by optical 

density measurements. 

Wong and Patton (99) studied the volatile compounds related to 

the flavor of raw milk and cream.    The carbonyl compounds were 

separated and identified as their 2, 4-dinitrophenylhydrazones by 

paper chromatography,   column partition chromatography,  ultra- 

violet spectroscopy,   and melting point determinations.    Data thus 

obtained established the presence of formaldehyde,   acetaldehyde, 

acetone,   butanone,   2-pentanone and 2-hexanone in milk and cream 

and presented tentative evidence for 2-heptanone in cream.    A 

subsequent study by Wong (98) demonstrated the presence of 3-meth- 

ylbutanal in fresh cream. 
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Haverkamp,   Begemann and Koster (32) claimed that hept-cis- 

4-enal is responsible for the creamy flavor in milk fat and occurs in 

9 
fresh milk fat at concentrations of 1. 5 parts in 10   . 

Acids 

Harper,   Gould and Hankinson (31) identified formic through 

caproic and caprylic acid in raw milk.    Infrared analyses confirmed 

the identity of these acids.    More recently Kintner and Day (51) iso- 

lated and quantitatively determined the even numbered free fatty 

adds from butyric through stearic,   oleic and linoleic acid in raw 

milk. 

Lactone s 

Boldingh and Taylor (10) reported the presence of delta-deca- 

lactones and delta-dodecalactone in fresh non-pasteurized cream. 

Infrared analysis and column chromatography of the lactone anilides 

were used to characterize the compounds. 

Alcohols,   Sulfur,   Nitrogen,  and 
Miscellaneous Compounds 

Patton,   Forss and Day (78) first identified methyl sulfide in 

raw whole milk.    Gas chromatographic retention times and mass 

spectral data were utilized for the identification.    In addition,   the 
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infrared spectrum of the methyl sulfone derivative was also obtained. 

Dimethyl sulfide is considered essential to the flavor of fresh raw 

milk. 

Wong and Patton (99), using mass spectral data in conjunction 

with gas chromatographic retention times established the identity of 

methyl sulfide, ethyl ether, ethanol, chloroform, acetonitrile and 

ethylene chloride in the volatiles from their samples of milk and 

cream. Ammonia, n-propylamine, n-hexylamine and non-condens- 

able gases have been listed in a review by Day (19) as volatile com- 

pounds isolated from milk. 

The compounds that have been identified in non-cheated milk 

are summarized as follows: 

Compound Ref( srence 

Aldehydes 

Alkanals 

ci 99 

C2 
21, 99,   9 

C
3 

9 

C5 
9 

3-methyl butanal 98 

hept-cis- 4-enal 32 
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Compound Refere 

Ketones 

Acetone 21,   99 

Butanone 99 

2 - Pentanone 99 

2-Hexanone 99 

2-Heptanone 99 

Laetones 

C10 delta 10 

C12 delta 10 

Acids 

Formic 31 

Acetic 31 

Propionic 31 

Butyric 31,   51 

Valeric 31 

Caproic 51 

Caprylic 31,   51 

Capric 51 

Laurie 51 

Myristic 51 
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Compound Reference 

Palmitic 51 

Stearic 51 

Oleic 51 

Linoleic 51 

Sulfur Compounds 

Methyl sulfide 78,   99 

Alcohols 

Ethanol 99 

Nitrogen Compounds 

Ammonia 19 

n-Propylamine 19 

n-Hexylamine 19 

Acetonitrile 99 

Miscellaneous Compounds 

Ethyl ether 99 

Chloroform 99 

Ethylene Chloride 99 
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EXPERIMENTAL 

Heat Treatment 

Whole milk used in this study was obtained from the University 

Dairy Products Laboratory.    Milk was forewarmed at 82 0C for 30 

minutes.    It was then heated to a temperature of 146° C for four 

seconds and subsequently cooled to   4 " C.    The UHT treatment and 

cooling were accomplished in a modified laboratory model Spira- 

therm.    The Spiratherm,  which was manufactured by the Cherry- 

Burrell Corporation,   is essentially a tubular heat exchanger.    The 

product tube,   consisting of ^ inch OD stainless steel tubing,   coils 

through a steam tube.    Steam under pressure in the steam tube heats 

the milk to the desired UHT.    After passing through the steam tube, 

the product tube functions as a holding tube.    Here the milk is held 

at the UHT for the desired length of time.    The product tube then 

coils through the cooling tube.    Cooling water,  which flows counter 

current through the cooling tube,  cools the product to refrigeration 

temperatures. 

A Cherry-Burrell homogenizer was used to pump the product 

through the laboratory model Spiratherm.    No pressure was put on 

the homogenizer valve, therefore the homogenizer merely functioned 

as a positive displacement piston pump.    Since the product was 
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pumped through the laboratory model Spiratherm at a constant rate, 

the amount of time the product was held at the UHT could be con- 

trolled by adjusting the length of the holding tube.    Thus the calcu- 

lated holding time was based on the average flow rate and the length 

and diameter of the holding tube. 

Since the steam pressure in the University Dairy Products 

Laboratory was not always high enough to heat the milk to the de- 

sired UHT of 146° C,  an auxiliary heating section was installed 

immediately after the steam tube but before the holding tube.    The 

auxiliary heating section consisted of passing the product tubing 

through a glycerol heating bath.    The temperature of the bath was 

controlled by a thermostatically controlled immersion heater and 

electrical heating tape wound around the outside of the bath.    Thus 

by controlling the temperature of the auxiliary heating bath,   it was 

always possible to heat the milk to the desired temperature of 146° C. 

Organoleptic Evaluations 

In the course of preliminary experiments,   UHT-treated milk 

was held for two to three weeks at 4° C.    During this period,   organo- 

leptic evaluations revealed that the milk had a strong sulfureous 

cooked note immediately after processing.    This flavor was also 

accompanied by a rich,  heated background.    After two to five days 

storage at 40C,  the intensity of the sulfureous note seemed to 
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decrease considerably but the rich heated background persisted. 

These informal observations were in general agreement with the 

information in the literature regarding the flavor of UHT-treated 

milk. 

To substantiate these observations,   milk was UHT-treated and 

held at 4° C for six days.    After six days,   another batch of milk was 

UHT-treated.    On the following day both milks were subjected to 

organoleptic evaluation by nine people experienced in ascertaining 

flavor defects of milk.    The heat treated milk score sheet,   shown 

in Figure 1,  was used for the evaluation.    This score sheet allows 

separate intensity ratings for the sulfureous and heated or rich notes. 

The purpose of this experiment was to evaluate these two notes in 

one day and seven day old UHT-treated milk. 

Recovery of Compounds 

Distillation 

The reduced pressure distillation apparatus developed by 

Lindsay,   Day and Sandine (55) was used to recover volatile com- 

pounds.    A diagram cf the apparatus is shown in Figure 2.    The 

pressure was maintained at 2-3 mm of mercury during the distilla- 

tion.    The distillation apparatus was designed to permit continuous 

recycling of milk during the distillation.    The milk was introduced 
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"Sulfury" Heated 

volatile sulfide Rich 

5 extreme 

H 
CO 

W 
H 

4 strong 

3 moderate 

►-H        2 slight 

1 none 

Figure  1.    Heat treated milk score sheet. 
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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 00 

Figure 2 „    Diagram of the steam distillation apparatus. 
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through stopcock A and was immediately flash-heated to 25-30° C 

in the heat exchanger (B) by 55-60° C water running through the jacket 

of the water condenser.    The milk then surged into the vaporization 

chamber (D) where the volatile compounds were vaporized and re- 

moved.    Stopcocks at A,   F,  and E were adjusted to give proper intake 

of new sample,   exit of distilled sample and recycling of partially dis- 

tilled sample.    The discarded residue was drained into a five gallon 

pyrex carboy which was connected by pressure tubing to positions E 

and P»    G is a foam trap to prevent the sample from contaminating 

the distillate. 

The distillate was condensed in a series of cold traps.    The two 

w^ter-cooled condensers (H),   condensed most of the aqueous distil- 

late.    The  12-liter round bottom flask (I) was cooled with crushed 

dry-ice.    The first two-liter pear shaped flask (J) was cooled in a 

Methyl Cellosolve-dry-ice bath.    The second two-liter pear shaped 

flask (K) was cooled in liquid nitrogen.    Traps L and M were cooled 

with liquid nitrogen.    Traps M served as safety traps to prevent dis- 

tillate from getting into the vacuum pump and to prevent vacuum pump 

material from getting into the other distillate traps.    Trap N was 

cooled with liquid nitrogen.    Trap N and trap P,   which was cooled 

with crushed dry ice,   served to trap moisture from the residue car- 

boy.    The material caught in traps M,   N,   and P was discarded. 

