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APPENDIX — 111

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 J0|r'1t Nucl_ear No. of Family 5 3 4 5 o5
Family Family Family Members

Educational High Higher llliterate
Qualification School Secondary Graduate
. Home
Occupation 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
Yes No
Colourants?
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
Yes No
home?
Have you found any difference in the food that you have prepared using synthetic
Yes No
colour and natural colour?
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 | Yes No
colourants?
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
s . Yes No
specified in the label (as Synthetic or Natural Food Colourants)?
ATTITUDE BASED QUESTIONS
I know that excess consumption of synthetic food colourants cause food
N . Lo . . Yes No
poisoning/allergies/cancer/hyperactivity in children/other ailments.
I use synthetic food colourants because they are cheap and easily available. Yes No
I do not use synthetic food colourants as | know the ill effects caused by it. Yes No
I think synthetic food colourants are considered safe while cooked and consumed. Yes No
| 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 | find them expensive than the synthetic Yes NO
food colourants.

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, | read the limitations of it printed on the Vi N
label. es 0
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

. . . Yes No
the commercially available synthetic food colourants.
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 Yes No

their food?

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
Fast Food No. of
Type of Restaurant o 2 3 4 5 >5
Food Sold Center Varieties Sold
Educational High Higher Iliterate
Qualification of the Graduate
School Secondary
Vendor
Sole o ) If Yes, Name your company :
Ownership ) Partnered If Partnered, is it Franchised?
Proprietor

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 Ves No
Colourants?
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 Ves No
colour and natural colour?
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 | Yes No
colourants?
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 Ves No
specified in the label (as Synthetic or Natural Food Colourants)?

ATTITUDE BASED QUESTIONS
I know that excess addition of synthetic food colourants in foods cause food Ves No
poisoning/allergies/cancer/hyperactivity in children/other ailments.
I use synthetic food colourants because they are cheap and easily available. Yes No
I do not use synthetic food colourants as | 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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| 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 Ves No

food colourants.

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
| 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, | read the limitations of it printed on the Ves No

label.

| 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 Ves No

the commercially available synthetic food colourants.

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:

Food Colour Brand Used Used in the Food

Red

Orange

Red Orange

The colour that | prefer to be added to the food is: | Yellow

Pink

Green

Blue

Brown
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APPENDIX -V

INTERVIEW SCHEDULED USED FOR MARKET SURVEY ON SYNTHETIC FOOD COLOURS

Brand Type of Colour Stored in which form? Mention Frequency
Name of the the types Watts of the
S. Area of the ) Glass Bottles Packets ) of
No. | Supermarket Synthetic Red | G Vell - of L_|ght light food
Food ed | oreen | YEHOW [ BIUE | 1 ansparent | Brown | Polythene PaPET | ysed in the used | colour
colours Bags Shop sold
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 HCI dropwise and filtered. The resulting filtrates
were screened for the preliminary test of alkaloids with the reagents.

)} 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.

i) 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.

i) Test with H,SOq,:

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 H,SO, 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 HCI 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.

i) 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.

i)  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.

i) 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 H,SO,4 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.

i) 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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i) 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% NacCl 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

(I) 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:
) 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.

i) 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.

i) 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 agueous 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.
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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:

Thermo Scientific™ iCAP™
Model RQ
Type Single Quadrupole ICP-MS
Dynamic Range >9 %rders of magnitude (<1 ->
1.10° cps)
Hertz 2 mHz
Description ICAP RQ ICP-MS
Nebulizer Borosilicate glass
Spray chamber Quartz, cyclonic

Experimental Chemicalsand reagents

High pure Millipore Water
Nitric acid, 67-70%, for trace metal analysis

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 HNO;3 (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.
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APPENDIX - VIII
PROCEDURES ADOPTED FOR NUTRIENT ANALYSIS
(a) Test for Crude Fiber:
1) 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 102°C 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 80°C
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 H,SO,in the presence of
K,SO4 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 CO, and the digest becomes clear. This digestion step converts sample N into
a soluble nonvolatile form, (NH;),SO,. 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 NHs.

The neutralized digest is then subjected to steam distillation, which separates the volatile
NH; from the other constituents, and the condensed NHs is trapped in dilute boric acid. The final
step involves quantification of the trapped NHj3 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 (% ww) = Volume of acid (ml) x molarity of acid (mol — 1) x 14 (g mol —
1) X 100

Weight of sample (g) 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.

[(W2 - W3) + (W2 — W1)] x 100

Percentage on Wet basis

[W3 + (100 — W2)] x 100

Percentage on Dry basis

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
(AnVy — 1 mg, AnV,; — 2 mg and AnV3 — 3 mg, EuV; — 4 mg, EuV, — 5 mg and EuV3 — 6
mg).

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

MOTICHOOR LADOO

Ingredients

e Besan - 50grams

e Ghee (melted) — Y2 teaspoon

e Water - ¥ cup + 3 tablespoons (divided, 20 ml + 45 ml)
e Oil - for frying

Sugar Syrup

e Sugar (granulated) — 100grams
e Water — 60ml
e Cardamom powder — 2 grams

e Lemon juice — 5 grams

Method of Preparation to Fry the Boondi

1. To a large bowl add besan and food color (AnV; — 1 mg, AnV; — 2 mg and AnV3 — 3 mg, EuV;

— 4 mg, EuV, — 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 ¥ tablespoons (22.5 ml) water and mix well. Let the batter sit for 15 minutes.

3. Then add remaining 1 % 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.

Let the sugar dissolve and mixture come to a boil.

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

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

o b~ w DN

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
e All-purpose flour — 125 g
e Cornflour-16g
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Natural food colourant (Anv, - 1 mg, AnV, — 2 mg and AnV; — 3 mg, EuV; — 4 mg, EuV, — 5 mg and EuV; — 6 mg)
Curd — 120 ml

Water — 120 ml

Baking soda — % tsp

Lemon juice — 1 tsp

Oil — as required

For Sugar Syrup

Sugar — 200 ml
Water — 120 ml + 180 ml
Cardamom Powder — %4 tsp

Lemon Juice — 1 tsp

Making Sugar Syrup

1.
2.

3.

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

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.

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.

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

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 thsp of batter to a

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

Check if the oil is hot enough by dropping a small portion of the batter. It has to come up
immediately without browning.

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

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.

240



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¢

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 ¥4 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

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 %, to 1 cup water. Add the food colour (AnV; —1 mg, AnV; — 2
mg and AnV3 — 3 mg, EuV; — 4 mg, EuV, — 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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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.

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.

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.

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

batches depending on the size of the kadai.

CHILLI CHICKEN

Ingredients

Chicken —300 g
Oil —for frying

For the batter

Corn flour—30g
All-purpose flour — 15 g
Chilli powder —2.5 ¢

Black pepper powder —2.5 g
Garlic and ginger paste — 2 ¢
Pinch of salt

Vinegar—15g

Water — 15 g

Method

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

pepper and ginger garlic paste along with the salt and food colour (AnV; — 1 mg, AnV;, — 2
mg, AnV3; — 3 mg, EuV; — 4 mg, EuV, — 5 mg and EuV3; — 6 mg).

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.

