J. Agric. Sci. Mansoura Univ., 33 {(12): 8607 - 8615, 2008

DETECTION OF 1-AMINO -2-NAPHTHOL-BASED AZO DYES

(ILLEGAL SUDAN DYES) IN SOME EGYPTIAN FOOD
PRODUCTS

Atwa, Manal. A_; M. F. Emara, Akila 8. Hamza; M. A. Atwa and
. Amel M. Ahmed

Regional Center for Food and Feed, Agric. Research Center, Ministry of
Agricultural, Giza, Egypt.

ABSTRACT

One hundred random samples of chill products and other related foods either local
or imported (spices, mixtures of spices, tomato sauces, dressing, crisps, ofls ,pickles
and sausages) were collected from retail Egyptian market and analyzed for the
presence of Sudan dyes by HPLC procedure . Sudan dyes have been found in a large
number of food products samples containing contaminated chilli powder. The
prevalence of illegal dyes were detected in a very high percentage of food products
out of one hundred samples tested, more than forty five samples were found to
contain detectable levels of illegal dyes. Sudan | (Sudan Red} was found as a highest
ratio in red hot chili powder (220 ma/kg), also Sudan IV (Scarlet Red) was achieved
the highest ratio (1120 mg/kg) in the ancther chilli powder sample and 326 mg /kg for
Sudan |} in paprika . Sudan I was detected as the highest rafio in Indian Curry paste
sample{165 mg/kg) .
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INTRODUCTION

Sudan I, Il, il and IV are industrial dyes normally used for coloring
plastics and other synthetic materials. Next to Sudan |-V, Para Red, Butter
Yellow, Sudan Red B and Sudan Qrange G belongs to the group of azo dyes.
Sudan dyes are fraudulently used to enhance the color of the food. Chilli
powder is a common spice ingredient used by the food manufacturing
industry in the formulation of a wide range of products, especially for oriental
dishes, curries, sauces and pickles. The quality of individual batches of chilli
powder, which in many cases dictate their economic value, is often arbitrarily
judged by the brightness, purity and intensity of the spices color. So, certain
iresponsible traders, add synthetic colorants to their spices to improve the
appearance, apparent quality and freshness of their products. Several
incidents have been reported within Etrrope, notably in early summer 2003
and 2005 { Food Standards Agency information,2005) where imported chill
powders and derivative foods were found to be adulterated with the Sudan
dyes or related colorants, In the case of chilli and chilli producis, the
contamination was traced back to adulterated chilk powder. The price of chilli
powder is largely iinked to the intensity of the coior and its maintenance so, it
was suspected that Sudan | was fraudulently used to enhance and maintain
the color of the product.. The European Commission extended controls for
the dyes to include imports of turcuma and virgin palm oil as well as chilli and
chilli products.
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The Sudan dyes IV have molecular structures that are
characterized by the nitrogen: nitrogen azo bridge between aromatic groups
{Chen, 2006} as illustrated in the in figure 1. Their relatively high molecular
weights and low polarity provides these dyes with oil soluble properties
{Golka et al. 2004).Sudan dyes are categorized as Class 3 carcinogens by
the Intemational Agency for Research on Cancer {IARC) and, these dyes has
been reported to cause tumors in the liver or urinary bladder (Stibarova et al.
2005).

Many of azo dyes are suspected to be genotoxic and carcinogenic
{An et al.2007). According to the (Federal Instilute for Risk Assessment,
2003},sudan dyes are iliegal additives in foods. The presence of any dyes not
permitted for use in food would be unacceptable at any level according to the
European Commission. The limit of detection for common HPLC methods at
that time was between 0.5 and 1 mg/kg (Wang et al 2007). Where an illegal
dye was found above this level, using this technique, either in the spice itself
or a food in which it had been used, the product would need to be withdrawn
from the market. Sudan dyes are synthetically produced azo dyes that do
not occur naturally in food and are therefore considered to be additives and
their degradation products have been shown to cause cancer in laboratory
animals and these findings could also be significant for human heaith
(Stiborova et al.2006). Because Sudan dyes may contribute to the
development of cancer in people they are not considered safe to eat at any
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Figure 1I© The molecular structures of Sudan dyes 4V
(Chen ,2008),
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MATERIALS AND METHODS

Materials

One hundred random different kind of spices and related food products
(Chili products and spices, mixtures of spices, curry, curcuma, cayenne
pepper, capsicum and sumac) were collected from Egyptian market in three
replicates and were checked for the presence of Sudan dyes .

