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Report of the Sciemtific Committee for Food on Anticxidarts

fopinion expressed 11 December 19872

TEFRMS OF REFERENCE

To review the availaole data on the safety of antioxidants.

PAGRArS

The (ommittee has carried oot ad hoc reviews of the safety of a rumber of atiowidats ower
a period of tima-

- @llates, 2 July 1974;

- tertiary butylhydroguinone (TEHG) (umpubilished] ;
- butylated hydrexyanisole (BHA), 2 April 1983;
- erythorbic acid (unpabl ished).

Fol lewing these evaluatiors, & particularly that of 84A, the [ommittee recommended that
the safety of other anticxidants should also be assessed. This revier became more pressing
with the disclosure in 1983 of suspected adverse effects of butylated hydrasyvtoluene (BT
n rats, aw the Commissicon decided that the Committes should undertake a complete revision
of a rumber of shbstances Listed as antioxidants in the Directive on Atioxidants.

This view was uidertaken up to March 1986 ardd the results mack known to interested parties.
In the meantime new data have become availaile, =nd prior to puilication of the recort the
Comeditteg (reconstituted im Aprdl 1586) has been asked to advise on whether these new data
would affect the conclusices drawn in 1984,

The (ommittes believes that it would be pramature to wndertake a further major review ac
this time as clarification of a rumber of cutstanding qestions, particularly on BHA, is
exgoctod to beceme availadile during the mext two to three years. At that tire, or soooer,
if the data are such as to warrant more immediate rhange, the Committes would wish to
uncertake a further comprphensive review of the safety of antioxidants. In the meatire
the earlier concbusiore remain walid,



The substaices included in the reyiew zre -

L=ascarbic acid {F 3000,

Sdium L-zscorbate (£ 3013;

Caletum L-ascorbare {E 32h;

Ascorby [ palmitate (E 3043;

Tecopterol estrants (E 3063 ;

Alpha-tocophersl (€ 307,

Gamvre—tooopherol (B 308);

Delis—tocophernl (E 3090 ;

Progyl mallate 8 310);

Cotyl mallate (E 315

Codecyl gallate (€ 312;

Butylated hydrowyanisole (£ 320
and Butylated hydrosytoluens (£ 3210,

bata were 2l81 provided on the antioxidants :

Tertiary butylhydroguimene {TEHI)
E gu) Erythorbic acid.

The Lommttee was assisted im its review By docurentat fon provided by the Confederation of
the Food ad Orirks Industries of the EEC on the mde af action of atioxidatz, the meed
for their use and possible hazamds in the absemce of antioxidants.  Information 1 Grrent
ratioral legislation reflecting current usage patterrs was previded from the Commizsian
files,

Commt ttee members participated in an af hoo working groep of experts oo antioxidants which
ook .pLa:E €5, 24 Octoker 1684

My toeicological data availasle only in summary fom to the ad hoo working grep were
presented to the Commtios during the present review, The main sources of tox fenlngical,
dats are referonced.

MECHANIEMS OF OXIDATION

Lhsaturated fatty acicds are pergeidized in the presence of molecular cwygen by a three=scep
rextion invalving free radical Snitiation, propagation ad firably the apeargice of
secorchry prochucts (fermiral oronessh,

In the inttistion step, the wmsaturated Lipid (LH) 15 cormerted wia hydragen dstract ion
inte & Lipid free ratical L, in a process catalysed by light, heat or traces of trasition
metals.  This carborrcentered radical is oxidised by molecular oxygen to a Lipid perosyl
Pacdical LOO. which 13 capadle of participating im the iritiation process by abstracting



hydrogen fram arother Lipid molecule {LH) thws leading to propagation of the oxidation
reaction, The Lipid hydroperoxice formed by hydrooen coration to the peroxyl radfeal
decompeses by seconchry rexctiors to a wide variety of mororeric and polymeric products the
chemistry of which f2 not yet fully uncerstood.  In the temiral process, low melecular
L0. which in turn will break down on beating or metal eatalysis to varicus types of
gecondAry products dncluding aldetdes, ketcnes, aleohols, esters, alkyl radicals and short
chain hydrosadoans.

LH 1 L. + H.
L. + t}z -1 Lo
LK. + LM - LOH + L.
LOCH == LG, + £H.

Chain termination processes include -

L. + L. —I secordary products
L. + L. —1 secondary products
Lo, + LoD, - seconchry products

the third of which i3 probably the most dmportant at mormb cxygen pressures.

Three essential chjectioms 1o the presence of products of Lipid peroxidstion in food o be
alvanced -

1. & rarber of volatile gecorchry products give rise o of feodours avd of F-flavours which
gre rot acceptable to the consamer.

£. The nutritioral watue of food may be decressed by the destruction of unsaturated fatty
acide gd of other essential food constitients pessessing a1 ueaturated strugture,
e.g. Vitamin Al

3. Adverse health effects hawe been ascribed o the ingestion of Lipid peroaxidation
products though this topic has not been extersively studied. It i3, hewewer, clear
that :



ta) certain peroxidation products fuch as maloraldehyde and hydroperoxy derivatives of
rethyl Liroleate and methyl Linclenate are mutagens ad that

(b} lipid peroxidation induced in vive 15 associated with detrimental cisturbances of
membr e integrity and function. Rancidity itself may Limit the intake of Llipid
permyices.

ACTION OF ANTIUXIDANTS IM FATS AND OIS

Pherolic atiowidants (AH) imterfere with Lipid peroxidation by reaction with the radicals
formad ¢

LOC. + AH —3 LH + A,
Lo. + AH —=3 LH + A,
L. + AH ==l LH + A,

CH., + MH —) I-&D + Al

Amorg these reactiorns, stawerging of the carbomrecntered ragdical L. iz assumed to be less
ef ficient thay scovenging of the oxygerrcentered radicals, esperialiy of the peraxyl
radical LOC.. By remowal of L0OO. the antioxidant has a chairrhreaking actiom; this ation
15 mxt powerful during the early fnduction period when peroxide accumation proceeds
slowly but will Be less successtul orice corsiderable peroxide levels howe Deen achieved.

