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INTRODUCTION
Pharmaceutical scientists are currently developing 
new materials and formulations in which nutraceuticals 
are a focus area. The term “Nutraceutical” was first  
defined by Dr. Stephen L. Defelice as “A product  
isolated or purified from foods and sold in medicinal 
forms” Nutraceutical is a combination of two words 
Nutrition and Pharmaceutical.1

According to AAFCO, 1996, ‘Nutrient’ means a food  
constituent in a form and at a level that will help,  
support a life of human being or animal while ‘Nutra-
ceutical’ means any non-toxic food component that 
has scientifically proven health benefits including 
prevention and treatment of disease.2 “Nutraceutical” 
is a substance that may be considered a food or part 
of a food which provides medical or health benefits, 
encompassing prevention and treatment of diseases. 
Products as diverse as isolated nutrients, dietary 
supplements, herbal products and processed foods 
(cereals, soups, beverages) may be included under the 
umbrella of nutraceuticals. In India, nutraceuticals 
have been defined under Clause 22 of the Food Safety 
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ABSTRACT
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oxidant potential using DPPH free radical scavenging assay, with promising results. It’s in- vivo 
effect was studied using Wistar albino rat as animal model. This study involved haemogram 
and lipid profile determination which showed certain promising results. The powder mixture  
was developed into two products namely capsule and health drink powder formula. Conclusion:  
The nutraceutical powder mixture of seeds of Cucumis melo, Punica granatum and Linum  
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and Standards Act (FSSA), 2006.3 Currently there  
is an increased global interest due to the recognition  
that “nutraceuticals” play a major role in health  
enhancement.4 Nutraceutical, functional food  
market in United States is 250 billion US$ while drug 
market is 150 billion USD. Each year about 1000 
new products come in US market. Global market for 
nutraceuticals is very huge and is growing further.
Under this research Nutraceutical Product Mixture 
was prepared using seeds of Cucumis melo, Punica  
granatum and Linum usitatissimu. Individually these 
three seeds are reported to contain rich nutrients  
and used in its raw form for nutraceutical and 
anti¬oxidant purpose. The dry seed powders and the 
mixture of the three were studied for nutrient content. 
This research combined these three seeds as they have  
varied nutrients and micronutrients and combina-
tion of these seeds powders in equal proportion 
gave better and comprehensive nutrient mixture.  
The seed powders were individually and as mixture  
were studied for proximate analysis, prebiotic  
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potential, DPPH assay for antioxidant potential and in vivo animal study. 
The promising results of these studies prompted this research to develop 
the powder mixture into two nutraceutical products namely capsule and 
health drink formula.

MATERIALS AND METHODS
Preformulation Study
Procurement and Pre-treatment of Seeds
Cucumis melo (Musk melon) and Punica granatum (Pomogranate)  
are common fruits abundantly available in India. Fresh fruits were  
purchased; seeds were separated from the pulp of the fruits, washed and 
dried to constant weight in shade. Linum usitatissimum, (Flax seeds) were 
ordered from a food supplier –Nutroactive. The seeds were authenticated 
from Botanical Survey of India (BIS/WRC/100-1/Tech./2018/111). The 
dried seeds were ground in a mixer grinder and passed through 85 num-
ber sieve. 

Bulk Powder Characteristics
Following bulk powder characteristics were determined. 
-Bulk density, Tapped density, % compressibility, Hausner ratio and 
Flowability5

A pre-weighed, presieved quantity of seed powder was poured into a 
graduated cylinder and the volume was recorded (V0). The cylinder was 
tapped for approximately till the final volume remained constant. The  
bulk and tapped densities were then calculated using the following  
equations.
Bulk Density (poured density): m /V 0, in g per cm3.
Tapped Density: m /Vtg per cm3.
              m = weight of the powder
             V0 = bulk volume

Carr’s index (%) = (Tapped density – Bulk density) / 
Tapped density x 100
The Carr’s index is related to flow ability of the powder.

1 Proximate Analysis of Nutraceutical Powder Mixture6-8

Whole nutraceutical powder mixture was analyzed for moisture, crude  
protein, fats, crude fibers, ash, carbohydrates, calcium and iron.  
The recommended methods of the Association of Official Analyti-
cal chemists (AOAC, 1999) were used for the determination of crude 
proteins, carbohydrates, fats, fibres, calcium, iron, moisture. This study 
was conducted at National Agriculture and Food Analysis and Research 
Institute (NAFARI), Pune India, accredited Laboratory as per ISO/IEC 
17025:2005 (Table 1).

