
The Flavor of Food—How Natural is
Natural?

By Dr. Jan Stofberg, Vice President, PFW Division of Hercules Incorporated,
Middletown, New York

c in the more developed countries, a,e b..

onsumers all over the world, but particularly

coming increasingly conscious of the nutritional
value and the safety of their food and its ingre-
dients. At the same time, there is an increased
preference for natural foods and food ingredients
which are generally believed to be safer, more
healthful, and less subject to hazards than foods
containing artificial food additives.

This preference for natural foods clearly has its
roots in a long tradition of food selection, prepa-
ration and consumption. It is not surprising,
therefore, that “naturaf” in this context is gener-
ally considered to include all foods which have
been prepared or processed in a traditional way.

Since what is considered natural depends on
the sociaf and cultural history of each civilization,
there is no clear agreement among regulating and

governing bodies as to what should be the defi-
nition and limitation of the term natural.

Among the many ingredients present in pre-
pared, processed and manufactured foods, the
flavoring materials form a special category, larger
in number than all others together. They may be
present as a result of the normal metabolic
mechanism of the plant or animal tissue, as a re-
sult of food processing, or as added flavoring
materiafs. Fortunately, in the area of flavoring
materials there is a clear definition what “natu-
raf” stands for.
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The Code of Federal Regulations, 21 CFR
101.22 .a.3. states, inpart, that’’the term’natural
flavor’ or ‘natural flavoring’ means the essential
oil, oleoresin, essence orextmctive, protein hy-
dmlysate, distillate, or any product of roasting,
heating or enzymolysis, which contains the flavor
constituents derived from a spice, bit or fruit
juice, vegetable or vegetable juice, edible yeast,
herb, bark, bud, root, leaforsimilar plant mate-
rial, meat, seafood, poultry, eggs, dairy products,
or fermentation products thereo~ whose signifi-
cant function in food is flavoring rather than nu-
tritional.” This definition of “natural” clearly in-
cludes, in addition to physical treatment, all tra-
ditional food processing, including protein hy-
drolysis, fermentation andotherenqmatic Pr-
ocedures. The natural flavoring constituents of
food are not limited to those fonnedbynonmd
metabolism, such as in green tea, milk or raw
meat, but include those that have been formed by
traditional processing, such M in black tea,
cheese or roast beef.

The purpose of this study is to compare the
flavoring materials formed during food processing
with their synthetic counterparts that are
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used as flavor additives.
The relation between food processing and

flavor formation is represented in a very general
way in a wing-chart (figure 1).

The vegetable or animal starting materiah are
ORen very low in natural flavoring constituents.
Even vegetables we deem flavorful when con-
sumed raw, such astomatoes, onions andcucum-
hers, have very little flavor in their intact state.
This can be demonstrated by cooling the tissue to
a very low temperature to deactivate the en-
zymes, and then breaking the cells and isolating
the flavoring components. At normal room tem-
perature, enzymes almost instantaneously fO~
the flavoring materials with which we are so
familiar. ARer having been released by cutting,
the enzymes act on unsaturated fatty acids,
(primarily linoleic and Iinolenic acid), present in
other parts of the tissue in the form of trig-
lycerides. Via hydropmoxidation, this leads to a
whole series of saturated and unsaturated af-
dehydes (emds and dienals). These, in turn, are
partly converted enzymatically into alcohols,
acids, aldol condensation products, esters, acetals
and so on. Just a few unsaturated fatty acids lead
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to an impressive series of aliphatic flavoring ma-
terials as the complex result of simple cutting.

By cutting allium type vegetables (onion, gar-
lic), instantaneous enzymolysis leads to even
more dramatic effects: the formation of a
Iachrymator (thiopmpanel S oxide) and diafkyl-

disulfides: these are mainly dipropyl disulfide in
onions and diallyldi sulfide in garlic. All these are
breakdown products of sulfur containing amino
acids present in the raw vegetation.

