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APPENDIX – II 

INSTITUTIONAL ANIMAL ETHICAL CLEARANCE  
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APPENDIX – III 

INTERVIEW SCHEDULED USED TO COLLECT INFORMATION FROM HOME 

MAKERS ON KNOWLEDGE, ATTITUDE AND PRACTICE ON FOOD COLOURANTS 

DEMOGRAPHIC PROFILE 

Name  Age (years) 16 – 20  21 – 30  31 – 40  41 – 50  >50  

Type of 

Family 

Joint 

Family 

Nuclear 

Family 

No. of Family 

Members 
2 3 4 5 >5 

Educational 

Qualification 

High 

School 

Higher 

Secondary 
Graduate 

Illiterate  

 

Occupation 
Home 

Maker 
Employed If, Employed: What do you do?  

KNOWLEDGE BASED QUESTIONS 

Kindly answer All the questions with the given options ―Yes/No‖ 

Do you know there are two types of Food Colourants as Synthetic and Natural Food 

Colourants? 
Yes No 

Do you know that the colours are used mainly to give an appetizing look to the foods? Yes No 

Do you know that the synthetic food colourants are harmful to health? Yes No 

Have you added any Natural Food Colourants to the recipes that you prepare at 

home? 
Yes No 

Have you found any difference in the food that you have prepared using synthetic 

colour and natural colour? 
Yes No 

Do you know any synthetic colour by name? Yes No 

If Yes, Kindly specify: 

Do you know that there are some limitations in using the Food colourants? Yes No 

If Yes, Kindly specify the Source of your Knowledge: 

Do you know that Food Safety and Standards Authority of India have coined certain 

terms and conditions/regulations in using different synthetic and natural food 

colourants? 

Yes No 

Have you got any idea of prohibited food colourants? Yes No 

Do you know that in commercially available foods, the Food Colourants used in it are 

specified in the label (as Synthetic or Natural Food Colourants)? 
Yes No 

ATTITUDE BASED QUESTIONS 

I know that excess consumption of synthetic food colourants cause food 

poisoning/allergies/cancer/hyperactivity in children/other ailments. 
Yes No 

I use synthetic food colourants because they are cheap and easily available. Yes No 

I do not use synthetic food colourants as I know the ill effects caused by it. Yes No 

I think synthetic food colourants are considered safe while cooked and consumed. Yes No 

I feel natural food colourants are difficult to purchase. Yes No 
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I often prefer using food colourants in foods just to make my children eat the food. Yes No 

I prefer eating natural food colourants, but I find them expensive than the synthetic 

food colourants. 
Yes No 

My family enjoys eating food that looks attractive and appetizing. Yes No 

I prefer using the following colours: Red, Yellow, Green, Orange and Blue (Tick the colours that you use) 

I use food colourants in foods to have more recipes Yes No 

PRACTICE BASED QUESTIONS 

I use natural food colourants. Yes No 

I use natural colours to provide my family with healthy foods. Yes No 

I use synthetic colourants because I do not know their ill effects Yes No 

Before adding the food colourants to the food, I read the limitations of it printed on the 

label. 
Yes No 

I often feel adding colours to the foods are essential. Yes No 

I think it is very difficult to find a natural food colourant equivalently colourful like 

the commercially available synthetic food colourants. 
Yes No 

I think bright colours are harmful for health. Yes No 

If you are a Home Maker/a mother, do your child/children like food colours added to 

their food? 
Yes No 

In which all foods do they like added colours, please specify?  

Which colour does your child/children like to be added in their food? Red, Yellow, Green, Orange and 

Blue (Tick the colours that you use) 
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APPENDIX – IV 

INTERVIEW SCHEDULED USED TO COLLECT INFORMATION FROM FOOD 

VENDORS ON KNOWLEDGE, ATTITUDE AND PRACTICE ON FOOD COLOURANTS 

DEMOGRAPHIC PROFILE 

Name  Age (years) 16 – 20  21 – 30  31 – 40  41 – 50  >50  

Type of 

Food Sold 

Fast Food 

Center 
Restaurant 

No. of 

Varieties Sold 
2 3 4 5 >5 

Educational 

Qualification of the 

Vendor 

High 

School 

Higher 

Secondary 
Graduate 

Illiterate  

 

Ownership 
Sole 

Proprietor  
Partnered If Partnered, is it Franchised?   

If Yes, Name your company : 

 

KNOWLEDGE BASED QUESTIONS 

Kindly answer All the questions with the given options ―Yes/No‖ 

Do you know there are two types of Food Colourants as Synthetic and Natural Food 

Colourants? 
Yes No 

Do you know that the colours are used mainly to give an appetizing look to the foods? Yes No 

Do you know that the synthetic food colourants are harmful to health? Yes No 

Have you added any Natural Food Colourants to the recipes that you prepare? Yes No 

Have you found any difference in the food that you have prepared using synthetic 

colour and natural colour? 
Yes No 

Do you know any synthetic colour by name? Yes No 

If Yes, Kindly specify: 

Do you know that there are some limitations in using the Food colourants? Yes No 

If Yes, Kindly specify the Source of your Knowledge on food colours : 

Do you know that Food Safety and Standards Authority of India have coined certain 

terms and conditions/regulations in using different synthetic and natural food 

colourants? 

Yes No 

Have you got any idea of prohibited artificial food colourants? Yes No 

Do you know that in commercially available foods, the Food Colourants used in it are 

specified in the label (as Synthetic or Natural Food Colourants)? 
Yes No 

ATTITUDE BASED QUESTIONS   

I know that excess addition of synthetic food colourants in foods cause food 

poisoning/allergies/cancer/hyperactivity in children/other ailments. 
Yes No 

I use synthetic food colourants because they are cheap and easily available. Yes No 

I do not use synthetic food colourants as I know the ill effects caused by it. Yes No 

I think synthetic food colourants are considered safe in cooked foods   and consumed. Yes No 
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I feel natural food colourants are difficult to purchase. Yes No 

I often prefer using food colourants in foods just to make the consumers feel satisfied. Yes No 

I prefer using natural food colourants, but I find them expensive than the synthetic 

food colourants. 
Yes No 

My consumers enjoy eating foods that look attractive and appetizing Yes No 

I have a particular target of customers, who visit my shop daily. Yes No 

 I want the prepared food to be visually appetizing. Yes No 

I prefer using the following colours: Red, Yellow, Green, Orange and Blue (Tick the colours that you use) 

I use food colourants in foods to have more recipes Yes No 

PRACTICE BASED QUESTIONS   

I use natural food colourants. Yes No 

I use natural colours to provide my customers with healthy foods. Yes No 

I use synthetic food colourants because I do not know their ill effects Yes No 

Before adding the food colourants to the food, I read the limitations of it printed on the 

label. 
Yes No 

I often feel adding colours to the foods are essential. Yes No 

I think it is very difficult to find a natural food colourant equivalently colourful like 

the commercially available synthetic food colourants. 
Yes No 

I think bright colours are harmful for the health. Yes No 

I use _____________ number of synthetic food colour packets per day to make the prepared food look 

delicious. 

________ grams of synthetic food colourants are available in the packet. 

The most frequently used synthetic food colourant in the shop is: 

The most common brand that I use for colouring the foods is: 

The colour that I prefer to be added to the food is: 

Food Colour Brand Used Used in the Food 

Red   

Orange   

Red Orange   

Yellow   

Pink   

Green   

Blue   

Brown   
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APPENDIX – V 

INTERVIEW SCHEDULED USED FOR MARKET SURVEY ON SYNTHETIC FOOD COLOURS 

S. 

No. 

Area of the 

Supermarket 

Brand 

Name of the 

Synthetic 

Food 

colours  

Type of Colour Stored in which form? Mention 

the types 

of Light 

used in the 

Shop 

Watts 

of 

light 

used 

Frequency 

of the 

food 

colour 

sold 

Red Green Yellow Blue 

Glass Bottles Packets 

Transparent Brown Polythene 
Paper 

Bags 

1.              

2.              

3.              

4.              

5.              

6.              

7.              

8.              

9.              

10.              
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APPENDIX – VI 

PROCEDURES ADOPTED FOR PHYTONUTRIENT ANALYSIS 

(a) Test for Alkaloids: 

There are different tests to be carried out for ensuring the presence of alkaloids in food 

substances. In this study to detect the presence of alkaloids tests with mayer‘s reagent and 

dragendorff‘s reagent were carried out using the following procedure, where the dried form of the 

natural food colourants of annatto seeds (Bixaorellana), eucalyptus bark (Eucalyptus grandis) and 

madder root (Rubiacordifolia) were added to dilute HCl dropwise and filtered. The resulting filtrates 

were screened for the preliminary test of alkaloids with the reagents. 

i) Test with Mayer’s reagent: 

 Few drops of Mayer‘s reagent was added with the filtrates of one ml of annatto seeds 

(Bixaorellana), eucalyptus bark (Eucalyptus grandis) and madder root (Rubiacordifolia) on different 

watch glasses to observe the presence or absence of yellowish or white coloured precipitates that 

revealed the alkaloid occurrence. 

ii) Test with Dragendorff’s reagent: 

 Added one ml of Dragendroff‘s reagent with the filtrates of annatto seeds (Bixaorellana), 

eucalyptus bark (Eucalyptus grandis) and madder root (Rubiacordifolia) on different watch glasses 

to observe the presence or absence of orange red coloured precipitates that indicates the presence of 

alkaloids. 