At elevated temperatures when peroxide formation i3 gocoelerated optimal anticxidast
concentrations are higher than those at rcom tomperatuce.

Aiticeidats are themse lwes comerted into radieal species during their iphibitory ation
o Lipid pergxication.  These pheroxyl radicals A. udergo a variety of reactiors :

T. The radical can be further oxidized to vield a stable guircre.

2. The parent antigxidant ¢an be regererated by reducing agents; thic s a fundamental
mehaifsm of syrergian beteeen Individual ationidmts (see below).

3. Dimerisation cam take place, &d oligomers can alac be farmed.

4o The radfical can formm acoucts with Lipid peroxyl radicals to yield various norradicl
species,



The fate of atiowidant-cerived pheraxy! radicals has been studied in model systems using
well-dofined substrates such as a sperific Linoleic acid hydeoperoxige or
tertfatvihvdroperonide, o the structure of ol igorers e acdoucts has been desoribed.
Howaver, Little i known sbout the fate of mtiowidants in peroxidised fats and oils.

At wery hich ontioxidant cercentratiors, the romoval of the aticxidant—derived pheromyl
radicals by the prcesses Listed showe may be incomplete, and pro-oxidative effects of the
remginim radicals my ocewr, |

Ot imum antiogidative concentratiors at 2 givenm temperature ¢o exist for phenal ic
antionidats, retahly tacopherols, which when exceeded result in decreased instead of
incressed stability of the fat or oil to be protected.

SYNERGI ™M

3ymergign can take place between two antioxidants or between & mitioxidant and anathes
type of cempaund. Two fundarentzl mochenists of swnergise can be oescribed -

1. The symergist ats by receroratin the parent atioxidant malecute AH from the phanosyl
radical A, which has heen farmed by the protection process, The cynergisam betuween
ascortiic acid, ascorbate of ascortyl palminate o the oe hand and tocopherols on the
other hayl is comronly aseribed to such action. The action of Vitamin € coumpounds on
neroxidising Linid may bowsver rot Be restricted to such symergist effects; a scaverger
affect om pereeyl and alkoxyl redicals has rot Been excluded.  The syrergism between
BHA and BMT has been studiod in 2 rodel gystem using the peraxyl radical pregared from
tert-butylhydroperoxice, and it was shown thet the BMA phenoxyl radical accents
ydrcoen from BHT to rogenerate BHA while THY dtself 45 ovidised 1o the quincne
methicks,

2. Functioral synerpien 15 present botwsen phonolic antiowidants and metal geguestering
aents Like ¢itric acid, rhosphoric zoid or EDTAD the Latler will gocreass the
concentration of free transition metal doms md thus remeve hiohly active catalysts of
the dnitiation process and of the hydro=—eroxice deconposition process.

The present Carneil Directive on anticatdants im food contadire o List of substances which
erharce the artioxidant effect of prirery aticxidats., The safety in use of these
sustances which may aley fulfil other technological functione in food is presently being
Feviowed by the Corerdttes,

Citete acid and phosohordc 2cfd are marticularly wseful i weostable oils, bA rot Aimal
fats.  This hog heon ascribed to the facr thzr, ukile vemtable fats contain significant
meantities of tocorherals, animal fats uscally contadin wery Litite,  Hence the acids
irwnlved in this syneraist cawot fulfil their functicn.



HED EOR ANTIONIDANTS

Antionicnt technaloqy 13 dmpertant in presenving edible fats, oils = lipid—containing

froo developmont of objecticnzble Flavours and odours, sich as those resulting from
oxidathve rencigity 2o from formatiom of decarmosition products which, as ment joned
earbier, may be harmful. furthermore, the rutritiorol geality of foodstoffs Mgy bo
fecreased by the oxidative loss of the fat soluble Witamins & ard E, or of unsaturated
fatty acids.  Mtiowidats, to be effective, must be used with food materials of good
oaality.  They will not protect tor mask) fat or fatty food which has MArexdy deterioratad
from shomive storage or wvhich was preparad from onsood eaw materials.  Bast results cam
‘e expectec only if the antioxidaits are incorporated promptly inte freskly prepared
products of weod auatity ot if these products are subsequently packaosd progerly axd
stored under garrect conditizes,

The Committee was informed thet mtioxidants are used for 2 runber of purposes. They can
b of wge in raintaining oraxnatestic gulity by swiding rascidity, There is economic
berefit in the extension of the shelf-life of the foodstuff (this my Yo of sionificance
for foodstutfs orocessed in one country 2 sold in other EEC countries or for foogstuffs
of low cersumntion, for which a loac shelf-Life is desiralel. As regards the
technolontos!l benefits, very often the firal processer of the foodstuff has to store an oil
or fat used 25 an imoredient.  These ingredisnts rood protection during storage ad befare
further processine can take place g the antioxidant has technological usefulress in
raintairiny the droredient Sn aoed quelity.

