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FOREWORD

The ACS SymposruMm Series was founded in 1974 to provide
a medium for publishing symposia quickly in book form. The
format of the Semies parallels that of the continuing ApvANCES
v CHEMisTRY SERiEs except that in order to save time the
papers are not typeset but are reproduced as they are sub-
mitted by the authors in camera-ready form. As a further
means of saving time, the papers are not edited or reviewed
except by the symposium chairman, who becomes editor of
the book. Papers published in the ACS SymposruM SERIES
are original contributions not published elsewhere in whole or
major part and include reports of research as well as reviews
since symposia may embrace both types of presentation.
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PREFACE

In organizing this symposium, I had the opportunity and the pleasure
of enlisting some of the most eminent researchers in the field of lipid
chemistry. Our objective was to review available information and to
highlight current research in the field of “Lipids as a Source of Flavor.”
As a product developer, I have a keen appreciation for the impor-
tance of our topic. In my experience, it is rare that a food product’s
quality, in a positive or negative sense, can be divorced from considera-
tion of our subject.

I believe that attendees to this symposium found the program to be
highly informative. I sincerely hope that the reader also will find it so,
and therefore will join me in thanking both the authors for their research
endeavors and the speakers for their expert presentations.

Thomas J. Lipton, Inc. MicuAEgL K. SupRaN
Englewood Cliffs, New Jersey
March, 1978
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The Role Lipids Play in the Positive and Negative
Flavors of Foods

IRA LITMAN and SCHELLY NUMRYCH

Stepan Chemical Company, Flavor/Fragrance Division, 500 Academy Drive,
Northbrook, IL 60062

As members of a group of flavor chemists, we have
long had a special interest in those flavors that are
derived from lipids, for lipids are generally associat-
ed with flavor defects in foods. It will not be a
surprise to many of you to learn that lipids are also
the source of many of nature's finest flavor creations.

Lipids, proteins, and carbohydrates, the chief
structural components of living cells are also the
major sources of flavor in foods. Of the three, lipids
may be the most important for the following reasons:

1) They are precursors for many flavorful compounds,
with representatives in the aliphatic aldehyde, ketone,
lactone, fatty acid, alcohol and ester groups.

2) The intact glyceride tends to modify the flavor of
fat soluble compounds by restraining their escape into
the air space above.

3) They may also interfere with gustatory ingredients
such as salts, sweetening agents, bitterants and
acidulants from reaching saliva, a prerequesite for
the sense of taste to occur.

4) As a cooking medium, triglycerides produce in foods
special flavor effects as a result of, for example,
deep fat frying. Their role here is to transfer heat
and flavor to the cooking product.

5) It is frequently overlooked that lipids provide a
range of polar and non-polar food grade solvents that
are used by the food industry. From this range of
solvents, one can select a suitable carrier for most
any volatile material. Among these solvents are
glycerol, mono- and diglycerides, triacetin,
tributyrin and vegetable oils.

6) It is also important to note that glycerides, which
act as reservoirs of volatile flavor, are themselves
non-volatile and in this form they contribute to flavor
largely through mouth stimulation. For example, they

0-8412-0418-7/78/47-075-001805.00/0
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2 LIPIDS AS A SOURCE OF FLAVOR

impart to melting butter a characteristic "cooling"
effect. When emulsified in milk, they impart a rich-
ness that is sorely missed in the flavor of skim milk.
In ice cream, the solidified fat globules give the
product its characteristic "creamy-dryness"” associated
with good quality.

Generally, the negative qualities in food flavor
are associated more closely with lipids than with
carbohydrates or proteins. Lipids are responsible
for rancidity and oxidized flavors in beverage milk,
butter (1) and vegetable oils (2) and for spoiling
wet fish™ (3). They are involved in the stale flavors
of potato Flakes (4) and baked goods (1). L1p1ds are
thought to be responsible for soybean reversion flavor
(§), for warmed over meat flavor (6), for old heated
cooking oil flavor (7), for the rancid flavors in
peanuts, coconut, coffee and chocolate (8), and for
many others.

On the other hand, lipids are also responsible
for much of the desireable flavor of tangy cheeses
such as cheddar and roquefort (39), for the flavor of
fresh milk (1), for the "creamy®™ flavor of cream (1),
for the "rich" flavor in heated butter (10) and for
the characteristic flavors of mushrooms TTl), green
beans (12), peas (13), tomatoes (14) and cucumbers (15)
and for much of the ripe flavor in fruits and berries.

The significance of lipids to odor may well begin
at the site of olfaction, at the two and a half square
centimeter patch of highly enervated tissue located
at the roof of the nasal cleft. Here, volatile mole-
cules are thought to be adsorbed and polar oriented
between the lipid membrane portion of the nerve and
the surrounding aqueous layer. It has been theorized
that the adsorption and desorption of these molecules
triggers an electric impulse which the brain inter-
prets (16).

How important are lipids in artificial flavors?
This question was answered in a recent survey of our
flavor formulations. It was obvious that lipids are
the most common ingredients used both in quantity and
in variety. Only terpinoid compounds derived from
the essential o0ils of spices, woods, citrus, and others
compete in this regard. In the United States, there
are presently 1150 volatile compounds permitted in
artificial flavors. Of these, nearly one fourth (275)
are, when found in nature, presumed to be derived
from lipids. Forty five percent of these are esters,
sixteen percent are aldehydes, thirteen percent are
alcohols, nine percent are acids, nine percent are
ketones and seven percent are lactones. Several
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1. LITMAN AND NUMRYCH Positive and Negative Food Flavor 3

artificial flavors are composed entirely of lipid
compounds while most other compositions depend
heavily on them.

In nature, how do these compounds arise? We
know that oxidation of lipids is the first step.
Autoxidation of polyunsaturated lipids is one of
these mechanisms and is of concern to the o0il chemist
and the food technologists because it is a non-
enzymatic and self-sustaining reaction that can cause
off-flavor development, toxicity, and destruction
of some 0il soluble vitamins. During the storage
of processed foods and oils,the formation of hydro-
peroxides and their decomposition products proceeds
by way of free radical mechanisms. The production
of free radicals is in turn promoted by external
energy sources such as heat, light, high energy
irradiation, metal ions, metallo-proteins such as
heme, and others. These lipid hydroperoxides, the
initial products of autoxidation, will, if left
unchecked, decompose non-enzymatically to a variety
of strongly flavored primary and secondary compounds
(Figure 1). This mechanism is different from that
which occurs in animal and plant tissues. In animal
tissue, oxidation of lipids occurs non-enzymatically,
being initiated largely by hemo-proteins which then
are decomposed enzymatically. In plants, lipid
hydroperoxides are both enzymatically formed and
enzymatically decomposed (17).

This brings us to the subject of lipid oxidation
and soybean reversion flavor. As soybean becomes
incorporated to a greater and greater degree in the
human diet, the reversion flavor of soy assumes more
significance. Many of the compounds attributed to
the reversion flavor are products of lipid oxidation
and are characterized as "beany, buttery, painty,
fishy, grassy, or hay like" (5).

The linolenic acid component of soybean oil has
been most frequently implicated in the formation of
reversion flavor where it is present at about nine
percent (1l8). Soybean oil also contains substantial
amounts of oleic and linoleic acids as do cottonseed,
corn and several other oils. These oils are not,
however, subject to flavor reversion but then, they
only contain less than one percent linolenic acid(1l8).
It would seem that linolenic acid must occur in sub-
stantial amounts together with linoleic and possibly
oleic acids in order for reversion products to occur.
A satisfactory explanation of this has not yet been
developed- and yet more than seventy compounds have
been identified in the volatile fractions of reverted
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1. rrrMan aNp NUMrYCH  Positive and Negative Food Flavor 5

soybean, These include methyl ketones, esters, satu-
rated and unsaturated aldehydes, and acids. These
compounds can be formed in different ways including
autoxidation or by way of lipoxygenases and other
enzymes to form hydroperoxides. The breakdown of
hydroperoxides results in the formation of hexanal,
hexanol, 2-hexenal, ethyl vinyl ketone, and 2-pentyl
furan, all of which are characterized as "beany", or
"grassy" (5). The 2-pentyl furan is particularly
noteworthy because at levels as low as 1-10 ppm it
produces a beany flavor while at higher concentration,
it assumes a licorice-like character (19).

The biogenesis of flavors in plants also involves
lipid oxidation. Fruits and vegetables have volatile
compounds that are genetically controlled which are
responsible for their flavor. These compounds are
formed during the maturation and post-harvest storage
through specific enzymatic changes in the mono- and
disaccharides, in the amino acids, and in certain
unsaturated lipids that contain the 1,4-pentadiene
structure. These lipids, mainly the linoleic and
linolenic acids, are oxidized to their hydroperoxides
by action of specific lipoxygenases which in turn
undergo other enzymatic transformations yeilding spe-
cific aldehydes and other secondary compounds. The
presence of aliphatic aldehydes is considered an im-
portant occurance because they are not only aroma-
tically potent but are generally unstable. These
aldehydes, together with their corresponding alcohols,
are responsible for many of the characteristic flavors
in food plants including banana, apple, peas, plums
and grapes. Their fresh green character is largely
due to hexanal, and 2-hexenal which derive from lino-
leic and linolenic acids. The character of cucumber
also derived from these lipids is mainly due to 2-
nonenal and to 2,6-nonadienal and their corresponding
alcohols (15). In tomatoes, the fresh aroma is due
largely to cis-3-hexenal, cis-3-hexenol, and trans-2-
hexenal which derive from linolenic acid (20). The
principle flavorant of mushroom is l-octen-3-ol which
is derived from linoleic acid (21). The character of
green beans is in part due to hexanal, 2-hexenal, and
l-octen-3-0l1l derived from linolenic together with
linocleic acid (12). Characteristic pea flavor is due
to a combination of C3,5,6 saturated alcohols, C7,8,9
2-enals, C9,10 2,4-dienals as well as 2-pentyl furan
which are all derived from linoleic acid (13).

Beverage milk, an excellent vehicle for demon-
strating the nature of lipid flavors is an oil in
water emulsion. It has a delicate yet complex flavor.

In Lipids as a Source of Flavor; Supran, M.;
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6 LIPIDS AS A SOURCE OF FLAVOR

When fresh, it is acceptable to most people who might
otherwise reject it out-of-hand if rancid or tainted
flavors were detected. The normal compliment of free
fatty acids in milk originated through action of
native lipase which hydrolyzes milk fat. These acids
are located mainly in the fat globules from which
they came and where their flavors are largely masked,
and together with short chain free fatty acids found
in the aqueous portion, provide milk with its normal
flavor. If the fatty acids located in the fat glob-
ules could be shifted to the serum, the resulting
milk would be considered unacceptably rancid. Small
additions of fatty acids to the aqueous phase are
usually tolerated but once past the threshold of
rancidity, the resulting milk may no longer be accept-
able. To be sure, in some areas of the world where
refrigeration is generally unavailable, a higher de-
gree of rancidity is tolerated or even preferred. 1In
contrast, it takes only trace gquantities of certain
weeds such as wild onions in the cow's feed supply

to taint the flavor of milk. It was reported that

as little as two milligrams of 2,6-nonadienal spoils
the flavor of one ton of fat (l).

Another product which depends on lipids for most
of its flavor is blue mold cheese. Here, the flavor
is developed through selective lipolysis of milk fat
yeilding mainly small chain saturated fatty acids.
During the ripening period, some of these acids under-
go enzymatic ﬁ-oxidation, decarboxylation, and re-
duction to yeild a mixture of fatty acids, methyl
ketones and methyl carbinols. Depending upon their
polarity, these compounds are partitioned between
the fat and the aqueous phases of the cheese and,
as in the case of milk, the partitioning ratio was
found to be critical to the normal flavor (22).

Some of the most appetizing aromas recognized
throughout the world are associated with certain food
products that have something in common, that being
that each had received heat at some point during
processing. Examples of these are the aromas emi-
nating from hot, baked bread, roasted coffee and nuts,
butterscotch, barbeque, roast beef, pork, and poultry,
and others. Compounds responsible for these delicious
aromas are derived from non-enzymatic browning of
sugar, aided by amino acids, and by products of lipid
oxidation. For several years, flavor manufacturers
have recognized the commercial value of those flavors
that evolve when mixtures of reducing sugars, amines
and lipids are heated together. They are searching
for ideal conditions that recreate synthetically
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1. LITMAN AND NUMRYCH  Positive and Negative Food Flavor 9

these naturally occuring flavors. We can find pro-
ducts in the market that reflect this activity such
as artificially flavored analogs of cheeses, beef,
pork, bacon and poultry.

In order to understand better the contribution
of derived lipids to the flavor of food, it seemed
logical to characterize them organoleptically. This
was done by a team of flavor chemists from Stepan
Flavors and Fragrances who undertook to characterize
the flavor and odor of six homologous series of
aliphatic compounds namely the n-aldehydes (sat.,
2-enals, 2,4-dienals), n-acids, methyl ketones, methyl
carbinols, n-alcohols, ethyl esters, and gamma and
delta lactones. (Figure 2 illustrates simplified
routes of formation of these compounds.) This ex-
ercise revealed the following facts about the nature
of aliphatic compounds as they relate to flavor:

1) Each class had an overriding character that was
unique and readily identifiable.

2) Close members within each series were more similar
to each other than to distant members.

3) Carbonyls and alcohols of the same chain length
and the same oxygen position were found similar in
character. For example methyl ketones were similar
to methyl carbinols; ethyl ketones were similar to
ethyl carbinols and n-aldehydes were similar to n-
alcohols.

These characterizations are presented in Tables
3-8. An inspection of the odor character of the
members of the various groups of compounds generally
gives a good indication as to whether a compound will
have a positive or negative effect on the overall
flavor of a particular food product. For example,
the greenness of 2-hexenal may be an integral part
of a fresh fruit or vegetable flavor but would be
out of place in milk. If it was indicated in the
literature that a compound was a part of the normal
flavor of a food, its effect was assumed to be pos-
itive. Compounds appearing as a result of rancidity
or oxidative changes in a food, were assumed to have
a negative effect on the flavor. Compounds identified
in various food items and their positive or negative
flavor contribution are characterized in Tables 3-8.

In summary, lipids have a profound influence on
our interpretation of the food product in which they
are found. Their contribution may be tactile as in
the mouthfeel of ice cream. They may act as heating
or masking agents and as resevoirs for fat soluble
compounds.

Several pathways leading to derived lipids
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ACS Symposium Series; American Chemical Society: Washington, DC, 1978.



LIPIDS AS A SOURCE OF FLAVOR

10

spunodwod Sumoavyf uvodwsy o sprdy Jo uonppvifaq g 2.n3ig

STOHODTV
SaIov [ SINoaTHOWNY
SHAXHIATY STNOIZVAIXOINY | OINITIONIT
QIIVENIVSNA 3 QELVENLYS DITONIT
DIET0

SAIDV QILVINLYSNO <

SAIOV QELVNNIYS  E¥-DO0OH mmnw-onmmo

_oﬁ_s

Nmumo;m~mﬁmmovum 5 Nmqum~Nﬁmmovsooom4w||1|||| Nmnw:o;mc

INOLOY'T VITdd IO VYHWWVYD SAIDY AXOYdAH § 0 ¥

T (4

mvonmoalllll HMVmemo +

oonnn.ﬁm»vamovooom g Hm;wroswmc
HO - poy

v
o’m

STONIEIVO TAHLIANW SHENOLINY TAHLIW SAIDY QLII>d

In Lipids as a Source of Flavor; Supran, M.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1978.



11

Positive and Negative Food Flavor

1. LITMAN AND NUMRYCH

(6g) sTTO
a1qele8aA Joyl0 pue AOSs
{1919Nq TO-£-U8300-T(-)

(6g) wooxysnw
Uutr TO-g-u9300-T(+)

(8€) ST pue
7esul UT JOABTI Assead 6y
pue A110 ‘1O-g-uojuad-T(-) g
0

(2€) wesqhos Sp(-)

oseayo onyq‘Asseasly

sauojey SurpuodsaaIod
syusweTddns (+) quoaTos ‘ AsseadSy

(TT) wooaystu
UT SUO—g-ua3o0-g(+)
(9g) 11O 4oOS
ur suojley TAutA TAy3za(-)

(%) sowers ojejodio(-)
(TT) wooxysnuwlo(+)

(ge) ST
pa3eayIoA0 ‘ oues(~)

(om)
103nqTT 6L S ¥y (4) d 6
(&) weq 8
‘3ooqST~L ¥ €(+)
_ foseayo antq Ly
(Zg) essoup_ 4 c
ontglT 6L So(+) 0

odexsl ‘So(+) jo0ms ‘quaATos Ty

oa&%u. moﬁ+v q19ams ¢ JuaSund mo

SOTJ9S SNOIOTOWOH

usox3

Assead aaow ‘A]TNII SSOT oI INngq Sou0l1ay TAYISwW
ay3 sTorTeted :JOABTJ O3 UOTINQTIIUO) TBISUSH

STONIGUVO TAHLAW

SOTJI9g SNOSOTOWOH

ssourqTNII 19ams ‘Surogatd ®
Sppe :JOABTJ{ O3 UOTINGTJIZUC) TBISUSH

SENOLIY "TAHLAN

€ TIgvlL

In Lipids as a Source of Flavor; Supran, M.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1978.



LIPIDS AS A SOURCE OF FLAVOR

12

€
YUSTFIIOYS UuT ©30u Ajesw - pIoe OTUTIOONS (+)

(€7) 3e3 sI0d pejesy CT'0T'6°85 orous-z (=)
(Z) 11O uxzoo peazrprxo ut ¢I-95 orous-z (-)
(7€) JTTW UT poO3eRIJUSOUOD 003 USyM (-)
JNTIW JO IOA®RTJ ﬁcsoumxomm wﬂv
y1‘C2T‘01’89'%5

(Tv) 3999 9-To(+)

(€) yst3z 39m Burrrods S-To(-)

(Ty) pesaq o3tym 9T-To(4)

(0p) ssososyo Abuez 8°'9'%'ZoH(+)

I0po ST3I3TT Kx9a8T-PTIp
(A %)
0Tp

otutgexed 60

Kosooyo ‘A3eob 8D

Lo

Eh)

SO

Kosooyo ‘A3jeoms [ 4o)
Kosooyd ssTMs ‘anos €D
anos ‘Axebauta [40)

IojoeIeUd OYTIT-TewTue pue X9soayo ‘A3Tnay ‘aInos

SAIDVY ODILVHAITIY

¥ dI9VL

S9TI9S SNObLOTOWOH

:I0ARTd O3 UOTINTIJUO) TeIdusn

In Lipids as a Source of Flavor; Supran, M.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1978.