(b) Test for Flavonoids:  

    i)  Alkaline reagent test: 

Two or three drops of sodium hydroxide were added to two ml of the substances of annatto 

seeds (Bixaorellana), eucalyptus bark (Eucalyptus grandis) and madder root (Rubiacordifolia). 

Development of intense yellow colour initially on addition of a few drops of sodium hydroxide 

solution, which turns to colourless after addition of few drops of dilute hydrochloric acid indicates 

the presence of flavonoids. 

ii) Test with H2SO4: 

 Concentrated sulphuric acid of one ml added to the substances of annatto seeds 

(Bixaorellana), eucalyptus bark (Eucalyptus grandis) and madder root (Rubiacordifolia), where 

yellow colouration starts to disappear on standing the acid indicates the presence of flavonoids. 
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iii) Test with lead acetate: 

 A small portion of the substances of annatto seeds (Bixaorellana), eucalyptus bark 

(Eucalyptus grandis) and madder root (Rubiacordifolia) heated with 10 ml of ethyl acetate each over 

a steam bath for three minutes. Then the mixture is filtered and four ml of the filtrate substance were 

shaken with one ml of dilute ammonia solution. Yellow colouration of the substance ensures the 

presence of flavonoids. 

iv) Shinoda test:  

Ten drops of dilute hydrochloric acid and a piece of magnesium when added with one ml of 

the substances of annatto seeds (Bixaorellana), eucalyptus bark (Eucalyptus grandis) and madder 

root (Rubiacordifolia) resulting in development of a deep pink, scarlet, crimson red or occasionally 

green to blue colour appearance indicates the presence of flavonoids. 

 (c) Test for Sterols:  

i) Libermann test: 

 Added one ml of the substances of annatto seeds (Bixaorellana), eucalyptus bark (Eucalyptus 

grandis) and madder root (Rubiacordifolia) to a dry test tube with constant addition of ten drops of 

acetic anhydride along with two drops of concentrated sulphuric acid and shake. The mixture in the 

test tube will change colour from red to rapid violet, deep blue and on standing it will finally change 

to deep bluish green colour, indicating the presence of sterols. 

 (d) Test for Terpenoids:  

i) Libermann test: 

Extracts and substances of annatto seeds (Bixaorellana), eucalyptus bark (Eucalyptus 

grandis) and madder root (Rubiacordifolia) treated with few drops of acetic anhydride, boil and cool, 

concentrated sulphuric acid is added to the side of test tube, shows brown ring at the junction of two 

layer and the upper layer turns green which shows the presence of sterols and formation of deep red 

colour indicate the triterpenoids.  

(e) Test for Anthraquinone:  

i) Borntrager’s test: 

To the three ml of extracts and substances of annatto seeds (Bixaorellana), eucalyptus bark 

(Eucalyptus grandis) and madder root (Rubiacordifolia), dilute H2SO4 was added separately. The 

solutions were then boiled and filtered. The filtrate were cooled and to it equal volume of benzene 

was added. The solutions were shaken well and the organic layer was separated. Equal volume of 
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dilute ammonia solution was added to the organic layer. The ammonia layer if turned pink shows the 

presence of Anthraquinone glycosides.  

(f) Test for Anthocyanin: 

Two milliliter of substances of annatto seeds (Bixaorellana), eucalyptus bark (Eucalyptus 

grandis) and madder root (Rubiacordifolia) added with two ml of 2N HCl and a few drops of 

ammonia appears to be pink red solution, which turns blue-violet after addition of ammonia shows 

the presence of anthocyanin. 

 (g) Test for Protein: 

i)  Ninhydrine reagent:  

 Two drops of 0.2 percentage of freshly prepared ninhydrine solution added to one ml of the 

substances of annatto seeds (Bixaorellana), eucalyptus bark (Eucalyptus grandis) and madder root 

(Rubiacordifolia) holding it on the flame until it boils and if the solution produces purple colour then 

it shows the presence of proteins. 

ii) Biuret test: 

Two drops of two percentage of copper sulphate and few drops of ten percentage sodium 

hydroxide added with one ml of extracts and substances of annatto seeds (Bixaorellana), eucalyptus 

bark (Eucalyptus grandis) and madder root (Rubiacordifolia)shows the development of violet or red 

colour formation, then it indicates the presence of proteins. 

iii) Xanthoproteic test: 

 In a test tube few drops of concentrated sulfuric acid is added and shaken with substances of 

annatto seeds (Bixaorellana), eucalyptus bark (Eucalyptus grandis) and madder root 

(Rubiacordifolia). The solution is then gently heated on flame in which the appearance of yellow 

colour shows the presence of proteins. 

 (h) Test for Phenolic Compounds: 

i) Ferric chloride test: 

 Two milliliters of five percentage of neutral ferric chloride solution added with one ml of 

annatto seeds (Bixaorellana), eucalyptus bark (Eucalyptus grandis) and madder root 

(Rubiacordifolia), the dark blue colouring indicates the presence of phenols. 

ii) Gelatin test: 

 The extracts and substances of annatto seeds (Bixa orellana), eucalyptus bark (Eucalyptus 

grandis) and madder root (Rubia cordifolia)dissolved in five ml of distilled water and two ml of one 
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percentage of gelatin containing 10 percentage of sodium chloride is added and the presence of white 

precipitate indicates the presence of phenolic compounds. 

 

iii) Ellagic Acid test: 

 Aqueous solution of annatto seeds (Bixaorellana), eucalyptus bark (Eucalyptus grandis) and 

madder root (Rubiacordifolia)is added with 5% of glacial acetic acid and 5% of sodium nitrite 

solution. If the solution turns muddy or niger brown precipitate, it indicates the presence of phenolic 

compounds. 

 (i) Test for Quinones: 

 When the extracts and substances of annatto seeds (Bixaorellana), eucalyptus bark 

(Eucalyptus grandis) and madder root (Rubiacordifolia)are treated with hydrochloric acid and 

sodium hydroxide, the appearance of red or blue colour shows the presence of quinones. 

(j) Test for Carbohydrates: 

i)  Molisch’s test:  

Few drops of alcoholic a-naphthol solution added to two ml of extracts and substances of 

annatto seeds (Bixaorellana), eucalyptus bark (Eucalyptus grandis) and madder root 

(Rubiacordifolia)along with few drops of concentrated H2SO4 added along the walls of test tube. At 

the junction of two liquids, if a violet colour ring appears, then it indicates that carbohydrates are 

present. 

ii) Fehling’s test: 

To two ml of extracts and substances of annatto seeds (Bixaorellana), eucalyptus bark 

(Eucalyptus grandis) and madder root (Rubiacordifolia)an equal volume of Fehling‘s solution added 

and heated for five minutes, the resulting red or dark red precipitate indicating the presence of 

carbohydrates. 

(k) Test for Tannin:  

i) Braymer’s test: 

To one ml of extracts and substances of annatto seeds (Bixaorellana), eucalyptus bark 

(Eucalyptus grandis) and madder root (Rubiacordifolia)add three ml of distilled water followed by 

three drops of 5 % ferric chloride solution, formation of blue-green colour indicates the presence of 

tannins. 
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ii) Gelatin test:  

The extract of 50 mg of annatto seeds (Bixaorellana), eucalyptus bark (Eucalyptus grandis) 

and madder root (Rubiacordifolia) dissolved in 5 ml of distilled water and 2 ml of 1% solution of 

gelatin containing 10% NaCl is added to it. White precipitate indicates the presence of tannins. 

iii) Hydrolysable Tannins test (10% NaOH test):  

An aqueous solution of the extract ofannatto seeds (Bixaorellana), eucalyptus bark 

(Eucalyptus grandis) and madder root (Rubiacordifolia)of 0.4 ml is treated with 4 ml of 10% NaOH 

and shaken well. Formation of emulsion indicates the presence of tannins 

 (l) Test for saponins:  

The extracts of 50 mgofannatto seeds (Bixaorellana), eucalyptus bark (Eucalyptus grandis) 

and madder root (Rubiacordifolia) is diluted with distilled water and made up to 20 ml. The 

suspension is shaken in a graduated cylinder for 15 minutes. A layer of foam (2 cm) indicates the 

presence of saponins. 

