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CHAPTER 1 

                                        INTRODUCTION  

1.1 General 

 
Any building used by the industry to accommodate the production activity, stock raw materials, 

stock finished product before supply is known as an industrial building. These buildings are used 

for workshop, warehouse etc. An economy of an industrial building depends on the configuration 

of the structure, type of roof truss and portal frame utilized, forces acting on building and selection 

of steel sections needed as per force employed. Buildings are designed to reduce energy costs and 

to achieve a high degree of sustainability. To reduce the costs, manufacturer adopted the Pre-

Engineering Building concept. 

Steel is extensively used in the construction of industrial building of larger spans where concrete 

construction is not feasible or when construction tome is critical. A Structural steel is a material 

used for steel construction, which is formed with a specific shape following certain standards of 

chemical composition and strength. They can also be defined as hot rolled products, with a cross 

section of special forms like angles, channels and beams/joists. There has been an increasing 

demand for structural steel for construction purposes in India. Steel has always been more 

preferred to concrete because steel offers better tension and compression thus resulting in lighter 

construction. Usually, structural steel uses three-dimensional trusses hence making it larger than 

its concrete counterpart. As far as the elasticity concerned the Steel follows hooks law very 

accurately. 

In India conventional steel constructions are most popular because of their ease in construction, 

low cost, availability of manpower for erection & fabrication and availability of standard 

specifications. 
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Fig 1. Industrial Steel Building 
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1.1 COMPONENTS OF STEEL BUILDING 

 
Roof: The roof forms the topmost component of a building structure. It covers the top face of the 

building. Roofs can be either flat or sloped based on the location and weather conditions of the 

area. Roofs have been constructed in a wide variety of forms—flat, pitched, vaulted, domed, or in 

combinations—as dictated by technical, economic, or aesthetic considerations. The function of 

roof is to protect against rain, snow, sunlight, wind and extremes of temperature. 

 

 
Fig 2. Types of roofs 

 
Parapet:   A   dwarf   wall or   heavy   railing   around   the   edge   of   a roof, balcony   terrace 

or stairway designed either to prevent those behind it from falling over or to shelter them from 

attack from the outside. Parapet wall provides safety for movement. It prevents any accidents due 

to falling over at the edge of the roof. 

 

 
Fig 3. Parapet wall 
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Lintel: A horizontal support of timber, stone, concrete, or steel across the top of a door or window. 

Lintels are constructed above the wall openings like doors, windows, etc. Normally, lintels are 

constructed by reinforced cement concrete. In residential buildings, lintels can be either 

constructed from concrete or from bricks. 

Whenever openings are made in the wall there is a concentrated force above the opening 

thus, the function of the lintel is the same as a beam, it transfers the structure load to its supports. 

Sometimes lintels are used as decorative architectural elements. 

 

 
Fig 4. Lintel 

 
Plinth beam: Plinth beam is a reinforced concrete beam constructed between the wall and its 

foundation. It is mandatory to provide plinth beam in areas that prone to earthquake. 

Construction of plinth beam above the natural ground is another application of this type of beam. 

Plinth beam is provided to prevent the extension or propagation of cracks from the foundation 

into the wall above when the foundation suffers from settlement. Plinth beams 

distributes the load of the wall over the foundation evenly. 
 
 

 
Fig 5. Plinth beam 



Analysis and Design of Industrial Steel Buildings 

Department of Civil Engineering Page 5 

 

 

Foundation: The Foundation is a structural unit that uniformly distributes the load from the 

superstructure to the underlying soil. This is the first structural unit to be constructed for any 

building construction. A good foundation prevents settlement of the building. 

 

 
Fig 6. Foundation 

 
Sag rod: These are round sections rods and are fastened to the web or purlin. The roof covering 

in industrial buildings are not rigid and do not provide proper support. Therefore, sag rods provided 

between adjacent purlins to extend lateral support for purlins in their weaker direction. A sag rod 

is designed as a tension member to resist the tangential component of the resultant of the roof load 

and purlin dead load. The tangential component of the roof load is considered to be acting on the 

top flange of purlins, here as the normal component and purlin dead load is assumed to act at its 

centroid. Therefore, the sag rod should be placed at a point where the resultant of these forces act. 

 

 
Fig 7. Sag rod 
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Principal Rafter: The top chord member of a roof truss is called as a principal rafter. They mainly 

carry compression but they may be subjected to bending if purlins are not provided at panel points. 

Usually, the purpose of having a larger rafter is to carry a purlin which supports the rafters 

in each bay. 

 
 

 

Fig 8. Principal Rafter 

 
Roof Truss: Roof trusses are elements of the structure. The members are subjected to direct 

stresses. Truss members are subjected to direct tension and direct compression. 

Function of roof truss: Supports and strengthens the roof framework. 
 

 

 
 

Fig 9. Roof Truss 
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Gantry Girder: Gantry girders are designed as laterally unsupported beams. Overhead traveling 

cranes are used in industrial buildings to lift and transport heavy jobs, machines, and so on, from 

one place to another. They may be manually operated or electrically operated overhead travelling 

crane. A crane consists of a bridge made up of two truss girders which move in the longitudinal 

direction. To facilitate movement, wheels are attached to the ends of crane girders. These wheels 

move over rails placed centrally over the girders which are called gantry girders. 

 
 

 
Fig 10. Gantry Girder 

 
Brackets: Brackets types of connections are made whenever two members to be secured together 

do not intersect. Brackets can support many architectural items, including a wall, balcony, 

parapets, eaves, the spring of an arch, beams, pergola roof, window box, or a shelf. 

 

 
Fig 11. Brackets 
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Roof Purlin: Purlin is a horizontal beam or a bar user for structural support in structures, most 

often below the roof. Purlins are supported either by a building’s rafters or its walls. The most 

commonly used in metal buildings, but in wood frame structures, these also replace closely packed 

rafters. 

A roof’s purlins support the roof Deck’s weight. The roof deck is the wooden panel, ply board 

or sheet metal which creates the roof surface. 

 

 
Fig 12. Roof Purlin 

 
Eave Purlin: The eave purlin runs the length of the building and provides a fixing point for the 

wall and roof sheeting. 

They are used where side wall intersects with the roof, using top flange that helps support the 

roof and a web that help supports the walls. 

Rigid frame: A rigid frame is the load-resisting skeleton constructed with straight or curved 

members interconnected by mostly rigid connections, which resist movements induced at the joints 

of members. . Its members can take bending moment, shear, and axial loads. 

 

 
Fig 13.Rigid frame 
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Bracings: A bracing system serves to stabilize the main girders during construction, to contribute 

to the distribution of load effects and to provide restraint to compression flanges or chords where 

they would otherwise be free to buckle laterally. 

 

 
   Fig 14. Bracings 

 
Gable end: A gable is a section of wall located at the end of a pitched roof, between the edges of 

the intersecting pitches. It is usually triangular and extends from the eaves to the ridge, although 

the shape and detailing depends on the particular structural system used for the roof. 

 

 

 

 
     Fig 15. Gable end 
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Haunch: A haunch is a projection (usually from a wall) which another element such as a beam 

or slab rests on. 

There is a need of haunches that provide a slight bend at the corners so that the stresses are 

not accumulated and make the structure vulnerable to fail or deform. Hence, haunches play 

an important role in withstanding the applied loads and forces. 

 

 
Fig 16. Haunch 

 
Rafters: Rafter is a structural component that is used as a part of a roof construction. Though 

typically it runs from the ridge or hip of the roof to the wall plate of external wall. Generally, 

rafters are laid in series, side by side, providing a base to support, roof decks, roof covering, etc. 

 

 

 

            Fig 17. Rafters 
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CHAPTER 2  

LITERATURE SURVEY 

2.1 Literature Review 

 
 

Mr. Deepak Dnyandev Nalawade, G.V. Joshi (March 2020) 1. 

In this research paper, the analysis was done using the software package STAAD Pro V8i, 

which proved to be premium software of great potential in analysis and design sections of 

construction industry. The 2D analysis and design on industrial building was carried out 

according to industrial requirement. Structural arrangement as 2d gable portal frame was 

analyzed and design with plastic theory. Behavior of truss column structure and gable portal 

frame was compared. 

 
Shivani Meher, Ruchita Nar (February-2018) 2. 

This topic of work was decided as to know the different types of force/load effects to be 

considered while designing industrial warehouse with the help of literature review. 

AutoCAD plan was prepared followed by load calculations, based on which different 

members like truss members, columns, purlins were selected and designed. This structure 

was proposed to design according to IS 800:2007 and the dead, live, the wind load analysis 

is done according to IS 875: 1987.The conclusion was made that warehouse can be designed 

easily adopting simple design procedure and IS specifications. 

 
D.S. Vijayan, K. Naveen Kumar, S. Aravindan (October 2019) 3. 

The target of this analysis was to propose straightforward however innovative and effective 

LLRSS (Lateral load Resisting structural system) or structural technology and 

methodology for the unstable management which might be employed in new similarly as 

previous industrial steel structures. This study results satisfied the steel frames under 

stability and economical cases. This paper concluded that, considering economical point 

of view Global bracings much cheaper than to the other cases of bracings. 
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Andrea E, Surovek, Bulent N (June 2006) 4. 

This paper gave an overview of the elastic analysis and design procedures in AISC (2005) 

as well as specific second-order distributed plasticity methods upon which, in part, these 

procedures were based. The relationship between the AISC elastic provisions and the 

refined inelastic methods was explained. The paper highlights one interpretation of the 

AISC inelastic analysis and design provisions that greatly facilitates the application of 

elastic-plastic hinge methods of analysis. The paper closes by presenting four basic 

examples selected to illustrate key characteristics of each of the methods. 

 
Sagar D, Wankhade, Prof. P. S. Pajgade (June 2014) 5. 

In this paper Industrial Steel truss Building was compared with Pre-engineering Buildings 

of same dimension. Design was based on IS 800-2007 (LSM), load considered in modeling 

were Dead load, Live Load, Wind load along with the combinations as specified in IS. 

 
Dinesh Kumar Gupta, Mirza Aamir Baig (2017) 6. 

This project work was proposed to carry out the design of an industrial steel storage shed 

by limit state method based on IS 800-2007 (LSM) and comparing the results with the same 

obtained by working stress method based on IS 800- 1984, for a structure with the same 

dimensions & loading. In this paper, structure was modeled in STAAD Pro, analysis and 

design software and full 3D model was generated. The project was all about analysis of 

loads & forces acting on the members of the above structure & their design. The main aim 

of the project was to provide which method was economical and provide more load 

carrying capacity and high flexural strength. From this they concluded that limit state 

method was more reliable and economical than the working stress method for designing 

structure. Limit states to design, provide consistent safety and serviceability. 



Analysis and Design of Industrial Steel Buildings 

Department of Civil Engineering Page 13 

 

 

Ms. Aayillia. K. Jayasidhan, Mr. Abhilash Joy (March 2015) 7. 

The analysis was done using the software package STAAD Pro V8i, which proved to be 

premium software of great potential in analysis and design sections of construction 

industry. All the structural components were designed manually and detailed using 

AutoCAD 2013.The analysis and design was done according to standard specifications to 

the possible extend. 

Yash Patel, Yashveersinh Chhasatia (April 2016) 8. 

This paper was regarding the economy, load carrying capacity of all members and their 

relative safety measures. Economy was the main goal of this paper including comparison 

of conventional structures with tubular structure for given conditions. Analysis of shed’s 

elements was carried out by Staad Pro V8i computer software, with manually applying 

Indian Standards, several excel sheets for various structural elements like Purlin, Roof 

Truss, compression member, Tension member were carried out using Microsoft office 

excel. Estimation sheet was prepared for each conventional roof truss section as well as 

tubular roof truss section. 

K. Prabin Kumar, D. Sunny Parkas (2018) 9. 

The calculations of various loads acting onto the structure were done using Indian code 

provisions. Load combinations were developed and the foundation design was done 

based on the loads acting the base of the structure. The design of the hanger was done and 

analysis of the structure was carried out using both manually and STAAD.PRO software. 
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2.2 OBJECTIVES: 

 
➢ Planning of Industrial Steel Building. 

➢ Analysis and Design of various components of Industrial Steel Building. 

➢ Estimation of various quantities of components. 

➢ Comparison by manual calculation. 
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CHAPTER 3 

 
3.1 METHODOLOGY: 

In this project we are going to design and analyse the industrial steel building of size 

20.23m*27.23m by using Staad Pro and then compare it by manual calculation. 

The plan, Section and Elevation of the building is as shown. 

 

3.1.1 DESIGN OF TRUSS 

               For the design of Industrial sheds, we have considered two approaches with 4  

               STADD models. 

Model 1: Design of truss members with angular sections and steel column 

Model 2: Design of truss members with angles and RC column 

Model 3: Design of truss members with tubular sections and steel column 

Model 4: Design of truss members with tubular sections and RC column 

3.1.2 DESIGN OF RC FOOTINGS 

A separate excel sheet has been developed and the output of the same has attached. 

3.1.3 DESIGN OF RC COLUMNS 

Since the load was less and the moment was more, the design details are given in the output 

file.  
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 Model 1: Design of truss members with angular sections and steel column 

 

 

                   Fig 18. Whole Structure 

        Fig 19. Support Reactions 
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Fig 20. Interaction Ratio 

Fig 21. 3D rendered view 
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Model 2: Design of truss members with angles and RC column 

 

 

 

Fig 22. Whole Structure 

Fig 23. Support Reactions 
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Fig 24. Interaction ratio 

Fig 25.3D rendered view 



Analysis and Design of Industrial Steel Buildings 

Department of Civil Engineering Page 20 

 

 

 

Model 3: Design of truss members with tubular sections and 

steel column 
 

 

Fig 26. Whole Structure 

Fig 27. Support Reactions 
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Fig 28.Interaction Ratio 

Fig 29.3D rendered view 
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Model 4: Design of truss members with tubular sections and RC column 

 

 

 

Fig 30.Whole Structure 

Fig 30.Support Reactions 
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Fig 31. Interaction Ratio 

Fig 32. 3D rendered view 
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3.1.4 Manual Calculations 
  Design Of Tension Member 

1. Gross section yielding  

  Tdg = (Ag * fy) /γm0 

where, 

Ag - gross area of cross-section,  

fy - yield stress of the material, and 

γm0 - partial safety factor for failure in tension by yielding = 1.1 (refer to Table 5 of IS 800). 

 

2. Net Section fracture 

 

    For plates and threaded rods,    Tdn = 0.9 * An * fu / γm1 

    where, 

    γm1 - partial safety factor for failure at ultimate stress=1.25 (refer to Table 5 of IS 800: 2007), 

    fu - ultimate stress of the material, 

    An - the net effective area of the member 

           For other tension members,      Tdn = ∝ * An * fu / γm1 

           where , 

           γm1 - partial safety factor for failure at ultimate stress=1.25 (refer to Table 5 of IS 800:2007) 

           fu    - ultimate stress of the material, 

           An  - the net root area at the threaded section. 

            ∝  - 0.6 for one or two bolts,  

           0.7 for three bolts 

           0.8 for four or more bolts along  length in the end connection or equivalent weld length. 

           Design Strength in Tension of a Single Angles: 

Tdn = (0.9 * Anc * fu / γm1) + ( β * Ago * fy / γm0), 

where, 

β = 1.4 - 0.076 * (w/t) * (fy/fu) * (bs/Lc) ≤ ( (fu*γm0) / (fy*γm1) ) and ≥ 0.7, 

           where, 

           w - outstand leg width, 

           bs - shear lag width 
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 Lc - length of the end connection that is the distance between the outermost bolts in the end      

joint measured along the load direction or length of the weld along the load direction 

   An - net area of the total cross-section, 

  Anc - the net area of the connected leg, 

   Ago - the gross area of the outstanding leg,  

   t - thickness of the leg 

    γm1 - partial safety factor for failure at ultimate stress = 1.25 (refer to Table 5 of IS 800:2

 007), 

γm0 - partial safety factor for failure governed by yielding = 1.1 (refer to Table 5 of IS 800:   

2007), 

   fu - ultimate stress of the material, and 

  fy - yield strength of the material.  

 

 

 

 

 

 

 

 

           3.Block Shear Failure 

 1.   Bolted Connection 

             The block shear strength Tdb of connection shall be taken as smaller of, 

 Tdb = [ ((Avg * fy) / (√3 * γm0)) + ((0.9 * Atn * fu)/ γm1)] or 

             Tdb = [ (0.9 * Avn * fu) / (√3 * γm1) + ((Atg * fy)/ γm0)] 

  where, 

Avg, Avn - minimum gross and net area in shear along bolt line parallel to external force, 

Atg, Atn - minimum gross and net area in tension from the bolt hole to the toe of the angle, end 

bolt line, perpendicular to the line of the force,  

fu, fy - ultimate and yield stress of the material respectively, 
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γm1 - partial safety factor for failure at ultimate stress = 1.25 (refer to Table 5 of IS 800: 2007), 

and 

γm0 - partial safety factor for failure governed by yielding = 1.1 (refer to Table 5 of IS 800: 

2007). 

2.Welded Connection 

The block shear strength, Tdb shall be checked for welded end connections by taking an 

appropriate section in the member around the end weld, which can shear off as a block.  

 

Example1: Design Single equal angle tension member connected to a 10mm thick gusset plate 

to carry a factored load of 150 kN using bolted connection. Use 20mm diameter bolt of 4.6 

grade. 

Given: Load =150 kN 

Thickness of gusset plate=10mm 

Ultimate strength of material, fu =410MPa 

Yield strength of material fy =250MPa 

Ultimate strength of bolt, fub=400MPa 

Yield strength of bolt, fyb =240MPa 

Diameter of bolt, db=20mm 

Diameter of hole, dh=22mm 

m0=1.1 

mb=1.25 

m1=1.25 

Step 1: Calculation of number of bolts 

Anb=π x 202 x 0.78/4= 245.044 mm2 

Asb= π x 202=314.16 mm2 

Shear Capacity of bolt:   

nn=1 ns=0 

Vnsb = fub (nn x Anb + ns x Asb) /√3= 400 (1 x 245.044 + 0) /√3= 56.59kN  

Vdsb= Vnsb /1.25= 56.59/1.25= 45.27kN 

Bearing Capacity of bolt:   

Kb= e/3do= 40/ 3 x 22= 0.56 
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Kb= (P/3d0)-0.25= 50/ (3 x 22)-0.25=0.5 

Kb=fub/fu= 400/410=0.97 

Kb=1 

Kb is lesser of all the above values i.e., Kb=0.5 

Vnpb=2.5 x Kb x d x t x fub = 2.5 x 0.5 x 20 x 10 x 400= 100kN 

Vdpb= Vnpb/1.25=100/1.25=80kN. 

Bolt value= 45.27kN 

Number of bolts= Factored load/ bolt value= 150/45.27=3.3≈4. 

Provide 4-20mm diameter bolts of grade 4.6 in one line at a pitch of 50mm and edge distance 

of 40mm. 

Step 2: Obtain the net area, An, required to carry the design load Tu from the equation using          

the ultimate stress. 

Tu = fu An / m1 

Here, Tu = 150 kN, fu = 410 MPa, and m1 = 1.25 Therefore, An = 571.646 mm2 

Step 3: Obtain the gross area, Ag, required to carry the design load Tu from the equation using 

the yield stress.  

                                                                  Tu = fy Ag /m0  

Here, Tu = 150 kN, fy = 250 MPa, and m0 = 1.10 Therefore, Ag = 660 mm2 

Step 4: From steps 1 and 2, Required gross area Ag required = 660 mm2 (max. value)  

From IS handbook, Select an angle 80 x 80x 10mm 

Ag = 1505 mm2 (> 660 mm2 )  

 

Step 5: calculation of net area of connected leg and outstanding leg 

net area of connected leg, Anc = (80-22-5)10=530 mm2 

gross area of outstanding leg, Ago = (80-5)10=750 mm2 

Step 6: The design strength Tdg of plate limited to the yielding of gross cross-section Ag is 

given by                                                                                             

Tdg = fy Ag /m0 

Here fy = 250 MPa, Ag = 1505 mm2 and m0 = 1.10 Hence Tdg = 342.045kN > 150kN.  

Hence safe 

Step 7: The design strength Tdn of angle governed by rupture of net cross-sectional area 

80 

80 
40 

40 
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An is given by 

Tdn =0.9 fu Anc / m1 + Ago fy /m0 

 = 1.4 – 0.076 (w/t) (fy /fu) (bs /Lc)  (fu m0 / fy m1) 

Here fu = 410 MPa, fy = 250 MPa, m1 = 1.25, and m0 = 1.10 w = 80 mm, t =10mm,                      

bs = (40 + 80 – 10) = 110 mm, Lc = 3 x 50= 150 . Hence,  = 1.128. Since 0.7    1.44,  = 

1.128  

Hence, Tdn = 348.73kN > 150kN. Hence safe 

Step 8: The design strength Tdg of angle  

governed by block shear shall be taken as  

smaller of 

 Tdb1 = (Avg fy / (3 m0) + 0.9 Atn fu /m1)  

Tdb2 = (0.9 Avn fu / (3 m1) + Atg fy /m0).  

Assuming an edge distance of 40 mm 

 Atg = 40x 10 = 400 mm2 

 Atn = (40 – 22/2) x 10 = 290 mm2 

 Avg = (3x50+40)10=1990 mm2 

Avn = (3x50+40-(3.5x22)) =1130 mm2 

Therefore, Tdb1 = (Avg x fy)/ (√3 x m0) + (0.9 x Atn x fu)/ m1 = 310.545kN  

Tdb2 =  (0.9 x Avg x fu)/(√3 x m1) + (Atn x fy)/ m0 =283.5 kN 

 Hence Tdb = 283.5 kN >150 kN. Hence safe. 