13

Positive and Negative Food Flavor

1. LITMAN AND NUMRYCH

(Lv) s3ootade
soyoead NH¢0H0A+V
(5€) 3xod O0T’65(+)
(Tg) ,TIO_3nuoonod _
PT0T 2T 85(4) (6) 33 yTTW pegesy 9T'0T5(4)
(0s) —
jej Tewrue pajesy (8%) Axzxaqmeazs 0ToH(+)
9T7yT 2t 01785 (4) N
(e2) _,_ .., (Ly) 11O KOS pue
gooq 6°8'L Sy (+) po9su03300 PazZIPTXO Lp(-)
(T) 033nq oyTTAITED (97) o1ddesutrd Lp(+)
paxo3s ‘TTw axou ‘X3Tnag _
pPOTIpP SToym SS9T ‘xayjoous (6T) TTO uxoo paTtxF 8-S (+)
{ybty o003 3Ing S9TI9s rvuweb

uayM YTTW

(6%) ouTtxebeu

TeTOX

yTTW

po3jeay

8T-95(-) o3 xerTurs Ka9a (7T) o3ewoy 6°8°9'¥5(4)

SUOD (62) zooq 0T-¥5(+)

8T-95 (4) (S7) sanu peaseox 8'S'¥5(4)

SOTI9S SNOHOTOWOH
e3lT=d

JzoaeTy TIng ‘deep ‘A3Tnay ‘Awesado ‘UyoTI Sppe

SENOLON'T

S dTdVL

Kyoead

2NU0D0D

4

3nuU0D00
‘! fureaaod

oooerqoj
+ fwreaxo

K110

S9TI9S SNODOTOWOH
eunren

:I0ARTd O3 UOT3INQTIIFUOD TRIDUDDH

In Lipids as a Source of Flavor; Supran, M.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1978.



LIPIDS AS A SOURCE OF FLAVOR

14

K33ey ‘3ooms ¥Ty
K33e3z ‘qooms €To
oeuboo CI5H

sutm [Ty

. spuexzo 015
(Zg) eueueq ut o3e3eoe TA3ng pue TAwe (+)
— xead 69
(¥#G) saead ut sajeousatpedTe (9 I0) ‘T (+)
aTddesutd 85
(€g) oseoyo xeppsyd

uT 93eouexay pue ojexiing Tiyze (-) a1dde LD
(T) ubTy 003 ST K3Tnag 9
uoTjeijusouod JT s3zonpoad AxTep UT (-)
Kuum.x Sy
(ZG) s3onpoad pojusuxag
1Te UT pue SaTIXaq pue S3TNIF TTe UT (+) KjqusaTos ‘3o9Ms [46)

S9TI9S SNObOTOWOH

1930eIeyD juesesaTd ‘A3TnIJ ‘399MS JI0ARTJ O3 UOTINQTIFUOD TEIDUSYH

SYHALSHE TAHLI DILVHAITVY

9 WLV

In Lipids as a Source of Flavor; Supran, M.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1978.



1. LrrMAN AND NUMRYCH  Positive and Negative Food Flavor 15

include autoxidation, enzymolysis, and ca?alysis.

The derived products may contribute positlyely or
negatively to the flavor of foods. There 1s nothing
as delightful as a lipid in its proper place or so
noxious as one out of context.
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Chemistry of Deep Fat Fried Flavor

STEPHEN S. CHANG, ROBERT ]. PETERSON, and CHI-TANG HO

Department of Food Science, Cook College, Rutgers, The State University of
New Jersey, New Brunswick, NJ 08903

Deep-fat frying is one of the most commonly used procedures
for the manufacture and preparation of foods in the world. The
fast food restaurants which have been growing rapidly in recent
years further increase the consumption of fried foods, especially
fried chicken, fish and chips, and french fries. Evidently, a ma-
jor portion of the 10 billion pounds of fats and oils consumed by
Americans each year are used in fried foods. For example an es-
timated 500 million pounds of fats and oils are used each year for
the manufacture of potato chips alone in the United States; an-
other 200 million pounds are used each year for doughnuts; and 400
million pounds for frozen french fries.

Not long ago, we asked the sales manager of a large, interna-
tional flavor company, what flavor he would like to see us develop
which he believed would have a large market. Without hesitation,
his answer was "deep-fat fried flavor".

In deep-fat frying, foods which usually contain moisture are
continuously or repeatedly dipped into an oil which is heated to
a high temperature of usually 185°C. in the presence of air. Un-
der such conditions, both thermal and oxidative decomposition of
the triglycerides may take place. Such unavoidable chemical reac-
tions cause formation of both volatile and nonvolatile decomposi-
tion products.

The nonvolatile decomposition products contain oxidized and
polymerized glycerides. They do not contribute to the desired
deep-fat fried flavor of foods, except that they could make the
food greasy with a possibly bitter taste. The deep-fat fried fla-
vor is essentially contributed by the volatile decompositon prod-
ucts (VDP).

The systematic chemical identification of these VDP is im-
portant in at least three aspects. First, the mechanisms of the
formation of these compounds may lead us to an understanding of
the chemical reactions which take place during deep-fat frying.

0-8412-0418-7/78/47-075-018$10.00/0
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Second, the VDP are inhaled by the operators of deep-fat frying,
particularly, restaurant cooks. Furthermore, it has been shown
by our investigation that a portion of the VDP remains in the
frying oil, thus entering the consumer's diet. An understanding
of their chemical identities may facilitate the investigation of
their effect upon human health.

Lastly, the flavor of deep-fat fried foods is partly due to
the VDP. A knowledge of their chemical composition may make pos-
sible the manufacture of a synthetic flavor which can be used to
enhance the flavor of deep-fat fried foods, or to manufacture
foods with a deep-fat fried flavor without the necessity of the
frying process.

Volatile Flavor Constituents (VFC) in Deep-fat Fried Foods

The VFC in deep-fat fried foods can be originated either
from the o0il, or from the food, or from the interaction between
the oil and the food. When six different oils and one fat, as
shown in Table I were used for simulated deep-fat frying, using
moist cotton balls to replace the food, each oil developed a dif-
ferent flavor after 20 fryings in six hrs. at 185 % 5%c. (1).

The moist cotton balls containing 75% of water by weight are sim-
ilar to inert pieces of potato. However, they do not contribute
any flavor to the frying oil. This simulated deep-fat frying
avoided the use of food, the odors and flavors of which might be
so pronounced as to make the study of the odor and flavor origi-
nating from the oil itself most difficult, if not impossible.

This design, of course, assumes that the flavor of the fry-
ing o0il would contribute to the total flavor of fried foods. It
is obvious that if the oil, after being used for frying, has a
strong, pleasant flavor, then it will certainly enhance the de-
sirability of the fried food. On the other hand, if the oil, af
ter being used for frying, develops a strong, unpleasant flavor,
it would make the fried food less desirable. While this assump-
tion has no experimental data to support it, it nevertheless ap-
pears logical and is therefore used as a preliminary step to ap-
proach a complicated problem.

The six used frying oils and one fat were then organoleptic-
ally evaluated by a panel of 10, trained, experienced members for
odor strength, odor pleasantness, flavor strength, and flavor
pleasantness. A Hedonic scale of 1-9 was used, using 1 for the
weakest odor and flavor, 9 for the strongest odor or flawvor, 1
for the least liked odor or flavor and 9 for the most liked odor
and flavor. Therefore, the higher the score indicated the strong-
er the odor or more pleasant the odor. The oils were arranged in
increasing order of the strength of either their odor or flavor,
as shown in Table II. They are also listed in decreased order of
their pleasantness. For example, corn oil has the lowest strength

t
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TABLE I

0ils and Fat Used for Simulated
Deep-fat Frying

Iodine Value

0il or Fat (Wijs)
Corn Oil 127
Cottonseed 0il 110
Peanut 0il 96
Soybean 0il, Hydrogenated and Winterized 115
Soybean 0il, Hydrogenated and Winterized 89
Soybean 0il, Hydrogenated 70

TABLE ITI

Relative Ranking of Oils by Adjusted Organoleptic Score

Strength Pleasantness
Odor Flavor Odor Flavor
Corn 3.78 4.23 Corn 5.60 5.58
Peanut 3.73 4.63 Cottonseed 5.30 4,96
Cottonseeda 5.08 5.03 Peanut 4.45 4,93
Soybean IV 89 5.33 5.08 Soybean IV 89 4.35 4.48
Soybean IV 115 6.53 6.53 Soybean IV 70 3.30 3.03
Soybean IV 70 6.88 7.88 Soybean IV 115 3.00 2.48
Tukey (0.05) g = 2.44 2.40 Tukey (0.05) g = 2.33 2.21

a .
IV = Iodine Value
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but the highest desirability, both in odor and in flavor, while
the hydrogenated and winterized soybean oil with an IV of 115 had
almost the highest strength, but the most undesirable odor and
flavor.

Generally, the unhydrogenated oils were ranked higher than
the hydrogenated soybean oils. Among the three hydrogenated oils,
the one with an IV of 89 ranked the highest. This might be due
to the fact that its oxidation is stabilized by hydrogenation.

At the same time, there was not too much hydrogenation to yield
relatively large amounts of hydrogenation flavor.

The VFC isolated from each of the six used frying ocils and
fat yielded gas chromatograms which were qualitatively and quan-
titatively different from each other (Figures 1 and 2). The gas
chromatogram could, therefore, be used as a profile for the odor
and flavor of the oil. The area of the 24 selected peaks common
to all the profile curves and the average organocleptic panel
scores of each of the oils were analyzed by computer, using a
multiple stepwise regression method. Strong correlations between
some peak areas (Table III) in the profile curves and the average
organoleptic scores were found. The R? value for the correlation
of each of the odor and flavor characteristics with one or two
peaks, respectively, are shown in Table IV.

Volatile Flavor Constituents Originated from the Food
Used for Frying

A systematic analysis of the VFC isolated from potato chips
led to the identification of 53 compounds (2). Some of them,
such as 3-cis-hexanal and 2,4-trans, trans-decadienal, were evi-
dently produced by the frying oil. Some other compounds, such as
dimethyl disulfide and 2,5-dimethyl pyrazine, were evidently
produced by the potato.

volatile Flavor Constituents Produced by the Interaction
between the Food and the 0Oil

In order to study the mechanism for the formation of the VFC
in potato chips from the constituents of the potato, cotton balls,
moistened with water in which different constituents of the pota-
to were dissolved, either individually or in various combinations,
were fried in cottonseed oil. Five different amino acids were
selected, according to their chemical structures (Table IV).

Each of them was treated under deep-fat frying conditions with
the use of moist cotton balls. The aroma thus generated by each
of the amino acids, as judged by an experienced panel of six
persons, is shown in Table IV.

The strong, potato chip-like odor could be produced by ei-
ther D- or IL- isomers of methionine or their mixtures. After

In Lipids as a Source of Flavor; Supran, M.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1978.



22

LIPIDS AS A SOURCE OF FLAVOR
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Figure 1. Gas chromatogram of volatiles isolated from used
corn oil (top), used cottonseed oil (center), and used peanut
oil (bottom)
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Figure 2. Gas chromatogram of volatiles isolated from used
soybean 0il with an iodine value (IV) of 115 (top), IV 89 (cen-
ter), and IV 70 (bottom)
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TABLE III

Summary of Stepwise Regression Analysis Used to Examine the

Relationship between Peak Areas and Organoleptic Scores

Correlated with R
peak numbers 1 peak 2 peaks
Stength of Odor 4 and 11 0.7909 0.9158
Pleasantness of Odor 8 and 4 0.9172 0.9882
Strength of Flavor 3 and 1 0.9303 0.9679
Pleasantness of Flavor 8 and 20 0.8778 0.9898
TABLE IV

Aroma Generated by Different Amino Acids

Under Simulated Deep-fat Frying Conditions

Amino Acid Aroma
Threonine Wet, hair, earthy
Proline Stale popcorn, bitter
Histidine Stale popcorn
Cystine Slightly meaty
Methionine Strong potato chip-like

In Lipids as a Source of Flavor; Supran, M.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1978.



2. CHANG ET AL. Chemistry of Deep Fat Fried Flavor 25

the cottonseed oil was used for the deep-fat frying of moist cot-
ton balls containing methionine, it retained a strong, potato
chip-like flavor (3).

The chemical structure required for the production of the
potato chip-like flavor is quite specific as shown in Table V.
The VFC in this oil can be isolated by subjecting the oil to 90°C
under a vacuum of < 0.01 mm Hg. for 1% hrs. The isolated vola-
tile compounds had a strong, potato chip-like aroma. When they
were dropped on a perfumer's paper stick, the aroma lingered on
the stick for many hours, thus indicating that the compounds re-
sponsible for the potato chip-~like aroma were of relatively high
volume points.

The isolated VFC were fractionated by gas chromatography and
the pure fractions were then identified by infrared and mass
spectrometry. Among the compounds tentatively identified were
2-methyl mercaptomethyl butanal, 2-methyl mercaptosulfoxide-2-
pentenal, 2-methylmercapto-5-methyl-2-hexenal, and 2-methylmer-
capto-2,4,6-octatrienal. These compounds are probably produced
by the interaction between decomposition products of the amino
acids and the decomposition products of oils at frying tempera-
ture.

Systematic Identification of the VDP of Frying

In order to elucidate the chemical structures of the VDP
which were formed by the triglycerides during deep-fat frying,
without the complication and interference of the food fried, an
inert material must be found to substitute for the food. After
trying with various materials, it was found that moist cotton
balls containing 75% by weight of water were a good simulation of
an inert piece of potato. They were used for simulated deep-fat
frying in the apparatus as shown in Figure 3, which was designed
to produce nonvolatile decomposition products, as well as to col-
lect the VDP produced during deep-fat frying (4). The aluminum
frying basket (A) was held in position by clamping at (B) and
(C). The top of the Sunbeam deep-fat fryer was fitted with an
Alembic-type cone (F) made of stainless steel. The cone was
10 in. high and had a top diameter of 5 in.; bottom diameter, 11
in. It was cooled with running water through aluminum coils
wrapped around the outside of the cone. A glass connector (H)
with an Alembic-shaped head (G) was used to Jjoin the condenser
(1).

For frying, the geep-fat fryer containing 2300 ml of corn
0il maintained at 185 C. was lowered until the aluminum basket
was out of the oil. Ten moist cotton balls, each containing 75%
by weight of water, were placed in the aluminum basket. A vacuum
pump connected to the end of the flowmeter (P) was turned on to
draw a current of air through the top of the fryer
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TABLE V

Effect of Chemical Structure upon the Production

of a Potato Chip-like Flavor by Methionine

under Deep-fat Frying Conditions

Characteristic
of flavor
produced under
deep-fat frying

Compounds Structures conditions
D-Methionine Good potato
L-Methionine CH_~S-CH_~CH_~CH (NH.. ) COOH chip-like
DL~Methionine 3 2 2 2
S-Methyl-I~cysteine CH3—S-CH2—CH(NH2)COOH Good potato
chip-like
DL~Ethionine CH_—-CH_~S=-CH_-CH_-CH (NH_) COOH Good potato
3 2 2 2 2 . .
c¢hip-like
S-Ethyl-l~cysteine CH3—CH2-S—CH2—CH (NH2) COCH Obnoxious

Methionine hydroxy CH3—S-CH2-CH2-CH(OH) COCH
analog

$-Carboxymethyl-L- HOOC-CH,-S-CH,-CH (NH,) COOH
cysteine

(cooked turnip)

Obnoxious
(cooked turnip)

Obnoxious
(cooked turnip)
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Figure 3. Laboratory apparatus for deep fat frying under simulated restaurant conditions
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and then through the train of traps at a rate of 7.2 liters/min.
as indicated by the flowmeter (0O). The fryer was then raised un-
til the cotton balls were immersed in the oil and fried.

The VDP and steam thus produced were drawn by the current of
air flowing through the apparatus into the stainless steel cone
and then the condenser and the train of traps (K - N). The con-
densate collected on the inside of the cone could not drip back
into the fryer because it was trapped by the Alembic edge (D).
Excessive amounts of VDP and steam condensed in the cone would
flow out from the exit (E) and could be collected with a suitable
container. Those which were not condensed in the cone were col-
lected in the flask (J) and traps (K - N). Those condensed in
the head of the conmnector tube (H) also could not drip back into
the fryer because of the Alembic head (G). '

Ten moist cotton balls containing approximately 16 g. of
water were fried every 30 min. Thirteen frying operations were
done each day in 6 hrs. After each 12 hrs. of frying, 800 ml. of
fresh corn oil were added into the fryer to replenish the oil ab-
sorbed by the cotton balls. After each 6 hrs. of frying, the
oil was allowed to cool to room temperature. The apparatus was
disassembled and all the condensates were washed out with dis-
tilled water and ethyl ether.

Difficulty arose when pure synthetic triglycerides were used
for simulated deep-fat frying so that the nonvolatile decomposi-
tion products (NVDP) could be more easily characterized than
mixed triglycerides. The cotton balls would abgorb too much of
the expensive pure triglycerides and would make the experiment
financially impossible. The apparatus was therefore modified as
shown in Figure 4. so that steam could be periodically injected
into the heated pure triglycerides to simulate frying (5).

The steam generator was constructed from a three-necked
round bottom flask (A). In one neck, a reflux condenser (C) was
connected through a large bore stopcock (B). The center neck was
fitted with a long glass tubing (D) extending to the bottom of
the flask. The third neck was connected to an aluminum tubing (H)
through a flowmeter (E) and a three-way stopcock (F). The alumi=-
num tubing was extended into the deep-fat fryer by soldering
through the wall of the fryer. The section of aluminum tubing in-
side the fryer was perforated with pin holes at equidistance with
the end closed and was bent to form a loop (J) lying on the bot-
tom of the fryer. A heating tape (I) was wrapped around the con-
necting tube (G) to prevent condensation of steam.

With stopcock (B) open, the water in the round bottom flask
was heated to a vigorous boil. To simulate frying, the stopcock
(B) was closed. When the desired degree of steam pressure was
built up in the flask, the three-way stopcock (F) was opened to
allow the steam t8 bubble through the 2 Kg. of pure triglycerides
maintained at 185 C. in the Sunbeam deep-fat fryer (K). To stop
the steam flow, stopcock B was opened. The three-way stopcock (F)
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Figure 4. Apparatus used for treating pure triglycerides under simulated deep-fat frying conditions
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TABLE VI

Volatile Decomposition Products Produced by
Various Triglycerides During

Simulated Deep-fat Frying

Relative Amount of Compound

Hydrogenated
Corn Cottonseed
Compound 0il 0il Trilinolein Triolein

Acidic VDP

A. Saturated Acids
Acetic
Propanoic
Butanoic
Pentanoic
Hexanoic
Heptanoic
Octanoic
Nonanoic
Decanoic
Undecanoic
Dodecanoic
Tridecanoic
Tetradecanoic
Pentadecanoic -
Hexadecanoic -
Heptadecanoic -
Octadecanoic -

B. Unsaturated Acids
trans-2-Butenoic
trans-~2-Pentenoic
trans—-2-Hexenoic
trans-2-Heptenoic
trans-2-0Octenoic
trans—-2-Nonenoic XS XL
trans-2-Decenoic XL
trans-2-Undecenoic S - -
trans-2-Dodecenoic - -
trans-2-Tridecenoic - -
cis-2-Heptenoic - -
¢is-2-Nonenoic - -
cis-2-Decenoic - -
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TABLE VI
(2)

Chemistry of Deep Fat Fried Flavor
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Compound

Relative Amount of Compound

Hydrogenated
Corn Cottonseed
0il 0il

Trilinolein

Triolein

B.

c.

Unsaturated Acids
trans-3-Pentenoic
trans-3-Nonenoic
trans-3-Decenoic
cis-3-Heptenoic
cis-3-Octenoic
cis-3-Nonenoic
cis-3-Decenoic
cis-3-Undecenoic
cis-3-Dodecenoic
cis-4-Nonenoic
5-Hexenoic
6-Heptenoic
7-Octenoic
10-Undecenoic
Palmitoleic
Elaidic
Oleic
Linoleic
Linolenic
cis-2-trans-4-
Octadienoic
trans-2-cis-4-
Decadienoic
trans-2-trans-4-
Decadienoic
Hydroxy Acids
3-Hydroxyhexanoic

2-Hydroxyheptanoic

2-Hydroxyoctanoic
3-Hydroxyoctanoic
5~-Hydroxyoctanoic
5-Hydroxydecanoic
10-Hydroxy-cis—-8-
Hexadecenoic
Aldehydo Acids
Octanedioic acid
semialdehyde

S -

- XS (tent.)
- XS (tent.)