Enzyme Syeteme in Food Proceselng

In many cases, food processing involves the
addition of enzyme systems, such as yeast for
bread and wine, starter cultures for dairy prod-
ucts and rennet for cheese production. The en-
zymes also lead to the breakdown of linoleic acid
and linolenic acid to aliphatic flavoring materials.
In addition, they cause beta oxidation of fatty
acids, followed by decarboxylation to methyl
ketones, and formation of lactones by ring closure
of hydroxyacids.

These same processes continue during the
aging of wine and ripening of cheese. The
amounts of the flavoring materials formed during
the many competing chemical reactions deter-
mine the flavor profile of the finished food.
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Heat treatment of food, from mild parboiling to
intensive roasting, leads to several new classes of
flavoring materials by the breakdown of amino
acids, sugars, and minor ingredients such as
carotenes. Strecker degradation of amino acids
during the conching of chocolate and the par-
boiling of rice, leads to aldehydes with one less
carbon atom. At higher temperatures, ketone and
lactone formation takes place. The lactones are
characteristic of the flavor of many baked foods
containing butte r.

The breakdown of a minimal amount of citric
acid, which occurs naturally in milk, leads to the
formation of some of the most important flavoring
materials in dairy products, such as acetaldehyde
in yogurt and diacetyl in butter.

By recombination of the amino ketones formed
during the Strecker degradation, the very impor-
tant substituted pyrazines are formed in bread-
crust, roasted meat, roasted nuts and coffee,

At higher temperatures, decomposition of
sugars leads to the important classes of furan and
pyrone derivatives such as pineapple ketone and
maltol. The formation of furan derivatives be-
comes even more predominant by the combined
reaction of sugar and amino acid degradation
products, via the Amadori rearrangement. So far,
107 furan derivatives as well as 80 pyrazine de-
rivatives have been identified in coffee,

Lower sulfur- and nitrogen-containing deriva-
tives result fmm the breakdown of amino acids,
In addition to their own flavor contribution, they
are afso able to convert the furan derivatives to
their sulfur analogs: the thiophenes; and their
nitrogen analogs: the pyrroles.

During roasting processes, the recombination
of low sulfur and nitrogen breakdown products
from amino acids with sugar degradation prod-
ucts leads to thiazole formation. In addition to the
well-known acetylthiazole, some 30 thiazoles
have been identified in coffee alone.

From this review, it becomes clear that many,
or even most, of the 5000 flavoring materials
known to occur in traditional foods so far, are not
present in the natural state. They are generated
by the processing of the food. Especially when
they result from heat treatment they seem to be
more related to the type ofpmcessing than to the
specific food which has been processed.

The similarity of the qualitative lists of flavor-
ing materials identified in cooked pork liver,
roast beef, cocoa, roasted nuts and b~adcrust, is
striking. It is obviously the quantity in which
these same identified flavoring materials are
present in the various foods that determines the
very characteristic flavor of the particular pre-
pared or processed food,
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Natura kfantlod Flavora

Most of the so-walled natural flavoring ingre-
dients of food are not present in the natural state
of the food. They result from processing by what
can only be called chemical reactions taking
place during food preparation. Some of these
chemical reactions, such as the roasting of food,
are extremely complex and virtually uncon-
trolled. Nevertheless, it is a fact that the flavoring
ingredients resulting from this kitchen-chemistry
are readily accepted as “natural flavors;”
whereas, there is considerable emotional resis-
tance against “artificial” flavoring of food.

The flavoring materials used by the flavor in-
dustry are, however, not new and innovative
chemical substances. With very few exceptions,
they are exactly the same flavoring substances
identified in food by the research groups working
on the analysis of the flavoring materials in food,
using mass spectroscopy, GLC and HPLC. They
are what is generally known as “nature-
identical,” i.e., they occur in food as consumed.

Of course, there would be reason for concern if
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such nature-identical flavoring materials were
added and consumed in quantities that are con-
siderably larger than the quantity of the same
flavoring components occurring natumfly in tra-
ditional food. In order to compare these two
quantities, I introduce the Consumption Ratio
concept.