 

 

 

 

 

 

40 

40 

40

 

40 50 50 50 

T 
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Design Of Compression Member 

Example 1: Design a double angle discontinuous strut to carry a load of 400KN. The length of 

the strut is 3m and gusset plate used for the connection is 10mm thick. Use 20mm diameter of 

the bolt for the connection. 

Given: Load=400kN 

 Thickness of gusset plate=10mm 

 Length of the strut=3m 

 Ultimate strength of material, fu =410MPa 

Yield strength of material fy =250MPa 

Ultimate strength of bolt, fub=400MPa 

Yield strength of bolt, fyb =240MPa 

Diameter of bolt, db=20mm 

Diameter of hole, dh=22mm 

m0=1.1 

mb=1.25 

m1=1.25 

Step 1: Calculation of number of bolts 

Anb=π x 202 x 0.78/4= 245.044 mm2 

Asb= π x 202=314.16 mm2 

Shear Capacity of bolt:   

nn=1 ns=0 

Vnsb = fub (nn x Anb + ns x Asb) /√3= 400 (1 x 245.044 + 0) /√3= 56.59kN  

Vdsb= Vnsb /1.25= 56.59/1.25= 45.27kN 

Bearing Capacity of bolt:   

Kb= e/3do= 40/ 3 x 22= 0.56 

Kb= (P/3d0)-0.25= 50/ (3 x 22)-0.25=0.5 

Kb=fub/fu= 400/410=0.97 

Kb=1 

Kb is lesser of all the above values i.e., Kb=0.5 
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Vnpb=2.5 x Kb x d x t x fub = 2.5 x 0.5 x 20 x 10 x 400= 100kN 

Vdpb= Vnpb/1.25=100/1.25=80kN. 

Double angle bolt value= 2 x 45.27kN=84.5kN 

Number of bolts= Factored load/ bolt value= 400/84.5=4.73≈5 

Provide 5-20mm diameter bolts of grade 4.6 at a pitch of 50mm and edge distance of 40mm. 

Step 2: Assume the design stress for angle as 90 MPa 

Step 3: Calculation of area of member 

Load on each angle =400/2=200kN 

Area= P/fcd= (400 x 1000)/90=4444.44 mm2 

From IS handbook, take ISA 200 x 150 x 50 mm, the relevant properties are: 

 A=5025 mm2 

Cxx=62mm 

Cyy=37.2 

Ixx=2005.6 x 104 mm4 

Iyy=969.9 x 104 mm4 

rxx = 63.2mm 

Step 4: Iyy`= Iyy+Ah2  

 h= Cyy+ (thickness of the gusset/2) = 37.2+(10/2) =42.2mm 

Iyy`=2[969.9 x 104 +5025(42.22)] = 3729.54 x 104 mm4>2005.6 x 104 mm4 

Iyy>Ixx, Hence Ixx is governing. 

Step 5: Calculation of effective length: 

From Table 11.2 for discontinuous type double angles placed back-to-back on the opposite side 

of gusset plate is given as 0.7 to 0.85L.  Take effective length as 0.85L 

KL=0.85L = 0.85 x 3000= 2550mm 

Step 6: Calculation of effective slenderness ratio: 

 λ=KL/rmin= 2550/63.2 = 40.348 < 180 which is safe. 

For KL/r= 40.348, fy=250Mpa and Buckling curve ‘c’ the design compressive stress from 

IS 800- 2007 Table 9(c), 

fcd = 197.478 N/mm2 

Step 7: Calculation of design compressive strength 

Pd=Ae x fcd 

Pd= 197.478 * 5025 = 992.32kN > 400kN . Hence Safe. 
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Example 2: Calculate the Design compressive load for a stanchion 250 @ 365.913 N/m, 5m 

high. The column is restrained in direction and position at both the ends. 

Given: Length of the strut=3m 

 Ultimate strength of material, fu =410MPa 

Yield strength of material fy =250MPa 

Condition: Column is restrained in direction and position at both the ends, K=0.65 

The properties of ISMB 250 @ 365.913 N/m 

A=4755mm2 

h=250mm 

b=125mm 

tf=12.5mm 

tw=6.9mm 

 

 

150 

200 

15 
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Ixx=5131.6 x 104 mm4 

Iyy=334.5 x 104 mm4 

rzz=103.9mm 

ryy=26.5mm 

h/bf=250/125=2 > 1.2 

tf=12.5mm < 40mm 

Hence for above conditions from Table 10 of IS 800-2007, The buckling curve along z-z axis 

will be curve ‘a’ that about y-y axis will be curve ‘b’ 

(i) About y-y axis  

Effective slenderness ratio, λ= KL/ryy= (0.65 x 5000)/26.5=122.64 

For λ=122.64, fy=250MPa and buckling curve ‘b’, The design compressive stress from 

table 9 (b),  

fcd = 88.875 MPa 

Pd= 4755 x 88.875 = 422.6 kN 

(ii) About z-z axis  

Effective slenderness ratio, λ= KL/rzz= (0.65 x 5000)/103.9=31.28 

For λ=31.28, fy=250MPa and buckling curve ‘a’, The design compressive stress from table 

9 (a),  

fcd = 219.104 MPa 

Pd= 4755 x 219.104 = 1041.83 kN 

Hence, Design Compressive strength is 422.6 kN 
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CHAPTER 1

ABOUT THE COMPANY

1.1 HISTORY:

Radiant Research Services Private Limited is a Private company incorporated on 17 November

2009. It is classified as Non-Government Company and is registered at Registrar of Companies,

Bangalore. It is involved in Research and experimental development on natural sciences and

engineering (NSE). [This class includes systematic creative work in the fields of research and

development in natural sciences, medical sciences, agriculture and engineering & technology].

Radiant Research Services private limited is a Contract research services company which

supports the drug discovery, product development, and analytical R&D and Clinical research

activities of Pharmaceutical, Cosmetic, Nutraceutical and Herbal industries.

Radiant Research equipped with State-of-the-art facilities in cell biology, microbiology,

molecular biology, phytochemistry and pharmacology along with research expertise to offer

end-to-end customised and cost-effective research services. Drug Testing Lab has been

approved by the Ministry of AYUSH, New Delhi for carrying out tests on drugs, formulations

and raw materials used in the manufacture of AYUSH category products. Animal facility has

been registered by CPCSEA, MOEF, New Delhi to breed and experiment on animals.

Fig 1.1.1- Logo of Radiant Research Services Private Limited
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1.2 CORE VALUES:

Radiant Research is an ISO 9001:2015 organization and committed to implement and improve

in all aspects of its operations to deliver quality and efficient services to our customers. We

ensure that through established standards and measurements, the level of quality matches or

exceeds our customer expectation. To emerge as one-point contact for every need of theclient

by offering cost effective, time bound and value-added customized services in the area of

contract research and to become a leader in Indian CRO market. To become the best contract

research partner for the Pharma, cosmetic, Nutraceuticals, Ayurveda and herbal companies by

supporting end to end solutions in their research by providing superior performance. Delivering

customer satisfaction by listening to and exceeding customer expectations. Adding value for

our customers through our services. Seeking innovative solutions to help our customers achieve

their goals.

1.3 ACCREDITATION

Radiant research services are accredited by the following – Ministry of AYUSH,

NORWEGIAN ACCREDITATION, MOEF and National Accreditation Board For Testing

And Calibration Laboratories.

National Accreditation Board for Testing and Calibration Laboratories

(NABL)

The National Accreditation Board for Testing and Calibration Laboratories (NABL)

undertakes the assessment and accreditation of Testing and Calibration Laboratories, in

accordance with the international standard ISO / IEC 17025 and ISO 15189.

Accreditation areas

Testing: Biological, Chemical, Electrical, Electronics, Fluid-Flow, Mechanical, Non-Destr
-uctive Testing, Photometry, Radiological, Thermal, Forensic, Medical

Fig 1.3.1 - Accreditation Bodies
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Calibration: Electro-Technical, Mechanical, Fluid flow, Thermal & Optical, Radiologicals

1.4 ORGANIZATION STRUCTURE:

Radiant Research’s research facility houses Biotechnology platforms like Cell Biology,

Molecular Biology, Microbiology, Phytochemistry and well-designed animal house to offer a

wide range of preclinical services.

Salient features of the facility include:

 Well-equipped In vitro Cell biology, Molecular Biology and Microbiology laboratories.

 Well-equipped AYUSH certified Drug Testing Laboratory supported by separate

microbiology lab, analytical facility.

 Standardized protocols for cosmetic testing with suitable equipment to simulate the natural

conditions.

 Animal house as per CPCSEA standards with efficient AHU, separate breeding and

experimentation areas with dedicated in-house biochemistry and histology facility.

 Entire facility is backed up with UPS and DG power.

Fig. 1.41 Lab Corridor Fig. 1.42 Drug Testing Lab
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Fig.1.43 Phytochemistry Lab Fig.1.44 Cell Biology

Fig.1.45Microbiology Lab Fig.1.46Molecular Biology Lab

Fig.1.47 Animal House Fig.1.48 Rabbit House
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1.5 SERVICES

Herbal andAyush: Radiant Research has an experience of working with different research
teams to develop and evaluate the herbal and Ayurvedic products for the regulatory

submissions within specific time lines. Radiant Research, an ISO 9001:2008 certified and

Department of AYUSH approved facility offers time bound quality testing services for the raw

material and finished products.

Nutraceutical: With thorough knowledge of recent regulations on nutraceuticals in the

domestic and international market, at Radiant Research according to client’s requirementwith

respect to product’s efficacy and safety. At Radiant Research, optimizes the standard protocols

to evaluate the Nutraceutical products through the preclinical and clinical research services to

confirm the efficacy, safety and quality of raw materials and formulations.

Cosmetics/Personal Care: Radiant Research is committed towards cruelty free testing

for cosmetics and has established in vitro cell based testing facility to provide non animal

testing services. At Radiant Research, we have established three-dimensional human skin

equivalent models such as epiderm, episkin, skin ethic and Start-M to evaluate the efficacy,

safety and permeation/absorption of cosmetic ingredients and cosmetics.

Pharmaceutical: Radiant Research has successfully partnered with many clients in their
research and development programmes starting from lead identification, optimization of leads

to increase the affinity, selectivity, efficacy/potency, metabolic stability, oral bioavailability

using various research platforms, followed by developing a suitable formulation for clinical

trials to evaluate its safety and efficacy in humans

Drug Testing Lab: Radiant Research is committed towards continuous improvement of
quality of service and customer satisfaction to provide quality products and to be an integral

part in improving the standards of human health. At Radiant Research, offer quality and time

bound testing services ranging from physicochemical to biological safety profiling as per

national and international regulations.

Preclinical Research: Radiant Research with its strong background of Preclinical studies
offer both in vitro (cell/microbe based) and In vivo (animal based) customised research services

to evaluate the efficacy and safety to lead drugs/formulations before proceeding for clinical

trials.

Clinical Research: Radiant Research conducts Phases 1 to 4 clinical trials for

Pharmaceutical, Nutraceutical, Herbal and Ayurvedic companies, whilst maintaining the

highest standards of ethics, quality and confidentiality.



6

Equipped with,
 Full range of in-house sops and SOP writing to adapt to sponsor/protocol

requirements.

 Integrated Project management system to maintain highest ethical standards andsafety

of the subjects

 Dedicated and experienced clinical research team

 Fully integrated clinical trial laboratory and coordination with other laboratories

 Proactive approach at each stage of the trial to address the client’s requirements

Key services include:

 Feasibility & Regulatory approvals.

 Medical Writing

 Project Management

 Clinical trial and Site management

 Clinical Trial Monitoring

 Clinical Data Management

 Biostatistics

Herbal and Ayush provides:

Pharmacognostic Services

 Physicochemical analysis (ash values, moisture content, minerals content, extractive

values etc)

 Fluorescence analysis

 Microscopic study (TS, powder study, vein lets, vein termination, stomatal index etc)

 HPTLC and HPLC fingerprinting.

Phytochemistry Services

 Extraction of raw materials with different methods

 Phytochemical analysis

 Isolation and characterization of phytoconstituents

 Bioassay guided isolation and characterization for a specific activity (diabetes,

antioxidants, antimicrobial etc).
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Radiant Research provides clinical, preclinical, quality control, microbial

analysis services:

Clinical services include:

 Feasibility & Regulatory approvals.

 Medical Writing

 Project Management

 Clinical trial and Site management

 Clinical Trial Monitoring

 Clinical Data Management

 Biostatistics

Preclinical

Efficacy studies (In vitro & In vitro) for cancer, Antioxidant, Diabetes, immunomodulatory &

Inflammation, Hepatoprotective, Obesity, Anti-infectives, Anti-aging, Skin moisturizing, Hair

growth/anti-hair fall. Toxicology includes: Acute oral Toxicity, Acute Dermal toxicity, Acute

ocular toxicity, Acute inhalation toxicity, Repeat-Dose Toxicity Studies (Sub-

acute/Subchronic/Chronic), Skin sensitization, Genotoxicity, AMES test (BRMT),

Chromosomal aberration in CHO-K1 cells, Micronucleus assay, Histopathology

Quality Control

Physicochemical tests include determination of pH, moisture content analysis (LOD),

Disintegration, Melting point, limit tests, titrations, viscosity measurements, thickness.

Microbial Analysis

It includes microbial analysis (TMC& TFC), most probable number (MPN), specific pathogen

detection, water analysis, sterility test.
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CHAPTER 2

ABOUT THE DEPARTMENT

DRUG TESTING LAB

2.1 Drug Testing Lab

Radiant Research, an ISO 9001:2008 certified facility for Quality Management System and

one of the very few approved Drug Testing Lab by Ministry of AYUSH, New Delhi. Drug

Testing Lab is one of the best in its class offering a complete range of quality control services

to Herbal, Ayurvedic, Cosmetic, Nutraceutical and Pharmaceutical raw materials and finished

products as per various pharmacopeial and formulary standards. Radiant Research is

committed towards continuous improvement of quality of service and customer satisfaction to

provide quality products and to be an integral part in improving the standards of human health.

At Radiant Research, offer quality and time bound testing services ranging from

physicochemical to biological safety profiling as per national and international regulations.

Physicochemical Tests

 Determination of pH

 Moisture Content Analysis (LOD)

 Disintegration

 Dissolution

 Melting point

 Marker analysis by HPLC

 Friability

 Hardness

 Bulk density & Tap Density

 Viscosity Measurements

 Determination Ash Value

 Weight Variation
 Sieve Analysis

 Refractive Index

 Thickness

 Limit Tests

 Titrations
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2.1.1 TOOLS

1. Disintegration Apparatus: Introduce one tablet or capsules into each tube, add
a disc to each tube. Suspend the assembly in the beaker containing the specified liquid

and operate the apparatus for the specified time. Remove the assembly from the liquid.

The disintegrating tablets or capsules pass the test if all tests have disintegrated.

Fig.2.1.1.1 Disintegration unit

2. Water Bath Apparatus: A water bath is laboratory equipment made from a

container filled with heated water. It is used to incubate samples in water at a constant

temperature over a long period of time. Used for warming of reagents, melting

of substrates or incubation of cell cultures. For all water baths, it can be used up to

99.9 °C.

Fig.2.1.1.2 Water Bath

https://en.m.wikipedia.org/wiki/Reagent
https://en.m.wikipedia.org/wiki/Substrate_(chemistry)
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3. Desiccator Apparatus: Desiccators are sealable enclosures
containing desiccants used for preserving moisture-sensitive items. A common use for

desiccators is to protect chemicals which are hygroscopic or which react with water

from humidity, example silica gels, CaSO4, MgSO4 etc.

Fig.2.1.1.3 Desiccator

4. Muffle Furnace: A muffle furnace or muffle oven is a furnace in which thesubject

material is isolated from the fuel and all of the products of combustion, including gases

and flying ash. Heating element embedded on all four sides. Ambient temperature

1150°C.

Fig.2.1.1.4 Muffle Furnace

https://en.m.wikipedia.org/wiki/Desiccant
https://en.m.wikipedia.org/wiki/Moisture
https://en.m.wikipedia.org/wiki/Hygroscopic
https://en.m.wikipedia.org/wiki/Humidity
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MICROBIOLOGY LABORATORY
2.2 Microbiology Lab

Radiant Research, an ISO 9001:2008 certified facility for Quality Management System and

offers a complete range of Microbial analysis to Herbal, Ayurvedic, Cosmetic, Nutraceutical

and Pharmaceutical raw materials and finished products as per various pharmacopeial and

formulary standards.

Radiant Research is committed towards continuous improvement of quality of service and

customer satisfaction to provide quality products and to be an integral part in improving the

standards of human health.

At Radiant Research, offer quality and time bound testing services ranging from

physicochemical to biological safety profiling as per national and international regulations.

Microbial analysis

 Total aerobic count

 Specific Pathogen detection

 Preservative efficacy testing (PET)

 Sterility testing

 Bacterial Endotoxin Test (BET)

 Water analysis

 Time kill assay

 Microbial Analysis (TMC & TFC)

 Most Probable Number (MPN)

 Microbiological assay of antibiotics.
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2.2.1 TOOLS

1. Autoclave: Autoclaves are laboratory machines that heat their contents under

heightened pressure conditions it is a moist heat sterilization method, temperature is

121°C, pressure 15 lbs, time 15-20 minutes for sterilization.

Fig.2.2.1.1 Autoclave

2. Laminar Air Flow: A laminar flow cabinet or tissue culture hood in which air is

drawn through a HEPA filter and blown in a very smooth, laminar flow towards the user.

The cabinet is usually made of stainless steel with no gaps or joints where spores might

collect. Two types are Vertical Laminar air flow and Horizontal Laminar air flow.

Laminar flow cabinets may have a UV-C germicidal lamp to sterilize the interior and

contents before usage to prevent contamination of the experiment. Germicidal lamps

are usually kept on for fifteen minutes to sterilize the interior before the cabinet is used.

The light must be switched off when the cabinet is being used, to limit exposure to skin

and eyes as stray ultraviolet light emissions can cause cancer and cataracts.

https://en.m.wikipedia.org/wiki/HEPA
https://en.m.wikipedia.org/wiki/Laminar_flow
https://en.m.wikipedia.org/wiki/Stainless_steel
https://en.m.wikipedia.org/wiki/UV-C
https://en.m.wikipedia.org/wiki/Germicidal_lamp
https://en.m.wikipedia.org/wiki/Cataracts
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Fig.2.2.1.2 Laminar Air Flow

MOLECULAR BIOLOGY LABORATORY
2.3 Molecular Biology Lab

Radiant Research, an ISO 9001:2008 certified facility for Quality Management System and

offers a complete range of Molecular Biology laboratory for analysis of Herbal, Ayurvedic,

Cosmetic, Nutraceutical and Pharmaceutical raw materials and finished products as per

various pharmacopeial and formulary standards. Radiant Research is committed towards

continuous improvement of quality of service and customer satisfaction to provide quality

products and to be an integral part in improving the standards of human health. At Radiant

Research, offer quality and time bound testing services ranging from physicochemical to

biological safety profiling as per national and international regulations.

 Sandwich ELISA

 PCR

 Gel Electrophoresis

 ATP Synthesis

2.3.1 TOOLS

1. Gel Documentation: Gel documentation also know as Gel doc system, gel image

system. It is widely used in molecular biology laboratory for imaging and documentation of

nucleic acid, protein polyacrylamide or agarose gels typically stained with ethidium

bromide or fluorophores such as SYBR green. Gel doc is composed of ultraviolet light

transilluminator a hood to shield external light source and CCTV camera for image

capturing.

Molecular Biology tests:
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Fig.2.3.1.1 Gel documentation

PRE-CLINICAL LABORATORY

2.3 Pre-clinical Lab

Radiant Research with its strong background of Preclinical studies offers both in vitro

(cell/microbe based) and In vivo (animal based) customised research services to evaluate

the efficacy and safety of lead drugs/formulations before proceeding for clinical trials. At

Radiant Research, we offer customized preclinical efficacy and toxicology services to

Pharma, Herbal, Ayurvedic, nutraceutical and cosmetic industry and have become favourite

one stop destination for all drug discovery requirements.

CANCER: IN VITRO

 Cytotoxicity assay by MTT/SRB/Trypan blue

 Clonogenic assay.

 Apoptosis – Nuclear staining with DAPI

 Alkylating activity assay

 TUNEL assay

 Endonuclease assay

 Cancer specific gene expression analysis

 (P53, BCl2, Capsase 3, VEGF, cyclin D1, cyclin B1, STAT3 etc.)

In vivo

 DLA/EAC induced ascetic tumor model in mice

 DLA induced solid tumor model in mice
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COSMETIC RESEARCH
 Skin Lightening

 Sun Protection Factor (SPF)

 Anti-aging

 Skin tightening

 Psoriasis

 Scar/wound healing

 Anti-acne

 Anti-Dandruff

 Deodorant

 Skin Moisturizing

 Skin pigmentation

 Hair growth/anti-hair fall

 Dermal permeation/absorption using EpiskinTM / EpidermTM/ Porcine skin/Start-M

SAFETY/TOXCITY
 3T3 NRU phototoxicity (Skin irritation)

 Acute Dermal toxicity

 Acute ocular toxicity

 Acute inhalation toxicity

 Skin sensitization

 Genotoxicity

 AMES test (BRMT)
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 To get exposure to the working environment.

 To improve equipment handling and Laboratory skills.

 To asses the importance of quality testing.

CHAPTER 3

LEARNING OBJECTIVES/ INTERNSHIP OBJECTIVES
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CHAPTER 4

ACTIVITIES PERFORMED

DRUG TESTING LAB

Sample: Herbal Drug

4.1 Determination of total ash
1) Take the given Herbal Medicine and powder it in a mixer jar.

2) Weigh accurately about 2-3 grams of this powder using electronic balance.