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 — % cup

Rice flour — 2 thsp
Natural Food Colourants (AnV; — 1 mg, AnV; — 2 mg, AnV3 — 3 mg, EuV; —4 mg, EuV, -5
mg and EuV3; — 6 mQ)

Red chilli powder — %2 tsp
Chaat masala — Y2 tsp
Asafoetida — a pinch
Ginger garlic paste — 1 tsp
Salt - Y tsp

Water — %2 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 % cup besan and 2 tbsp rice flour in a mixing bowl.

Add ¥ tsp turmeric, ¥ tsp chilli powder, ¥ tsp chaat masala, a pinch of asafoetida, 1 tsp
ginger garlic paste and %2 tsp salt. Combine the ingredients well.

Add in ¥ 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

Ya cup Rice Flour

Y to %2 cup water or add as required

Natural Food Colourant (AnV; — 1 mg, AnV;, — 2 mg, AnV3; -3 mg, EuV; -4 mg, EuV, -5
mg and EuV3; — 6 mQ)

Y5 teaspoon red chili powder

1 pinch asafoetida
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e 1 pinch baking soda (optional)
o salt as required

For Stuffing
e 4to 5 medium sized potatoes
e 1 medium sized onion — finely chopped
e 1 or2green chilies, finely chopped
e 12to 15 curry leaves
e 2 tablespoon chopped coriander leaves
« 1 teaspoon Ginger Garlic Paste
e Y teaspoon turmeric powder
« 1 pinch asafoetida (hing)
e 1 teaspoon mustard seeds
e !s3to Y teaspoon lemon juice or as required
e 1 or1.5teaspoon urad dal (spilt and husked black gram)
e 1to 1.5 tablespoon oil
o salt as required
« il 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.

8.
9.

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.

Cook until the papaya cubes turn into semi-transparent and drain off the water, keep aside.
Now in a large kadai take 2 cup sugar and 3 cup water.

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

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.

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

Add food colour (AnV; — 1 mg, AnV;, — 2 mg, AnV; — 3 mg, EuV; — 4 mg, EuV, — 5 mg and
EuV3 — 6 mg) to each part and mix well.

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

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 — % cup

Apple vinegar — 4 thsps
Water — 4 thsps

Vanilla extract — a drop
Cinnamon — 5 nos

Method of Preparation

1.
2.

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

Add the apples to a heavy bottom pan, add vinegar, water, cinnamon sticks and food
colourants (AnV; — 1 mg, AnV;, — 2 mg, AnV3 — 3 mg, EuV; — 4 mg, EuV, — 5 mg and EuV3
— 6 mg).
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Cover and cook on low heat until the apples are slightly softened.

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

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

JELLY

Ingredients

e 4 cups of water

e 2 Thsp gelatin

e 2 Tbsp sugar

o Natural Food Colourants (AnV; — 1 mg, AnV; — 2 mg, AnV3; — 3 mg, EuV; — 4 mg, EuV;
—5mg and EuV; — 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.

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.

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

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

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

Annatto seeds Eucalyptus bark
(Bixa Orellana) (Eucalyptus bark)
*
STANDQSD SFC*  YVariation-1  Variation-II  Variation-III  Variation-I  Variation-II  Variation - III
— ‘ ' ‘
MOTICHOOR
LADOO \ \

JALEBI
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SNACKS RECIPES INCORPORATED WITH THE SELECTED NATURAL FOOD COLOURANTS

Annatto seeds
STANDARD SFC* T (BixaOrellana) . . .. Eucalyptus bark
BU Variation - I ariation-IIl  Variation- (Eucalyptusbark)  yapiation - I
CHILLI GOPI i i
f‘ l '
/
CHILLI CHICKEN
/.! /
L _,‘ ‘
ALOO BONDA . ‘ ’ . .
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FRUIT PRESERVATIVE RECIPES INCORPORATED WITH THE SELECTED NATURAL FOOD COLOURANTS

STANDARD SFC* Annatto seeds Eucalyptus bark
BU (Bixa Orellana) (Eucalyptus bark)
Variation - I ariation - IT ‘ariation - III Variation - I Variation-II  Variation - III

\

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

Name Date

Name of the Product

Appearance Consistency Texture Flavour Taste

Standard

An: V-1

An:V-1I1

An:V-111

Eu: V-1

Eu:V-1I

Eu: V- 111

(5 — Excellent; 4 — Very Good; 3 — Good; 2 — Fair; 1 — Poor)
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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
Id1=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()
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http://192.168.137.53/

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
Id4="+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)
253



SENSOR INTEGRATION
#include
<ESP8266WiFi.h>
#include<ESP8266m
DNS.h> #include
<WiFiClient.h>
/I/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.printin("™");
//Waitforconnection
while(WiFi.status()!=WL_CONNECTED){ delay(500);
Serial.print(™.");
}
Serial.printIn(*"); Serial.print("Connectedto™); Serial.printIin(ssid); Serial.print("1P
address:"); Serial.printin(WiFi.locallP());
if("MDNS.begin(""esp8266™)){
Serial.printin("ErrorsettingupMDNSresponder!"); while (1) {
delay(1000)

¥
¥

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

Y/ [lto make data transfer fast Stringreq=client.readStringUntil('\r); int addr_start =
reg.indexOf(" );

intaddr_end=req.indexOf(",addr_start+1); if (addr_start == -1 || addr_end ==-1) {
Serial.print("Invalid request: "); Serial.printin(req);

return0Q;
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¥
req=req.substring(addr_start+1,addr_end);

rule=req;
isSReqCame=true;
client.flush(); return 1;

}
void waitUntilNewReq(){

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

voidreturnThisStr(Stringfinal_data){ String s;
client.print(final_data);

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

}
StringgetPath(){ return rule;

ky
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HEADLINES FROM NEWSPAPERS ON SYNTHETIC FOOD COLOURANTS

Chemicals are
present all along
the food chain, the
increasing use of
harmful additives,
like artificial
colours and
preservatives, pose
a number of health
risks for the
consumer

RISHITA KHANNA & Sengalury

COLOURS OF
DANGER

H EM ECTS

BUTVLATED HYDROXVANISOLE (BHA) AND BUTYLATED

HVDROXVTOLUENE (BHT)

Synthetic antioxidants commonly used as preservatives in a

wide fange of everyday consumabies such = food products
ever, their usage poses

B
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SODILM NITRITE 7 NITRATE

ady-to-cook soups 8 Colourful faods

comsume
8 Dalry Products such ax cheese, butter, milk B Oats. brown rice,
dry nuts, black beans.

Diwali: Food safety _{ﬁcmls 2 into overdrive

Times News Nerwork

Chennat: Food safety teams
are lifting dafly samples of
sweets and savouries from
manufacturing units,
storehouses and stores toas-
sess quality of ingredients,
manufacturing  practices,

od up samples of ghee and
butter from manufacturing
units in T Nagar and Saida-
petalong witha red dye. The
dye was found to be cancer-
causing, ofl-soluble colour
that 18 not permitted to be
used in food. Samples of but-

ter
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FSSAI destroys half tonne
sweets for excessive use of
colourants during Deepavali
special drive in Coimbatore

Updated - November 08, 2023 07:42 am

Published - November 07, 2023 07:03 pm
IST - COIMBATORE

Nine teams of FSSAI conducted a special drive
at 104 places, including manufacturers,
wholesale dealers, those who manufacture only
during festival seasons and retailers, from Nov.
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making them unfit for
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ours in the form of dyes
used in such items can cause|
several ailments including
cancer because of the pres-
ence of carcinogenic agents.