Twenty gallon lots of UHT-treated and non-heated control milk 

(raw milk) were used for each distillation.    Approximately ten 
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percent of the volume of milk was removed by the distillation proc- 

ess.    The majority of the distillate was contained in traps I and J. 

The odor of the traps was very similar to the milk which was dis- 

tilled.    When UHT -treated milk was distilled,  the aqueous distillate 

f rom traps I and J had a sulfureous odor.    The rich,  heated note was 

also plainly detectable in the odor from these traps.    The odor from 

trap L and to a lesser extent trap K was dominated by the sulfureous 

note.    When non-heated milk was distilled,  the odor from traps I,   J, 

K and L was described as milk-like,   green and dimethyl sulfide-like. 

Extraction 

Aqueous distillates from traps I,   J,   K and L were pooled and 

extracted in a conventional continuous liquid-liquid extractor de- 

signed for a solvent less-dense than water.    Three liters of aqueous 

distillate were saturated with reagent grade sodium chloride and 

extracted continuously for 24 hours with approximately 300 ml of 

reagent grade ethyl ether.    An excess of sodium chloride was placed 

in the extractor to insure saturation.    A magnetic stirring bar kept 

the distillate gently agitated. 

Concentration 

After drying with excess reagent grade sodium sulfate,  the 

ethereal solution was fractionally distilled to remove excess ethyl 
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ether using a 1 X 60 cm fractionation column.    The column was 

packed with glass helices.    A reflux ratio of 1:4 (collect to return) 

was controlled electronically with a control flow head.    The extract 

was concentrated to about 20 ml and stored in a ground glass stop- 

pered vial.    When needed,  the extract was further concentrated in 

a chromatographic vial to as little as 10 \xl under a nitrogen stream 

at room temperature.    Equivalent volumes of control ethyl ether 

concentrated in the same manner resulted in a gas chromatograph- 

ically pure ethyl ether residue. 

Identification of Compounds 

Gas Chromatographic Procedures 

A number of gas liquid chromatography (GLC) runs were con- 

ducted to separate and identify compounds present in the ethereal 

concentrates.    Initially two runs were conducted to gain relative 

retention time data and to get an idea as to the type of compounds 

that were present in the ethereal concentrates.    An Aerograph Model 

204 gas chromatograph equipped with a hydrogen flame ionization 

detector was used for this purpose.    The instrument was equipped 

with a 1:10 effluent splitter so that GLC effluent odors could be evalu- 

ated.    The conditions of analysis for run one were: 
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Column 

Column dimensions 

20% Apeizon M on 80/100 mesh 

acid-alkali washed Celite 545 

12 feet X 1/8 inch OD 

Initial temperature 

Temperature program 

Flow rate 

Injection port temperature       215° C 

Detector temperature 

Attenuation 

100° C for 20 minutes 

40C/minute to 200 0 C 

30 ml/minute of N    at 100° C 

2150C 

initially X 1 

The conditions of analysis for rvm number two were: 

Column 2. 5% Carbowax 20 M on DMCS 

Column dimensions 

Initial temperature 

Temperature program 

Flow rate 

Injection port temperature 

Detector temperature 

Attenuation 

treated Chromosorb G 

12 feet X 1/8 inch OD 

70 0 C for ten minutes 

4° /min.  to 210° C 

35 ml/min of N2 at 700C 

220 0C 

220° C 

initially X 1 

Gas Chromatography Combined with 
Rapid-Scan Mass Spectrometry 

Rapid scan mass spectrometry (MS) was used in conjunction 
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with GLC to identify compounds.    An Atlas.CH-4 Nier-type mass 

spectrometer (nine inch,   60 degree sector,   single focusing instru- 

ment) was used for all mass spectral analyses.    The mass spectra 

were recorded with a Honeywell Model 1508 Visicorder. 

In the initial investigation,  which will be referred to as run 

number three,   a packed GLC column was used to separate the compo- 

nents in the ether concentrate.    The GLC instrument was equipped 

with a 10:1 effluent splitter so that 10% of the effluent went to the 

hydrogen flame detector.    Of the column effluent going to the mass 

spectrometer,   approximately 5% of the flow went through the EC-1 

inlet valve to the ion source of the mass spectrometer.    The remain- 

ing 95% of the effluent was directed through a heated tube so that the 

odor of the components being analyzed could be simultaneously eval- 

uated.    The operating conditions used for analysis in run number three 

were: 

GLC 

GLC instrument Barber Colman model 5000 

Detector Hydrogen flame 

Injection On column 

Column 20% Apeizon M on 80/100 mesh 

acid-alkali washed Celite 454. 

Column dimensions 12 feet X 1/8 inch OD 

Initial temperature 100° C for 20 minutes 
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Temperature program 

Flow rate 

Detector temperature 

Attenuation 

30C/minute to 200 0C 

35 ml/min of He 

2l0oC 

X300 

Filament current 

Electron voltage 

Accelerating voltage 

Analyzer pressure 

Multiplier voltage 

Scanning speed 

MS 

60 jxA 

70 eV 

3000 V 

-7 
5 X 10       mmHg 

2.2 KV 

4. 5 sec to scan from m/e 25 to 

m/e 250 

In 1965 a double ion source was installed in the mass spec- 

trometer.    This made it possible to use capillary GLC columns in 

conjunction with the instrument.    The total effluent from the capillary 

column was fed directly into the ion source.    Here it was split,  with 

50% going to the 20 eV source and the other 50% going to the 70 eV 

source.    The 20 eV electron source was used as a GLC detector 

while the 70 eV electron source gave the ionization used to obtain 

the mass spectra. 

Three hundred foot X 0. 01 inch capillary columns were used in 

runs number four and five.    The stationary phase was butanediol 
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succinate (BDS) for rvm number four and Carbowax 20 M for run 

number five.    The operating conditions used in runs number four 

and five were: 

GLC Instrument 

Column dimensions 

Initial temperature 

Temperature program 

Flow rate 

Injector temperature 

Attenuation 

GLC 

F&M Model 810 

300 foot X 0. 01 inch 

BDS 80° C for ten minutes 

Carbowax 20 M   70 0 C no hold 

BDS 60C/min to 200° C 

Carbowax 20 M   20C/minto 1750C 

One ml/minute of He 

BDS  205 0 C 

Carbowax 20 M   180° C 

initially X 30 

Filament current 

Electron voltage 

Accelerating voltage 

Analyzer pressure 

Multiplier voltage 

MS 

20 eV source,  45 ^A 

70 eV source,   12 |jiA 

20 eV and 70 eV 

3000 V 

1.5 X 10"     Torr 

1. 6 KV 
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Scanning speed 2.5 seconds from m/e 25 to m/e 

250 and 5.0 seconds from m/e 25 

to m/e 250 on compounds with 

longer retention times. 

The amount of ether concentrate injected into the gas chro- 

matograph in runs number four and five was 2r5 |JL1.    Only 1. 0% of 

this amount was actually introduced onto the capillary column as a 

1:100 (column to atmosphere) injection port splitter was used to pro- 

tect the columns from overload.    According to Teranishi,   Lundin 

and Scherer (91,   p.   165) the capacity of a 0. 01 inch ID capillary 

column is approximately 1 jxg for any one compound.    During the 

course of the investigation,   it became evident that the bulk of the 

ethereal concentrate from the UHT-treated milk was composed of 

solvent (ether),  and methyl ketones.    Due to the limitation on the 

amount of sample that can be introduced onto a 0. 01 inch ID capillary 

column,   it was difficult to introduce enough of the components which 

were present in the ethereal concentrate in smaller amounts into the 

mass spectrometer via the capillary column.    In order to alleviate 

this problem,  a method for trapping the components present in small- 

er amounts as they eluted a packed gas chromatographic column and 

transferring them to a capillary column in large enough amounts for 

mass spectral analysis was developed.    The trapping and transferring 
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procedure was developed jointly with Roy Arnold,  a fellow graduate 

student-who was encountering similar sample size limitation prob- 

lems in his research efforts.    The purpose of the trapping and trans- 

ferring procedure was to collect and transfer to the capillary column 

feeding the mass spectrometer enough compound for mass spectral 

analysis,   but an amount small enough so that the capillary column 

would not be overloaded. 