3) Transfer the weighed powder in a dried & sterilized crucible.

4) Then heat it at 450°C in Muffle’s Furnace for 3 hours.

5) Cool the sample by keeping it in a Desiccator and once again weigh the sample using
electronic balance.

6) Using the formula calculate the Total ash for the given sample.

Calculation: % total ash = weight of ash × 100
weight of sample

Fig4.1.1 Total Ash
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4.2 Determination of moisture content:

1) Take the sample, grind it in a mixer jar & keep it in hot air oven for 3-4 hours.

2) Take the powdered sample in a flask.

3) Mix with 100ml water and keep it for 24 hours without disturbing.

4) Then carefully filter the solvent using whatman filter paper.

5) Then pour the filtered sample to a a China dish.

6) Keep the China dish in water bath for 40 – 45 minutes and leave it for complete drying at

90°C temperature

Calculation: Moisture % by mass = M-M1 *100
M

Where; M = mass of the material taken for the test, in g
M1 = Mass of the material after drying in g.

Fig4.2.1 Boiling Water Bath

4.3 Determination of Reducing, Non reducing and Total Reducing sugar

Sample preparation
1) Weigh accurately 25 grams of sample using electronic balance.

2) Add 40ml of water and mix it thoroughly.

3) Add 5ml of Clarifying agent Ⅰ and Ⅱ each and make total volume up to 100ml with water.

4) Filter using filter paper(Whattman paper).

Reducing Sugar
1) Take 25ml of sample in Burette.

2) In conical flask add 5ml of each Fehlings A and B solution.
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3) Add 2 drops of Methylene blue along with ceramic pieces.

4) Titrate against sample on heating mantle.

5) Burette reading recorded.

Total reducing sugar
1) Take 25ml of sample, add 5ml of 1:1 HCL to it.

2) It is heated for 15mins at 40°C.

3) Then it cooled at Room temperature and 2 drops of phenopthaline indicator is added to it.

4) It is then netralized with 1N NaOH simultaneously pH is measured to 7.

5) Then make it upto 100ml total volume.

6) In conical flask add 5ml of Fehling solution A and B along with methylene blue.

7) Titrate the sample and note down burette readings.

Calculations: Determination of Reducing sugar
1) Weight of the sample(w)

2) Burette reading(B.R)

3) Reducing sugar content(%)

x= 0.025*17.3*100*100

B.R*w

x= _____%

 Determination of Total Reducing sugar
1) Weight of the sample(w)

2) Burette reading(B.R)

3) Non reducing sugar(%)

y = 0.0025*17.3*2*100*100
B.R*w

y = ____%

 Determination of Non-reducing sugar
z = y-x

Total reducing sugar = z*0.95
= ____%

Total sugar(%)= % Reducing sugar+ %Total reducing sugar
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4.4 Procedure to determine water solubility of the sample

Day 1

1) Take 5gms of sample in conical flask.

2) Add 100 ml of water to it.

3) Keep it for 24hrs overnight.

4) Filter using filter paper.

Day 2

1) Crucibles are kept in hot air oven for 5 mins at 105°C and cooled in desicator.

2) Empty weight of crucibles are noted down.

3) 25ml of filtered sample is taken in crucibles.

4) Then it is heated in hot air oven for 2 hr. And cooled in desicator.

5) Weigh the crucibles.

4.5 Procedure to determine alcohol solubility of the sample

Day 1

1) Take 5gms of sample in conical flask.

2) Add 100 ml of alcohol to it.

3) Keep it for 24hrs overnight.

4) Filter using filter paper.

Day 2

1) Crucibles are kept in hot air oven for 5 mins at 105°C and cooled in desicator.

2) Empty weight of crucibles are noted down.

3) 25ml of filtered sample is taken in crucibles.

4) Then it is heated in hot air oven for 2 hr. And cooled in desicator.

5) Weigh the crucibles.

4.6 Procedure to determine acid value of the sample

1) Weigh 10gm of sample in 250 ml flask.

2) Add 50ml of mixture of equal volumes of alcohol and solvent diethyl ether.

3) It is now neutralized with 1ml of phenophthalein.
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4) Heat the mixture on water bath until the substance has completely melted.

5) Titrate it against 0.1N KOH until pink colour persists for 15 seconds.

6) Note the number of ml required.

Calculation:

Acid value = a*0.00561*1000
w

Where,
a = Number of 0.1 N KOH required
w = weight of the sample

4.7 Procedure to determine the iodine value of the sample

1) Weigh 2gm of sample in dry Iodine flask.

2) Add 10ml of carbon tetrachloride to it.

3) Add 20ml of iodine monochloride solution and insert the stopper.

4) Previously moistened with solution of potassium iodine and allow to stand in a dark

place at temperature at 17°C for 30 mins.

5) Add 15ml of solution of potassium iodine and 100ml of water, shake and titrate with

0.1N sodium thiosulphate using starch as indicator.

6) Note the number of ml required

Calculation:

Iodine value = (b-a)*0.01269*100

w

Where,
b = ml of thiosulphate used in blank experiment

a = ml of thiosulphate used in determination

w = weight of the sample

4.8 DETERMINATION OF TOTAL RESIDUE
1) Take the given Herbal cream or powder in a china dish(washed, dried & pre-weighed).

2) Weigh accurately about 2-3 grams of this cream/powder using electronic balance.

3) Transfer the weighed powder in a dried & sterilized china dish.

4) Then heat it in hot air oven for 3 hours.

5) Cool the sample by keeping it in a desiccator and once again weigh the sample using

electronic balance.

6) Using the formula calculate the Total residue for the given sample.
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Calculation: (% total residue = (Final weight-Empty weight / weight of sample) × 100)

4.9 DETERMINATION OF TOTAL FATTYMATTER
1) Take the given Herbal cream or powder in a china dish(washed, dried & pre-weighed).

2) Weigh accurately about 2-3 grams of this cream/powder using electronic balance.

3) Transfer the weighed powder in a dried & sterilized china dish.

4) Then heat it in ‘Hot air oven’ for 3 hours.

5) Cool the sample by keeping it in a Desiccator and once again weigh the sample using

electronic balance.

6) After drying, add 5-10ml of acetone to the sample

7) Mix thoroughly the sample(water droplets trapped in oil are evaporated)

8) Keep in hot air oven and measure the value.

Calculation: 100x M1
M2

4.10 DETERMINATION OF SAPONIFICATION VALUE

1) Weigh 2 g of sample, to the nearest 0.01 g, into a 300-niL Erlenmeyer flask.

2) Using a pipet, add 25 n1L of 0.5 N ethanolic potassium hydroxide.

3) Reflux for 60 minutes.

4) Titrate between 60 and 70ºC with 0.5 N hydrochloric acid using phenolphthalein

indicator or an automatic titrator.

5) Run a blank in the same manner.

Calculation: Saponification value = (b-a) x 0.02805x1000
weight of sample

4.11 DETERMINATION OF SPECIFIC GRAVITY

1) Clean and dry the density bottle

2) Weigh the empty bottle with stopper (W1)

3) Take about 10 to 20 gm of oven soil sample which is cooled in a desiccator.

4) Transfer it to the bottle. Find the weight of the bottle and soil (W2).

5) Put 10ml of distilled water in the bottle to allow the soil to soak completely.

6) Leave it for about 2 hours.

7) Again fill the bottle completely with distilled water put the stopper and keep the
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bottle under constant temperature water baths (Tx0 ).

8) Take the bottle outside and wipe it clean and dry note. Now determine the weight

of the bottle and the contents (W3).

9) Now empty the bottle and thoroughly clean it. Fill the bottle with only disttiled water

and weigh it. Let it be W4 at temperature (Tx0 C).

10) Repeat the same process for 2 to 3 times, to take the average reading of it.

Calculation : SPECIFIC GRAVITY = [(D+S) – (E)]

[(D+W) – (E)]

4.12 DETERMINATION OF VISCOSITY
1) Clean the viscometer by the water and ethanol and dry it.

2) Put a certain amount of liquid in the large bulge viscometer and pull it by pipette until

the small bulge is full.

3) Put viscometer vertically in the water bath at the desired temperature.

4) Let the liquid to flow through the capillary tube with run time when the liquid reaches the

mark shown on the viscometer and then stopped time when the liquid reaches the bottom

mark.

5) Repeat the experiment and record the results (take average of results).

6) Repeat the experiment to other liquids.

7) Change the temperature and calculate the

Calculation : Weight of sample(A) = (D+S)

Empty dish(B)

Volume of bottle (C) = 25

Density of sample (D) = A-B/C
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4.13 PRE-CLINICAL LABORATORY

MICE:
 Normal temperature: 37.4 °C

 Weight – weaning: 7g, adults (25-28g)

 Pulse rate: 120

 Estrous Cycle: 4-5 days

 Gestation period: 19-21 days

 Weaning age: 19-21 days

 Mating age: 6-8 weeks

 Room temperature: 20-21

 Humidity: 50-60%

 Dose given: 28 days

 Sacrifice: 45 days

HANDLING:

 Restrain a mouse, gently grasp it around the shoulder.

 Place the thumb under the mandible, to prevent bites.

 Hind limb is supported with other hand.

Fig4.13.1- Handling of animals
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4.14 MICROBIOLOGY LABORATORY

Media Used: SDA(Sabouraud Dextrose Agar), SCDA(Soyabean Casein Digest Agar)

Media Preparation:

1) Accurately weigh the media base by electronic balance.

2) Transfer the weighed sample into bottle/flask.

3) Add distilled water to the flask, for making the correct volume.

4) Flask top/bottle should be covered by Cap/aluminum foil to prevent contamination.

5) For sterilization Autoclave should be used.

TAMC & TYMC:

Procedure:

1) Use 12 test tubes, 9 containing 9 ml of SCDA medium each and 3 containing 10 ml of

the same medium each for control.

2) Prepare dilutions using 9 test tubes.
3) First add 1 ml of the test fluid to each of 3 test tubes & mix to make 10 times dilutions

(100 ul).

4) Second add 1 ml of each of the 10 times dilutions to each of another 3 test tubes and

mix to make 100 times dilutions (10 ul).

5) Third add 1ml of each of the 100 times dilutions to each of the remaining 3 test tubes

and mix to make 1,000 times dilutions (1ul).

6) Incubate all 12 test tubes for at least 5 days at 30-35°C.

7) Calculate the most probable number of microorganisms/ml.

Fig.4.14.1 TAMC(total aerobic microbial count), TYAC(total yeast mould count)
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Activities performed at Microbiology Laboratory
1. Media preparation

2. Autoclave validation
Aim: To validate autoclave for its efficacy of function

Protocol:

1) Geobacillus strip was stuck to any media bottles which are to be sterilized.

2) Autoclave was switched ON. After its complete cycle and pressure release, the strip

attached was taken and placed in 50 ml Nutrient broth and incubated for 14 days.

3) Turbidity was checked regularly.

Inference: If the strip turns black, it shows positive results. Autoclave is perfectly validated

3. Time killer assay

Aim: To determine time killer assay for given sample
Sample: Scrub with antibacterial activity for microbes such as, E.coli, S.aureus and K.pneu

-moniae
Protocol :

1) For 0th hour, 50ml of saline was prepared and sterilized.

2) Sterilized saline media bottle was passed in the passbox. After 10 mins, Bottle was taken

from the pass box, sanitized with 70%IPA and placed in a presterilized Laminar hood.

3) Test organisms were adjusted in a 50 ml of saline to 0.07 OD using a spectrophotometer

using a loop.

4) To the same bottle, scrub was cut into 3 pieces of 1cm (L*B) was placed. Each ml of

saline with culture from the above bottle was added to a centrifuge tube containing 9 ml

of sterilized lecithin media.

5) Saline bottle with culture was kept in an incubator shaker for 4 hours. From sample added

lecithin tube, 1 ml is serially diluted to 6 tubes containing 9 ml of sterilized saline and Vor

texed for uniformity of microbes. 1 ml from each 7 tubes were poured into 7 petri plate res

pectively. SCDA media was poured into samples containing plates.

6) Plates were kept in an incubator. The same protocol was followed for 0th hour and for the

remaining 2 cultures for 5 samples.

7) Again same procedure for 4th hour for 3 microbial cultures for all samples and results were

obtained to determine antimicrobial activity of given scrub.

Inference: If colony counts are decreased in number from 0th to 4th hour, then one can say it

rapidly challenged species are killed by sample and have claimed activity.
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4. Preservative Efficacy Test
Aim: To determine activity of preservative in given sample

Sample: Face serum with green tea and coffee

Protocol:

1) To 50 ml sterilized tubes given sample of about 20 ml was added.

2) To the same 10^7 CFU/ml of cultures namely, E.coli, S.aureus, A.niger, C.albicans were

added. Incubated for 30 mins at room temperature.

3) 1 ml from above incubated tube was serially diluted in 7 tubes (1st lecithin and 2nd to 6th

Saline was added). Each ml was plated on to SCDA for bacteria and SCDM for fungi

Organisms media containing petri plates.

4) Then 50 ml tubes of cultures & samples were kept for 7 days undisturbed at 37℃.

5) The same protocol was followed for 7th, 14th, 28th days respectively.

6) Colonies were counted and results were analyzed to determine efficiency of activity of

preservative in face serums.

Inference: If colony counts decrease from 0th day to 28th day, then one can say that

preservatives are present and are effective in protecting samples from microbial growth.

5. Intermediate checks for instruments in Microbiology laboratory
Aim: To determine instruments are showing correct values.

Parameters focused: Standard input, reading, error observed in ℃/µl/mins, limit

(temperature and time)

Instruments checked are listed in table no.

Sl.no Instrument Range

1. Refrigerator 2 to 8℃

2. Fungal incubator 22 to 25℃

3. Autoclave (for decontamination) 121℃, 15mins

4. Hot air oven 50 to 125℃

5. Variable micropipette 100-1000µl

6. Autoclave (for sterilization) 121℃, 15mins

7. Micropipette 1000µl

8. Bacteriological incubator 35 to 37℃
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CHAPTER 5

REFLECTION OUTCOMES

I take this opportunity to express my deep sense of gratitude to Radiant Research Services

Pvt Ltd for giving me this opportunity to carry out my internship in the company. I especially

thank Mr. Dinesh K.G and Dr. Chandrasagar in the organisation who helped me throughout

my internship in all possible ways. I would extremely thankful to the DTL, Microbiology,

Molecular Biology, Pre-clinical department, for providing me with all necessary knowledge

without which the completion of my internship wouldn’t have been possible.

During the internship I learned about organization management. I learned to co-operate and

function in multidisciplinary teams. Developed self-confidence and an ability to

communicate effectively to understand research literature, identify thrust areas and evolve

methods of analysis for solving multidisciplinary challenges. I developed my verbal ability,

personality and also learned how to manage time. During my internship period in the

organisation I acquired lots of information about different instruments used in the DTL,

Microbiology, Molecular Biology department of the company.

I gained an ability to conduct real time experiments and process to meet the desired needs

within realistic constraints such as economic, environmental, social, health and safety. I

acquired an understanding about the different processes carried out in the DTL,

Microbiology, Molecular Biology department such as determination of total ash, moisture

content, Sandwich ELISA, TAMC, TYMC, etc. A recognition of the need for and an ability

to engage in life-long learning in new trends from time to time. I acquired the capability and

enthusiasm for self- improvement through life-long learning.
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CHAPTER 6

CONCLUSION

The one and half month internship at Radiant Research Services private limited was an

excellent and worthwhile experience for me as I got to learn a lot of things in the organisation.

The time spent in the organisation helps me to find out my strength and weakness which will

help me to improve my skills. The internship program provided me with a great value of

information to broad and expand my educational sphere. In this short time, I observed how

the department works and also the different processes carried out in the department.

At Radiant Research Services Pvt ltd, I acquired my training in Drug Testing Lab,

Microbiology Lab, Molecular Biology Lab, Animal House, where I learned about different

processes such as determination total ash, moisture, TAMC, TYMC, etc. I have confidently

completed the given tasks and objectives within time and our purpose of doing the internship

was being fulfilled.
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Spirulina Based Food Products
1.Introduction
Spirulina is a biomass of cyanobacteria (blue-green algae) that can be consumed by humans and

animals. The three species are Arthrospira platensis, A. fusiformis, and A. maxima.Cultivated

worldwide, Arthrospira is used as a dietary supplement or whole food.It is also used as a feed

supplement in the aquaculture, aquarium, and poultry industries

Spirulina thrives at a pH around 8.5 and above and a temperature around 30 °C (86 °F). They are

autotrophic, meaning that they are able to make their own food, and do not need a living energy

or organic carbon source. A nutrient feed for growing it is:

Baking soda 16 g/l (61 g/US gal)

Potassium nitrate 2 g/l (7.6 g/US gal)

Sea salt- 1 g/l (3.8 g/US gal)

Potassium phosphate 0.1 g/l (0.38 g/US gal)

Iron sulphate 0.0378 g/l (0.143 g/US gal)

As an ecologically sound, nutrient-rich dietary supplement, spirulina is being investigated to

address food security and malnutrition, and as dietary support in long-term space flight or Mars

missions. Its advantage for food security is that it needs less land and water than livestock to

produce protein and energy.

Dried spirulina contains 5% water, 24% carbohydrates, 8% fat, and about 60% (51–71%) protein

.Provided in its typical supplement form as a dried powder, a 100-g amount of spirulina supplies

290 kilocalories (1,200 kJ) and is a rich source (20% or more of the Daily Value, DV) of
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numerous essential nutrients, particularly protein, B vitamins (thiamin, riboflavin, and niacin,

providing 207%, 306%, and 85% DV, respectively), and dietary minerals, such as iron (219%

DV) and manganese (90% DV) (table). The lipid content of spirulina is 8% by weight (table)

providing the fatty acids, gamma-linolenic acid, linoleic acid, stearidonic acid, eicosapentaenoic

acid (EPA), docosahexaenoic acid (DHA), and arachidonic acid. In contrast to those 2003

estimates (of DHA and EPA each at 2 to 3% of total fatty acids), 2015 research indicated that

spirulina products "contained no detectable omega-3 fatty acids" (less than 0.1%, including DHA

and EPA). An in vitro study reported that different strains of microalgae produced DHA and EPA

in substantial amounts.

2.HISTORICALBACKGROUND ON THE USE OF SPIRULINA

AS HUMAN FOOD AND ANIMAL FEED
Spirulina is a primitive organism originating some 3.5 billion years ago that has established the

ability to utilize carbon dioxide dissolved in seawater as a nutrient source for their reproduction.

Spirulina is a photosynthesizing cyanophyte (blue-green algae) that grows vigorously in strong

sunshine under high temperatures and highly alkaline conditions.

2.1 Historical use

In the sixteenth century, when the Spanish invaders conquered Mexico, they discovered that the

Aztecs living in the Valley of Mexico in the capital Tenochtitlan were collecting a “new food”

from the lake.Spanish chroniclers described fishermen with fine nets collecting this blue

coloured “techuitlatl” from the lagoons and making a blue-green cake from it. Other legends say

Aztec messenger runners took spirulina on their marathons. Techuitlatl was mentioned by

naturalists until the end of the sixteenth century, but not after that, probably reflecting the loss of

the lakes as they were drained for urban and agricultural development. The only remnant today,

Lake Texcoco, still has a living algae spirulina population. The Kanembu population living along

the shores of Lake Chad collects the wet algae in clay pots, drain out the water through bags of

cloth and spread out the algae in the sandy shore of the lake for sun drying.

The semi-dried algae is then cut into small squares and taken to the villages, where the drying is

completed on mats in the sun. When dry, women take these algae cakes for sale in the local
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market. Dihé is crumbled and mixed with a sauce of tomatoes and peppers, and poured over

millet, beans, fish or meat and is eaten by the Kanembu in 70 percent of their

meals. Pregnant women eat dihé cakes directly because they believe its dark colour will screen

their unborn baby from the eyes of sorcerers . Spirulina is also applied externally as a poultice

for treating certain diseases.It is also noted that the local trading value of the dihé annually

harvested from Lake Kossorom in Chad (about 40 tonnes) amounts to more than US $100,000,

which represents an important contribution to the economy of the area.

2.2 Rediscovery of spirulina

In 1940, a French phycologist Dangeard published a report on the consumption of dihé by the

Kanembu people near Lake Chad . Dangeard also noted these same algae populated a number of

lakes in the Rift Valley of East Africa, and was the main food for the flamingos living around

those lakes. Twenty-five years later during 1964-65, a botanist on a Belgian Trans-Saharan

expedition, Jean Léonard, reported finding a curious greenish, edible cakes being sold in native

markets of Fort-Lamy (now N’Djamena) in Chad . When locals said these cakes came from areas

near Lake Chad, Léonard recognized the connection between the algal blooms and dried cakes

sold in the market. In 1967 spirulina was established as a “wonderful future food source” in the

International Association of Applied Microbiology . Analysis of the nutritional properties of

spirulina showed first and foremost an exceptionally high protein content, of the order of 60–70

percent of its dry weight; it also showed the excellent quality of its proteins (balanced essential

amino acid content). This first data was enough to launch many research projects for industrial

purposes in the 1970s, because micro-organisms (yeast, chlorella, spirulina, some bacteria and

moulds) seemed at that time to be the most direct route to inexpensive proteins – the iconic

“single cell proteins”. At the same time when Léonard rediscovered spirulina in Africa, a request

was received from a company named Sosa-Texcoco Ltd by the “Institut français du pétrole” to

study a bloom of algae occurring in the evaporation ponds of their sodium bicarbonate

production facility in a lake near Mexico City. As a result, the first systematic and detailed study

of the growth requirements and physiology of spirulina was performed. This study, which was a

part of Ph.D. thesis by Zarrouk (1966), was the basis for establishing the first large-scale

production plant of spirulina
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3.Biochemical composition

The basic biochemical composition of spirulina can be summarized as follows:

Protein: Spirulina contains unusually high amounts of protein, between 55 and 70 percent by dry

weight, depending upon the source . It is a complete protein, containing all essential amino acids,

though with reduced amounts of methionine, cystine, and lysine, as compared to standard

proteins such as that from meat, eggs, or milk; it is, however, superior to all standard plant

protein, such as that from legumes.