The recent incident of Pani Puri
samples containing cancer-caus-
ing elements has shocked a lot of
people.

KARNATAKA BANS ARTIFICIAL FOOD COLOUR
IN GOBI MANCHURIAN, COTTON CANDY

KARNATAKA BANNED HARMFUL ARTIFICIAL COLORS IN
COTTON CANDY AND GOBI MANCHURIAN AFTER TESTS
FOUND UNSAFE LEVELS. THE BAN PROHIBITS ALL ARTIFICIAL
COLORS IN GOBI MANCHURIAN AND LIMITS SPECIFIC DYES

IN COTTON CANDY.

VIOLATORS TO FACE SERIOUS PUNISHMENT
INCLUDING LIFETIME IMPRISONMENT.

12th March 2024
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Toxicity Study on Eucalyptus grandis Bark as Natural Food
Colourant in Wistar Albino Rats

J. YOSHIA LEELA and PL. SRIDEVI SIVAKAMI*

"**Department 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

Received : 26/04/2024 Accepted : 25/06/2024
ABSTRACT

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 researchers and food analysts have
recommended E. grandis as a substitute for

Traditional medicinal practices are defined to synthetic food colourants (Abuajah et al.,

have their origin from plants and plant 2015).

extracts, precise]y known as herbalism. Color additives also known as SynthetiC
Since 60004000 BC, Indians have practiced coloursare used in a wide variety of foods
traditional medicinal therapy that has vital such as beverages, dairy products, cereals,
retention in curing various diseases. bakery goods, snack foods and ice creams.
Currenﬂy, natural products especia”y Although there are strict gUideIineS for
traditional medicines have gained their chemicals to be approved as food additives,
significance through their unique therapeutic the safety of food colorants has not been
attributes with phytochemicals, their efficacy rigorously proven and acceptable daily intake
and safety.In such case, eucalyptus is (ADI) has been used to minimize any
considered the best traditional remedy for possible unfavorable effect of the dyes
ailments like arthritis, ulcer, diabetes and (Sarah Kobylewski et al, 2012).

bladder diseases. Considering the With proper evidences the artificial food
therapeutic values of E. grandis, few colors (AFCs) have proved to affect



TOXICITY STUDY ON EUCALYPTUS GRANDIS BARK

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
asAIW: 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:

V1 N1 =V2 N2
V1 = V2 N2
N1

Formula used for preparing the dosage,

where:

- V, indicates the ml (milliliter) of water to
be calculated and given,

- N, measures the number ml presentin 1
(liter) of water,

- V, represents the weight of the animal
and

- N, indicates the number of ppm (parts
permillion) to be calculated.
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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 x 2 + 1000 = 0.2 m

GAU Research Journal 49 (1)

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

Powdered Forms Name of the Calculation of Level of Determined Level of
Rat Water to be given Water (in ml)
Eucalyptus barks Testrat — 1 .
(Eucalyptus grandis) (TR1) 376 x 2+ 100 75

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
maximum threshold level, the
experimentation was carried out with the
otherrats.

Table 2 : Profile of the Rat used for Pilot Study

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
X\:}a::lr) Consumption 20-25 ml from 120 ml of water 10 ml + 8 ml of Sample
Food Consumption (g) 25¢ 25¢
Body Parts

During Purchase Eighth Week
Fur/Skin Normal White Normal White
Eyes Normal Red Normal Red
Ears Normal Pink Normal Pink
Nose and Mouth Normal Pink Normal Pink
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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 testrat—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

Table 3 : Optimization of Eucalyptus grandis

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 Water PPmM Calculation of ppm  ppm of Natural Food
Weeks (ml) Colourants added in
water (mg)
1 7.5 2 7.5x2+1000 0.01
7.5 12 7.5x12 +1000 0.08
2 7.5 14 7.5 x 14 + 1000 0.10
3 7.5 28 7.5 x 28 +1000 0.20
4 7.5 41 7.5 x 41 +1000 0.30
5 7.5 54 7.5 x 54 +1000 0.40
6 7.5 67 7.5 x 67 + 1000 0.50
7 7.5 80 7.5 x 80 + 1000 0.60
8 7.5 94 7.5 x 94 + 1000 0.70

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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Table 4 : Experimentation Plan for Toxicity Testing

Food and dosage given during

Groups No. of animals experimentation
Commercial Feed (25 g)
Control Group 2 Normal Dri-ir-]king water
Commercial Feed (25 g)
Normal Dri;king water
Experimental Group — 1 S Specific Dosage Jf Food Colourants

Eucalyptus barks (Eucalyptus grandis)
(calculated according to the weight of the rat)

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
glutamicpyruvic 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

TOXICITY STUDY ON EUCALYPTUS GRANDIS BARK

Mean weight on

Mean weight on Difference in weight

Groups Day zero Day 56 @)

(9) (9)
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 thatconsumed 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
observedin therats.

Table 6 : Mean hematology and biochemical
parameter values

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)

Red blood cells (10%/mm?)
Total White blood cells (10°/mm?)
SGOT (U/L)

SGPT (U/L)

ALP (U/L)

Glucose (g/dL)
Cholesterol (g/dL)

Total Protein (g/dL)
Albumin (g/dL)

Creatinine (mg/dL)
Sodium (mg/dL)
Potassium (mg/dL)
Chloride (mg/dL)

14.53 15.9
7.56 8.35
4.93 4.2
2717 27
20.18 25
72.45 72.45
46 45
42 40
6.5 6.5
4.2 3.5
0.9 0.65
137.3 107.9
4.1 6.5
88 89
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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

Control Group Experimental Group

Organs

Brain
Liver

Kidney
Heart
Stomach
Intestine

Spleen

GAU Research Journal 49 (1)

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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Abstract

Bio-colourants for food are extracted from plant sources that it is becoming a huge
and in the global market of processed foods and confectionaries. Natural colours play
il Vital role in food safety and also in meetling the needs of food consumption practices for
growing crisis in the availability of healthy foods. Aim of the bio colours is to replace
mthetic colours like sunset yellow FCE. Aliura Red, Ponceau 4R, Amaranth and Brown
as they are becoming a wide range of threat to the human race, especially in bringing
Mychological changes in children and adolescents. Usually bio-colourants are extracted
f aimost all the parts of a plant. But majority of the colours are extracted from leaves
f, barks, whereas few colours in specific are extracted from fruits, seeds and some from
l s of flowers. In this study, bio-colouring agents such as madder roots (Rubia cordifolia),
Balyptus bark (Eucalyptus grandis), annatto seeds (Bixaorellana), roselle petals (Hibiscus
_i-- ariffa) and tamarind seeds (Tamarindus indica) were identified and used in extraction
. . The colours obtained were of different shades of red like: sangria red, rusty
_'_: d yellow red. These natural food colours were extracled from their natural sources
BUgh two processes:10 per cent aqueous extraction (reflux, boiling) and powdering
gubstances. The pH of the extracts was taken to know their level of hydrogen ion
Bdentration. To verify,if these extracts are edible and stable, preliminary toxicology study
:d;- rried out in brine shrimp assay. On the other hand, every fourth day the discolouring
F #xtracts was constantly measured using Food Colour Reader. The aqueous extracts
"f,’ d discolouring and formation of microbial layer even when preserved in refrigerator
-; Ilized glass botties, whereas the powdered substances remained the same with no