The trapping and transferring procedure was used in run 

number six.    Ten [il of ethereal concentrate which represented the 

volatiles recovered from one distillation,  were injected into a packed 

Apeizon M column.    The chromatographic conditions were exactly 

the same as listed for run number one.    Six traps were used to col- 

lect successive fractions as they were eluted from the chromato- 

graphic column. 

The traps used to collect the fractions were made from six inch 

lengths of l/l6 inch OD (0. 03 inch ID) stainless steel capillary tubing. 

Swagelok fittings were attached to both ends of the tube.    When col- 

lecting a fraction,   the trap was connected to the effluent outlet of 

the gas chromatograph with a j inch length of 1/16 inch ID Teflon 

tubing.    The trap was cooled by the hot wall-cold wall technique (43) 

in which the trap was laid on a hot plate and powdered dry ice was 

placed on top of the trap.    Immediately after trapping a fraction, 

the trap was removed from the effluent splitter and Swagelok caps 
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were tightened onto both ends to prevent moisture from condensing 

in the trap.    In run. number six,  the traps were connected to the 

effluent outlet only when the "smaller" peaks in the chromatogram 

were being emitted from the column.    No traps were connected to 

the effluent outlet when the larger solvent,  methyl ketone and free 

fatty acid peaks were eluted.    These compounds were allowed to 

escape to the atmosphere. 

In order to move the trapped fractions from the trap to the 

capillary column,  the carrier gas system of the F&M Model 810 gas 

chromatograph was modified as shown in Figure 3.    The size of the 

carrier gas tubing from injection splitter B to union I was 1/16 inch 

OD (0. 03 inch ID) stainless steel capillary tubing.    The following 

sequence of events was followed in transferring the compound from 

the trap to the column.    The Swagelok plugs were removed from 

unions F and H,   and the trap,   G,   submerged in powdered dry ice, 

was connected to union F.    Needle valve  D was opened momentarily 

to flush air from the trap.    The other end of the trap was then at- 

tached to union H.    Needle valve  D was opened,    toggle valve  E  was 

closed,   and trap G was immediately heated with a forced air heat 

gun to transfer the fraction into the capillary column.    The sample 

was not subjected to the 100:1 injection port splitter when introduced 

by this procedure. 

There were five fractions from the UHT-ethereal concentrate 
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Figure 3. top view of the sample inlet system 

A, carrier gas line; B, injection splitter; C, OK! column oven; 

D, needle valve, l/8 inch; E, toggle valve, l/8 inch; P, H, I, 

Swagelok unions, l/l6 inch; 0, sample trap; J, capillary column and 

K, to mass spectrometer. 
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and five corresponding fractions from the non-heated ethereal con- 

centrate collected and transferred to the capillary column for mass 

spectral analysis in run six.    These will be designated traps 1U 

through 5U for the traps which contain fractions from the UHT- 

treated ethereal concentrate and traps 1R through 5R for the traps 

containing fractions from the non-heated ethereal concentrate.    The 

operating conditions for mass spectral analyses of traps 1U through 

5U and 1R through 5R were: 

GLC 

GLC instrument 

Column dimensions 

Column stationary phase 

Column temperature 

Flow rate 

Attenuation 

F&M Model 810 with modified 

sample inlet system 

300 foot X 0.01 inch ID 

Carbowax 20 M 

traps 1U and 1R -isothermal 85 0 C 

traps 2U and 2R - isothermal 98° C 

traps 3,U and 3R - isothermal 1180 C 

traps 4U and4R - isothermal 140° C 

traps 5U and 5R - isothermal 1 600 C 

one ml/minute of He 

initially X 30 

Filament emission 

MS 

20 eV source,  45 ^A 

70 eV source,   12 |JLA 
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Electron voltage 

Accelerating voltage 

Analyzer pressure 

Multiplier voltage 

Scanning speed 

20 eV and 70 eV 

3000 V 

1. 5 X 10"    torr 

1. 6 KV 

2. 5 seconds from m/e 25 to 

m/e 250 and 5.0 seconds from 

m/e 25 to m/e  250 on compounds 

with longer retention times. 

Infrqired Spectroscopy 

Infrared spectroscopy was used to help characterize a number 

of the compounds present in the UHT-treated ethereal concentrate. 

For this purpose 40 ^1 of ether concentrate was obtained from a 40 

gallon distillation of UHT-treated milk.    Twenty \xl injections of the 

ethereal concentrate were made into a 12 foot by 1/8 inch 20% Apeizon 

M coJ.umn.    The GLC operating conditions were the same as those 

described for run number one.    The larger peaks were trapped,  as 

they eluted from the column in 6  inch X 1/16 inch stainless steel traps 

which were cooled in powdered dry ice.    Preliminary experiments 

indicated that the smaller peaks did not yield enough material for 

infrared analysis.    The stainless steel traps were the same type as 

used in the previously described collecting and transferring procedure 

for mass spectral analysis.    Two injections and two collections were 
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made in the same trap. 

The trapped compound was then rechromatographed on a 12 

foot by 1/8 inch 2. 5% Carbowax 20 M on DMCS treated Chromosorb 

G column and trapped in a 12 inch by 1/16 inch glass capillary tube 

using the hot-wall cold-wall procedure (43).    The successive separa- 

tions on columns of different polarity served to improve the purity 

of the trapped compound.    The final separation was initiated simply 

by placing the stainless steel trap,   containing the compound,  between 

the injection port and the column in the chromatograph oven.    After 

sample collection the glass capillary tubes were sealed and stored 

at -10° C until used. 

By using a piece of dry ice and a heat gun it was possible to 

concentrate the compound about two inches from one end of the glass 

capillary tube.    The sealed end farthest from the compound was 

broken off and the capillary tube was drawn out between the open end 

and the compound.    The drawn-out portion of the tube was sealed 

about five inches from the compound.    The tube was then broken 

between the compound and the end which had not been drawn out. 

About 0. 6 (il of carbon tetrachloride was added to the tube as close 

as possible to the open end.    The tube was centrifuged with the 

drawn end down to concentrate the solvent and compound into the 

drawn-out portion of the capillary tube.    After carefully breaking- 

off the tip of the drawn -out end,   the compound and solvent were 
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transferred directly into a type-D sodium chloride micro-cavity 

cell (Connecticut. Instrument Company,   Wilton,   Conn.) by capillary 

action.    The cell has a pathlength of 0. 05 mm.    The infrared spectra 

were run on a Beckman Model IR-5 infrared spectrbphotbmeter equipped 

with a 5 X KBr lens type beam condenser.    With the higher boiling 

compounds it was possible to evap6rate the original solvent from 

the micro-cavity cell,  add carbon disulfide to the cell,  and obtain 

spectra in both solvents. 

Qualitative Determination of Diacetyl 

The retention time of diacetyl in milk samples was determined 

by sample enrichment with known diacetyl.    For further confirmation 

of the presence of diacetyl in UHT-treated milk,  the following pro- 

cedure was followed:   Fifteen ml of UHT-treated aqueous distillate 

from trap J,   Figure 2,   were subjected to the on-column trapping 

procedure under the following conditions: 

Entrainment apparatus 

Purge time and rate 60 minutes at 10 ml/min of N_ 

Water bath temperature 90° C 

GLC 

Instrument F& M Model 810 

Detector hydrogen flame 
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Detector temperature 

Effluent splitter 

Column 

Column dimensions 

Column temperature 

Flow rate 

Range 

Attenuation 

150oC 

10:1 

20% 1, 2, 3-Tris(2-cyanoethoxy)- 

propane 

13. 5 feet X 1/8 inch OD 

isotherm 70° C 

24 ml/min of N 

X 1 

X 1 

The diacetyl peak,   as determined by retention time and odor 

confirmation,  was trapped in:a six inch stainless steel trap as it 

was eluted from the chromatographic column.    Crushed dry ice was 

used to cool the trap during collection.     The trapped sample was then 

subjected to mass spectral analysis as described in the collecting 

and transferring procedure above. 

The capillary column and mass spectrometer operating condi- 

tion? were the same as described for run   6  except an isothermal 

temperature of 70 ° C was used in the column oven and the mass 

spectrometer scanning speed was 2. 5 seconds from m/e 10 to m/e 

250. 
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Quantitative Determination of Diacetyl 

During the course of the investigation it became necessary to 

quantitatively determine the amount of diacetyl in UHT-treated milk. 

Attempts to use the Owades and Jakovac (64) colorimetric method 

for diacetyl determination were not successful as the diacetyl was 

not present in a high enough concentration.    However,   by using a 

modification of the on-column trapping procedure developed by 

Morgan and Day (5 7),   the amount of diacetyl in UHT-treated milk 

was determined. 