Essential fatty acids: Spirulina has a high amount of polyunsaturated fatty acids (PUFAs),

1.5–2.0 percent of 5–6 percent total lipid. In particular spirulina is rich in γ-linolenic acid (36

percent of total PUFAs), and also provides γ-linolenic acid (ALA), linoleic acid (LA, 36 percent

of total ), stearidonic acid (SDA), eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA)

and arachidonic acid (AA).

Vitamins: Spirulina contains vitamin B1 (thiamine), B2 (riboflavin), B3 (nicotinamide), B6

(pyridoxine), B9(folic acid), B12 (cyanocobalamin), vitamin C, vitamin D and vitamin E.

Minerals: Spirulina is a rich source of potassium, and also contains calcium, chromium, copper,

iron, magnesium, manganese, phosphorus, selenium, sodium and zinc.

Photosynthetic pigments: Spirulina contains many pigments including chlorophyll a,

xanthophyll, beta-carotene, echinenone, myxoxanthophyll, zeaxanthin, canthaxanthin,

diatoxanthin, 3-hydroxyechinenone, beta-cryptoxanthin, oscillaxanthin, plus the

phycobiliproteins c-phycocyanin and allophycocyanin.

Detailed biochemical composition analyses have been conducted of spirulina grown either under

laboratory conditions, collected in natural condition or in mass culture system using different

agro-industrial waste effluent. This was found to vary in response to the salinity of the growing

medium.It is reported that salt-adapted cells had a modified biochemical composition with a

reduced protein and chlorophyll content, and increased carbohydrate content. However the

following provides a review of the literature on the broad composition of spirulina.

3.1 Proximate composition
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Spirulina has high quality protein content (59–65 percent), which is more than other commonly

used plant sources such as dry soybeans (35 percent), peanuts (25 percent) or grains (8–10

percent). A special value of spirulina is that it is readily digested due to the absence of cellulose

in its cell walls (as it is the case for eukaryotic green microalgae such as Chlorella,

Ankistrodesmus, Selenastrum, Scenedesmus): after 18 hours more than 85 percent of its protein

is digested and assimilated (Sasson, 1997). The composition of commercial spirulina powder is

60 percent protein, 20 percent carbohydrate, 5 percent fats, 7 percent minerals, and 3–6 percent

moisture, making it a low-fat, low calorie, cholesterol-free source of protein.

4.CULTIVATION AND PRODUCTION OF SPIRULINA

4.1 Natural production

Most commercial production systems are based on shallow raceways in which spirulina cultures

are mixed by a paddle wheel. However, there are still some examples of spirulina being

harvested commercially from naturally occurring populations. In Mexico, following the research

conducted in 1967 in collaboration with the French Oil Institute, Sosa-Texcoco Ltd has been

harvesting Spirulina maxima from an area of Lake Texcoco, at 2 200 m above sea level, in a

semi-tropical environment, in the Valley of Mexico, with an average annual temperature of 18

ºC. The same company used to extract soda from the lake deposits since 1936. This is the largest

single plant for the production of spirulina biomass. The so-called “semi-natural” cultivation

process consists of harvesting during day and night and the algal biomass doubles in three to four

days. After filtration, the algal biomass is spray-dried after homogenization and pasteurization.

The first pilot plant which produced 150 tonnes of dry spirulina biomass per year started

production in 1973; its production capacity was thereafter raised to 300 tonnes of medium-grade

product per year from 12.0 hectares of natural ponds. Sosa-Texcoco Ltd had invested some US$5

millions since 1977 to solve the engineering problems arising from the increase in production

and to run the toxicological tests indispensable before marketing the product .

The annual value of spirulina production represented a third of the company's income from the

manufacture of powdered soda from the lake deposits. In 1995, Sosa-Texcoco ceased production

of spirulina. Another semi-natural lake in Myanmar has been reported to be used as a production

site for spirulina. Four volcanic lakes with natural spirulina blooms were studied beginning in
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1984. Production began at Twin Taung Lake in 1988, and by 1999 increased to 100 tonnes/year.

About 60 percent is harvested from boats on the surface of the lake, and about 40 percent is

grown in outdoor ponds alongside the lake.

During the blooming season in the summer, when spirulina forms thick mats on the lake, people

in boats collect a dense concentration of spirulina in buckets. Spirulina is harvested on parallel

inclined filters, washed with fresh water, dewatered and pressed again. This paste is extruded

into noodle-like filaments which are dried in the sun on transparent plastic sheets. Dried chips

are taken to a pharmaceutical factory , pasteurized, and pressed into tablets.

4.2 Laboratory cultivation

Eight major environmental factors influence the productivity of spirulina: luminosity

(photo-period 12/12, 4 luxes), temperature (30 °C), inoculation size, stirring speed, dissolved

solids (10–60 g/litre), pH (8.5–10.5), water quality, and macro and micronutrient presence (C, N,

P, K, S, Mg, Na, Cl, Ca and Fe, Zn, Cu, Ni, Co, Se) .

4.2.1 Light regimes

The characteristics of light attenuation and light utilization on the growth of Spirulina platensis

cells in culture conditions. They found two concepts useful for spirulina culture, viz. average

irradiance and specific light energy utilization rate introduced to describe the relationship

between cell growth and light utilization. They also recorded four basic parameters such as
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maximum specific growth rate (1.75 µm/day), half light-saturation constant (1.453 x 103 1x),

light coefficient {(3.637/103) (OD560/cm2)/mW}. Zeng, Cai and Ouyang (2001b) also found

that introduction of 1 percent CO2 in culture system helps to increase final cell concentration and

stabilize the pH of the culture of spirulina. Pareek and Srivastava (2001) conducted an

experiment to determine the optimum photoperiod for the growth and yield of the Jaipur (India)

isolate of Spirulina platensis in different photoperiods. They found that the optimum photoperiod

is 16 hours/day based on the evaluation of optical density and chlorophyll content of S. platensis.

Paoletti, Pushoaraj and Tomaselli (1975) studied the growth performances of Spirulina platensis

and S. maxima under photo-limited conditions using Roux bottles of 1.0 litre capacity incubated

in a water bath at 30 °C. It was irradiated intermittently from one side with battery of fluorescent

lamps (PAR intensity equal to 65.30 J/m2/second) in light:dark cycle (12 hours:12 hours). The

initial biomass concentration of spirulina was 350 mg (dry weight)/litre which attended to a

maximum dry weight of 346 and 329 mg/litre in the cases of S. platensis and S. maxima,

respectively. The culture solution was the standard bicarbonate-carbonate medium at pH 9–9.5

with bubbling air and 1 percent CO2.

Nutritional media :

The culture of spirulina is practised in different media, especially inorganic and decomposed

organic nutrients. Different types of spirulina were cultured to evaluate growth and biochemistry

under similar controlled conditions . They cultured three species of Spirulina viz. Spirulina

platensis, S. laxissima and S. lonar. Of the three species S. platensis showed highest growth rate,

biomass, pigment concentration and low intracellular phenolics. The results indicate that S.

platensisreached highest growth in shortest doubling time and the importance of strain selection

for large-scale cultivation.It is found that the intermittent addition of urea in the autotrophic

culture of Spirulina platensis yielded similar results to those obtained by the continuous feeding.

They further concluded that the operation mode of using urea intermittently would be preferable

to reduce the production costs of this cyanobacterium in large-scale facilities.

5. Harvesting and processing :

Spirulina harvesting, processing and packing has eight principle stages:
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1. Filtration and cleaning : A nylon filter at the entrance of the water pond is needed

2. Pre-concentration: To obtain algal biomass which is washed to reduce salts content

3. Concentration: To remove the highest possible amount of interstitial water

4. Neutralization: To neutralize the biomass with the addition of acid solution

5. Disintegration: To break down trichomes by a grinder

6. Dehydration by spray-drying: This operation has great economic importance since it involves

about 20–30 percent of the production cost

7. Packing: It is usually in sealed plastic bags to avoid hygroscopic action on the dry spirulina,

and

8. Storage: Stored in fresh, dry, unlit, pest-free and hygienic storerooms to prevent spirulina

pigments from deteriorating

Spray Drying:
Spray drying is a method of producing a dry powder from a liquid or slurry by rapidly drying

with a hot gas. This is the preferred method of drying of many thermally-sensitive materials such

as foods and pharmaceuticals,or materials which may require extremely consistent, fine, particle

size. Air is the heated drying medium; however, if the liquid is a flammable solvent such as

ethanol or the product is oxygen-sensitive then nitrogen is used

All spray dryers use some type of atomizer or spray nozzle to disperse the liquid or slurry into a

controlled drop size spray. The most common of these are rotary disk and single-fluid high

pressure swirl nozzles. Atomizer wheels are known to provide broader particle size distribution,

but both methods allow for consistent distribution of particle size. Alternatively, for some

applications two-fluid or ultrasonic nozzles are used. Depending on the process requirements,
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drop sizes from 10 to 500 μm can be achieved with the appropriate choices. The most common

applications are in the 100 to 200 μm diameter range. The dry powder is often free-flowing.

A spray dryer takes a liquid stream and separates the solute or suspension as a solid and the

solvent into a vapor. The solid is usually collected in a drum or cyclone. The liquid input stream

is sprayed through a nozzle into a hot vapor stream and vaporized. Solids form as moisture

quickly leaves the droplets. A nozzle is usually used to make the droplets as small as possible,

maximizing heat transfer and the rate of water vaporization. Droplet sizes can range from 20 to

180 μm depending on the nozzle. There are two main types of nozzles: high pressure single fluid

nozzle (50 to 300 bars) and two-fluid nozzles: one fluid is the liquid to dry and the second is

compressed gas (generally air at 1 to 7 bars).

Spray dryers can dry a product very quickly compared to other methods of drying. They also turn

a solution (or slurry) into a dried powder in a single step, which simplifies the process and

improves profit margins

Kjejdahl method for protein analysis

The Kjeldahl method or Kjeldahl digestion in analytical chemistry is a method for the

quantitative determination of nitrogen contained in organic substances plus the nitrogen

contained in the inorganic compounds ammonia and ammonium (NH3/NH4+). Without

modification, other forms of inorganic nitrogen, for instance nitrate, are not included in this

measurement. Using an empirical relation between Kjeldahl nitrogen content and protein content

it is an important method for analyzing proteins. This method was developed by Johan Kjeldahl

in 1883.

The method consists of heating a sample to 360–410 °C with concentrated sulfuric acid

(H2SO4), which decomposes ("digests" or "destructs") the organic sample by oxidation to

liberate the reduced nitrogen as ammonium sulfate. Hot concentrated sulfuric acid oxidizes

carbon (as bituminous coal) and sulfur (see sulfuric acid's reactions with carbon)

C + 2 H2SO4 → CO2 + 2 SO2 + 2 H2O

S + 2 H2SO4 → 3 SO2 + 2 H2O

9



Catalysts like selenium, Hg2SO4 or CuSO4 are often added to make the digestion go faster.

Na2SO4 or K2SO4 is also added to increase the boiling point of H2SO4. Digestion is complete

when the liquor clarifies with the release of fumes. A distillation system depicted below is built.

Kjeldahl digestion    Kjeldahl distillation:

The end of the condenser is dipped into a known volume of standard acid (i.e. acid of known

concentration). A weak acid like boric acid (H3BO3) in excess of ammonia is often used.

Standardized HCl, H2SO4 or some other strong acid can be used instead, but this is less

commonplace. The sample solution is then distilled with a small amount of sodium hydroxide

(NaOH). NaOH can also be added with a dropping funnel. NaOH reacts the ammonium (NH4+)

to ammonia (NH3), which boils off the sample solution. Ammonia bubbles through the standard

acid solution and reacts back to ammonium salts with the weak or strong acid.

Ammonium ion concentration in the acid solution, and thus the amount of nitrogen in the

sample, is measured via titration. If boric acid (or some other weak acid) was used, direct

acid–base titration is done with a strong acid of known concentration. HCl or H2SO4 can be

used. Indirect back titration is used instead if strong acids were used to make the standard acid

solution: strong base of known concentration (like NaOH) is used to neutralize the solution. In

this case, the amount of ammonia is calculated as the difference between the amount of HCl and

NaOH. In the case of direct titration, it is not necessary to know the exact amount of weak acid

(e.g. boric acid) because it does not interfere with the titration (it does have to be in excess of

ammonia to efficiently trap it). Thus, one standard solution is needed (e.g. HCl) in the direct
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titration, while two are needed (e.g. HCl and NaOH) in the back-titration. One of the suitable

indicators for these titration reactions is Tashiro's indicator.[3]

In practice, this analysis is largely automated; specific catalysts accelerate the decomposition.

Originally, the catalyst of choice was mercuric oxide. However, while it was very effective,

health concerns resulted in it being replaced by cupric sulfate. Cupric sulfate was not as efficient

as mercuric oxide, and yielded lower protein results. It was soon supplemented with titanium

dioxide, which is currently the approved catalyst in all of the methods of analysis for protein in

the Official Methods and Recommended Practices of AOAC International.

6.CONCLUSION AND RECOMMENDATIONS

6.1 Conclusions

Spirulina appears to have considerable potential for development, especially as a small-scale

crop for nutritional enhancement, livelihood development and environmental mitigation. In

particular, the

production and use of spirulina has the following advantages:

• It provides an easily digestible high (c. 60 percent) protein product with high levels of

β-carotene, vitamin B12, iron and trace minerals and the rare essential fatty acid γ-linolenic acid

(GLA). In addition, it has no obvious negative cultural or religious issues associated with its

consumption;

•Its production occupies only a small environmental footprint, with considerable efficiencies in

terms of water use, land occupation and energy consumption when compared to traditional

terrestrial crops;

•Its production is especially suitable to saline and alkaline conditions that are often unfavourable

to traditional crops and are frequently occupied by disadvantaged people suffering from, or

vulnerable to, natural disasters;

•Its production can be conducted at a number of different scales, from household “pot culture” to

intensive commercial development over large areas;
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•It has the potential for integration with rural organic waste treatment processes to improve both

environmental conditions and improve energy transfer efficiencies;

FAO fisheries statistics show a clear increase in production of spirulina over the recent years. For

example, production in China was first recorded at 19 080 tonnes in 2003 and rose sharply to 41

570 tonnes in 2004, worth around US$7.6 millions and US$16.6 millions, respectively. However,

there are no apparent figures for production in the rest of the world. This suggests that, despite

the widespread publicity about spirulina and its benefits, it has not yet received the serious

consideration it deserves as a potentially key crop in coastal and alkaline areas where traditional

agriculture struggles, especially under the increasing influence of salination and water shortages.

An examination of the literature and research on spirulina also suggests that interest in its

development has waned over recent years. Much of the work was conducted over the 1980s and

1990s with relatively little over the last decade. Most modern writing available on the internet

appears to be “grey” literature, with relatively little internationally recognized scientific material.

Given the increasingly widely recognized impacts of global climate change in terms of both

desertification and the more prevalent extreme weather conditions that impact poor communities

in particular, this loss of focus is regrettable.

6.2 Recommendations

There is a role for both national governments as well as inter-governmental organizations to

reevaluate the potential of spirulina to fulfill both their own food security needs as well as a tool

for their

overseas development and emergency response efforts. Other international organizations that

have developed both an interest and capacity for developing small-scale spirulina production

would be key potential facilitators in demonstrating available technologies for local uptake. They

could also develop improved technical and economic solutions to spirulina production in

environmentally impoverished conditions, as well as prepare tested production packages for

rapid deployment in emergency situations.

International organization(s) working with spirulina should consider preparing a practical guide

to small-scale spirulina production that could be used as a basis for extension and development

methodologies.
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This small-scale production should be orientated towards:

(i) providing nutritional supplements for widespread use in rural and urban communities where

the staple diet is poor or inadequate;

(ii)Allowing diversification from traditional crops in cases where land or water resources are

limited;

(iii)An integrated solution for waste water treatment, small-scale aquaculture production and

other livestock feed supplication;

(iv)As a short- and medium-term solution to emergency situations where a sustainable supply of

high protein/high vitamin foodstuffs is required. This implies the ability to rapidly install systems

in a variety of environments that can be sustained by local communities to cover

both the short-term food needs and to supplement longer-term nutritional requirements,

especially once other forms of food relief cease to be delivered.
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CHAPTER 1                  

INTRODUCTION 

Wheat bran 

Wheat bran flakes is a product of breakfast cereal similar to corn and oats flakes presently 

owned by Post holdings. The cereal contains of small toasted flakes of wheat bran together 

with seasonings and the binders. They may be fortified to add nutritional value. They are 

usually served with the cold milk. Wheat is the second most circulated cereal for human food 

after the crop rice. It is one of the furthermost main food crops consumed by more than one 

third of population of the world due to the presence of maximum number of calories. Wheat 

is not only measured as nutritious grain but is also a rich source of other nutrients such as 

proteins, minerals, vitamin B and dietary fibres. Wheat is mainly cultivated in India, China, 

Russia, USA. 

The grain part is the side-effect of processing process and has food and non-food 

applications. The utilization of wheat grain by people has progressively expanded over the 

course of the years universally. Wheat is a piece of the external pericarp layer of the wheat 

grain, which is left as a result after the processing system which has both food and non-food 

claims. As the human ingesting of wheat grain has expanded more than a year a large number 

of the detached results of wheat horse shelter are accessible on the lookout. Wheat grain is 

plentiful in dietary strands, vitamin B, minerals, unpredictable mixtures and numerous 

bioactive mixtures which are helpful to the human wellbeing. There is an appeal and attention 

to the shoppers towards the better food varieties and this has prompted the consolidation and 

investigation of the fixings from the regular hotspots for the food creation and wheat grains 

has extremely fine mixed for the detachment of the mixtures with more wellbeing profits(19). 

Arrangement of wheat grain is appropriately founded on the various methodologies utilized 

for its detachment, conditions, assortment which controls how much starch appended to layer 

of aleurone after the partition interaction. The piece of the wheat contrast generally among 

various yields, significantly involves nutrients, minerals and dietary filaments. Microbe can 

likewise be added to grain contingent upon the processing strategy with raising the wheat 

with lipids. Grain comprises of numerous essential minerals like zinc, iron, manganese, 

magnesium and phosphorus(20).80% of Phosphorous in wheat is put away as phytates, 

shaping buildings with Mg, Fe and Mg, which Will impressively diminish their 
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bioavailability(35). 34 to 63 % of the wheat Bran is locked in by the unexpected supply of 

solvent and insoluble dietary fiber, a composite compound made of palatable plant 

polysaccharides (hemicellulose and celluloses) required to lignin’s, proteins and different 

parts which escape the hydrolytic enzymatic absorption process in the upper digestive system 

of the body. Soluble dietary fibre comprises of 5 % of the total dietary fibre, consisting of 

glycan and xylenes. Dietary fibre enhances the health of the gut, regulates appetite and long 

satiation. Enhanced satiety Can be credited to gigantic water retention of dietary fiber, 

diminished stomach travel time, enhanced digest a thickness in the small digestive tract, and 

expanded stool mass and short-chain unsaturated fat creation, in the colon, because of 

maturation of the fiber. Dietary fiber assists in the aversion of colon ailments, thwarting 

gastric harmful development, treating disagreeable guts with disordering, diminishing the bet 

of haemorrhoids and hiatal hernia, hypocholesteraemia, reducing the bet of chest sickness and 

type 2 diabetes and hyper strain. Notwithstanding the way that there have been some work 

concluding the character of Wheat grain dietary fiber in human weight rule process (21). 

                  Table1.1: Nutritional composition of wheat bran per 100g (35) 

Sl .No Bioactive compounds in wheat bran Quality /100 g of wheat 

bran 

1 Niacin 14 to 18 mg 

2 Vitamin E 1.4 mg 

3 Zinc 7.3 mg 

4 Riboflavin 0.39 to 0.75 g 

5 Thiamine 0.54 mg 

6 Biotin 0.048 g 

7 Ferulic acid 500 to 1500 mg 

8 Iron 11 mg 

9 Pyridoxin 1 to 1.3 mg 

10 Manganese 12 mg 

 

Pomegranate seed: pomegranates are a centre of nutrition. People globally use them in 

both the savoury, sweet dishes and juice, snacks and smoothies. Dried pomegranate seeds are 

the prevalent ingredient in grenadine syrup, sauces, granola bars, salad dressings and trail 

mixes. This delightful, juicy fruit can keep your bones healthy and reduce inflammation and 
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boost your performance in the gym. Pomegranate seeds are loaded with the minerals, 

phytochemicals and vitamins. Ellagic acid, one of the most plentiful antioxidants in this fruit, 

may improve metabolic health and avoid obesity. This natural compound reduces the 

expansion of white adipose tissue and fights inflammation making weight loss 

process calmer. This seed is ironic in polyphenols, a class of antioxidants that helps against 

the DNA damage and the reduce oxidative stress. 