Due to the widespread use of chili powder, curry, curcuma, paprika
as common ingredients in different kind of foed processed products so, many
kind of samples like ketchup, salad dressing, tomato sauces, pastas sauce ,
sausages, Worcester sauce, pizzas, pot noodles, smoked salmon, seafood
sauces, paim oil, butter, crisps, mustard and plckles were chosen to carried
out random checks for presence of Sudan dyes in mvestlgated samples.
Sudan Dyes standards:

Sudan | (solvent yellow 14) 97% pure Sigma-Aldrich ,Sudan I
{solvent orange 7) 90% pure Merck ,Sudan Il (solvent red 23)) 90% pure
Merck, and Sudan IV {scarlet red, Solvent red 24)) 80% pure Merck were
chosen as recommended by (Budavari and Neil. 2001).

Methods:

HPLC Model (Dionex Instruments, USA) with version 6.8 chromeleon
software was using to record the absorption spectra of the Sudan dyes as the
method described by ( Usmatsu et al 2007) .The sudans 1, (I, B, and IV in
chili- and curry-containing foodstuffs are extracted from the samples with
dichloromethane. Sample extracts are filtered and analyzed by reverse phase
HPLC using a 3.6 pH Acetonitirl or methanol {Puec¢i et al.2005). The
chromatographic separation could carry out on a reverse phase using
(HCOL48) HPLC column separates the four Sudan dyes. Sudan | can be
detected at 476nm (Tateo and Bonenil 2004). To achieve the best detection
limits for the dyes a high-performance liquid chromatography coupled to a
UV/Visible detector was selected and operated at wavelength of 510 nm. The
15 cm octadecylsilica column was achived the best separation of the four
dyes. A Fiow rate (0.8mi/min) was carried out and the injaction volume was
{20 ul ). Gradient conditions from two mobile phase were used, mobile phase
A was ammonium acetate {pH adjusted with acefic acid),while mobile phase
B was acetionitrile .Limits of detection were ranged from 0.2 to 0.5 mg/kg for
sauces and from 1.5 to 2 mg/kg for spices samples.

RESULTS AND DISCUSSION

The Average Contents of iilegal dyes {Sudan 1, il, i, and V){ppm)in
the investigated Food Products samples were given in table (1).

Results showed that the highest ratios of Sudan LUl and IV were
recorded in Indian Curry paste sample(122,165 and 628 mg/kg raspecﬁvely),

While levels of sudan {F were 20 ppm for pam sauce and oﬁehtal sausage
samples, R
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Table 1: The Average Contents of the Food Products samples from
illegal dyes (Sudan |, Il, I, and IV_ppmj).

|sample N(% sample typa AR
1 B Q sauce T 0 0
2 mixof Olean soya and sunfiower seed oil 0
3 mix. of Olean, soya oit 0
4 butter of palm oil 0
5 cannad cooked red baan 0
[ icken wings sauce 0
7 chips with tomato 0
8 hips with lemon and flavored hot pepper 1]
9 isps with paprika [1]
10 rench salad dressing 0
11 harisa fomalo sauce T
12 hot sauce - 0
13 hot sauce 0
14 keatchup 0
15 Elxed spices of kebab 0
16 ustard 54

17 hoodle spices

18 unflower oil

19 com oil

20 cotton seed oil |
21 baprika cheese

22 j cockiail

23 red bean

24 chips flavored with lemon and hot pepper
25 chips with fomato
26 moked salmon
27 Enack with paprika
28 nack with tomato
29 sausage

30 Yomato ketchup

31 tomato pasta

2 fomato sauce

33 lomato sauce

34 ~komato sauce

35 ato sauce

36 funa with chilli

37 iTurkish sausage
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38 'orcesier sauce
39 les sauce
40  bpizza sauce 18.2
41 koshari hot sauce 0
42 _mesh with paprika 44
43 tomato sauce 22% 24
44 lomato sauce 0
45 Egm sauce 10
46 to sauce 35
A T P 0 45
4B E:@kaﬁ:hﬂp"’ R [ i R
49 mustard ' 0
50 hot ketchup 14 0
51 priental sausage 48 20 2
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Con. Table 1:

52 lharisa ready to eat 14 2 30 | 370
53 ot sauce 0 1] 0 520
54 ndian curry paste 122 1] 165 | 628
55 ickles cocktail T 0 0 T
56 rl tomato sauce 0 0 0 T
57 ngpr T [1] 0 T
58 rhips with curry and spices T 0 0 T
59 crisps with not ketchup 0 T 0 T
[]¢] crisps with lemon and chilli T 0 0 T
61 tchup 0 0 0 T
62 kotchup 0 0 T T
63 noadle spices with curry and fish flavor T 0 1] T
64 nack hot chilli T 0 0 T
65 to sauce T T T T

Sudan 1 (S1); Sudan Il (S1); Sudan {Ii (S} and Sudan IV(S V).