Iformation submitted to the Committee svwests the pringizsal, bot rot axclusive, wses of
miionidmits are to be found in the follewine nroums of foodstu® s,

Vitanin premarat jons - presonvalt ion of wvitanin content

Flavours 3 = sersitive compoune's, e.o, terpencs, aldehyces oxidize essential
oils 1 eaztly

.Fl"‘l'i!.'r]l fa'_i ¥
Cutter fat ]
Yoeetahtie oile b

Shortraires 1 = orctertion of the oil or 37 roeseeest of the OrOCLGT

Gisruits 4
D H
Tnack faodz )
Pute b



Chewing am ] — preservat fon of the unsaturated reture of the gum base; mtioxicant ransing
in the tose ad i rot romally ingested in signiticamt quantities

Pried soups 1~ protecticn of unsaturated fatty acids which give the characteristic flavour

Favorraise and J - protestion of vil content during sterase
emulcified sauces ) '

Salted maroarines 3 - animal fat hased micgarines require additicral antiosidant

Fotale gramules, 1 - protection of unsaturated fatty acids; protection of the
tlakes and powder)  product deirg processine and storsge

LEVEL, OF UST; DAILY INTAKE

The Committee was provided with infarmation on 1sage levels of antioxidants in food in the EEC
Pomler States.  This information showed consicerable differsnces in usage patterng. It
mnoears that these differences have been tauzed by a combiration of several facters Ce.q.
special rules on the tyres of ofl which might be used for specific purposes, availaility

of rarticular sntioxidants, recipe traditions, distribution netwark).  For similer

ressons, onby imited informaticn wos available to the Committee on interchangeasility of
antioidants d the corseqenses that eculd ensue if the use of ore or other sEstance

were to be qurtailed,

Meertheless, the Committes was piven estimates of pessible total intake of antiosidants
which waried frem abont 14 mo/mersonfday hosed on theoretical calculations to aout 1 g
Eosed on statistics on productisn and sale of anticeidants in thp EEC.

Maither aonroach btakes into aocoust the losses of atioeicdants during processing. This
varies acerding to the foockiuff in question g the antiozident concermed.  In the cige
of prenotic sticeidants wsed in biscuits and snack foods (their main used, the figures for
lozs zre said to be of the order of 3% and SOHYT regpect ively.

The datly intake (macimom) of D& has Beon estizated to be 4 mo in the hetherlowds.  BHT
! eallates were ot detected in the frods owamind,

The Lormittes erphasised the nesd for more extensive Snformation on the daily intake of
anticcidnts, including kaoulodee ofF e intehe of irdividal sompourds.



MUTRITIMMNAL THPLICATIONS RELATIMG TO P YIRSATURATED FATS AND QILS

This review is rot concermned with the probless of diet or with consiceration of the
pessible advintanes or disahentages of palynsaturated fats in comparisen with other fats,
Howewvar, it shocld be noted that in the absencs of mitienidants, the dietary lewel of
polvonsaturated fats may fall.

TORICOLOGTCA. EVALNATION

A surmaty of the evaluations is giver in Anrex 1,

The Committec's assescronts of individal suhstances are contained in Avrex 2. Howewer,
sme rerersl comments are pertinent,

Farry reviews have anceared on the biotagical effects of Lipid owidation products and their
relevence to cancer.  Lipid oxidation products have been implicated in the disrption of
hiclogical merbrames, the iractvation of enzymes and domage to proteirs, the formatior of
ane piomnts in damsged coll membraes, oxidative damage to the lung b atmospheric
pollutants, and in the cassation of camcer. It s postulated that chemical CACC iNcoRres s
results from oxidation of chemical agents into reactive intermediates; and experimental
stugies in which entioxidants, such as 8HA ad BHT, have been shown to possess
anti=carcirocenic progerties have been interpreted as demrstrating beneficisl effects of
antioxidant activity in scaverging free radicals.  Howeuer, this is probably of Little
relevante to the use of atiodidants as food additives where the intskes sre small compared
with these employed escerirentally - and there s ro evidence thet such direct berefits to
health (as might arise from prevention of in yive autg=oxidation? results from the
inestion of food to which sticxidants have beem added ©or fmoortant techrologicat
Purpases.  Rar 15 it clear the extent to which dnestior of foods which in the atmence of
adied antiowidants could contain Uipdd osidation products would alter the actual intake of
sach mroducts o bo Likely to Lead 1o acverse health effests. Rancidity tself Mgy Limit
intake,

In assessing the safoty Min wse' of fndiwidual antigidants the Committee raised questiors
of witkr toricoloeical primciale.  The results of recent earcinocenicity studies with BHA
and FIIT {lorethar with dats from whseqment research into fecificity and mochanism of
aticn of FHAY mpckr Tt recessary to consider bath the concent of a threshald for
tmesioeresis {in the dcence of evidencs of mermotoricity) anc whether effacts in the
racdent forssterach ghould be considered sionifizant for prediction of effects oo fuman
Realth,

The formittes considerad thet 4 such tumour production 15 either ireclevant in the oontext
af risk to the consumee, of caneble of beino dealt with in the sae way as any other toxic
effect with & deronstranle threshald, then the unual safely factor should ke emploved in
wsina a2 NEL to establish ao AR, Furthermore, 1 the wamneicaric properties of BHA ad
FHT in rodents are not congidored tmocrtant #s predictors of possible effeets in humans
then there should %e ne reod to carry ot steistly corparsble tynog of



lonc-termfearcinorericity stucies with other pherclic antioxidants.  Likewise, if the
effects of AHA on the rocknt forestomach are not comsidered relevan: for meen, then
distinction hetueer cther tioxicants on the basis of thoir &ility to produce hyperplasia
i this ararr should not be mart of the assesseent of their safety in use,

The fommittes resomised that there swas 2 threshold for the roemcenotorie turorigenic
effects of BHA and MHT. o the case of BT, it wag decided that since the MEL for
tumorioonesis 48 hicher thae that for haererrhagic ond other tovic effects, the ADE should
be based on these Latter effects, with & stadlord safesy factor of 100, It was not
consickrad necessary to ask for carcimcrenicity stugies of simitar cesign to be carried oo
ce other eheralic antioxidmts,  With THA, althouch the Committes thought the effects on
the rodent forestorack were wunbikely to ke relevent for man {and were reassured by regults
frem species without 2 forestornzch) they fid rot feel able to dismiss the farettomach
firdings camnletely - and vsed the MEL for induction of byperplasia in the rat forestangch
as the basts for setting an ADL, witheut usino a greater safety factor than ususl.
Whether therz is a need for further studiez of induction of foresiorach myperplasia by
other atiowidants, will depend on the results of cnming studhes with BHA,

