DETECTION AND IDENTIFICATION OF SUDAN 111 DYE IN ADULTERATED PALM
OIL

Abstract

The deleterious effect of consuming azo dye adulterants in palm oil is well documented
including cancer. The presence of Sudan Ill dye in palm oil cannot be detected by mere visual
inspection. This study was aimed at developing simple, cheap and convenient protocol for the on
the spot detection and identification of Sudan I11 and other azo dyes in adulterated palm oil. The
results revealed that refractive index could be used to predict azo dye adulteration as the
parameter increases with increasing concentration of Sudan Il dye in palm.oil and were
statistically different ((p<0.05) from crude unadulterated palm oil sample. Analytical thin layer
chromatography and chemical bleaching using 20% v/v each of concentrated sulphuric acid and
30% hydrogen peroxide in palm oil was effective in detecting Sudan Ill.dye adulteration in
concentrations of 10mg/L and above.
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Introduction:

The African oil palm (Elaeis guineensis Jacq) is the oil palm.of commerce worldwide and has
been useful to humanity for centuries (1;,2). It is an oleaginous tree crop that produces two
different kinds of oils in commercial quantities, namely; the crude palm oil from the fleshy
mesocarp of the palm fruit, and palm kernel oil, from the kernel or seed. These two primary
products from the oil palm are very:different in their fatty acid composition and characteristics
(2,3,4,6). Palm oil is the most consumed edible oil worldwide and the largest vegetable oil by
volume. Palm oil and palm kernel oil:contributes the largest percentage to the world vegetable oil
output (7).

In recent years, the high demand for palm oil for both domestic and industrial use has been
backed up with an increase in, adulteration (1,4). Nigeria’s total national palm oil output is
currently 1.40 million metric tons annually while the national palm oil consumption is estimated
at 1.84 million metric tons.annually (7). Therefore, there is a deficit of 440,000 metric tons
which is imported into the country via different routes, and Nigeria spends 500 million USD for
palm oil importation annually (8). The distinctive red-orange colouration of freshly milled crude
palm oil is due to the presence of carotenoids. Palm oil contains the highest amount of plant
derived carotenoids, ranging from 100-1000ppm depending on the oil palm fruit type with the
dura virescens oil'being most pigmented with highest carotene contents (5). In recent years, the
high demand for palm oil for both domestic and industrial utilization has been backed up with an
increase in adulteration (2,4).

There has been widespread speculation that some palm oil marketers smuggle adulterated palm
oil into the Nigerian market in a bid to bridge the demand supply gap. Some marketers of the
product add azo dyes to poor quality palm oil with characteristic off colour in a bid to improve
the colour of the oil, making it attractive to unsuspecting buyers and consumers of the product,
thereby maximizing profit without considering the health of the consumers (2,9,10). Such
adulterated palm oil is unsafe for human consumption and poses serious health risk and diseases
including cancer, kidney and liver problem (11).



Azo dyes are industrial colourants which comprises; the lipophilic, acidic and basic azo dyes
(12). The above-mentioned azo dyes are commonly used as colorants in the chemical industries
including oils, waxes, petrol, textile, leather, printing floor polishing, spirit varnishing, etc.
(13,14). The lipophilic azo dyes include mainly the following; Sudan 1 — IV, Sudan red B, Sudan
red 7B, Sudan red G, Sudan orange G, methyl yellow, and para red. Sudan dyes have intense red-
orange color, wide availability, low cost, and chemical stability (12,13,15). Their use in
foodstuffs and beverages, at any level, is forbidden by the European Community and many other
countries and organizations (16). Sudan I, 11, 111, IV, 7B, basic orange 2, and orange G have been
found to have carcinogenic effects, belonging to group 3, namely animal carcinogens (17). Azo
dyes have the functional group R-N=N-R’, the R and R’ are usually aryl. They exist in the
hydrazine form and are more likely to be broken down. They can be reduced by azo-reductase in
the intestinal bacteria cells and skin surface microflora (19). Sudan Il is-a diazo.and lysochrome
dye which has been reported to have carcinogenic and genotoxic effects, and as such is not
permitted to be used in food (18,20,21).

Proper regulation and monitoring by regulatory agencies such as National Agency for Food and
Drugs Administration and Control (NAFDAC), is therefore imperative in order to forestall the
unwholesome practice of adulteration of palm oil and safeguard the health of the populace.
Adulterated palm oil is difficult to identify by mere visual.inspection, hence, the need to develop
simple analytical method for detection cannot be overemphasized. Therefore, this study seeks to
develop simple tests and procedure that is cheap, fast and convenient for the detection of
adulterated palm oil which can be adopted by all stakeholders.in the local palm oil industry.

