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 Food colors are in common use throughout Bangladesh, being used both for home 
cooking as well as for commercial preparations like pastries, pickles, biscuits, candies 
and beverages. The use of textile dyes in lieu of acceptable food colors has been 
reported in the newspapers and is a source of considerable concern because of their 
carcinogenic potential and deleterious health effects. We examined a locally prepared 
and commercially available food color for its effects, if any, on weight gain in albino 
mice. The food color, Mango Yellow manufactured by a local company, when added to 
mouse diet, significantly diminished the day to day growth rate of mice (as measured 
by weight) compared to mice maintained on a normal diet (i.e. in the absence of food 
color). Turmeric powder, when added to diet on top of the food color partially offset the 
weight loss in mice. Mango Yellow showed signs of developmental toxicity and 
mortality in pups born from mice fed with the color. The results suggest that the food 
color is not suitable for use as a food additive. 
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INTRODUCTION 

 
 The addition of food colors to various food items has a long tradition in all countries of the world. Food 
colors, when added to food items like pastries, biscuits, candies or beverages make the item more appealing to 
the consumer and so increases demand. Even in home cooking, colors like turmeric or saffron are added 
commonly in Bangladesh. Other colors purported to be FD&C food colors are also available and sold in the 
local markets. However, various newspaper reports as well as our internal surveys indicate that FD&C colors 
are openly adulterated with textile dyes, which is a dangerous practice since addition of such dyes to food items 
can create health disorders in the population. Recently, we have observed the presence of food colors 
manufactured by a local company sold in various retail stores of Dhaka. A preliminary analysis in the laboratory 
suggested the presence of non-approved food colors within the products (Rahmatullah et al., 2006). It was 
therefore of interest to analyze the colors sold in more details as to their possible toxicities. 
 Turmeric powder (Bengali: Holud) is sold in Bangladesh as the boiled, dried and grounded rhizomes of 
Curcuma longa L. (Zingiberaceae). It is used as a spice and as a coloring agent (yellow) in virtually every non-
sweet food preparations of the country. It is not known whether the powder by itself or the ingredients present in 
turmeric powder (mainly curcumin and demethoxycurcumin) can ameliorate or exacerbate any harmful effects 
of textile dyes that may be present simultaneously in prepared food items. The yellow colored compound with 
the trade name Mango Yellow is a yellow dye with the purported use of imparting a yellow color when added to 
food items. Both turmeric powder and Mango Yellow are used concurrently in some food items to get a 
desirable yellow product. Accordingly, we examined the effect of Mango Yellow in a rodent growth model, 
when added to rodent feed both without and with turmeric. 
 

MATERIALS AND METHODS 
 
Animals: 
 Albino mice (21 days old) were procured from the International Centre for Diarrhoeal Disease and 
Research (ICDDR, B), Dhaka. They were kept three to a cage in a properly ventilated room at ambient 
temperature (around 30oC). Both diet and water were supplied ad libitum. The weights of individual mouse were 
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monitored daily. The mice were divided into 9 groups of three mice per group. Group I (control) were fed 
normal diet (without any added food color and/or turmeric powder), Group II fed diet containing 1ml of food 
color per kg diet, Group III fed diet containing 10 ml of food color per kg diet, Group IV fed diet containing 1g 
turmeric powder per kg diet, Group V fed diet containing 10g turmeric powder per kg diet, Group VI fed diet 
containing 1ml food color and 1g turmeric powder per kg diet, Group VII fed diet containing 10ml food color 
and 1g turmeric powder per kg diet, Group VIII fed 1 ml food color and 10g turmeric powder per kg diet, and 
Group IX were fed diet containing 10 ml food color and 10g turmeric powder per kg diet.  
 
Diet: 
 The basic diet contained 250g wheat flour, 100g starch, 50g dry fish, 75g oil cake, 15g milk powder, 5g 
soybean oil, 7.5g molasses and 5g common salt (total weight prior to drying, 507.5g). The ingredients were 
mixed thoroughly, starch added at 1% (w/w) of the mixture and pelletized prior to drying (final weight in dry 
form was around 500g). Turmeric powder was added to diet at 1 and 10g per kg weight of the composite diet, 
above. Mango Yellow (liquid) was added to the above diet at 1 and 10 ml per kg weight of the composite diet. 
Dried diet was stored in plastic containers at ambient temperature (around 30oC) and given to mice ad libitum. 
 
