
Consumption of flavoring materials
as food ingredients
and food additives

By J. Stofberg, PFW, Middletown, NY, and
J. Stoffelsma, PFW BV, Amersfoort, The Netherlands

1( is widely acknowledged that IIavm-in,q materials

constitute a special class ;unong hod additive groups,
Safiity ev,duation ancl wgulation 01 food :ldditives are

ge!le~,dl? e;lrried o,lt on :Ln inclividld basis, cxnlsidcr-
ing the wtikd)le tc:st data, d setting maxim, un ,,se
hwels fir their ILW in separate classes of fbod, w in

f<xxl in geni+r:d. From a sufet y viewpoint cstahlishing
;an iwcept, d]lc daily intake (,4DI) lmsed on t}w test
u,sldt d;lt;t is w) even more acc,, rate approach, al-

1 I h:lsis for s?tting rcgulatovythin, gh it is ;i less suits, e

limits,
No such systematic Cvoll,:itiot, has lwen cart-icd ottt

1 m’e,) though A~~S have.ycl Ic]r Ilworing materia s,
IN>.,, established for a few. L The lnost basic rvason
thut this classical fbod additive approach has not hew,

completed fir I]avoring materi:ds is their great number
:md wricty. Flavoring m;ttvri;ds M a group :dready
ml tnltmhtw dl otlwr food ingmdicmts together. With

the strict upproach now t:lker, toward potvnti;d new

t,x,d .dditivcs, it cm) Iw wtticip~ted that the ntm]her

“II grow only wry slowlyof )Io,, fl two)- fbod add i t ivcv w,

in the future, But wc can equatly anticipate that with

every new I]rcakth rough in techniques for the analysis
md idmtif ’ication of fl:mmin~ lrlaterials occurring in
tr;lditional foodstuffs, there will he a whok new gcn-
emtion 0S flavoring materials. Iknclopments in gas
liquid cllr{>mati)gr;l[]t>v (C LC) d spectrornetry over
tlu klst thirty years h:lve macle possible the discovery

of thousands of new Ilmwing suhstanccs, charac-
terized hy their volatility. The current development
01 high performance Iiqttid chmmatogr:q]hy (H PI,C)
will providv us with targe nurnhers of flavoring matc-
ri?]s whic,h al-c not vokltile ,tl[)llgh, or break down too

e;, sily, tor detvvtiou hy gas cllrc,ln;ltc]gra~]t>ic;ll

amdysis. Further ]rcfincment o[ sLLch techniques wil]

i n<rcasingly bring flavor analysis clown from the pprn
1,,1el to the pph [vvvl —:md tn;wy new flavoring mtttv-
rials will thus he identified t}lut are essential at that
I<*wJ fiw hmthw impmvtwlrut or development of
,I:,tttre,-ide,,tic,tl flavors.

‘rhis cxpcctatiml of future developments 31s0 re-

veals mottler, even mom import+mt reason for flavor-
iu,q materials to he considered as u special class of food
ttdditives. Most of them are not only materials added
to food for flworing purpoS~$S, hLlt2 W!tullly> ingre-
dients of mtr trwlitiomd foods. T}w nurnher OSflavor-
ing matwials that have hew, identified in food is grow-

ing rapidly, w}wrwas the relatively smdt nurnher of
flavoriuX m:tteria s1 discovered in organic chemical
Iahomtorics has hecmne almost const<mt and is pmha-
h]y now declining.

T}, e impo,-tamw OS food-identity of flaw]ri”g mate-

]ria]s hw been recognized in their salety ev; duation i“

various ways. It h,LS hewn taker) into consideration hy

the FE?vl A Pane] of Experts CMone of their criteria in

concluding whether a flwwing matmi.d cm he gener-

ally recognized as side (GRAS) as defilwd in the rc,gw
kitions of the Food Drug d Cosmetic Act of the
L7uited States. z III most other cottn tries, natt, re -
ide”tity i“ itsetf’ is considcmd sufficient evidence for
sde ltse of ;1 flavoring materi:d.

