The first artificial dye, picric acid was prepsred by
Woulfe (1771) from the naturasl pigment, indigoj the second,
rosclic scid, was discovered by Runge (1834). However, Perkin
discovered the third artificial dye, mauvine, in 1856 and
thereby founded the synthetic dye industry.

Synthstic dyes generally are arometic organic compounds.
They may be divided into three main groups :~ non-ionic,
anionic and cationic. The molacules of ionic (anionic or
cationic) dyes are composed of two main parts, one of vhich
is s complex aryl radical. 7This is the colour impaerting iom.
If the balence of the charge on this ion is negative then dye
1s classed as anionic (acidic) whereas with thet being positive
the dye is cationic (basic).

The second part of an ionic dye molecule is an inorge~
nic ion (or an aliphatic organic ion or, in a few cases, an
aryl ion) of charge oppesite to that of the colour imparting
aryl lon. The former is sometimes called the gegen ion, and
the lsttar the dye ion. The fumotiom of the gegen ion is to
balance the charge on the dye ion and to render the dye soluble
in water. VWith e few exceptions anionic dyee are manufsctured
ee metallic salts:e The vast mejority of anionic or acidic
dyes m :caim salts of sulphonic scids. In the case of
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cationic or basic dyes, the gegen ion is usually the chloride

ion.

According to Witt (1) all eoloured organic compounds
econtain certain groups with multiple bonds which are respon-
sible for the ocolour. He termod them es chramophoric groups
or chrmejahorcs e.g. nitro (-NZ3), mitroso (~N= 0), aso (~N=x N~
etc. , the molecula oontaining the chramophoric group, s chromo~
gen. Witt also pointed out that the presence of certain groups
e.g. OH, NH;, NHR, NR; ote. in the chromogen deepens colour,
although these groups are not chramophores. These he called

suxochromes.

Redicels wvhich bring sbout deepening of colour are
known as bathochromic groups, and those which bring sbout the
opposite affect, hypsochromie groups. Deepening of oolour, in
colour chemistry, means the eshange in colour as follows 3
yellow = orange = red = purple = violet - bdlue -
green > blaok. 3ince visibdle colour is the complementary
oolour of the sbsorbed band, bethochromie group shift the
ebsorption maxime from the viclet towsrds the red (i.e. they
lower the freguency of the light ebsorbed), conversely, hypso~
chromic groups shift the absorption maxima from the red ta/tho
violet (Le. they raise the frequensy of the light sbsorbed).
It has been abserved that mmu are usually bethochromis
and that replacement of hydrogen in the NH; group by alkyl or
aryl group genarally has e bathochromic effects on tha other
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hand, acetylation of OH or NHy (i.e. replacement of hydrogon
by an acetyl group) generally has a hypsochramic effect.

A compound contalning a chromophore may be celoured,
but unless an auxoehrome is slso pressnt, it will not funmction
as a dys for a textile fibre (Cf. benssne, trinitrobenzense,
phenol, and picric ssid).

Dyes are classified asccording to the chammical constitu-
tion or by their spplication to the fibre.

Shealcal classifiocation -

1) Nitro dyes 3= Theasm contain the nitro group as the
ehromophore and hydroxyl group usually as the suxochrome, 0.g.
Martius yellow ~ 21k dinitro~l~-nmepthol. OH

MO,
2) Kitroso dyes = In these dyes the ehru"aphoro is
the nitroso group, and the suxochrome is the hydroxyl group,

e.g« Gambine R. OH

NO

3) Asoc dyes 3~ In aso dyes the chromophore is the aso
group (N = N) and the coomon auxochromes are Ky, NR; snd OH,
6. g. Methyl orange.

H%S@-N —.—:N—@-N(cﬂg,)a
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k) Diphenyl methane dyes i1~ The characteristic struet-

ural unit of these type of dves is —¢—
NHgel

Aﬁraim 0

5) Triphenyl methane dyes ¥ This i3 obtained by the
introduetien of Ky, ¥B; or OH group into the rings of triphenyl-~
nethane. The products so odtained are colourless ~ the leuce
compounds - and these, on oxidetion, are convertad to the
eorresponding tertiary aloohols — the celour bases — which
rosdily change fros the colourless bemsemold fomms to the quime-
neid dyes in the presence of seid owing to salt formation, o.g.