Turmeric powder and Mango Yellow: 
 Boiled and dried turmeric rhizomes were obtained from the local market, grounded and re-dried prior to 
addition to rat diet. Mango Yellow (sold in 10 ml bottles in liquid form) was procured from a local supermarket. 
 

RESULTS AND DISCUSSION 
 
 Over a period of 18 days, control mice (Group I) increased in weight by an average of 92.2% (taking the 
mean weight on Day 0 at 100%). In contrast, mice fed a diet containing 1ml/kg composite diet of the Mango 
Yellow color (Group II) gained weight by 60.3% by Day 18 of the experiment. Mice fed a diet containing 10 ml 
Mango Yellow color/kg composite diet (Group III), by Day 18 showed a weight increase of 74%, which was 
significantly different than the weight gain of the control mice. Surprisingly, 1 ml of the Mango Yellow color 
was found to reduce weight gain at longer time periods more than 10 ml of the color when added to mouse diet. 
On the other hand, at shorter time periods like Day 6, Group I mice gained weight by 62.3%, whereas Groups II 
and III mice gained weight by 34.9% and 27.4%, respectively suggesting a dose-dependent effect on weight 
gain by the food color. The same trend is also evident on Day 12 following start of experiment, when Group I 
mice gained weight by 75.3%, Group II by 46.1% and Group III by 43.9%.  
 Turmeric powder, when added to the diet by itself at 1g per kg of the composite diet demonstrated an 
inhibitory effect on weight gain of mice. However, when added to the diet at 10g per kg of the composite diet, 
turmeric powder significantly led to weight gains, particularly after Day 4. On Day 6, whereas Group I mice 
gained weight by 62.3%, Group IV (1g turmeric powder per kg composite diet) mice gained weight by 34.9%, 
and Group V (10g turmeric powder per kg composite diet) mice gained weight by 77.1%. On Day 12, the 
weight gain by Groups 1, IV and V mice were 75.3%, 51.8% and 92.9%, respectively. On Day 18, the 
corresponding percentage weight gains were 92.2, 83.1 and 120.0, respectively. It is not clear as to why the 
lower concentration of turmeric powder in diet led to reduction in weight gain, which was reversed by the higher 
concentration of turmeric powder in diet. A plausible hypothesis could be that at low concentrations, ingredients 
in turmeric powder were reacting with some other ingredients in diet thus negating any beneficial effects of 
turmeric powder ingredients. At the higher concentration, enough beneficial ingredient(s) remained in the added 
turmeric powder (following initial reaction), thus demonstrating their beneficial effects. It is to be noted that the 
curcuminoids present in turmeric powder, viz curcumin, demethoxycurcumin, bis-demethoxycurcumin, 5’-
methoxycurcumin and dihydrocurcumin are all natural anti-oxidants and possess considerable potential to react 
with free radicals that may be present in any of the other ingredients of the mouse diet, and so their beneficial 
effects may be neutralized at the lower dose of turmeric powder used in the diet but not at the higher dose. 
 At 1g/kg composite diet (Group VI mice), turmeric powder added along with the food color partially offset 
the weight loss caused by 1 ml Mango Yellow/kg composite diet (up till about Day 10). Thereafter the percent 
weight gain of Group VI mice neared or equaled control levels (Group I mice). In Group VII mice (fed with 10 
ml Mango Yellow and 1g turmeric powder/kg composite diet), percent weight gain was always lower than 
control levels. At both doses of the food color (1 and 10 ml Mango Yellow/kg composite diet), turmeric powder 
at 10g/kg composite diet (Groups VIII and IX mice) only partially restored the weight loss. The results are 
presented in Table 1. 
 Food color did not cause any appreciable change in litter weight at birth. However, the weight gain per day 
of the pups in Groups II and III were significantly less than control pups (Group I). A dose-dependent 
relationship of reduced weight gains with food color concentrations was observed. The Mango Yellow food 
color also dose-dependently increased mortality rates of pups. While the mortality rate in Group I was 0%, that 
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of Group II and III pups were 23.1% and 28.6%, respectively. Mango Yellow demonstrated significant 
developmental toxicity in this respect. 
 