The Corrittes recormended that the Comrission carry ot regular reviews of the toxicolooy
ad lewis of usefintake of the food additive mtioeidants,  This is to ensure that the
Intakes of B and BHT are dncked zecentable, ad that oy changimn patterrs of use, in the
vake of recent concerms with I8 ad 84T, o net result 9n 2oy ndesirasle ncrease in the
uz=fintake of pther antioeidsmss, civen the possivle rend to ee propert iorately. Larger
grovnts of other corpounrs o achiswe the sare techralogical effects,

In the cage of ascortic acid ane tocorherots, the Cormitter oid mot thirk §s propriate to
setoan BRD for A vitamin present raterally 90 the oi=t at far higher Lewels tha would be
contrissed by their yse ag ot iceidants,
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ASSESSMENT OF INDIVIDUM. ANTIOXIDANTS

t—ascorbic acid,__an:l s caloium and sodium ﬂsg_l_._ti

Astorbic acid (Witamim L) 95 present in many ranidly growing leafy wegetables, tomatoes,
Fotatces ot frufts,  Foos of animal origin are poor sources. taly L+ ascorbic acis is
wred a5 & fodd addities,

Ascorbetes are used a5 irhibitars of erzymatic browning, as atioxidants in a variety of
feods andd haunrages,

Toxicelogical data from short-term, lorr-term, reprodictive avd taratagenicity studies were
aailable ad showed ro evidence of adwerse effects ewen at relatively high dosage (from
-2 9/ko befdd. Mtapenicity data stow that ascorbic acid doss rot C3USE gere mutat iong
ard although in vitro tests suggest that 17 causes DNA strond breaks and chromysome damage,
the Linited in wivo dats 2re negative.  Ascorbic acid aspears to be &le to patentiate or
irhisit the rotarenic effects of other chenicals.

Fome studies in man indicated a diuretic effect at 5 mgfkg D oand glycosuria at

HAIE0 mafkn ow - Bt these results were not confirmed in Large scale, double blind
stuties.  Beily thergiectic ooses of the omder of 100 Tcikg w cver a long periog have rot
show adverse effecte,

It 1= pstinated that the rorral daily intake of z2scorbic acid from natueal soureds s
F00 re. The Committes comsicerod that the use of ascorbis 2oid ol its caleium and
sorium £alts as fond additives would reoresont ooly a wery a1l frection of the total
dietery intaks,

The Comrittes ~hornfore depiged it wog inaspreoriate o estahlish an AT for L-ascoebic
eetd o dits caledum o sodiim catts, vhich thoy foord accentaile
for food nodlizien s

=



Aseorty| palmitate

fctorbyl palmitate 1% presumed to wield ascorbic aeid Aoring digestion,

bacoryl nalmitate is wsed a3 & @ tioxidast in eookira fats. The cotwercial material
Fested was thought to have comtained 5-20K ascorbyl stesrate and BC-O5Y palmitate, The
cats would therefore be suitsble for maliating the stearate,

Towicalonical darz from short-tem {u= to nine months) and lovgtem studies were available
in which o atherse effects wore noted at 0252 in the diet. The formation of bladdere
stores i a foo mimals in high dose croums was not thoasht ta be relevant for mon.

The Committes docided that ascarbyl palmitate was acceptable, with ascorbie acid and its
salts, far food alditive use.

Taesoorbhic acid — opinion expressed I Septenber 1984

The Comittes was asked to corsider the safety in wse in food of iwoascorbic acid
forythorbic 20idh as & stiowidant, pertizularly in meat products ad in Oimuorted) wires.

The Lommittee was informed that dsoascorlzic zcid can e used 90 meal products for the sam
rureeses as ascarbic acid, correspondine quantities having the same technological effect.

e use of jspascorhic 2cid inwire 15 rot amhorised at Comanity level Tt discussion has
won takinn nlaco tnoamerd thesn rubes, st least ag far as drports are concerned.

The Mremittes has not consdderer’ 4n detait the soecial probless that micht exist for all
ealts of igmascornie zcid, but s ooindon on the acic tself s walid also for the sadium,
jartassiun md celodus =alte,

Itmampartic Acict <as ewaluated By JECEA Ar 19607 and 1973, A ADD of 05 egfhg b was
patetliskae! by that Cormittze on the basds of a lone-term stury in rats. Sioce that time
A errsidertile amont of acditiomal studies have hogrme suailaole, which are concerned
rarticularly with the nialociecal beravior of the substoce. Terelore 2 resporaisal of
tha etz ity of the ~ata hed hecors mecoscary.

Flthooes the aovrent peti-ergriasic activite of single ooees of isooerorhic scid 5 sbout
% o0f tkat of avcorin agicd, Lares dhmer gwer orolorcod norinds Will relisve the gymotins
of aturew, Trpogcorbic a01d 99 gosurked less sfficiently o car comgwle with ascorbic

Al for trorsoart mechaniens, It reduges the sscortic roif Dodv pocl and dncreases



ascortyic acid turnover, redutes itz half-life ond cepreszes the bicavaisbility of ascorbic
aic by almost 50K, Iscascorhic acid is Lareely excratad in the urirg bot the fate in the
voe of -3 45 unkrown; nor gre the metabolites known,  Sore huran tissues sppear to
hawe sterecspecific ustake.  Unnublished data sugoest failure of ismascorbic acid to be
transnarted into graulocytes end irhibition of dscorbic acid uptake imman,  The
evailsble short-tem ard lonoterm studics are inadesuate as only one dose Lewal was
tested.  Althench no adverse offerts were roted, there is ro informat ioe on reproductjve
funetion of terataginicity.  The bictogical competiticn with ascorbic zcid may b of
sionificance for peonle with mergiral ascorbic acid intzke.  The estimatad intake may be
{rfi af the daily ascorhic acid recuiremns.