(m) Test for Cardiac Glycosides:  

i)  Baljet Reagent test: 

 The substances of annatto seeds (Bixaorellana), eucalyptus bark (Eucalyptus grandis) and 

madder root (Rubiacordifolia)is added with sodium oicrate solution, the appearance of yellow to 

orange colour indicates the presence of cardiac glycosides. 

ii) Bromine water test: 

 Each extract of annatto seeds (Bixaorellana), eucalyptus bark (Eucalyptus grandis) and 

madder root (Rubiacordifolia)is added with bromine water, formation of yellow coloured precipitate 

indicates the positive testing of cardiac glycosides. 

iii) Keller-Killiani Test: 

To two ml of test solution of annatto seeds (Bixaorellana), eucalyptus bark (Eucalyptus 

grandis) and madder root (Rubiacordifolia), Three milliliter of glacial acetic acid and 1 drop of 5% 

ferric chloride were added in a test tube. 0.5 ml of concentrated sulphuric acid is added by the side of 

the test tube. Formation of blue colour in the acetic acid layer indicates the presence of cardiac 

glycosides. 

(n) Glycoside’s Test: 

i) Borntrager’s Test: 

To three ml of test solution of annatto seeds (Bixaorellana), eucalyptus bark (Eucalyptus 

grandis) and madder root (Rubiacordifolia), dilute sulphuric acid is added, boiled for 5 minutes and 
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filtered. To the cold filtrate, equal volume of benzene was added and shake it welled. The organic 

solvent layer is separated and ammonia is added to it. Formation of pink to red colour in ammonical 

layer indicates presence of anthraquinone glycoside. 

ii) Aqueous NaOH test: 

 A small amount of alcoholic solution of annatto seeds (Bixaorellana), eucalyptus bark 

(Eucalyptus grandis) and madder root (Rubiacordifolia) taken in one ml of water in a test tube and a 

few drops of aqueous NaOH is added to it. Yellow colouration in the test tube shows the presence of 

glycosides. 

(o) Test for Lignin: 

i) Labat test: 

A small quantity of extractof annatto seeds (Bixaorellana), eucalyptus bark (Eucalyptus 

grandis) and madder root (Rubiacordifolia) with gallic acid appears olive green colour, then it shows 

the presence of lignin. 

(p) Test for Coumarins: 

 0.5 g of the moistened extracts of annatto seeds (Bixaorellana), eucalyptus bark (Eucalyptus 

grandis) and madder root (Rubiacordifolia) is taken in a test tube. The mouth of the tube is covered 

with filter paper treated with 1N NaOH solution. Test tube is placed for few minutes in boiling water 

and then the filter paper is removed and examined under the UV light for yellow fluorescence 

indicated the presence of coumarins. 

(q) Test for Volatile Oil:  

i) Fluorescence Test: 

For volatile oil estimation 10 ml of powdered material of annatto seeds (Bixaorellana), 

eucalyptus bark (Eucalyptus grandis) and madder root (Rubiacordifolia)is taken and filtered till 

saturation point, then exposed to UV light. The presence of bright pinkish fluorescence indicates the 

presence of volatile oils. 

 

 

 

 

 



233 
 

APPENDIX – VII 

PROCEDURE ADOPTED FOR INDUCTIVELY COUPLED PLASMA MASS SPECTROMETER 

Inductively Coupled Plasma Mass Spectrometer couples use of an ICP with MS for elemental 

analysis by generation of ions. The ICP is involved in generation of a high temperature plasma 

source at 10,000 degree Celsius, through which the pre-treated sample is passed. The high 

temperature attained by this plasma inside the system helps in ionization of elements and thereby in 

detecting them. Mass spectrometer is used as detector. 

Specifications: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Experimental Chemicalsand reagents  

 

Digestion 

The samples were weighed accurately around 0.2 g in a pre-cleaned, dry 50 mL volume 

microwave digestion vessel. The volume of 6 mL HNO3 (Nitric acid, 67-70%, for trace metal 

analysis) was added. Vessels were allowed to stand in a fume hood to facilitate pre-digestion at 

atmospheric conditions for 15 min. The microwave digestion vessels were closed and the microwave 

digestion process was initiated. The digested sample solutions were quantitatively transferred into 50 

mL volumetric flasks. 

 

 

 

 

Model 
Thermo Scientific™ iCAP™ 

RQ 

Type Single Quadrupole ICP-MS 

Dynamic Range 
> 9 orders of magnitude (< 1 - > 

1·10
9
 cps) 

Hertz 2 mHz 

Description iCAP RQ ICP-MS 

Nebulizer Borosilicate glass 

Spray chamber Quartz, cyclonic 

High pure Millipore Water  

Nitric acid, 67-70%, for trace metal analysis 
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APPENDIX – VIII 

PROCEDURES ADOPTED FOR NUTRIENT ANALYSIS 

(a) Test for Crude Fiber: 

i) Fibra Plus Method: 

According to Center for Food and Safety, Fibra plus method of analysis with AOAC (2023) 

985.29 procedure, the test for crude fiber was carried out. The dry samples of eucalyptus barks (E. 

grandis) and annatto seeds (Bixa Orellana) were defatted with ether if greater than 10 percent fat 

content id present in the sample. Then the samples‘ were weighed for duplicating the test portions 

with difference in weight of not more than 20 mg. Then the samples were added with phosphate 

buffer with the pH of 6.0±0.2 with added enzyme incubated at 95-100°C in 30 minutes of water bath. 

Likewise, protein and starch substances were removed from the samples with protease enzyme added 

in pH of 7.5±0.2 at 60°C for 30 minutes and for starch the pH of 4.0 to 4.6, added with 

amyloglucosidase enzyme at 60°C for 30 minutes.  

The prepared sample substances are precipitated at room temperature for 60 minutes with 95 

percentage of Ethyl alcohol in 280ml added to the substances and the residues are collected in 

preweighed crucibles. The test portion is divided and using N x 6.25 as conversion factor, protein is 

calculated. The other portion is incinerated at 525°C for five hours and the fiber is calculated using 

the formula:  

Total Fiber = Weight of the residue – Protein content – Ash – Blank  

     Weight of the Test Portion 

(b) Test for Fat: 

i) Soxhlet or solvent Extraction Method: 

The ―Soxhlet‖ method is recognized by the Association of Official Analytical Chemists (AOAC, 

2023) as the standard method for crude fat analysis. In Soxhlet method crude fat content of the food 

sample is determined by solvent extracting method, then determining the weight of the fat recovered. 

The procedure followed is that accurately weigh five grams of samplesof eucalyptus barks (E. 

grandis) and annatto seeds (Bixa Orellana) into a flask. Dry the sample in an oven at 102ºC for five 

hours. Then insert the flask in a Soxhlet liquid/solid extractor. Accurately weigh a clean, dry 150 ml 

round bottom flash and put about 90 ml of petroleum ether in the flask. Assemble the extraction unit 

over in an electric heating mantle or a water bath. Heat the solvent in the flask until it boils (Adjust 

the heat source so that solvent drips from the condenser into the sample chamber at the rate of about 

six drops per second). Continue the extraction process for six hours. 
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Remove the extraction unit from the heat source and detach the extractor and condenser. Replace 

the flask on the heat source and evaporate off the solvent. Place the flask in an oven at 60 to 80ºC 

and dry the contents until constant weight is obtained for one to two hours. Cool the flask in a 

desiccator and weigh the flask with contents. The fat percentage of the samples are calculated as: 

Weight of empty flask (g) = W1; Weight of flask and extracted fat (g) = W2; and Weight of sample = 

S 

  Total percentage of Crude Fat  = (W2 – W1) x 100 ÷ S 

(c) Test for Protein: 

i) Kjeldahl Method: 

According to Carmen (2022), Kjeldahl method is 125-year-old method for the determination 

of organic nitrogen has long been the international reference method for the determination of the 

protein content of dairy products. Although it involves a long analysis time and the use of hazardous 

reagents at high temperatures, the method is extremely reliable and precise, which is probably why it 

has stood the test of time so well. Currently, there is micro and macro Kjeldahl determination 

equipment that will differ in the quantity of sample and chemicals required. 

In the procedure (AOAC, 2023), a weighed sample of the eucalyptus barks (E. grandis) and 

annatto seeds (Bixa Orellana) is heated together with concentrated H2SO4 in the presence of 

K2SO4 and Se, Hg, or Cu catalyst in a heat-resistant tube at a temperature of approximately 400 °C. 

This step is essentially a wet oxidation of the sample, and the organic constituents are initially 

carbonized as evidenced by the appearance of a dirty black color. Continued heating results in 

complete oxidation to CO2 and the digest becomes clear. This digestion step converts sample N into 

a soluble nonvolatile form, (NH4)2SO4. The clear digest is cooled, suitably diluted, and made alkaline 

by the addition of an excess of strong base (NaOH), which releases the N in a quantifiable form as 

free NH3. 