B =

nunwninl

(tent.)

Pt ®n
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TABLE VI
(3)

Relative Amount of Compound

Hydrogenated
Corn Cottonseed
Compound 0il 0il Trilinolein Triolein

D. Aldehydo Acids
Nonanedioic acid - XS - -
semialdehyde
Decanedioic acid - XS - -
semialdehyde
Undecanedioic - XS - -
acid semialde-
hyde
Tetradecanedioic - XS - -
acid semialde-
hyde
E. Keto Acids
4-0Oxohexanoic M(tent.) - - -
4~0Oxoheptanoic S XS (tent.) S(tent.) -
(tent.)
4-0Oxooctanoic S(tent.) - - -
4-0Oxononanoic - XS (tent.) - -
4-Oxo-trans-2- - - - L
Octenoic
4-0Oxo-trans-2- - - - M
Nonenoic
4-0Oxo-trans-2- - - - S
Undecenoic
4-Oxo-cis-2- - - - XS
Dodecenoic (tent.)
F. Dibasic Acids
Hexanedioic
Heptanedioic
Octanedioic
Nonanedioic XS
Decanedioic Xs
Undecanedioic - Xs
4-0Oxoheptane-
dioic
II. Nonacidic VDP
A. Saturated Hydrocarbons
Hexane - - - XS
Heptane S
Octane S S - S
M

XS
XS

It uw
Illmﬁm
=0

XS (tent.) -

Nonane
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TABLE VI

(4)
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Compound

Relative amount of Compound

Hydrogenated

Corn Cottonseed

0il

0oil

Trilinolein Triolein

A.

Saturated Hydrocarbons

Decane
Undecane
Dodecane
Tridecane
Tetradecane
Pentadecane
Hexadecane
Heptadecane
Octadecane

Unsaturated Hydrocarbons

1-Octene
1-Nonene
1-Decene
1-Undecene
trans—-2-Octene
cis-2-Octene
trans-Undecene
trans-Dodecene
trans-Tridecene
trans-Tetradecene
trans-Hexadecene
trans-Heptadecene
trans-1,3-Octa-
diene
trans-1, 3-Nona-
diene
trans, trans-
Tetradecadiene
trans, cis-Tetra-
decadiene
Alcohols
Ethanol
1-Propanol
1-Butanol
1-Pentanol
1-Hexanol
1-Heptanol
1-Octanol
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TABLE VI
(5)

Relative Amount of Compound

Hydrogenated
Corn Cottonseed
Compound 0il 0il Trilinolein Triolein

C. Alcohols
1-Decanol - S - -
1-Undecanol - - M -
1-Dodecanol - - S -
2-Hexanol - XS (tent.) - -
2-0Octanol - - M -
3-Octanol XL - S -
1-Penten-3-o0l L - - -
1-Octen-3-0l1 XL L XL -

D. Saturated Aldehydes
Propanal ~- - - L
Butanal - - S M
Pentanal XL M XL -
Hexanal XL L XL M
Heptanal XL L XL L
Octanal M XL M XL
Nonanal XL XL S XL
Decanal M M M M
Undecanal - S - L
Dodecanal - XS XS M
Tridecanal - XS - -
Tetradecanal - Xs - -
Pentadecanal - XS - -
3,4,5-Trimethyl- L - M(tent.) -

heptanal (tent.)
4-Methoxy~-3, 3~ s - S(tent.) -
dimethylbutanal (tent.)

E. Unsaturated Aldehydes
trans-2-Hexenal M M M S
trans-2-Heptenal XL XL XL M
trans-2-Octenal XL XL XL M
trans-2-Nonenal XL XL M L
trans—-2-Decenal XL XL M XL
trans-2-Undecenal S S - XL
cis-2-Heptenal - - S -
cis-2-Octenal - - S -
cis-2-Nonenal - - XS -
cis-3-Hexenal - - M(tent.) -

In Lipids as a Source of Flavor; Supran, M.;
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TABLE VI
(6)
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Compound

0il

Relative Amount of Compound

Corn Hydrogenated
Cottonseed
0il

Trilinolein Triolein

Unsaturated Aldehydes

trans-4-Hexenal
trans-3-Decenal
5-~-Hexenal
6-Heptenal
7-Octenal

5-Methyl~4-hexenal

4-0Oxo-trans—-2-
octenal
trans-2-cis-4-
Heptadienal
trans-2-cis-4-
Nonadienal
trans-2-trans-4-
Nonadienal
trans-2-trans-6-
Nonadienal
trans-2-cis-4-
Decadienal
trahs-2-trans-4-
Decadienal
Ketones
2-Heptanone
2-0Octanone
2-Nonanone
2-Decanone
2-Undecanone
2-Dodecanone
3-Heptanone
3-Octanone
3-Nonanone
3-Decanone
3-Dodecanone
4-Octanone
4-Undecanone
4-Dodecanone
1-Octen-3-one

2-Methyl-3-octen-

5-one
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TABLE VI

(7

Compound

Relative Amount of Compound

Hydrogenated

Corn
0il

Cottonseed

0il

Trilinolein

Triolein

F.

Ketones

trans—-3-Nonen-2-

one

trans-3-Undecen-~

2-one
Nonenone

Dodecenone

1-Methoxy-3-
hexanone

Esters

Ethyl acetate
Butyl acetate
Hexyl formate
Ethyl hexanoate
Octyl formate
Methyl nonanoate
Ethyl octanoate

Methyl dodecanoate
trans-2~Octenyl-

formate
Ethyl-cis-2-

dodecenoate
Lactones

4-Hydroxypentanoic

4-Hydroxyhexanoic
4-Hydroxyheptanoi
4-Hydroxyoctanoic
4-Hydroxynonanoic
4-Hydroxydecanoic
5-Hydroxyhexanoic
5-Hydroxydecanoic
6~Hydroxyhexanoic
4-Hydroxy-2-
hexenoic
4-Hydroxy~2-
heptenoic
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TABLE VI
(8)

37

Relative Amount of Compoun

Hydrogenated
Corn Cottonseed
Compound 0il 0il Trilinolein

d

Triolein

Lactones
4~Hydroxy—2- - - Xs
octenoic
4-Hydroxy-2- L - XL
nonenoic
4~Hydroxy=-2- - - S
decenoic
4-Hydroxy-3- - - -
octenoic
4-Hydroxy-3- - - XL(tent.)
nonenoic
5-Hydroxy-2-
nonenoic
Aromatic Compounds
Toluene
Butylbenzene
Isobutylbenzene
Hexylbenzene
Phenol
Benzaldehyde
Acetophenone S(tent.) -
4~-Phenylbutanal M(tent.) -
5-Phenylpentanal S(tent.) =~
Miscellaneous Compounds
2-Pentylfuran XL L
1,4-Dioxane - -

M(tent.)

npn=zilon
1

&
UlﬁIZIUIIUII

]
[l ol

S
(tent.)

XS indicates extra small gas chromatographic peaks
small; M, médium; L, large, XL, extra large.
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was added to avoid back suction. It was open to air at all times,
except when steam was bubbled through the triglycerides. The
fryer was connected to the train of cold traps in the same manner
as described previously.

By turning on the vacuum pump (X), a current of air was drawn
through the top of the fryer and the series of cold traps at a
rate of 7.2 liters/min, as indicated by the flowmeter (W). The
air flew over the surface of the triglycerides without bubbling
through them. This simulated the conditions of a commercial deep-
fat fryer placed underneath an efficient hood. Steam, equivalent
to 15 ml. of water was bubbled through the triglycerides in 2 min.
The operation was repeated at intervals of 30 min. Fifteen opera-
tions were performed each day in 7 hrs. After the last operation,
the triglycerides were cooled to room temperature and allowed to
stand overnight. Total time of simulated frying was 74 hrs.

The VDP produced by corn oil (6, 7), hydrogenated cottonseed
oil (8,9), trilinolein (10), and triolein (l1), respectively, un-
der simulated deep-fat frying conditions, were collected, separ-
ated into acidic and nonacidic compounds, fractionated by repeated
gas chromatography with columns of a polar and a nonpolar station-
ary phase, consecutively, and the pure gas chromatographic frac-
tions were then identified by a combination of retention time and
infrared and mass spectrometry. The identifications were finally
confirmed with authentic compounds. If they were not available
commercially, they were synthesized in the laboratory.

A total of 220 compounds were identified as VDP produced
during deep-fat frying (Table VI). The amount of them was mostly
in ppm. However, many of them were of known toxic properties.

Among the VDP identified, the unsaturated lactones were of
particular interest. The Y-lactones with unsaturation at the 2
or 3 position, viz. 4-hydroxy-2-nonenoic acid, lactone and 4~
hydroxy-3-nonenoic acid, lactone, impart a characteristic deep-
fat fried flavor to cottonseed oil when added at 2.5 ppm (12).

The responses of the panel to the description of the cottonseed
0il, plus 4-hydroxy-2-nonenoic acid, lactone, included nutty,
fried fat notes, plus a butter-1like note.

Organoleptic evaluation also showed that 4-hydroxy-2-nonenoic
acid, lactone and 4-hydroxy-2-octenoic acid, lactone had an ad-
verse effect upon the flavor of margarine. However, addition of
2.5 ppm of 4-hydroxy-3-nonenoic acid and 4-hydroxy-3-octenoic
acid improved the flavor of margarine. The former could also
improve the flavor of a snack food.

This observation explains well some previously published re-
sults. 4-Hydroxy-2-nonenoic acid, lactone was found by Krishna-
murthy and Chang (7) in corn oil after it was simulatedly deep-
fat fried. However, such lactones were not found by Reddy et al.
(9) in hydrogenated cottonseed oil after it was simulatedly deep-
fat fried under identical conditions. Since such lactones are

In Lipids as a Source of Flavor; Supran, M.;
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Figure 5. Thermally oxidized and polymerized materials (bottom) isolated from-a hy-
drogenated shortening tzat had been used for frying for one week

Figure 6. Deep-fat frying of potatoes in fresh corn oil (left) and corn oil that had been
used for frying at 185°C for 72 hr

In Lipids as a Source of Flavor; Supran, M.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1978.
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ascertained to play an important role in deep-fat fried flavor,
they might be the reason why Blumenthal, et al. (1) found that
vegetable oils, such as corn oil, had a more desirable flavor
than hydrogenated fat, such as hydrogenated soybean oil, after
both were subjected to simulated deep-fat frying under identical
conditions.

More recently, Thompson, et al. (10) isolated, fractionated,
and identified the VFC produced by trilinolein, and May, et al.
(11) identified those by triolein when each was subjected to sim-
ulated deep-fat frying, separately. They found more unsaturated
lactones in the decomposition products of trilinolein, but less
in those of triolein; both in number and in amount. This may in-
dicate that some linoleic acid is necessary in frying fat if the
characteristic deep-fat fried flavor is desired.

Nonvolatile Decomposition Products (NVDP) and Minor Constituents

The flavor chemistry of deep-fat fried flavor is, however,
more complicated than the simplified theory postulated above.
During deep-fat frying, NVDP are also formed and linoleate being
more prone to oxidation tends to form more oxidized and polymer-
ized esters. Aftgr being treated under simulated deep-fat frying
conditions at 185 °C. for 74 hrs., trilinolein formed 26.3% of
non-urea-adduct~forming esters, while under the same conditions,
triolein only formed 10.8% and tristearin 4.2% of such esters.

The thermally oxidized and polymerized materials, as sep-
arated by column chromatography from a shortening which had been
used for deep-fat frying for a week, is shown in Figqure 5. The
thermally oxidized and polymerized materials were found by many
researchers as having an adverse effect on human health (13).
They c¢ould also cause practical problems in deep~fat frying such
as foaming when the moist food is dipped into the heated oil
(Figure 6).

In addition, minor constituents in the fats and oils may
produce additional flavor compounds when they are used for deep-
fat frying. A typical example is that french fries prepared
with beef tallow shortening are well known to have a more de-
sirable flavor than those prepared with vegetable shortenings.
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Volatiles from Frying Fats: A Comparative Study

W. W. NAWAR, S. J. BRADLEY, S. S. LOMANNO,
G. G. RICHARDSON, and R. C. WHITEMAN

Department of Food Science and Nutrition, University of Massachusetts,
Ambherst, MA 01003

Since the early 1940's when Farmer and his co-workers ad-
vanced their theory of fat oxidation, significant achievements
have been made in instrumental developments and analytical tech-
niques. Consequently, large numbers of oxidative decomposition
products from heated or oxidized 1ipids have been identified,
and the number of such compounds continues to increase every day,
as our instrumental capabilities continue to become more and more
sensitive and sophisticated.

Unfortunately, however, flavor research has not kept pace
with chemical identification. Our knowledge regarding the exact
role of these many compounds, in relation to specific flavors or
off-flavors, is far from being adequate. A thorough examination
of the reported literature reveals much ambiguity and raises
many questions. We know very little about the exact difference
between an unpleasant rancid flavor and a pleasant fried odor -
from the standpoint of their specific chemical make-up. What
exactly is the chemical difference between several used oils,
all good, but having different flavor characteristics and used
oils, all bad, but having different objectionable odors?

We do know that the major oxidative decomposition products
in natural fats are mostly those resulting from breakdown of lin-
oleates. These are essentially the saturated aldehydes, the
alkenals and the dienals. But, the same major compounds are pre-
sent above their threshold levels in rancid beef, boiled chicken,
frozen pork, good used frying oil, bad overused shortenings, etc.
In fact, many of the same compounds are also present but in much
smaller amounts in fresh unused fats. Is the difference in
amounts of the same compounds responsible for flavor differences
between the oils? Does a given set of oxidation products pro-
duce unpleasant rancid flavors when present in certain concentra-
tions but give rise to pleasant flavors if present in different
concentrations? If so, what concentrations are critical for
which flavors? Are there specific key components responsible
for each flavor or each variation of the same flavor? If so,
what are these key compounds? Why is it that a compound can be

0-8412-0418-7/78/47-075-042$05.00/0
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blamed for an off-flavor by one investigator, but given credit
for producing a pleasant flavor by another author?

What is the meaning of statistical correlations between specific
compounds and specific flavors, in terms of the causative
agents? For example, positive correlation between pentane and
rancidity is an important fact, but pentane does not produce
rancid flavor,

What is the role of the less volatile oxidative compounds
which we know are present but are difficult to identify and even
more difficult to quantitate?

What is the role of the non-oxidative, strictly thermal,
decomposition products, the presence of which must be superim-
posed on that of the oxidation compounds? How do all of these
many compounds interact with each other, qualitatively and quan-
titatively, to effect certain flavor responses?

Why is there so much contradiction in the literature, par-
ticularly when it comes to the effects of operating parameters
on the decomposition of fats? The introduction of moisture, for
example, during the frying process was reported by some workers,
to markedly accelerate the deterioration of shortenings and in-
crease the quantity of carbonyl compounds produced, while other
workers report the exact opposite with moisture exhibiting a
protective effect.

How reliable is our identification of new compounds at, or
below, the ppb levels and how accurate are our gquantitative
measurements? As the analytical techniques become more sensi-
tive, mistakes can be made more easily. For example, interfer-
ence by misleading artifacts or contaminants becomes more Tikely
and quantitative analysis becomes less accurate. It is not un-
common to see gas chromatographic (GC) quantitative data calcula-
ted without use of internal standards, recovery determinations,
proper controls or appropriate correction factors. Component
peak overlap in GC analysis has been, and continues to be, a
serjous threat to both qualitative and quantitative analysis.

In many instances identification of certain decomposition pro-
ducts reported in heated fats could not be repeated in our lab-
oratory when milder techniques of isolation were used. In other
cases, identification of major decomposition products using GC
packed columns were proved erroneous when capillary columns were
employed.

Recently we began a study to investigate the relationship
between various operating parameters and chemical changes in fry-
ing fats. In this report quantitative data are provided to
demonstrate the effects of such factors as type of 0il, length
of use, temperature of frying and introduction of moisture on
the major volatile compounds produced. Of course the total de-
composition pattern in frying is not limited to the volatile
profiles examined in the present paper. The importance of the
non-volatile and the minor breakdown products to the quality of
the frying oil must be recognized.
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Experimental

Samples of 0il were placed in round bottom flasks and heat-
ed in air with the aid of an oil bath., During heat treatment
the 0il samples were continually stirred with a magnetic stir-
rer. For introduction of moisture a burette and a microsyringe
were used as shown in Figure 1. The level of water in the bur-
ette was adjusted so as to provide a flow of 5 microliters of
water per ml o0il per hour. After heat treatment the volatile
decomposition products were collected for qualitative and quan-
titative analysis.

The following guidelines were strictly followed to insure
the absence of artifacts and reliability of quantitative data:

1. Relatively small samples of oils (1-10g) were used.

2. Only simple conditions were employed for the collection
of volatiles, i.e., the short path high-vacuum distil-
lation described previously (1).

3. To minimize GC peak overlap the volatiles were pre-
fractionated on silica into two fractions, one polar
and the other non-polar, and each fraction was separ-
ated on a 500 ft. .02 in. Carbowax capillary column.

4, In addition to GC retention times and mass spectrome-
tric analysis for all samples, at least one microchem-
ical technique (e.g. hydrogenation, reaction with 2,4-
dinitrophenyl hydrazine, etc.) was used to confirm
identification.

5. Quantitative measurements were conducted in quadrupli-
cates with the aid of two internal standards, one
polar and one non-polar. These were placed in the oil
after the heat treatment and, thus, allowed to suffer
the same fate as the other volatiles throughout the
procedures of collection, pre-fractionation and GC
separation.

6. A correction factor for each compound was used to cor-
rect for differences in analytical behavior.

7. Identical conditions were used throughout the study
with a weekly check on the performance of the capil-
lary column, GC response and the mass spectrometer
using a standard quantitative mixture of hydrocarbons.

Results and Discussion

Gas chromatographic patterns of the major non-polar and
polar volatile compounds produced in corn, soybean and coconut
0ils by heating at 185 C for 2 hrs. are shown in Figures 2 and
3. Quantitative data (averages of quadruplicate separate heat-
ing experiments) for corn, soybean and coconut o0ils heated at
185 C and 250 C are given in Table I and II. In a series of
publications, Chang and co-workers reported the identification
of a much larger number of volatile decomposition products in
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Tygon tubing

syringe

Oll Bath

Figure 1. Apparatus for introduction of
moisture i

Corn oil

30
28

27 24 it

Soybean oil

Coconut oil

Figure 2. GC analysis of the nonpolar volatile components in corn, soybean, and
coconut oils heated for 2 hr at 185°C
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Table I. Quantitative Analysis (mg volatile/Kg oil) of the major
Non-Polar Compounds in Three Vegetable 0ils After Heat-
ing for 2 hrs. at 185 C and 250 C.