Table 1.2 :Nutritional composition of pomegranate seeds per 100g(53) 

Sl. No Nutrients in Pomegranate seeds Per 100g of quantity 

1 Potassium 236 mg 

2 Sodium 3mg 

3 Calcium 10 mg 

4 Magnesium 12 mg 

5 Phosphorous 36 mg 

6 Zinc 0.35 mg 

7 Dietary fibres 4 g 

8 Cholesterol 0 mg 

9 Protein 1.67 g 

 

Health benefits of the pomegranate seeds 

 Aids in weight loss 

 Keeps heart healthy 

 Rich in antioxidants that helps the body to protect from the free radicals 

 Help in reducing kidney stones  

 Supports Urinary and digestive health 

Pumpkin seed 

Pumpkin seeds are an excellent wellspring of solid oils, magnesium, and different 

supplements that work on the wellbeing of the bones, heart and different purposes. Pumpkin 

seeds overall are viewed as exceptional and confided in significant Source of calcium, 

magnesium and potassium .Plant seeds are likewise a decent wellspring of polyunsaturated 

unsaturated fats (PUFAs) and cell reinforcements. The unsaturated fats in pumpkin seeds 

contain a scope of confided in Source of valuable supplements, like sterols, squalene, and 

tocopherols. Pumpkin seeds have been found to contain sterols and plant sterols and 
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phytosterols are known to assist with lessening levels of the terrible Low thickness 

lipoprotein cholesterol. 

 

 

Table 1.3 : Nutritional composition of Pumpkin seeds per 100g 

Sl. No Nutrients in Pumpkin seeds Per 100 g 

1 Energy 559 Kcal 

2 Carbohydrates 10.71 g 

3 Protein 30.23 g 

4 Fibre 6 g 

5 Niacin 4.98 g 

6 Vitamin E 35.10 mg 

7 Iron 8.82 g 

8 Potassium 809 mg 

9 Calcium 46 mg 

10 Zinc 7.81 mg 

11 Folate 58 µg 

 

  Health benefits of pumpkin seeds   

 Improves heart health 

 Improves kidney health 

 Reduces risk of the diabetes 

 Controls cholesterol levels 

 Fights ageing 

 Rejuvenates and improves skin health 

Objectives of the project  

 To develop wheat bran flakes incorporated with pomegranate seeds and pumpkin 

seeds  

 To Evaluate sensory characteristics of product 

 To conduct proximate analysis of product  
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 To carry out shelf-life study of the product  

 

 

 

 

 

CHAPTER  2               

REVIEW OF LITREARUE 

2.1 Cereal flakes as breakfast  

These cereal flakes are formed from parts of bits or entire grain like maize, wheat, grain, rice, 

and oats. They are created so as to get pre-produce items and chipping corn meal that 

structure into a drop. The whole grains go through various cycles, for example, pre-

processing, blending, cooking, cooling, drying, chipping, toasting, and bundling for the 

development of cereal flakes. The demand of the worldwide cereal flakes market is supposed 

to extend at a the CAGR(compound annual growth rate)of 6% to 7% during the gauge time 

frame 2022-2032. Rising accentuation on the presentation of novel worth added oat drops 

with creative flavours is assessed to incline toward the development in the worldwide market. 

Cereal flakesbreakfast are a favoured type of breakfast, ate as customary food by huge range 

of populace universally. With the growing discretionary cash flow, customers are turning out 

to be more cognizant towards wellbeing and the day-to-day food ate. Oat drops are consumed 

either plain or might be covered with honey, natural product flavour, sugar, chocolate, an7d 

other such fixings. Moreover, oat chips are likewise accessible in a few shapes and sizes. The 

cereal drops market has seen a huge development inferable from variables, for example, 

purchaser twisting towards good food items. Besides, the expansion popular of comfort food 

items gives a colossal market an open door to the vital participants working in the grain chips 

market. 
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Fig 2.1 The cereal flakes market statistics according to USD 

 

 

 

2.2  Different types of flakes 

Flaked cereals are produced from the  whole grain part or the  parts of kernels of wheat, rice 

or corn and are produced with the addition of other Ingredient’s such as the artificial or 

natural flavours, additives and other preservatives. There are many different types of Cereal 

flakes in the market and their composition is listed in the above Table No.3 . corn flakes is 

the one of the cereal flakes which is consumed world-wide and According to the USD around 

6.3 million people consumed the corn flakes around daily basis and globally around 153 

countries consume the corn flakes Kellogg’s is the one of the leading corn flakes 

manufacturers in the current market (1). Then there are other food companies involved in 

making of different cereal flakes such as health sutra, Margins, Quaker these respective 

brands are involved in the manufacturing of the cereal flakes such as sorghum, Ragi, oats and 

rice flakes respectively (2). Ragi flakes are also more consumed by the consumers direct to its 

health benefits and naturally occurring nutrients and Health sutra is one of the brands 

involved in production of Ragi flakes . Ragi flakes  are nutritious to human health and help 

on many health complications(3). Even the sorghum flakes are been included in the cereal 

flakes products where this sorghum flakes is mainly rich source of magnesium, a mineral 

which is more important to the bone health and other 600 biochemical reactions in human 

body(4). 

                        Table  2.1: Different types and composition of Flakes  
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Sl .No Different types of 

flakes 

Company 

producing 

flakes  

Composition of the 

flakes  

References  

1. Corn flakes  Kellogg’s  Corn, sugar, Malt 

extract, flavours, 

Vitamins and minerals  

1 

2. Oats flakes Quaker Oats, sugar, artificial 

flavour, gaur gam, 

caramel colour, folic 

acid.  

2 

3. Ragi flakes  Health sutra Ragi flour, almond, 

honey, additives, 

preservatives.  

3 

4. Sorghum flakes  Health sutra Sorghum, rice flour, 

sugar, ammonium bi 

carbonate, 

preservatives etc. 

4 

5. Bajara flakes  Murgins  Bajara, natural 

flavours, sugar, sodium 

bi carbonate ,additive 

and preservatives  

5 

 

2.3 Nutritional value-added flakes 

For increasing the nutritional value of the flakes different flour combination of flour, seeds, 

herbs were incorporated with the flakes which indirectly enhances the Nutritional benefits to 

human health. Papaya flakes were formulated with combination of flour like corn, Maida and 

rice flour. The papaya flakes were sensory evaluated and packed in pouches and kept for 6 

months for study and other quality characteristics were checked (5). Flax seeds were 

incorporated with the rice ,corn and wheat flour and in India flax seeds are considered as 

staple food crops and is used diversely due to its good nutritional benefits that is high in alpha 

linolenic acid (6). Dehydrated herbs are also been added in the flakes making the herbs such 

as basil, drumstick  and mint  these impart the high Nutritional factors as well as benefits 
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such as rich in vitamins and minerals. This addition of dehydrated herbs to the flakes was 

acceptable by the subjects during sensory evaluation (7). Then the water melon seeds and 

dried pluses were also were added to flakes as a value addition to the food product. 

Investigation into the properties of the pulses and knowing the nutritional benefits may lead 

to cost reduction and help in production of ready- to- eat foods. 

 

 

 

 

 

 

 

Table 2.2 : Nutritional value-added flakes and their nutritional  benefits 

Sl. No Flakes  Nutritional 

value-

added 

Ingredients  

Combination 

flour used in 

flakes  

Nutritional 

factors  

Health 

benefits  

References  

1. Papaya 

flakes  

Papaya fruit  Corn, rice, 

Maida flour  

Rich in vitamin 

A, vitamin C, 

magnesium and 

phosphorus  

Lowers 

cholesterol, 

improves 

thyroid 

gland and 

immunity 

functions.  

6 

2. Flax 

seeds 

flakes  

Flax seeds  Rice, corn, 

wheat flour  

High in alpha 

linoleic acid, 

omega 3 fatty 

acids and 

aspartic acid 

Helps in 

lowering 

blood 

cholesterol 

and helps 

to protect 

7 
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from 

obesity.  

3. Black 

bean 

pulse 

flakes  

Black bean Maida, rice, 

wheat flour.  

Rich in Vitamin 

B, minerals and 

fibres  

 

 

Protect 

against the 

high 

cholesterol, 

type 2 

diabetes 

and obesity  

8 

4. Dehydr

ated 

Herb 

rice 

flakes  

Basil and 

mint herbs 

Rice and 

wheat flour  

Rich in 

Macronutrients 

such as calcium 

and Vitamin K  

Helps in 

curing 

worm 

Infection, 

stomach 

spams  

9 

 

5. Water 

melon 

ragi 

flakes  

Water 

melon 

seeds 

Ragi, corn 

and wheat  

Have good 

amount of zinc, 

copper, 

magnesium and  

phosphorus  

Helps in 

digestion, 

improves 

immunity, 

promote 

healthy 

metabolism 

of the body 

10 

 

 

Table 2.3 : Flakes manufacturing brands and price of the flakes 

SL.NO Flakes  Brand Quantity  Price(Rs) References 

1. Corn flakes  Kellogg’s  250g 95  

 

 

2. Corn flakes  Nestle  1 kg 198 

3. Corn flakes  Patanjali  100g 124 
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4. Oats flakes  Giva agro 1 kg  150 According to 

Edible flakes 

market 

forecast 

5. Wheat flakes  Natural land 250g 79 

6. Wheat flakes  Baggrys  500g 230 

7. All bran flakes  Kellogg’s  425g 220 

9. Ragi flakes  Health sutra 500g 230 

10. Oat bran flakes  Arrow head 1 kg 170 

 

2.4 Types of seeds used in flakes 

Seeds are the result of matured ovule, after the undeveloped organism sac is prepared by 

sperm from dust, shaping a zygote. The undeveloped organism inside a seed creates from the 

zygote, and develops inside the mother plant to a specific size before development is ended. 

The seed coat emerges from the integuments of the ovule Adding seeds or nuts to baking is 

an incredible method for upgrading the flavour as well as the presence of your heated 

merchandise. Besides the fact that they add surface, flavour and dynamic tones yet they 

likewise pack in heaps of nutrients and minerals(8). In above mentioned tabled no.6 mainly t 

authors have summarised the use of seeds in different food product that is the flax seeds are 

Developing mindfulness about the job of diet and journey for human wellbeing has fuelled 

interest in ‘Practical food sources and utilitarian credits of numerous conventional food 

varieties are being revaluated. Flax keeps on flooding forward in its acknowledgment as a 

practical food and has as of late acquired consideration in the space of cardiovascular 

sickness principally on the grounds that it is the most extravagant known wellspring of alpha-

linolenic corrosive, the phytoestrogen, lignin’s, as well similar to a decent wellspring of 

dissolvable ,and these flax seeds find application in products like flakes, breads and the 

energy bars(9). And also, chia seeds are mainly good source of nutrients which have been 

used in the making of puddings, smoothies and salad dressings(10).  The addition of these 

Seeds are incredible sources of the fibre. They likewise contain monounsaturated fats, 

polyunsaturated fats and numerous significant nutrients, minerals and cancer prevention 

agents. When consumed as a component of a sound eating regimen, seeds can assist with 

diminishing glucose, cholesterol and pulse. 

Table 2.4 : Different types of seeds used in food product  

SL.NO Seeds used Food product  Nutritional benefits  References  
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1. Flax  flakes, breads, cereals, 

energy bars, oil 

Lower cholesterol, 

reduce blood pressure  

11 

2. Poppy  Muffins, rusk, bagel 

and sponge cakes 

Rich in Manganese and 

helps in body to utilize 

Carbohydrates and fats 

12 

3. sunflower  Salad oil, cookies, pesto 

sauce. 

Rich in calories and 

loaded with Thiamine, 

riboflavin , Niacin helps 

in lowering rate of 

cardiovascular diseases  

13 

4. Chia  Pudding, smoothies, 

salad dressing and 

energy bars 

Rich in copper, Niacin, 

Manganese and helps in 

scalp health and body 

nourishment  

14 

5. Nigella  Vegetable salad, 

crackers and  

 Curries  

Prevents stomach ulcers, 

packed with antioxidants 

and helps in blood sugar 

regulation in body 

15 

6. Caraway  Breads, pastries, curries 

and stew  

Prevent digestive 

problems such as heart 

burn, bloating stomach  

16 

 

2.5  Wheat bran recipes 

Wheat bran are broadly utilized aswellspring of dietary fibre with improved medical 

advantages. Notwithstanding, its high application level in bread kitchen items caused lower 

nature of these items (e.g. Diminished size and expanded hardness of item). Diverse 

mechanical, physical or compound techniques are utilized for alteration of wheat grain 

physicochemical properties. Wheat grain got from the two wheat assortment was utilized to 

assess the impact of grain adjustment process on subjective properties of prepared 

merchandise. Adjustment was performed utilizing hot air and microwave warming. Different 

wheat bran recipes have been prepared as per above mentioned (Table 7) where different 

recipes with Ingredients ,baking temperature and time is also mentioned. (11).Wheat grain 
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has a sweet taste, yet not all think that it is engaging. It's additionally critical to begin slow 

while adding wheat grain to food sources. Excessively much can undoubtedly bring about the 

runs. Adding wheat grain to biscuits, flapjacks, rolls, waffles, or even treats is an incredible 

method for building up the healthy benefit of a food, particularly its fibre content. A limited 

quantity of wheat grain can be added to smoothies, particularly when it is finely powdered. 

 

                 Table 2.5 : Different wheat bran food recipes existing in market  

SL.NO Recipes made out 

of wheat bran  

Ingredients  Baking 

temperature 

and time 

References 

1. Wheat bran Muffins  Wheat bran, butter 

milk, sugar, oil, egg, 

baking soda, baking 

powder and salt 

176 ºC 

For  20 minutes  

17 

2. Wheat bran cookies Wheat bran, maida, 

oats, melted butter, 

baking soda, brown 

sugar and vanilla 

extract  

135 ºC for 33 

minutes  

18 

3. Wheat bran bread  Wheat bran, milk, 

Maida, sugar, 

molasses, salt,  dry 

yeast and water 

190 ºC for 30 

minutes 

19 

4. Wheat bran yeast 

bread  

Wheat bran, egg, 

salt, Maida flour, 

warm water, yeast  

and honey  

190  ºC for 35 

to 40 minutes 

20 

5. Wheat bran pan 

cakes 

Maida flour, salt, 

maple syrup, wheat 

bran, wheat flour, 

milk, butter and 

baking powder  

Cooked at 

medium flame 

for 5 minutes  

21 
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6. Wheat bran waffles  Wheat flour ,wheat 

bran, salt, almond 

milk,baking 

powder, Maida, 

Vegetable oil. 

140 ºC for 12 

minutes  

22 

 

2.6  Proximate analysis parameters  

The proximate analysis parameters plays a very vital role in retaining the quality 

characteristics of the food product as in the different cereal flakes the Ingredients used were 

different the proximate analysis parameters also differ in their values. The main parameters 

are the moisture, acid insoluble ash, fat, carbohydrates and proteins these parameters also 

impart their role in the Shelf-life study of the food product and the moisture in case of ragi 

flakes was high that is 11.6% and rice bran has the lowest moisture content in the referred 

papers that is 5.4%(12).The moisture content of the food product leads to vital role if the 

value is more than the standard value than that product undergoes the microbial 

contamination and damaging of the food product is observed. Ash is 0.1%  maximum value 

according to FSSAI for the baked cereal products  and this mainly represents the other 

components such as inorganic residue in the food product, Than it is observed that the 

Carbohydrates content is high in all cereal flakes when compared to the Protein content . The 

water absorption capacity of the cereal flakes was more so the fat used in the making of 

flakes is less in quantity for example in ragi flakes its 0.7 and rice flakes 0.2 and the value of 

the fat contributes to the rancidity that might cause due to free fatty acids in the food sample. 

proximate examination permits us to make authentic correlations of feeds based on 

unambiguous supplements. This makes it conceivable to realize how much preferred one feed 

is over one more regarding explicit supplements (13). 

 

                  Table 2.6 : Proximate analysis parameters of different cereal flakes  

SL.NO Flakes  Moisture 

% 

 

Acid 

insoluble 

ash % 

Carbohydrate(g) 

Per 100g  

Protein 

(g)per 

100g 

Fat(g) References  

1. Corn 7.5 0.06 84 8 1 23 
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flakes  

2. Oats 

flakes  

12 0.08 67.7 16.9 1.2 24 

3. Ragi 

flakes  

11.6 0.07 80 30 0.7 25 

4. Bajara 

flakes  

10.3 0.09 61.7 9.6 2 26 

5. Sorghum 

flakes  

10.2 0.06 77 11 3 27 

6. Rice 

bran 

flakes  

5.4 0.09 59 13 0.4 28 

 

2.7 Sensory evaluation methods 

Sensory assessment is a critical strategy to survey the flavour nature of food sources since it 

estimates what shoppers truly see; notwithstanding, it is an emotional technique. For instance, 

one purchaser might portray an example as unpalatable while another shopper might consider 

a similar example satisfactory. These distinctions are normal in tactile assessment and can be 

made sense of by identity, culture, individual variety, and so on. To get more objectiveness 

through tangible assessment, a sensible number of specialists should be 

prepared(14).Preparing conventions and boundaries should be painstakingly planned in light 

of the natural attributes of the tried food lattice and any conceivable variety among various 

examples brought about by food detailing, handling, bundling, capacity conditions, and so on. 

Consequently, tangible assessment can be extremely tedious and exorbitant. In the above 

referred papers form table No.9 the Hedonic Sensory method was adapted in more cases due 

to this method gave and scaling of 5,9 0r 10 which was used to illustrate the quality of food 

product in more mannered and acceptable way. The primary benefits of Hedonic rating tests 

are that the got results convey that estimated data linking with the agreeableness level of the 

thought about examples and the unalike item credits. Such tests likewise yield data with 

respect to the epicurean distance between the examples. Sensory Evaluation has been 

characterized as ''A logical discipline used to bring out, measure, investigate and decipher 

responses to those properties of food varieties and materials as they are seen by feelings of 
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vision, smell, taste, contact, and hearing. Four factors influence assessment: the food, 

individuals and the testing climate and test techniques utilized(15). 

                   Table 2.7 : Sensory evaluation methods adapted for cereal flakes.  

Sl. No Sensory method  Attributes  Number of 

panelists  

Number 

of scales  

References  

1. Hedonic method  Colour, flavour, 

texture and Overall 

Acceptability of 

product  

15 9 29 

2. Paired 

Comparison 

method  

Aroma, flavour, 

taste, crispness and 

colour 

20 7 30 

3. Hedonic Method Taste, flavour, 

colour, over all 

Acceptability of 

product  

15 12 31 

4. Sensitivity and 

descriptive 

method  

Taste, smell,  

flavour and texture  

15 5 32 

5. Rating method  Aroma, mouth feel, 

texture and colour  

20 9 33 

6. Hedonic method  Flavours, 

crispness, mouth 

feel, aroma and 

colour  

15 7 34 

7. Hedonic scale 

method  

Colour, texture, 

aroma, mouth feel, 

over all 

Acceptability of 

product  

15 9 35 

 

2.8  Shelf – life studies 
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shelf life is a realistic usability is the period of time that a product might be put away without 

becoming unsuitable for use, utilization, or sale at the end of the day, it could allude to 

whether a ware ought to at this point not be on a storeroom rack (ill-suited for use), or 

presently not on a grocery store rack (unsuitable available to be purchased, yet not yet ill 

suited for use). A study evaluates the food item quality and cleanliness by going through an 

exhaustive compound and physical, as well as microbiological examination and gives food 

makers and makers certainty of their item's timeframe of realistic usability. guard their image 

and buyers(16). The shelf-life study time period depends on the different food product and 

the Shelf-life attributes plays important part such as the moisture content of the food that is 

water activity results in degrading of food if the value is high. The Acidity of extracted fat is 

another attribute where the value of it denotes the extent of the rancidity of the food sample 

due to free fatty acids the rancidity results to bad odour. The shelf-life study were carried out 

for 3,6, 9 months after manufacturing of the product and the main factor was also that what 

kind of the packaging material was used during storage the material used were plastic 

container, glass container, paper boards and  sealed plastic bags. Along with the packaging 

material the storage temperature matters more to the food sample since The guideline for 

putting away baking fixings that don’t need refrigeration or freezing is to put them in a sealed 

shut holder in a space that is cool, dim, and dry. Ideal conditions are somewhere in the range 

of 50° and 70° F with a general mugginess level at or below 60%.Appropriate capacity of 

fixings and heated merchandise is fundamental for keeping food new and delectable and not 

gambling foodborne diseases(17). 

 

 

 

 

 

   Table 2.8 : Shelf-life study of cereal flakes for specific time period and attributes 

SL.NO Different type 

of flakes  

Shelf-

life 

time 

Storage 

temperature  

Attributes 

checked  

Type of 

packaging 

used for 

References  
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period  

 

 

storage  

1. Corn flakes  3 

months  

25 Moisture, 

Acidity of 

extracted 

fat and taste  

Paper 

boards box 

36 

2. Corn flakes  6 

months  

15 Aroma, 

Moisture, 

Crispness 

and Acidity 

of extracted 

fat.  

Plastic 

container  

37 

3. Ragi flakes  6 

months  

26 Texture, 

Moisture, 

Acidity of 

extracted 

fat and taste  

Cardboard 

box 

38 

4. Bran flakes  3 

months  

35 Total 

acidity, 

Moisture 

and taste  

Plastic 

films 

39 

5. Corn flakes  6 

months  

25 Moisture 

content, 

Acidity of 

extracted 

fat and 

sensory 

attributes.  

Air tight 

glass 

container.  