 The neutralized digest is then subjected to steam distillation, which separates the volatile 

NH3 from the other constituents, and the condensed NH3 is trapped in dilute boric acid. The final 

step involves quantification of the trapped NH3 by titration with a standard acid. The amount of acid 

used in titration can easily be related to the N content of the sample: 

N (% w/w) = Volume of acid (ml) x molarity of acid (mol – 1) x 14 (g mol – 

1)  

Weight of sample (g) x 100  

X 100 
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To obtain the protein content of a food, the N content must be multiplied by a factor that 

reflects the percentage of N in the sample protein. Dairy proteins contain an average of 15.67 percent 

of N, giving a correction factor of 6.38 (100/15.65); thus, 

Protein (%, w/w)  = N (%, w/w) x 6.38 

For samples where the exact protein profile is not known, a general conversion factor of 6.25 

may be applied. As the Kjeldahl method determines N rather than protein per se, the protein content 

so determined is termed the crude protein value. The main source of inaccuracy in the method arises 

from the contribution of non-protein nitrogenous species. 

(d) Test for Calorific Value: 

i) DGHS Method: 

The calorific value defines the energetic content of the materials; it is the amount of heat a 

substance produces after complete combustion. The calorific value can also be expressed as gross 

calorific value (GCV) or high heating value. Also, the calorific value of a substance (generally, solid 

biofuel or food) is the specific energy of combustion for a unit mass. 

Effectiveness of the Calorific Value: The effectiveness of a food fuel depends on the 

calorific value; the higher the value, the higher the efficiency and vice versa. For example, Hydrogen 

fuel has the highest calorific value, that is150 KJ/Kg. Therefore, the efficiency of the substance is 

proportional to the calorific value. Also, water vapor that is generated in the combustion process 

contains heat and if it is recovered through different techniques, the substance will have a higher 

calorific value (GCV) and vice versa when it results in a lower or Net Calorific Value (NCV). NCV 

is the result when the products of combustion are allowed to escape. 

With AOAC, (2023) guidelines, the calorific value of the fuel is the amount of heat or energy 

a fuel generates during complete combustion. It is the variable of the heat or energy released, which 

is either measured in Gross Calorific Value (GCV) or Net Calorific Value (NCV). The calorific 

value of a fuel can be determined using a bomb calorimeter. With the above understanding of 

calorific value, we can write the calorific value formula as follows: 

Net calorific value (NCV) = Gross calorific value (GCV) - Latent heat of water vapors 

      (or) 

Gross calorific value = Net calorific value + Latent heat of water vapors 
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(e) Test for Moisture Content: 

i) Hot Air Oven Method: 

 According to Kalne (2022), the moisture content is the ratio of weight of water to the solid in 

the food substance, that is eucalyptus barks (E. grandis) and annatto seeds (Bixa Orellana). This 

ratio is expressed in percentage of wet basis and dry basis. 

  Check the weight of a clean container as W1 in grams. Around five to six gram of the sampe 

is added to the container and weighed as W2 in grams. Place the container in oven and heat it with 

the sample at 130°C for about 16 to 24 hours. Again check the weight of the sample as W3 in grams. 

The moisture content can be calculated in percentage of wet basis and dry basis. 

 Percentage on Wet basis  = [(W2 – W3) ÷ (W2 – W1)] x 100 

 Percentage on Dry basis  =  [W3 ÷ (100 – W2)] x 100 

 The other nutrients like carbohydrates is tested using the AOAC recognized method of IS 

1656:2006 and other phyto nutrients like phenols, tannins, beta carotene, lycopene and phytic acid 

were calculated using the general guidelines used to analyze preliminary phytochemical (Shaikh et 

al., 2020) 
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APPENDIX – IX FORMULATION OF RECIPES INCORPORATED WITH FOOD 

COLOURANTS 

TRADITIONAL SWEET RECIPES INCORPORATED WITH THE SELECTED NATURAL 

FOOD COLOURANTS 

KESARI 

Ingredients  

 Semolina – 20 grams 

 Sugar – 20 grams 

 Ghee – 5 grams 

 Cashew nuts – few 

 Water – 1 cup  

Method of Preparation 

 Add few drops of ghee in a kadai, let it heat, roast cashews in it and keep aside. 

 Then add the semolina to it and dry roast it. On the other hand, boil water.  

 When the semolina turns light gold colour, add sugar, water, ghee and natural food colours 

(AnV1 – 1 mg, AnV2 – 2 mg and AnV3 – 3 mg, EuV1 – 4 mg, EuV2 – 5 mg and EuV3 – 6 

mg). 

 Mix well till it reaches a thick semi-solid consistency. 

MOTICHOOR LADOO 

Ingredients  

 Besan – 50grams 

 Ghee (melted) – ½ teaspoon 

 Water - ¼ cup + 3 tablespoons (divided, 20 ml + 45 ml) 

 Oil - for frying 

Sugar Syrup 

 Sugar (granulated) – 100grams 

 Water – 60ml 

 Cardamom powder – 2 grams 

 Lemon juice – 5 grams  

Method of Preparation to Fry the Boondi 

1. To a large bowl add besan and food color (AnV1 – 1 mg, AnV2 – 2 mg and AnV3 – 3 mg, EuV1 

– 4 mg, EuV2 – 5 mg and EuV3 – 6 mg). Then add little ghee and mix. 
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2. Start adding water. Add around 1/2 cup (60 ml) to first form a thick batter without lumps. Then 

add 1 ½ tablespoons (22.5 ml) water and mix well. Let the batter sit for 15 minutes. 

3. Then add remaining 1 ½ tablespoons (22.5 ml) water and mix. The total water used for batter 

will be60 ml + 22.5 ml + 22.5 ml = 105 ml. Batter should be very thin and flowing consistency 

without any lumps. 

4. Heat ghee in a kadai on medium flame. 

5. Hold the porous laddle 3-4 inches above the oil. Shake the laddle after pouring the batter. The 

handle of the laddle should be placed on the canister (a small metal container). 

6. Fill a ladle with the batter. 

7. Once ghee is hot, start pouring the batter through the laddle.  

8. Pour the batter on laddle and you should move it up and down quickly (with the handle of the 

laddle placed on canister) to drop all batter in hot ghee in the kadai.  

9. Let the tiny boondis cook in hot ghee for 30 to 40 seconds only, color should not change. 

10. Remove fried boondi in a large sieve. Repeat until all tiny boondis are fried and batter is 

over. Remember to completely wipe clean the laddle with a wet cloth between frying each batch, 

else the boondis can clump up. Set aside. 

Make the Sugar Syrup 

1. To make the syrup, to a large kadai, add sugar and water. Add cardamom powder. Also add 

lemon juice and food color. 

2. Let the sugar dissolve and mixture come to a boil. 

3. As soon as the mixture comes to a boil, turn off the heat and add the fried boondi to the pan.  

4. Stir and then turn on the heat again (low flame). 

5. Cook on lowest heat for around 3 minutes, stirring continuously. You don't want to dry the 

boondi but the excess sugar syrup should become less. It takes around 2 to 3 minutes. 

Shape the Ladoo 

1. Remove on a plate and let cool completely.  

2. Once the mixture has cooled down, take a small portion of the boondi mixture and roll between 

the palms to make motichoor ladoo. Repeat with the remaining boondi. 

JALEBI 

Ingredients 

 All-purpose flour – 125 g 

 Corn flour – 16 g 
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 Natural food colourant (AnV1 – 1 mg, AnV2 – 2 mg and AnV3 – 3 mg, EuV1 – 4 mg, EuV2 – 5 mg and EuV3 – 6 mg) 

 Curd – 120 ml 

 Water – 120 ml 

 Baking soda – ½ tsp 

 Lemon juice – 1 tsp 

 Oil – as required 

For Sugar Syrup  

 Sugar – 200 ml 

 Water – 120 ml + 180 ml 

 Cardamom Powder – ¼ tsp 

 Lemon Juice – 1 tsp 

Making Sugar Syrup 

1. Add sugar and water to a pan/pot, boil on a medium heat until it reaches a string consistency. 

2. Take a small portion of the syrup in a spoon and cool it slightly. Take it between the thumb 

and fore finger, gently remove the finger away from each other, to see a single string. 

3. Pour lemon juice, cardamom powder, remove from heat, stir an set aside. 

For Jalebi Making: 

1. Add purpose flour, corn flour and food colourant to a mixing bowl. Mix everything well. Add 

curd, pour water and make a thick lump free batter. 

2. The batter has to be thick but of flowing consistency. If needed add water, beat the batter well 

with a whisk in one direction in a circular motion for 3-4 minutes. The batter will turn 

smooth. 

3. Heat oil on a medium heat to fry jalebis with 1-2 tbsp of ghee. 

4. Pour 1 tsp lemon juice to the batter and mix. Add soda and mix gently until it combines 

5. Prepared batter must be smooth free flowing and thick. Spoon just 2-3 tbsp of batter to a 

sauce bottle or a zip lock cover to check if the consistency is right. 

6. Check if the oil is hot enough by dropping a small portion of the batter. It has to come up 

immediately without browning. 