Figure 4 shows the essential parts of the entrainment assembly 

used in the gas entrainment on-column trapping procedure.    Ten ml 

of milk wereput in a screw-capped vial (Kimble no.   60957,   size no.   1) 

with a few milligrams of n-tetradecanol to control foaming.    Original 

caps were replaced with ones in which two 5/32 inch holes 7/16 

inches apart had been drilled and the original liners replaced with 

a 1/8 inch thick silicone rubber septum which had been cut from a 

sheet of Dow Corning Silastic.    After the vial was sealed,   the con- 

tents were mixed on a high speed vortex shaker for 15 seconds. 

The hypodermic needles on the entrainment assembly were 

16 gauge without hubs.    The tops of these needles were fitted with 

1/16 inch Gyrolok ferrules and nuts.    These needles were attached 

to Gyrolok 1/8 to l/l6 inch reducing unions,   which were welded to 
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To GLC      ^^ 
Column 

Sample 

Figure   4.    The headspace entralnment assembly used for the 
analysis of diacetyl. 



57 

the support plate.    The needle on the column end was one inch long; 

the other needle was 2j inches long. 

The chromatographic column had a U-shaped bend near the 

injection port end.    During the collection period the column was 

temporarily withdrawn from the column oven and connected to the 

outlet of the entrainment assembly.    The U-shaped trap was imj- 

mersed in a Methyl Cellosolve-dry ice bath.    Carrier gas passing 

through the entrainment assembly purged the volatiles from the 

vial to the U-shaped trap in the chromatographic column.    A water 

bath heated by a thermostatically controlled heater was raised so 

that the entrainment assembly was immersed.    After collection 

the column was reconnected to the injector port inside the oven,   the 

carrier gas flow was resumed,   and the trapped volatiles were sub- 

jected to chromatographic analysis. 

The modification in the on-column trapping procedure was that 

an electron capture detector was used instead of a flame ioniaation 

detector on the gas chromatographic instrument.    The electron cap- 

ture detector is 300 X more sensitive to diacetyl than the flame detec- 

tor (94),   thus the gain in sensitivity is obvious in using an electron 

capture detector. 

The following conditions were used for the quantitative deter- 

mination of diacetyl: 
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Entrainnnent apparatus 

purge time and rate ten minutes at 10 ml/min of N, 

water bath temperature 3 7° C 

GLC 

Instrument 

Detector 

Detector temperature 

Detector purge rate 

Detector pulse rate 

Column 

Column dimensions 

Column temperature 

Flow rate 

Range 

Attenuation 

F&M Model 810 

electron capture 

200 "C 

140 ml/min of 5% methane in 

argon 

150 pulses/second 

20% 1, 2, 3-Tris(2-cyanoethoxy)- 

propane 

13. 5 feet X 1/8 inch OD 

isothermal 70° C 

24 ml/min of 5% methane in argon 

X 10 

initially X 4 

The concentration of diacetyl in milk was determined by relat- 

ing the peak heights to known quantities of compound.    A GLC record- 

er response curve was prepared by adding diacetyl in known concen- 

trations to raw whole milk and chromatographing the solutions by the 

same procedure as used in the analysis of UHT-treated milk. 
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Average Flavor Threshold Determinations for Diacetyl 

The average flavor threshold for diacetyl in raw whole milk 

was determined according to the method reported by Wasserman (96). 

Samples of milk,   with diacetyl concentrations ranging from 5 to 

40 parts per billion (ppb),   were prepared in glass-stoppered bottles 

and allowed tq equilibrate at 4 0 C for two hours.    Immediately before 

serving to the 20 member taste panel,   the samples were tempered 

to 19° C.    The average flavor threshold was determined by plotting 

the percent of panelists having thresholds at each concentration 

level versus the concentrations of the test solutions and locating 

the concentration at the 50% response. 
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RESULTS AND DISCUSSION 

Organoleptic Evaluations 

The results of the organoleptic evaluation of one and seven 

day old UHT-treated milk are shown in Table 1.    The results indicate 

that the sulfureous or volatile sulfide note decreased considerably 

between the first and seventh day of storage at 40C.    In contrast, 

the heated or rich note increased slightly over the same period of 

time.    These data are in agreement with reported observations on 

the flavor cf UHT-treated milk (6). 

Table 1.    Organoleptic evaluation of one and seven day old UHT 
treated milk 

Intensity S 
a 

cores 
Hydrogen sulfide 

"Sulfury" Heated 
Judge Volatile Sulfide Rich 

1 day milk 7 day milk 1 day milk 7 day milk 

1 4 2 4 4 
2 4 3 3 4 
3 4 2 3 4 
4 5 2 4 5 
5 4 2 3 5 
6 2 3 3 2 
7 4 2 3 4 
8 4 1 3 2 
9 4 3 2 3 

Mean 3.9 2.2 3. 1 3. 7 

a, _ 
1 = none,   5 = extreme 



61 

Identification of Compounds 

Chromatograms from run 1   are shown in Figure 5.    Included 

are GLC traces of the UHT-treated and non-heated control ethereal 

concentrates separated on a 20 percent Apiezon  M packed column. 

The relative retention times for peaks in the chromatograms and 

some compounds suspected of being in UHT-treated and non-heated 

milk are shown in Table 2. 

Peaks number 1,  4,   5,   6,   9 and 12 of the UHT-treated ether- 

eal concentrate chromatogram were trapped,   rechromatographed 

on a Carbowax 20 M column and subjected to infrared analyses.? 

Comparison with the infrared spectra of known compounds confirmed 

the following identifications. 

Peak Number 

1 

4 

5 

6 

9 

12 

Compound 

2-heptanone 

2-nonanone 

octanoic acid 

2-undecanone 

decanoic acid 

delta decalactone 

Examples of the matching infrared spectra are provided in 

Figures 6,   7 and 8.    Figures 6 and 7 show the spectra of decanoic 
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30 

Time (min) 

Figure 5.    Chromatograms of UHT-treated (A) and non-heated (B) ethereal concentrates using a 20% Apiezon 

M column. 
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Table 2.    Relative retention times of compounds from UHT-treated 
and non-heated ethereal concentrates using a 20 percent 
Apiezon M column; gas chromatograph shown in Figure 5 
(Run 1). 

w 
Reaction to Peak Confirmation 

■No. Compound Extract       Authentic Blue Litmis of odor 

UHT- -treated concentrate 

Ia 

2a 
2-heptanone 1.0 1.0 + 
hexanoic acid 2.44 2.34 + + 

3a phenylacetaldehyde 2.45 2.38 + 

1 12b 

2-nonanone 2.48 2.58 + 
octanoic acid 1. 22 1.20 + + 
2-undecanone 1.33 1.33 + 
delta octalactone 1.36 1.42 + 
maltol 1.37 1.42 + 
decanoic acid 1.52 1.51 + + 
vanillin 1. 75 1.66 + 
2-tridecanone 1.78 1.78 + 
delta decalactone 1.85 1.90 + 

non-heated concentrate 

hexanoic acid 
octanoic acid 
decanoic acid 
delta decalactone 

0. 801 0. 750 + + 
1.00 1.00 + + 
1.26 1.25 + + 
1.55 1.59 + 

t    /t     relative to 2-heptanone 
R     R 

t   It     relative to 2-nonanone 
R    R 

't    /t     relative to octanoic acid 
R    R 
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Figure 6.    Infrared spectra of experimental (A) and known (B) decanoic acid in carbon tetrachloride. 
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Figure 7.    Infrared spectra of experimental (A) and known (B) decanoic acid in carbon disulfide. 



3000 2000 1500 
WAVE NUMBER 

1200 1000 900 

Figure 8.    Infrared spectra of experimental (A) and known (B) 2-undecanone in carbon tetrachloride. 
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acid (Peak 9,   Figure 5) in carbon tetrachloride and carbon disulfide, 

respectively.    This example demonstrates the feasibility of obtaining 

spectra in both solvents without undue sample loss.    Figure 8 shows 

the spectra of 2-undecanone in carbon tetrachloride.    The spectra 

for 2-heptanone and 2-nonanone were of a similar quality as the 

spectra shown in Figures 6,   7,and 8.    The spectra for octanoic acid 

and delta-decalactone were weaker but were still useful for identi- 

fication. 

Table 3 shows the relative retention times and odor confirma- 

tion of peaks from the chromatogram when the UHT-treated ethereal 

concentrate was separated on a 2.5 percent Carbowax 20 M packed 

column. 