Tte (ermittee concluded that the avatlable data are iradequate for tull touicglogical
evaluation of the substance.  Furthermore, the [ormittee was aware of the possibility that
the chserved commetitive interference of isoascorbic 2cid with the sesorption and
distritution of sctorbic acid, ad the resulta denleticn of body reserves of ascorbic
acic, could be of sicmificance for peonle with horder Line intakes of ascorbic acid, The
Comrities was therefare of the cpinion that the vse of Temdscnrbic acis in food avd drink
is not accentable, and mo ADL was estahlished,

Tooopherol extracts; alpha—, breda—, oo a? delta-tocopherol: alpha- toogphergl acetate

¥itamin £ consists of a oroup of eicht clessly related comounds, namely four tocophercls
st four tocotriemols.  Pariicularly swodant in weostable gils are alpha—, beta—, (erea-
sd celta~tocopheral.  Thew all contain an hydroxy=bearing aromstic ring system and an
Twrnrenoid side=chain, bur differ in the rumber of methyl groups boond to the aromatic
tiro,  There are three sich rethyl arems in alpha-tococherol, teo 9n beta~ o
camma-tocorhercl, and ealy cne 9 cbltatoenpherol.

Meritioral deficiency of vitamin £ 9n rogents leacks to sterility and ruscular woakiess ond
atrophy.  In humane evidence of torocherol detisiensy seprcaching the severity of that
roted in avimalg has been oheerved 10 matieats With lonstarding fas maldozorption in
asmciation with clinfcal conditiaos such as rourepathy and myopethy.  The specific
milecelar finctions of the Vitamin E compaureds 35 rot known with cortainty but there is
crodd evidence that they are closely associated with Lindds throughout the Body and active
ir gishilizion hichly unsaturated fatty acics in the cell against oxidation. A protective
effert of tocorherals on the tnteerity of cell meshrases is alse estahlished.  In
evalintine relative hielanical aczivities of the tocesrerels including the anti—haemalytic
ancd in wive anti-oridat fue 2ctivity, the number and position of the methyl groust in the
fenzene rire are fmrgriant. The mest active form Ss (i-alrha-tococheral .
tlTheta-tocacherol has gwout J5E-S0R such activity, Mm@ (fl-osmme—toroghernl has Eoot
10378 25 much as (d)-alrta-tgoophero!, depending o the assay uoed,

The racomrendec caily dietary intake of Vitamin £, exs=esssd as fdi-alpha-tocoptierol
rouiwalents, i 10 mofadult mele and B mofacdult ferale,  The recommended intake of Vitamin
E ineroazes durine oreomanoy ond lactation by 1 oard 3 modtay, respectively,  These intakes
are Likely Bo be ret by the levis of totorherals narrally Qo tureing in oy foods such as
venatahle gils, carsals, rots and Leafy vepotahies,



Clinical data are awailable irdicating that adult humans cen irgest far a few years daily
deses of Vitanin B in the order of 100 mp of zhove without adwerse effects.
Hymeryitamioes i5 has been reported in huran beirgs only at oral desage Llevels dn escess of
400 mofday. M dncreased mortality risk has been claimed to be asscoiated with intakes of
Vitamin E i exgess of 1 afpersonfday.  On the whale, these dota are rot sufficient ta
aigast long—term elfocts in huma subiects of high inzakes of Vitamin E.

In view of their antiowidant proserties, tacenherols are also-eed as additives dn food ta
mrevent the destrictive, ron—oravmatic attack of molesular orygen on the double honds of
the palyongaturated fatty acids. The relative sntickidant efficiency of the different
totophercls Gn foods depends umon the nature of the suhstrate, the temperature and,
meesibby, the congentraticn.  For example, gamma—tocooherc! was more a0t ive thao delta
rocoaherol and such more than alpha-tecepherel in inhibiting oxidation of land &t 57°C,
whereas carma~tocooherol was the most effective, closely fol lowed Wy the alpha-form, 9n
protecting safflower oil at 63°%¢,

The tocapherols commercially avaflable gz food additives ere mixtures of natural comoounds
(E304) or single synthetic (4,07 alohe—(E207), gamna-(E308) od delta-tocochersl (E309).
The E£254 chtaired from vecetanle oils 15 & micture of () 2iphe—, beta—, garma— and
delta-tocopheral;  the procortion of these four forre wveries attording to the sowrce of
the ail.  Thus, for exarole, (d) alohe-tooooRerol 8 predomirant in sndlower 3g obive
ail, whareas ) sanmar and delta-tocoohorols predominate in zovbean oil.  Other mixtures,
callad "mixed toconherols" and "BOHZ0 nixed tocopherels”, are =old mainly for their Witamn
E ativity, they contain not mare than 5% or 7% of romalphe-tocopheral respectively, the
rest heing (dlalphe-tocapheral. Unvkr same circumstzoees, tocoohercl esters (.e. aetate
od succinatel of (d) alpha- or (24,1 alzhz~farms are also commercially svailable.

Fetdzalism end toxicity data are alwost entirely Based o studies of  alpha-tocosherol ad
its atetate.

Incested tocorherols are amorhod, trarslocated 1o tissues awd motabalisad ()
alsha-tosonheral is retained ir the issues loaper tha other forms of Vitamin E.

Taccoherals (H.e. {d) alpha—tecosherel, .13 alpha-tocosheral ad (4,00 alpha-tooophe sl
acetate) are characierisad by wery Low aoute oral touicity. Sewvesal gvimel species e
tolarate domes of 20N mofke Wy withoet aaorent toxic 2ioms.