J ring or microbial activity in it. The toxicity study has practically proved that the
.':i; 8d substances in various concentrations of 1 00, 250, 500, 1000 and 1500 ug/mi has
L Wrail lowest mortality rate in consideration to mean and standard deviation (M + SD)
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b
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of 11.7 £ 10.7, than to the aqueous extraction samples of 73.7+ 22.8 respectively. This Inves

study is carmied out to promote and incorporate bio-colours in foods that can be consume! eslablish t

on daily basis, replacing the commercially available hazardous foet! colfourants. of natural

Keywords : Colourants, extracts, maddar roots, sucalyplus bark, annalto seeds, powdercit Eucalyptu.
substance, pH, food colour reader, brine shrimp assay, toxicity dye oblair
applied in
Introduction of evidence regarding Attention-Defilf l of dye in
Hyperactivity Disorder (ADHD) caused thw {Eucalypt
Food colourants from plant SOUISES 45 ariificial food colours?. AFCs appear b | againsta
have grabbed the atiention of 'global pe more of a public health problem than .m diseases’
markes. As quoted b¥ few CONNOISSEUTS  ApHD problem. where it seems 10 altind one of th
of food, the colours.ln foods affect lh‘e children and have an aggregated addiive food dye
psychologlc.al behavior of humans. N o synergistic effect on most children wins in India
addition, they also have further effects on s fer from pehavioral decrement’ m (Wil M
ositive mannerism'. Few countries around — edible dyes Lsed in the food indudie  § have be
the world have started exploring the fieldof e not proved to improve the safely vt . \cadition
developing bio food colourants forindustrial  quality of nutiition in foods, indicatil s | N " )
purposes to introduce healthy eating to the  yremoval of replacement of currently sl aemat
society. Scientific investigations on natural  food colourants and their supplies, o 1l i ulcer.s
food colourants considering economy betierment of booming food industr: § ol
legislative, technological feasibility 1o ) agent,
dentify natural colourants and -consumer Beet root is o.ne common_ P LRRTL wcaven
acceplance aspects, have been proved L colouring and 1S pue solater
to be less promising. it is likely believed responsible for LGl bul dutt:® that Ine
A . These red dyes along with beta xanthid b 1or dive
that there are possibilities 0 introducing . :
. (yellow) are considered as srrevnalhil@
completely new bio-colourants into today's  gjouring pigments with the presom v o A f
food manufacturing industry, as 1ong 85 pigrogen in it extending the colow wlun 8l in ma
cucrent food legisiations and cONSUMET ¢ red, yellow and biuish-red  Notonind 8 1l c
atiitudes remain unchanged”. have antimicrobial, antiviral and st e AR (b

properties. Carrots are the hoed wnitel B yullov

With proper gvidences, the Artificial
of beta-carotene. They are pre vitainiin A 38

Food Colors (AFCs) have proved to

affect the health status of the children’s agents that provide colour. [RTL] akH.
pehavior, through various studies carried extracts are soluble in water il Al uwﬂ
out for around 35 years. Food and Drug reddish purple colour. Anthoty.miin 10 HQ 3

Administration Food Advisory Commitiee pigment responsible for the ol bil 1 )
convened to evaluate the current status colour of the extract. ;
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Investigations were carried out to
establish the safety and nutritional value
of natural dye Produced from the bark of
Eucalyptus globutes. The natural brown
dye obtained from the Eucalyptus bark was
applied in the production fo access stability
of dye in the candies, as eucalyptus bark
(Eucalyptus grandis) poses healih benefits
against arthritis, ulcer, diabetes and biadder
diseases®. Madder (Rubia cordifolia) is
one of the traditional dyes used mostly as
food dye, as they are commonly available
in India and Pakistan, Rubia peregrina
(Wild Madder). The roots of R. cordifolia
have been used in Indian and Chinese
lraditional system of medicines to treat
haematemesis, haematuria, inflammations,
ulcers and skin diseases. Experimental
studies confirmegd madder as prophylactic
gent, the antioxidant ang free radical
scavenging activities of phylo- components
Isolated from thig plant give an impression
that Indian madder might be the future drug
for diversified Panel of tumors and cancers?.

Paprika gives oranges colour which
Is mainly the extract from the pods. The
red coloured pigment is dominated by
canthaxanthin and capsorubin, whereas
yellow xanthophylls include Cryptoxanthin,
/o0axanthin, antheraxanthin and carotene,
lummeric is a commonly used colouring
Agent extracted from the rhizomes of
lumeric plant, which is water soluble. it
In also considered ag an ayurvedic plant
used as antitumor, anti-allergic, anti-

A Study on Extraction Methods and Primary Toxicity Level of Big Colouraniy

inflammatory, antiseptic agent, g ysad
in treating“anemia, diabeles, Indigastign
and food poisoning. The seads of (i
Bixaorellana tree produce an  orunge-
red food colouring condiment known au
annatto. Bixin and norbixin, caroteneld
pigments produce colours that are found |n
the reddish Waxy coat of the seeds. Annatio
(Bixa orellana) extracts are widely used in
many processed fogd products as a coloring
agent and is alsg g natural alternative to
synthetic food coloring compounds {Food
RGB, 2021).

Food Safety and Standards Authority
of India (FSSAI} has permitted bio-
colours in India according to the Rule 26
of the Prevention of Food Adulteration Act,
1954 (PFA) and the Prevention of Food
Adulteration Rules, 1955 and 1999. The
following permitted bio-colours can be
isolated from their natural sources: beet
foot concentrates annatto, beta-carotene,
cochineal extract, grape extract, paprika
oleoresin, turmeric oleoresin and saffron.
Even though annatio iS recommended
as a natural alternative to synthetic food
colourants, the permissible amount to be
used as food colourant (other than milk
products) is not precisely recommended
by FSSAI. Thus, this study is carmied
out to analyze the requirement of big
food caiourant to pe added in foods. The
objective of the study was to replace the
synthetic and artificial food colourants
with natural food colours by analyzing
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the characteristics of the locally available
natural food colourants.

Materials and Methods

Using questionnaire, a survey was
conducted on the basis of knowledge
related to the sources and usage of bio-
colourants among the selected 50 home
makers. From the survey, the frequently
used bio-colourings, their sources, uses
and healthy benefits were collected and is
listed in Table I.

Table | represents the bio-colouring
agents that were commonly known to the
maximum number of the home makers
(78%). The home makers were familiar with
all the bio-colours except for annatto seeds
(Bixa orellana) (18%), eucalyptus bark
(Eucalyptus grandis) (23%), madder roots
(Rubia cordifolia) (18%), roselle petals
(Hibiscus sabdariffa) (19%), tamarind
seeds (Tamarindus indica) (21%) and
tanner's cassia petals (Senna auriculata)
(16%). Thus, the above mentioned samples
were proceeded for further analysis.