21 1-pentadecene

22 pentadecadiene 1
23 hexadecane

24 Int. hexadecene

25 1-hexadecene

26 hexadecadiene

27 heptadecane

28 Int. heptadecene
29 1-heptadeceneC
30 heptadecadiene
31 octadecane

Ngea$n Com- Corn Soybean Coconut
Fié. 2 pound 185C 250C 185C 250C 185C 250C
1 octane 36. 48. 23. 31. 68. 100
2 1-octene 0.7 3. 0.9 3.2 1.6 4.0
3 nonane 1.1 2.2 1.9 4,2 14. 39.
4 1-nonene 0.5 1.8 0.4 1.5 1.3 2.5
5 decane 0.9 1.5 1.0 2.1 12, 26.
6 1-decene n.d.2 n.d. n.d. n.d. 2.6 10.
7 undecane 1.8 2.9 1.3 2.3 13. 58.
8 1-undecene n.d. n.d. n.d. n.d. 0.6
9 dodecane 0.5 1.8 0.8 1.8 5.3
10 pentylfuran 9.5 11. 3.2 2.9 1.6
11 Int. dodeceneb 2.5 7.1 1.2 3.2 n.d.
12 1-dodecene n.d. n.d. 0.4 0.5 1.0
13 tridecane 0.4 0.7 0.6 1.0 n.d.
14 butyl benzene n.d. 10. n.d. 3.3 nd. 1
15 Int. tridecene n.d. 2.5 n.d. 2.1 n.d.
16 tetradecane 0.7 1.4 1.0 1.2 2.6
17 Int. tetradecene 0.2 1.3 0.2 1.2 0.1
18 1-tetradecene 0.1 0.5 n.d. 0.3 0.8
19 pentadecane 0.7 1.0 0.5 0.7 1.7
20 Int. pentadecene 0.3 10. 0.4 6.1 0.2
0.2 0 0.3 0.3 0.2
0.2 2. n.d. 6.6 n.d.
n.d. 0. 0.3 0.3 0.9
0.4 1. 0.5 1.6 0.8
0.1 7. 0.2 2.3 0.4
n.d. 4 n.d. 2.1 n.d.
0.2 n 0.3 0.2 0.6
0.9 1 1.1 1.4 0.9
1.2 8. 1.4 8.5 n.d.
1.2 2. 0.9 1.3 0.3
n.d. n. 0.1 0.1 0.2
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Not detectable under the experimental conditions used.
Internally unsaturated: double bond not in terminal position.
c. This component overlapped with another unknown compound having
a molecular ion at m/e 266.

o
« .
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Washington, D.C. 20036
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Table II. Quantitative Analysis (mg volatile/Kg oil) of the
Major Polar Volatile Compounds in Three Vegetable 0ils
After Heating for 2 hrs. at 185 C and 250 C.

Peak

No. in Com- Corn Soybean Coconut
Fié. 3 pound 185C 250C 185C 250C 185C 250C
1 pentanal 44, 37. 39, 47. 31. 29.
2 hexanal 120 120 94, 100 42. 43,
3 2-heptanone 3.6 7.5 3.2 2.6 11. 14.
4 heptanal 12. 24. 12. 28. 23. 42.

hexenal

5 pentylfuran 42. 45, 44, 42. 17. 7.0
6 2-octanone 1.9 3.7 1.5 2.9 5.9 5.8
7 octanal 8.1 10. 12. 16. 18. 31.
8 heptenal 130 a140 140 130 37. 28.
9 2-nonanone n.d. n.d. n.d. n.d. 7.4 12.
10 nonanal 49, 50. 47. 53. 52. 59.
11 octenal 54, 43, 64. 50. 18. 13.
12 decanal 6.3 5.9 8.3 7.2 9.4 23,
13 nonenal 15. 25. 31. 34, 12. 10.
14 2-undecanone n.d. n.d. n.d. 3.5 31. 41,
15 undecanal n.d. n.d. n.d. 3.9 12. 20.
16 decenal 29. 33. 42. 40. 43, 27.
17 dodecanal n.d. n.d. n.d. 2.3 2.4 10.
18 undecenal 24. 26. 30. 28. 39. 21.
19 decadienalg 84. 21. 100 29. n.d. n.d.
20 decadienal 250 72. 290 100 97. 32.
21 Y -octalactone n.d. n.d. n.d. n.d. 7.6 6.2
22 ®-octalactone n.d. n.d. n.d. n.d. 2.7 1.5
23 ¥ -nonalactone n.d. n.d. n.d. n.d. 3.7 4.2
24 ¥ -decalactone n.d. n.d. n.d. n.d. 5.6 5.5
25 S-decalactone n.d. n.d. n.d. n.d. 1.8 1.5
26 ¥ -undecalactone n.d. n.d. n.d. n.d. 2.9 2.3
27 ¥-dodecalactone n.d. n.d. n.d. n.d. 33. 35.

not detectable under the experimental conditions used.
peaks not well resolved.

tr,cis-2,4-decadienal.

tr,tr-2,4-decadienal.
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frying fats (2-6). It should be pointed out, however, that

these workers were obliged to pool the volatiles from several
frying treatments, collections and fractions, with the amount of
0il used totaling approximately 31 kilograms. In the present
work, all the volatiles were collected, separated, identified

and measured during one analysis involving a sample of only 1-10
grams. This was important to insure reliable quantitative deter-
minations of each of the volatiles and to minimize artifacts.

In general, the non-polar compounds are present in heated
fats in much lower quantities than the polar components. Typi-
cally the non-polar products produced at 185 C consist of a ho-
mologous series of the n-alkanes from Cg to C18, a series of
1-alkenes from Cg to C17, the longer chain alkadienes from C15
to Cy7 and penty?furan. The hydrocarbons shorter than Cg were
not determined in this work. Under the conditions used here for
pre-fractionation, pentylfuran partitions between the polar and
non-polar fractions, Octane and pentylfuran represent the major
non-polar compounds in corn and soybean oils. Heated coconut
0i1, on the other hand, contains higher amounts of the shorter
chain hydrocarbons, a phenomenon reflecting its unique fatty acid
composition (i.e. higher concentration of the shorter-chain sat-
urated fatty acids). Most of the non-polar compounds are pro-
duced in greater amounts when the fat is heated at higher temper-
atures. In addition, when heated at 250 C all three fats con-
tained some new compounds which were absent or barely detectable
after heating at 185 C. The most important of these compounds
is butyl benzene (Table I).

The pattern of the major polar compounds in heated fats is
also typical and consists of a series of alkanals, alkenals and
dienals as well as smaller amounts of some methyl ketones. In
corn and soybean 0il, hexanal, heptanal and tr,tr-2,4-decadienal
are the three aldehydes produced in the greatest quantity. Hex-
anal and 2,4-decadienal are the two major aldehydes expected from
decomposition of the conjugated 9- and 13-hydroperoxides, the
initial products of linoleate autoxidation, while octanal,
nonanal, 2-decenal and 2-undecenal are the major aldehydes pre-
dicted from oleates (7). It can be seen that aldehydes other than
those expected on the basis of theory are produced, in some cases
at relatively large quantities. Thus, the fact that heptenal
represents such a major decomposition product in corn and soybean
0ils is difficult to explain. A similar semi-quantitative pat-
tern of aldehydes in autoxidized sunflower o0il was reported by
Swoboda and Lea (8).

Although the same aldehydes are present in coconut oil, the
unique fatty acid composition of this fat is again reflected in
the following quantitative and qualitative aspects when compared
with the other two oils. For example, in the case of coconut
0il, heating produced lesser quantities of the decadienals,
higher quantities of the saturated aldehydes (with the exception
of hexanal and pentanal) and lower quantities of the unsaturated
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Table III. Concentration of Volatile Compounds (mg/Kg} in Corn
0i1 after Heating at 185 C for Various Periods of
Time in the Absence and Presence of Moisture.

Time of Heating

Compound 1 Hr. 5 Hr. 48 Hr.

No HZO HZO No HZO HZO No H20

o a
~N
o

Nonpolar Fr.

octane

l-octene

nonane

decane

undecane
1-undecene
dodecane
pentylfuran

int. dodecene
1-dodecene
tridecane
1-tridecene
tetradecane

int. tetradecene
1-tetradecene
pentadecane

int. pentadecene
1-pentadecene
pentadecadiene
hexadecane

int. hexadecene
1-hexadecene
hexadecadiene
heptadecane

int. heptadecene
1-heptadecene

.
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heptadecadiene
octadecane
Polar Fr.
pentanal 3 3 7.3 b 66. 5
hexanal 1 0 42, b 310 4
heptanal 6 .9 6.6 b 68. 6.2
hexenal
penty1 furan 1 7 17.7 b 130 13.5
octanal .0 4 2.4 b 29. 2.6
heptenal 1 1 47. b 360 16.
nonanal 2 1 12. b 100 17.
octenal 3 0 20. b 180 14.
decanal 9 5 2.2 b 20. 2.4
nonenatl 0 2 16. b 120 19.
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Table III. Contd.

Time of Heating

1 Hr. 5 Hr. 48 Hr.
No HZO HZO No HZO HZO No HZO _Héo
undecanal 0.4 0.2 0.8 b 8.6 1.6
decenal 2.7 3.2 8.9 b 100 23.
dodecanal n.d. 0.1 0.4 b 4.7 0.8
undecenal
decadienal 7.0 13. 20. b 210 52.
decadienal 32. 72. 100 b 640 190

a. not detectable under the experimental conditions used.
b. polar compounds were not measured at the 5 hr. interval.
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aldehydes. In addition, the formation of a number of methyl ke-
tones and gamma and deltalactones is typical for coconut oil.

The most remarkable effect of heating temperature on the
polar compounds produced is the significant reduction in the
amounts of the decadienals present when the fats were heated at
250 C as compared to heating at 185 C. It is possible that these
compounds undergo further decomposition at the higher tempera-
tures.

Most of the volatile compounds discussed above were present
in unheated control o0ils at concentrations Tower than 0.1mg
volatile/Kg in case of the non-polar fraction and 0.2mg/Kg for
the polar compounds.

The quantitative effects of heating time and introduction of
moisture on the major polar volatile components are given in Ta-
ble III. In this experiment 100g samples were heated and 10ml
aliquots removed periodically for quantitative analysis. The
observation that lower values were obtained in this experiment
after 5 hrs. of heating as compared to the amounts reported in
Tables I and II for 1 hr. heatings can be attributed to a faster
oxidation expected in the small samples which have larger surface
to volume ratios. This effect was evident in the 1 hr. heatings
where 10g per flask were used. In general the individual vola-
tile components increased with continued heating at 185 C up to
48 hrs. However, a drastic reduction in the quantities of these
compounds was observed, particularly in case of the polar com-
pounds (Table III), when moisture was introduced as compared with
dry heating, thus indicating a definite protective effect of
moisture. These results support the observations of Peled and
co-workers (9) but are in contradiction with other studies in
which water was reported to accelerate thermal oxidative deteri-
oration of oils (10,11). These workers, however, did not measure
individual volatile compounds. They evaluated their oils through
such tests as acid, hydroxyl, TBA, extinctions at 232 and 460 nm,
amounts of polymers, and carbonyl values. The protective effect
observed in the present study is probably due to either the strip-
ping of volatiles by the generated steam, the displacement of
atmospheric oxygen by the inert steam or a combination of both.

To compare the patterns obtained in the laboratory heating
experiments described above with those arising from actual frying
operations, samples were periodically taken from a frying vat in
the University Dining Kitchens and analyzed. The same vat, with
a shortening capacity of 50 gallons, was used only 3 days each
week for the frying of potatoes, chicken, veal patties and shrimp.
The shortening was filtered daily, and replenished with approxi-
mately 5 1b. shortening whenever appropriate, but otherwise was
not changed throughout the experiment. Table IV shows that the
qualitative pattern of the major volatile decomposition products
present in the used shortening were essentially the same as that
obtained from heating corn or soybean oils. Quantitatively, how-
ever, it can be seen that even after 12 weeks of use, the amounts
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Table IV. Concentration of Volatile Compounds (mg/Kg) in
University Kitchen Shortening After Successive Periods

of Use.
Time In Use (weeks)
Compound
6 8 10 12
Nonpolar Fr. a
nonane .45 .65 n.d. .83
1-nonene .12 n.d. .11 .17
decane .29 .39 .10 .32
undecane .42 .43 .11 .31
dodecane .37 .34 .12 .26
pentylfuran .43 .19 .40 .43
1-tridecene .07 n.d. .03 .06
tetradecane .81 .41 .12 .50
1-tetradecene .20 .11 n.d. 11
pentadecane 2.2 .65 .42 1.4
int. pentadecene .93 .53 .21 .5
1-pentadecene .29 n.d. .44 .18
pentadecadiene .2 n.d. .11 .12
hexadecane .51 .3 .24 A1
int. hexadecene 1.5 .60 .35 2.3
1-hexadecene 17 n.d. .16 .13
heptadecane 1.6 71 .61 1.4
int. heptadecene 4.2 1.1 1.9 3.1
1-heptadecene .96 .57 .57 1.6
heptadecadiene .44 .15 .51 .63
octadecane .34 .21 .14 .53
Polar Fr.
hexanal 1.1 .61 .3 1.7
2-heptanone
heptanal 43 .28 11 57
hexenal
Senty]furan 36 43 16 8
-octanone
octanal .54 .41 .10 .74
heptenal 1.8 1.4 .31 2.0
nonanal 3. 2. .55 3.9
octenal 1.5 1.2 .35 2.2
decanal .23 .1 .12 .28
nonenal 2.7 2. .59 2.2
decenal 3.5 3 74 4.6
undecenal
decadienal 3.7 3 .78 5.5
decadienal 11. 5.3 3. 20

a. not detectable.

In Lipids as a Source of Flavor; Supran, M.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1978.



54 LIPIDS AS A SOURCE OF FLAVOR

of the volatile decomposition products were lower than those
found in our laboratory controlled experiments in which the oils
were heated for much shorter times. No change in qualitative
pattern or significant accumulation of any of the volatile compo-
nents can be related to time of use. Obviously, regular dilution
with fresh oil to replenish the shortening present in the frying
vat, as well as the steam generated by the food fried in the
shortening, are responsible for the Tow amounts of these vola-
tiles.

Samples were also taken at random from various commercial
frying operations and the volatiles quantitatively analyzed. In
spite of the fact that the shortenings used, the foods fried and
the age of the oils varied widely, the qualitative pattern of the
decomposition products was again typical of that obtained from
heated corn oil. In addition, various other components including
nitrogen-containing compounds were detected. These were undoubt-
edly contributed by the foods fried in the oils. Quantitatively,
the decomposition products were almost always present in lower
quantities than those found in corn oil continuously heated, for
a very short time. This is illustrated in Table V where the
amounts of some volatiles in shortenings obtained from typical
frying operations are compared to the volatiles produced in corn
011 heated without water for only one hr. or with water for 70
hrs. The data shows clearly that continous heating of oils pro-
duces far greater quantities of these volatiles than normal fry-
ing conditions, and that the amounts of volatiles studied here
cannot be used as an indicator of the extent to which a commercial
frying oil had been used.

Work is in progress in our laboratory to investigate the ef-
fects of other frying parameters on the chemical changes in heat-
ed oils.

Tab]ejz. Concentration of Some Volatiles in Used Fryin? Shorten-
m

ings as Compared to Those in Heated Corn 0i1 (mg/Kg).

Corn Corn/Ho0 Univ. Kitchens Chicken

1 Hr. 70 Hr. 12 Wks. Frying

10 Days
Hexanal 13. 11. 1.7 2.2
Heptenal 10. 4.2 2.1 2.2
Octenal 4.3 4.9 2.2 2.7
Decadienal 6.5 7.4 5.0 5.8

Decadienal 32. 20. 20. 12.

Octane 1.8 1.2 4.4
Undecane .24 .12 .48 .6
Pentylfuran 1.9 3.6 .4 .9
Pentadecane .3 .2 1.4 1.3
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Generation of Aroma Compounds by Photo Oxidation

of Unsaturated Fatty Esters

BRAJA D. MOOKHERJEE and ROBERT W. TRENKLE

International Flavors and Fragrances, Inc., 1515 Highway #2386,
Union Beach, NJ 07735

Of all essential oils, jasmine is probably the
most precious and most widely used in fine quality per-
fumes. The fragrance of jasmine is a secret which still
eludes the skill of chemist and perfumer who would re-
produce it synthetically.

The pretty jasmine flower originates in the lower
valleys of the Himalayas of northern India. The Moors
brought this plant to Spain, and from there it started
to spread in the sixteenth century along the Mediterra-
nean coast. All jasmine extracts are obtained from the
flowers of Spanish jasmine (Jasminum grandiflorum, L.).
The yield of absolute from the flower is very low. One
kilogram, (i.e., about 8,000 flowers) yields only 1.5 g
of absolute. The price of jasmine absolute ranges up
to more than $2000 per pound, depending on its source.

Due to its importance in the fragrance industry,
jasmine o0il has been investigated by several research
teams from 1899 to 1973 and some forty components are
recorded in the literature 1:2. These include eight
carbonyls, viz., cis-jasmone 1,3 benzaldehydei, methyl
jasmonated, vanillin, methyl heptenone2, 6, 10_ 14-
trimethyl pentadecanone—2§, jasmin-keto-lactone+, and
N-acetyl methyl anthranilate=, Even though all of
these components contribute to the total olfactive im-
pression, only cis-jasmone I and methyl Jjasmonate II
have the typical jasmine odors.

In 1967 we undertook the task of analyzing jasmine
absolute in the hope that we would be able to discover
new and interesting components which would help to
create a superior synthetic jasmine.

Within a year, through careful analytical proce-
dure we identified a novel chemical, dehydro methyl
jasmonate III possessing_an interesting jasmine odor.

In 1964, Dr. DemoleZ, the discoverer of methyl
jasmonate II, prposed that methyl jasmonate is formed

0-8412-0418-7/78/47-075-056$05.00/0
© 1978 American Chemical Society
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by the condensation of two poly beta-diketone chains.

But the striking structural similarity of our dehydro

methyl jasmonate III to prostaglandin-PGA, IV strongly
suggests that the jasmonate compounds in “jasmine oil

are probably formed by the oxidative (enzyme) cycliza-
tion of polyunsaturated fatty acids (Fig. 1).

Enzymatic (lipoxidase) oxidation of all cis-5,8,11,
14,17-eicosa pentanocic acid VI, which could undergo
oxidative cyclization, as in the case of prostagland-
inl0, to form a cyclopentanone free radical VII. This
radical could not only abstract a proton to form jas-
monic acid but also could undergo disproportionation to
form dehydro jasmonic acid.

During the analysis of jasmin o0il we detected the
presence of many polyunsaturated fatty acids in addi-
tion to linolenic acid. Therefore, in order to test
the above hypothesis, we choose commercially available
polyunsaturated mixed fatty acids containing 50% lino-
lenic acid.

The mixed fatty acids known as vegacid was obtained
from Archer Danial Midland Co. This material was es-
terified with methanol in the presence of sulphuric
acid. The methyl esters of these mixed acids were
photo oxidized by bubbling dry oxygen (15 ml/minute)
for 130 hours under 450 watt high pressure Hanovia UV
larmp. The composition of this material is as follows:

Starting Esters Oxidized Esters

% %
methyl plamitate 6.6 14.6
methyl oleate 23.0 42.4
methyl lenoleate 19.7 14.4
methyl linolenate 50.2 14.5

The oxidized esters oil were then subjected to
series of careful distillation, column chromatography
and gas liquid chromatographic procedures. By this
method we isolated a peak whose IR, NMR and MS are
superimposable with those of the authentic methyl jas-
monate. The odor properties of this isolated material
is also the same as that of the synthetic methyl jas-
monate.

Conclusion.