7. Now squeeze the batter gently and move in the circular motion to get spiral. 

8. While jalebi is getting fried, check the syrup, it must be slightly hot or warm when the jalebi 

is dipped into it. If not heat up a bit. 
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9. The last 1 minute, turn the flame to low and fry the jalebi.  Remove the jalebi from flame and 

add to the warm sugar syrup. 

10. Allow to rest for 2 minutes. Remove to a plate. Continue to make more jalebis.
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COMMON SNACK RECIPES INCORPORATED WITH THE SELECTED NATURAL 

FOOD COLOURANTS 

CHILLI GOBI 

Ingredients: For Frying Gobi 

 Small to medium sized cauliflower – 300 grams (chopped small cauliflower florets) 

 1 cup of water (for blanching cauliflower) 

 All-purpose flour – 30 g 

 Corn flour – 15 g 

 Red chili powder – 5 g 

 Black pepper powder – 2 g 

 Salt – as required 

 Oil (deep frying) – 250 ml 

Method of Preparation: Blanching Cauliflower 

 Rinse and then break or chop the cauliflower in small florets.  

 In a pan or take 2.5 cups water and add ¼ teaspoon salt. Bring the water to boil. 

 Switch off the flame and keep the pan on the kitchen countertop. Add the cauliflower florets. 

Blanch for 5 minutes. 

 Drain all the water and keep the blanched cauliflower aside. 

Making Batter for Chilli Gobi 

1. Take all-purpose flour and corn flour in a mixing bowl. 

2. Also add salt as required.  

3. Add red chilli powder, black pepper powder. 

4. Add 1 cup water in parts and begin to mix. 

5. Add remaining water and make a smooth batter without lumps. Depending on the quality and 

texture of flours, you can add ¾ to 1 cup water. Add the food colour (AnV1 – 1 mg, AnV2 – 2 

mg and AnV3 – 3 mg, EuV1 – 4 mg, EuV2 – 5 mg and EuV3 – 6 mg), as well. 

6. The batter should have a medium consistency and should not be thick or thin. If the batter 

looks thin, then add some more all-purpose flour. If batter looks thick then add some more 

water. Heat oil for deep frying on medium flame. 

Frying Gobi 

1. When the oil becomes hot then place some cauliflower florets in the batter. Coat them with 

the batter evenly. 
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2. Slid off the extra coating at the sides of the bowl and place the batter cauliflower florets in the 

hot oil. Add less portion of the florets in the oil and do not overcrowd the pan or kadai. 

3. When one side becomes golden and crisp, turn over each florets. Flip for a couple of times 

more, so that the florets are evenly fried, golden and crisp. 

4. Do note that the cauliflower fritters will stick to each other while frying. Thus add less 

portion of the florets in oil. Also as soon as you add them stir with a spoon so that they do not 

stick. In case they stick, then fry them together as one whole. Once you place them on paper 

towels then break them when they become less hot. 

5. Remove the fried gobi florets with a slotted spoon or spider spoon. Fry gobi florets in 3 to 5 

batches depending on the size of the kadai.  

CHILLI CHICKEN 

Ingredients 

 Chicken – 300 g 

 Oil – for frying 

For the batter 

 Corn flour – 30 g 

 All-purpose flour – 15 g 

 Chilli powder – 2.5 g 

 Black pepper powder – 2.5 g 

 Garlic and ginger paste – 2 g  

 Pinch of salt 

 Vinegar – 15 g 

 Water – 15 g 

Method 

1. Heat oil in a wide pan. In a mixing bowl add the corn flour, plain flour, chilli powder, black 

pepper and ginger garlic paste along with the salt and food colour (AnV1 – 1 mg, AnV2 – 2 

mg, AnV3 – 3 mg, EuV1 – 4 mg, EuV2 – 5 mg and EuV3 – 6 mg).  

2. Add the vinegar and water; mix to make a thick batter. Add the chicken pieces to it and mix 

well coating all the pieces with the batter. 

3. Fry the chicken in the hot oil in batches for 1-2 minutes. They should have a slight colour all 

over. Drain the chicken on kitchen paper and set aside. 
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POTATO BAJJI 

Ingredients 

 Potato – 1  

 Gram flour – ¾ cup 

 Rice flour – 2 tbsp 

 Natural Food Colourants (AnV1 – 1 mg, AnV2 – 2 mg, AnV3 – 3 mg, EuV1 – 4 mg, EuV2 – 5 

mg and EuV3 – 6 mg) 

 Red chilli powder – ½ tsp 

 Chaat masala – ½ tsp 

 Asafoetida – a pinch 

 Ginger garlic paste – 1 tsp 

 Salt – ½ tsp 

 Water – ½ cup 

 Oil – to fry 

Method of Preparation 

 Peel the skin of potato and slice thinly. Rine in cold water to remove off starch from potatoes. 

 Pat dry to remove off excess water, keep aside. 

 Prepare besan batter by taking ¾ cup besan and 2 tbsp rice flour in a mixing bowl. 

 Add ¼ tsp turmeric, ½ tsp chilli powder, ½ tsp chaat masala, a pinch of asafoetida, 1 tsp 

ginger garlic paste and ½ tsp salt. Combine the ingredients well. 

 Add in ½ cup water and whisk smooth, making a smooth batter without forming any lumps. 

 Add a pinch of baking soda and mix gently. Do not over mix as baking soda will lose its 

property. Make sure the batter is in flowing consistency. 

 Dip the sliced potato into prepared besan batter and coat it completely. Deep fry in hot oil. 

 Stir occasionally and fry on both sides. Fry the potatoes till they turn golden brown. 

POTATO BONDA 

Ingredients: Aloo Bonda Batter 

 1 cup gram flour 

 ¼ cup Rice Flour 

 ⅓ to ½ cup water or add as required 

 Natural Food Colourant (AnV1 – 1 mg, AnV2 – 2 mg, AnV3 – 3 mg, EuV1 – 4 mg, EuV2 – 5 

mg and EuV3 – 6 mg) 

 ½ teaspoon red chili powder 

 1 pinch asafoetida 
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 1 pinch baking soda (optional) 

 salt as required 

For Stuffing 

 4 to 5 medium sized potatoes 

 1 medium sized onion – finely chopped 

 1 or 2 green chilies, finely chopped 

 12 to 15 curry leaves 

 2 tablespoon chopped coriander leaves 

 1 teaspoon Ginger Garlic Paste 

 ½ teaspoon turmeric powder 

 1 pinch asafoetida (hing) 

 1 teaspoon mustard seeds 

 ⅓ to ½ teaspoon lemon juice or as required 

 1 or 1.5 teaspoon urad dal (spilt and husked black gram) 

 1 to 1.5 tablespoon oil 

 salt as required 

 oil for deep or shallow frying 

Making Stuffing 

1. First boil the potatoes in a pan or steamer or pressure cooker. Then peel and mash them when 

still warm. 

2. Heat oil in a frying pan. Add the mustard and urad dal. 

3. Allow the mustard seed to splutter and the urad dal to get golden. 

4. Add the chopped onion and saute till they are translucent and soften. 

5. Now add the ginger-garlic paste, curry leaves and green chilies. Saute for a minute. 

6. Add the turmeric powder, asafoetida and stir. Now add the coriander leaves and stir. 

7. Add the potatoes to this mixture or add this sauted mixture to the potatoes. Stir well. 

8. If there is moisture, then you can cook the potato mixture for a few minutes. 

9. Add lemon juice & salt. Mix well. 

10. Check the seasoning and add more salt or red chili powder or lemon juice if required. 

11. Make medium sized balls from this mixture. 

Frying Aloo Bonda 

1. Heat oil for deep frying in a kadai or pan. Dip each potato ball in the batter and coat it well 

with the batter. 

2. Add the batter coated potato balls in the medium hot oil. 

3. Fry till golden on both sides. Drain them on paper towels to remove excess oil. 
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FRUIT PRESERVES RECIPES INCORPORATED WITH THE SELECTED NATURAL 

FOOD COLOURANTS 

TUTTI FRUTTI 

Ingredients 

 Raw papaya – 300 g 

 Water – 600 ml 

 Sugar – 300 g 

 Vanilla Essence – a drop/two 

METHOD OF PREPARATION 

1. Take raw papaya and peel the skin off. Cut the papaya into small cubes and boil the cubes in 

4 cup water for 5 minutes. 

2. Cook until the papaya cubes turn into semi-transparent and drain off the water, keep aside. 

3. Now in a large kadai take 2 cup sugar and 3 cup water. 

4. Add semi cooked raw papaya cubes and stir. Boil for 20 minutes stirring in between. 

5. Make sure to check for 1 string consistency of sugar syrup and papaya to turn soft, yet retain 

its shape. Turn off the flame and add vanilla extract. Mix well. 