Tamarind seeds (Tamarindus indica)
did not give colour and tanner's cassia
(Senna auriculata} was a seasonal flower
(unavailable in all seasons). Roselle petais
(Hibiscus sabdariffa) gave beet red colour
which showed quick discolouring and the
presence of toxins in primary toxicity test
using brine shrimp assay. Thus, tamarind
seeds (Tamarindus indica}, tanner's cassia
(Senna auriculata} and roselle petals
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(Hibiscus sabwdariffa) were ruled out fur
further processing of bio-colours.

The selected samples madde C?":'
roots {Rubia cordifolia), eucalyptus baik ro——
(Eucalyptus grandis) and annatto secl
(Bixa orellana) were collected from Forc:.|
College and Research institute College: Beet:
Mettupalayam, Coimbatore. The above
mentioned samples were handpichod
washed and dried to remove all the inedilde
particles. The selected samples of maddu Carro
roots and eucalyptus barks were storad in
sterile glass jars whereas annatto romls
were stored in zip lock bags. During sl Eucal
at room temperature, the bio food tolinn
samples of madder roots (Rubia cordhivii)
eucalyptus bark (Eucalyptus grand.) sl Grape
annatto seeds (Bixa orellana) were civanml
for no moisture content present in thin

Jamw
Extraction process & fruit

The exiraction process wii. «niing
out through two different methocd:

Marig
- Powidered substances

The stored natural suledone e wl
madder roots (Rubia cordifolia). vnu alyyivg Madds
bark (Eucalyptus grandis) ! i
seeds (Bixa orellana) were grinclos ik Hi)
powder using sterilized desiccalinl misii§

jars and the powdered substunou W § Papril
stored in separate zip lock toveng

individual sterile glass jars

-10% aqueous extraction method & Hosol

i) Soaked extraction: In the iy
oF
of extraction of colourants theuh |




re ruled out for

A Sludy on Extraction Melhods and Primary Toxiclly Lovol of Bl Gohnialile

TABLE | :
~olours. An Overview of the Blo-colot¥ants :
Common Botanical Parts Colour
amples  maddes name name used | obiained Uses Huallh Goipfis
h - .
CEE Annatto Bixa oreflana | Seeds | Orange Red Colouring cheese Antioxidsn,
d annatio seed: and flavored milk | antimlaroll) afig
:wcted from Forel anticansor propeitieg
istitute College Beetroot | Befawvulgaris | Rools | Red, yellow Yogurts, ice cream, | Reduces the rixk of
i and Bluish-red | ice bars, candy, cancer, cardlovasonlu),
2 L ?bovn ' (dependingon | noodles and pasia | cerebrovascular
ere handpickad, betanin content) diseases, livor and -
we all the inedibin kidney damage
inples of maddu Carrot Daucus carota | Rools | Orange yellow | Pro-vitamin A agent | Promoles vislon, alde |n
and colouring weight loss, skin heallh,
WL agent in dietary improves immunily ang
is annatlo sewn supplements brain health
3s. Fyring storiin Eucalyptus| Eucalyplus Bark | Yellow Brown | Medicines — cough | Antioxidants, cold reliaf,
2 bir food colomi grandis syrup, ail treals dry skin, promolaes
(Rubia cordifolu), relaxation and pain rellef
S~ - Grapes Vitis vinifera Fruit | Red to deep Soft drinks, Rich in anlioxidant,
ous grandis) i 7 skin | purpte ice creams, anlidiabetic, antiobesity
Ina) were ensuioil s yogurts, jams and | and anli-inflammatory
-esent in them = canfectioneries activities
f 2 Jamun Syzygium cumini | Fruit | Pink to crimson | Juice, squash, jam, | Improves hemoglobin
¢ fruit black jelly and toffee count, manages
i diabetes, improves gut
3ess was ciltllod i health and acts as an
nethods. h immune booster
. Marigold Calendula Petals | Vibrant Cheese and butter | AntiHnfammatory that
; officinalis yellow, orange promoles wound healing
for eczema, sunbums,
I substancos ol bruises and varicose veins
ifolia), eucalypiug Rubia cordifolia | Roots | Brown Red Medicine for kidney | Treating jaundice,
is) and annally stones, menstrual | obstruction in spleen,
R disorders and urinary| palsy and bruises
2 g.rlndtet;l| |||I:| |lll:l ract disorders
2 g . , T .
B € "_' g T Capsicum Fruit | Orange red Meat products, Rich in antioxidant
subStances wi§ ﬁ ' annuum confectionery, propetties, reduces the
lock cover ang cheese, snacks, risk of cancer, heart
] soups and salad diseases and improves
& immunity
ethod Hibiscus Pelals | Dark Red Wine, syrup, ice Laxative effect, used in
sabdariffa cream, pies, snacks, | treating cracks in feat,
n: In the provath tarts and other sores and wounds
desseris

its through 1% 88
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Sandal Santalum Bark, | Yellow Sandalwood oil used | Lowers blood pressure,
wood album roots as flavoring 3gent | urinary tract infection, hot
reduces common cold, in
liver and gallbladder .
problems
E:
Tamarind Tamarindus Pulp, | Brown, Pulp is used for Rich source of (
indica Seeds | no colour prepating jams, antioxidants, has ore
jelty and toflee anticancer properties, sal
improves heart health, 10
liver protective and
anti-diabetic effecls ant
Tanner's | Sennaauriculata |Flowers Yellow Candy, jam and teei Anti-diabetic, relief from an
cassia powders rheumatism, conjunclivitis yie
ulcer and conslipation
wa
Turmeric | Curcumalonga | Roots | Bright yellow to | Pickles, seasoning, Traditionally used agaw| ext
deep orange cheese, pies, respiralary infections, ]
candies, frozen arthrilis, allergies, e pH
dessetls, beverages | digestive disorders anl
and snacks liver disease
L oxl
aqueous extraction, the compounds  sabdariffa) were taken in the ratio of 1 I The
madder roots (Rubia cordifalia), eucalyptus with 25 g of extraction compounds (ronwin the
bark (Eucalyptus grandis), annatto seeds  barks and seeds) were immersed in 250 il
(Bixa orellana) and roselle petals (Hibiscus  of distilled water and placed in ho! walol e

sabdariffa) for exiraction were taken in
the ratio of 1:10, where 25 g of the natural
substances were immersed in 250 ml of
distilled water for 24 hours. On the 24™ hour
the aqueous solutions in the form of exiracls
were filtered and stored in sterilized glass
jars.

ii) Reflux extraction: In the process
of extracting the colourants, boiling of 10%
aqueous extraction also known as the
reflux extraction method was used. The
compounds for extraction from madder
rools (Rubia cordifolia), eucalyptus bark
(Eucalyptus grandis), annatto seeds (Bixa
orellana) and roselle petals (Hibiscus
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bath of 60°C for an hour. The walc balh -~
was stired constantly every 10 nurniee (1
to avoid clogging. Then the extracl: weld

cooled, fitered and stored in unhvir il ';
sterilized glass jars. :