Malachite green. @F ==®,_._,__{i} (cH3)&}cle

CHg)N

6) Xanthen dyes 3= The parent substance of this greup
of dyes is xanthen (aidenseo~lid~pyram), es.g. pyronines.
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(1) Pnthaleins = A sub~group of the xanthens dyes
is the phthaleins, e.(. phenolphthalein.

Ho—@COH
| éo

(Colourless)

7) Diphenylsmine (quinone~imine) dyes 3= One group of
these dyes is the indsmines, ¢.g. phenylene blue. |

Another group is imdophenols, e.g. Indophencl (blue).

S

8) Heterocyclie dyes s~
(1) Acridine dye 3= These sre all basic dyes, e.g.

3316 Maminocacridine,

H}d@
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(11) Quinocline group i~ These dyes have quinoline
nuclei ¢.g. Quinoline yellow

o A
Nl
YA

¢

(;lu) Azine dyes =
Safranine T 2~

HN

{iv) Thiaszine dyes s~
Methylene Blue 3~

Nﬂz

®

(v) Oxazine dyes 3~ fl@
o NMe,y,
Napthol Blue 31~

9) Vat dyes :- These are insoluble in water, but are
reduced by slkaline sodium hyposulphite (dithionite) to
alksli~soluble compounds which are reedily reoxidised to the
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dye. The charecteristic struetural unit ef these typs of dyes
is --eo--§ = c'.—-ce-—-

Indogotin
o |
N
(
N 0
el
10) Anthraquinoid dyes 3~
Aligarin
ﬁ’ ONo-
7 \ ONo-

11) Sulphur dyes 3= Sulphar dyes have complex struct-
ures, many of wvhich are uncertain or unknown.

12) Phthalocyanine pigments and dyes i~ These type of
dyes contain ring systems of four isoindole units and lk~nitregen

atoms. Q\ T /N \C

I
N/C —--N\ /'N""‘"C%N

\c e N/Q\N -————'—"'C/

=D

The primary condition for a dye — or for any chemical
fer thet matter — to be used in foods is that it must be nomtoxie.



But the latter is a highly 1deslistie condition which eannot

be realised in practice with an unrestrioted use of shemicals

in foods. The risk will slways be there. Then, vhy use it ?
For the denefit it gives. Chemicals, initislly suspect, have
been sccepted currently for use in foods as food additives.

But these have to confer the bemefit of defimite technologieal
or mutritional necessity while be fres from reaschable hazards
to health. The latter ecncossion has been sllowed to the food
additives as a compromiso beosuse absolute fimnecucusness is

not possidble. This is conceivable as these chemioals, motaboli-
cally foreign to living systems, are likesly to affect, or intar-
fers with, vital processes on the one hand and are to be mets~
boliged and excreted, ofteon at the sxpense of metadalie snergy,
~ on the other. Hence one is led to weigh benefit (of use)
against risk (of the body) of the additivesj when the ratio

is favourable ome i3 Justified im using these.

Are the feod dyes indispensable technologioally ?
Colouring foods artifieially cannot be viewed as ths smme
compelling need as preserving them with antimiorobials or
protecting fats vith sntioxidsnts. Bven 1f the former is
granted, many opine, there are harmless natursl eolours like
turmeric, carotenss, chlorephylls and ssrammel for use. Bat,
alas, not all natural substaneces are harmless only beoasuse
they are naturalj they are also chemicals like those srtifi-
cially made and have to be evaluated alike for innocucusness
or othervise. Whatever may be the controversy in this regard
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chemists, food techmologists and regulatory sutherities of

all countries have sgreed te allov artificial dyes ~— coaltar
dyes in old teminology ~~ in foods. Prodably it is unthink-
sble not to have some foods in the desired cclour. Tomato
ketchup not im a bright hme, meat not in the expected tinmt
and pu&y wvithout s motley of colours will mot be savory items.
It will also be impossidle to maintain the standard sppearance
of a food manufactured from varying rawv materials. Hence
artificisl dyes have been allowed in foods all over the world,
but in specified items in specified oconcentration. The latter
1s intended to keep their intake below the injury level so
that the use is reasonmably free from hasards to health.

It vill appear then that the determinatiom of toxieity
of the dyes intended for use in foods 1s the foremost necessity.
After toxisity in different forms — chronie, acute and sud~-
~soute, metabolic, inhalation and dermsl, carcinogenicity,
nutagenicity, teratogenieity, allergenicity, blochemical
lesions and pathology, etc. = have besn performed, the approval
(of course, within the specified concentration of use) or
othervise is given.