Conaumptlon Ratio

The Consumption Ratio is the ratio between
the quantity of a flavoring material normally cOn-
sumed as part of the traditional diet, and the
quantity of exactly the same material used by the
flavor indust~. Ifthis Ratio is greater than 1, then
the average consumption in the traditional diet is
larger than the quantity deliberately added. I
have called such a flavoring material: “Food Pn?-
dominant.” If the Consumption Ratio is over 10,
then the quantity of such a flavoring material
added deliberately is less than 10% of the aver-
age traditional consumption, and this can be
called an insignificant increase in any respect,
including safe consumption.
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The fact that a flavoring material is widely con-
sumed as a food ingredient does not prove its
safety in the sense of a scientific test program.
However, based on the assumption that our tra-
ditional food consumption is safe in practice, this
same degree of safety can be claimed for flavor-
ing materials that are consumed far more as food
ingredients than as food additives.

As an example, the calculation of the Con-
sumption Ratio of one of the flavoring materials
formed during food processing, 2-methyl
pyrazine, is given in figure 2. The total intake,
per year in the U. S., of 2-methyl pyrazine as a
“natural” ingredient of roast beef, beer, cof%e
and potato chips is over 74,OOO kg. The total
usage by the flavor indust~ per year as reported
in the 1982 NAS/FEMA study is 235 kg, which
leads to a Consumption Ratio of 315.

By this method, the Consumption Ratio has
been calculated for 347 flavoring substances.
80% of them had a Consumption Ratio of more
than 1, and are therefore predominantly con-
sumed as natural ingredients of traditional food.
60’70 had a Consumption Ratio of over 10, which
means that their additional intake as artificial
flavoring materials is insignificant.
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The true character ofmost flavoring materials
traditionally considered natural is that they are
the result of deliberate chemical processes
known as food preparation. The true character of
most artificial flavoring materials is that they are
exactly the same substances as those present in
traditional food, but consumed in smaller quan-
tities.

From these considerations, it is clear that the
simple, subjective and emotional distinction
between “natural” and “artificial” flavorings is
not justified. Growing food crops which have
been genetically changed, and processing food
using flavor precursors will make the distinction
between natural and artificial flavors increas-
ingly meaningless from both ends. No longer will
it be the clear contrast between a raspberry and a
candy made with amyl acetate, but between a
genetically engineered botanical material, physi-
caflyand enzymatically processed, versus a food
manufactured with added flavoring complexes
prepared by thermal and enzymatic processes, or
even flavor precursors.

Consumers will have to realize that “nature” is
notjust there as an optimal source ofnutrition for
humans. Some of the most ~isonous materials
known, the botulins, are purely natural. The fact
that a food is “natural” does not mean that it is
safe nor that it represents the best possible nutri.
tional value for man.

In practice, our food, including its traditional
preparation, can be considered safe. Neverthe-
less, it is a fact that our food contains many ingre-
dients that are virtually useless, and that many
foods contain chemicals which, at certain dose
levels, are known to be harmful. Examples of
these are oxalic acid in spinach, and solanin in
potatoes. In using added flavoring materials, no
ingredients will be added that do not have aspe-
cific function in improving the flavor of the food.

Theconsumer will have to be informed about
the tme value and benefit of food and its ingre-
dients, Amarketing strategy inclined to label as
many foods as possible “naturally flavored” to fit
ineasily with preconceived ideas is not going to
achieve this goal. Consumer understanding
should lead to the acceptance of prepared
flavorings as normal and safe food ingredients.
Only in this way will it be possible to develop
new and better foods, with higher nutritional
value per dollar, and to make more foods avail-
able for a world population, which, for the most
part, has as its prime concern-to get enough
food.

Addraas corraspondencas m Dr. Jan smlberg: PFW Division,
Herculas Incurpwatod, 33 Sprague Avenue, Mlddla-
town, New York 10940, U.S.A. [?!
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