Filiration process 1w

i) Soaked: After 24 hours ol oahing
process, the natural food colour subrlei ol 3
from madder roots (Rubia cuiiihii)
eucalyptus bark (Eucalyptus et
annatto seeds (Bixa oreflana) ! 1iogH3
petals (Hibiscus sabdariffa) wui Illltﬂ :
into a measuring jar using Whtiman AHFS
paper. &

am
, {ise

r"l
E (1

An
m




rs blood pressure,
ry tract infection,
:es common cold,
ind gallbladder
Bms

source of
«dants, has
ancer properties,
wes hear health,
yoteclive and
liabetic effects

fiabetic, relief from
natism, conjunctivilis,
and conslipation

lionally used aganst
-alory infeclions,

tis, gies,

tive tisorders and
lisease

1 the ratio of 1:10
:ompounds (rool:,
nmersed in 250 mi
aced in hot walui
ir. The water balh
avery 10 minulos
lhe extracts wors
wed in individual

| hours of soakluy
GowLdT substancay
Rubia cordifolia),
wlyptus  gramiia),
sifnna) and rounllg
tifin) were fillorog
g Whatman fillaf

[ | K|

B

A Study on Extraction Methorn and Primaty Tuslully Leve! of Bio Colouranis

i) Reflux extraction: Aflar an
hour of boiling at 60°C,the subslancam
in the water bath, the exiracts of maddar
roots (Rubia cordifolia), eucalyptus bark
(Eucalyplus grandis), annatto seeds {Bixa
orellana) and roselle petals (Hiblscus
sabdariffa) were left aside to cool for
10 minutes. Then the extracls wera stirrad

. and filtered using Whatman filter paper Into
| ameasuring jar. The extracts varied In thalr
yields when measured and so each exiract
was made up to 250 ml. The yield of reflux
extraction is tabulated in Table II.

PH values

TG T
iRaFUTU |

o PO s ot U

The pH of the extracts (reflux
extraction) was measured using pH melar,
- The pH values were tabulated along with
- the quantity of the extracts.

From Table I, it is evident to note
& the pH values of the extracts from madder
roots (Rubia cordifolia), eucalyptus bark
&= (Eucalyptus grandis), annatto seeds (Bixa

uitllana) and roselle petals (Mibisoiw
sahdm iflaySn comparison with the norimal
pH values. All the extracted compounds
ware analyzed for pH ranges and wara
nin aoldio in nature, where eucalyplus
bark (Buocalyptus grandis) and roselle
polala (Niblacus sabdariffa) extracts wero
mansuted (o be 4.57 mol/Land 3.43 moliL
of bass, whereas madder roots (Rubia
oordifolla) exiract was slightly acidic
with 8,0 mol/L. and annatio seeds (Bixa
orallana) exiraol had very mild acidity of
8.33 molil..

Food colour remder

The natural oolour of the extracts of
maddar ruots (Rubla cordifolia), eucalyptus
bark (Evoalyntus grandis) and annatto
saeds (O/xa orellana) were measured on
fourth day 1o know (he rate of discolouring.
To delect discolouring, food colour reader
was used (o analyse the colours in the
oxiracts from the four samples. The foad
colour raadar was calibrated using black

TABLE Hl
Yield of the Extracts and pH Range of the Blo Food Colours

- - Rawform | Distiled walar Exiract yleld pH
_.ﬁ_xtxactlon compounds @ (m) (i) (moliL)
- Madder (roots)
E{Rubia cordifolia) 25 250 170 5.69
i calyptus (bark)
{Eucalyptus grandis) 25 250 160 4.57
Hnnatio (sseds)

8 orelfana) 25 250 230 6.33

Bosclle (petals)
{MIbiscus sabdariffa) 25 250 180 343
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and white cavity covers, placing the food
colour reader’s lens evenly on the cavity.
Then the food samples were placed on a
walch glass, with a plain white base and
the colours were measured. Around 0.15 mi
(that is 150 microliters) of the extracts of
madder roots (Rubia cordifolia), eucalyptus
bark (Eucalyptus grandis) and annatto
seeds (Bixa oreflana) were pipetted out
on the walch glass. The cavily of the lens
in the food colour reader was placed over
the liquid exiracts and the reading was
measured using L* as lightness, a* as
either red ar green and b* as either yellow
of blue.

PP —
R

The colour scale used on the food
colour reader is Commission International
de I'Ectariage (CIE) system. In the colour
space, numerical differences between
values roughly correspond to the amount
of change that can be visualized between
colours. CIE LAB works under the principle

Yoshia Leela, J. and Sridevi Sivakami, PL.

of hue angle with relative saturation where
the lightness of the measuring objec!

remains unchanget.

CIE LAB: CIE LAB is colour spaue
based on the fact that a colour cannol bw
both red and green, or both blue and yellow
because these colours oppose each otlu»
So a single data could be used to desctibn
red/green and yellow/biue. When on
L*a*b* is used to describe the colour,
L* means lightness, a* means redfqumn

and b* means yellow/biue.

The colour spacing of HCL Hies
Chroma-Luminance or LCH that rehas o

any cylindrical models that are m .ot

with human perception of colours willi W
parameters. The principle of LCH h.v Latarnie

initiated by visualizing the object witlunil

3 bias wsing varying saturation maodel.
TABLE Hll
:':'.1 Values used for Analyzing the Intensity of the Extracted Bio Food Coloui
i Symbols Representations Formula
1 L Black / White
:1’ a* Red / Green
13 b* Yellow / Blue
AL+ White
AL - Black AE* ab = ¥ (AL*F + (Aa")’ ¢ (M)
Aa+ Red
Aa - Green
Ab+ Yellow
Ab - Blue
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A Sludy on Extraction Methody and ilinmy Teninily L vl ﬂ H

CIE LCH:CIELCH adopts same coluts
Spaces as L*a*h*, but its L* represoniu
lightness, c* represents saturation and h*
represents hue.

Table lll, represents the colours and
the formula used in analyzing the coalow
intensity of the extracts. Delta-E is a singln
number representing the distance batwoon
two colours. It is the comparison of
Euclidean distance (also known as distance
between two points) difference between tha
red, green and blue hue of the food colours,

Brine shrimp lethality assay

For identification, the exracts of
dder roots (Rubia cordifolia), eucatyplus
rk (Eucalyptus grandis) and annatio
beds (Bixa orellana) were coded with the
two alphabets of the source as MA for
dder roots, EU for eucalyptus bark and
annatto seeds. The extracted samples
pare taken in different concentrations of

DD Hl, 250 pl, 500 pl, 1000 i and 1500 pl
'8ach beaker containing saline solution.
\ i- shrimps were introduced into the
fimple solution of the above mentioned
' entrations. The movement of the
p was monitored at different intervals
£, 2, 4, 6 and 24 hours. There were
90 groups, in which the shrimp were
ldduced into blank solution group, control
WP [Potassium dichromate -K,Cr,0,
BNg/mi)] and prepared samples solutions
@ifferent concentrations. The mortality
I pntage of shrimp was calculated after
Miours. For each of the samples from
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niaddar fm,mm_ ._:
waads, B0 ghiiinpg
he solvilor i @G 18 8
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umul'h

IdmiNisligh if

nuamnwt
umhﬁthlm[
ourding -
Know lh! an

violel Wﬁuflﬂ ol
(2 mi) o the Wl | j'
the ranencs of i

Tost for umlwnm (Mnum‘s
test): Tha develonmen of pumie fing #t the
Interface betwaen the loal miieile! and the
acid on the aditition of Molisah's reagent
(m-nephiivol clienolvad -y athanal) (o the
axtracty follawed by addition of a few drops
of toncantraéd sulfuRe asid indicates the
prasaia of earbohydraies,

Tes! for liavonokie

Afkaline reagent test; Davalopment
of intensa yellow colour on addilion of a
few drops of sadium hydroxide solution to
test solutlon, which turna to colourless after
addition of fow drops of dilule acld Indicates
the pressnca of flavonolds.