40 

6. Oats flakes  3 

months  

 18 Moisture 

content, 

Total 

acidity and 

Air tight 

Plastic 

container 

41 
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taste  

7. Ragi flakes  6 

months  

26 Taste, 

colour 

moisture 

content and 

Total 

acidity  

Sealed 

plastic 

bags  

42 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 3             

MATERIALS AND METHODS 
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3.1Procedure for making wheat bran flakes  

Wheat bran flakes are rich in dietary fibres. and in making of wheat bran flakes The     

ingredients which were used were wheat bran, wheat flour, pomegranate seeds, pumpkin 

seeds, jaggery, baking powder, cardamom, cashew, vegetable oil and rice flour. The control 

sample was also considered where the pomegranate and the pumpkin seeds were not added to 

the mixture of the ingredients the quantity of the wheat flour and wheat bran was varied from 

the composition referred from the edible cereal market research and based on the different 

quantities of the wheat bran and wheat flour the three formulations that are WF1, WF2 and 

WF3 were formulated. The seeds cashews and almonds were roasted at low flame for 1 min 

so that moisture content to be reduced and roasting the dry fruits and  seeds before adding  to 

the other Ingredients is a great way for boosting their flavour. and  roasting not only just 

enhance the existing flavours, but also unlock completely new flavour  that weren't there 

before. After the roasting procedure the seeds and dry fruits ( cashew and almond) were 

completely cooled so that the seeds and dry fruits become little crisp, and to avoid the 

sogginess. Then they are grinded into fine powder  mixed  with the other ingredients. The all 

Ingredients are mixed with water and kneaded properly to form a dough. The standing time of 

the dough was given 5 minutes as the wheat bran and wheat flour has high capacity of water 

absorption. Then after the completion of the dough standing time the dough was made into 

small balls so that they were feeded to the flake making machine, the small balls of dough 

were feeded to the flake machine top hopper and the dough balls were converted to the thin 

flakes. Then those flakes were subjected to the oven at temperature of 110 °C for 7 min. The 

flakes were taken out of the oven after 7 minutes and were cooled for 10 minutes before 

moving to packaging . Cooling time is more important for ensuring the significant loss of the  

moisture form the food  product. After the completion of the cooling time of the, flakes.  

They will be directly directed towards the packaging. This allows them to protect them from 

the  dirt, damage and moisture uptake by the product from the atmosphere the  flakes were 

stored in the air tight container for retention of the quality of the wheat bran flakes.  

 

 

 

3.2  Formulations used for preparation of wheat bran flakes per 100g  
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                        Table 3.1 : Different formulation of wheat bran flakes 

 SL. 

No 

Treatment wheat 

bran  

wheat 

flour  

pomegranate 

seeds  

pumpkin 

seeds  

1 Control  20g 40g 0 0 

2 WF1 20 g 40 g 4 g 4 g 

3 WF2 30 g 30 g  4 g 4 g 

4 WF3 40 g 20 g 4 g 4 g 

Note: WF: Wheat flakes 

Flow chart of making wheat bran flakes  

The weighed amount of all Ingredients that is Wheat bran, wheat flour, rice flour, 

pomegranate seeds, pumpkin seeds, jaggery, vegetable oil, cashew and almonds were mixed 

together for the formation of dough  

 

 

 

 

 

 

 

 

 

 

Dough formation  

Weighed amount of all the 

ingredients were mixed 

properly to form a dough 

Pomegranate seeds and 

Pumpkin Seeds are roasted 

for at low flame for 1 minute 

and then cooled at room 

temperature and powdered 

and kneaded with dough. 
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      Fig 3.1:WF1formulation         Fig 3.2:WF2 formulation        Fig 3.3:WF3 formulation 

 

 

 

                 Formation of small balls before dough is put into the flake making machine 

 

 

                                           Fig 3.4: Making balls of the dough                                               
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Fig.3.5: Flake making machine 

 

 

 

                                 Formation of flakes of all the three formulations 

 

 

        Fig 3.6: WF1(before baking)                                  Fig 3.7:WF2(before baking)   

 

 

       Fig 3.8:WF3(before baking) 
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                  Baking of Wheat bran flakes was carried out at 120ºC for 7min in oven 

 

Fig.3.9: Electric oven 

 

 

 

                      After baking of the flakes, the trays were cooled at room temperature 

 

      Fig 3.10: WF1(after baking)  Fig 3.11:WF2(after baking)   Fig 3.12: WF3(after baking) 
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    The flakes are completely cooled at room temperature and packed in air tight container                 

 

Fig 3.13: WF1              Fig 3.14: WF2            Fig 3.15: WF3 

 

3.3 Sensory evaluation of the wheat bran flakes 

Sensory   analysis involves the scrutiny of a product by the senses taste, touch, odour and 

hearing of the various quality attributes which involve aroma, texture, sound and flavour.  In 

this wheat bran flakes product project the Hedonic scale method was adapted for the sensory 

evaluation. This test elaborates the degree of consumer satisfaction and acceptance regarding 

product qualities. It shows the overall acceptance and relative importance of each attribute of 

the product. 

 

During the Sensory evaluation of the wheat bran flakes product the place was made ensure 

that the room is free from the smell and place was quiet since a quiet and small free place 

helps in the focusing on the product in more well manner . All three formulated wheat bran 

flakes along with the Control was given(Control,WF1,WF2and WF3)  for the sensory 

evaluation and 15 panellists were involved in the sensory evolution in which Staff and 

students were present and 5 scale hedonic sensory evaluation was carried out. Before carrying 

out the evaluation the instructions were conveyed to the panelists that not to discuss their 

opinions with other and the water full of bottles were placed Infront of panellists so that’s 

they rinse their mouth with water after tasting each formulation The main of purpose of 

rinsing procedures is to maintain the baseline during the sensory evaluation to ensure that 

there is  no any alterations of the perception based on the residual ambiances or sensations. 

The following attributes were considered in sensory evaluation of the wheat bran flakes  
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Aroma: is first partner of taste. These are the unstable mixtures which are assumed by the 

scent receptors of olfactory tissues of nasal pit. Sweet-smelling buildings are delivered during 

the biting system. Smell evaluates the fragrance of food that is basic in appreciation of 

flavour. 

 

Taste: It includes the understanding of constituents subsequent to being broken down in the 

spit, water or oil by taste receptors in the taste buds tracked down quickly on the tongue and 

different pieces of mouth. 

Mouth feel: Mouthfeel mentions to the physical sensations in mouth produced by food or 

drink, making it different from the taste. It is an important sensory attribute which along with 

smell and taste, governs the complete flavour of a food product. 

 

Colour:The main nature of any food’s appearance is its tone, especially when it is 

straightforwardly going with other nature of the food credits, for instance the adjustment of 

the misfortune in variety quality as food ruins or becomes unsatisfactory for purchasers. 

 

Texture: Texture denotes to those qualities of a food that can be felt with tongue, fingers and 

teeth. 

Based on the sensory evaluation of the product the majority of the panelists voted for the 

WF2 formulation that crispness is 9 panelists voted for WF2 due its taste and crispness 

during eating and Overall mouth feel. The formulation WF1 was less acceptable due to less in 

crispness and not good in overall mouth feel and WF3 was not acceptable due to high bran 

quantity made panelists to chew hard. So WF2 was an acceptable Wheat bran flakes by the 

panelists and the WF2 formulated fake were used for the further proximate analysis and 

storage process (12).                         
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HEDONIC RATING OF FOOD PRODUCT 

Basaveshwar Engineering College (Autonomous), Bagalkote 

Department of Biotechnology 

 

Sensory evaluation of Wheat Bran Flakes  

NAME:  

Attributes WF1 WF2 WF3  

Color 

(Appearance) 

    

Taste     

Mouth feel     

Aroma     

Texture     

Acceptability     

Preference     

 

3.4  Proximate analysis of the wheat bran flakes 

Proximate Analysis is a method to  determine the values of  macronutrients present in the 

food samples. generally, those values are being declared or displayed as nutritional facts 

which are shown usually on the labels of  final  food products, but they are also being 

resolute during the process of production. The beginning of the nutritional analysis instigates 

back in 1861 and since then it has been continuously advanced and altered . 

3.4.1   Estimation of carbohydrate in  wheat bran flakes 

 The phenol-sulphuric acid method was adapted in the estimation of the total carbohydrate         

present in the wheat bran flakes. This method detects the all classes of the carbohydrate 

counting mono, di, oligo and polysaccharides. Among many other  colorimetric methods for 
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the  carbohydrate estimation, the phenol-sulphuric acid method is the reliable and easiest  

method. It has been used in the measuring of the neutral sugars present in the glycoproteins, 

proteoglycans, glycolipids and oligosaccharides . This method has been widely used  due to 

its  simplicity and sensitivity procedure.  

In this phenol-sulphuric acid method the sample was grinded finely into powder and then 

0.1g of sample was taken and diluted to 100ml of distilled water and was vortexed so that the 

sample undergo agitation to lead to homogenization of the sample before it was used for the 

estimation. Then glucose standard was prepared for 25 micro gram/100 ml this standard was 

added to the first 6 test tubes in the amount of  0, 0.2, 0.4,0.6, 0.8, 1.0 ml than distillate water 

was added in first 6 test tube amount of 1,0.8,0.6,0.4,0.2,0 ml. The seventh test tube was 

added with 1ml of  prepared sample . Then in each test tube 1ml of 5% of phenol reagent and 

5 ml of concentrated sulphuric acid was added. Then the test tubes were incubated for 20 

minutes in the room temperature after the completion of the incubation time the solution in 

test tube turned in to orange brown colour and then the OD (optical density) was read through 

the colorimeter at 490nm and through help of graphical representation the total carbohydrate 

was estimated of the food sample(26). 

Calculation 

 Carbohydrate%= (Unknown OD× Dilution factor×100)/weight of the sample------Eq. (1) 

 

                                     Fig 3.16: Colorimeter apparatus  

 3.4.2  Estimation of protein in wheat bran flakes 

Protein was estimated through the Kjeldahl method which principle convey that the food is 

digested with the strong acid so that the food releases nitrogen which can be determined with 
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the suitable titration technique. The amount of the protein present in the food is then 

calculated from the amount of the nitrogen concentration present in the food sample.     

The first step in protein estimation was of preparation of the sample. Sample was grinded 

finely into powder than was used for the estimation process. The Kjeldahl method was 

adapted for estimation of protein of the product this Kjeldahl method mainly has three steps 

such as digestion, neutralization and titration process. The digestion of the food sample got 

initiated with the adding 0.5g of copper sulphate, 5g of potassium sulphate to the digestion 

tubes and sample was weighed up to 0.1g than next 15 ml of Concentrated sulphuric acid was 

added to the digestion tubes carefully by using the PPE(personal protective equipment) 

precaution .The digestion tubes were placed in the digestion chamber for around one and half 

hour in the digestion step digestion converts the any nitrogen in the food into ammonia and 

other organic matter such as carbon dioxide and water. Ammonia gas does not get liberated in 

acid solution because ammonia is in form of ammonium ion which binds to the sulphate ion  

and thus remain in the solution. After the digestion is completed the digestion tubes are left 

for cooling at room temperature. Next the second step neutralization was carried out where 

the solution present in digestion tube is made alkaline by the  addition of sodium 

hydroxide(NaOH), which in turn converts ammonium sulphate into ammonia gas. The 

ammonia gas that is formed is than liberated from solution and moves out of digestion flask 

an than into the receiving flask - which contains an 2% of 50 ml boric acid. The low pH of 

the solution in receiving flask converts the ammonia gas into ammonium ion and 

concurrentlychanges boric acid to borate ion.Than the last step is titration in this step the 

nitrogen content was estimated by titration of the formed ammonium borate with 

concentrated hydrochloric acid using and indicator methyl red for confirming of the end 

point. The concentration of hydrogen ions needed to reach end-point is equivalent to 

concentration of the nitrogen that was food sample (27). 

Calculation: 

Nitrogen (N) %= (Burette reading)×0.014/weight of the sample × 100--------Eq. (2) 

Protein % = N% × 6.25( protein factor).------------------------------Eq. (3) 
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Fig 3.17:  Kjeldahl apparatus  

3.4.3  Estimation of moisture content in wheat bran flakes  

Moisture content is the amount of water present in the food sample. Moisture content is used 

in a very wide range of technical and scientific areas ,and is expressed in form of a ratio, 

which can range from 0 that is completely dry to the value of the materials absorbency at the 

level of saturation. 

In the estimation of the moisture content in Wheat bran flakes the standard oven method was 

adapted where initially the sample was powdered finely through the help of Piston and 

mortar. The petri dish was kept in oven for 10 minutes to ensure there is no water content and 

dish is completely dry, than the petri dish was taken out from the oven a cooled in the 

desiccator after cooling the empty weight of dish was weighed and noted down that is 

W1.Than 10g of sample was added into petri dish weight was noted down that is W2 and 

then petri dish was kept in oven at 105 °C with lid open until the weight is obtained constant 

it took 4 hours for the complete loss of Moisture from food sample. The petri dish lid was 

closed while taking out of oven after 4 hours and placed in desiccator to cool completely, 

then after cooling of petri dish the weight was noted down that is W3 and the Calculation was 

carried out (According to FSSAI) (27). 

Calculation: (W2-W3)/(W2-W1) × 100-------------Eq. (4) 
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W1- weight of empty petri dish 

W2- weight of petri dish with sample 

W3- weight of petri dish after drying 

Moisture content of the food sample 

 

Fig 3.18: Hot air oven  

3.4.4  Estimation of total ash and acid insoluble ash of wheat bran flakes  

Ash contentof the food sample states to inorganic residue remaining after the ignition or the 

total oxidation of the organic matter present in the food sample. The inorganic residue 

primarily contains primarily of the micronutrients which are present in food sample. 

Acid insoluble ash content is the proportion of the food sample that is not hydrolysed by the 

acid and is not properly volatilised by the incineration of this Acid Insoluble Residue present 

in the food sample 

The total ash content of wheat bran flakes was estimated through following procedure that is 

the empty weight of crucible was weighed that is W1 than 5g of finely powdered sample was 

added into crucible after addition of sample the weight was noted that is W2.The crucible was 

kept in muffle furnace at temperature of 520 degree °C for 4 hours, after 4 hours of ignition 

the ash is formed in the crucible than crucible is taken out the muffle furnace and completely 

cooled in the desiccator. Then cooled crucible is weighed that is W3. Then calculation is 

carried out. Then the acid insoluble ash is performance by taking the crucible which has ash 

in it. The crucible is added with 5ml of 5N HCl and standing time is given for 2 minutes than 

the solution present in the crucible is filtered through the ash less filter paper after filtration 

the filtrate along with the filter paper is kept in the same crucible and placed in the muffle 
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furnace at temperature of 520 °C for 4 hours and after ignition crucible is cooled in desiccator 

and crucible is weighed that is W4 than calculation was carried out (26).  

Calculation: Total ash= (W3-W1)/((W2-W1)(100-M))  × 10,000 ---------Eq. (5) 

W1- weight of the empty crucible  

W2- weight of the crucible with sample  

W3- weight of the crucible after ignition 

M- Moisture content of the food sample  

Calculation: Acid insoluble ash (AIA) = (W4-W1)/((100-m)(W2-W1)) × 100-----Equation(6) 

W1- weight of the empty crucible  

W2- weight of the crucible with sample 

W4- weight of the crucible after 8 hours of ignition 

M- Moisture content of the food 

 

                                    Fig 3.19 Muffle furnace apparatus  

 

3.4.5  Estimation of fat and acidity of extracted fat(AEF) of wheat bran 

flakes  
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Total fat of the wheat bran flakes was estimated through Soxhlet procedure and Acidity of 

extracted fat was assessed through titration method. The Acidity of extracted fat indicates the 

rancidity of the of the food sample. According to FSSAI (Food safety and standards authority 

of India) has claimed that the Acidity of extracted fat of baked foods should not be more than 

1.5%. 

The total fat present in wheat bran flakes was estimated by Soxhlet procedure that is first the 

empty thimble weight was weighed (T1) and then 10g of finely powdered sample was added 

in the thimble and thimble was weighed (T2). Then petroleum ether was the organic solvent 

used for the extraction process. Petroleum ether is non-polar solvent which forms an 

homogeneous mixture and is of low cost. Boiling point of petroleum ether is 70 °C .The 

empty weight of round bottom flask was noted down(RBF1).Than petroleum ether is added 

to the round bottom flask. The flask is attached to an extractor and followed with condenser. 

The thimble is placed insideextractor and round bottom flask is placed on heating mantle at 

70 ºC. The petroleum ether boils in the round bottom flask and get vaporized and condensed 

back through extractor and then back to round bottom flask. The Soxhlet process was made to 

run for completion of the twenty cycles and then the fat get settled at the bottom of round 

bottom flask and the flask is weighed(RBF2).Then for Acidity of extracted fat process goes 

hand in hand with the fat extraction process where the fat present in the round bottom flask is 

added with the 50 ml of  97% ethanol than phenolphthalein indicator is added up to 8 drops 

and titrated against 0.1N NaOH until the solution turns pink which is the end  point of the 

titration. the amount of NaOH consumed was noted down and then calculation was carried 

out(28). 

Calculation: Total fat = (T2-T1)/(RBF1-RBF2) × 100---------Eq.(7) 

T1-Weight of empty thimble  

T2-Weight of thimble with sample  

RBF1- Weight of empty the round bottom flask  

RBF2- Weight of the round bottom flask with fat(After extraction) 

Calculation: AEF = (TV× Normality of NaOH×28.2)/(RBF2-RBF1)×100------Eq.(8)   

TV- Titration value 

 RBF1- Weight of empty round bottom flask  
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RBF2- Weight of round bottom flask with fat (After extraction) 

 

 

 

      Fig 3.20: Soxhlet Apparatus 

 

3.4.6 Microbiological analysis of wheat bran flakes  

Microbiological analysis of the food product is the use of biological, molecular, chemical and 

biochemical approaches for the identification, enumeration and detection of the 

microorganisms in a material (e.g., Food or drink). It is often applied to spoilage and diseases 

causing microorganisms. The microbial analysis plays an important role due to many of the 

microbes are harmless to the human health, others can lead to serious problems also. They 

have the complete capacity to spoil the food product, cause disease and also introduce the 

toxin in food. The importance of microbiological testing is to quickly identify the 

contaminants and treat them before they undergo irreversible damage and effect the human 

health.  

In the microbial analysis of wheat bran flakes The total plate count method was adapted 

where total bacterial concentration is known after incubation of 24 hours. The nutrient agar 

medium was used where the media was prepared as per following that is media was prepared 
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for 250 ml with the composition 0.5g of yeast extract, peptone 1.25g, sodium chloride 1.25g, 

agar 3.75g, beef extract 0.25g and 250ml of distilled water. The petri plates, prepared media 

was sterilized in auto clave for 1 hour at 15 Lb pressure and then the 1 gram of powdered 

sample of wheat bran flakes was taken and serially diluted in the 10 ml of sterilized distilled 

water of ratio 10-1,10-2 and 10-3. 

 And then the media and petri dish were made to cool in laminar air flow and then 1ml of 

serially diluted sample was added to the three  petri dish respectively and then the media was 

added and was gently shaken so that sample and the media was  mixed uniformly than the 

media was allowed to cool and get solidified than kept in incubator at 32 degree temperature 

for 24 hours and then the results were noted down and the number of colonies were counted 

manually after completion of the incubation period(29). 

Calculation: CFU/m= (Number of colonies × total dilution factor)/vol of the culture plated in 

ml-------------------------Eq (9). 

CFU= colony for unit 

3.5  Shelf-life study of the wheat bran flakes  

Shelf-life is the time period within which the food product retains its all-quality 

characteristics which is suitable for the human consumption and does not have any adverse 

effect on health when consumed. In a food industry, shelf life of a food product is time amid 

the packaging of the food product and the time when it becomes improper for consumption 

under few environmental conditions. There are many factors that effects the Shelf-life of the 

food product such as firstly Intrinsic factors such as the raw materials, composition of the 

product (additive added), total acidity and available oxygen. Second factor is extrinsic factors 

such as exposure to sunlight, temperature, humidity and damage in packaging.  

In the Shelf-life study of the wheat bran flakes the product was manufactured and 

warehoused or stored in the air tight container at room temperature. The Shelf-life study was 

carried out for one month where the parameters involved in the Shelf-life study were 

Moisture content, Acidity of extracted fat, Taste and crispness of the wheat bran flakes. The 

Shelf-life study was supported out twice in a week and the results were noted down  

For the moisture content of Wheat bran flakes the standard oven method was adapted, 

Acidity of extracted fat was estimated through Soxhlet and titration method and sensory 

attributes were involved in taste and crispness of the wheat bran flakes. The purpose of the 
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shelf-life study is to benefit the consumers to feel safe while eating food product and to 

convey information about the food product.The shelf-life of the  food product should only be 

considered valid only if the product has been purchased intact and undamaged manner. 

Consumers must always follow the manufacturers' instructions and guidelines on the storage 

of the food product, particularly the temperature and use of the product after opening the 

lid(28). 

 

CHAPTER 4               

                                RESULTS AND DISCUSSIONS 

4.1 Sensory evaluation of wheat bran flakes (WF2) 

 

                                                 Fig. 4.1: Sensory evaluation  

 

 

                                      Fig.4.2: Panellist’s during sensory evaluation 
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The sensory evaluation of the first formulation was carried out that is WF1.It contained the 

more amount of wheat flour that is 40g and 20g of wheat bran per 100g of the composition 

other ingredients were added in same quantity .Total 15 panelists were involved in the 

sensory evolution where the attributes were rated as below form Table. No. 13 the panelists 

mainly did not appreciate the taste as it was slight bitter and crispness was not up to the mark 

and the texture was good. Out of  5 attributes the panelists only liked the aroma of the first 

formulation and other attributes did not match up to the expectation .so the mean 

acceptability is 2.7 out of 5 scale according to the panellist’s decision of the formulation 

WF1.From the graph mentioned that is Fig.4.1.5.Indicates that the aroma attribute was liked 

and accepted more and the overall acceptability of the first formulated product is less. The 

total mean of respective attributes where the appearance was 3.26,Taste was 2.66,Mouth feel 

was 2.60,Aroma was 4.06, Texture was 3.60. 