Table 1: Percent weight gain by mice in various groups. 

 
Days 

Group Numbers 
I II III IV V VI VII VIII IX 

Mean ± SEM of percent weight (taking Day 0 as 100.0%) 
0 100.0 ± 3.4 100.0 ± 8.2 100.0 ± 3.6 100.0 ± 6.94 100.0 ± 11.4 100.0 ± 6.7 100.0 ± 5.9 100.0 ± 5.4 100.0 ± 2.2 
2 120.8 ± 5.4 104.8 ± 6.3 105.5 ± 1.4a 119.3 ± 7.2 118.6 ± 9.7 119.3 ± 6.7 107.6 ± 3.7 111.1 ± 4.7 115.6 ± 4.8 
4 144.2 ± 5.8 109.5 ± 8.2a 117.8 ± 1.4b 113.7 ± 9.1 141.4 ± 11.8 134.9 ± 7.1 128.3 ± 3.7a 130.9 ± 5.1 115.6 ± 6.5a 
6 162.3 ± 0.5 134.9 ± 4.2b 127.4 ± 2.2a 134.9 ± 7.1a 177.1 ± 9.9 149.4 ± 5.9 137.0 ± 4.5a 140.7 ± 11.1 127.8 ± 7.8b 
8 181.8 ± 0.0 141.3 ± 4.2b 139.7 ± 2.4c 157.8 ± 8.0b 184.3 ± 8.2 165.1 ± 7.2a 145.7 ± 5.7b 153.1 ± 9.6a 134.4 ± 7.6c 

10 168.8 ± 11.5 139.7 ± 5.7b 135.6 ± 0.0a 153.0 ± 9.1 177.1 ± 9.6 156.6 ± 7.5 138.0 ± 4.8a 148.1 ± 7.8 134.4 ± 6.4a 
12 175.3 ± 11.1 146.1 ± 4.2b 143.9 ± 2.4a 151.8 ± 9.3 192.9 ± 9.1 172.3 ± 7.7 150.0 ± 5.7 160.5 ± 9.1 144.4 ± 6.7b 
14 190.9 ± 13.5 149.2 ± 6.9a 157.5 ± 1.4a 168.7 ± 8.6 192.9 ± 9.1 171.1 ± 6.1 169.6 ± 7.1 161.7 ± 6.8 162.2 ± 6.7 
16 201.3 ± 13.5 152.4 ± 9.5a 172.6 ± 0.0d 171.1 ± 11.4 210.0 ± 9.7 197.6 ± 5.9 175.0 ± 8.0 181.5 ± 9.5 170.0 ± 4.9b 
18 192.2 ± 17.4 160.3 ± 8.4 174.0 ± 1.4 183.1 ± 11.1 220.0 ± 9.8 200.0 ± 5.7 173.9 ± 8.5a 193.8 ± 7.9 180.0 ± 5.9 

Albino mice were divided into 9 groups of three mice per group. Group I (control) were fed normal diet (without any added food color and/or turmeric powder), Group II fed diet 
containing 1ml of food color per kg diet, Group III fed diet containing 10 ml of food color per kg diet, Group IV fed diet containing 1g turmeric powder per kg diet, Group V fed diet 
containing 10g turmeric powder per kg diet, Group VI fed diet containing 1ml food color and 1g turmeric powder per kg diet, Group VII fed diet containing 10ml food color and 1g 
turmeric powder per kg diet, Group VIII fed 1 ml food color and 10g turmeric powder per kg diet, and Group IX were fed diet containing 10 ml food color and 10g turmeric powder per kg 
diet. The results are given as percent weight gains during the experimental period, taking the weight on Day 0 as 100.0% for the various groups.  
Group II versus Group I: asignificant (P‹0.05); bsignificant (P‹0.10). 
Group III versus Group I: asignificant (P‹0.05); bsignificant (P‹0.01); csignificant (P‹0.001); dsignificant (P‹0.10). 
Group IV versus Group I: asignificant (P‹0.10); bsignificant (P‹0.05). 
Group VI versus Group I: asignificant (P‹0.10). 
Group VII versus Group I: asignificant (P‹0.10); bsignificant (P‹0.01). 
Group VIII versus Group I: asignificant (P‹0.05). 
Group IX versus Group I: asignificant (P‹0.05); bsignificant (P‹0.10); csignificant (P‹0.01).  