T:Traced amount (<1ppm).

Many samples were contaminated by sudan dyes as a range from 4 to
624 ppm as given in the same table. The most samples contaminated by high
levels of sudan dyes were oriental sausage, hot sauce harisa ready to
eat,hot ketchup, mustard ,chifli ketchup, tomato sauce ,mech with paprika
.koshari hot sauce and Indian curry paste,

On the other hand many sampies were contaminated by trace limits
{<1ppm) such as chips, pickles, butter, ketchup tomato sauce crisps and
snacks.

It could be aiso notied that all samples of vegetables oils {sunflower
seed ,soy and paim) were free from sudan dyes.

Cheese with paprika achieved {6 ppm) for Sudan | while in mesh with
chili it was (13ppm) and (44 ppm) for Sudan Il and 10 ppm for Sudan IV.
Sppm of Sudan | was recorded in hot chili sauce and canned tuna with chili
and (20 ppm) in mustard.

In kosharie tomato sauce which is very popular meal in Egypt the
Sudan | was detected in level {3ppm) for Sudan | and (5 ppm) for Sudan IV;
and traced ratio of Sudan 1V in tomato sauces.

The average contents of illegal sudan dyes of the spices samples were
determined as shown in table (2).

Sudan | was found as a highest ratio with level of 220 ppm in red hot
chilli powderd ,also sudan IV was achived 1120ppm in the same sample,
while sudan Il was 326 ppm in paprika. Our results showed lower levels than
those detected by Mazzetti et al, 2004 who suggested that, from a smail
survey of 30 retail samples, # samples of crushed chilli, ltalian pasta, chilli-
snack and vegetable sauce contained levels of Sudan | ranging from 24 to
5591 ppm. One paprika powder sample achieved 180 ppm Sudan I. In
curcuma powder {200ppm) of Sudan | was detected and 2ppm Sudan | was
faund in mixed spiced for taamia. 4 .

In one kind of spices called sumac ,high ratio of Sudah IV (166ppm)
was detected and 10ppm of Sudan | in another sumac sampie.

Traced amount (< 1ppm) of Sudan | and IV were detected in curcuma,
chilli , paprika and curry samples.
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Table 2: The average Content of the Spices samples from illegal dyes
(Sudan__1, i, lli, and IV){ppm}.

sample
NO sample type S S Sii SV
1 curry powder 0 T 0 0
2 _paprika Spahish 0 0 0 T
3 red crushed pepper 5 0 0 . 1]
4 sumak Indian T 0 0 166
5 B B Qi spices 19 49 0 168
6 curcuma 0 0 0 0
7 curcuma T 0 0 0
8 curcuma T 0 0 0
) curcuma T 0 0 0
10 curcuma ] 0 0 0
11 curcuma 0 0 1] T
12 curry indium 200 0 0 "]
13 curry powder 0 0 0 [t}
14 curry powder 0 0 0 T
15 ground red pepper 25 0 0 0
15 hot pepper chilli 20 0 0 0
17 hot pepper chilli 4 70 0 460
18 hot pepper chilli 105 0 0 1120
19 kabsa mixed spices 0 0 70 120
20 kabsa mixed spices 0 0 [1] T |
21 mixed spices for meat T 0 0 T
22 paprika 0 1] 0 0
23 paprikae 10 0 1] 0
24 paprika 0 0 0 0
25 paprika 5 T 0 4
26 paprika 15 326 43 19
27 paprika 4 0 0 T
28 paprika powder 12 278 10 0
29 paprika powder 180 0 0 T
3o red ground hot pepper 220 0 0 246
H red pepper chilli T 0 0 0
32 safflower T T 1] 0
33 sumak 10 5 0 T
34 taamia spices 2 0 0 [i]
35 tikka spices T 0 0 T
T:Traced amount (<ippm).