By this way we proved for the first time that an
odoriferous cyclopentanone molecule could be generated
by the photo-oxidative degradation of unsaturated fat-
ty acids.
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Instrumental Analysis of Volatiles in Food Products

HAROLD P. DUPUY, MONA L. BROWN, MICHAEL G. LEGENDRE,
JAMES 1. WADSWORTH, and ERIC T. RAYNER

Southern Regional Research Center, Agricultural Research Service,
U. S. Department of Agriculture, New Orleans, LA 70179

In recant years, considerable effort has been expended to
examine the volatiles and trace components that characterize and
contribute to food flavors. Some early attempts to measure food
volatile components by gas chromatographic methods consisted of
analyzing headspace vapors to detect vegetable and fruit
aromas (1) and volatiles of various food products (2). These
methods, however, require specilal preparation of the sample and
subsequent transfer of a vapor aliquot to the gas chromatograph.
Extraction and distillation techniques have been proposed to pro-
vide quantities of volatiles sufficient for instrumental detec-
tion and analysis (3,4,5,6). These methods are complex, tedious,
time~consuming operations | that may also produce artifacts. More
recently, a direct gas chromatographic procedure was reported for
the examination of volatiles in salad oils and peanut butters (7,8).
The method does not require prior enrichment of volatiles and is
rapid and efficient. Analysis of flavor-scored soybean oils by
this direct chromatographic method, or with suitable modifica-
tions (9,10,11), has shown that their flavor quality can be
measured by Instrumental means. Our work provides additional
evidence of the applicability of this rapid, unconventional gas
chromatographic technique for analyzing flavor quality of vege-
table oils, and projects its utility for other raw and processed
food products.

Materials and Methods

Materials. Tenax GG—:-L-/, 60-80 mesh (a thermostable polymer,
2,6-diphenyl-p-phenylene oxide), and Poly MPE (poly-m-phenoxy-
lene) were obtained from Applied Science Laboratories, State

1/ Names of companies or commercial products are given solely for
the purpose of providing specific informatipn; their mention
does not imply recommendation or endorsement by the U. S.
Department of Agriculture over others not mentioned.

0-8412-0418-7/78/47-075-060$05.00/0
This chapter not subject to U.S. copyright.
Published 1978 American Chemical Society
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College, Pa. Teflon O-rings were purchased from Alltek Associa-
tes, Arlington Heights, Ill.; sandwich-type silicone septums from
Hamilton Company, Reno, Nev.,, and Pyrex glass wool from Corning
Glass Works, Corning, N. Y. (The O-rings, septums, and glass
wool were conditioned at 200 C for 16 hr prior to use.) Inlet
liners, 10 X 84 mm, were cut from borosilicate glass tubing. The
soybean oil samples, provided by the AOCS Flavor and Nomenclature
Committee (AOCS-FNC), were experimental oils specially treated to
provide a wide range of flavor variance., The olls were flavor
scored by 12 taste panels from industry, academia, and government
laboratories on a 1 to 10 scale. The number of sensory judges in
an individual panel varied from 3 to 24, and in all, totaled 156
panelists,

Gas_Chromatography (GC). A Tracor-MI-220 gas chromatograph
with dual independent hydrogen flame detectors was used in con~
junction with a Westronics MI22 recorder and a Hewlett-Packard
Integrator, Model 3380 A. The columns were stainless steel
U~tubes, 1/8 in, 0D, 10 ft long, packed with Tenax GC that had
been coated with 87 Poly MPE. Operating conditions were as
follows: Nitrogen carrier gas, 60 ml/min in egch column;
hydrogen, 60 ml/min to each flame; air, 1.2 ft“/hr (fuel and
scavenger gas for both flames)., Inlet temperature was 170 C.
Detector was at 250 C., Column oven was maintained at 30 C during
the initial 40 min hold period. After removal of the inlet liner,
the column was heated to 100 C within 5 min, then programmed
3 C/min for 30 min. The final hold was at 190 C for 30 min until
the column was clear. A Teflon O-ring was positioned at the
bottom of the inlet of the GC to provide a leak proof seal. Elec-
trometer attenuation was 10 X 4,

Mass Spectrometry (MS). A Hewlett Packard (quadrapole) mass
spectrometer, Model 5930 A, was interfaced with a Tracor Model
222 GC, The ionization potential was 70 eV, and the scan range
was from 21 to 350 amu, Scanning and data processing were
accomplished with an INCOS 2000 mass spectrometer data system.

Sample Preparation and Analysis for GC. A 3-3/8 in. length
of 3/8 in. OD borosilicate glass tubing was packed with volatile-
free glass wool, loose enough to permit diffusion of oil through-
out the packing, yet tight enough to prevent seepage of the
sample from the liner onto the GC column. Clearance of 1/4 in.
was allowed at the bottom of the liner and 1/2 in. at the top.
The septum nut, septum, and retainer nut of the GC were removed,
and the liner containing the sample was inserted in the inlet of the
GC on top of the Teflon O-ring. When the retailner nut was
tightened above the upper rim of the liner, a seal was formed
between the base of the inlet and the lower rim. On closing the
inlet system with the septum and septum nut, the carrier gas was
forced to flow upward and down through the sample. This assembly
has been described previously (9).
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Volatiles were rapidly eluted from the sample as the carrier
gas swept through the heated liner and were adsorbed on the top
portion of the column, which was maintained at 30 C during the
initial hold period of 40 min. The liner containing the spent
sample was removed from the inlet, the integrator and programmer
were turned on immediately, and the temperature was raised to
100 C in 5 min. Temperature programming was then begun. When
complete, the temperature was maintained on final hold to elute
and resolve the volatiles adsorbed on the column. The oven was
then cooled to 30 C in preparation for the next sample.

Sample Preparation and Analysis for MS, A silicone membrane
separator was used to interface the gas chromatograph with the
mass spectrometer, In a typical analysis, conditions were the
same as those described for GC, except that helium was the carrier
gas. Volatiles that are resolved by GC temperature programming
permeate the membrane and enter the mass spectrometer, where the
specific peaks are identified.

Results and Discussion

The four experimental soybean oils that had been specially
treated and flavor-scored by the AOCS-FNC had the following
ratings: 4.0, 5.5, 6.8 and 8.0. These oils were examined by
direct GC and combined GC/MS, and the profiles of volatiles
obtained for three of them (the low, medium, and high scored oils)
are shown in Figure 1, Chromatogram 1, which represents a high
quality oil with a flavor score of 8, reveals few volatile com~
ponents, in low concentrations. Pentane, the most prominent peak,
is of moderate intemsity. Two other peaks, hexanal and trans-2,
trans-4~-decadienal, which have been shown to be indicators of
flavor quality in soybean oils (9), are of low intensity. This
chromatogram is typical of that for a high quality, high flavor-
scored soybean oil obtained by the direct GC method. Chromato-
gram 2, which was obtained from the soybean oil with a lower
flavor score of 5.5, reflects a marked increase in the number and
intensity of volatile components. In particular, the hexanal
response has doubled, the trans-2,trans—~4-decadienal has increased
fourfold, and other components are present in significantly larger
quantities. Chromatogram 3, which represents the poorest quality
oil with a flavor score of 4, shows a dramatic increase in all
volatile components, and certain flavor-related indicators as
pentanal, hexanal, trans-2-heptenal, trans-2, trans—4-heptadienal,
trans-2,cis-4-decadienal, and trans-2,trans-4-decadienal are
consplcuously high. The comparison of chromatograms 2 and 3 is
especially important—it reveals the sensitivity of the direct
GC method of analysis over a flavor score range of only 1.5 units,
It is not uncommon for flavor estimates by individual tasters to
vary as much as three units for a given oil, whereas the direct
GC method consistently detects subtle, yet reliable, differences
in flavor quality over a much narrower range (9).
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Figure 1. Profiles of volatiles obtained for three flavor-scored soybean oils. (A)
pentane; (B) pentanal; (C) hexanal; (D) trans-2-heptenal; (E) trans-2 trans-4-hep-
tadienal; (F) trans-2,cis-4-decadienal; (G) trans-2,trans-4-decadienal
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The correlation coefficients between instrumental data and
flavor scores for seven major volatile components detected in
the flavor-scored oils are shown in Table I. All of the corre-
lation coefficients are statistically significant at confidence
levels of either 957 or 99%. These results agree with those
obtained previously with soybean oils that had been progressively
degraded by light exposure (3). The standard errors of estimate
for the regressions of flavor score on the various peaks ranged
from 0.11 to 0.57, The average standard errors of the mean for
the 12 taste panels involved in this study ranged from 0.15 to

Table I
Regression Analysis of Soybean 0il
Flavor Scores with Log of Volatile Components

Volatiles Correlation F = Value Standard
coefficient error
Pentane - 0.961 24,0% 0.57
Pentanal - 0,977 41,2% 0.44
Hexanal - 0,973 35.1% 0.48
t~2~Heptenal - 0,999 743, 7%% 0.11
t,t-2,4~-Heptadienal - 0.991 108,7%%* 0.28
t,c~2,4~Decadienal - 0,994 164 ,9%* 0.23
t,t-2,4~Decadienal - 0,991 105,1%* 0.28
Total Volatiles - 0.994 157,1%*% 0.23

*Significant at the 957 confidence level.
**Significant at the 99% confidence level.

0.62, Thus the direct GC procedure for estimating the flavor of
soybean oil is at least as good, statistically, as a typical taste
panel,

Table II compares taste panel flavor scores with those
predicted by direct GC and combined GC/MS analysis. Use of the
trans-2-heptenal peak area, the trams-2,trans-4-decadienal peak
area, or the total volatiles area in the regression equation is
equally satisfactory in predicting actual flavor scores.

Table II
Comparison of 0il Flavor Scores
Obtained by Taste Panels and Direct GC Analysis
Taste Predicted scores based on instrumental data¥*
panel scores trans-2- trans-2,trans—4- Total
heptenal peak decadienal peak volatiles

4.0 4.0 4.0 3.9
5.5 5.5 5.6 5.8
6.8 6.7 6.4 6.6
8.0 7.9 8.0 7.8

*Predicted from regression equation: atb (log x).
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Although this paper demonstrates the use of direct GC and
combined GC/MS analysis in determining flavor quality for soy-
bean oils, the method has extensive potential for application to
other food products. It has proven effective for studying flavor
changes associated with the stability of peanut butter (8,12).
Neutral volatile components of mayonnaise have been detected,
identified, and their flavor relationship examined (13). Volatile
compounds present in various rice products, whole corn, and
breakfast cereals were studied for their contribution to quality
and flavor (l4). Correlating volatile components of raw peanuts
with flavor scores of the roasted product also appears to be
quite attractive to plant geneticists for use in developing new
peanut varieties (15).

Using the direct GC or combined GC/MS method of analysis
with appropriate conditions should make it possible to obtain a
profile of volatiles for most raw and processed food products,
and to utilize such data for assessing flavor characteristics.
Recent experiments with bacon samples have demonstrated the versa-
tility of the method. Figure 2 shows the profile of volatiles
obtained from commercial brands of bacon purchased from a local
supermarket. In comparing the chromatograms for brands A, B, and
C, no attempt is made to flavor-relate the products. Rather, they
are presented merely to indicate the extent to which different
peak components can be eluted and resolved by direct GC, and
identified by combined GC/MS analysis. Brand C contains more
volatile peaks of greater intensity than do brands A or B, Such
compounds as acetic acid, 2-methyl-butanal, hexanal, and
methoxyphenol are not pronounced in brands A and B, but are
quite prominent in brand C. Similarly, an unidentified peak,
eluting at approximately 32 min, is present in relatively high
concentration in brand B and is less prominent in brands A and C.
These observations indicate the scope and potential of direct GC
and combined GC/MS analysis in detecting and identifying food
volatiles.

When peaks responsible for flavor are established by taste
panel procedures, their presence and intensity, or their absence
in similar test products, can be determined with confidence.
Preliminary experiments at The Center have indicated that
nitrosamines can also be determined by combined GC/MS analysis.
Further refinement of these initial experiments should make
possible the simultaneous analysis of bacon or other meat samples
for both flavor quality and nitrosamines. It is likely that
efforts to lncrease the sensitivity and resolution of the direct
GC and combined GC/MS methods of analysis will greatly enhance
their utility in the broad area of flavor chemistry.

ABSTRACT
A simple, rapid and direct gas chromatographic technique

elutes and resolves the volatile components from vegetable oils
and relates them to flavor quality. The sample is placed in a
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Figure 2. Profiles of volatiles obtained for three brands of bacon
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gas chromatograph liner and secured in the heated injection port
of the gas chromatograph, without prior enrichment of volatiles.
Carrier gas, flowing through the heated oil, rapidly and effici-
ently elutes the volatiles, which are adsorbed on the relatively
cool gas chromatographic column and subsequently resolved by
temperature programming, The profile of volatiles obtained is
an indication of the quality of oil flavor. Specific peaks of
the chromatogram are identified by mass spectrometry. Correla-
tion between taste panel flavor scores for the oils and the
instrumental data obtained is significant at 99% and 957 confi-
dence levels,
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Chemical Changes Involved in the Oxidation of Lipids

in Foods

D. A. LILLARD
Food Science Department, University of Georgia, Athens, GA 30602

The oxidation of lipids was recognized at least 150 years
ago when Berzelius (1) described experiments illustrating the
induction period, oxygen uptake, carbon dioxide formation and
polymerization of linseed oil. Since that time there have been
numerous research reports on lipid oxidation. The flavors that
result from the oxidation of lipids have triggered a large
number of these investigations. However, in addition to the
formation of these flavorful secondary products, free radicals
produced during lipid oxidation are capable of reacting with
other constituents of food such as coloring substances, vitamins,
enzymes, amino acids, and proteins. These reactions can have a
deleterious effect on the nutritional quality of foods. The free
radicals have also been implicated in reactions that lead to
pathological changes in animal and human tissue (2).

This review will cover the chemical reactions involved in
the oxidation of 1lipids in foods with emphasis on the formation
of flavor compounds. It is by no means an inclusive review since
many aspects of 1ipid oxidation have been covered by others (2,
3, 4, 5).

Mechanisms and Products of Lipid Oxidation

Unsaturated 1lipids are almost exclusively considered the
initial substrate in lipid oxidation. The reaction is auto-
catalytic in that the oxidation products themselves catalyze the
reaction and cause an increase in the reaction rate as oxidation
proceeds. The universally accepted free radical reaction scheme
for 1ipid oxidation can be written as follows:

Initiation

RH — R- + H-
RH + 0, —» ROO* + H-

0-8412-0418-7/78/47-075-068$05.00/0
© 1978 American Chemical Society
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Propagation

R*+ 03 —>» ROO"
ROO* + RH —> ROOH + R-

Termination

ROO- + R- —> ROOR
R*+ R+ —» R-R
ROO: + ROO: —» ROOR + Op

where RH = unsaturated lipid
R* = 1lipid radical
ROO. = 1lipid peroxy radical

Once initiated, the oxidation reaction is also propagated by
the breakdown of hydroperoxides to free radicals which in turn
can accelerate the rate of lipid oxidation.

Initiation reaction. Although the free radical mechanism of
lipid oxidation has been well established, the initial reaction
or the formation of the first hydroperoxide, especially in hydro-
peroxide free lipids, is still open for debate. This is due to
the fact that the reaction of lipids with Oy to form free radi-
cals or hydroperoxides is very unlikely. Hydroperoxide formation
by this reaction would require a change in total electron spin
since the hydroperoxides and lipids are in singlet states while
oxygen is in the triplet state. The spin conservation of this
improbable reaction would be satisfied and take place if singlet
oxygen were the reactive species instead of ground state triplet
oxygen (6). Using this hypothesis, Rawls et al. (6) proposed
the following mechanism by which singlet oxygen could be formed
by photo-chemical reactions in the presence of a sensitizer, and
presented evidence that singlet oxygen reacts with lipids at a
rate which is 1450 times faster than triplet oxygen:

S+ hv —>» 1g* — 35"

*

3g + 302 — 10*2+ 1g
lgx, + RH —» ROOH

ROOH ——> free radicals

where
lg = singlet state sensitizer
1g* = excited singlet state sensitizer
3g* = excited triplet state sensitizer
30; = ground triplet state oxygen
1o 9 = excited singlet state oxygen

The sensitizers required to convert triplet oxygen to singlet
oxygen are normally found in plant and animal tissues and consist

In Lipids as a Source of Flavor; Supran, M.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1978.



70 LIPIDS AS A SOURCE OF FLAVOR

of photosensitive compounds such as chlorophyll, pheophytin and
myoglobin.

Recently, Aurand et al. (7) reported that singlet oxygen
was the immediate source of the hydroperoxides that initiated
milk 1ipid oxidation which was catalyzed by 1light, copper and
xanthine oxidase. In light-induced oxidation, riboflavin served
as the sensitizer by producing singlet oxygen directly from its
photosensitized triplet state. In the copper and xanthine
oxidase system, singlet oxygen was formed by dismutation of the
superoxide anion which was formed in these systems. Oxidation
was prevented in all three systems by the inclusion of a known
singlet oxygen trapper (1,3-diphenylisobenzofuran) or a singlet
oxygen quencher (1,4-diazabycyclo(2-2-2)octane). Lipid oxidation
was also prevented in the copper and enzyme systems by addition
of the superoxide dismutase enzyme. This enzyme catalyzes the
superoxide dismutation to ground state oxygen thereby preventing
the spontaneous dismutation of superoxide to singlet oxygen.
This study provided evidence that singlet oxygen is the initial
reactant with lipid when oxidized in systems other than those
that are light-induced.

Although evidence is accumulating to indicate that singlet
oxygen is a very likely initial reactant in several types of
lipid oxidation, there is evidence that singlet oxygen does not
participate in the oxidation of 1lipids that contain no sensiti-
zers (8). Cort (8) found that the quenching agent, B-apo-8'-
carotenal, had no effect on the oxidation of safflower oil, oleic
acid and linoleic acid. In these experiments, no sensitizer was
present and it was concluded that singlet oxygen was not involved
in the air oxidation of these substrates. Recently, Terao and
Matsushita (9) isolated the hydroperoxides from photosensitized
oxidation of unsaturated fatty acid esters. They found that
hydroperoxide groups of all isomers were attached to the carbon
atoms which originally existed at both sides of a double bond
and the double bond shifted to the adjacent positions. This
distribution of hydroperoxide isomers was different from the
distribution obtained from air oxidization of these fatty acid
esters (10, 11). The photosensitized oxidation was inhibited by
fg-carotene (a singlet oxygen quencher) but was not inhibited by
butyl hydroxytoluene (a free radical stopper). These results
indicated that singlet oxygen oxidation differs from air oxida-
tion.

It has yet to be determined if the initial reaction of all
types of lipid oxidation involves singlet oxygen. A complete
understanding of the singlet oxygen reaction with unsaturated
lipids is desirable since most foods that are susceptible to
oxidation contain components that are capable of inducing the
formation of singlet oxygen. The use of effective nontoxic
singlet oxygen quenchers in foods could prove to be very effec-

tive in increasing the stability of their unsaturated lipids
12).
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Secondary reaction products. Lipid hydroperoxides are very
unstable and break down to produce many types of secondary reac-—
tion products. This hydroperoxide decomposition proceeds by a
free radical mechanism and can be illustrated by the following
scheme (13):

R-CH-R  —— R—(!]H—R + -OH A)
]
0-0H 0
R-CH-R ~——3% TR-CH+ R- (B)
i i
0 0
R—(|IH-R+ Rl —>» R-C-R+ L ©)
1
0 OH
1 1
R—('IH—R+ R. —3 R—Ci‘-R+ R -H D)
1
0 0
R—(T‘H-R + RYo- —> R—C':-R + ROH (E)
!
0 0

In reaction (A), the hydroperoxide is cleaved to alkoxy and
hydroxy free radicals. Reactions (B-E) illustrate the reaction
of the alkoxy free radical with other free radicals or molecules
to form secondary products. Since hydroperoxides are flavorless
(;é), it is these secondary products that contribute to the
oxidized flavor of food lipids. As is evident from the complex
nature of this reaction and the complex composition of food
lipids, numerous compounds are formed during the oxidation of
lipids. The type of oxidation products include carbonyl com-
pounds, alcohols, semi-aldehydes, acids, hydrocarbons, lactones
and esters (13, 15).

