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ABSTRACT

Acceptability and stability of some synthetic colou-
rants (carmoisine and sunset yellow) and natural pigments
(annatto and rouge fraise) were studied. The spectral
data 1indicated that the synthetic colourants were more
stable than the natural colourants and the best storage
condition was 1in refrigerator at - 5° for both types
of pigments.

The biological results indicated that the rate of
gain in body weight of all studied fed rats was lower
than that of the control. Also, the liver wt./body wt.
ratio decreased in groups of rats fed on diets containing
natural or synthetic colourants relative to control.
This might be attributed to that colourants might behave
as a hypocholsterolic and hypolipimic effects.

The results pointed out that the amount of food
intake decreased for colourants fed rats relative to
control. Synthetic colourant (sunset yellow) showed
insignificant elevation on food efficiency compared with
natural pigments (annatto and rouge fraise). MAnnatto
showed the lowest values of food efficiency relative to
control.

The effect of synthetic colourants (carmoisine and
sungset yellow) on the activities of GOI', GPT of serum
and liver and plasma alkaline phosphatase were studied.
The difference between control and colourant treatments
was small for alkaline phosphatase activity, while a
remarkable increase was recorded for GOP and GPT activit-
tes of plasma and liver.

INTRODUCT ION

An increase number of synthetic dyes which are used
as food colourants over a long periods, is being shown
to exhibit a genotoxic effect, Levels of human exposure
to such agents vary widely, Such food additives may be



Egypt J. Appl. Sci., 4(2) 1989 283

continually ingested over long periods and therefore,
the available literature as regards to their toxicity or
metabolism revealed that little work was published before
the last decade with the increasing awareness Of health
hazards associated with their |use, extensive studies
have focused attention in this respect. Recently, more
detailed informaticn became available about the biological
activity of the synthetic colourings. These studies
suggested that certain types exhibit carcinogenic and
tertogesnic effect such as tartrazine (Arcos and Argus,
1974: Chung et al., 1981; Menoret, 1982 and Augustine
and Leviton T1983)., Contrary to abovementioned observat-
ion, Drake et al. (1978): Carpanine et al. (1978) and
Borzellsca st al. (1983) demonstrated nc carcinogenic
potential with some synthetic colourings such as erythro-
sine,

GOT, GPT and alkaline phosphatase activities were
insgnificantly increased in rat blood by annatto pigment
(Hamama et al., 1988) and rouge fraise dye (Hamama et
al., 1987). Ahmed et al. (1987) found that synthetic
dyes (tartrazine, tartrazine/green S mix., and erythrosine)
caused a significantly increasing for GOT in both plasma

and liver homogenates of rats.

The present study is dealt with some properties of
natural pigments (annatto and rouge fraise) and synthetic
dyes (sunsest yellow and carmoisine) and their acceptabil-
ity for use as food additives, Some biological effects
of these colourants on rats were studied. Also, some
specific blcod enzymes (GOT, GPT and alkaline phosphatase
activities) were achieved in rat feds on both synthetic
colourants,

MATERIALS AND METHODS

Colourants :

Two synthetic (sunset yellow and carmoisine) colour-
ants, were provided from Imperial Chemical Industries
(IcI, England), and two natural (annatto and rouge fraise)

pigments were provided from P. Roberted and Co. France.

Acceptability :

The acceptability of the recovered concentrates as
food additives was evaluated by the method reported by
Abdel-Rahim et al., (1988).

The stability of colourants :

Natural and synthetic colourant solutions (0.4%
g/L) were stored under the following conditions

(a) darkness at 5°C to -5°C.
(b) darkness at room tempsrature (25 - 30°C).

(d) light at room temperature (25 - 30°C).
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Colour intensity was measured after 3,6,9 and 12
months at 520 nm for red colourants (rouge fraise and
carmoisine) and at 420 nm for yellow colourants (annatto
and sunset yellow) using Beckman Specrophotometer.

Animals :

A total number of 50 adult male albino rats, 8
weeks o0ld: each weighing about 100 g; raised individually
in a well aerated cages, under hygienic conditions for 2
weeks. Rats were fed on a diet consisting of purified casein
15%: cotton seed oil 10%jcellulose 5%: salts mixture 4%
(Hegested et al., 1941)¢ vitamins mixture 1% (Cempbell,
1961) and corn starch 65%., Diet and water were supplied
Ad libilum. They were then divided into 3 groups. The
first group (10 rats) kept as control. The second group
(20 rats) was divided into two subgroups (each of 10
rats) and used for the two synthetic colourants. The
third group (20 rats) was divided into two subgroups
and used for the two natural pigments. The rats of each
subgroup were orally administrated intragatric tubefeeding,
a constant dose (0.4 g/kg diet) of only one of the synth-
etic or natural-food colourants once a day for a period
28 days.