Cwediticng riegoribert o fywrvitavsingsis B, incluadinn ghomens in oestrus ovele ang
cepencrat ue lesiors of liwer and myncardicm, Pawe heen renortod ieomaines pigs, hamstecs
a<’ rats on shchronds adeinistration, particolerly by ntraTuscular dosage in the rarge
o T o af alsha-tocooherol Mo b or hicher,

Chreoic toxigity studies with 2,1 algha~tocochercl acetate sugorsted 2 Limit hepatic
recmree 1o Vitanin B owverlosd s judsed b Liver enzymes and veinkt. They atso indigated
the possThility of interactiors with other vitating, e.o. Witamins & ond K im the diet, and
ke read for oreventinn witamin itkelance 2t hickh intabes of VWitamin E. Howaver, a
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cose=related oreet of haerorrhase, controlled by Vitamin K supplemestst oo, aloo ooours
with BT, Both sntioxicdants soocne tooact by alrering the svailzbility of witamin X.
faart from the fact that BHT 42 not & witanin, the reasons for corsidering that its effect
is "towig™, while that of tococherol mey reflect ™witanin dmbelance™ are baszed o
differences in dose recnomse ad the fact that there i¢ some evidence that tocopherol can
also dnteract with Vitamin A, Howewer, it should he pointed aut that studies oo the
etfect of low doses of tocogherol on the peathrochin tire, in the absence of Witamin K
sunelementation, kave ot been parried aot. Stuties 0 human subjects sugeest that large
doses of tocorherol only decresse the levels of VWitamin ¥ dependent clotting factors in the
nresence of preeexisting abromalities, e.g. worfarin therany. At a dose level in rats of
about S0 moflo befd ad afrer ¥igorin ¥ sonlementation, only soae horderline and
emunvocal effects, such as wacuglation of hepotic macrophages, hawve beon observed.  Some
retamlic effects (eupe alterztions in the lewels of ADP, ATR, phosoclisids and cholesterol,
in the Liver, ad in the excreticn of thiamine and phosphorus) Fawe been repcrted
(dhstracts oaly were aaildile to the Comritteed followimy subchrenic admimistration of
toconharals ol tocooherol esters to rats et cose levels close ta or lower than

00 mofka tw, However, as irdicated by the rezults of the long-term studies, these
metaholic chenees oo met resul® 9n Rexic mamifestatiors on prolonged dreatment

Mo aderuate remroductive or teratorenicity studies dn mamrels are available for
tceonterals.  Some drwestigaticns which caly feeuszed oo certain soecific effects (e.q.
fetal survival ad resorption, ad some testiculer functions) have bemn carried out with
(2,07 alphatoccoherol acetate or () gavma-tacooherol, 10 several species, ncladting rats,
harsters, rahbits and mice. These studies fwhich were only available as distracts) did ot
indicate amv adverse effects anert from dncreaged rortality of off-gpring in radits and
harziers 2t hich doses &1 800 and VS0 modko bu ressectivolyd,

Sewaral dresticatiors have fed o iniected ratd or mite with wvaricus dosas of

) elpha-tocomherch, 210 delta-toossherct or (ALY alpha—tocooberal acetste ad have
rerertal Ao increzsed Sncidence of tomowrs, Some dnowitro ond dn wive espericents
jrclicate that toconhercls ravy hawe = beneticial effect, irterfering sometimes with the
fomztio of mitacens or with the exoression of partimorenic effests,

Althau—h only scznty infremation is owdilable oo the toxicity of beta—, canmo~ and
ehlra-tnsackaral, the Comweission, in wiee af the wviry lorge anoont of exporimental ang
climigal dats srailAle on alma-tocooherc!, ax the chemical, ad biotogical similarity of
the forr friomberols, docicda? to consider the foor tocomhe=ogls and alpha=tocorherol acetate
fe toricalonically coufeatlemt.  The Sataks of tacmhercle from natural sources wikl
el v far mwcerd that from arocessed foods entarairn tecocherel a3 an ot ioxidant.

Thr Coemittes concluced that the nge of tooasberalc 20 mtiowidents in food was seeotale
aed that v owes not aoarear fate v ooetahlisk A AL

- 15 -



Gatlates = proanyl=, octyl=, dotecyl-

These throe Antioxidants are tve seprooyl—, ootyl- aod dodecyl—esters of
IéS=trinydrondonzoic acicd. The purity of the compound is net less tha 9% for prooyl
callate and net less than 98055 for octyl= md dodegyl gallates.  Gollates zre used as
entioxidants in fats avi eils (2lore or in cothiration with other avtioxidants) to prevent
rencidity md 2moilane; the oatlates hzuwe been shovn to be more effective antiowidants than
EHA zref BHT.  ther food additive uses of callates include shortenings, baked googs,
cady, drisd-milk, chewing am hoge and food rockacing mteriels,  Information on intake
iz only awailanle for aronylasllate ond has heen ectitated to he froe D.C0.2 me/kg bwfd.

In 19746 the Toiprtifie Cotmittee for Food (3ng Series) establithed a group ADI for propel—,
ootyl- and doadeyl callate for =02 ma/kp be. Thig ADD wacs the same as that allocated by
the WHO/RAD Jodnt Expert Committee on Food Additives in 1974 and conficmed in 1980, it
was based on A NEL obseryed tnoa reprecuctfon study ir rats of 100G my of cotyl gallatefkg
foed, sruivalent to 50 modkg tw, with the use of 3 Z30-fold safety factor.  Further data
have ¢ince becom acailable, including Liver enzyme induction, mutazenicity, 2-generation
renrodaction, carcincrenicity {mouse and ratd and proactionfirhibition studies,

Metzgholic data are scarce tut it ts clear that propel gallate is Zbsorbed well and
hydrolysed to proowl alcohel and matlic acid. The latter i further metaolised,

Cotvl- and dodacyl callates are howover far losz well Zhiorbed and only 3 mirar croportion
i hydrolysed to the alechol ad eallic acid. The acute toxicity of octyl- and dogegyl
callate 45 hess there that of progyl gallate, possibly exnlaired by the differerce in
ahmorptionfoetatalisn,  Gallates are mainly exceetod 0 the facces,

Gzllates rey capse skin sersitisztion ad subseoomert exatebation of the resulting contact
chrmatitts gcours i same such gessitized indiwiduels afier incestion of eatlates.