6. Divide the cooked papaya cubes into 3 parts along with sugar syrup. 

7. Add food colour (AnV1 – 1 mg, AnV2 – 2 mg, AnV3 – 3 mg, EuV1 – 4 mg, EuV2 – 5 mg and 

EuV3 – 6 mg) to each part and mix well. 

8. Allow to soak for 12 hours or a day making sure papaya absorbs all the colour. 

9. Now drain off the sugar syrup and allow them to dry over kitchen towel. 

10. Once the tutti-frutti dries off completely it will not be sticky.  

APPLE JAM 

Ingredients 

 Apples – 400 g 

 Sugar – ¾ cup 

 Apple vinegar – 4 tbsps 

 Water – 4 tbsps 

 Vanilla extract – a drop 

 Cinnamon – 5 nos 

Method of Preparation 

1. Rinse, peel, core and quarter the apples. Grate them or chop them finely. 

2. Add the apples to a heavy bottom pan, add vinegar, water, cinnamon sticks and food 

colourants (AnV1 – 1 mg, AnV2 – 2 mg, AnV3 – 3 mg, EuV1 – 4 mg, EuV2 – 5 mg and EuV3 

– 6 mg). 
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3. Cover and cook on low heat until the apples are slightly softened. 

4. Add sugar and continue to cook stirring often until thick. Add a pinch of grounded cinnamon 

and vanilla essence. 

5. When it thickens test by swiping the bottom of the pan with a spatula. It should leave a trail 

behind the spatula. 

JELLY 

Ingredients 

 4 cups of water 

 2 Tbsp gelatin 

 2 Tbsp sugar 

 Natural Food Colourants (AnV1 – 1 mg, AnV2 – 2 mg, AnV3 – 3 mg, EuV1 – 4 mg, EuV2 

– 5 mg and EuV3 – 6 mg) 

Method of Preparation 

1. Add 1/2-3/4 cup of the water to a bowl or liquid measuring cup and sprinkle with gelatin 

powder. 

2. Whisk together to combine and allow to sit for 3-5 minutes. The granules will plump and the 

mixture will look like very thick applesauce or take on a lumpy appearance. 

3. Pour the remaining (3 1/4- 3 1/2 cups) water into a medium saucepan. Heat over medium heat 

until almost boiling. 

4. Remove from heat and stir in honey (if using) and the bloomed gelatin mixture. Stir to 

dissolve. 

5. Pour into a dish, or into individual glasses or jars for individual portions and refrigerate.  
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TRADITIONAL SWEET RECIPES INCORPORATED WITH THE SELECTED NATURAL FOOD COLOURANTS 

 

  

 

 

 

 

 

 

 

 

 

STANDARD SFC* 

BU 

Eucalyptus bark 

(Eucalyptus bark) 

Annatto seeds  

(Bixa Orellana) 

KESARI 

MOTICHOOR 

LADOO 

JALEBI 
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SNACKS RECIPES INCORPORATED WITH THE SELECTED NATURAL FOOD COLOURANTS 

  

 

 

 

 

 

 

 

 

 

 

 

STANDARD SFC* 

BU 

Eucalyptus bark 

(Eucalyptus bark) 

Annatto seeds  

(Bixa Orellana) 

CHILLI GOPI 

CHILLI CHICKEN 

ALOO BAJJI 

ALOO BONDA 
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FRUIT PRESERVATIVE RECIPES INCORPORATED WITH THE SELECTED NATURAL FOOD COLOURANTS 

 

  

 

 

 

STANDARD SFC* 

BU 

Eucalyptus bark 

(Eucalyptus bark) 
Annatto seeds  

(Bixa Orellana) 

TUTTI FRUTTI 

APPLE JAM 

JELLY 
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APPENDIX – X 

COMPOSITE SCORE CARD USED TO EVALAUATE THE PREPARED RECIPES 
 

 

PRODUCT – 1 

An: Anatto seeds                   Eu: Eucalyptus bark 

 

(5 – Excellent; 4 – Very Good; 3 – Good; 2 – Fair; 1 – Poor) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Name  Date  

Name of the Product  

 Appearance Consistency Texture Flavour Taste 

Standard      

An:  V – I      

An: V – II      

An: V – III      

Eu: V – I      

Eu: V – II      

Eu: V – III      
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APPENDIX – XI 

SOURCECODE FOR THE DEVELOPMENT AND FABRICATION OF FOOD COLOUR 

SENSOR 

HTMLCODE 

importos 

importurllib.request import http 

importpandasaspd import re 

fromtimeimportsleep 

fromdatetimeimportdatetime 

importpickle filename='model.sav' 

loaded_model=pickle.load(open(filename,'rb')) base = "http://192.168.137.53/" 

deftransfer(my_url):#usetosendandreceivedata try: 

n=urllib.request.urlopen(base+my_url).read() n = n.decode("utf-8") 

returnn 

excepthttp.client.HTTPExceptionase: return e 

#SpecifytheabsolutepathfortheExcelfile 

#Createanemptylisttostoredata data_list = [] 

ct=0 

whileTrue:res=transfer(str(ct)) response = str(res) print(response) 

# Split the received data values=response.split('-') 

iflen(values)==3: r, g, b = values 

s=int(input("ENTER1FORKESARI2 FORCHILLIGOBI3FOR LADDU")) 

reports= [[s,r,g,b]] 

predicted=loaded_model.predict(reports) print(predicted) 

ft=predicted[0] if ft == 0: 

conn 

urllib.request.urlopen("https://api.thingspeak.com/update?api_key=1Z4GBPZ7ZZEV8NCW&fie

ld1=KESARI(LIGHT_ORANGE)"+"&field2="+str(r)+"&field3="+str(g)+"&field4="+str(b)) 

ifft==1: conn= 

urllib.request.urlopen("https://api.thingspeak.com/update?api_key=1Z4GBPZ7ZZEV8NC

W&fiel 

d1=CHILLY_GOBI(RED)"+"&field2="+str(r)+"&field3="+str(g)+"&field4="+str(b)) 

#response=conn.read() 

http://192.168.137.53/
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ifft==2: conn= 

urllib.request.urlopen("https://api.thingspeak.com/update?api_key=1Z4GBPZ7ZZEV8N

CW&field1=LADDU(ORANGE)"+"&field2="+str(r)+"&field3="+str(g)+"&field4="+st

r(b)) 

#response=conn.read() 

ifft==3: conn= 

urllib.request.urlopen("https://api.thingspeak.com/update?api_key=1Z4GBPZ7ZZEV8N

CW&field1=CHILLY_GOBI(LIGHT_RED)"+"&field2="+str(r)+"&field3="+str(g)+"&

field4="+s tr(b))#response = conn.read() 

ifft==4: conn= 

urllib.request.urlopen("https://api.thingspeak.com/update?api_key=1Z4GBPZ7ZZEV8N

CW&field1=KESARI(DARK_ORANGE)"+"&field2="+str(r)+"&field3="+str(g)+"&fie

ld4="+str(b)) #response = conn.read() 

sleep(1) 

 KNNALGORITHM 

importnumpyasnp importpandasaspd 

fromsklearnimport metrics 

fromsklearn.model_selectionimporttrain_test_split import matplotlib.pyplot as plt 

importseabornassns import pickle 

data=pd.read_csv('dataset.csv') 

X=data.iloc[:,:-1] 

y=data.iloc[:,-1] 

X_train,X_test,y_train,y_test=train_test_split(X,y,test_size=0.3,random_state=5) 

sns.countplot(x='Target',data=data) plt.show() 

fromsklearn.neighborsimportKNeighborsClassifier 

model=KNeighborsClassifier(n_neighbors=1) model.fit(X_train, y_train) 

filename = 'model.sav' pickle.dump(model,open(filename,'wb')) 

y_pred=model.predict(X_test) 

acc=metrics.accuracy_score(y_pred,y_test) print("Accuracy is:", acc) 

cm=metrics.confusion_matrix(y_pred,y_test) print('Confusion Matrix : \n', cm) 

#Classificationreport 

classification_report=metrics.classification_report(y_pred,y_test) 

print('Classification Report:\n', classification_report) 
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SENSOR INTEGRATION 

#include 

<ESP8266WiFi.h> 

#include<ESP8266m

DNS.h> #include 

<WiFiClient.h> 

//OURSERVER'SPORT,80FORDEFAULT 

WiFiServerserver(80); WiFiClient client; String rule; 

void start(String ssid, String pass){ WiFi.mode(WIFI_STA); 

WiFi.begin(ssid.c_str(),pass.c_str()); 

Serial.println(""); 

//Waitforconnection 

while(WiFi.status()!=WL_CONNECTED){ delay(500); 

Serial.print("."); 

} 

Serial.println(""); Serial.print("Connectedto"); Serial.println(ssid); Serial.print("IP 

address:"); Serial.println(WiFi.localIP()); 

if(!MDNS.begin("esp8266")){ 

Serial.println("ErrorsettingupMDNSresponder!"); while (1) { 

delay(1000) 

} 

} 

Serial.println("mDNS responder started"); server.begin(); 