To exploit fully the true value of the u;tture-
identical concept it is esse]ltid first to understand its

rcd meming, which is freq(wntly misi”tvrpreted Its
main claim IU widtmce for safe use of a flavoring m:l-
teriid has always [men long and f,worahle experience
with such a materia 1 in humim consumption of tr.idi-
tiomd foods. The fict that a fkoring materiat occurs
in nat, u’v in its widest form does not guarantee that
such consumption has take,, pktce, unless it occurs in

a natural fim[fs tuti. EvctI if the stlhstance occurs in the
natural fhrm 01a S60dstufl, its consumption can still
not h? taken I(w granted, M the fiod may only have
Iwen used in ;, prepared or cooked forln. In that case
only its occtmwnce in the form in which the S[md is
tmditiunally consumed would provide evidence of ILSe
experience. Further, the quw]tity of the moterial cmrl-
su treed per day, as the aver,Lge for u group. or hy au
entire population, is an essential kctor in adducing
evidence of safk IMC

IOFI, the International organization OS the Flavor
lmh,stry, has worked to restore the wdidity of mtture-
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ichmticitl statms hv defining nature-identical flavoring
SI,hstw,ces ,,s “suhstancc+ ohtiiined hY synthesis or
isokdmf through chemical procwsses from amm:l tic
raw ,r,ateri~ils :md c+cmically ichwticd to suhstancw
present in natural products intended fhr humau cm-
sumptio”, either processed or not,”3 \rirt(udly tlw

sam<, dclin ition h:is hew) :tccepted hy the Code
Committcw on Food Additives ot the Codex Alin~em
twius (FA()/\\; H()), 4 and t,;ttt,rv-i[Iv,,tiv,t] flavorings

Imvt heel) twnpomrily endorsed in the (.lnfcx SC))-usc
it) ,r,mly catego,-ies ol Ihocl stuff,,on, this lmsis,s

This tt,lcl(,rst:i,lclirlg of u;dltre-i dentit y 11;,s led to the
concept ol qwmtitativv fim[l-iclvntit y.’ The spccid ;it-
tention ,qivctl to quantifying the mdural occt, rrencc of
flavori]lg materials in traditimml fbod Ie:i(ls to ;,
S[,rther :uudysis of the, importarmc ol the role, 01 llwm-

ing m:derials as fbod ingreclients, 1,) 197$), several
cxamplvs were pl,hlished compating the quantities of
cmtain flavoring matmials usc d hy the flavor ind[,stry
in the United States, und the mnounts of the same
fkwo,-i,~g m;dvrials crest,tnvd ir] smne of the fimds in
which they occ,, r. 7

Tlw mail, ,reasou this qumtit;itive aspect of 6xx1-
identity h:Ls not previously Imen explorecl is almost
cert:iinly the lack OF reliahlc< quantified data on the
occ,, rrence of flworinx materials in fhmls w com

sumed. EvetI this paprr must he limited to only ;I few
fhod categories, on which Imhlishmf quantitative <f:d:i
exist, or on wi, ich the f]:wor research deportment of
Pi+’ has Cmlductcx f quantitative mudyscs, unpul)-
Iislled ;U yet. These qu:mtitatiw ;mdysvs Im.e o[ten

Iweu cwried out or) extracts prepared h) stemn dislil-
kdim). As 10ss?s during such cxtmction pmccdu,-cs arc
tlnavoidahlc, the culc:ulatioll of the quantities acttudly
prescmt in the km{ will ncx:cssarily cvv on the low,
sidv.

Pm several specific flworing iugredivnts, cxmsltnlI]-
tim) d:d:l hy a large population hmw been cdcukded
;md compared with flavor industry us:tgv i,) the

Cnitvd St:dvs i,, the accornp:u]ying t<dllc, In column

1, tlw nmne and FE\fA CR.4S uumher ol these
flavoring ,nateri:ds have hem listed in numeric:d se

qumcc In column 2, the level ol the flavoring #m:de-
rid occurring in the fbod 11:1slwen reported in parts

per lnill ion. ColIImu 3 gives the avcxige ,LIIIIUUIper
apit;i consurnpticm it) a certain population. In the
GM: 0S olive: oil. thf+ population involvvd was the total

combined populations 0S Grvece, Italy, and Spain
(IOZ.8 ,nillicms), since these countries arc some of’the
mai,~ cmsumcrs of the world’s olive oil production. II]
case of tdl other I(mdstuffs the population iu question
was that of the Llnitvd States (216.4 milliuns). In co-
Umll 4, the total arlrlud clmsL1lnptilm hy this pOlNd;l-

tion ol th~ fl:wming material as a compommt of the
fhod is V.Lkllkded hy mldtiplying tlm per c:ipita cons-
umption hy the number of people involved. Column

.5 gives thv total annual LMe of the same flavoring m;,.
terid reported I,y the u nitcd States flavming iodus -
try.