Many of the compounds identified as oxidation products are
produced by the oxidation of the primary scission products (15,
16, 17, 18).

Lillard and Day (15) made one of the first systematic
studies of the oxidative breakdown of initially formed carbonyl
products. They found that the rate of autoxidation depended upon
the class of carbonyl being oxidized. When oxidized at 45°C in
an oxygen atmosphere, n-nonanal had an induction period of 12
hours and the only oxidation product was n-nonanoic acid. No
induction period was observed for non-2-enal and hepta-2,4-dienal.
The degradation products for non-2-enal were ethanal, n-heptanal,
n-octanal, propanal, a-ketooctanal, glyoxal, a-ketononanal and

a-ketoheptanal. The carbonyl compounds identified from oxidized
hepta-2,4-dienal were propanal, ethanal, n-butanal, cis-but-l-en-
1,4-dial, o -ketopentanal, glyoxal, o ~ketoheptanal and a-keto-
hexanal. Oct-l~en-3-one did not oxidize when held at 45°C for
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52 hours. Recently, Michalski and Hammond (17) confirmed the
work of Lillard and Day by using radio-tracer techniques to
follow the oxidation of similar classes of carbonyl compounds in
oxidizing soybean oil. Also, other studies have shown that n-
alkanals can be oxidized under certain conditions to produce
aldehydes, alcohols, esters, hydrocarbons and lactones (16, 18).
These investigations have illustrated that continued oxidation
of the initial secondary products can account for many of the
compounds found in oxidized lipids whose origin could not be
attributed to the cleavage of the hydroperoxides believed to be
present in the lipids under study.

Factors Affecting Lipid Oxidation

Lipid composition and structure. In model systems consisting
of pure fatty acid esters, resistance to oxidation can be related
to the ease with which the initiation reaction can occur. The
hydrogen lability of the methylene carbons on which the free
radicals are formed can be grouped according to the number and
type of unsaturated bonds in the fatty acid molecule (19).
However, lipids in food are not simple, pure components and are
in a close contact with other oxidizable compounds, enzymes, and
various types of prooxidants and antioxidants. For these reasons,
the oxidative stability of foods is not always related to the
degree and type of unsaturated lipids they contain (20, 21).

In order to determine if the oxidative stability of an oil
is related to the fatty acid composition, Graboski (21) prepared
0il blends composed of sunflower seed oil-olive oil sunflower
seed oil-linseed oil and olive oil-linseed oil to obtain samples
of various degrees of unsaturation. These oil blends were checked
for oxidative stability using the active oxygen method (AOM).
There was no correlation between the individual fatty acid content
of these oil blends and oxidative stability.

Using oxidation rate factors of individual fatty acids (22)
as correction factors, the ratio of total unsaturated fatty acids
to the saturated fatty acids in each oil blend was calculated
according to the following equation:

R = _13%(c18:1) + 114 (C18:2) + 179%(c18:3)
1(18)

oxidation rate factors proposed by Stirton et al. (22)

()

concentration of fatty acids

The logarithm of this ratio gave a correlation of -.83 with
the oxidative stability of the oil. This suggested that the
oxidation factors could be used in conjunction with fatty acid
composition of the oil to predict the oxidative stability of the
oil. However, when these factors were applied to the fatty acid
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composition of five sunflower seed olls, no correlation was ob-
tained with the oxidative stability of the oils (21). Perhaps
the effect of prooxidants and antioxidants in the oilshad more
influence on the rate of oxidation than did differences in fatty
acid composition of the oils.

Raghuveer and Hammond (23) found that the position of the
unsaturated fatty acid in the triglyceride could influence the
oxidation rate of the oil. An oil would be more stable to oxi-
dation if more of the unsaturated fatty acids were located in
the 2-position of triglycerides than if they were located in the
1 and 3 positions. Recent work at Georgla has shown that the
oxidative stability of peanut oil is not related to the amount
of linoleic in the 2-position of the triglycerides (24).

Oxidation catalysts. Heavy metals, primarily those having
two valency states with suitable oxidation-reduction potentials,
increase the rate of lipid oxidation. They may be effective as
secondary catalysts of oxidation where they act as electron
donors to hydroperoxides to produce RO- free radicals (25). The

can be converted back to M2 by reacting with hydroperox1des
to form ROO+ radicals.

ROCH + M2 ——» RO- + M'3 + oH™
ROOH + M3 —— ROO* + M2 + ®F

These two reactions can establish additional chain sequences in
the oxidizing lipid. There is evidence, however, that metals
may be involved as primary catalysts and can initiate lipid
oxidation (26) as discussed previously. Aurand et al. (13)
illustrated that Cu'2 catalyzed milk took place by the formation
of singlet oxygen. The source of singlet oxygen was the dismu-
tation of superoxide anion which was formed by the action of
cut2 on oxygen.

The impact of heme pigments on lipid oxidation has been
reviewed recently (4, 27, 28). It is a known fact that heme
proteins can catalyze lipid oxidation but the question yet to be
answered satisfactorily is the exact state of the heme iron
when catalysis of lipid oxidation occurs (27). Several investi-
gators (29, 30) believe that the iron of heme groups must be in
the oxidized form (Fe 3) in order to function as a catalyst
of lipid ox1dat10n while other workers (31, 32) indicate that
both Fe'2 and Fe'3 forms are equally active as oxidation cata-
lysts. Oxidation of myoglobin to metmyoglobin has been shown
to accompany lipid oxidation in model systems (33). However,
in this case, was it necessary for the myoglobin to be in the
oxidized form in order to be an oxidation catalyst or was metmyo-
globin formed as a scission product of a myoglobin-lipid complex.

Antioxidants. Chemicals when added to foods to prevent or
delay the onset of lipid oxidation are called antioxidants.
Phenolic type compounds such as butylated hydroxy anisole (BHA),
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butylated hydroxy toluene (BHT) and tocopherol can act as free
radical stoppers by donating hydrogen to the free radicals.
Chelating agents such as ethylenediaminetetracetic acid and
citric acid can be classified as free-radical-production preven-
ters by tying up metal catalysts (4). Certain compounds such as
ascorbic acid have the ability to provide a symergistic effect
when used with phenolic type antioxidants. This symergistic
action of ascorbic acid is attributed to its ability to regene-~
rate antioxidants by supplying hydrogen to the phenoxy radical
(34) or to its ability to function as an oxygen scavenger in
some systems (8). Cort (8) reported that ascorbyl palmitate,

an ester of ascorbic acid, has better solvent properties than
ascorbic acid and is more effective at 0.01% concentration than
BHT or BHA at 0.02% concentrations in delaying the oxidation of
peanut, safflower, sunflower and corn oils.

Tocopherols are classified among the natural antioxidants.
Although they have been shown to be effective in animal fats,
the activity of tocopherols added to vegetable oils has always
been low. The reason usually given for this has been that
tocopherols naturally present in vegetable oils mask additional
activity. However, Cort (8),using molecular distillation, re-
moved tocopherols from soybean and safflower oil and found that
the addition of tocopherols did not effectively improve the
stability of the oils. After demonstrating that tocopherols
were more active in oleic acid than in linoleic acid, and that
tocopherol activity in animal fats was similar to the activity
in oleic acid, Cort concluded that the variations in tocopherols
activity in different substrates may be due to the type of un-
saturated fatty acids in these substrates.

Carlsson et al. (12) demonstrated that free radical scavenger
type antioxidants had no influence on the formation of hydroper-
oxide in oils oxidized by near UV and visible light. Nickel (II)
chelates, which are singlet oxygen quenchers, retarded lipid
deterioration under their experimental conditions.

Antioxidants often exhibit variable degrees of efficiency
in protecting food systems. They usually give excellent pro-
tection in unsaturated fats and oils but only moderate protection
in most other foods.

Lipid Oxidation in Various Flesh Foods

As indicated earlier, most studies on mechanisms of 1lipid
oxidation have been done on model systems consisting of un-
saturated fatty acids or their esters. Although it may be
assumed that the same type of reactions occur in food systems,
due to the complex nature of foods many types of additional
interactions and reactions may occur. In this section, several
types of flesh foods and their oxidative deteriorations will be
discussed.
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Although animal lipids are considered to be fairly saturated,
sufficient amounts of unsaturated lipids are found in the phos-
pholipid fraction of the intramuscular 1lipids to produce oxidized
flavors in meat products (35). Furthermore, these phospholipids
are in close contact with various oxidation catalysts that exist
in muscle tissue. Recently, emphasis has been placed on in-
creasing the amount of polyunsaturated fatty acids in ruminant
fats. This can be accomplished by encapsulating polyunsaturated
oil droplets with a layer of protein (casein) which is treated
with formaldehyde to prevent hydrogenation of the unsaturated
fatty acids by the microflora in the rumen (36). This procedure
increases the amount of unsaturated fats in meats. Thils increase
may be desirable for nutritional reasons but may lead to
increased problems of oxidative deterioration upon storage.
Scientists at the Eastern Regional Research Center (37, 38)
studied the effect of protected safflower oil on the linoleic
acid content and oxidative stability of rendered fat from cattle
of different ages that were fed the oil. They reported that
the depot fat of all animals on protected diets contained higher
amounts of linoleic acid than depot fats from control animals.
The magnitude of the increase was influenced by the age of the
animal and the amount of protected safflower oil in the feed.

In the growing and mature steer groups, the increased linoleic
acid levels decreased the stability of the rendered fats. There
did not appear to be a relationship between deposition of
tocopherol in depot fat and protected safflower diets when all
animals received a 20 mg d-a-tocopheryl acetate per day. 1In
experiments using young calves, an increased linoleic acid content
in depot fat was also obtained in animals fed protected safflower
oil. However, high increases in linoleic acid did not result

in decreased stability of the fat due to high tocopherol levels
in the fat (38). Bremmner et al. (39) reported on the oxidative
changes during frozen storage of meat (mutton, lamb, beef) with
high linoleic acid content. Peroxides occurred at a faster rate
in adipose tissue from high linoleic meat than conventional

meat when stored at -10°C. Taste panel evaluations indicated
that high linoleic meat stored at -10°C developed rancid odors
and flavors 2-3 times more rapidly than conventional meat. At
-200C, the rate of peroxide formation in high linoleic meat was
greatly reduced but the rate was still equal to that of conven-
tional meat stored at -10°C. If production of high linoleic meat
becomes commercially important, conventional methods of packaging
and storing frozen meats may not be adequate for this type of
product and alternate methods should be sought.

Perhaps the most serious flavor defect attributed to the
oxidation of lipid in meat is the warmed-over-flavor (WOF). This
descriptive term was used by Timms and Watts (40) to describe
the rapid development of oxidative rancidity in cooked meat during
short-term refrigerated storage. Originally, most research in-
dicated that the WOF was due to metmyoglobin-catalyzed lipid
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oxidation and that the cooking process denatured myoglobin and
this increased the catalytic activity of the heme proteins (30,
32, 41). Recently, it has been shown that non-heme iron may be
more important than heme iron as a prooxidant in cooked meat
(42, 43). Wilson et al. (44) demonstrated that turkey meat was
most susceptible to WOF development, followed by chicken, pork,
beef and mutton. Analysis of these data revealed that unsatu-
rated fatty acids of the phospholipids may be the substrate
being oxidized in all the meats except pork. In pork, the total
lipid levels seem to be the major contributor to WOF.

In cured meats, the lower level of 1lipid oxidation observed
has been attributed to the ability of the curing agent, sodium
nitrite, to form a complex with the heme proteins thereby main-
taining the heme iron in the ferrous form. The reduced heme
is postulated to be a slower oxidation catalyst than the
oxidized heme. Upon storage, the cured meat pigment is converted
to the ferric form which results in increased oxidation of the
lipids (30). Greene and Price (27) reported that increases in
lipid oxidation, as measured by TBA tests, had no effect on cured
meat flavor as scored by a taste panel. Possibly some of the
products of lipid oxidation contribute to the cured meat flavor.
This may be especially true in cured and aged pork products
such as country-style hams. Lillard and Ayres (45) reported that
many of the carbonyl compounds in country-style hams are the
same as the compounds identified in oxidized pork lipids.

Although oxidation of fresh fish tissue has not been
considered a major cause of flavor deterioration because microbial
spoilage sets in first (46), some fish do contain sufficient
amounts of unsaturated 1lipids to undergo rapid oxidation when
stored either fresh or frozen (47, 48, 49, 50). Recently, Ke
and co-workers found that lipids associated with the skin of
mackerel were oxidized at a rate eight times faster than dark
and light tissue lipids and concluded that this was due to one
or more fat soluble prooxidants located in the skin (48). Other
oxidative catalysts found in fish appear to be similar to those
found in other flesh foods; their concentrations vary within
muscle tissues of the same fish as well as within species of
fish, location, and time of year harvested (4). Deng and co-
workers (50) have retarded the onset of oxidation in frozen
mullet by use of ascorbic acid and mono-tertiary butylhydro-
quinone in combination with vacuum packaging. Ascorbic acid was
found to act as an antioxidant or prooxidant. depending on the
concentration used (51). In dark flesh of mullet, ascobic acid
acted as an antioxidant at concentrations above 500 ppm and a
prooxidant at concentrations below 500 ppm. The antioxidant to
prooxidant shift was observed at 50 ppm in the white flesh.

The use of machines to remove flesh from bones of poultry
and fish has created a source of proteins which can be used in
emulsified and processed food products. However, this protein
has limited use for food ingredients because of flavor instability
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during storage. Lipid oxidation has been considered the major
cause of this flavor deterioration (52, 53, 54, 55, 56, 57, 58).
Moerck and Ball (55) reported that hlghly unsaturated | fatty acids
in the phospholipids were the source of the oxidative attack in
mechanically deboned poultry (MDP). Lee et al. (56) concluded
that the hemoproteins were the predominant catalysts of 1lipid
oxidation in MDP and that the relative concentration ratio of
polyunsaturated fatty acids to hemoprotein was in the range where
heme-catalyzed oxidation would occur close to the maximum rate.

Lee and Toledo (§§) investigated 1lipid oxidation in mullet
flesh during mechanical deboning and storage. They illustrated
that use of non-stainless steel equipment decreased the oxidative
stability of the fish flesh probably due to an increase in the
iron content of the flesh. Washing the deboned flesh before
storage increased oxidative stability when stored at -16°C but
had no effect when stored at 3°C. They also indicated that red
muscle was the most susceptible to oxidation possibly due to the
effect of heme pigments or a greater concentration of unsaturated
lipids in this tissue. Silberstein and Lillard (59) recently
characterized the heme pigments in phosphate buffer extracts of
hand and mechanically deboned mullet. Mechanical deboning in-
creased the concentration of hemoglobin in the deboned mullet but
had very little influence on the myoglobin content. Furthermore,
some hand deboned samples contained as much heme protein as the
mechanically deboned samples. This variability in the amount
of heme protein in fish was also reported by Brown (60) in his
study on heme proteins in tuna fish. Oxidation studies using
oleic acid as a substrate, revealed that the catalytic activity
of the extracts was dependent on their total heme protein content
(59). Using purified hemoglobin and myoglobin as catalysts,
Silberstein and Lillard (59) found that myoglobin had a higher
catalytic effect than hemoglobin and that samples containing the
same amount of heme protein but different ratios of myoglobin
to hemoglobin had increased rates of oxygen uptake as the ratio
of myoglobin to hemoglobin increased. This indicates that the
myoglobin to hemoglobin ratio as well as the total concentration
of heme protein should be considered when determining the role
of heme pigments as prooxidants in food systems.

Fischer and Deng (61) reported heme iron as the major
catalyst in homogenates of the dark flesh of mullet. They did
not determine the amount of hemoglobin and myoglobin in the
extracts, but they did indicate a high percentage of non-heme
iron in the dark muscle of mullet. They suggested that the non-
heme iron should be characterized and its role in oxidative
stability be determined.

Conclusions
A great deal of research has been done in the area of

1ipid oxidation of foods and a great deal is known about this
complex series of reactions. However, additional information is

In Lipids as a Source of Flavor; Supran, M.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1978.



78 LIPIDS AS A SOURCE OF FLAVOR

needed in order to eliminate this problem in foods. For
instance, is the singlet oxygen theory the answer to the initia-
tion reaction in all oxidation systems? I doubt that it is.

A better understanding of its implication in 1lipid oxidation is
needed and may result in better control of some types of lipid
oxidation. Also, if the trend to produce more unsaturated

meats and milk continues for nutritional reasons, conventional
processing and storage methods of these products will have to be
reevaluated in terms of their effect on the oxidative stability
of these new products. The oxidative stability of foods is
still a problem and continued research in this area is still
needed.
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Flavor Problems in the Usage of Soybean Oil and Meal

H. ]J. DUTTON

Northern Regional Research Center, Federal Research, Science and Education
Administration, U.S. Department of Agriculture, Peoria, 1L, 61604

0il and meal flavors in soybeans appear to present a
bifurcated subject. But as we shall see, the problems of the meal
are in part problems of the oil. Since residual lipids of soybean
flakes constitute the precursors for odors and flavors, knowledge
of the deteriorative reactions of fats is basic to the under-
standing of flavor development in soybean meal products. In this
review the emphasis has been placed on lipid-derived flavors and
their precursors, degradative reactions, separations, analyses,
and psychometric evaluations.

To set the discussion of soybean oil flavor in proper per-
spective, one might first turn to the recent statistics on the
disposition of soybean oil. Margarine and shortening comprise
large outlets for soybean oil. Cooking and salad oils have been
taking an increasing proportion of the 'pie' probably because of
the relationship of polyunsaturation to blood cholesterol
lowering. With this magnitude of consumption of soybean oil the
question must inevitably raise in the reader's mind, '"What is the
importance of the flavor problem?" (Figure 1)

In the early 1940's soybean oil was considered neither a good
industrial paint oil, it was slow to dry, nor a good edible oil.
In those days soybean oil flavor was considered the 'Number One
Problem of the Soybean Industry.'" Only under the exigencies of
World War II was it added to margarines--and then to the absolute
limit of 30%! The history of soybean 0il is a story of progress
from a minor edible oil of dubious value in the 1940's to a major
edible 0il proudly labeled on premium products of the 1970's. It
is a story of cooperation between government research on the one
h{:a.;lld and industrial implementations of research findings on the
other.

Trivial as it may seem at this time, the first significant
milestone in research was the development of a more objective
method of assessing flavor and odor (1). With this procedure,
mmerical values for flavor intensity from a taste panel in one
plant could be reproduced quite easily by a panel in another
company or research institution. Equally important perhaps,
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Table I
Milestones in Improving Flavor Stability of Soybean 0il
Date NRRC Research Industry Response
1945 Standardized taste Worldwide acceptance
test
1945 Trace metals Brass valves, sheet steel out
1948 Metal deactivators "Nary a 1b without citric acid"”

1948 Flavor is oxidation Inert gas blanketing
1951 Precursor--linolenic
--breed it out Homozygous (it can't be done)
--extract it out Practiced but now obsolete
--hydrogenate it out ''Specially processed soybean oil"
1966 Recognition of room
odor problem
1966 Copper catalysts
1974 Commercial production of cooking
oils by copper catalysts

research finally had a reliable way of comparing samples and
assessing more reliably the benefit of a given processing treat-
ment rather than relying on the judgment of a single "'expert."