Shinoda test: Development of a few
pink scarlsl, crimson red or occasionally
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green to blue colour appearance after
addition of few magnesium tuming followed
by drop wise addition of conc. tiydrochloric
acid regarded as the presence of flavonoids.

Test for saponins: Development of
emulsion on vigorous shaking after addition
of three drops of olive oil to froth extracted
by adding 0.1g of extract to 1 mi of distilled
water indicate the presence of saponins.

Test for cardiac glycosides:
Development of a brown ring at the
interface after addition of 2 ml of glacial
acetic acid that contained one drop of femic
acid chloride solution followed by further
addition of 1 ml of concentrated sulfuric
acid to 0.5mg of extract diluted with 5 mi
of water indicates the presence of cardiac
glycosides.

Statistical analysis

The statistical analysis has been
carried out for the lethality of the brine
shrimp between the aqueous extraction
and the powdered substance solution using
one way ANOVA and t-test.

Results and Discussion

Food colour reader

The extracted colours from madder
roots, eucalyptus bark and annatto seeds
were analyzed for discolouration using food
colour reader and the change in colour
was recorded and compared between
aqueous food colour extract and powdered
substances calculating the hue.

440 The Indian Joumal of Nuirition and Dietetics, Vol. 60 {3), July - September 202.1

in Table IV, Delta-E is a standard
measurement that qualifies the difference
between the twouecolours that appeat,
where the lower Delta-E figures indicalo
greater accuracy, while the high Della |
levels indicate a significant mismatch. Tha
colour intensity analysed by the food colown
reader has been recorded and the valur
were calculated using the formula I
Delta-E. The CIE LAB colour is meastitnl
using the hue difierence. The madidm
roots extract's colour changed from 4U b/
to 47.04 hue. For eucalyptus bark .uwl
annatto seed extract colour increased fiom
38.13 to 47.10 hue and 42.69 to 4/
hue respectively. As for the roselle potalu
exiract, the colour decreased from 4." .4
to 32.79 hue. The result in the food ol
reader has shown that the boiled exits I
have shown discolouration for ovety
four days with less stability, wherois hin
powdered substances have not shown alty
changes in physical characteristics

Brine shrimp lethality assay: The 1ow Hin
of the brine shrimp assay for :wpuuia
extractions and powdered substanuu It
tabulated and highlighted in Table V

From Table V, the mortality 1ate
percentage of 30 shrimp in each ululhii
has been shown. In the blank solulion ni§
was no shrimp found dead. Bul i llia slvHy
sample extracts from madder ronin (tuhig

cordifolia)and eucalyptus barks (! i rlyil
grandis}, the mortality rate was v aieat) IR

the annatto seeds (Bixa oreflini) axliglf
minimum mortality rate of 533 quwe uitagl

Calcul

Days | Nah

h-mM—l-huwM—*th—h

oW N =

that is 16 :
' rate of hig
i whereas
hours only
i Inroselle ¢
k shrimp we
¥ {aken for fi

; In n
extract at
Mercentag
dound de:
ucalyptt
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A Study on Exraction Methods and Primary Toxicity Level of Bio Colourants
s a standard

TABLE IV
the difference

e
Calculated Values of the Bio Food Colour Extracts on Every Fourth Day in a Week

that appear,
jures indicato Days | Natural food colour extracis L a* b* V(AL*)2 + (A2} + (ab*) | AE*ab

high Delta-l 1 48.37 | 524 | 149 v2369.32 4867
nismatch. Tha 2 Madder {Reots) 47.25 -8.58 | 6.59 ¥2057.43 4847
he food colour 3 (Rubia cordifolia) 4731 | 680 | 390 V2299.68 47.95
ind the valuo 4 4637 | -5.00 | 620 V221361 47.04
U DR 1 3755 | -548 | 371 1453.79 38.13
"_:_i:i‘:::(: 2 Eucalyptus (Bark) 3962 | 380 | 6.1 11622.12 4027
I 3 (Eucalyptus grandis) 4511 | -830 | 534 V212931 4535
nus bark and 4 4626 | 441 | 770 V221874 47.10
ncreased from 1 4184 | 843 | 1.08 ¥1822.80 42,69
2.87\o 47 Gl b2 Annatto (Seeds) 4360 | -847 | 1243 V2127.20 46.12

roselle pelale i;_ 3 (Bixa oreltana) 4891 | 627 | 2719 ¥2439.27 49.38
el CiulE e L 4706 | 692 | 202 V227164 47.66
he food coloi 1 436 | 821 | 217 4178274 4222
?:'Iefirex::::: E 2 Roselle (Petals) 3898 | -134 | 058 V1521.69 39.00
. whereas fhe 3 (Hibiscus sabdariffa) 2788 | 1590 | 625 V1069. 16 32.69
not shown iy 4 2158 | 2426 | 4.60 ¥1075.39 3279

aristics.

1y: The rennlin f13=.‘-: that is 16 shrimps were found dead at the 76 percentage at ils lowest concentration

¢ for agueoim ‘_-;',:. of highest concentration of 1500 yl, level. But other than annatto seeds (Bixa
substancon s : whereas in the maximum of around six orellana) extract, all the other extracts at
Table V §- tours only two shrimps were found dead.  the highest concentration level, nearly two-
ortality riste iy g In roselle petals (Hibiscus sabdariffa) allthe  third of the shrimps were found dead. Table

each solitkm = shrimp were found dead and so it was not VI revealed the brine shrimp lethality assay
y ion hale i taken for further analysis. using powdered substances.