Table 3.    Relative retention times of compounds from UHT-treated 
ethereal concentrates using a 2.5 percent Carbowax 20 M 
column (Run 2). 

'RV Confi: rmation 
Compound Extract Authentic of Odor 

diacetyl 0.340 0.340 + 
2-heptanone 1.00 1.00 + 
2-nonanone 2.43 2.32 + 
2-undecanone 3.25 3, 13 + 
phenylacetaldehyde 3.44 3.36 + 
2-tridecanone 3.94 3.82 
benzothiazole 4.27 4. 16 + 
delta decalactone 5.17 5.31 + 
delta dodecalactone 5. 82 6. 10 + 
vanillin 6/3 5 6.65 + 

3. 
t    /t     relative to 2-heptanone 
R     R 



68 

Included in Table 4 are the relative retention times and the 

mass spectral identifications for rx^n 3.    In this experiment the 

UHT-treated and non-heated ethereal concentrates were separated 

on a 20 percent Apiezon M column and the effluent was subjected to 

riiasp spectral analysis.    Since the spectrum of acetophenone was 

quite weak,  the mass spectral identification was considered tenta- 

tive. 

Reference and experimental mass spectral data for benzothi- 

azole and trichlorobenzene are included in Table 5.    In the mass 

spectrum of benzothiazole,  m/e 135 is both the base and the parent 

peak.    The parent peak corresponds to the molecular weight of the 

con^pound while the base peak is the most abundant peak in the 

spectrum.    In addition to the m/e peaks shown in Table 5,  a signifi- 

cant peak at m/e 67. 5 was evident in the experimental sample. 

Recording to the American Petroleum Institute (1),  benzothiazole 

}ias a m/e 67. 5 of 4. 3 percent of parent corresponding to the doubly 

++ 
charged ion 135 

A dichlorobenzene and a trichlorobenzene were identified in 

both the UHT=treated and non-heated ethereal concentrates. Tri- 

chlorobenzene shows its parent and base peak at m/e 180.    Due to 

37 
the presence of molecular ions containing the Cl      isotope,  the num- 

ber of chlorine atoms in a molecule can be ascertained by the num- 

ber of alternate peaks beyond the parent peak (3,   p.   17).    Thus 
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Table 4.    Relative retention times and mass spectral identifications 
of compounds from UHT-treated and non-heated ethereal 
concentrates using a 20 percent Apiezon M packed column 
(Run 3). 

Compound 

vv 
MS 

Identification 
MS 

Reference Extract Authentic 

UHT-treated concentrate 

acetone yes 
butanone yes 
toluene yes 
furfural yes 
2-heptanone yes 
benzaldehyde yes 
acetophenone tentative 
dichlorobenzene yes 
trichlorobenzene yes 
napthalene yes 
benzothiazole yes 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

0.0855 
0. 158 
0. 717 
0.814 
1.00 
2.00 
2. 71 
2. 78 
4. 07 
4. 10 
4.32 

0.0860 
0. 149 
0.668 
0. 797 
1.00 
2.03 
2.89 
2.88 
4.00 
4.25 
4. 10 

non-heated concentrate 

acetaldehyde yes 
ethanol yes 
acetone yes 
butanone yes 
dichlorobenzene yes 
trichlorobenzene yes 

2 
2 0.072 0.068 
2 0.091 0.086 
2 0. 157 0. 145 
2 2. 72 2.88 
2 4. 19 4.00 
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Table 5.    Reference and experimental mass spectral data for 
benzothiazole and trichlorobenzene. 

Compound:        Benzothiazole 
Base Peak:       m/e 135 
Parent Peak:   m/e 135 

m/e 

135 

108 

69 

63 

45 

82 

Relative Intensity 

Reference (2) Experimental 

100 100 

35 43 

27 25 

13 10 

12 10 

12 10 

Compound:        Trichlorobenzene 
Base Peak:       m/e 180 
Parent Peak:   m/e 180 

m/e 

180 

182 

74 

184 

181 

183 

Relative Intensity 

Reference (2)a Exp< Brimental 

100 100 

95 80 

32 35 

29 32 

11 10 

10 12 

3. 
Reference for 1, 2, 4-trichlorobenzene. 
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trichlorobenzene has isotope contribution at m/e 182 (P+2),   184 

(P+4) and 186 (P+6).    Unfortunately the mass spectra of the three 

trichlorobenzene isomers are quite similar (3),  therefore,   it was 

not possible to determine which isomer was present in the ethereal 

concentrate. 

Chromatograms from run number 4 are shown in Figure 9.    A 

BDS capillary column was used to separate components in the UHT- 

treated and non-heated ethereal concentrates and the total effluent 

was emitted into the mass spectrometer.    The relative retention 

time data and mass spectral references are given in Table 6. 

Peak 7,   chromatogram A,   in Figure 9 is a column artifact. 

BDS has column bleed peaks at m/e 39,  41,   42,   54,   55,   56,   71,   73, 

87,   101,   131,   142 and 144 which appear as background when this 

type of column is used in conjunction with mass spectrometry. 

The mass spectrum for peak 7 showed a very large increase in the 

BDS bleed peaks.    Apparently a piece of stationary phase passed 

from the capillary column into the mass spectrometer to cause 

peak 7. 

Table 7 contains the relative retention times and the mass 

spectral identifications for run 5.    The UHT-treated and non-heated 

ether concentrates were separated on a Carbowax 20 M capillary 

column. 

Methyl iodide was identified in both the UHT-treated and the 
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Figure 9.    djiomatograms of UHT-treated (A) and non-heated (B) ethereal concentrates using a BDS capillary column. 
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Table 6.    Relative retention times and mass spectral identifications 
of compounds from UHT-treated and non-heated ethereal 
concentrates using a BDS capillary column; gas chro- 
matograph shown in Figure 9 (Run 4). 

MS MS 

VV 
Peak 
No. Compound Identification Reference Extract Authentic 

i 

UHT -treated concentrate 

1 acetone yes 2 0.573 0. 583 
2 ethyl acetate yes 2 0. 636 0. 635 
3 3-pentanone yes 2 0. 703 0. 680 
4 n-hexanal yes 2 0.816 0.819 
5 3-heptanone yes 2 1.00 1.00 
6 2-nonanone yes 2- 1.62 1. 63 
7 ''column bleed" 
8 benzaldehyde yes 2 2.04 2.09 
9 2-undecanone yes 2 2.28 2.26 

10 2-tridecanone yes 2 2.81 2. 79 

non-heated concentrate 

1 ethanol yes 2 0.5 70 0. 577 
2 acetone yes 2 0.5 70 0.583 
3 ethyl acetate yes 2 0.635 0. 635 
4 2-butanone yes 2 0.655 0. 622 
5 2-pentanone yes 2 0.698 0. 680 
6 n-hexanal yes 2 0.813 0. 819 
7 2-heptanone yes 2 1.00 1.00 
8 2-nonanone yes 2 1.62 ■ 1.63 
9 dichlorobenzene yes 2 1.66 1. 70 

10 benzaldehyde yes 2 2.05 2. 09 
11 methyl palmitate yes 3 4.00 4. 10 
12 diethyl phthalate yes 3 5.05 5. 25 
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Table 7.    Relative retention times and mass spectral identifications 
of compounds from UHT-treated and non-heated ethereal 
concentrates using a Carbowax 20 M capillary column 
(Run 5). 

VV 

Compound 

MS MS 

Identification         Reference Extract Authentic 

-treated concentrate 

yes 2 0.967 0.961 
yes 2 1.00 1.00 
yes 2 1.05 1.03 
yes 2 1. 12 1.04 
yes 2 1. 12 1. 14 
yes 2 1. 19 1. 15 
yes 2 0.633 0. 640 
yes 2 1.00 1.00 
yes 2 1.39 1.45 
yes 2 1.78 1.80 
yes 3 1.50 1.49 
yes 3 1.93 1.96 

methyl iodide 
ethyl acetate 
2-butanone 

a 
ethanol 
chloroform 
2-pentanone 
2-heptanone 
2-nonanone 
2-undecanone 
2-tridecanone 
delta decalactone 
delta dodecalactone 

non-heated concentrate 

methyl iodide 
ethyl acetate 
2-butanone 
2-butanol 
hexanal c 
delta decalactone 
delta dodecalactone 

yes 2 0.926 0.961 
yes 2 1.00 1.00 
yes 2 1.05 1.03 

tentative 2 1.07 1. 12 
yes 2 1.43 1.35 
yes 3 1.49 1.49 

tentative 3 1.94 1.96 

t   /t     relative to ethyl acetate. 
R    R 

t„/t„ relative to 2-nonanone. 
R    R 

't   /t     relative to 2-triddcanone in UHT-heated concentrate. 
R    R 
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non-heated ethereal concentrates.    The experimental and reference 

mass spectral data are given in Table 8.    The parent ion is at m/e 

142 (CH,I ) and indicates the molecular weight.    The ion fragment 

at m/e 127 is (1+) while those at m/e 141,   140 and 139 are (CH I  ), 

(CHI ) and (CI  ) respectively.    The ion fragment at m/e 15 would be 

(CH,   ).    Since the scan started at m/e 25,  this ion fragment was not 

observed in the experimental sample. 