Materials and Methods

Collection of Sample: The crude palm oil sample used for this study was processed in
Biochemistry Division, NIFOR, and kept at room temperature for 2 months before use. Sudan 111
dye was purchased from Pyrex Scientific Chemical Company, Nigeria.

Sample Analysis: The unadulterated crude palm oil and adulterated samples were analyzed
using the following physicochemical parameters; moisture content, free fatty acids, specific
gravity and refractive index, using AOCS official methods (22). All physicochemical analysis
were carried out.within one week of adulteration with Sudan 111 dye.

Sudan L1l Dye Detection Methods

Chemical Bleaching Detection of Sudan 111 Dye

5ml each of palm oil samples (unadulterated and adulterated) previously melted at 70°C was
taken into ten 10ml test tubes labelled A-J. Tube A contained unadulterated crude palm oil, while
tube B contained bleached palm oil without Sudan Ill dye as control. Tubes C-J, contained
1mg/L, 10mg/L, 20mg/L, 30mg/L, 40mg/L, 50mg/L, 100mg/L and 200mg/L of Sudan I1I dye in
palm oil respectively. 1ml of concentrated sulphuric acid was added to tubes B-J and mixed
thoroughly using a glass rod, and allowed to stand for 5 minutes followed by addition of 1ml of



30% hydrogen peroxide to the components in the tubes B-J, mixed together and allowed to stand
for 5 minutes.
Thin Layer Chromatographic (TLC) Detection of Sudan 111 Dye

Analytical Thin Layer Chromatographic detection of Sudan 111 dye in palm oil samples was
carried out by dissolving appropriately and spotting 1uL of the analytes within 2cm on one edge
of the TLC plate with a microcapillary spotter unto a precoated 20x20cm aluminium plate with
silica gel 60 of 0.25mm thickness. Nine spots were made on the TLC plate which corresponds to;
1(Sudan I11 dye), 2(unadulterated crude palm oil), 3(1mg/L Sudan 11l dye in palm oil), 4(10mg/L
Sudan I11 dye in palm oil), 5(20mg/L Sudan 111 dye in palm oil), 6(30mg/L Sudan:ll1 dye in palm
oil, 7(40mg/L of Sudan 11l dye in palm oil), 8(50mg/L of Sudan Il in palm.oil, 9(200mg/L of
Sudan 111 dye in palm oil), and 10(200mg/L of Sudan I11 dye in palm ail). All the analytes were
allowed to run in a previously saturated chromatographic tank containing a shallow pool of
mobile phase made up of the solvent systems (Iso-octane, diethyl ether and glacial acetic acid) in
ratio 70:30:1 respectively. After appropriate development, the plate was air dried and the
coloured spots which are visible were circled using lead pencil and the retention values (Rf)
calculated. The spots representing distinct chemical groups were compared from the Rf values
obtained and conclusion drawn from the Rf value (23,24).

Retention value (Rf) = Distance travelled by compounds (cm)

Distance travelled by solvent front (cm)
Colour code: The colour code of the unadulterated-and adulterated palm oil samples was
developed based on colour of the oil.

Results and Discussion:

Table 1: Results of Physicochemical Analysis

Parameters | CPO APO1 APO2 APO3 APO4 APOS5 APO6 APO7 APO8
FFA(%) 6.405+0.005" | 6.450+0.050™ | 6.410+0.010 | 6.600+0.100” | 6.250+0.050° | 6.050+0.150° | 6.100+0.200° 6.500+0.100" | 6.250+0.050°
Moisture(%) | 0.200+0.02° 0.230+0.050%, | 0.200+0.010% | 0.210+0.010% | 0.200+0.020* | 0.225+0.010% | 0.225+0.010° 0.210+0.0.01* | 0.200+0.010°
Refractive 1.465+0.003% | .1.46840.001° | 1.475%0.002" | 1.476+0.002® | 1.481+0.001% | 1.491+0.004° | 1.516+0.001° 1.619+0.002°¢ | 1.671+0.008°
Index np

50°

Specific 0.931+0.014% | 0.938+0.031% | 0.934+0.011% | 0.938+0.013% | 0.940+0.014°% | 0.942+0.012% | 0.937+0.011° 0.940+0.010% | 0.939+0.012°
Gravity

g/ml at 50°%

KEY: CPO= Crude Palm Oil; APO1=1mg/L Sudan Ill in palm oil; APO2=10mg/L Sudan 111
in palm oil; APO3= 20mg/L of Sudan 111 in palm oil; APO4= 30mg/L of Sudan Il in palm
oil; APO5=40mg/L Sudan 111 dye in palm oil; APO6=50mg/L of Sudan Il dye in palm oil;
APO7=100mg/L of Sudan 111 dye in palm oil; APO8= 200mg/L of Sudan 111 dye in palm oil.