AS thv t,d)h! .OVell only a few food mtegories, it
slm, hl he kept in mind that considmwhle qumti tics of

the flavor materials listed—as well as of very many
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other s-al-c Ix:ing consumed in many other Iixxlst,dh
as wmll, In smne cases fimdstufh Crmtrihuting b mow

to the consumption of the fl:woriug material (s,(d) JS
fruits, i,] the cusv of WB,VI alcohol) have not yet heel,
incl,,ded But even allowing fhr this reservati on,, some
of the quantitative comp:irisons are dmmatic This cl-
lcct will only l,? inmeitsec 1 hy cxtmding tlw st,,dy to
othet- fbdstufls. It should Ix. Iurther noted tlud tile
umsumptim \,iii food includes rc,,]rcsc,ilt~itivt~s (d vari-
01,s kwge d impot-t<mt CI:LSSCS01 Ikn, oringm:dt, ri;lls
discovered md developed over the Imt few <Iem<h+s:
[Iusaturatcd alcohols, diemls, pyr:r~i, )es, phenols, kic,-
t(mes, thi:Lzolc:s, ,1,111othc:rs.

1,1 twal(udil>g tlw s;dety of flaboring materials, the

hwmrd of tlwir toxicity am h{ c+timatcd h) a dccisiot~

tree qlpl-each to their chemical strl,ctt me, their dos-
age. :md the metabolic lnec}m,isn,,s involved, ’14 This

process will result in setting priorities for Sl,rthc,r tvst-
ing to Ix, chnw on cert;lin flavoring iugwdimts. ‘1’he

costs of Iot]g term testing we high and the av.likd]lv
kdxmdory capacity is insufflcicnt, ‘f’here is itlmcwing
dmht almut the validity ol short term trots rh.rv-
fim+,011reasormhle argl,trmmts shottld Iw used to de-

1 1 long and short termtide for which materiil s suc I
testing is w,trmnted :md mc:aniuglul.

@)antitativc: fkl identity rcprcscnts a m:ljor IIcw

tool in helping t,s [,mke this decisi, m Tlw Imsis of

qtumtit:diw fbod identity is the consutrlpti< ],] of u,>.
avoickddc and harmless qu:mtitics 01 fkworing m:dcri-
:ds iu the fkn of t,-:ditiomi I fi)ods. Thewfire ,, co),, -
prchcmive study is needed 01 tlw qwmtitativc owur-
WI,CV of flwming m;deri:ds in all com [mm) I(mds, such
:LS Srltits, vegetables, ,ne;d, Se:,s<) ml, C?,-?,,],> ,,,,<1

spiccw Low prio] -ity fir Ihrther tmtin~ SI1OUld hc as-
si,qwd to those mderi;ds, 16r which llSl! ill flmorings
wou Id mmn only an insiguificmt ;tddition to thvir

1“ 1 fimds which maynormal mnsumptim in trx ]tmna
he cmsidcred salt:. Priority l<). the testing 0( well
flwmritlg materi:ds should hc similar to th:d ol’ the
fired in which they occur,
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I 2 3 4 5

Flavoring .ater ial occurring concen - Re f Annual perl R. f A..., ) per cap, Ann., ) coral
in trat ion

By the Total ,.”.,1 sage by

N,, ,1!,
cap. cons- cons .rnpt ion of consumption

FEP.A GRAS /: .mpt ion of
POPU1a- the Flavor Industry of

flavoring mat- of the flavor- tion of the U.S.
this food trial via this ing material

food 1973 1917via this food

,henylacetaldeh Yde potato
2874 chips 3.6 PP. 20 ).99 kg 13 7.2 mg 1550 kg U.S.A. 491 kg

cocoa 0. 5-3 PP. 8 1,22 kg 9 0.6 3.7 mg 132 792 kg U.S.A.