Serial.println("TCP server started"); MDNS.addService("http","tcp",80); 

} 

boolisReqCame=false; 

bool CheckNewReq(){ client=server.available(); if (!client) { 

return0; 

} 

/* 

while(client.connected()&&!client.available()){ delay(1); 

}*/ //to make data transfer fast Stringreq=client.readStringUntil('\r'); int addr_start = 

req.indexOf(' '); 

intaddr_end=req.indexOf('',addr_start+1); if (addr_start == -1 || addr_end == -1) { 

Serial.print("Invalid request: "); Serial.println(req); 

return0; 
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} 

req=req.substring(addr_start+1,addr_end); 

rule=req; 

isReqCame=true; 

client.flush(); return 1; 

} 

void waitUntilNewReq(){ 

do{CheckNewReq();}while(!isReqCame); isReqCame = false; 

} 

voidreturnThisStr(Stringfinal_data){ String s; 

client.print(final_data); 

} 

voidreturnThisInt(intfinal_data){ returnThisStr(String(final_data)); 

} 

StringgetPath(){ return rule; 

}



256 
 

APPENDIX – XII 

HEADLINES FROM NEWSPAPERS ON SYNTHETIC FOOD COLOURANTS 
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ABSTRACT

Toxicity Study on Eucalyptus grandis Bark as Natural Food

Colourant in Wistar Albino Rats

J. YOSHIA LEELA  and PL. SRIDEVI SIVAKAMI*

1&2Department of Food Service Management and Dietetics,
Avinashilingam Institute for Home Science and Higher Education for Women,

Coimbatore, Tamil Nadu-641043, India
*E-mail: sridevi_fsmd@avinuty.ac.in

GAU Research Journal 49 (1) : 64-71 (January 2024)  

The toxicity of the powdered substance of Eucalyptus bark (Eucalyptus grandis) was 
investigated. The level of feed to be given was optimized in the rats and later in the experimental 
period of 56 days, same procedure was carried out, where according to the OECD guidelines, 
oral feed ofaqueous solution with 2ml/100g body weight was fed. The histopathology of the rats 
showed no alternative changes in liver, kidney, intestine, stomach, brain and spleen proving that 
E. grandis can be used as natural food colourant. The hematology and biochemical parameters 
were checked for both the control group and the experimental group. The average values were 
highly similar to each other proving that there were no biochemical changes that had taken place 
in the experimental rats. Thus, this study proves that eucalyptus barks can be used as natural 
food colourants, as an alternative for harmful synthetic food colourants.

Keywords : Eucalyptus grandis, Wistar albino rats, optimization of dosage, fixed dosage, 
Subchronic toxicity

INTRODUCTION

Traditional medicinal practices are defined to 
have their origin from plants and plant 
extracts, precisely known as herbalism. 
Since 6000-4000 BC, Indians have practiced 
traditional medicinal therapy that has vital 
retention in curing various diseases. 
Currently, natural products especially 
traditional medicines have gained their 
significance through their unique therapeutic 
attributes with phytochemicals, their efficacy 
and safety.In such case, eucalyptus is 
considered the best traditional remedy for 
ailments like arthritis, ulcer, diabetes and 
bladder diseases. Considering the 
therapeutic values of E. grandis, few 

researchers and food analysts have 
recommended E. grandis as a substitute for 
synthetic food colourants (Abuajah et al., 
2015). 

Color additives also known as synthetic 
coloursare used in a wide variety of foods 
such as beverages, dairy products, cereals, 
bakery goods, snack foods and ice creams. 
Although there are strict guidelines for 
chemicals to be approved as food additives, 
the safety of food colorants has not been 
rigorously proven and acceptable daily intake 
(ADI) has been used to minimize any 
possible unfavorable effect of the dyes 
(Sarah Kobylewski et al, 2012).

With proper evidences the artificial food 
colors (AFCs) have proved to affect 
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children's behavior, through various studies 
carried out for around 35 years. Food and 
Drug Administration Food Advisory 
Committee convened to evaluate the current 
status of evidence regarding attention-
deficit/hyperactivity disorder (ADHD) caused 
due to artificial food colours. AFCs appear to 
be more of a public health problem than an 
ADHD problem, where it seems to affect 
children and have an aggregated additive or 
synergistic effect on most children who suffer 
from behavioral decrement (Eugene et al., 
2012).

Naseer (et al., 2019) has expressed that “in 
the investigations carried out to establish the 
safety and nutritional value of natural dye 
produced from the bark of Eucalyptus 
globules. The natural brown dye obtained 
from the Eucalyptus bark was applied in the 
production to access stability of dye in the 
candies, as E. grandis bark poses health 
benefits. Thus this study is carried out to 
prove that E. grandis can be used in place of 
harmful synthetic food colours.

MATERIALS AND METHODS

Plant material collection

The bark of E. grandisbarkwere collected 
from Forest College and Research Institute 
College in Coimbatore, Tamil Nadu, India. 
The freshly collected barks were cleared 
from dust and other particles. The barks were 
dried in shade, powdered using sterilized 
mixture jar and stored in zip lock bags. The 
mixture jar and the zip lock bags were made 
sure that no moisture content was found in it.

Animals used for Toxicity Testing

Wister Albino rats of 230-250g of male were 
used for the study. Five rats per group was 
allocated. Animals were purchased from the 

Animal House located in Avinashilingam 
Institute for Home Science and Higher 
Education for Women, Coimbatore, Tamil 
Nadu, India. The University animal ethical 
committee has approved of animal ethical 
clearance, providing the clearance number 
as AIW: IAEC.2023:03 for the study. 

The animals were housed under standard 
environment condition of 25±2°C with 
sufficient light and dark cycles. The rats were 
fed with standard commercial feed and 
normal water. The animals were caged in 
individual boxes. To help them get 
accustomed to the separation, the rats were 
monitored for a week for some behavioural 
change. After a week the rats settled down 
and the experimentation was progressed.

Toxicity Testing

According to Organization for Economic 
Cooperation and Development Guidelines 
(OECD, 2018), the volume of feed should not 
exceed 1 ml/100g body weight, except in 
case of aqueous solution 2ml/100g body 
weight can be fed. The extracts fed to the rats 
through oral feed in drinking water in parts 
per million/million per liter of solution in 
kilogram. In 100 ml of water, the dosage is 
prepared using the following formula:

Formula used for preparing the dosage, 
where:

- V indicates the ml (milliliter) of water to 1 

be calculated and given, 

- N measures the number ml present in 1 1  

(liter) of water, 

- V  represents the weight of the animal 2

and 

- N  indicates the number of ppm (parts 2

per million) to be calculated.

V1 N1 = V2 N2 
     V1 = V2 N2 

                  N1 
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The parts per million given for 100ml of water 
to the rats apart from the normal feeding is in 
case of 2 ppm:

2 ppm = 100 × 2 ÷ 1000 = 0.2 ml

Likewise, ppm level is increased for every 
specific dosage fed for 5 days continuously, if 
there are no changes found in the animals 
then the dosage is increased gradually with 
two days wash-out period.

Table 1 : Level of Water Given with Natural Food Colourants

376 × 2 ÷ 100 

Powdered Forms 
Name of the 

Rat 

Calculation of Level of 

Water  to be given 

Determined Level of 

Water (in ml) 

Eucalyptus barks 

(Eucalyptus grandis) 

Test rat – 1 

(TR1) 
7.5  

According to the table 1, the determined level 
of water in which the natural food colourant 
are to be optimized are 7.5 ml for the test 
groups of rats with powdered forms of E. 
grandis.

Pilot Study

A pilot study was carried out with two Wistar 
Albino rats, where the consumption level of 
the colourant was finalized by monitoring the 

animals for eight weeks with two days of 
wash out period. Around 100 g of weight gain 
was observed in both the rats. But the 
sensitivity of thresh hold level of wistar albino 
rats for the eucalyptus bark powder was 
higher than expected. After determining the 
m a x i m u m  t h r e s h o l d  l e v e l ,  t h e  
experimentation was carried out with the 
other rats. 

Profile of the Rat 
Eucalyptus Bark 

(Eucalyptus grandis)
 

Type of Group Test Group 

Name Eu 1 

Age (months) 8-12 months 

Sex Male 

 During Purchase Eighth Week 

Weight (g) 344 g 452 g 

Water Consumption  

(in ml) 
20-25 ml from 120 ml of water 10 ml + 8 ml of Sample 

Food Consumption (g) 25 g 25 g 

Body Parts 

 During Purchase 

Fur/Skin Normal White 

Eyes Normal Red 

Ears Normal Pink 

Nose and Mouth Normal Pink

Eighth Week 

Normal White 

Normal Red 

Normal Pink 

Normal Pink

Table 2 : Profile of the Rat used for Pilot Study

Sridevi Sivakami et. al. GAU Research Journal 49 (1)
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Profile of the Rat 
Eucalyptus Bark 

(Eucalyptus grandis)
    

Limbs and Nails Normal Normal 

Tail  Normal Pink Normal Pink 

 During Purchase Eighth Week 

Active 9  9  

Sluggish X X 

Aggressive X X 

Irritated X X 

Sleepy X X

The test groups for the powdered form of E. 
grandis barkswere named as test rat – 1. The 
Wistar Albino rats' level of water to be given 
was calculated with the body weight of the 
rats during the purchase. The calculation for 
the feeding of rats with natural food colourant 

is as follows for E. grandisbarks, where the 
rat weighed 376 g. The level of natural food 
colourant that was added to the oral feed was 
optimized in the pilot study for eight weeks. 
The optimized level was orally fed 
continuously for 56 days during the 
experimentation period.