Table 8.    Reference and experimental mass spectral data for 
methyl iodide 

Compound:        Methyl iodide 
Base Peak:       m/e 142 
Parent Peak:   m/e 142 

m/e 

142 
127 
141 

15 
139 
140 

The mass spectral identification of 2-butanol and delta-dodeca- 

lactone in the non-heated ethereal concentrate was considered ten- 

tative.    2-butanol was eluted from the column shortly after diethyl 

ether which was present in a relatively large annount.    Both of these 

compounds have a parent ion at m/e 74 and unfortunately the tailing 

ether obscured the 2-butanol spectrum to some extent.    The 

Relative Intensity 
Reference (2) Expi erimental 

100 100 
38 38 
14 21 
13 -- 

5 7 
4 7 
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delta-dodecalactone spectrum was quite weak and the mass spectral 

identification was considered tentative. 

In run 6 fractions were trapped from a 20 percent Apiezon 

packed column and transferred to a Carbowax 20 M capillary column 

for separation and subsequent mass spectral identification.    The gas 

chromatographic conditions employed when trapping from the Apiezon 

column were exactly the same as used in run 1.    Accordingly,  the 

GLC traces obtained were essentially the same as those obtained 

in run 1.    Therefore,  the six fractions which were trapped from the 

UHT-treated and non-heated ethereal concentrates are indicated on 

the chromatograms in Figure 5.    For illustrative purposes the GLC 

traces for traps 3U and 3R,   rechromatographed on the Carbowax 20 

M column,  are shown in Figure 10.    Table 9 contains the relative 

retention times and the mass spectral identifications for run 6. 

A comparison of traps 1U and 1R and 2U and 2R shows that 

diacetyl and 2-butoxyethanol were identified in the UHT-treated but 

not in the non-heated control ethereal concentrate.    Traps 3U and 3R 

show that five compounds were present in the UHT-treated and not in 

the non-heated control.    The first peak in both chromatograms was 

a silicone contaminant,  while peak 2 in chromatogram B was water. 

The experimental and reference mass spectra for oct-1 -en-3-ol, 

peak 3 chromatogram A,   are shown in Table 10.    The small parent 

ion at m/e 128,   indicating the molecular weight,  was recognizable 
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Figure  10.     Chromatograms of traps 3U (A) and 3R (B) run 
on a Carbowax 20 M capillary column. 
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Table 9.    Relative retention times and mass spectral identifications 
for traps 1U through 5U and traps   IR through 5R (Run 6). 

Peakd MS MS 

VV 
Trap 
Np. No. Compound Identification Reference Extract Authentic 

1U diacetyl yes 53 
1U hexanal ye? 2 
IR hexanal yes 2 
2Ua 

a 2-heptanone yes 2 1.00 1.00 
2Ua 2 -butoxyethanol yes 2 1. 75 1.78 
2Rh 3U£ 
3U 

3Ub 
3Ub 
3U 

3U 

2^heptanone yes 2 1.00 1.00 
1 A silicone 
2 2-octanone yes 2 0.653 0.630 
3 oct-1 -en-3-ol yes 11 0.762 0.73 6 
4 nrheptanol yes 2 0.855 0.872 
5 benzaldehyde yes 2 1.00 1.00 
6 benzonitrile yes 2 1.19 1.14 

3R 1 A silicone 
3R 2 water 
4UC 2-nonanone yes 2 1.00 1.00 
4UC 2-decanone tentative 2 1.08 1.09 
4R background 
5U delta octalactone yes 3 
5R background 

t    /t     relative to 2-heptanone 
R     R 

t    It     relative to benzaldehyde 
R     R 

t   It     relative to 2-nonanone 
R    R 

refers to GLC traces in Figure 10 
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Table 10.    Reference and experimental mass spectral data for 
oct-l-en-3-ol and benzonitrile. 

Compound:       Oct-l-en-3-ol 
Base Peak:       m/e 57 
Parent Peak:   m/e 128 

Relative Intensity 

m/e Reference (11) Experimental 

57 

43 

29 

72 

27 

41 

55 

Compound:        Benzonitrile 
Base Peak:      m/e 103 
Parent Peak:   m/e 103 

Relative Intensity 

m/e Reference (2) Experimental 

103 

76 

50 

51 

75 

104 

100 100 

23 26 

21 20 

19 20 

17 14 

16 13 

11 12 

100 100 

32 3 8 

17 20 

10 15 

8 15 

7 10 
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in the spectrum.    A larger ion fragment at m/e 110 indicates the 

loss of water (-18).    This is characteristic of alcohols.    The peaks 

at m/e 29,  43 and 57 are due to fragment ions from a hydrocarbon 

chain.    Stevens (90) suggested that the peaks at m/e 57 and 72 are 

due to the fragmentation ions (C.HQ )  and (CH-COC-H.+H)   .    Pre- 

sumably the latter results from a rearrangement and fragmentation. 

Benzonitrile is another compound which has the same m/e for 

the parent and the base peak. 

Qualitative Determination of Diacetyl 

The experimental mass spectral data for the diacetyl peak 

trapped under the same gas chromatographic column conditions as 

used in the quantitative determination of diacetyl is shown in Table 

11.    This mass spectral analysis was carried but to insure that the 

peak which was measured in the quantitative determination of diacetyl 

was indeed diacetyl. 

Diacetyl,   being a very symmetrical molecule,  has a simple 

but characteristic mass spectrum.    Splitting the molecule in half 

produces the (CH-CO)    ion fragment which accounts for the large 

43 peak.    The relatively large mass 15,  which is quite character- 

istic of diacetyl,   is due to (CH_)   .    Mass 86,   of course,   accounts 

for the parent ion. 
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Table 11.    Experimental and reference mass spectral data for 
diacetyl. 

Compound: Diacetyl 
Base Peak: m/e 43 
Parent Peak: m/e 86 

m/e 
Relative Intensity 

Reference (53) Experimental 

43 
15 
86 
42 

100 100 
28 28 
14 13 
11 13 

A summary of the compounds identified in UHT-treated and 

non-heated milk are shown in Tables 12 and 13. 

Quantitative Determination of Diacetyl 

The GLC recorder response curve for varying concentrations 

of diacetyl in milk is shown in Figure 11.    The curve shows that the 

electron capture detector response to diacetyl was linear over the 

concentration range pertinent to this study. 

The data for the quantitative determination of diacetyl in non- 

heated,  forewarmed and UHT-treated milk are shown in Table 14. 

Each sample was run in duplicate. 

The data show that the amount of diacetyl increased as the heat 

treatment increased.    It would appear that the forewarming treat- 

ment (82° C for 30 minutes) produced approximately the same amount 



Table 12.    Summary of compounds identified in UHT-treated milk. 

Relative Retention Time Agreement 

Packed Columns Capillary Columns 

Mass 
Compound Spectral 

Acetone yes 
Butanone yes 
2-pentanone yes 

2-heptanone yes 
2-octanone yes 
2-nonanone yes 
2-decanone tentative 
2-undecanone yes 
2-tridecanone yes 
delta octalactone yes 
delta decalactone yes 
delta dodecalactone yes 
hexanal yes 
benzaldehyde yes 
furfural yes 
phenylacetaldehyde 
vanillin 
hexanoic acid 
octanoic acid 
decanoic acid 
ethanol yes 
oct-l-en-3-ol yes 

Infrared        Apiezon M    Carbowax20M     Trisb BDS    Carbowax20M Odor        Litmus 

+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

(Continued) oo 



Table  12.    (Continued) 

Relative Retention Time Agreement 

Packed Columns Capillary Columns 

Mass 
Compound Spectral 

n-heptanol yes 
2 -butoxyethanol yes 
diacetyl yes 
maltol 
acetophenone tentative 
ethyl acetate yes 
benzothiazole yes 
toluene yes 
naphthalene yes 
dichlorobenzene yes 
trichlorobenzene yes 
methyl iodide yes 
benzonitrile yes 
chloroform yes 

Infrared      Apiezon M    Carbowax20M    Trisb BDS    Carbowax20M Odor Litmus 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ + 
+ 

+ 

+ 

Determined by sample enrichment technique. 

