
Third Cumulative Series

Consumption Ratio and Food
Predominance of Flavoring Materials

By Dr. Jan Stofberg, PFW, Division of Hercules Incorporated, Middletown,
New York and Dr. Friedrich Grundschober, International Organization of the
Fiavour Industry, Geneva, Switzerland.

he Consumption Ratio was introduced in
T~~~~.l~twasdiscussedindetiilinPaPem in
this joumalj and in Food and Chemhxds Toxicol-

ogy. 3The purpose of the Consumption Ratio is to
put the need for safety evaluation of flavoring
substances in proper perspective against the as-
sumed safety oftmditional food consumption.

The Consumption Ratio compares the average
intake of added flavoring materials to the quan-
tities consumed as unavoidable components of
traditional foods. The Consumption Ratio is de-
fined as the ratio between the quantity of a
flavoring material consumed as an ingredient of
basic and traditional foods, and the quantity of
the same flavoring material consumed as a fcmd
additive by the same population over the same
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period. The Consumption Ratio is a number be-
tween O (for flavoring materials not occurring in
food) and infinity (for flavoring materials which
occur in food and are not used as additives).

If the Consumption Ratio of a flavoring mater-
ial is more than 1, this substance is consumed
predominantly as an ingredient of traditional
foods, and it can be called “Food Predominant.”
This has been indicated by a + in the tables. If
the Consumption Ratio is over 10, then the use as
added flavor adds on average less than IOC%to the
total intake of the substance, an almost insignifi-
cant increase. In this case the Food Predom-
inance has been marked as ++.

For the calculation of the Consumption Ratio
data are needed on:
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1. the quantitative occurrence of individual
flavoring materials in traditional foods

2. the average per capita annual consumption of
these foods

3. the quantity of these flavoring materials used
as added flavor, in most cases via the products
of the flavor industry,

The data on quantitative occurrence of flavoring
materials in foods used in this third cumulative
series have largely been derived from five liter-
ature search reports by C IVO in the Nether-
lands.+s This literature search has been fina-
ncially supported by the International Organiza-
tion of the Flavour Industry, IOFI. Additional
quantitative data were published by Dr. de Vin-
cenzi et al., of the Instituto Superiore de Sanita,
in two reports, of which one has been published
in a joumal.g The Commission of the European
Economic Community has provided financial
support for this literature search. Data have also
been contributed by the Subcommittee o. Natu-
ral Occurrence of FE MA, the Flavor and Extract
Manufacturers’ Association of the U.S. Several
flavor manuhcturers have contributed data fkom
their research. If several quantitative data have
been reported for the same substance, the lowest
and highest value have been listed, and the aver-
age of these two values has been used for the cal-
culation. If no usage as added flavoring material
has ken reported, the Consumption Ratio has
been given as: >999,999.

The average consumption of various foods was
obtained fmm trade and growers associations,
statistical and economic services of the U.S. De-
partment of Agriculture and of Commerce or per-
sonal communication from experts. The annual
per capita human consumption of foods used for
the calculations are listed in Table I.

The annual quantities used by the flavor in-
dustry were derived from a U.S. survey. A
joint survey was organized by the National
Academy of Sciences and the FEMA for the year
1982, and published in the report on the use of
food additives by the National Research Coun-
cil/National Academy of Sciences.’0

As data for these three Ewtors are updated, the
Consumption Ratio will be updated. Additional
quantitative data on the occurrence of flavoring
materials in food are being published regularly.
A new survey on the quantities of added flavor-
ing materials used in the U.S. is planned for the
year 1987.

The first series of Consumption Ratios was
published in 1983, covering 93 flavoring mate-
riafs. u This third series contains Consumption
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Ratios for 499 substances, of which 106 are Food
Predominant +, and 309 are ++.

Since data on the quantities of flavoring mate-
rials used as additives are on] y available in the
U. S., Consumption Ratios can only be calculated
for materials used in the U.S. Such materials
occur on the FEMA/GRAS list, or are permitted
in the Code of Federal Regulations. In addition,
the FEMA GRAS list includes 409 flavoring ma-
terials which have not yet been identified in
food, and which, therefore, have a Consumption
Ratio of O.

The five CIVO reports list quantitative occur-
rence in food for an additional 792 flavoring ma-
terials.

Moreover, it is known from qualitative data on
the occurrence of flavoring materials in food in
another series of reports by CIVO, also supported
by IOFI, that, so far, close to 5000 flavoring mate-
rials have been identified in food. Ii

The quantity of the 500 flavoring materials re-
ported in this third cumulative series, used annu-
ally as added flavoring, represents more than
99% by weight of total quantity of all nature
identical flavoring used annually.