it was noticed that most of samples contain Sudan | dye it is often
contain also Sudan iV; the same in the samples contained Sudan |1 always
contain Sudan 1. (326 ppm) Sudan ,(43ppm) for Sudan Ili, (19ppm}) for
Sudan IV and 15ppm Sudan | was detected in a paprika powder ;also in chilk
powder spice sampie (1120 ppm) Sudan IV and (105ppm) Sudan | was
record

BBQ splces were contaminated by sudan dyes LI, IV with levels of
19,49 and 168 ppm, respectively.
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Three paprika samples from eighteen were contaminated by high
levels of sudan dyes 1,!1lil and IV, which recorded leve! of 15,326,43 and 19
ppm, respectively as shown in the same table.

As an example, figure(2)} indicated the chromatogram of sudan | and IV
dyes detected in one hot chilli powder sample .

This results were similar to that obtained by (Daood and Biacs, 2005)
,who reported that more than 350 different food products, including soups,
ready meals and curry powders, were withdrawn from sale as part of a frantic
hunt for products tainted with the dye Sudan |. The dye had been added to a
batch of Worcestershire sauce that was subsequently used to prepare many
different types of food, so they all became contaminated.
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Fig {2): Chromatogram of a~Sl and S IV dyes detected in one hot chilli
powder sample.

Conclusion

During the study to check the presence of illegal dyes sudan |, II, Il
and IV in a spices and related food products in Egyptian markeis even it is
local or imported, around forty five samples out of one hundred samples were
positive, Sudan | was detected in thirty two samples ,twelve samples were
positive for Sudan |l and Ill and twenty five sampies out of one hundred
samples were contaminated by Sudan iV. The prevalence of lilegal dyes
were detected in a very high percentage of food products out of one hundred
samples tested, more than forly five samples were found to contain
detectable levels of jilegal dyes Spices is an important ingredient used by the
food manufacturing industry in the formulation of a wide range of products ,
especiaily for oriental dishes, snacks, sauces, cheese ,meat product and
pickles. Some of tested samples were unknown the origin, such this
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contaminated food commodities with illegal dyes must withdraw from the
market.for the contaminated imported samples it must destroyed at point of
entry. Sudan -V is a dye that should not be added to food and is banned
because it can contribute to an increased risk of cancer. At the levels present
the risk is likely to be very small but it is sensible to avoid eating any food
known to be contaminated.

As part of a regular quality assurance , it is highly recommended to
screen products such as spices, spice mixtures, tomato based sauces and
gravies, etc, for Sudan IV,

Cargoes of dried and crushed or ground chifli and curry powders
coming from any country to Egypt must be accompanied by a certificate
showing that it had been tested and found to be free of Sudan dyes. Random
sampling is also being carried out at ports and by local authorities to
investigates the presence of sudan dyes.

REFERENCES

An, Y., L. Jiang, J. Cao., C. Geng, and L. Zhong. 2007. Sudan | induces
Genotoxic effects and oxidative DNA damage in HepG2 cells. Mutat
‘Res. 627:164-170.

Budavari, S. and Neil, J. 2001, The Merck index: an encyclopedia of
chemicals, drugs and biological, p. 1505—-1583. Merck & Co., Rahway,
NJ.

Chen, H. 2006. Recent advances in azo dye degrading enzyme research.
Curry Protein Pep. Sci. 7:101-141.

Dacod, H. G.; Biacs, P. A.2005. Simultaneous determination of Sudan dyes
and carotenoids in red pepper and tomato products by HPLC. Journal
of Chromatographic Science 43 (9) 461465,

Federal Institute for Risk Assessment. 2003. Dyes Sudan | to IV in food.
Opinion of 19 November 2003. Federal Institute for Risk Assessment,
Berlin, Germany.

Food Standard Agency Information. 2005. www.food.gov.uk /safereating/
chemsafe/ sudani/ sudanitimeline. And FSA Board Meeting Minuts 12
May 2005.

Gelka, K; Kopps, S; Myslak,2004. Carcinogenicity of azo colorants: influence
of solubility and bicavailability. Toxicol Lett. 2004,151:203-210.