1, 2, 3-tris(2-cyanoethoxy) propane. 

oo 
00 
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Table 13.    Summary of compounds identified in non-heated nnilk. 

Compound 

Relative Retention Time Agreement 

Packed Columns 
Mass 

Spectral    Apiezon M^     Tris" 

Capillary Columns 

BDS   Carbowax 20M Odor Litmus 

acetone yes + 
butanone yes + 
2-pentanone yes 
2-heptanone yes 
2-nonanone yes 

delta decalactone yes 
delta dodecalactone tentative 

hexanal yes 
benzaldehyde yes 

hexanoic acid + 
octanoic acid + 
decanoic acid + 

ethanol yes + 

diacetyl 

ethyl acetate yes + 
methyl palmitate yes 
diethyl phthalate yes 
dichlorobenzene yes + 
trichlorobenzene yes + 
methyl iodide yes 

+a 

+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 

Determined by the sample enrichment technique. 

1, 2, 3-tris(2-cyanoethoxy) propane. 
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Figure  11.    Recorder response obtained with various concentra- 
tions of diacetyl. 
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of diacetyl as the sterilization treatment (146° C for four seconds). 

Table 14.    Amount of diacetyl in non-heated,  forewarmed and UHT- 
treated milk 

Sample Amount of Diacetyl (ppb) 

non-heated 5 
forewarmed3, 22 
UHT-treated13 3 8 

heated to 82° C for 30 minutes 

heated to 82° C for 30 minutes and then to 146° C for four 
seconds. 

To determine the effect of short term refrigerated storage on 

diacetyl concentration,   refrigerated samples of UHT-treated milk 

were analyzed a.i\ various time intervals after heat treatment.    The 

data are shown in Table 15. 

Table 15.    Effect of refrigerated storage on the diacetyl content of 
UHT-treated milk 

Sample Amount of Diacetyl (ppb) 

non-heated control 3 

Time after UHT-treatment 

*3 hours 38 
8 days 2 7 

16 days 23 
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The results in Table 15 indicate that the diacetyl content of 

refrigerated UHT-treated milk decreases over a 16 day period. 

This raises questions concerning the kinetics of production and dis- 

appearance and the fate of diacetyl.    Diacetyl,   containing an alpha- 

dicarbonyl grouping,  is a potential reactant in the Strecker degrada- 

tion reaction.    Recently,   Dawes and Edwards (18) suggested that 

trimethylpyrazine results from the condensation and subsequent 

oxidation of 2-amino-propanal with the alpha-amino-carbonyl pro- 

duced by diacetyl participating in a Strecker degradation reaction. 

Possibly these reactions account for the disappearajice of diacetyl. 

Average Flavor Threshold Determination for Diacetyl 

A plot of the percent of panelists having thresholds at each 

concentration level versus concentration is shown in Figure 12.    The 

50 percent response is at 12 ppb.    This is in very good agreement 

with reports of workers at Purdue University who have reported 

average flavor thresholds of 10 ppb (8) and 19 ppb (34) for diacetyl 

in milk.    It seems therefore,  that the UHT-treatment increased the 

diacetyl content from a 3 ppb sub-threshold level to 3 8 ppb,  which 

is above the average flavor threshold in milk.    On this basis,   one 

would expect diacetyl to contribute to the flavor of heated milk. 
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Figure 12.    Flavor threshold curve for diacetyl in milk. 
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Origin and Significance of Compounds 

The relatively large amounts of n-methyl ketones in the UHT- 

treated milk were expected.    The origin of these compounds was 

dealt with in the Review of the Literature.    Very recently Arnold 

(4) reported that the concentrations of the   odd-numbered n-methyl 

ketones,   CL-C     ,   in sterilized concentrated milk increased upon 

storage but did not reach levels in excess of their combined average 

flavor thresholds until 13 weeks at 2 7° C.    The heat treatments used 

in processing sterilized concentrated milk are similar to the UHT- 

treatment employed in this study.    It would seem probable therefore, 

that the n-methyl ketones by themselves do not contribute to the flavor 

of UHT-treated milk shortly after processing.    However,  the possi- 

bility that they may,contribute by interacting with other compounds 

has not been eliminated. 

The origin of the delta lactones was also previously discussed. 

These compounds,  being quite flavorful may well contribute to the 

flavor of heated milk.    To know with certainty is difficult however, 

since quantitative information relating lactone production to specific 

heat treatments is not available. 

Normal hexanal was identified in both non-heated and UHT- 

treated milk.    This compound could either result from autoxidation 

or gain entry into the milk via the feed.    High heat treated milk is 
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regarded as fairly resistant to autoxidation (4).    This tends to make 

the feed route more likely.    Morgan and Pereira (59) identified 

n-hexanal in the volatiles of both grass and corn silage. 

Benzaldehyde was identified in both UHT-treated and non-heated 

milk.    It was identified on three occasions (Runs 3,  4 and 6) in UHT- 

treated and only once (Run 4) in non-heated milk.    A comparison of 

the peak heights for benzaldehyde in the chromatographs in Figure 9 

suggests that benzaldehyde is present in higher concentration in the 

UHT-treated than in raw milk.    It should be pointed out that twice as 

much ethereal concentrate is represented in the chromatogram for 

the non-heated sample (Chromatogram B) as in the UHT-treated 

(Chrornatogram A) in Figure 9. 

Based on these considerations,  it seems likely that benzalde- 

hyde can be present in non-heated milk and is also heat generated. 

Parks (65)  stated that benzaldehyde may arise in dairy products as 

a result of feed constituents entering milk.    Morgan and Pereira (59) 

observed this compound in both grass and corn silage.    In regard to 

the heat generation of benzaldehyde,   Hodge reported (36,   p.  469,-471) 

that benzaldehyde can be formed by the caramelization of sugars. .. 

The identification of phenylacetaldehyde in UHT-treated milk 

was considered tentative as it was based on relative retention times 

and odor confirmation.    Phenylacetaldehyde would result from the 

Strecker degradation of phenylalanine. 
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The identification of vanillin,  a very flavorful compound,  was 

also based on relative retention times and odor confirmation.    It 

seems likely that vanillirv, might contribute to the "rich",   "heated" 

note in the flavor of heated mklk.    Quantitative data is also lacking 

for this compound. 

As Cobb and Patton (17) suggested,  vanillin in heated milk 

probably originates from plant lignin.    Plant lignin is a polymer 

made up of several typea of phenylpropane units*    All lignins con- 

tain units related to coniferyl alcohol.    According to Robinson (83, 

p.  58),  the dehydrodiisoeugenol structure shown below is a likely 

possibility for at least a part of the lignin molecule: 

CH2OH 

CH 

Perhaps rumen microorganisms break down lignin to coniferyl 

alcohol which passes into the milk and is oxidized to vanillin when 

the milk is heated.    It seems pertinent that Brawns and Brawns (12, 

p.   7) define lignin as that wood constituent which,   when oxidized 

with nitrobenzene,   yields vanillin in the case of coniferous woods, 

vanillin and syringaldehyde in the case of deciduous woods,  and 

p-hydroxybenzaldehyde,   vanillin,   and syringaldehyde in the case 
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of monocotyledons.    According to Noller (63,   p*  52 7),  alkaline 

oxidation of lignin yields up to 25 percent vanillin and therefore, 

vanillin is produced commercially by heating the lignin sulfonates 

from waste sulfite liquors with alkali. 

Coniferin,  which is believed to be a precursor of lignin in 

plants (62,  p.  587),  also offers the possibility of being a vanillin 

precursor in milk.    Its structure follows: 

CH OH 

\I 
H 

H 

CH = CH-CH2,OH 

OCH 

OH 

Hydrolysis of the glycosidic linkage and oxidation of the double 

bond could yield vanillin. 

Oct-1-en-3-ol has been identified in oxidized dairy products 

by Forss and Stark (23).    A pathway for the formation of oct-1-en-3- 

ol from methyl linoleate was postulated by Hoffmann (38).    It seems 

unlikely that oct-1-en-3-ol resulted from autoxidation in this study 

as the compound was found in UHT-treated but not in non-heated 

milk.    As stated earlier,  heated milk is generally considered more 

resistant to autoxidation than non-heatedmilk.    The results obtained 

in this study suggest that oct-1-en-3-ol results from heat as well as 

autoxidation.    Undoubtedly different mechanisms are involved in each 
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case.    The production of furfuryl alcohol in-heated products (4,   79) 

is a well documented example of the heat induced formation of an 

alcohol/ 

Ethyl acetate was identified in both UHT-heated and non-heated 

milk.    Although their evidence was not conclusive,   Morgan and 

Pereira (59) presented data which suggest that volatile esters are 

normal constituents of grass and corn silage. 