 

                 Table  4.1: Sensory evaluation scores of the formulation WF1 

Attributes 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total 

sum 

Mean 

Appearnce 4 3 3 4 3 4 3 2 3 4 3 2 3 4 4 49 3.26 

Taste 3 2 3 3 2 2 3 3 3 2 3 3 2 3 3 40 2.66 

Mouth feel 3 3 3 2 2 3 2 3 2 3 3 2 3 2 3 39 2.60 

Aroma 4 5 4 4 4 4 4 4 3 4 4 4 4 4 5 61 4.06 

Textrure 4 3 4 3 4 4 3 4 4 3 4 4 3 3 4 54 3.60 

Acceptability 3 3 2 3 3 3 2 3 2 3 2 3 3 3 3 41 2.73 
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            Fig.4.3: Graphical representation of the attributes and acceptability rate of WF1 

In the second formulation that was WF2 the equal amount wheat flour and wheat bran that is 

30g each for 100g of composition of the wheat bran flakes was added.This formulation was 

accepted the most among the three formulations this was justified through the following 

tableNo.14 and graphical representation Fig.4.4 all the attributes were more liked by the 

panelists due to good mouth feel and crispiness of the flakes the Overall Acceptability is 4.53 

for the scale of 5.The respective total mean of the attributes were appearnace was 4.26,taste 

was 4.60, mouth feel was 4.33,aroma was 4.6,texture was 4.066 these total mean of the 

attributes were for the scale of 5. The same sample for taken for the further proximate 

analysis of flakes. 

           Table 4.2 : Sensory evaluation scores of formulation WF2 

Attributes 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total 

sum 

Mean 

Appearnce 4 5 4 4 5 5 4 4 4 5 5 5 4 5 5 64 4.26 

Taste 5 5 5 5 5 4 5 4 4 5 5 4 4 5 4 69 4.60 

Mouth feel 4 4 4 4 5 4 5 5 4 5 4 5 4 4 4 65 4.33 

Aroma 4 5 4 4 4 4 4 4 3 4 4 4 4 4 5 61 4.06 

Textrure 4 4 4 4 4 4 4 4 4 5 4 4 3 5 4 61 4.06 

Acceptability 5 4 5 4 5 4 5 4 4 5 4 4 5 5 5 68 4.50 

x-Attributes 

Y-Rate of acceptability 
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                   Fig.4.4: Graph represents the attributes and acceptability rate of WF2 

 

The third formulation mainly consists of the more quantity of wheat bran and less amount of 

wheat flour that is 40g and 20g respectively. The panelists liked the texture and the aroma 

more than other attributes in the flakes the mouth feel was the lowest rated attribute because 

the taste of the bran was left out more at the end of the sensory and even the bran particles 

were left out at the end of chewing made panelists to dislike the overall mouth feel .The 

following table No and Fig mainly shows the overall acceptability rate that is 3.06 the 

respective total mean of the attributes were Appearance was 3.133,Taste was 3.200, Mouth 

feel 2.600,Aroma was 3.666, Texture 3.533. 

Table4.3: Sensory evaluation of the formulation WF3 

Attributes 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total 

sum 

Mean 

x-Attributes 

Y-Rate of acceptability  
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Appearnce 3 3 3 3 4 3 3 3 3 3 4 3 3 3 3 47 3.13 

Taste 3 3 3 4 3 3 3 3 3 4 3 3 4 3 3 48 3.20 

Mouth feel 3 3 3 2 2 3 3 3 2 2 3 3 2 2 3 39 2.60 

Aroma 3 4 3 4 5 3 4 2 3 4 4 5 4 3 4 55 3.66 

Textrure 3 4 4 4 3 3 4 3 4 3 4 3 3 4 4 53 3.53 

Acceptability 3 3 2 3 3 3 3 3 3 3 3 4 3 4 3 46 3.06 

Fig.4.5: Graph represents the attributes and acceptability rate of WF3 
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In the Fig.4.6 The Acceptability Comparison of the three formulations were compared where 

the first formulation(WF1) having wheat flour quantity more was having the acceptability 

rate of 2.7. The second formulation (WF2) having both wheat bran and wheat flour in equal 

amount was most accepted among the three formulations of having acceptability rate of 4.53. 

And the third formulation(WF3) having wheat bran in more quantity had the acceptability 

rate of 3.06. Based on the graphical representation of the sensory evolution the second 

formulation was accepted by the panelists regarding of all the attributes and WF2 was taken 

for further proximate analysis.  

4.2  Carbohydrate Estimation of wheat bran flakes (WF2) 

The carbohydrate estimation was carried out through phenol-sulphuric acid method where the 

standard glucose was used as a standard the standard Tabular column is as represented in 

Table. No.4.4.In the Paper (26) the standard procedure adapted was the phenol-sulphuric acid 

method for carbohydrate estimation. 

                                  Table4.4: Standard glucose tabular column 

SL.NO. Standard  Concentration 

     µg/ml 

Distilled 

water  

 

Phenol(5%) 

Sulphuric 

acid  

 

 

Incubation 

for 20 

minutes at 

room 

temperature 

OD at 

490nm  

1 0 0 1  

 

 

       1 ml 

 

 

 

   5 ml 

0 

2 0.2 20 0.8 0.22 

3 0.3 40 0.6 0.4 

4 0.4 60 0.4 0.58 

5 0.5 80 0.2 0.76 

6 0.6 100 0 0.92 

 

                                     Fig.4.7: Prepared standard glucose 
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4.8: incubation at room temperature for 20min            Fig.4.9:  OD read through Colorimeter  

 

 

 

 Fig 4.10 Standard graph of glucose for phenol-sulphuric acid method of carbohydrate 

estimation 

           Table 4.5 : Total carbohydrate percentage in 100g of the wheat bran flakes 

 

Slope Intercept Sample OD Carbohydrate%/100g 

0.0091 0.0229 0.79 84.29 
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The total carbohydrate present in the 100g of the wheat bran flakes is 84.29% the flakes are 

rich in the carbohydrate. According to the paper referred (9 ) the total carbohydrate is 86.53% 

for 100g of the flakes. The wheat flakes have the vital content of the carbohydrate where 

keeps the stomach full for long time period and a good source as the cereal breakfast option. 

4.3 Estimation of protein in wheat bran flakes (WF2) 

The protein estimation was carried out by adapting the Kjeldahl method where the steps like 

Digestion, Neutralization and Titration was carried out of wheat bran flakes. In the Fig.  was 

the stage of completion of the digestion process where all the polypeptides present in sample 

are broken down in to the simpler chemicals such as carbon dioxide and ammonia after the 

completion of digestion the solution turns to ocean blue indicating the completion of process. 

Then in the Fig4.3.2. The Neutralization process was carried out where the sodium hydroxide 

was used  as alkali and the borate ion captures the ammonia gas and the colour changes to 

brown colour than after neutralization process is completed the transparent solution is 

obtained and further in Fig. 4.3.3. Indicating the process of titration with concentrated 

hydrochloric acid with methyl red the end point was pink in colour and the amount of 

hydrochloric acid used up during Titration was noted down(27) . 

Calculation: Nitrogen %= ( (2.34)×0.1×0.014/0.13)× 100 

                                       = 2.52% 

Protein % = 2.52 × 6.25( protein factor). 

                = 15.75% 

In the above referred papers that is (Rene, 2019) the total protein estimated was 16.5% for 

100g of the sample. In the protein estimation of wheat bran flakes the percentage of nitrogen 

was 2.52% and the total protein is 15.75% for 100g sample of wheat bran flakes. So, the 

paper the protein present in 100g of wheat bran ranges from 14% to 17%  so the obtained 

protein content falls between the range of standard value. The percentage of protein content 

varies according to the different protein rich ingredients added as the part of  food product. 
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                                       Fig.4.10: Digestion process of the sample       

 

 

                        Fig.4.11: Neutralization process through Kjeldahl apparatus                       

 

                                      Fig.4.12:Titration process of the sample 

 

4.4 Estimation of moisture content in wheat bran flakes (WF2) 
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The moisture determination of wheat bran flakes was carried out with the standard oven 

method its self where the petri dish with sample and lid open was kept in the oven for 4 hours 

and Calculation was carried out(27) 

Calculation: M=((W2-W3)/(W2-W1)) × 100 

W1- 88.933               

W2- 98.869 

W3- 98.220 

 Moisture %= ((98.869-98.220)/(98.869-88.933))×100 

                           = 6.53%. 

The standard Moisture is 7% t0 9% according to AOAC the obtained Moisture of the wheat 

bran flakes of WF2 is 6.54% which falls within the range of the standard value the moisture 

content of the sample plays vital role where if value is more or out of the specification than 

the product will not be able to retain its quality characteristics and the degradation of the 

product will be in short time period and high Moisture content results in the growth of the 

microbes. 

 

 Fig.4.13: Petri dish with sample placed in hot air oven               Fig.4.14:  Petri dish kept in 

oven  
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4.5 Estimation of total ash and acid insoluble ash (WF2) 

The total ash and acid insoluble ash were valued in a continue procedure where the Sample 

was ignited for 4 hours in Total ash estimation and the same ash was dissolved in 

Concentrated HCl and filtered through ash less filter paper and then was ignited for 4 hours to 

get acid insoluble ash of the sample(According to AOAC). 

Calculation: Total ash= (W3-W1)/((W2-W1)(100-M))  × 10,000  

W1- 73.254 

W2- 78.209 

W3- 73.287 

M- 6.53 

Total ash= (73.287-73.254)/((78.209-73.254)(100-6.53))  × 10,000  

Total ash   = 0.72% 

Calculation : Acid insoluble ash (AIA) = (W4-W1)/((100-m)(W2-W1)) × 100 

W1- 73.254 

W2- 78.209 

W4- 73.256 

M- 6.53 

 Acid insoluble ash (AIA) = (73.256-73.254)/((100-6.53)(78.209-73.254)) × 100 

  AIA= 0.063% 

 

According to the AOAC that is association of official analytical chemists contains technical 

specifications and  criteria designed to be consistently used for the analysis of the food 

samples as per the AOAC standards the maximum total ash is 1% and acid insoluble ash is 

0.1% of the baked food products. So the obtained total ash and acid insoluble ash of the 

wheat bran flakes is 0.72% and 0.063% respectively  which are within the standard values. 

So, the product is acceptable in regarding of total ash and Acid insoluble ash parameter. 
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 Total ash 

Fig 4.15: Crucible with sample kept in muffle     Fig 4.16: Ash formed after ignition for 4 hrs      

Furnace  

Acid insoluble ash  

Fig.4.17: Filtration of ash with Conc.HCl    Fig. 4.18: Ignition along with ash less paper 
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  Fig 4.19: Ash formed after ignition of 4 hours along with ash less paper 

4.6  Estimation of total fat and acidity of extracted fat(WF2) 

The fat content and the acidity of extracted fat was carried out with the Soxhlet process and 

the values were expressed in the form of percentage. The Calculation of the total fat and 

Acidity of extracted fat is as mentioned below(35) 

Calculation : Total fat =( (RBF2- RBF1)/T2-T1))× 100 

T1- 1.110 

T2- 11.110 

RBF1-  139.500 

RBF2- 139.5496 

Total fat =( (139.5486-139.500)/(11.110-1.110))×100 

Total ash  = 4.96% 

Calculation: AEF = (TV× Normality of NaOH×28.2)/(RBF2-RBF1) 

 TV- 1.5 

 RBF1- 139.500 

 RBF2- 141.7354 

 AEF=( 1.5×0.05×28.2)/(141.7354-139.500) 

 AEF= 0.9164% 

The total Fat percentage obtained was 4.96% for 100g of the sample according to the 

standard AOAC the fat percentage ranges from 4% to 6% per 100g of the flakes so as the 

obtained Total fat of the wheat bran flakes is within the range of the specification the product 

is acceptable in terms of total Fat percentage. The AEF according to FSSAI standards the 

maximum AEF is 1.5%  where the obtained AEF of the wheat bran flakes is 0.916%  for 

100g of the sample so even the AEF is within the standard specifications and AEF range was 

acceptable.The total fat and AEF plays an important role in the rancidity aspect so as the both 

Total fat and AEF are not out of specification so no chances of causing rancidity. 
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 Fig. 4.20: Soxhlet process for extraction of fat    Fig.4.21: Titration process for 

AEFestimation  

4.7  Microbial analysis of wheat bran flakes(WF2) 

 While many of the microbes are harmless to the human health but there are few microbes   

which causes serious helath issues to human and microbes can induce the toxin and sopil the 

food and cause disease to the human health. Due to this reason the microbial analysis is 

carried to avoid the irreversible action of the microbes. The microbial analysis was carried 

out with the pour plate method through serial dilution procedure and the incubation was 

carried out of 48 hours and the results were observed(50). 

             Table  4.5 : Microbial analysis of W2 formulation on nutrient agar media 

Samples  10-1 10-2 10-3 

Number of colonies 1 0 0 

CFU/ml 1×10-1 0 0 
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The microbial growth was oberved only in the 10-1 dilution of the perti plate where  only one  

colony was observed .In the dilutions 10-2  and 10-3 no colonies were observed. 

 Fig 4.22: WF2(10-1) on NA                                                Fig 4.23: WF2(10-2) on NA 

 

 

 

 

  Fig 4.24: WF2(10-3) on NA                                                            
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4.8  Shelf-life study of wheat bran flakes 

Shelf-life study was carried for totally 32 days and the Shelf-life study were carried out for 

alteratnative 4 days with the four attributes such as Moisture, Acidity of extracted fat, taste 

and crispness of the flakes. During the Shelf-life study it was observed that the 1st and 4th day 

had a Moisture differences of just 0.29% the moisture content were 6.53 and 6.82 

respectively. The Acidity of extracted fat remained same for the 1st and 4th day and taste, 

crispness were retained exactly as the day of manufacturers or flakes were made. Next in up 

comping 8th and 12th that is second Week the acidity of extracted fat got raised for 0.01% 

when compared to previous days. The moisture content was 7.01% and 7.35% for 8th and 12th 

day respectively and there Was no change in the tatse and crispness of the flakes. During the 

16th and 20h day the moisture content increased that is 7.51% and 7.92% respectively the 

acidity of extracted fat,tatse and crispness remained same for the second Week of study. 

During the 24h and 28th  day of study the moisture content was 8.01% and 8.45%, AEF was 

0.07% and 0.08%, there was a observeable change in the tatse and crispness where the tatse 

was slight bitter and flakes were got softer and was not much crispier as the previous days.On 

the last day of the Shelf-life study that is on 32nd day the moisture was 8.82%, Acidity of 

extracted fat was 0.08% and the tatse was bitter at the end of the mouth feel and flakes were 

less crisp. The moisture content and the acidity of extracted fat were within the standard 

specifications through out the Shelf-life study. 

Table 4.6 : Shelf-life study of wheat bran flakes with the attributes -Moisture, AEF, 

crispness and taste. 

Week Day Moisture 

(%) 

Acidity of 

extracted 

fat(%) 

Taste Crispiness 

Week 

1 

1 6.53 0.05 Good  Brittle 

4 6.82 0.05 Good mouth feel  Brittle  

Week 

2 

8 7.01 0.06 Good Brittle  

12 7.35 0.06 Good Brittle  

Week 16 7.51 0.06 Good Brittle  
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3 20 7.92 0.07 Good   Brittle  

Week 

4 

24 8.01 0.07 Little bitter Soft 

28 8.45 0.08 Little bitter  soft 

Week 

5 

32 8.82 0.08 Little bitter  Easy to break  

 

 

 

4.9 Nutritional comparison of the flakes 

            Table 4.7:  Nutrient comparison of the wheat bran flakes and other flakes 

Sl. No Nutrients% for 

100g 

Wheat bran flakes Other flakes 

1 Carbohydrate 84.29 % 82-86% 

2 Protein 15.75% 12-16% 

3 Fat 4.96% 0-6% 

 

In the above Table 4.7 the nutrient comparison of the wheat bran flakes and other flakes can 

be observed where the nutrient content falls in the same margin of both the flakes. But the 

difference is that the others flakes present in the market have the components such as sugar 

and maida which are not healthy to the human body but the wheat bran flakes produced do 

not contain maida as well as sugar .The sugar is replaced with the jaggery, maida is replaced 

with wheat flour the replaced components adds the beneficiary ingredients to the human body 

which makes the flakes more nutritious.  
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CHAPTER 5 

CONCLUSION 

The wheat bran flakes product was developed with the three formulations with different 

varying ingredients that is wheat bran and wheat flour along with seeds the formulation 

developed and coded as WF1,WF2 and WF3.  Firstly, the sensory evaluation of the product 

was carried out with 5 scale hedonic method and WF2(wheat bran 20g,wheat flour 40g) 

formulation was rated the most liked formulations compared to other two formulations. 

Proximate analysis was carried out where the total carbohydrates obtained for 100g was 

84.29% , total Protein was 15.75%, moisture content was 6.53%, Total ash was 0.72%, acid 

Insoluble Ash was 0.063% Total fat was4.96% per 100g of the wheat bran flakes and acidity 

of extracted fat was 0.916% . The microbial analysis was carried out where only one colony 

was found in the first formulation that is WF1 and no colonies were found in other two 

formulations. In the Shelf-life study reveals that of the wheat bran flakes the study was 

carried out for 32 days where the parameters such as moisture content and acidity of 

extracted fat were within the standard specifications even at the end day of the Shelf-life 

study. The present study concluded that the wheat bran flakes were rich nutrients  good 

breakfast cereal for human consumption. 

 

 

 

 

 

 



Development of wheat bran flakes incorporated with pomegranate and pumpkin seeds 

 

Department of Biotechnology, BEC Bagalkote Page 53 
 

 

 

 

 

FUTURE PROSPECT 

In the further phase of the project the nutritional content of the wheat bran flakes can be 

increased more with addition of the antioxidants and vitamins. The wheat bran flakes can be 

produced in large scale also further modifications can be carried out for improving the 

nutrient margin as well as the flavour of the product. The cost estimation of the product can 

also be improved. 
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ABSTRACT 

 
Developing the new products that has benefits have become the current trend in the 

market. The customers are facing issues due to improper balance of nutrition in day to 

day life.Hence in this study the new bread with extract of Malabar spinach fruit which 

is rich with protein and wheat grass powder which can treat certain diseases has been 

developed in order to benefit the consumers with nutrients.Wheat flour and maida 

flour are used to make different combinations to create bread. Four different flour 

combinations are prepared, keeping the wheat grass and malabar fruit extract constant. 

After developing the bread it is analyzed for its nutritional value. Carbohydrates, 

protein, fat, total ash, moisture and sensory analyses are performed on the developed 

bread. The most preferable combination is 50 gm wheat flour + 50 gm maida flour 

with other raw materials mentioned in the figure from 3.3 to 3.10. This combination 

have shown good value as a nutritional content, such as for carbohydrates 69 μg/ml, 

protein 18 %, fat 7.5 %, moisture 14.6 %, total ash value 6.32 % and in the preference 

test, most of the panelist have given their preference for this combination. A 

nutritional rich bread was developed to over come the bad effects of refined flour 

bread.



CHAPTER 1 

 

INTRODUCTION 
 

The world is consuming increased amount of refined foods which have only 

carbohydrates devoid of other nutrients, these are causing many health problems in 

people. These processed foods are known to be less nutrient because of their bran 

removal during the process. Such example include the bread made of refined flour 

known as maida flour has many problems when consumed daily in the large amount. 

As the refined flour is less in fiber content and other nutrients, it leads to constipation 

and irregular bowel movements. This study is to benefit the health of the consumers 

and reap the benefits of the natural occurring active compounds which have a 

beneficial effects on the human body.  

 

 

Fig 1.1: Wheat grass plant 

Wheat grass (Triticumaestivum) is local to southwest Asia and the Mediterranean area 

and is cultivated practically all around the world. It is a tufted grass plant of Poaceae 

family. The plant arrives at up to the level of 30 to 90 cm. The leaves of the plant are 

level or to some degree rolled,  have long and thin leaves  bloomed from a single seed 

which has a broadness up to 1.3 cm. A sum of twenty types of T. aestivum recorded 

overall generally out of which eight types of wheat grass are purportedly found in 

India. Wheat grass is known for its therapeutic properties during past and in present as 

they boost the health of humans and animals [1]. 

 

Wheat grass juice has a rich wellsprings of dietary fibre which helps to loose weight 

and it contains immune system essential compounds such as Vitamin C, A and E. 

Wheat grass is a gluten free juice which is consumed widely around the world. Wheat 

grass is known to increase the enzyme activity of the liver which speed up the 



reactions of breaking down the food and toxins in our body. Wheat grass is anti-

inflammatory agent and has a healing properties such as infection in the digestive 

system and  drastic stomach ache [2]. 

 

Wheat grass chlorophyll is high in oxygen content which help to wash out the toxins 

or stored drugs from the body. Wheat grass also help to forestall the tooth decay in the 

humans when taken in a limited quantity per day. The skin issues such as dermatitis 

can be prevented by consuming the juice of wheat grass which is also known as green 

blood juice. Wheat grass juice is considered to be the best juice when compared to 

other herbal juices such as carrot and beetroot juices [3]. 

 

Wheat grass has 70% of the chlorophyll in it, as a result of this it is known as green 

blood. The green blood has some antimicrobial properties and it forestall the 

sicknesses in the people by capturing the development of unfavorable growth of 

microorganisms which are answerable to certain skin or body infections. The bio- 

flavonoid such as vitamin C that occur in wheat grass juice can inhibit the growth of  

Candida albicans [4].As a substitute to the chemical antibiotics , it is necessary to 

explore and utilize the naturally occurring antibacterial plants which had shown their 

antibacterial activity against many infection caused by bacteria [5]. 

 

The identical structure of  Hemoglobin from human body and Chlorophyll from wheat 

grass have an effective way of building the blood from Chlorophyll derivatives in the 

body when consumed daily with limited quantity. From the study it is also confirmed 

that anemic animals have enhanced RBC cells when treated with chlorophyll 

derivatives [6]. The service of buying the Wheat grass tablets is available in the 

market due to its astonishing nutrition and therapeutics properties.  