?-phenyl prowl acetate .0.’3, 0.5 PP. 8 1.22 kg 9 0.6 mg 132 kg U.S.A.
2890

149 kg

,iper idine roasted
2908 co f fee 1 Pm 28 4.85 kg II 4.9 mg 1050 kg U.S.A. 32 kg 308 kg

wr idine roasted
2966 COf fee 49 PP. 8 4.85 kg II 238 !!lg 51b27 kg U.S.A. 70 kg

0.1 PP. 8 40.3 kg 9 4.0 mg 872 kg U.S.A.

,cetylpyrazine roas ted
3126 coffee 1.3 PP. 8 4.85 kg II 6.3 .9 1364 kg U.S.A. 6.8 kg

2-, soburyl thiazole tomatoes 59-140 ppb 29 32.9 kg 12 1.9 4.6 mg 420 997 kg U.S.A.
3134

23 kg

2-t-4 -t-de cadienal olive oil 1.4ppm 8 9.3 kg ~7 13 W 1338 kg Greece, 39 kg
3135

38 kg
Italy and
SDain

potato
chips 1.5 pp. 20 1.99 kg 13 3.0 mg 646 kg U.S.A.

2-ethy l-3,5 or 6- potat’c

dimethyl pyrazine 31h9 chips 0.67 PP. 30 1.99 kg 13 1.3 mg 288 kg U.S.A. 12 kg

cocoa 2.8 PW 14 1.22 kg 9 3.4 mg 739 kg U.S.A.

roasted

beef 0.12 PP. 8 40.3 kg 9 4.8 mg 1046 kg U.S.A.

beer 0.02 pp. 31 90 kg 10 l.anw 390 kg U.S.A.



52 3 4

Ann., ) P,, ,

.,3P. cons-
“!lwt ion 01
this food

c“n’erl -
tratio”

R. f

13

13

9

Annual per cap.

coos ..mpl ior, of
flavoring “tat-

crial via this
food

Annual total

COns. ”,pt ion
of the flavor-

ing material
via this food

By the

Popula-
tion of

Total annual usage by
the Flavor lnd. <try of

the U.S.

ICc. rrlng
I.

1973

!2 kg

6.8 kg

32 kg

18kg

26 kg

potato
chips

potato

chips

roasted

beef

olive oil

roasted

COf fee

olive oil

potato
chip.

olive oil

olive oil

onions

3-ethy l-2,6 dimethyl
pyrazine 3150

2-ethyl -5-me thylpyraz; n,
3154

.1-1.4m

.1-2.5 PPr

0.07 w.

.99 kg 0.2 2.8 w

0.2 5.0 .9

2.8 w

43 603 kg

43 1076 kg

610 kg

U.S.A.

U.S.A.

U.S.A.

0.3 kg

1,99 kg

40.3 kg

3.8 PD.o-ethy I phenol
3156

17 35.3 .9 3633 kg ;,. ’?..,

taly and
SP.sin

2- furyl methyl ketone
3163

2,4-h eptadienal
3164

48,5 w10 PP. 4.85 kg II
—

17

10495 kg u.s.A.

382 kg0.4 PP. 9.3 kg 3.7 .9 ;.., ’,,
t,ly and

,pain

2-heptenal
3165 0.36 PP.

6 PP.

0.1 pp.

0,7 PP.

1.99 kg

9.3 @

)3

17

0.7 w

55.8 w

155 kg

5736 kg

U.S.A.

;,!?, ...

taly and
,pain

51 kg

L
l-met hylnaphthalene

3193

2-rce thy l-2- Pentenal
3194

9.3 kg

6,3 kg

17

12

0.93 w

4.4 .9

95.6 kg

954 kg

2.7 kg

23 kg

;,,. . . ,
taly and

,pain

0,4 kgU.S.A.



5-methy l-2-pheny l-2-
hexenal 3199

: methyl propyl di sulfide
3201

1methyl -2- Py, rol’fl keto,, e
3202

I

~

!’ 3212

I ,. .onena I
3213

delta octal actone

3214

Z-o. tenal

3215

Phenol
3223

pmwwl prom) disul fide
3227

1=cocoa

onions

roasted
beef

potato
chips

potato
chips

potato
chip,

..cumbe

butter

potato
chips

roas led
coffee

2

c’mc. n- rR, f
trat ion

0.5 PP. 8

I

II PP.