Table 1 above shows results of palm oil samples analyzed for some physicochemical properties.



Free fatty acid (FFA) levels of all the samples were higher than acceptable levels of <5%,
indicating that the oil was already getting oxidized prior to analysis. The result shows that there
was no significant difference (P>0.05) between the FFA values of the unadulterated and
adulterated palm oil samples; CPO, APO1, APO2, APO3, and APO7, which were significantly
different from APO4, APO5, APO6 and APO8 (P<0.05 but greater than APO1. The presence of
Sudan 111 dye did not lead to substantial cleavage of fatty acids from their parent triglycerides as
at the time of sample analysis. Hence, no significant increase the FFA levels of the palm oil
samples. Free fatty acids are primary oxidation products and is a key index used in determination
of oil quality and pricing in the international market.

Analysis of the moisture content shows that the moisture content of the unadulterated CPO and
all the adulterated samples were not statistically significant (P>0.05). The difference in density
between CPO and the other samples were not statistically significant (P>0.05).

The refractive index of all the samples showed a trend of increase with increasing concentration
of Sudan 111 dye in the oil, and were all higher and significantly different from CPO and APOL.
This may suggest refractive index as a key physical property in palm il adulteration study.

Image 1: Effect of chemical bleaching on colour of unadulterated and adulterated palm oil
samples

It can.be seen from the Image 1 above that addition of concentrated sulphuric acid and 30%
hydrogen. peroxide to unadulterated palm oil sample in tube B led to degradation of the
carotenoids in the oil, thus, bleaching the oil with a change in colour from red-orange to pale
yellow. . The same effect was observed in sample C containing 1mg/L of Sudan Il dye in palm
oil. This shows that the chemical bleaching method could not detect the Sudan Il dye at
concentration of 1mg/L. Tubes D-J contained Sudan Il dye in palm oil in concentrations of
10mg/L, 20mg/L, 30mg/L, 40mg/L, 50mg/L, 100mg/L and 200mg/L respectively, and retained
the red colour of the dye, indicating that the bleaching had effect only on the carotenoids in the
oil and not the synthetic azo dye. Thus, chemical bleaching can detect the presence of Sudan I11
dye in oil in concentrations of 10mg/L and above within 10 minutes of reaction.



The Rf value of Sudan Il dye in spots 1 was 0.5 while the triglycerides in unadulterated

crude palm oil sample in spot 2 was 0.9. Spot.3 which contains 1mg/L of Sudan Ill dye in palm
oil had just one component separating out with. Rf value of 0.9. This shows that thin layer
chromatography could not detect the presence of the dye-in oil at the concentration of 1mg/L.
Each of spots 5-10 had two separated-components A and B with retention values of 0.5 and 0.9
respectively, indicating that th es contained Sudan Il dye. Thus, thin layer

chromatography was able to dete
10mg/L and above.



Il . B . . BB B =
Bl B Bl B

KEYS:

A = Unadulterated Crude Palm oil

B = Bleached adulterated palm oil containing Tmg/L of sudan Ill dye in oil

C =Bleached adulterated palm oil containing 10mg/L of sudan lll dye in oil
D = Bleached adulterated palm oil containing 20mg/L of sudan Ill dye in oil
E = Bleached adulterated palm oil containing 30mg/L of sudan Ill dye in oil
F =Bleached adulterated palm oil containing 40mg/L of sudan Ill dye in oil
G = Bleached adulterated palm oil containing 50mg/L of sudan lll dye in oil
H= Bleached adulterated palm oil containing 100mg/L of sudan lii dye in oil

I = Bleached adulterated palm oil containing 200mg/L of sudan lii dye in oil

Image 3: Colour code showing different concentrations of adulterated crude palm oil

Conclusion: It has been demonstrated from this study that the presence of Sudan Ill dye of
concentrations 10mg/L and above in adulterated palm oil can be detected by chemical bleaching
and use of thin layer chromatography (TLC). Both the chemical bleaching method and thin layer
chromatography can detect-Sudan 111 'dye within 10 minutes of the procedure and as such, can be
used for the *“on the spot™ detection of adulterated palm oil in the open market and elsewhere.
TLC detection of adulterated palm oil is a simple technique, does not require visualizing with
spray reagents or use of UV lamp as the compounds are coloured and visible to the eyes, plus the
additional advantage of the possibility of using TLC to quantify the amount of azo dye in
adulterated palmoil. TLC is a simple, cheap, fast and convenient method, and can be used to
analyze multiple samples.

The colour code that can be used to suspect adulterated palm oil in the open market has also been
developed based on the different colours of adulterated palm oil from this study. We found from
this study that refractive index higher than 1.468 in palm oil samples could be used to predict
Sudan Il dye adulteration in palm oil.
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