Each rat was weighed every day and its daily food
intake was assessed. The animals were killed by decapita-
tion at the end of the 4 weeks treatment period, then
liver was dissected out and weighed.

Serum and liver glutamate -pyruvate (GPT) and glutam-
ate-exalacetate (GOP) activities were determined according
to Ritman and Frankel (1957). Serum alkaline phosphatase
activity was evaluated adopting the method of King and
King (1954).

Statistical analysis :

Statistical analysis was carried out using the
analysis of variance (t - test): Snedocor and Cochran

(1967).

RESULTS AND DISCUSSION

The available literature as regards to stability,
acceptability and biological evaluation of the food-.stuff
colourants is characterized by consistency results. But
the magnitude of change is partially dependent on the
type of colourants, chemical structure, administration
dose, duration of treatment, time of sampling after
treatment, degree of absorption from the gastrointestinal
tract after oral dosing ----- among other factors.

Acceptability studies :

A number of prepared solutions and artificial colou-
rants with different dosages were judged by a number of
four panelists as a consumers.
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All doses (0.2%, 0.4%, 0.6%, 0.08% W/V) of annatto,
rouge fraise, carmoisine and sunset yellow were 1in the
normal acceptability. It seems that over the permissible
maximum dose (0.4%), (FAO/WHO, 1974) was normal for

acceptability.
Stability studies :

The effect of temperature and light on colourant
solutions were studied. Changes in absorbancy within 12
months storage were illustrated in Table (1).

The results in Table (1) showed that in daylight at
room temperature about complete fading was observed 1n
rouge fraise. Also a great damage was noted during the
storage period.

The changes in absorbancy of synthetic colourants
were less than of natural colourants. The maximum effect
was observed in the daylight at room temperature for
all colourants, but in refrigerator at -5°C there was no
effect on both the natural and synthetic colourants.

The spectral data suggests that the synthetic colou-
rants were more stable than the natural colourants and
the best storage condition was in refrigerator at -5°C.
Such results were in agreement with that obtained by

Abdel-Rahim et al. (1988).

Biological evaluation :

The present investigation was carried out in order
to study the relationship between synthetic or natural
food colourants and body weight gain, fcod intake and
food efficiency. The results are summarized in Tables
(2,3 and 4).

- Resultsciefcbody-waeight gxin of rats fed the different
natural-and synthetic food-stuff colourants are illustra-
ted in Table (2)., The body weight increased with the
increase of age for all rats with control diet or with
the different natural or synthetic food colourants. But
the rate of increasing 1in body weight was different
among groups. It was observed that control showed the
higher values at the end of the experimental periocd.
Values of daily increase in body weight relative to
control can be arranged in the following increasing
order:

Carmoisine { Sunset yellow { Annatto £Rouge fraise

Low and significant growth rate in body weight was
observed (Table, 2). These effects of the colourants on
growth rate might be due to the disturbances effect of
colourants in different metabolic system,
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Table (2): Gain in body weight of rats fed on different natural or
synthetic food-colourants.
% Daily
£ Gai Mean of increase
iti i arn daily in- in body
Colourants Initial body Final body 4 : :
weight (g) weignt (g) iR P9 creaseinbody  weight
vwelg weight (g) relative to
control
Annatto 102.0+59.60 149.04+15.01 46.12 1.68+0.20 84
Rouge fraise 101.0+10.00 150.28+14.97 48.79 1.76+0.18 88
Carmoisine 105.0+11.01 134.40+12.99 28.00 1.46+40.15 73
Sunset yellow 104.0+10.00 146.56+15.00 40.92 1.52+0.14 76
Control 103_Q:9-00 159.00+16.00 54.37 2.00+0.23 100

* Each value is the average analysis of 10 rats.
* P values were calculated by the t-test were {0.05 for all experiments.

Table (3): Liver weight/body weight ratio of rats fed on different

natural or synthetic food-colourants.