Determination of DPPH Radical Scavenging 
Properties9-13

All the Nutraceutical herbal powders were evaluated for antioxidant 
activity by DPPH assay. DPPH is 1,1-diphenyl-2-picryl hydrazyl, a stable 
free radical and contains a delocalized spare electron. The delocalisa-
tion also gives rise to the deep violet colour, characterised by an absorp-
tion band in methanol solution at about 520 nm. When a solution of 
DPPH is mixed with a solution of substance that can donate a hydrogen  
atom, gives rise to the reduced form with the loss of violet colour.
Procedure: Jasco 630 UV-Spectrophotometer was used for the assay. 
Fresh DPPH stock solution (0.004%) was prepared and stored in dark 
place until used. As a positive control, Quercetin (50 mg/50 ml) was 
prepared in distilled water and serial dilutions 10, 20, 30, 40, 50 µg/ml 
were made. Test solutions of seeds were made in DMSO and allowed to 

react with DPPH solution at room temperature in dark place for 30 min 
then filtered and the absorbance values were measured at 517 nm against  
blank. The radical scavenging activity (% inhibition) was expressed as % 
of DPPH radical elimination, calculated according to the equation,

% ( )Inhibition Absorbance of control Absorbance of test
Absorban

=
−

cce of control
×100

Concentrations were transformed to log concentrations and were plotted 
against % inhibition for five different concentrations. The equation was 
solved for 50% inhibition and by taking the antilog, the concentration  
required to cause 50% loss of DPPH activity (IC50in μg/ml) was calculated.

Determination of Prebiotic Value of Nutraceutical 
Powders
Preparation of Nutrient Medium for Prebiotic 
Evaluation14,15

Prebiotics are foods for probiotic bacteria which grow in intestine and 
improve gastrointestinal health along with many health benefits like 
decreased hypertension, cholesterol. Prebiotic potential of Cucumis 
melo L, Punica granatum, Linum usitatissimum and powder mixture 
was determined by Direct inoculation method. MRS nutrient media was 
positive control and plain agar medium was used as negative control. The 
following media were prepared for the prebiotic evaluation:
1. MRS nutrient media 25ml 
2. Plain agar medium (25ml)
3. Plain agar (25ml) + Cucumis melo powder (0.1g.)
4. Plain agar (25ml) +Punica granatum powder (0.1g.)
5. Plain agar (25ml) + Linum usitatissimum powder (0.1g.)
6. Plain agar (25ml) + 1:1:1 seed powder mixture (0.1g)
All nutrient media were sterilized in an autoclave for 15 min at 121°C. 
The suspension of lactobacillus acidophilus was prepared. Aseptically, 
one ml of this suspension was added in all nutrient media in petriplates.  
All petriplates were transferred in the BOD incubator for 24 hand  
temperature of 37°C was maintained with anaerobic conditions. The 
growth of lactobacillus bacteria was observed after 48 h. Refer Figure 2.

Microbial Load Determination16

1g nutraceutical powder mixture was mixed and stirred in 100ml sterile 
distilled water. One ml top clear liquid was pipetted out and diluted to 
10ml with sterile distilled water. This procedure was repeated to get a 
dilution of 10-5. One ml of this final dilution was aseptically poured on 
to sterile petriplates containing Soybean casein agar medium. The plates 
were incubated at 37oC for 24h. The numbers of colony forming units were  
counted. The count was taken as the mean of duplicate determinations.

Experimental Animals17,18

Male albino Wistar rats, weighing 150-200 g were obtained from  
Smt. Kashibai Navale college of Pharmacy, Kondhwa, Pune. The animals 
were maintained under standard laboratory conditions at temperature 
22 ± 2°C, with relative humidity 55 ±10 % and 12 h light, dark cycle  
throughout the experiment. Animals had free access to water and  
standard laboratory feed (Nutrivet life science, Pune) All the experi-
mental procedures and protocols used in this study were received and 
approved (IAEC Protocol no: IAEC/2011) by the Institutional Animal 
Ethics Committee (IAEC) of S.K.N. college of pharmacy, Kondhwa, Pune
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for 40 day Animal Study
At the end of 40 days animal study, the Haemoglobin count of test group 
increased to 16.5 g % from 12.1 whereas Hb in control group increased 
to 14.5 g% from 11.5. RBC count of test increased to 9.55 million/mm3 

from 7.46 where as in control it decreased to 4.82 million/mm3 from 
6.38, this attributes to the haemopoatic potential of this nutraceutical. It 
also showed relative icrease in level of plasma total protein concentration 
(6.45 mg/dl) which can be considered as health improvement parameter. 
The serum triglyceride level dropped to 77%mg from 108 in test where 
as it increased to115%mg from 96 in control. The VLDL dropped to 15.4 
%mg from 21.6 in test where as it increased to 23%mg from 19.2 in con-
trol. See Figure 1. This indicates that this nutraceutical can have potential 
in heart conditions and diabetes where high triglyceride and VLDL levels 
are seen in patients and where  oxidative stress is the underlying reason.

Determination of Antioxidant Activity
The results are expressed as % inhibition, IC50 and quercetine equivalent.  
All the three active nutraceutical ingredients showed very high anti-
oxidant potential and the prepared nutraceutical product shows excellent  
antioxidant potential. The results of the three seed powder mixture is 
shown in Table 2.

Microbial Contamination Limit Test for Nutraceutical 
Powder Mixture
Total Aerobic count (TAC) = 5×105 CFU per gram

Experimental Design
The study was carried out for 40 days. For experimentation; animals were 
randomly distributed into two groups. Group-I (NC): Normal control 
rats received normal feed diet.
Group-II: Experimental test group received nutraceutical powder  
mixture mixed with basic pallets. 
The body weight of experimental animals was measured on 0, 7th, 14th, 
21st 28th 35th 40th days and blood was tested at the end of 40 days.