The polsonous character of some cosltar ocolours was
recognized soon after their introduction in 1856 Weyl (2)
and Lieber (3) pointed out gome of the toxic festures of
coaltar dyes. Thereafter much work havol besn done and are
still going on regarding the toxieity of dyes for use in foods.
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Metanil yellov {(a widely used bdut nenpernitted, dye in foods
in Indis) produces testicular degeneration in mamanm»
animals (&, 5). .Lgun butter yellow (6) (nad earlier bdeen in
use for colouring butter), Rhodmmine B (7), surmine (8), blue
VR3 (9) are reported to be esreimogenic. There was ulceration
and abscess formation at the site of injection in rets with
blue VRS (10). After the sdministration of congo red, lesion
developed in the brain, kidmey and syes of rets (11). Malachite
green increases the incidence of lung, broast, ovary and liver
tumers and is known to produce inborn ebnormalities ef done,
skin snd lung (12). Long term administretien of yellow AB
and yellow OB at different levels in the dlet has been
reperted to cause varying degress of degenerative changos in
rat testis (13, 1%). Noreover the dyes like aursmine (15),
Rhodmmine B (16), malachite green (17) and Sudan III (18)
which had earlier been used in foods are reported to produss
pithologinl lesions in vital ergans like kidney, spleen and
liver. Again the studies on long temm toxielity ef aome dyes,
Yile shocclete brown FB (19), erythresine (20, 21), vioclet

6B (22), sunset yelliow (23) on various animals were proved to
be nontoxic within the desired 1limit ef use. At the sme
time the short ters toxicity studies of violat 68 (24) and
orange G (25) were also proved to be nom-toxic. Asgo dyes te
be used as food colours should preferabdly contain sulfonie
groups in both the diasonimm and coupling compoments. If
they are made from a amum or a coupling eomponent not
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containing a sulfonic group one of the reduction products
formed in the body will therefore be an unsulfonated arocmaetic
smine, not readily eliminsted because ef its solmbility in
fat and this may creste heelth hagard; some such smines are
slso known to be carcinogenic. Considering the toxic and
non~toxic effects of different dyes some eocuntries have
psraitted use of some dyes in focds. The informetion ie
given in Tabled. From Table £ it ean be observed that scme
dyse permitted in ons country are not always permitted in
another country. This is due to the faet that the dyes to
be declared es permzitted to be used in foods in s particular
country depands upon the reasonable non-toxicity of the dye
es well as upon the general health condition of the people
of the country and probabls estimeted inteke of the dyes.

name nanber tution ¥No.
Sunset yvellow ' |

FCP Yellovw 3 15965 v v v A 4
Tartrexine Yellow & 19140 v v v v
Amaranth Hed 9 16185 v A 4 4 Y
Erythrosine Red 1% 45430 v {v) v v
Yool violet

5BN Violet 2 2640 v - - -
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Zable I (Contd.)
Cemmercial  CI food CI consti-~ e UK
nmme nmber  tution No. 7

Brilliant :

blus FCP Blue 2 k2090
Indigocermine Blue 1 73015
F.;é?m‘a Green 3 42053
Poncesu Wit Hed 7 16255 v
Red FB Red 13 14780 v
Fast Red B Red & 16005 v
Scarlet OGN - 14815 -
Poncesu 6R Red 8 16290 -
Orange GGN Orange 2 15980 -
Orange G Orange M 16230 v
Orange RN Orange 1 15970 v
0il ysllow GG Orsnge 3 11920 v
Yellow 26 Yellow 5 18965 v
01l yellow XP Yellow 12 12740 A J
Acid yellow G Yellow 2 13015 -
Chrysoine 3 Yellov 8 14270
Quinoline

yellow Yellow 13 %7005
Green 3 Green & Wi 090
Indanthrene

blue R3 Blue b 69800
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Iable I (Contd.)

Commercisl CI food Cl comsti- pyg g&c UK IE

naae number tution No.

Patent blue
Violet BNP Violet 3 W2580 - - v -
Choecolate

brown FB Brown 2 - - - v -
Chocolste

brown HT Brown 3 20285 - - v -
Black PR Black 1 28440 - 4 v -
Carmolisine - 1%720 - - - v
V = Permitted } (V) = Provigionally permitted.
BEC - duropean Economie Community; US - United States.
IN - India j UK - United Kingdom.