No of 

Weeks (ml)
Water 

 

ppm Calculation of ppm ppm of Natural Food 

Colourants added in 

water (mg) 

1 
7.5 2 7.5 × 2 ÷ 1000 0.01 

7.5 12 7.5 × 12 ÷ 1000 0.08 

2 7.5 14 7.5 × 14 ÷ 1000 0.10 

3 7.5 28 7.5 × 28 ÷ 1000 0.20 

4 7.5 41 7.5 × 41 ÷ 1000 0.30 

5 7.5 54 7.5 × 54 ÷ 1000 0.40 

6 7.5 67 7.5 × 67 ÷ 1000 0.50 

7 7.5 80 7.5 × 80 ÷ 1000 0.60 

8 7.5 94 7.5 × 94 ÷ 1000 0.70 

Table 3 : Optimization of Eucalyptus grandis

2.3.1 Experimentation

The animals were divided into two groups 

with five animals in experimental group and 

two animals in control group. Group - 1 is the 

control group and Group - 2 is experimental 

group were the animals are fed with E. 

grandisfor 56 days. 
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Groups No. of animals 
Food and dosage given during 

experimentation 

Control Group 2 

Commercial Feed (25 g) 
+ 

Normal Drinking water  

Experimental Group – 1 5 

Commercial Feed (25 g) 
+ 

Normal Drinking water 
+ 

Specific Dosage of Food Colourants 

Eucalyptus barks (Eucalyptus grandis) 

(calculated according to the weight of the  rat) 

Table 4 : Experimentation Plan for Toxicity Testing

From the scheduled feed plan, the animals 
are weighed every week and checked for 
finding any physical changes indicating the 
weight gain or loss. Level of water 
consumption and intake of feed will also be 
checked every week, to verify if the animals 
are under certain abrupt meal pattern due to 
the intake of natural food colourants. 

After 56 days, the animals were euthanasia 
was carried out for histopathology study in all 
the animals, to identify the effects of the 
natural food colourant in the experimental 
group. The animals were harvested and 
organs (the heart, liver, kidney, intestine, 
stomach and spleen) were collected in 1:10 
formalin solution. 

The blood was used for hematology 
screening such as - hemoglobin, red blood 
cells and white blood cells. Other part of 
blood was centrifuged at 3000 rpm for five 
minutes and serum was separated to 
estimate the biochemical parameters like - 
SGOT, SGPT, Glucose, Total Protein, 
Albumin, Creatinine, Sodium, Potassium and 
Chloride.

In the estimation of biochemical parameters - 
SGOT and SGPT also known as Serum 
glutamic-pyruvic transaminase and Serum 

glutamic-oxaloacetic transaminase are the 
markers of liver functions. The analysis for 
albumin, creatinine, sodium, potassium and 
chloride are carried out to analyze if the 
functioning of kidney is normal. If there is an 
elevation in the values of biochemical 
parameters, it indicates that there has been 
malfunctioning of kidney in the tested 
organism. A decrease in total protein and 
albumin is a sign of the reduced synthetic 
functioning of the liver or due to impaired 
hepatocellular function. 

From the table 2, it is interpreted that E. 
grandisof 6 mg as natural food colourantwas 
mixed in 7.5 ml of water was given to the rats 
orally from week one to week eight.

RESULTS AND DISCUSSION

Clinical Signs

The rats fed with E.  grandisdid not show any 
symptoms of presence of toxicity andno 
clinical changes were found in the rats 
throughout the experimental period. The 
physical observation in their skin, fur, eyes, 
mucus, eating pattern, behavioural change 
and sleep were all normal. 
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Table 5 : Mean weight gain in the rats

Groups 
Mean weight on 

Day zero 
(g) 

Mean weight on 
Day 56 

(g) 

Difference in weight  
(g) 

Control 201 292 92 
Experimental Group 1 272 354 82 

 
Table 5 represents the mean weight gain that 
has taken place in the animals. All the 
animals in both the control group and the 
experimentation group have gained weight. 
The difference in the weight gain of the 
control group after the eighth week is 92 g, 
whereas the difference of weight gain in the 
group that consumed E.  grandisis 82 g. 
The increase in weight is due to increase in 
intake of water and food. Likewise, loss of 
appetite will be due to some metabolic 
change in intake of either carbohydrates, 
protein or fat. The change in metabolism may 
lead to loss of appetite and loss of appetite 
will lead to loss of weight gradually. But, in 
this experimentation there is no loss of weight 
observed in the rats.

Hematology and Biochemical Analysis
Table 6 represents the hematology and 
biochemical parameter of the rats to find if 
there has been any alteration in the renal 
functioning that was influenced by the 
powder mixed in water. Liver and kidney 
analysis is very important as the toxicity 
evaluation of the plant substance will be 
noted through the tissues, which is 
responsible for the survival of the organism. 
The hematology value of hemoglobin is 15.9 
g/dl, RBCs and WBCs are 8.35 ten million per 
cubic meter and 4.2 thousand per cubic 
meter. Whereas the SGOT and SGPT 
obtained are 27U/L and 25U/L respectively. 
The other parameters like glucose and 
cholesterol are  45 g/dL and 40 g/dL, which 
showed the same level of absorption of 
glucose and cholesterol in blood.

Biochemical Parameters 
Estimated Values 

Control Group Experimental Group 

Hemoglobin (g/dl) 14.53 15.9 

Red blood cells (106/mm3) 7.56 8.35 

Total White blood cells (10 3/mm3) 4.93 4.2 

SGOT (U/L) 27.17 27 

SGPT (U/L) 20.18 25 

ALP (U/L) 72.45 72.45 

Glucose (g/dL) 46 45 

Cholesterol (g/dL) 42 40 

Total Protein (g/dL) 6.5 6.5 

Albumin (g/dL) 4.2 3.5 

Creatinine (mg/dL) 0.9 0.65 

Sodium (mg/dL) 137.3 107.9 

Potassium (mg/dL) 4.1 6.5 

Chloride (mg/dL) 88 89

Table 6 : Mean hematology and biochemical
               parameter values
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Serum concentration of total protein 6.5 g/dL 
and albumin 3.5 g/dL in the treated and 
control group confirms that the substance 
has not damaged the hepatocellular or 
secretory functions of the liver. Renal 
dysfunction is assessed through the 
concurrent values of creatinine valuing 0.65 
mg/dL and their normal value reflects the 
normal renal functioning in the rats. The 
proper functioning of kidney is again proved 
through the standard values of sodium 107.9 
mg/dL, potassium 6.5 mg/dL and chloride 89 
mg/dL.The values have proved that the E.  
grandis substance did not affect the 
hepatocytic functions of the rats.

Histopathological Study of the Organs

The microscopic examination of the organs 
of the rats treated with E.  grandispowder did 
not show any change in colour compared 
with the control group rats' organs. 
Hypertrophy of organ indicates the toxicity of 
chemical and biological substance. In 
addition, the microscopic examination 
revealed that none of the organs from the 
treated rats have shown any alteration in cell 
structure or any unfavourable effects under 
the light microscope using multiple 
magnification powers

Table 7 : Microscopic view of the 
harvested organs from the 
rats

Organs 

Brain 

Liver 

Kidney
 

Heart
 

Stomach
 

Intestine

 
Spleen 

Control Group

 

 

 

 

 

 

Experimental Group 

 

 

 

 

 

 

No pathologies were recorded in the 
histological sections of the vital organs 
(brain, liver, kidney, heart, stomach, intestine 
and spleen) of the control group. Equally, 
there was no change in the creatinine after 
administration of E.  grandispowder when 
compared to the control group. Any alteration 
found in the level of creatinine show that 
there has been damage in the functioning of 
nephrons. The observations in the 
histopathology study of the kidney tissue 
have been recorded no changes. Thus, this 
study proves that E.  grandisis non toxic in 
nature and can be used as natural food 
colourant.

CONCLUSION

The results demonstrate that natural form of 
powders substance of E.  grandis barks is 
practically proven to be non toxic in nature 
when administered orally and is safe for 
consumption. So, the study has proved that 
in place of synthetic food colourants, 
eucalyptus barks can be powdered and used 
as it is in foods making the food 
therapeutically valuable. 
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