Formulation Development
Formulations as health drink (for non-diabetic people) and capsule (for 
diabetic people) Nutraceutical powder mixture as a health drink was pre-
pared by mixing seed powder mixture of Cucumis melo, Punica granatum 
and Linum usitatissimum 1:1:1 (50 g), Milk powder (30g), cocoa powder 
(10g) and sucrose (10g) - total 100 g 

Manufacture of Capsules19

1:1:1 seed powder mixture, the raw material for capsules was poorly 
flowing non-compressible powder and thus tablet dosage form was not 
possible. Therefore hard gelatine capsules that can accommodate 1g were 
selected. Only 00 size capsules could accommodate 1g of powder. On 
industrial scale a light compression will be needed to accommodate 1g in 
00 size capsules. 00 size capsules were manually filled and were evaluated 
for weight variation and disintegration test. 

RESULT AND DISCUSSION 
Washing, Drying and Size Reduction
The seeds of Cucumis melo, Punica granatum, Linum usitatissimum were  
washed and dried till the constant weight was obtained. Powder of Cucumis  
melo, Punica granatum, Linum were passed through 85# sieve.

Bulk Powder Characteristics
All the three powders individually and as a mixture showed angle of 
repose more than 40o, Carr’s index more than 25%, Hausner ratio was 
more than 1.2, indicating poor flow and compressibility characteristics.

RBC, Haemoglobin, Triglerides and VLDL Determination 

Table 1: Proximate analysis of the seed mixture sample. 

Sr 
No 

Parameter Result Units Test method

1 Proteins 35.5 g/100g AOAC 920.152

2
3

Carbohydrates
Fat

33.42
22.44

g/100g
g/100g

IS 1656.2012
IS 12711.2010

4 Crude fibre 17.75 g/100g IS 2234.2011

5 Soluble dietary fibre 4.1 g/100g  IS 11062.2010

6 Iron 22.67 mg/100g AOAC 

7 Calcium 1620 mg/100g 944.02, 320109
and 999.10

8 Fatty acid profile

i Saturated fat 1.93 g/100g AOAC 996.01

ii Monosaturated fat 5.69 g/100g

iii Polysaturated fat 14.82 g/100g

iv Trans fat Not detected g/100g

V Omega 3 fatty acids 34.13 g/100g

Figure 1: Impact on RBC, Haemoglobin, triglerides and VLDL determi-
nation for 40 day animal study.

Sample- Growth B) Negative control – No growth  
C) Positive control- Growth
Figure 2: Prebiotic- potential determination.
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Moisure Content 
Moisture content of seed mixture was found to be- 8.2%. 

CONCLUSION
The combination of seeds of Cucumis melo, Punica granatum and Linum  
usitatissimum as 1:1:1 mixture proved to be a potential nutraceutical  
mixture with rich macro and micro nutrients and antioxidants. The 
products mixture showed improved RBC, Hb and lowering effect on 
triglyceride and VLDL levels in animal study. The DPPH assay shows  
remarkable antioxidant activity. In diabetes and cardiac diseases oxidative  
stress is the underlying reason which can be controlled with nutraceu-
ticals like this. Thus this nutraceutical mixture can have applications in 
diabetes and heart disease management.
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Table 2: % inhibition( antioxidant potential)  of nutraceutical powders. 

Name % inhibition Equation (Squared co relation 
coefficient) R2

IC50

(µg/ml)Concentration in µg/ml

10 20 30 40 50

Quercetin (standard) 59.02 76.23 81.4 87.01 90.23 Y=53.666x+2.9925
R2=0.9925

7.51

Seed Powder mixture 45.35 62.21 74.35 86.25 92.65 Y=68.436x -24.729 
R² = 0.9902

2.3402

Quercetin equivalent 1.08 1.22 1.09 1.00 0.97
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GRAPHICAL ABSTRACT SUMMARY

• Nutraceutical research and formulation development is a promising new area 
in a pharmaceutical industry globally. This scope is under utilised in India till 
date. Good availability of variety of fruits and vegetables is under utilized for 
development of nutraceuticals in India.   Under this research Nutraceutical 
Product Mixture was prepared using seeds of o, Cucumis melo, Punica gra-
natum and Linum usitatissimum. Proximate analysis of the mixture showed 
good combination of nutrients. Individual seed powder as well as mixture 
was tested for prebiotic potential which showed positive results. Each seed 
powder as well as mixture was tested for antioxidant potential with promising 
results. It’s in- vivo study involved haemogram and lipid profile determination 
which showed certain promising results. The powder mixture was developed 
into two products namely capsule and health drink powder formula. The nu
traceutical powder mixture of seeds of Cucumis melo, Punica granatum and 
Linum usitatissimum could be a promising product with antioxidant, prebiotic 
and nutraceutical potential. Such nutraceuticals also can play good role in man
agement of diabetes and cardiac diseases where oxidative stress is underlying 
reason.
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