Shart-tem taxicity studiee 9m r2ts, mige, ouinea nios, coos g pigs wers available to the
Committes,  Ales, 2% Least gsix bemretern toxicityfoarcincoenizity stodics in rats axd mice
hae Reen carried ot with aroowl onllate, Bt Palf of thase studies wore old anddior
inacerelate,  Fewertheless, there wes no owidence of 3w dncresse in torcoe formation.,

The MO wag 1 771 mofke feed dm ore stody ard 5 00X modks feod 90 ot least twg other
sturdfiss,  With ootvl- zv! dadecyl callates only onz lore-tern Toxioily study was
availdhle, In thiz o1 atuds Ae toxdcity, ANT BRCrezse 17 Tumour ircicenso @a3% mted with
5 0 mofkn fred.  The Crommitter considered that S OX =of/ko feed, equivalent to

250 mefko e cotd e cornsidered the MEL. I short=ferm stodies propyl gallate did not
cAage kereralagin in tha rat forosteoach,

Prooyl callate wes tested 4or dnhiNitory and ootertiztion effocts on carg inogeresis,
Proeyl callate ghevgad sleas Anbihitory orone-tiss a-aing? the iduction of funcars Yo (RE4
andfor mitrogaminee: oo the efioct of henatotovic commounds.
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Reproduction and teratooenicity studies were carried ot with peopyt- and octyl gallate.
From these stucdics it wag concluded thet gallates are net teratogenic. On the contrary,
tallates pratected rabbits 20ainst the teratecenic potomtial of fydrovurea.  In the
resroduction studies, 2 500 mafkg feod produced 8 few miner effects but 1 0D mg/kg feed
mit withot effect.

forance of mutacenicity studies ¢iacluding dominent Lethal), host mediated assay, in vivg
eYtogenetic, and fres tests, with progyl callate were recative. (Mo tests have been
cearried out for gene mutation in mamsaliz cells.) Mo data were availasle far sctyl- ad
ooy | callate,

The Crmedttes coneluded that althowd a few dzta were availsile for ooty = and dodecyl
calletes, the fact that these comnouncs zopezred to be Less taxic than propyl gallate made
the se of 4 group ADI acceptahle,  The Committee confirmed the orevicusty estahlished HEL
of 50 refkg by bt did not think that there was o nead 1o contirue to Lse 3 safety factor
ar 250, The usual factor of 10 was anplisd.

The Committee therefore estaclished a croup ADI of OHMLS mofkg be for propyl-octyl- and
dodesy) callates,

Butytated Mydroxyanisole (EBHAD

FHA is oredomirantly (AS% or more) I-tert-Suty!l-4-hydrosyanisole (3-8HAY with 15% or less
of d-tert-batyl-4-hydrexyanisole [2-SHA) .

The Coomtttes had proviously comsidered BHA in 1978 amd 1983, At that tice biochemical,
short- and lono-term toxicity fearcinooomicity data wore available, together with results
from mutacenicity, teratocenicity 200 reproducticn studiss. There was no mul tigenerat ion
studv, Lome chseryations tad alsc been mack in o

The 3CF evaluated BHA in 1983 following congideration of results from 4 Janamese stugy in
which BHA had nrecluced forestomach tomours in the rat.  The Committes endorsed the opirion
of a EC workisn rarty an FHA tOctcher 1982 and erphasized that informatica sheuld be
thtained o whether BHA coold aroduce coithel fal hyoerplasia in the cescphagas andloe
clendular stomach of snecies withaot a farestomach, ar if it zction was specific for the
rockrt forestomach

finca that time spere work has been carried ouf #5 resolee the e questions ad to
ceterning the rechanier for the action of B, and whether or rot BHA s goretonic.

The previcusly asadlade loretem studhes in rats were carriad aut rather 2 lorey time ago
ad it is nossible that the sty desiere may nct hawe taken the same accont of
forestorach Lesions 2z wa2g the case n the more recent Japznese stidies.  Alao the highest
fose wsed areviously was (.52 2 in the diet.  In Ito's study 2% B4 im the rat diet
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produced fumours bue DU A3 ret, altheceh hyperplazis was present. Inoa siaibar study
carried cut By Tomid and foki 3 few forestomach tumours were fourd at 1% distary level of
FHA.  Berausz of the steep dese resporee corve these asthers cuestionsd whether thore My
® a3 threshald for the tumoripenic effect of CHA,

Mary short=tem studies have heen carciad cut in several species to determine whether EHA's
action is soesifigally on the forestomsch epithelium, and whether there 95 a threshold for
hyoerplasia. Degending on the duratiom of the exceriment, GHA haz been shew to produte
hyrerplasiz andfor tutoues specifically 9n the ferestomoch of rars, micd ang hamsters,

Tne hyperplasia is reversinle bt the Yime taker for recovery depends on duration ad Lewel
of dosage with MHA,  The ML for hyparplasia in the rat forestomech iz C.125% EHA in the
diar,

In avimals without 2 forestomesh - cuines pic, dog. pig, mankey - BHA produced ro
histological effects Cincluding mo hyperplasia) in the cesophagus or alandular stomach.
In pavage studies in the monkey, the mitetic dndex in the "target’ squamcus enithelium of
the distal cesnchacss was rafsed at high dose fevels, bat not at 250 mofhg b,

The Committee concluded therefore that the action of BMY in producing forestomach
hynerplasis amd tumcurs in mockets may not be relevant for mae.

Dther data exanined ty the Conmittes included promotion studies axd results of mtagemicity
tests.  BHA has been shewn to have bath dnhibitory and promotioral effects on tumowr yield
from treatment with kacun crrcinonens » the drhibitery offect being sironger.  Fearly all
the amailarle mtagenisity data wiere necative and BHA has rot Seen demorstrated to be a
penctonic commound,  Thig reinforead the Committes’s wiew that the effects on the rat
foresterach were rot siamificant for asse=ssine rists to human health.