3utin tho study
it roots (Ruhig
ks (Eucalyplig
vas nolicad [H
ellana) oxling 3
33 perconlay@ 13

In madder root (Rubia cordifolia) In Table VI, the lethality of the brine
ct at the minimum of 100 pl 70  shrimp for the powdered substances were
Wbercentage, that is 21 shrimps were expressed and revealed that annatto
pund dead and in the eucalyptus bark seeds powder showed the lowest rate of
Eucalyptus grandis) extract also had mortality of 7 per cent shrimp death even
e minimum  mortality percentage of  after 24 hours. Whereas in madder roots,

2
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TABLEV
Brine Shrimp Lethality Assay (Aqueous Extraction)

Natural food Concentration Mortality of Brine shrimp (no. of shrimps dead) (hour)
colourants (ng/ml) 1 2 4 6 24 | % Monality (at 24 h)
100 0 0 0 1 21 70
Madder {Roots) 250 0 0 4 4 24 80
{Rubia cordifolia) 500 0 0 1 1 28 93
1000 0 0 1 1 30 100
1500 0 0 0 2 30 100
100 0 0 o 1 23 76
Eucalyptus (Bark) 250 0 1] 0 24 80
(Eucalyptus grandis} 500 0 0 0 25 B3
1000 0 0 7 20 29 96
1500 0 0 22 27 30 100
100 0 0 0 0 1" 36
Annatto (Seeds) 250 0 0 0 0 13 43
{Bixa orellana) 500 0 0 o 1 13 43
1000 0 0 0 2 16 53
1500 V] 0 0 2 16 53
100 0 25 | 29 30 30 100
Roselle {Petals) 250 0 27 | 30 30 30 100
{Hibiscus sabdariffa) 500 0 30 30 30 30 100
1000 ] 30 30 30 a0 100
1500 0 a | 30 30 30 100
Control K,Cr,0, 1{mg/mil) 30 - - - - 100
Blank Saline water 0 0 0 o 0 0

-

the percentage of mortality at 24 hours was  solution the highest per cent in rale ﬂ
40 per cent in which nearly 12 shrimp were  mortality in the highest concenlration wid

found dead with the highest concentration 13 per cent with the death of 4 hrimp # 2

of solution. In eucalyptus bark powder total.
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TABLE VI
Brine Shrimp Lethality Assay {Powered*Substances)
's dead) (hour) Bio food colourants | Cencentation Mortallty of Brine shrimp (no. of shrimps dﬁW
Aortality (at 24 h) (ng/mt) 1 2 4 6 24 | % Mortallly (w} 84 H)
———— Akt 2N
70 100 ol o o] o 1 3
80 Madder (Roots) 250 o | o 0 1 2 7
83 (Rubia cordifolia) 500 o| o 0 1 7 23
100 1000 0 0 1 1 10 30
100 1500 0 0 1 3 12 40
76 100 0 0 0 0 2 7
80 Eucalyptus (Bark) 250 0 o 0 0 2 7
83 (Eucalyptus grandis) 500 0 0 0 0 2 7
1000 0 o 1 1 2 7
CZ) 1500 a 0 2 3 4 13
36 100 0o 0 0 0 1 3
43 Annatto (Seeds) 250 0| 1 1 1 2 7
43 (Bixa orellana) 500 0 1 2 2 2 7
53 1000 0| 1 1 1 2 7
53 1500 0 1 1 1 2 7
100 Control K.Cr,0, 1(mg/ml}) 30 - - - - 100
100
100 Blank Salinewater | 0 0 ¢ 0 o o
100
100 - Profile of phytonutrients substances are carbohydrates, flavonoids
100 ‘:} The profile of phytonutrients was noted and saponins and proteins and cardiac

©

cent in rale of
1centration wa§ 3
of 4 shrimp §§ !

- Gand proved that the bio food colourants are glycosides were not present in the selected
¢ '3 applicable for human consumption. bio colourants.

: In the Table VI, the presence of the  Statistics and analysis

dmetabolites are indicated as ‘+’ and the The lethality of the brine shrimp
Fabsence of the metabolites are indicatedas  between the aqueous extraction and
. Overall the phytonutrients presentinthe  the powdered substance solution were
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TABLE Vil
Profile of Phylonutrients in the Selected Bio Colgurants
Madder roots Eucalyptus barks Annatio seeds
{Rubia cordifolia) {Eucalyptus grandis} (Bixaorelfana)
Metabolites | Test Performed
Aqueous | Powdered | Aqueous Powdered | Aqueous | Powdered
extracls |substances | extracts | substances extracls |substances
+2% Ninhydrin
reagent - - - - -
Proteins +2% CuSo,+
95% ethanol+ - - - - -
KOH pellet
+Conc. HNO, - + + -
Carbohydrales | Molisch’s test + + + + + 4
Fehling's test - + + + % 1
Flavonoids Alkaline test + - + + + +
Shinoda test - - + - -
Saponins Shaken with
water + + + - +
+Baljet reagent - - + 5 + 1
Cardiac Bromine
glycosides waler lest - - - - -
Keller-killai test - - + - -

statistically analyzed using one way
ANOVA and ttest 1o calculate the
mean and siandard deviation. The null
hypothesis {H,) indicated that there was no
difference between the rate of mortality in
the aqueous extraction and the powdered
substance solution, whereas the altemative

hypothesis (H,) was noted that then wan
difference in the rate of mortality bolweaell
the two sample solutions of aumne
extracts and powdered substances

From Table VU, the maan i
standard deviations were calculatoel Lning
t-test. The factor value representod un I 1

TABLE Vil
Mortality rate between the Acqueous extracts and the Powdered Substances
Mortality Mean and Standard Deviation Factor Signilimnes "
{in 24hour) (M1SD) (F}) {uh) ) -
Aqueous Extraction 7371228 181 VLY
Powdered Substance 1.7+ 10.7 i
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1.81 and the significant value is 0.20. As
the factor and significant value is greater
than 0.05, alternate hypothesis H, Is
accepted and null hypothesis H, is rejected
which depicts that there is difference in
the mortality percentage of the death in
shrimp in aqueous solution and powdered
! substances solution.

Conclusion

Natural food colourants are becoming
a global demand. Nowadays synthetic
colours are replaced by natural colours.
Present days’ consumers are progressively
becoming conscious and are being cautious
about what they consume. Researchers
& have proved that synthetic food colours
& affect physical and psychological health of
the population especially vulnerable group
B of young children and adolescents. Thus
natural colourants from plant sources are
& oxtracted to incorporate in foods and hence
¥ primary level toxicity test was carried out in
B brine shrimp assay. In the colour intensity
g test, the colours of madder roots (Rubia
B cordifolia), eucalyptus barks (Eucalyptus
grandis), annatto seeds (Bixa orelfana)
A and roselle petals (Mibiscus sabdariffa)
fiwere not very much stable, as the colour
Hhtensity kept fiuctuating and later returned
o their stable level of either increasing or
Miiscolouring.

As in the primary level of toxicity test
B! the madder roots (Rubia cordifolia),
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eucalyptus barks (Eucalyptus grandis} and
annatlo se&ds (Bixa orellana) using brine
shrimp assay are proved less toxic in nature
when used in the appropriate proposition.
Roselle petals (Hibiscus sabdariffa) extract
was highly toxic and it was ruled out from
further processing. When the concentration
level of the natural extracts was increased
the components were recorded to be toxic
with the mortality rate of shrimp in the
minimum number of hours in aqueous
extraclion process of boifing the natural
substances. Conclusively, madder roots
(Rubia  cordifolia), eucalyptus barks
(Eucalyptus grandis) and annatto seeds
(Bixa oreflana) powdered substance
showed less mortality rate, as the bio-
toxins are not being ignited due to heating.
Thus, the natural powdered substances
are considered suitable for replacement of
synthetic colours as they also provide health
benefits against ulcer, diabetes, cancer,
also acts as anfioxidants that prevent
premature ageing, helps boost the immune
system and also acts as zoloft (sertraline
- drug) in enhancement of the mental
health against anxiety and depression in
children and adolescents. Consumption of
natural foed colourants in its natura! form
is considered safe for human consumption,
playing a vital role as biomarkers in various
aspects of health.
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