 
 Turmeric powder at the higher dose did not cause any decrease in litter weight (Group V). A decrease in the 
weight of pups in Group IV (1g turmeric powder per kg composite diet) was observed from Day 3 till Day 7 
following birth. The reason for this decrease in weight is not clear. On the other hand, administration of turmeric 
powder in diet at both doses led to 0% mortality of pups. 
 At the lower dose of Mango Yellow food color (Group VI), co-administration of turmeric powder (1g/kg 
composite diet) in diet decreased the mortality rate from 23.1% to 15.4%, but was not able to reverse the 
reduced weight of pups caused by the food color. However, food color, when added at the higher dose of 
10ml/kg composite diet (Group VII) despite the presence of turmeric at 1g/kg composite diet increased the 
mortality rate to 29.4%. At the higher dose of Mango Yellow food color, addition of turmeric powder at the 
lower dose of 1g/kg composite diet caused weight loss of pups a but mortality rate of 0% was observed (Group 
VIII). The highest mortality rate of 36.4% was observed with a combination of food color at 10 ml/kg composite 
diet and turmeric powder at 10g/kg composite diet (Group IX). The results are shown in Table 2. 
 
Table 2: Weight gain and mortality rate in pups from control mice and mice fed with Mango Yellow food color with or without turmeric 

powder. 
Litter size 
(number of 

pups) 

 
9 

 
13 

 
14 

 
13 

 
9 

 
13 

 
8 

 
17 

 
11 

Days 
following 

birth 

Group numbers 
I II III IV V VI VII VIII IX 

Weight of pups in g following birth (Mean ± standard deviation) 
1 1.6 ± 0.1 2.0 ± 0.2 1.6 ± 0.1 1.6 ± 0.1 1.8 ± 0.1 1.8 ± 0.2 1.9 ± 0.2 1.6 ± 0.2 1.7 ± 0.1 
2 2.4 ± 0.1 2.2 ± 0.2 1.8 ± 0.1 2.4 ± 0.2 2.7 ± 0.1 2.6 ± 0.2 2.7 ± 0.2 2.1 ± 0.2 2.6 ± 0.2 
3 3.6 ± 0.1 2.5 ± 0.1 2.3 ± 0.2 3.1 ± 0.3 3.6 ± 0.2 2.8 ± 0.3 3.6 ± 0.2 2.5 ± 0.3 3.3 ± 0.2 
4 4.4 ± 0.3 2.7 ± 0.2 2.9 ± 0.3 3.8 ± 0.4 4.7 ± 0.2 3.3 ± 0.2 4.7 ± 0.2 2.8 ± 0.5 3.8 ± 0.2 
5 5.0 ± 0.5 3.4 ± 0.3 3.4 ± 0.7 4.3 ± 0.4 5.2 ± 0.2 3.8 ± 0.3 5.5 ± 0.3 3.4 ± 0.5 4.4 ± 0.3 
6 5.7 ± 0.5 4.4 ± 0.5 4.2 ± 0.4 4.6 ± 0.4 5.7 ± 0.2 4.0 ± 0.7 5.5 ± 0.3 3.8 ± 0.4 4.8 ± 0.5 
7 6.0 ± 0.5 4.8 ± 0.4 4.3 ± 0.5 4.5 ± 0.5 6.1 ± 0.3 4.9 ± 0.3 6.1 ± 0.3 4.0 ± 0.4 6.0 ± 0.4 