With this new tool for evaluation, trace metals were
identified as having special significance in the flavor stability
of soybean 0il compared to other edible fats and oils; whereas,
cottonseed o0il can tolerate copper and iron in the parts per
million (ppm) range, soybean oil is ruined by as little as 0.3 ppm
of iron and 0.01 ppm of copper (2). What followed the discovery
of the deleterious effect of trace metals, especially in soybean
0il, was removal of brass valves in oil refineries and conversion
from cold rolled steel deodorizers to stainless-steel and even to
nickel.

Strange as it may seem in retrospect, scientists had to
establish that "soybean flavor reversion,' as it was incorrectly
called, was an oxidative process, When we sharpened up our
analytical tools, the relation of peroxidation to off-flavor be-
came unmistakable, The response of industry to the conclusion
that "'reversion is oxidation'' was to blanket oils with inert gas
at all critical high-temperature steps, including final packaging.

The next milestone has the aspects of a cloak-and-dagger
story. At the close of World War II, Mr, Warren H. Goss, a
chemical engineer at Northern Regional Research Center (NRRC), was
commissioned a major in the Army with special assignment to follow
Patton's advancing tanks through Germany and to investigate the
German oilseed industry. As the troops advanced, he kept hearing
about a recipe to cure soybean ''reversion,' but not until he
reached Hamburg did he learn exact details. It was a strange
formula involving many washings...such as contacting oil with

In Lipids as a Source of Flavor; Supran, M.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1978.



7. purton  Soybean Oil and Meal 83

water glass; but weird or not, when tested at NRRC it worked. It
worked, as we were to learn, not because of the unusual washing
treatments, but because citric acid was added to the deodorizer
(3). Citric acid, we were to learn at NRRC, functioned by binding
or complexing the deleterious traces of prooxidant metals. Based
upon this discovery came the surge of metal deactivators--i.e,
sorbitol, phosphoric acid, lecithin, polycarboxy acids, and starch
phosphates, The immediate response of industry was to adopt metal
deactivation, and I suspect that today there is not a pound of
soybean 0il product not protected by citric acid or some other
metal deactivator.

These palliative steps, important as they were, still begged
the question as to what causes off-flavor to develop--i.e., what
are their unstable precursors? Unsaponifiables, i.e., sterols,
were suspect. Circumstantial evidence pointed to the 7% content
of linolenic acid, which draws its name from linseed oil where
this trienoic fatty acid amounts to ca. 50%.

In what is now a classic experiment, 9% linolenic acid was
interesterified into the glyceride structure of a nonreverting
nonlinolenic acid o0il; namely, cottonseed oil. The taste panel
identified cottonseed oil interesterified with linolenic acid as
soybean oil (4)!

Armed with this new basic information, what could be done?
Three alternatives suggest themselves with regard to linolenic
acid removal: (1) Breed it out; (2) extract it out; or (3) react
it out.

Of the three alternatives listed, reacting out linolenic acid
was chosen as the most practical research approach--and thereupon
began a long search for selective hydrogenation catalysts--those
that would react with linolenic acid but not attack the desired,
essential polyunsaturated fatty acid--linoleic acid.

Fortunately, at this time our basic researches of catalyst
selectivity bore fruit. NRRC's scientists found that among many
metals active as hydrogenation catalysts, copper behaved with
almost enzymatic specificity, hydrogenating linolenic acid some 15
to 20 times more rapidly than linoleic acid (§). It meant that
not 3 to 4% linolenic acid in salad oils characteristic of nickel
hydrogenation of soybean oil but "zero" percent linolenic oils
could be produced, with little attack on the essential linoleic
acid and with concomitantly low winterization losses. Room odor
studies, conducted by our taste-odor panel, could scarcely detect
the fishy odors characteristic of unhydrogenated soybean oil or of
soybean 0il partially hydrogenated by conventional nickel cata-
lysts (6).

Now, it can be reported that in the United States a new plant
has been built and has come on stream using copper catalysts. A
large producer in Europe was observed to be test marketing three
brands of copper-hydrogenated soybean oil in France, and a major
French oil processor has a plant operating with copper catalysts.
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The special interest in copper-hydrogenated soybean oil in
France stems in part from the quadrupling in price of peanut oil
coming from Africa. (Aflatoxin in the meal lowers its feed value
and therefore raises oil prices.) A French law permits soybean
0il with less than 2% linolenic acid to be sold as a salad or
cooking oil, The copper-hydrogenation soybean oil may rank as one
of the important developments in edible 0il production in recent
years.

Although samples of copper-hydrogenated soybean oil produced
abroad have appeared to our taste panel to be of the same quality
as that which is successful in the United States, the French
housewife, not the taste expert, determines the consumer accept-
ance. Because the copper-hydrogenated soybean oil when stored or
heated does not have the odor or flavor of the familiar peanut
0oil, there is some question as to whether the copper-hydrogenated
soybean oil can replace it., Likewise, in the Mediterranean region
where olive oil is the traditionally used deep-fat frying fat, the
future of edible soybean 0il will be determined by its accept-
ability in odor and flavor upon cooking. If soybean oil is to
find new markets in France and in the Mediterranean region, it
must meet this remaining problem of room odor.

The odor principles that cause the residual odor from deep-
fat frying fats then assume practical importance. One method of
studying them is the gas chromatograph-mass spectrometer system
combined with '"nose in the computer loop" as shown in Figure 2.

In what has been dubbed a "micro frying pan' either the oil or
individual purified constituents of oil are heated to deep-fat
frying temperatures, while air is passed over the surface and then
through a needle downward into a gas chromatographic colum. The
volatile odors are frozen out in the first few inches of this
colum at dry ice temperatures, After 5 minutes of collection of
the odors, the gas chromatograph is returned to its usual source
of gas pressure, and the chromatograph is programed. The
effluent from the colum is split in three ways. The flame
ionization detector, of course, provides us with the information
on how many compounds and how much of each. The second split goes
to the mass spectrometer-computer system which answers the
question as to what the component is. And finally, a third part
is sent for sniffing by the human nose and for its owner's
recording the intensity of the odor sensation by means by a
voltage dividing potentiometer and recorder. Thus, he simultane-
ously prepares and draws his intensiogram at the same time the gas
chromatograph is recording the chromatogram., Whereas a flame
ionization detector tells how many compounds and how much, the
mass spectrometer tells what they are, the human nose tells how
significant is the odor.

An example of the application of this technique to the room
odor and the volatiles of heated soybean oil is given in Figure 3.
The lower part is the usual gas chromatogram and the upper section
is that of an intensiogram as drawn by the human observer (7). As
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would be expected, there are large peaks on the gas chromatogram
that have small odor response and, contrar1w15e, there are minimal
peaks in the gas chromatogram that give a large olfactory response.
At the present time we are not only able to identify most of the
peaks of this chromatogram chemically, but we have also made
similar measurements upon the purified components that comprise
soybean 0il and are thus able to associate individual peaks of
this curve as having their precursor of oleic, linoleic, linolenic,
or saturated acids.

Unfortunately, it is widely understood but rarely acknowl-
edged that the total volatiles collected at the exit port of a gas
chromatograph should not differ from the odor of the mixture
injected. Specifically, the whole should be equal to the sum of
its parts. Because of the heat lability of odor principles with
which we deal and the necessary temperatures for their volatili-
zation in the gas chromatograph, this criterion unfortunately
cannot be met. We are reminded of some work conducted in 1952 in
which separation was performed by liquid upon silica gel and the
rancid components of reverted soybean oil were separated from the
painty components S;) . It would be hoped with the modern
developments of high-pressure liquid chromatography (HPLC), and
with the developments of new phases, that it will be possible to
separate unchanged the sensitive mixture of odor components. The
current problem of this approach is that of interfacing the high-
pressure liquid chromatograph to the mass spectrometer. It is a
problem of separating the volatile odor materials from a fre-
quently equally volatile developing solvent. At the present time
the advances in our scientific knowledge are being limited by
needed advances in technique.

The disposition of U.S. soybean meal as shown in Figure 4
differs markedly from that of the oil. From this chart and the
relative dollar value of oil and meal components of the soybean,
it may be inferred that the soybean crop is raised primarily for
its protein content and for its outlet in the animal feeding
economy, It is of interest that the nonfeed uses of soybean meal,
which include 2% for human food, amount to only 5% of the total
disposition. There is a need worldwide by protein-starved nations
for just this kind of high-quality, low-cost protein which soy-
beans provide. This statement then begs the question of why
there is not more volume of edible soy products, particularly in
the light of many commercially available products in the United
States which contain soybean meal or constitute food-grade soybean
meal for mixing purposes.

Some of the critical factors that restrict the use of soy
meal in foods are legalistic--about which research has little to
say. There are, however, problems of functional properties and of
form. There are problems of making available maximal nutritional
values by processing treatments. For example, a soybean meal that
is designed for minimal denaturation and maximum solubility may
have anti-metabolites, or its amino acids may be less available
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than if it were heat treated. However, this very process of
toasting will reduce the solubility characteristics; thus, there
must be a trade-off or compromise between solubility and its
nutritional value.

A problem sometimes encountered in soybean protein use is
that of gas production or flatus. Research has established that
the galactoside type of tri- and tetrasaccharides, which are
present in soybean meal to the extent of 10%, are indicted in
flatus (9).

Certainly the most important factor that restricts the wide-
spread food use of soybean meal at the present time is its flavor.
It is well known that this is a critical factor and that starving
populations will not eat nutritious materials if the flavor is not
acceptable to them. In some bland products where it is used as an
extender, soybean meal is limited by flavor to ca. 30% addition.
Therefore, it is in this area of reduction of flavor that the
greatest effort of research should be concentrated.

Given in Table II is a listing of flavor scores recorded by
the taste panel for commercial products, for the concentrates and
for the isolates. A score of 10 is indication of a bland product.
In most instances the alcohol treatment to produce the concentrate
or the precipitation to produce the isolate gives an improved
flavor, as well as improved flatus characteristics, to the
product (10).

Table II
Odor and Flavor Scores of Hexane-Defatted Soy Flours
Sample Odor scores Flavor scores
Commercial flours,

A-G 5.8-7.5 4.2-6.6
Raw flour 5.8 4.1
Azeotrope-extracted

Hexane :methanol 6.2 6.1

Hexane: ethanol 7.9 7.2

Hexane:2-propanol 5.9 5.1

The flavor of soybean meal comes from two general sources:
first, it is indigenous to the bean itself and, secondly, it may
be formed upon storage. As shown in Table III, the flavor inten-
sity values for the beany characteristic of maturing soybeans
remained relatively constant during the maturation process (11).
However, the bitter principle increased rather sharply as the
soybeans matured. Many of the compounds contributing to the green
flavors of raw soybeans are known, and some of the principal ones
are listed in Table IV (12).
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Table III
Flavor Intensity Values (FIV)
of Maturing Soybeans

Ag?e’i l:ean l:itter
Flowering i__ F % FE
28 100 2.0 25 0.42
34 90 2.3 50 0.90
49 100 2.5 82 1.4
56 100 2.2 86 1.9
63 100 2.7 100 2.2
66 92 2.5 100 2.1

@ percentage of panelists giving a
positive response.
Based on score 1 = weak to 3 = strong.

Table IV
Key Compounds Contributing to Green Flavors of
Raw Soybeans and Peas

Flavor Threshold (ppm in o0il)
Compound description Odor Taste
n-Hexanal Green grassy 0.32 0.15
3-cis-Hexenal Green beany 0.11 0.11
n-Pentylfuran Beany 2 1-10
Ethyl vinyl ketone Green beany 5 (milk)

The flavors mentioned can also arise from deteriorative
reactions either in the processing or storage of the soybean meal.
These reactions may be of an enzyme-catalyzed nature as for
example by lipoxygenase or they may come about by autoxidation in
a manner not greatly dissimilar to that in the oil (13). In any
case, the hydroperoxides thus formed may undergo decomposition to
form the keto or hydroxy type of fimctional groups as postulated
in Figure 5, or even the epoxide type of compound as is shown in
Figure 6.

Some of the major volatile compounds derived from linoleic
acid by lipoxygenase and analyzed in headspace are shown in
Table V. These chemical compounds are readily rationalized by the
oxidative mechanisms of breakdown of hydroperoxides of linoleic

acid (14).
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Table V
Major Volatile Compounds Generated from Linoleic Acid
Hydroperoxides (LOHP) by Pea and Soybean Lipoxygenases

Quantity in headspace, GLC peak height”

Compound Pea Soybean
n-Butanal + e+
n-Pentanal it e+t
n-Hexanal +++ i+
n-Heptanal ++ +
n-Hept-trans-2Z-enal +h+ 4
2-n-Pentyl furan + +++
a
b See Ref. 15.

+ = 5-10 mm; ++ = 11-50 mm; +++ = >50 mm, GLC = gas liquid
chromatography.

For soybean meal as compared to other vegetable meals, the
linolenic acid is an unusual component of the residual fat. When
the linoleate hydroperoxides were tasted by our taste panel,
rancidity was listed as one of the most frequent responses. By
contrast, when linolenic acid was so treated, rancidity was a less
prominent response. The grassy-beany flavors, which may be
assumed to include paintiness as well, were the most important
response in the linolenate hydroperoxides (13}.

Although it has not been established, it would appear that
oxidized soybean phosphatidylcholine contributes to the bitterness
of the soybean meal. This has been studied by oxidizing purified
phosphatidylcholine and submitting to the taste panel at various
levels. It has also been indicated by fractionation studies in
which the bitter principle from hexane-extracted soy flour was
found to be concentrated in the purified soybean phosphatidyl-
choline fraction (15). While all of this basic type of research
is being conducted on the flavor of the soybean meal, industry has
been implementing some of the research results generated 30 years
ago. At that time, it was established that ethanol extraction of
the flakes had a particular merit in removing bitter principles
from soybean meal (16). Illustrated in Table I1I, the hexane-
ethanol azeotropic solvent was capable of removing the residual
lipids and the bitter flavor. It was noted that washing with
diethyl ether by itself did not remove bitter flavor, but not
until the hot ethanol treatment was given were the bound lipids
removed which contained the highly flavored principles. As shown
in the Table, many of the commercial flours had odor and flavor
scores not greatly different from raw soybean flour. Upon
extraction by the azeotropic alcohol mixtures the flavor was
improved, but of those investigated the hexane-ethanol seemed to
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have a peculiarly beneficial effect in improving the flavor. In
fact, the combination of toasting and azeotropic extraction in the
laboratory appears to have raised the flavor score for odor and
flavor to that equivalent to wheat flour. The flavor intensities
of the grassy-beany and the bitter flavor were reduced. It has
been inferred that alcohol treatment may be responsible for some
of the improved flavor of soybean meal products now being
produced.

In sumary, then, the flavor stability of soybean oil which
was regarded as the number one problem of the soybean industry
three decades ago has now, at least in part, been solved; but the
flavor of the meal is today held as the major deterrent to the
increase of soybean protein in human food products. Since
residual lipids of the soybean flakes constitute the precursors
for odors and flavors, knowledge of deteriorative factors of fats
is basic to the understanding of flavor development in both soy-
bean meal and oil products. Highly sophisticated gas
chromatographic-mass spectrometric systems and HPLC are being used
for analysis of odors of oil and meal products, and these
techniques are particularly effective where the human nose is
included in the computer loop. Meanwhile current applications of
past research on the processing of soybean oil and meal appear to
have made a significant contribution in solving the respective
problems for the food industry.
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Flavors from Lipids by Microbiological Action
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Flavors from lipids are ubiquitous throughout the foods
presently consumed in the world. In this symposium, we have
learned of flavors generated by frying, smoking, and a wide
range of chemical reactions. )

This part of the symposium will review the role of micro-
organisms in the development of flavors from lipids, particularly
the fermented sausage industry.

The complex nature of microbiological reactions is shown in
"Figure 1". It is often difficult to separate the reactions
caused by the action of microbes. Many flavor components come
from the oxidative reactions which are initiated following the
hydrolytic activity of microbes. '"Figure 1" shows the hydrolytic
action on lipid material to free fatty acids by microbiological
action. The liberation of these free fatty acids is accompanied
by an increase in total carbonyls and peroxide values.

Microorganisms are responsible for many types of flavors in
meat products, particularly fermented sausage products and cheese
products. The flavor compounds which are produced from the
animal fat, are directly responsible for the varied taste of semi-
dry and dry sausages. The lipases and other enzymes that cause
hydrolysis of lipids in animal fat are primarily responsible for
the generation of flavors from lipids in meat products. The
enzymes and lipases are made by the microbe in the meat product.

Cheeses are the fermentation products of the dairy industry
which also are high in 1ipid content and therefore are candidates
for lipase activity of milk fats. The fatty acid distribution of
cheeses can be changed by the selection of the microorganism
used as a starter culture, or by the indigenous flora of milk.

Blood (1975) reported on the growth of lactic acid bacteria
in fish products. The actions of the microorganisms were lipoly-
tic and proteolytic. The final reactions and conclusions of
the role of lactic acid bacteria in marinade of fish is not well
understood at this time.
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Yogurt is a special class of dairy product since it is now
being sold in greater volumes than ever as a frozen dessert item.
Yogurt is a fermented milk product which is usually fermented
by two organisms, L. bulgaricus and Streptococcus thermophilus.
The role of the organisms is to lower the pH of the product and
to flavor the product. The by-products of the lactic acid fer-
mentation (see "Figure 2") influence the taste of yogurt, and
off-flavors and odors are caused by faulty fermentation procedures
Very little research effort has been devoted to the lipid changes
in yogurt.

There are flavor changes in bread which are due to the
microbiological action of yeast. Within this decade, a lactic
acid bacteria (L. san francisco) was shown to contribute to the
flavor and fermentation of sour dough bread. Wood (1975) has
described the action of the lactic acid bacteria in bread making
and prompted the analogy of the sour rye bread of Scotland and
sour dough bread of San Francisco. The action of the lactic
acid bacteria appears to be through direct utilization of maltose.
However, these organisms are known to possess active lipase
enzyme systems and their action on bread lipids may be quite
beneficial.

Microbiological Action on Lipids

"Figure 3" shows the typical microbiological lipase action on
the mono, di or triglyceride. The action of lipase is usually at
15°-40°C, and results in an increase in free fatty acids, and
either mono- or diglycerides depending on the specificity of the
lipase. The same hydrolytic action of lipase can be accomplished
at higher temperatures in an acidic media. Lactic acid bacteria
provide such a media for the fermented foods described earlier.

As shown in "Figure 1", the accumulation of free fatty acids
in a food caused by the action of microbioligical lipase can be
accompanied by an increase in TBA value (thio-barbituric acid
value), peroxide value, or total carbonyls. These indicators show
that oxidative reactions were initiated, often due to the action
of lipase. Also, these reactions can be initiated by hydrogen
peroxide. Lactobacilli can be producers of hydrogen peroxide
(Tjakerg, 1969). Oxidative reactions are usually associated with
rancid off flavors; however, some oxidation of lipids is necessary
to get a balance of flavors or to create a flavor for a product.