R . X . . % Liver weight/
Liver weight
Liver weight Bod}(/qu;elght ght/ SETGHE TEla-

Colourants i

(g) body ratio Cive o Coatis]
Annatto 6.26+0.70 149.04+15.01 0.042+0.005 82.35
Rouge fraise 6.16+0.62 150.28+14.97 0.041+0.004 80.39
Carmoisine 5.38+0.50 134.40+12.99 0.040+0.004 78.43
Sunset yellow 6.012—0.59 146.56+15.00 0.041+0.004 80.39
Control 8.11+0.78 159.00+16.00 0.051+0.006 100

* Each value is the average analysis of 10 rats.
* P values were calculated by t-test were €0.05 for all experiments.

The results cobtained are 1in agreement with thoese
obtained by Hansen et al. (1973), Sekigawa et al. (1979)
who found that rats fed synthetic colourants (erythrosine
or tartrazine) were characterised by two growth rates
compAred control. Abdel-Rahim et al. (1988) showed
that.natural. nigments. (curcumin.. chisrophylls..ar.anthocy-
anins) slight decreas=d the growth .rate of rats.

Rats fed on control diet showed the highest values
of liver weight/body weight as shown in Table (3). Other
groups of the rats fed on the different natural or synth-
etic colcurants showed lesser ratio as compared with the
contrel groups (between 78.43% tco 82,352 at contrel),
The decrease in the average of fresh liver weight by the
colourants induction may be attributed to that colourants
might have a hypolipimic and hypocholesterolemic effects
(Abdel-Rahim et al,, (1987a). The pressnt results agree
with those reported by Abdel-Rahim et al, (1988) who
found that erythrosine, tartrazine, curcumin, chlorophylls
and anthocy:nine slightly decreased the liver weight/body
weight ratio.
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Data summarizing the average food intake and food
efficiency for the different tested diets with or without
food-colourants are reported in Table (4). At the end of
the experimental period, the amount of food intake decre-
ased for colourants fed rats relative to control, although
changes in food intake were not parallel to the growth
rates. Synthstic colourants (carmoisine and sunset yellow)
reduced the food intake values than natural ones (annatto
and rouge fraise). These results are in partial agreement
with the results of Abdel-Rahim et al. (1988) who found
that no abnormal effects were noted on food intake of
rats fed natural pigments (chlorophylls, anthocyanins
and curcumin). They observed that synthetic colourants
slightly reduced the food intake relative to control.

The results in Table (4) show that in case of addit-
ion of food colourants in 0.4% level to control diet,
annatto, rouge fraise, carmoisine and sunset yellow gave
a decrease of 12%, 9%; 10% and 9%, respectively in food
efficiency than control. Synthetic colourant (sunset
yellow) showed the highest food efficiency than natural
colourants when compared with control,

It is worthy to note that although natural colourants
(annatto and rouge fraise) showed the highest values for
food intake, annatto showed the lowest values of food
efficiency. Also, it can be noticed that synthetic colou-
rants (carmoisine and sunset yellow) fed rats showed
lowest values for body weight gain but they showed high
values for food efficiency. These results supported the
hypothesis that the digestion of diet may be inhibited
in a certain manner by adding natural or synthetic colou-
rants. Synthetic clourants had more inhibition effect on
food digestion than the natural colourants.

The present results are in agreement with the obser-
vations of Abdel-Rahim et al. (1988) who found that both
food colourants (natural and synthetic) reduced food
efficiency. Consequently, it could be suggested that,
the highest and resiudal effect of the synthetic coloura-
nts might be referred to their uptake and accumumation
by the body.

Serum enzymes activity :

From' the data presented in Table (5y, it 18 -¢lear
that either carmoisine or sunset yellow had a significant
sncrease effect on the activities of GOT, GPT and alkaline
phosphatase activities. However, the magnitude ot differ-
ence bestwesn the control and each colourant treatment
was small for alkaline phosphatase activity. Remarkable
increase was recorded for GPT and GOT. Also, the obtained
results illustrate that the effect of carmcisine on the
mentioned enzymes activity was more than sunset yellow
effect., Similar results for both GPT and GOT activities
were demonstrated in rats ingested by synthetic colourants
(Erythrosine and tartrazine) by Abdel-Rahim et al. (1987
b). Also the obtained results were in agreement with
that obtained by Ahmed et al. (1987).
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Elevation in serum activity of GOP, GPT and alkaline
phosphatase demonstrated liver dysfunction and necrosis,
since serum transaminases are considered to be very
sensitive indicatior on 1liver «cell damage and their
activities increase in the condition that produce hepatic
dysfunction (DeRitis, 1958). However, SGPT is more speci-
fic for liver damage than SGOT (Sherlock, 1975).
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