Benzothiazole appears to be a heat induced compound.    Arnold, 

Libbey and Day (5) reported that benzothiazole may be significant 

in the "old rubber flavor" of sterile concentrated milk.    Arnold (4) 

concluded that the formation of benzothiazole needs further investi- 

gation before a mechanism for its formation can be postulated. 

A di- and trichlorobenzene were identified in UHT-treated and 

non-heated milk.    It was not possible to determine which positional 

isomers were present.    The possible public health significance of 

these compounds in milk should be investigated.    At least two differ- 

ent routes are possible for their entry into milk.    They could origi- 

nate from chlorinated herbicides or    pesticides.    For example, 

o-dichlorobenzene might be derived from 2, 4-dichlorophenoxyacetic 

acid-and 1, 2, 4-trichlorobenzene from 2, 4, 5-trichlorophenoxyacetic 

acid.    Both of these are commonly used herbicides.    In addition, 

there are numerous other pesticides from which chlorinated ben- 

zenes might be derived (103,   104).    Another possible source of 
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chlorinated aromatic compounds might be chlorine containing bac- 

tericidal agents used to sanitize dairy plant equipment. 

Methyl iodide could come from a similar source.    lodophors 

are common sanitizing agents.    The methyl iodide may be a contam- 

inant in commercial iodophors or may be formed as a result of the 

iodophor reacting with some milk constituent.    It is interesting to 

note that the Oregon State University Dairy Products Laboratory was 

using a chlorinated bactericidal    agent when the chlorinated benzenes 

were identified (Runs 3 and 4) and an iodophor when methyl iodide 

was identified (Run 5).    Since there is very little information avail- 

able on the products formed from bactericidal milk interactions, 

this would be a fruitful area for further research. 

Benzonitrile was produced in the UHT-treated milk.    It is 

difficult to speculate on the source of this compound.    Cyanogenetic 

glycosides are widely distributed in the plant kingdom.    They have 

been found in forage plants such as sorghum,   millet and vetch as 

well as in several legumes (54).    A material such as this,   or frag- 

ment therefrom,   could possibly pass from the forage into the milk 

and decompose upon heating.    In this connection it has been reported 

(85) that cinnamonitrile has been identified in cigarette smoke.    Re- 

gardless of its source,   benzonitrile is a highly toxic compound and 

its possible public health significance should be investigated. 

Diethyl phthalate was identified in non-heated milk.    Most 
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probably this compound is an artifact which originated as a plasti- 

cizer used in Tygon tubing. 

Diacetyl is definitely a heat induced compound in milk.    The 

UHT-heat treatment employed increased the concentration of diacetyl 

to above the average flavor threshold.    It seems sound to conclude 

therefore,  that diacetyl plays a role in the flavor of heated milk.    It 

was felt by members of the organoleptic taste panel,   that diacetyl 

contributes to the "rich",   "heated" note in the flavor of heated milk. 

It is significant that a small amount   (3-5 ppb) of diacetyl was 

observed in all non-heated milk samples examined.    Three samples 

of non-heated milk were analyzed within 20 minutes after being drawn 

from the cow in an effort to eliminate post-milking bacterial action 

as a cause.    The diacetyl content of these samples were 5,   3 and 3 

ppb.    A distilled water control did not produce a peak for diacetyl. 

These facts indicate that non-heated milk contains diacetyl.    The 

odor of diacetyl at the effluent splitter was clearly evident at the 

proper retention time for diacetyl when the aqueous distillate from 

non-heated milk (trap J    Figure 2) was subjected to the on-column 

trapping procedure.    Attempts to collect enough diacetyl for mass 

spectral identification were not successful however,  as the  diacetyl 

concentration was too low in the distillate from non-heated milk. 

The diacetyl in non-heated milk is probably transmitted to the milk 

from the forage eaten by the cow.    The possibility that 
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microorganisms produce diacetyl in silage warrants investigation. 

Diacetyl is known to be a nonenzymatic browning reaction 

product (3 6,   p.  468),   and it is most probably produced in this way 

in heated milk.    In a recent publication dealing with nonenzymatic 

browning reactions in model systems,   Hodge,   Fisher and Nelson 

proposed a route for diacetyl formation.    The essence of the scheme 

is as follows: 

glucose + amine 
H20 

+ H„0 
2 

2|   ^ 
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The sequence leading to the the methyl alpha-dicarbonyl inter- 

mediate is considered one of the major pathways of nonenzymatic 

browning reactions (3 6,   p.  474).    The elimination reaction of the 

methyl alpha-dicarbonyl intermediate and the subsequent hydrolysis 

were proposed (3 7) to account for the formation of diacetyl and re- 

lated compounds.    Hodge et al.  (3 7) state that the C4 hydroxyl of the 

alpha-dicarbonyl intermediate is beta to the Co carbonyl and there- 

fore is in a suitable position for elimination.    This can be questioned 

in view of the fact that there is no hydrogen on the Co carbon atom. 

More recently, Heyns   ,  Sage and Paulsen (35) proposed a 

scheme for diacetyl formation in nonenzymatic browning systems. 

Their pathway,   starting with methylglyoxal,  follows: 

H-C=o 

I =0 
I 
CH. 

CH, 
I   3 

CC)  + c=o 
2      I 

E 

COOH 

L. 
NR. 

OH 

2 
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OH 
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CH 
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I 
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I 2 
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I 

CH. 

COOH 

L 
11 
C-OH 
I 
c=o 

Diacetyl CH. -H. 
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Heyns   et al.  (35) refer to the first step as an aldol reaction 

in which glycine,   probably as a Schiff base,   adds onto methylglyoxal. 

It is not entirely clear what the authors (3 5) meant to convey in view 

of what was shown for the first step in the scheme.    The remaining 

steps follow quite logically.    This pathway might be pertinent to the 

heat induced production of diacetyl in milk as Jenness and Patton 

(42,  p.   85) indicate that methylglyoxal is probably produced by heating 

lactose and trace amounts of free amino acids are known to exist in 

milk (42,  p.   215). 
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SUMMARY AND CONCLUSIONS 

The purpose of this investigation was to study the changes 

which occur in the volatile fraction of milk immediately after heat 

treatment.    Milk,   preheated at 82° C for 30 minutes,  was heated to 

146° C for four seconds (UHT-treated) and cooled to 5 0 C in a tubular 

heat exchanger.    Immediately after heat treatment,   20 gallons of 

heated milk were vacuum distilled at 30° C in a semi-continuous, 

reduced pressure glass apparatus.       Twenty gallons of non-heated 

milk were distilled in a similar manner to serve as a control.    Con- 

tinuous liquid-liquid ethyl ether extractions were employed to re- 

cover the compounds from the aqueous distillates. 

Gas chromatography,   mass spectrometry,   infrared spectro- 

photometry and odor confirmation were used to characterize the com- 

pounds in the flavor concentrates.    A technique for collecting and 

transferring packed column gas chromatographic fractions to capil- 

lary columns for mass spectral analysis was developed. 

The concentration of diacetyl in UHT-treated and non-heated 

milk was determined by a modified gas entrainment,   on-column 

trapping GLC technique. 

The results and conclusions of the study were: 

1.     Phenylacetaldehyde,   oct-l-en-3-ol,  n-heptanol,   2-butoxy-. 

ethanol and benzbnitrile were identified for the first time in heated 
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milk and appeared to be formed as a result of the heat treatment. 

Other compounds which were found to be heat induced were benzalde- 

hyde,  diacetyl,   vanillin and benzothiazole. 

2. A dichlorobenzene,   a trichlorobenzene and methyl iodide 

were identified in both the UHT-heated and non-heated milk. 

3. Diacetyl was identified in non-heated milk. 

4. The UHT-treatment decreased the concentration of diacetyl 

from a 3 ppb subthreshold level to 38 ppb,  which is above the average 

flavor threshold for diacetyl in milk.    Diacetyl probably contributes 

to the "rich",   "heated" note in the flavor of heated milk. 

5. The concentration of diacetyl in UHT-treated milk de- 

creased from 38 ppb to 23 ppb when stored at 4    C for 16 days. 
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