Mortality 
rate (%) 

within 7 days 
of birth 

 
0 

 
23.1 

 
28.6 

 
0 

 
0 

 
15.4 

 
29.4 

 
0 

 
36.4 

Albino mice were divided into 9 groups of three mice per group. Group I (control) were fed normal diet (without any added food color 
and/or turmeric powder), Group II fed diet containing 1ml of food color per kg diet, Group III fed diet containing 10 ml of food color per kg 
diet, Group IV fed diet containing 1g turmeric powder per kg diet, Group V fed diet containing 10g turmeric powder per kg diet, Group VI 
fed diet containing 1ml food color and 1g turmeric powder per kg diet, Group VII fed diet containing 10ml food color and 1g turmeric 
powder per kg diet, Group VIII fed 1 ml food color and 10g turmeric powder per kg diet, and Group IX were fed diet containing 10 ml food 
color and 10g turmeric powder per kg diet. Following birth of pups in each group, the weights and mortality rates of the pups in each group 
were monitored over a period of seven days. Each litter size (number of pups) is given at the top of the Table. It is to be noted that the pups 
from any respective Group at their weaning stage were getting milk from their mothers fed with various diets as described.  
 
 Taken together, the results indicate that the Mango Yellow food color caused significant reductions in 
weight gain in adult mice as well as causing reduced weights and high mortality rates in pups born from dams 
fed with the food color. The results strongly suggest that the Mango Yellow food color is itself a non-approved 
food color or contains contaminant(s), which could be injurious to health. Anecdotal and newspaper reports 
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have mentioned about passing off textile dyes as food colors by various unscrupulous traders in the country. 
Whether the Mango Yellow color contains any textile dye, or is a textile dye itself needs to be determined. It is 
worth mentioning in this context, that immediately after the anti-adulteration drive conducted by the 
Government of Bangladesh in the recent past, all purported food colors sold by the Company manufacturing 
Mango Yellow food color were hastily withdrawn from the market. 
 The other interesting data in this regard was that turmeric powder could reverse partially or totally some of 
the deleterious effects of Mango Yellow color, particularly of the lower dose used in the present study. The 
major ingredient in turmeric powder is curcumin. Curcumin has variously been reported to have 
hepatoprotective actions (Soni et al, 1992) and act as a strong antioxidant (Kempaiah and Srinivasan, 2004a; 
Kempaiah and Srinivasan, 2004b; Osawa and Kato, 2005). Whether these effects of curcumin or any other 
component present in turmeric powder led to amelioration of harmful effects in Mango Yellow food color-fed 
mice remains to be studied. What is of importance is that turmeric may at least partially off-set any deleterious 
effects of the textile dye present in dietary food on growth and mortality rates. 
 Textile dyes are also carcinogenic. In fact, even permanent hair dyes have been shown to cause increased 
incidences of several forms of cancer, including bladder cancer (Lewis et al., 2013). The mutagenicity of textile 
dyes, particularly azo dyes as well as non-azo dyes, has been reviewed (Mathur et al., 2012). Epidemiological 
evidence is also present on increased risk of cancer in workers working in textile industries from occupational 
exposure to textile dyes (Mastrangelo et al., 2002). From the view point of textile dyes being carcinogenic, and 
such textile dyes may be or are used by unscrupulous factories to adulterate genuine food colors and make such 
adulterated colors available for human consumption, the use of turmeric along with such dyes assumes more 
importance. This is so, because curcumin (present in turmeric), is known to suppress the proliferation of a wide 
variety of tumor cell lines (Aggarwal et al., 2003). Curcumin has also been found to be effective against head 
and neck squamous cell carcinoma, the sixth most leading cancer occurring worldwide (Wilken et al., 2011). 
 It is of interest that essentially all Bangladesh cuisine with the exception of plain rice and sweets contain 
turmeric added as spice and to impart color to dishes. This use of turmeric may be inadvertently helping the 
Bangladesh population to survive the deleterious side-effects from ingesting textile dyes, which are used to 
adulterate food colors by some unscrupulous companies of the country.    
 
Financial disclosure: 
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