Biochemical Reaction of Bacteria

Lactic Acid Bacteria. The metabolism of lactic acid bacteria
is well established. They metabolize simple sugars to lactic acid
(homo fermentative) or lactic acid, acetic acid, and carbon
dioxide (heterofermentative). Bergy's 8th Editilon (1974) lists
the sugars metabolized by lactic acid bacteria. There is no
system to identify the specific lipase system of bacteria. Some
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lactic acid bacteria are active lipase producers, while others of
the same classification do not produce significant lipase
activity.

Alford, Smith and Lilly (1971) have shown the hydrolytic
and oxidative changes due to Micrococci, Pseudomonas, and
Staphylococci. They showed that the hydrolytic activity of
microorganisms is dependent on (1) the fat used as a substitute,
(2) temperature of incubation, (3) composition of the growth
media, and (4) oxygen availability.

Table I from Alford & Pierce (1961) shows the effect of
temperature on the type of fatty acids released by microbial
lipases from coconut oil. Lipases of bacteria isolated from
rancid butter (by Cooke 1973) showed that Pseudomonas, S. aureus,
Micrococcus saprophyticus, Micrococcus spp., and a pancreatic
lipase produced varying amounts of Cjy, Cy4, C1g, C1g8> C18:1
fatty acids from milk fat at 35, 30, and 22°C. In contrast to
earlier findings, Micrococcus produced a large increase of oleic
acid at high temperatures.

A high carbohydrate substrate will inhibit or reduce lipase
production (Nashif & Nelson, 1953; Alford & Elliott, 1960) and
the protein, peptides or amino acids used as sources of nitrogen
are important consideration (Lawrence et al., 1967; Alford &
Pierce, 1963).

TABLE I

Influence Of Temperature On Type Of Fatty Acids
Released By Microbial Lipases From
Coconut 0il (After Alford & Pierce, 1961)

% Of Total Free Fatty Acids* Released As

Lipase From Lauric Acid At Oleic Acid At

35° -7° 35° =7°
Pseudomonas Fragi 46 29 5 25
Geotrichum Candidum 39 3 14 52
Penicillium Roquefortii 46 35 4 24

*Conditions of incubation of enzyme-coconut oil mixtures
and 7 of other free fatty acids released are given in the
original paper.
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Vigorous aeration decreases lipase production or at least
its accumulation, yet growth in media with high surface/volume
ratios such as sausages or with slow agitation is stimulatory
(Nashif & Nelson, 1953; Alford and Elliott, 1960; Alford & Smith,
1965; Lawrence et al., 1967).

Lipase Specificity

Table II shows the determination of specificity of microbial
lipases by their action on triglycerides of known composition
(Alford et al., 1964). There appears to be good evidence of
specificity related to the position of attachment of a fatty
acid to the triglyceride molecule (Alford et al., 1964;

Mencer & Alford, 1967) and to the structure of the fatty acid
being hydrolyzed (Jensen et al., 1965). Other lipases are very
general with no specificity. The Geotrichum candidum is specific
for oleic acid regardless of position, and Ps. fragi lipase is
specific for the 1 - position regardless of the fatty acid, and
S. aureus lipase exhibits neither position nor fatty acid
specificity.

TABLE II

Determination Of Specificity Of Microbial Lipases
By Their Action On Triglycerides Of Known Composition
(After Alford, Pierce & Suggs, 1964)

% Composition Of Triglyceride

Lipase From 2-0leoyl Distearin 2-Stearolyl Diolein

Oleic Stearic Oleic Stearic

Acid Acid Acid Acid
Geotrichum Candidum 98%* 2 99 1
Pseudomonas Fragi 2 28 98 2
Staphylococcus Aureus 25 75 63 37

* 7 Of total free fatty acids released from enzyme-triglyceride
mixture incubated at 35° from 1-3 H.

Smith & Alford (1966) have shown that the production and
activity of some lipases are sensitive to end-product accumula-
tion inhibition. Their studies were performed with Ps. fragi,
and the end-product inhibition was eliminated by the addition
of bovine serum.
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Oxidative Reactions

Alford and Smith (1971) have shown the action of micro-
organisms on the peroxides of rancid lard, shown in "Figure 4".
The effect varied from 18% decomposition by Ps. ovalis and
Streptomyces sps. to 100%Z decomposition of the peroxides by
G. candidum and Aspergillus flavus. Fifteen cultures of the 29
studies showed a 50% reduction in the peroxide value. The action
of microorganisms on the mono carbonyls was shown by Alford and
Smith (1971). "Figure 5" and "Figure 6" show that Ps. fragi,
Ps. ovalis, and G. candidum destroyed 100% of the 2, 4 dienal
fraction while Asp. flavus and M. freudenreichii increased the
dienal content 4 to 7 fold. Fifteen cultures of the 29 studied
decreased the dienal concentration. Only 5 cultures of the 29
increased the dienal concentration by a factor of 2.

"Figure 7" shows the effect of microorganisms on peroxides
in fresh lard. Ten of the 28 microorganisms evaluated destroyed
the small amount of peroxide present in fresh lard, but 14
had no effect. Five strains of Streptomyces increased the
peroxide concentration about 3 fold, Ps. ovalils increased the
concentration by 8 fold, and M. freudenreichii increased the
peroxides about 14 fold.

Alford & Smith (1971) reported that M. freudenreichii
produced a large increase in the concentration of 2, 4 dienals
and 2 enals. Most of the microorganisms had little effect on
the alkanal fraction. Ps. fragi, G. candidum, and C. lipolytica
increased the concentration of the alkanals as well as producing
methyl ketones, a fraction not present in fresh lard. The
ability of Streptomyces spp., Ps. ovalis, and M. freudenreichii
to form peroxides suggests that lipoxidase like activity is
present. It was reported that microorganisms produce lipoxidase
(Mulkerjee, 1951; Fukuba, 1953; Shimahara, 1966), but Tapel
(1963) stated there is no evidence for a microbial lipoxidase.

The precursors for methyl ketone production by the studied
bacteria are unknown, but these organisms are strongly lipolytic
and fungi are known to produce methyl ketones by B-oxidation and
decarboxylation of lipase liberated fatty acids (Hanke, 1966).

Sausage Products

The type of fat used in the preparation of dry sausage will
influence flavor characteristics, particularly as the fat shifts
from all beef formulations to all pork formulations. The
distinctive flavors of dry sausages are due in part to the
hydrolytic and oxidative changes that occur in the lipid fraction
during ripening or drying.

Lipase Activity. The hydrolytic changes in fats are due
primarily to the action of bacteria which produce lipases. These
microbial lipases act to free fatty acids and glycerol. In dry
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Figure 4. The effect of micro-organisms on the peroxides
of rancid lard. The initial peroxide values ranged 74.3-97 4
meq/kg of fat (mean, 82.9 meq).
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Figure 5. The effect of micro-organisms on the 2,4-dienals
of rancid lard. The 2,4-dienal concentration of the controls
ranged 1.5-3.4 pmoles/10* pmoles fat (mean, 2.0 pmoles).
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Figure 6. The effect of micro-organisms on the 2-enals of rancid
fat. The 2-enal concentration of the controls ranged 3.6-6.7
umoles/10% umoles fat (mean, 5.0 pmoles).
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sausage, where no heat is applied to the product, hydrolysis may
occur through muscle and adipose tissue lipases (Wallach, 1968).
The particular flavor developed by the sausage via lipase
activity depends on the composition of the fat as seen from the
work of Alford and Smith (1971).

The genus Microcococcus is generally accepted as being the
predominant group of microbes responsible for hydrolysis of fats
in dry sausage (Table III) (Cantoni et al., 1967), but recent
studies show that some species of Lactobacilli produce very
active lipases at 20°C and higher (Stoychev et al., 1972a, 1972b;
Covetti, 1965).

TABLE III

Action of Micrococci on Pork Fat
(from Cantoni et al.)

Culture
D10 c13

C, - Cyps G FA/100 G FATA 23.1 45.2
(FA most easily released: Oleic,

Myristic, Palmitoleic, Linoleic)
Volatile FA, MG/100 G FATB 87 50
(principal VFA: Propionic,

Acetic)
Carbonyls, uM/1 of CultureC 660 667

(principal carbonyls:
Propionaldehyde, Isovaleraldehyde)

AAfter 28 days of culture; FA - Fatty Acid.
BAfter 28 days of culture; VFA - Volatile Fatty Acid.

Cafter 24 days of culture.
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Mihalyi and Kormendy (1967) reported an increase in free
fatty acid values in the inner and outer zones of a Hungarian
dry salami aged for 100 days (Table IV). The outer zone showed
a higher level of fatty acids than the inner zone. Since there
is mold accumulation on Hungarian salami, the increase was
attributed to this mold growth.

TABLE IV

Free Fatty Acid Values (mg KOH/g fat)
of Hungarian Dry Salami During Ripening*

Days Of Sausage Portion
Ripening Inner Zone Outer Zone
10 6.07 2.88
40 11.28 12.40
70 14.81 18.29
100 17.68 20.62

*Adapted from Mihalyi and Kormendy (1967).

Lu and Townsend (1973) also showed increases in free fatty
acid values during the drying cycle and correlated their results
with parallel peroxide values (Table V).

Demeyer et al. (1974) reported that linoleic acid was
liberated at a faster rate than all of the other acids in a pork
dry sausage ('Figure 6"). Brockerhoff (1966) has shown that pork
triglycerides have about 607 of the stearic acid located in
position 1, palmitic acid (v~ 60-80%) at position 2, and octa-
decenoic acid (v 50-60%) are at position 3 of the triglyceride
molecule. Demeyer et al. (1974) found the rate of hydrolysis to
free fatty acids decreased in the following order: 1linoleic >
oleic > stearic > palmitic. The lipase generally had a
specificity for position 3.

Cerise et al. (1973) reported that oleic acid was the
principal free fatty acid found in the 1lipid fraction of Italian
pork salami. Dobbertin et al. (1975) reported yeasts, pseudo-
monads, and enterococci which exhibited high lipase activity,
but the lactobacilli had little or no lipase activity. Dobbertin
concluded that lipase activity was independent of total bacterial
count. However, Coretti (1965) found that some lactobacilli
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appear to form lipase activity adaptively in later generationms.
Fryer et al. (1967) and Oterholm (1968) have reported lipolytic
activity for lactobacilli of tributyrin, but not triglycerides.

TABLE V

Free Fatty Acid Values (mg KOH/g fat)
and Peroxide Values of a Fermented Dry Salami*

Days Of Free Fatty Peroxide

Ripening Acid Value Value
0 3.08 10.3
14 6.39 17.4
21 6.90 12.9
28 6.56 16.9
35 11.66 20.6

*Calculated from data for control sausages in study
of Lu and Townsend (1973).

The Pseudomonas, Micrococci, and Staphylococci are active
lipase organisms. Debevere et al. (1976) from Belgium have
reported the isolation of a Micrococcus species from a starter
culture used for producing dry sausages, which has a strong
lipolytic activity on pork fat. This species caused the release
of fatty acids from pork fat in a nonspecific way but in about
the same proportions that occur in pork fat. Both saturated and
unsaturated carbonyls were formed from the long chain fatty acids.
The unsaturated carbonyls disappeared faster than the saturated
carbonyls, apparently due to oxidation. The breakdown of the
saturated carbonyls appeared to be due to the action of the
bacteria, perhaps by producing enzymes capable of hydrolyzing
these compounds. The bacteria may play an important role in the
development of flavor by releasing and hydrolyzing the carbonyl
compounds, and producing short chain volatile compounds that
contribute to flavor.

Oxidative Changes in Sausages. Cerise reported two distinct
phases of lipid changes. In the early ripening phase of ferment-

In Lipids as a Source of Flavor; Supran, M.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1978.



8. mayMmon anp actoN  Flavors from Lipids by Microbiological Action 107

ation, lipase activity occurred to yield free fatty acids, which
were in turn oxidized by peroxides to carbonyl compounds in the
drying phase. Free fatty acids decreased as the amount of
carbonyl compounds increased. Cerise (1972) showed that peroxide
values decrease rapidly after the fermentation phase ("Figure 8").
Peroxide values increased dramatically between the second and
fourth days at 21°C and remained high before decreasing to below
initial levels at 15 days of ripening.

Nurmi (1966) reported nearly equivalent amounts of peroxide
formation at 3 days of sausage ripening with Micrococci and/or
lactobacilli. After the 3 day fermentation period, sausages
containing lactobacilli continued to show peroxide at higher
levels than initially observed. Both micrococci and lactobacilli
can be strong producers of peroxide. While micrococci are
catalase-positive, lactobacilli are catalase~negative. Nurmi
(1966) pointed out that faulty product flavor and color may
result when catalase-negative lactobacilli are used as starters
for sausage ripening.

Hydrogen peroxide, which is formed by the pediococci, and
lactobacilli, is an available and willing reactant in the
oxidation of free fatty acids generated by lipolysis, especially
unsaturated fatty acids (Tjaberg, 1969). Also, fatty acid
oxidation may result from autooxidation mechanism. Carbonyl
compounds are formed as a direct result of unsaturated fatty
acid decomposition. The evaluation of total carbonyl compounds
for a dry sausage made primarily with pork fat is shown from
Demeyer et al. (1974).

Halvarson (1973) qualitatively identified some 22 volatile
carbonyl compounds from Swedish fermented sausage. The predom—
inant substances were ethanal, propanal, propanone, and 2-methyl
and 3-methyl butanal in concentrations of 0.6 to 3.6 mg. per kg.
of sausage. All the straight chain alkanals were detected up
to octanal, with no butanal detected, as well as methyl ketones,
2-alkenals, and 2, 4-alkadienals. Langer et al. (1970) reported
qualitative identification of 29 carbonyl compounds during the
ripening of a dry salami. Langer et al. (1970) and Halvarson
(1973) considered the lower molecular weight carbonyls (probably
from carbohydrate fermentation) to possess minimal values for
characteristic sausage aroma, and both authors state that the
main aroma producers are the higher molecular weight carbonyls.
In particular, unsaturated carbonyls such as 2-alkenals and the
2, 4-alkadienals, are potent flavor compounds typically present
in oxidized pork fat, and present to a limited extent in oxidized
beef fat (Hormstein and Crowe, 1960; 1963).

Cheese
Cheese is a fermented dairy product which has a high fat

content. The lipid changes in cheese must help determine the
final flavor of this highly flavored product. Sometimes, flavors

In Lipids as a Source of Flavor; Supran, M.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1978.



108

LIPIDS AS A SOURCE OF FLAVOR

20

—, CERISE e¢ ol (1972)

PEROXIDE VALUE AS MEQ 0p/KG FAT

¢4 —— ——— 89

L ]
It i 1 1

S S S | R ¢

Figure 8. Peroxide values during sausage ripening (0 to 3

days at

)
w
]
o]
T

CARBONYL COMPOUNDS (+

o0l1234
——

6 8 15 30 45 60
DAYS IN RIPINING ———+— STORAGE —»
(21°C) (12°C)

(15°C)

21°C, then stored at 12°C) (adapted from Ref. 13)

275 DEMEYER et ol (1974) /!

N
[,
(=]
T
~e

200- i / ~e
175 | ! \ !

oL S/

125 + o

100 L L L T N SR
O 5 10 15 2025 30 35 40 45

DAYS OF RIPENING

Figure 9. Changes in total carbonyl content (as
9,4-dinitrophenylhydrazones) during dry sausage

ripening (adapted from Ref. 20)

In Lipids as a Source of Flavor; Supran, M.;

ACS Symposium Series; American Chemical Society: Washington, DC, 1978.




8. HAYMON aND AcroN  Flavors from Lipids by Microbiological Action 109

10+ DEMEYER et «.(1974)

18:2

C

181

18:0
16:0

I

% OF TOTAL IN FREE FATTY ACIDS

0 20 30 40 50
DAYS OF RIPENING

Journal of Food Science
Figure 10. Percent of total palmitic (16:0),
stearic (18:0), oleic (18:1) and linoleic (18:2)
acid present in the free fatty acid fraction (20)

In Lipids as a Source of Flavor; Supran, M.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1978.



110 LIPIDS AS A SOURCE OF FLAVOR

of cheeses are described as soapy, bitter, metallic, barn-yard
(butyric), or rancid. These flavors are caused by the accumula-
tion of free fatty acids. The short chain fatty acids have low
taste thresholds and need only be present in minute concentrations
to produce flavors., Deeth and Firzgerald (1976) have reviewed
the literature thoroughly for lipolysis in milk-products.

TABLE VI

Volatile Fatty Acids Reported In Dry Sausages

Acid Deketelaere et al. (1974) Halvarson (1973)
Nonsmoked Smoked
mg/g sausage

Formate - 0.25 0.42
Acetate 2.4 mM/100 g D.M. 0.70 1.2

Propionate 11.7 uM/100 g D.M. 0.004 0.03
n-Butyrate 14.5 uM/100 g D.M. 0.004 0.007

The most common source of lipase other than milk lipase is
from psychrotrophic bacteria, those which grow at refrigeration
temperatures. Deeth states that "when the count of these
lipolytic bacteria exceed one million per milliliter they cause
rancid flavors." However, cheeses such as Romano, the Parmesan
and blue vein types depend for their distinctive tastes upon
relatively high levels of particular fatty acids which are
produced by rennet or microbial and fungal lipases during
maturation.

The cheddar cheese flavor is reported by Deeth (1976) as a
balance between fatty acids produced in low amounts during normal
aging and other flavor constituents.

Peterson and Johnson (1949) isolated 12 of 54 lactobacilli
which possessed intracellular lipase active between pH 5 and 6,
and were capable of butterfat hydrolysis. L. casei (four strains)
was particularly active and liberated butyric, caproic, caprylic,
and capric acids from butterfat.

Morris and Jezeski (1953) characterized the lipase system
of Pencillium roqueforti. Lawrence and Hawke (1968) found that
the fatty acids liberated from P. roqueforti gave oxidation
products dependent on the fatty acid concentration, chain length
of fatty acids, and pH of the system. The studies were conducted
by oxygen uptake.
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Lubert and Frazier (1955) studied cultures of film yeasts
and of micrococci from brick cheese and cheese brines. The
micrococci found were predominantly M. varians, M. caseolyticus,
and M. freudenreichii (in order of occurrence). Growth of
micrococci with film yeasts indicated the yeasts stimulated the
growth of the coccl on the surface of brick cheese smear.

Butyric and acetic acids were identified as products of growth,
but the fraction with the characteristic odor contained higher
fatty acids.

Kaderavek et al. (1973) have shown that in milk products,
lactic acid bacteria hydrolyze only short chain fatty acids.
Micrococci from Italian cheeses are proteolytic and nonspecifical-
ly lipolytic, propionic acid bacteria lipases are nonspecific and
product butyric, isovaleric, and valeric acids. They also found
yeasts were lipolytic and mold lipases were nonspecific.

Summary

Flavors are generated from lipids by microbiological action.
The microbiological action on lipids was shown for lactic acid
bacteria, Micrococci, Staphylococci, Pseudomonas, yeast, and
mold.

The lipase reactions for bacteria and mold are characteris-
tically different for each type of organism and can differ by
specificity within classes. Large differences in the lactic
acid bacteria lipases were noted. Micrococci lipases are perhaps
the most studied, and therefore the most defined.

Hydrolytic and oxidative reactions by the bacteria are, in
general, ubiquitous regardless of product. The general scheme
of an increase in free fatty acids, mono and di-carbonyls, and
an increase in peroxide value, TBA, and total acids accompany
the increase in free fatty acids.

The flavors of dry sausages and cheeses are dependent on
the action of bacteria within and outside of the product. The
flavors of cheeses and sausages are dependent upon (1) the
specific organisms, (2) lipases produced by the organism, and
(3) the substate furnished for the organism.
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