Puoci, F., Garmeffa, C., lemma, F., Muzzalupo, R., Spizzirri, UG .and Picci,
N.2005. Molecularly imprinted solid phase extraction for detection of
Sudan | in food matrices. Food Chem. 2005,93:349-353,

Mazzetti M, Fascioli R, Mazzoncini I, Spinelli G, Morelti I,andBertoli A..2004.
Determination of 1-phenyiazo-2-naphthol (Sudan |) in chill powder and
in chilli-containi: 3 food products by GPC clean-up and HPLC with
LC/MS confirmation. Food Add Contamination,21(10);935-41.

Stiborova’, M., V. Marti'nek, H. H. Schmeiser, and E. Frei. 2006.
Modulation of CYP1A1-mediated oxidation of carcinogenic azo dye
Sudan | and its binding to DNA by cytochrome b5. Neuroendocrinol.
Lett. 27(Suppl. 2):35-39.

8614



J. Agric. Sci. Mansoura Univ., 33 (12), December, 2008

Stiborova; M., V. Marti'nek, H. Rydiova, T. Koblas, and P. Hodek. 2005.
Expression of cytochrome P450 1A1 and its contribution to oxidation
of a potential human carcinogen 1-phenylazo-2-naphthol (Sudan 1) in
human livers. Cancer Lett, 220:145-154.

Tateo, F and Bononil, M.2004. Fast determination of Sudan | by HPLC/APCI-
MS in hot chilli, spices, and oven-baked foods. J Agr Food Chem.
2004,;52:655-658.

Uematsu, Y., M. Ogimoto, J..Kabashima, K. Suzuki, and K. ito. 2007. Fast
cleanup method for the analysis of Sudan -1V and para red in various
foods and paprika color (oleoresin) by high-performance liquid
chromatography/diode array detection; focus on removal of fat and oil
as fatty acid methy esters prepared by transesterification of
acylglycerols. J. AOAC Int. 80:437—- 445

Wang, S.. Z. Xu, G. Fang, Z. Duan, Y. Zhang, and 3. Chen. 2007. Synthesis
and characterization of a molecularly imprinted silica gel sorbent for the
on-line determination of trace Sudan | in chilli powder through high-
performance liquid chromategraphy. J. Agric. Food Chem. 55:3869-
3876

T sama Al 55 Sact (0 ~ ¥ gl =) Qlisa pan oo Al
Vg paall BB clatia) Ghng B ol Clipe Lgdas L
‘3_}.—a§l—ad:\..J=ﬁG‘ EJL._AI:-‘_,—q.iJ_A&At SJ_h&JMJ—-.GJL'H
sanf (dlucs S 95 ske alball 30 dasa

Lo 330 Sigaadi 38 e~ DSV s RN pa)SY S pad

N = ¥ de sara 3 el e oS 5 g Shiua A Y] Clina Ao yana
Ohsil e Ao 38 (Mally adije b dn () Mmidie Lglad QLS pall st Aad ) 4y N
il dans ) A

Y el lapdly G gesl Jogdgc £ 0¥ 0¥ 01 Gagall Claga Wy
B osdag s o jealy G iy Jasedy o Y gVl AU hadd y Jiued jicall

3olaS Lgabailiond {ayg sl 4peY) Jlakiiay S5 el y (g sV JaTY] Jga Comia a
J_q.a":’l‘:s__;cj_)_’ﬁ)i__nl_jal_,ﬂg&c.\!uwLSELHJJ:.LSCJM::\A?.\&L&JS_,HL@
Qb 5 as¥) il S 0 5 A, S Shy o L B i) ead (Lhesly
Al
Bl Ay plaall L3 o piiadl A Sliseall 030 o LRSS Qa3 Jes Ay -
33y giae J Alaa ol 3o 2350 (5 fiasa o 2y puaa
e il (o Jgemndl y min JS e S ¥ Qe Sae g priie Ale U -

~ oSSl — e SN ~ Al — 60l () o WS A e Sl g gl ulS
— A SY ot eagiia S A B8 o3 3 Jadi ) et (e g {leaad = Glandl
3y flad) — il — Sl < ol = 53 fel — plladal Aualia — Gl o gun
Gligme Onr Bl SV 5y Blail (A 5L Mo S 3 e sigay SU Jhadl Jlea Jadid
Lo el 7 9 oy 5 sl il (a %0 S Aglayl Al Gl £ oV 0 Y o) ogd
Oo g glod CASy pall e m VY0 U ol peall Ball e aad 3 € o Ripo (e
o gl Slagen iy Sy {0 e YY) Shan o saa Lk e (1) Glagd
B3 jkie Y el Cliedi e 200

8615