18
I

0.35 PP.

18

0.02 PP. 20

,

0.04 PP. 20

-1
0,3 PP. 20

3 pp. 26

2.6 PP. 18

I

-v-

A,,.,,. ) W,

cap. con, -
un, ption of
thi s food

1.22 kg

6.3 kg

40.3 kg

90 kg

1.99 kg

1.99 k<

1.99 kg

4.76 k$

2,0 kg

1.99 k:

4.85 k$

6.3 kg

3

R, f

—

9

—

12

—

9

10
—

13
—

13

—

13

12

19

—

13
—

II
—

12

Anr, ual per caP.

.O. swnpr ion of
flavoring rmat -

erial via this
food

0.6 w

69 w

14 mg

)26 rng

0.04 w

0.08 mg

0.6 mg

14.3 .9

5.2 mg

0.28 m~

63 291 w

61 w

Annual coral

consumption
of the flavo, -
ing material

via this food

132 kg

14996 kg

3052 kg

27266 kg

8.6 kg

)7.2 kg

129 kg

3,090 kg

3644 62972 kg

)3224 kg

By the
popul a-

tion of

u.s.A.

U.S.A.

u.s.A.

u.s.A.

u.S.A.

U.S.A.

u.s.A.

U.S.A.

u.s.A.

U.S.A.

U.5. A.

U.S.A.

*
1973

)1.3kg

25 kg

5,4 kg

2.7 kg

42 kg

34 kg

I 30 kg

77 kg

6.8 kg

40 kg

3,2 kg
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1 2 3 4 5

la.ori. g race rial occurring con.cn - Re f Annual Per R, f Annual per cap. Annual total

in trac ion

By the Total . . ...1 “sage by
cap. cons-

,7.,!?
‘Ons.mpr i.!> of COn, .mpt t on

FEMA GR,V :!
PoP.la- the Flavor Industry of

.rnptic’n of f]avo ring m.3r - of the flavor- tio” of
thi s food

the U.S.
erial via this inq material
food via this food

1973 1977

Z-acety] thiazole cocoa 0.06 PP. 8 1.22 kg 9 0.07 .g 15.8 kg u.s.A.

3328

2.3kg

2-met hoxy-3 (5 and 6)- tnmatoes 0.1 pob 33 32.9 kg 12 0,003 w

isoproPYlwrazine 3358
0.7 kg U.S.A. 0.2 kg

2-.ethy lterrahydro- potato

f uran-3-o.e 3373 chi~s 0.06 Pwr 20 1.99 kg )3 0.12 mg 25.8 kg U.S.A. 0.15 kg

..na-2- trans,6-c is-d ienal cucumbers

3377 3.3 w. 23 4.76 kg 12 15.7 nlg 3399 kg U.S.A. 1.36 kg

Pyrrole roasted

3386 coffee 2.7 pp. 8 4,8s kg II 13.1 mg 2834 kg U.S.A. 0.15 kg

,., s ted
beef 0.02 PP. 8 40.3 kg 9 0.8 mg 174 kg U.S.A.

2-.ndecenal potato

3423 chips O,lb PP. 20 ).99 kg 13 0.28 w 60 kg u.s.A. 0.I5 kg

olive oil 6 PP. 8 9.3 kg 17 56 mg 5736 kg Greece,

Italy and

Spain

ci, -6-no nen- l-01 cucumbers 0.05 pp. 26 4.76 kg 12 0.2 W 51 kg u.s.A. 2.0 kg

3465

o-cre, ol roasted 1.2-12.4 16 4.85 kg II 5.8- 6omg 1259 13014 kg U.S.A. 2.5 kg

3480 coffee pp.

Prwanechiol onions 0.3 PP. 8 6.3 kg 12 ).9 W 409 kg U.S.A.

3521

2.5 kg

wrroljd!.e roas ted

3523 coffee 6 w. 28 4,85 kg II 29 mg 6297 kg U.S.A. 12 kg
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