The Lemmittee had previcusiy noted the Lack of @ moltigeneration studv.  Howewer, ina
rmbhe of (T eereration) repeociction 2tudies with rats, mice ad ronkeys, 2t dose Levels of
50 refie s or Richer no effects wre ohserval sxcent on the beqadiour of mice,
Teratopenicity studies wore AL nemntive.  the Coemittes thercfore zeeed that a temparary
AOE for BMA was ron accentale,

The Committer concludet that the preduction of sodent forestorach tumoors by BHA was rot @
renifesiation of pnotoricity; and thet dn additien to beine a0 effect with a threshold,
the mrecodine hvmeralagia may not be of relevsnce for man,  Furiher reassrace was 1o be
ford in the rendes of ohofies 0 snecirs withod 2 foresicmach. In setting an ADI the
fommitTes teak Snto accart thar o

t31 tha PP inm 2 B0dme study for ancduction of Sweralasia inothe rat foresteeech
(52,5 mafkn bads Given the ovidence af lack of effect in mare relevant species, the
foemittee ponsidersd that a safety factar of 170 wis slequate;
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Y the N of 230 movke b previossly determined in 2 lamg-tern chrondc toxicity feeding
stuck — on the hasis of which JSCFR hat established a temporary 891 of 0H0.5 mof ke b
(ugine a safety factor of SO0,

The Comsitte seeshiighed 2 ternorary ADT of 00T mofkn bw.

The Cormittes noted thet the actosd {estirated) dzily intake of BMA ie far Less than that
Allewesd b the temnorary ADIL The Committes wishes cegularly to review the siatus of BHA,
ar information from oncaing studies ond on actusl intakes.

Autylated Hedrowytoluene (891D

The Committes has pevieged 201 aesilzale studies o BYT, dreludine metabolic data from
several spegies dncludica mern, mutaceniciby sbhudies, carcinogenicity studies in rats ad
mica, aw! smecial studies on the thyroid, blood and postratal development and Behaviour.

A recent tucncnerstion freding study i the rat showed an increased incidence of
hemateleellular aderomas and carcinomas 2t the twe hicher dose lewels (100 and

230 mafkn bud. ALl the tumours were first rated after tao yesrs, the majority at
temiration beresr 141 and 144 weeks; & the survival of control aimals was markedly
roorer than in those fed 89T, Prewious feeding stoddies 9o rats hawe rot shown such
carcimonenic effects. The Committes's wiew that the recent study suggests a threshald for
carcinogerasis (related to Liver ereyme incuction) was reinforced by the results obtained
trom mutsmenicity testinn, with mocwerell Llack of evidance of gerotonic effect in in wiva
systems.  Like other enticxidents BHT can exhibit premoting or irhibiting effects on
earcinorenesis,  BHT does mot caume hvodrolasia dn the rat forestomach.  €ffects oo
ritphic rate are diuerse,

S the REL demoretreted for ceroirocenesis was hicher than that ohiained for other
towicolanical effects, the ADI was rfetermined from the Latter,

The informat fom Aeailshle from a Y-chy feedimo study in the rat irdicated there was a
cege—ralated dngroast inorelative thyrodd wedght of 40X ad G7R Gn the 300 ad S O] pem
IMT rrages restoctively: dodine wvotate ad the heicht of follicotar entthelial cells were
iaereasod At 5 OO0 oom (ot medsursd 2t SO0 mead. Howseer, blood leesls of
tri~iodatheronine and thyroxine 2t hoth dietary bevels were unchanned, & the incresse in
the kalf-life of theravine seen saely 0 the grugh vas only trangiont, Im the in e
exnamure mat certirocemizity stode, 2 BY reduction 0 offeneing Dody weight af weaing was
sean An these roared by doms fod 25 modto e, eoivalent to goproximatay 3K pem 8T 10 the
dizt.  Zince these effssts on the theroid and on of fspring body weisht were fourd at the
Loneast Lewels tasted 30 these morticulzr studies, NEC have not Deen clearly established,
In wiew of these data, and the rature of the effects doserved, it i reascrable 10 assome
the Likely ME for thyroid ad offsnrion body weich? chaoes will be dooet 5-fold lower
than the lovest—observed—effort lewel, i.e. zhost TO0 porm o in the diet.
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A series of hasratological studies has shown that some, but not all secies tested show
hagrorrhaging awdior a redxtion in the prothrombin index after dosing with BHT.  The
rechanisms by Which BHT brirgs &out these effects appear to be several but the major
affect 15 a reduction in activity of certain clotting factors, principatly those which are
Yitamn Kdepercent. The most susceptible species for hagmorrhagic effests gopears to be
the rat, snd for this species the NEL for trasient reduction 1 week's duration) of the
prothrerbin irdex was B5 ppm in the diet, and for persistent recotion (4 weeks' aurationl,
& 500 pem in the diet.

Taking all these effects into account, the Committes congicered that the Likely ME for eHT
is mproximately 100 pom in the diet, equivalent t@ an intake of @oout 5 mafkg id. I
view of the nature of the effects, a safety maegin of 100-fald is gprooriate to estahlish
an AbY of OHILDS mo/kg b tased on thyrodd, reproduction and haematological effects in the
rat,

Tertiarny—tutyl ydrocggrinoee (R

The foammities previossly expressed its opinicn on TBER in Decemter 19071 when it dred
attertion to the lack of adequate data on which to assess the gerotoxic and carcimogenic
potential of this anticxidant. The Comittee, therefore, did mot estailish an ABI at that
tire.

Since then, further in vitro and in vive mutagenicity data have hecome availale which do
ot exclude the possible genotowicity of TRHG.

The fomm ttee therefore restated the reed for o adequate carcincgericity study and also
regsasted & 1 vivo mutagenicity study of germ cell effects.

The Committes did rot cstablish an ADL for TEHO, and the substance is ot acceptable for
we 55 oo tioxidant to food.

Soay
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