- Amaranth, e permitted dye in most of the country
'shown in Table I, has bsen recently banned (6) in U.3.3.R.
e3 1t has been reported to be careinogenic in rats. 7This
indicates that s dye proved to be non-toxic at one stage
found toxic leter. Hence the use of dyas in foods should
preferably de iimiud to technologloal necessity only. |

Those toxicological work fallirng mainly within the
prerogatives of bilologists, one very important problem involv-

ing dyes — at least in tha particular aspeot — appeared to
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have a potential of chemical imvestigation. Whem mitrites
though hasardous could not be dispensed with for use in meat
and nitrates (Miblo to nitrites) ocour naturally or in
fertilisers, presence of nitrosamines (dstectsd to be careino-
gens) in food or their formation iz YiAYp may be a reslity. If
30, wvhat is the coneentration of the componments and if it
eonstitutes any hasard with the prevailing level T The chemiocal
reaction for the fommation of nitrosmines from food dyes and
their detsotion and estimetion have been investigated from a
cheniecal standpoint.

Toxlcological greem cignal in favour af use of dyes
presupposes sontroi of m«atruuu in foods. For surveillance
against any heslth hasard and statutory or regulatory monitor-
ing ef foods in respect of the dyes used, snalytical chemistry —
needless to say — is of parsmount importance. Qualitative
snalysis (detection) is necesaary to eheck non-permitted dyss
and estinstion for the permissible level of soncentration.

Some work has besn dome in the field of analytical chemistry
and methodology on synthetic dyes in foods.

Foodjf are generally celoured with water soluble dyes
and ~ in some ceses of fatty foods, e.g. oils, dutter, fats,
ete. — with oil soludle eoleurs. Natural colours in foods
Yiz annatto and turmeric ara detected by the method of Jscohs
(26), Devis (27) and Woodmen (28). These methods arc quite
satisfactory and simple. Thers areid few sorting tests for oil
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soluble colours. They are mainly detected by the method of
Roy (29), Mitra g% al. (30) and A.O.A.C. (31). But ene cannot
‘gonclusively identify the particular oil soluble solour by
these methods. For confirmatory detection of oil solnble
celours one oan adopt the methods ef Janicdk gt gl. (32) and
Béu at _ﬁ,, (32). These two methods are simple and rapid.

 There are also some preliminary sorting tests for vater

soluble dyes. JacobS! wool dyeing (26) and then paper chromato-.
graphy (34) is most widely accepted method for dstection of
vater soluble colours. But one carmot detect quantitatively

the colours from foods by JacodS) method. Fer this alumina
edsorption of Methevw gt al. (35, or polysaide sdsorption method
of Banerjee g% al. (36) are more suitable. These are general
methods for deteotion of water soluble eolours from all foeds.

Some special methods for detecting water soludle
colours from some particulasr tyne of foods oan be mentioned
hore. They are methods for milk and milk produets by Dhar gt gl.
(37) and for pulses by Mitres gt gl. (38). By wool dyeing to
some extent or by alumina adsorption one cannot easily distin-
guish between acid dyes and basic &yes. For separation of acid
dyas and basic dyes one can adopt the eleotrophoresis method by
Mukherjee gt al. (39).

A limited attempt has besn made in this investigetion
to make some inrosds in the field, in vhat may be termed as
anslyticsl chemistry of food dyes. 1}111 includes a fev nevw

54? 96 A tycexity ki Gy,
to: & oy f Horth Bengeb
1 2 APR 1977 Waje Ressraohanpur,



-y 16 s~

findings snd confirmation of some previous knowledge particu~
larly wvherein seemed to lie gaps in our understanding of tho
properties and quantitation of food dyes. 3ome physical
properties = as to how the dyos react to a few so-called
physieal conditions, physico~chemical propertiee of their
absorption by fibdres (advantage of utilising this property
incidentally follows from selection of dyes for dyeing in
preference to simply coloured compounds for tinting foods),

and cheamiosl properties — responso to a fev chemical reagents
—= have been investigsted. Though the intention had originally
been for applied work, very useful for Jjudging ufofy of foods,
resction ef some metal ions, evoked further interest 1n. the
present work for an intellectusl mreiul snd some fundsmental,
physico~chenical studies have since been made.

The suthor is fortunete to have to work in a laboratory,
and drav immensely from its analytieal traditions, which has been
engaged in the anslytiesal chemistry of food dyves for more than
the last twenty yesrs and evolved, in s saries of ploneering
work, e large mmber of relevant nthodt- A fev of such
nethods have been extended and some new findings, particularly
the titrimetric method involving ceuplciu soluble in water-
-immiscible selvants, have been recorded in the present studies.