In most countries other than the U. S., all na-
ture-identical flavoring materials may be used. It
is quite likely that many of these several
thousand generally known materials me indeed
being used, probably in relatively smafl quanti-
ties. Moreover, it is to be expected that flavor
companies, as a result of their own research, are
aware of tbe existence of many more nature-
identical flavoring materials. Even though the
individual and total quantities of such substances
used can be assumed to be relatively small, a
Consumption Ratio could only be calculated for
them if the quantity used is known.

As explained in the introduction to the Second
Cumulative Series, M lemon oil has been consid-
ered a food for the purpose of the calculation.
The same status has been assigned to spearmint
oil and peppermint oil. Several major spices have
afso been included.

The calculation of the Consumption Ratio has
been camied out by dividing the total annual con-
sumption of a flavoring material as a component
of foods in the U.S. by the annual quantity used
in the U.S. as added flavor. In the case of olive oil
and green tea, the quantities consumed as food
by a population of 230 million are theoretical
values, since they are based on the per capita
consumption of these foods respectively in
France, Italy and Greece (combined) for olive oil
and in Japan for green tea.

No consumption has been calculated for acetic
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acid, since its main consumption is in the form of
natnral or synthetic vinegar.

The Consumption Ratio of Iimonene has only
limited significance, since the d-limonene used
as “added flavoring” is also a natnnd material,
isolated from oranges by distillation.

The Consumption Ratio has been generally ac-
cepted as a valuable tool for the setting of
priorities for the snfety evaluation of flavoring
substances. The general understanding of its sig-
nificance is inspiring flavor researchers tn pub-
lish the results of their work in a form which
clearly relates the quantity of the substances
identified to the food. A recent publication of
Nnuleau and Toulemonde is an excellent exam-
ple of this fortnnate tendency. la
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Is4
almond, roastti

apple juice

apples

artichokes

asperagus

avocados

bacon

banana

beans

beef, roasted

beer

blackberry

blueberry

brandy, grape

bread, mite

bread, dark

brussel sprouts

butter

cabbage

carrots

cauliflower

celery leaves

cheese, blue

cheese, cheddar

cheese, swiss

cherry

chicken

chocolate

ci nnamn

c1. ..s

COC!3+

coccalbutter

coconut

coffee roasted

Crab

crmberrtes

cuctiers

figs, dried

f Ilberts, roasted

fish

ww.

grape, concord

woe Mscat

grapefruit juice

hazelnuts

horsendisb

kl”if wit

1-

Ia@ fat

Table1.Annual Fw Capita Food Ccmsumptbn in tha Unltad Stat6a

Annual lCOp@On
n 9

0.61

3.20

8.10

0.20

0.317

0.70

4.20

10.20

2.20

34.90

94.00

0.22

0.22

0.27

24.70

3.80

0.20

2.00

4.70

3.35

1.60

3.36

O.w

3.90

2.81

0.70

25.20

0.95

0.008

0.004

1.22

0.524

0.18

4.05

0.041

0,61

4.30

0.06

1.18

5.90

4.00

1.00

0.05

1.20

1.18

0.10

0.08

0.11

0.06

ktmn.w
22

25

25

22

50

41

22

27

31

15

21

34

34

4e

31

46

22

19

21

21

22

31

22

29

20

34

22

43

52

44

30

43

22

18

51

41

21

22

Ze

32

34

39

40

25

20

22

41

38

35

Annual Ccmwt i on

E!@ in kg

lemon 011

Ie”tils

lobster

1.wnberty

mmi z.

mango

mslons (musk)

melons, honeydew

■ilk

nJshruun, fresh

wshrom, dried

wstard , brwn & black

nutmeg

olive oil”

onion

orange juice

oregano

Peaches

Peanut. roasted

peanut 011

pear

Peas

power

peppers, bel 1

pewennint oi 1

pimaq.ple

pork

potato chips

potato

potato, sweet

raisin

raspberry

rice. cooked

.

spearmint011
stratierv
tea, black

tea. gmenm

tmto

vanilla

wtdskey

w ne. red

tine. table

wine, kflite

yogurt

0.003

0.35

0.115

0.22

12.35

0,160

9,50

0.90

102.00

0.93

0.004

0.025

0.010

9.30

5.20

Ib, w

0.011

3.50

3.10

0.46

1.20

0.68

0.163

1.60

0.002

2.10

29.20

1,90

51.00

2.80

0.90

0.22

5.W

0.410

0.001

1.60

0.33

0.80

30.30

0.004

1.18

3.90

5.10

1.20

1.20

~
10

31

51

34

21

97

22

22

28

28

22

23

22

17

21

25

44

25

22

41

22

37

42

22

45

25

38

26

21

31

22

34

24

21

45

25

22

53

21

16

21

36

36

36

33

‘ cnn~:ion data for 6reece. France aod Italy

* conswrptio” data for wan
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Cmv3umptlon Ratio and Food Predomlnanoa of Flavorlng Matadals
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