 

Malabar spinach is a common name for Basella plant. Basella alba 

andBasellarubraare the two conventional restorative plants with family Basellaceae. 

The difference between these two plants can be seen through their stem 

colour( Basellarubrahas red stem and Basella alba has green stem) and the length of 

the leaves(Basella alba have leaf width of 21.4 cm whereasBasellarubra have leaf 

width of 14.8 cm) [7].These plants are known for their medicinal properties in Indian 

medicine system to treat inflammation in the body and also used for treating the 



modern problem i,e constipation. These herbs contains the plenty of vitamins such as 

niacin, vitamin C. Whole Basella plant is known for its rehabilitate functions with the 

properties of anticancer, antioxidant, anti-ulcer, anti-cholesterol and others [8]. 

 

Fig 1.2: Basellarubraplant 

Malabar spinach fruits are high in total dietary fibre content i.e, 32.52 gm per 100 gm, 

in which soluble dietary fibre is 12.34 gm/100 gm and insoluble dietary fibre is 20.16 

gm/100 gm [9].  

 

Basellarubra and Basella alba both have antibacterial properties and has shown 

gigantic potential in androgenic, ulcer treatment, cytotoxic,, focal sensory system 

(CNS) depressant action, cell reinforcement,  nephroprotective  and so forth [10]. 

 

Fig 1.3: Basellarubra fruits 

A red pigment known as Betalains is extracted from the fruits ofBasellarubrawhich 

have numerous utilization in the field of nutraceutical and food industries. These 

industry can use natural food colors from betalains an alternative to synthetic food 

colors. This pigment retention will be greater at 0°C. It is heat sensitive pigment [11]. 

 

Basellarubrais considered as a medicinal plant based on various experiments 

conducted on it and its success rate. As hematological parameters are important to the 

livings beings which includes RBC, WBC and other parameters, there is a evidence of 



increased cells of WBC,  by changing the capacity of oxygen carried by the blood 

[12]. 

 

In this study the nutritional rich bread was prepared considering the benefits of both 

Wheat grass and Fruit juice of Basellarubrain the view to aid benefits to the people.  

 

 

 

 

 



CHAPTER 2 

REVIEW OF LITERATURE 

 

Health benefits and Nutritional value of wheat grass 

The wheat grass plant is a rich source of many vitamins, minerals and have many 

health benefits such as Anti-diabetic, Antioxidants shown in the table 2.1.  

 

Table 2.1 Nutritional value and health benefit of wheat grass plant 

 

The important contents of wheat grass is vitamins, such as Vitamin A will help in 

curing the black spots around the eyes and in improving eye sight [1]. Sickness such 

as common cold and Bleeding gums can be prevented by consuming wheat grass that 

has more amount of vitamin C when compared to orange [2]. The composition of Red 

Blood cells and Wheat grass juice has a similarity in structure, hence it helps in 

Sl.No Plant Study References 

1 Wheat grass Activities such as Anti-diabetic, 

Antioxidant, Anti-ulcer, Anti-

cancer etc 

ShailjaChoudharyet al. 

2021  

[1] 

2 Wheat grass Rich source of minerals such as 

calcium, phosphorous etc and 

Vitamins such as A , B, K etc 

Rajesh Mujoriyaet al., 

2011  

[2] 

3 Wheat grass Growing and harvesting 

methods of Wheat grass 

Abe Tullo, 2021 

 [3] 

4 Wheat grass Anti- fungal property Vishnu Prasanna 

et al., 2016  

[4] 

5 Wheat grass Mineral uses Deshwal V K 

et al., 2018  

[5] 

6 Wheat grass Improvement in diabetes, 

Rheumatoid Arthritis and 

inflammatory conditions 

SatyavatiRana 

et al., 2011 

 [6] 



increasing RBC cells in the body [3]. The skin diseases such as Gangrene, skin itching, 

eczema has shown to reduce when the patients has been given the dose of wheat grass 

juice on daily basis [4]. The mineral such as iron in the wheat grass helps in reducing 

the laziness and insomnia and calcium will prevent easy bone breakage and potassium 

will be used by the body to reduce the depression and dementia [5]. The other benefits 

of the green blood tonic includes preventing kidney stones, hair loss, fatigue and has 

shown the improvement in diabetes etc [6]. 

 

Morphology ofBasella species and uses of their pigments 

Malabar spinach is a edible plant of the family Basellaceae. The leaves, stem and 

fruits of this plant have healing properties due to its nutritional content. The benefits 

of this plant is shown in the table 2.2. 
 

Table 2.2 Morphology trait ofBasella species and their pigments 

 

The vine spinach also known as Malabar spinach is the common name for 

Basellaspecies, But the difference can be made through the pigment present in the 

veins of the leaves [7]. The red pigment known as Betalains are present in 

Basellarubra whereas the Chlorophyll pigment is retained in the veins of Basella alba 

Sl.No Plant Study References 

7 Malabar spinach Morphology trait Bianca Elena Tanaseet al., 2020 

[7] 

8 Malabar spinach Morphology trait Ajay Chaurasiyaet al., 2021  

[8] 

9 Malabar spinach Stability of betalains SandopuSravan Kumar et al., 

2016 

[9] 

10 Malabar spinach Thermal stability of 

betalains 

Shu-Mei Lin et al., 2010 

 [10] 

11 Malabar spinach Thermal stability of 

betalains 

Pawar N et al., 2018  

[11] 

12 Malabar spinach Hematological 

parameters 

Deep ShikhaSonkaret al., 2012 

[12] 



[8]. The temperature at which the betalains are highly degraded is 120°C, were as the 

temperature at which there is a slightly damage in the nutritional value of the extract 

was 0°C [9]. The pigment retention is greatly effected by its internal pH concentration 

[10]. It is observed that under the dark conditions and at temperature  4°C the pigment 

retained was the highest, in comparison with the other temperature [11]. The aqueous 

extract of the basella fruit showed  increased amount of RBC cells in the animal 

studies[12].  

 

Anti-microbial and Anti-oxidant property of Wheat grass 

The wheat grass powder has shown to suppress the microorganisms due to its anti-

microbial property. The other properties of the wheat grass has shown in the table 2.3. 

 

Table 2.3 Anti-microbial and Anti-oxidant property 

Sl.No Plant Study References 

13 Wheat grass Wheat grass capsules as Anti-

inflammatory agent 

Dina Anwar A 

et al., 2015 

[13] 

14 Wheat grass Anti- microbial property MeghaMuraliet al., 2016 

[14] 

15 Wheat grass Secondary metabolites action Yogesha Mohan et al., 2013 

[15] 

16 Wheat grass Saponins, phenol action LadusinghRajpurohit 

et al., 2015 

[16] 

17 Wheat grass Anti-microbial action against 

E.coli bacterial strain 

Anu Agarwal et al., 2015 

[17] 

18 Wheat grass Anti-microbial action ElifAkbaset al., 2017 

[18] 

19 Wheat grass Sensitive species to wheat 

grass 

Yang F et al., 2001 

[19] 

20 Wheat grass Antioxidant analysis methods Satarupa Roy et al., 2018 

[20] 



 

In the market the capsules of wheat grass are available as the anti-inflammatory agent 

and as a better immunity capsules[13]. The growth and multiplication of various 

micro-organisms is suppressed or inhibited or even destroyed by the Anti-microbial 

agent present in the wheat grass [14]. The Indian medicinal wheat grass plant has 

increased sensitivity against number of bacterial strains due to its secondary 

metabolite actions [15]. Phenol, Saponins are responsible for this action as they 

contain biological effects such as Anti-inflammatory and Anti-microbial effects [16]. 

The bacterial strains such as E.coli and K. Pneumonia had shown increased zone of 

inhibition when the highest concentration of wheat grass extract was added into the 

Mullar Hinton agar plates [17]. The concentration at which the Anti-microbial action 

starts in wheat grass juice is 2 μL [18]. The most sensitive species that is suppressed 

from wheat grass is bacillus species[19]. Some of the antioxidants present in the 

wheat grass was identified through AOAC methods and other by HPLC method[20]. 

The wheat grass extracted from hexane solvent shows the highest inhibition property 

on the bacterial species [21]. The antioxidants in juice extract will prevent the cell 

damage and have a role in Anti-ageing process [22]. 

 

Treatment of several diseases by wheat grass 

Wheat grass has shown to treat some of the diseases. The pigment of the wheat grass 

has a treatment property. The diseases which are treated with wheat grass has shown 

in the table 2.4. 

 

Table 2.4 Wheat grass in treatment of several diseases  

21 Wheat grass Anti-bacterial property AthulSundaresanet al., 2015 

[21] 

22 Wheatgrass Antioxidant property Sunil Kulkarni et al., 2006 

[22] 

Sl.No Plant Diseases References 

23 Wheat grass Thalassemia Marwaha K et al., 2014 

[23] 

24 Wheat grass Thalassemia Chauhan M, 2014 



 

Thalassemia is genetic disorder is which the hemoglobin will not carry sufficient 

amount of oxygen. This leads to the decreased life span in the patients of the 

thalassemia [23]. The chlorophyll of the wheat grass extract is implicated in the 

clinical studies to increase the induction of HbF in the patients who have a deficiency 

of HbA. Hence HbF compensate the HbA in the thalassemia patients [24]. The iron 

deficiency is a hematological condition in which the circulation of blood have often 

low number of Red blood cells. Daily consumption of 100 ml of freshly extract wheat 

grass juice has shown  increased amount of blood by 3g/dl [25]. The ulcer developed 

in the stomach of rats was cured by the wheat grass extract which showed anti-ulcer 

activity  [26]. 

 

Products of wheat grass 

The different types of products are made from the wheat grass plant. The wheat grass 

is incorporated into the plain product to increase its nutritional value. These products  

are shown in the table 2.5. 

 

Table 2.5 Wheat grass products 

Sl.No Plant Products References 

27 Wheat grass Muffins RashidaRahmanaet al., 2015 

[27] 

28 Wheat grass Cucumber cooler and 

Orange blast with wheat 

grass 

Gautam S et al., 2018 

[28] 

29 Wheat grass Biscuits SuneethaRunjalaet al., 2016 

[29] 

 

[24] 

25 Wheat grass Iron deficiency SuneethaRunjalaet al., 

2013 

[25] 

26 Wheat grass Ulcer Singh N et al., 2012 

[26] 



Muffins is a sweet bakery product which is spongy due to its porous structure. 

Muffins developed with 5 percentage  wheat grass showed the bio-active compounds 

and is overall accepted by the panelist as compared to the other muffins with the 

combinations (10 % and 15 %) [27]. About 20 ml of wheat grass juice in cucumber 

cooler (123 code number) and orange blast (423 code number) has shown the most 

acceptability rate as compared with other combinations ranging from 121 to 125 and 

421 to 425 code number [28]. The biscuits accumulated with 40 gm of wheat grass 

powder with cashews has shown 6mg of iron and 18 gm of protein in 100 gm of 

biscuit [29]. 

 

Nutritional information of Malabar spinach and its consumption rate 

Basellarubraand Basella alba are rich in dietary fibre, vitamin, minerals and their 

consumption is increasing in the world due to their nutritional content. The benefits of 

this plant is shown in table 2.6. 

 

Table 2.6 Nutritional information of Malabar spinach 

 

The Basella alba contains low calories of 90 Kcal for 100 gm dried Basella alba 

leaves. Vitamins such as C is 74 mg and total dietary fibre was found to be 32 gm in 

Sl.No Plant Study References 

30 Malabar spinach Nutrients such as vitamins, 

minerals, dietary fibre etc. 

Sravan Kumar et al., 

2015 

[30] 

31 Malabar spinach Basellarubra characteristics Singh M et al., 2016 

[31] 

32 Malabar spinach Malabar spinach consumption 

rate 

AdeneganAlakindeet 

al., 2014 

[32] 

33 Malabar spinach Vitamin A Marjorie J Haskell et 

al., 2004 

[33] 

34 Malabar spinach Drying methods Oladele O et al., 2009 

[34] 



100 gm of basellaleaves [30]. The edible portion of Basellarubra contain energy of 

23 Kcal and have some antimicrobial effect [31]. In Nigeria, consumption of these 

leaves is higher in women (54.9 %) than the men (40.6%) from the age 15 and above 

[32]. The 60 days supplement of Malabar spinach leaves given to Bangladeshi men 

had shown the increased amount of retinol from 1.15 to 1.24μmol/L [33]. The people 

now know the importance of Malabar spinach and are trying to preserve them 

thorough out the year by drying them with several methods which include sun drying, 

shade and oven drying [34].  

 

 Anti-inflammatory and Anti-microbial properties 

Basellarubraand Basella alba have shown the anti-inflammatory properties in various 

experiments. Their Anti-microbial properties are shown in the table 2.7. 

 

Table 2.7 Anti-inflammatory and Anti-microbial properties 

Sl.No Plant Study References 

35 Malabar spinach Anti-inflammatory activity 

on albino rats 

Krishna Chaitanya, 2012 

[35] 

36 Malabar spinach Anti-microbial activity on 

E.coli, A.nigeretc 

Sen K et al., 2010 

[36] 

37 Malabar spinach Anti-microbial activity on 

S.aureusand E.coli 

Oyewole O. T et al., 2012 

[37] 

38 Malabar spinach Anti-microbial activity on 

A.flavusand Bacillus cereus 

Gabriel 

OlaniranAdegokeet al., 

2017 

[38] 

39 Malabar spinach Anti-inflammatory activity Roshan Adhikari 

et al., 2012 

[39] 

 

The medicinal Basella plant is known for its antimicrobial and other bacterial 

suppressing properties. In the study where the albino rats having inflammation due to 

some factors , the Malabar spinach cotton pellet was implanted to the inflammation 

part where it has shown to decrease the amount of inflammation about 50 % when the 



amount of Malabar spinach is 250 mg/kg [35]. About 50 μl/ml concentration of 

Malabar spinach leaves had shown maximum zone of inhibition (14.3mm) in 

ethanolic extract against E.coli [36].The minimum inhibitory concentration for stem 

of the malabar spinach is 50 mg/ml for E.coli and 100 mg/ml for S.aureus[37]. The 

different phytochemicals such as terpenoids, saponinsetc present in stem, fruit  and 

leaves have shown the anti-microbial properties [38]. It is dose dependent activity, 

which means the higher the doze, the higher the inhibition or destruction of 

microorganisms [39]. 

 

Malabar spinach fruit pigments and their stability 

The red pigment from theBasellaplant can be used as alternative to the synthetic food 

color. Apart from its rich colour, it is also a great source of nutrition. The effect of 

light, temperature on the pigment is mentioned in the table 2.8.  

 

Table 2.8 Pigments and their stability 

 

Sl.No Plant Study References 

40 Malabar spinach Pigment as a colourant 

in food modules 

SandopuSravan Kumar et al., 

2020 

[40] 

41 Malabar spinach Extraction of red-

violet fruit 

Sravan Kumar et al., 2014  

[41] 

42 Malabar spinach Stability of pigment 

anthocyanin 

Eliana Ferreira Ozelaet al., 

2007 

[42] 

43 Malabar spinach Effect of light, pH of 

pigment 

Reshmi S K et al., 2012 

[43] 

 

The betalain pigment from the Malabar spinach has a wide uses in the food model 

systems. They are used in colouring the banana shakes, lemon juices [40]. The 

pigment is extracted by adding water to the 25 gm deseeded fruits of malabar spinach 

by crushing it using mortal and pestle [41]. The anthocyanin stability is studied by its 

colour stability in the presence of sunlight at 25°C for two days. The absorbance is 



measured at 520 nm every 2 hours to know whether the pigment had degraded with 

the effect of light on it [42]. The pigment is not destroyed when it is placed in the dark 

room. Due to light absorption in the pigment the degradation tends to be faster when 

compared with no light effect on betacyanin [43].  

 

Proximate analysis methods 

The food products are analyzed for their nutritional value by various chemical 

methods. The methods are mentioned in the table 2.9.  

 

 

Table 2.9 Proximate analysis methods 

Sl.No Method Study References 

44 Anthrone method Carbohydrates DevindraShakappaBuckan, 

2015 

[44] 

45 Kjeldahl method Protein Hsiaoling Wang et al., 2016 

[45] 

46 Kjeldahl method Protein Hanne K. Maehreet al., 2018 

[46] 

47 Soxhalet method Fat Sofia Pombalet al., 2017 

[47] 

48 Moisture method Water activity Young W et al., 2016 

[48] 

49 Descriptive test Importance of 

sensory analysis 

Tiziana Maria Sirangelo, 2019 

[49] 

50 Triangular, 

descriptive test 

Sensory properties Edgar Chambers, 2019  

[50] 

51 Preference test Comparison 

between the food 

samples 

Fabian DominicusMihafu et 

al., 2020 

[51] 

 

The bio molecule such as carbohydrates is essential for the energy source. Glycemic 

carbohydrates are analyzed by the anthrone method in which sample reacted with 



anthranol turns into dark blue colour which is measured by UV- spectrophotometer at 

620 nano meter [44]. Kjeldahl method is used to analyse the food sample for its 

protein contents which are in micro gram quantities [45]. Protein test is carried by 

other methods such as amino acid analyses method, The lowry method, bradford 

method etc. Among these methods the highest rate of protein is analyzed by kjeldahl 

method [46]. The soxhalet method is not only used in food nutrition testing, it is also 

used in testing the products of pharmaceuticals. The estimation of Fat content of the 

food sample is carried with AOAC (1995) method [47]. The different methods 

applied in analysis of moisture include drying methods namely oven drying, freeze 

drying etc, the chemical methods used is Karl Fischer titration and other indirect 

methods include microwave absorption method. The total ash of food sample is easily 

calculated  when the sample will be burnt fully through muffle furnace, ash is formed 

[48]. The food quality is generally determined by its taste. The good or bad smell, 

taste of the food is easily detectable through our sensory organs. The new product 

developed has to go through some of the sensory analysis methods from which they 

are acceptable in the market [49]. Sensory analysis is a mixture of physiology, 

psychology, nutrition, medicine, chemistry etc, the combinations of these will give the 

overall acceptability of the product [50].  The different types of sensory analysis 

include the Triangular test, descriptive test, paired comparison test, hedonic test etc 

which will give the importance of one or more food samples [51].  

 

2.1 OBJECTIVES 

1. To develop the new product of bread. 

2. To analyse nutritional content of the developed bread. 

3. To evaluate the developed bread through sensory evaluation. 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 3 

MATERIALS AND METHODS 

3.1Raw materials 

The material required for the preparation of bread is easily obtained from nearest 

stores in the market, such as wheat flour, refined flour, wheat grass powder, malabar 

spinach fruit extract, milk, sugar, water, oil, salt and yeast, which were shown in 

figures from 3.1 to 3.10. 

Source of raw materials: The raw material such as Wheat-grass powder is obtained 

from the Amazon online shopping and the red coloured fruit were obtained from the  

3 month old plant of Malabar spinach which had grown in the area of 51 sector, 

Navanagar, Bagalkote. About 150 gm of fresh fruits were taken to extract the juice 

from the fruit for biochemical analysis and the remaining was stored in the freezer at 

the temperature of 0°C for further use. 

Fig 3.1:Wheat 

flour 
Fig 3.2: Refined 

flour 

Fig 3.3: Wheat 

Grass powder 

Fig 3.4: Fruit 

extract of Malabar 

spinach 



3.2 Composition of raw materials for preparation of bread 

Table 3.1: Raw materials composition 

 

The different compositions were prepared by mixing the raw materials which are 

given in the table above. The mixing was done at the room temperature and the 

method to develop the bread is given below. 

 

 

. 

 

 

 

Composition  of

 flours in gm 

Wheat 

grass    

powder 

in gm 

Malabar 

spinach 

berry     

extract   

in ml 

Sugar

 in gm 

Milk

 in 

ml 

Yeast

 in    

gm 

Salt 

in    

gm 

Oil in

 ml 

Water 

in ml 

100 gm of maida 

flour (Control) 

0 0 10 5 10 2 1 10 

25 gm of wheat 

flour + 75 gm of 

maida flour 

5 5 10 5 10 2 1 10 

50 gm of wheat 

flour + 50 gm of 

maida flour 

5 5 10 5 10 2 1 10 

100 gm of 

Wheat flour 

(100 %) 

 

5 5 10 5 10 2 1 10 



 

3.3 Process of making good textured bread 

 

Two main ingredients i.e., Sugar and yeast were dissolved in water  at growing 

temperature such as 32°-35°C 

 

 

Ingredients from table 3.1 are mixed in a bowl and solution of yeast was added to it 

 

 

Mix and keep the dough in an airtight bowl and cover with butter paper around it 

 

 

Proofing or fermentation of dough (minimum 1 hour) 

 

 

Now dough will have Yeasty aroma and was transferred to kitchen surface where 

surface is smooth and pressed with hands 

 

 

Keep the smooth dough in mould which is of rectangular shape and cover it with 

butter paper 

 

 

Second fermentation (30 to 40 mins) 

 

 

The Mould containing dough was transferred into the  preheated oven at 210° C for 

30mins 

 

 

Bread was developed which had a light green colour 

 



Fig 3.11:  Flow chart to develop fortified bread 

 

3.4 The developed bread 

 

 

Fig 3.12: Four different compositions of bread 

 

Compositions: 

1. The bread taken as a control was prepared only from the single flour particularly 

the maida flour without addition of the wheat grass powder and Malabar berry 

extract. 

2. The bread developed by adding 25 gm wheat flour and 75 gm refined flour is 

referred as 25 % in the study. 

3. The bread developed by adding 50 gm wheat flour and 50 gm refined flour is 

referred as 50 %  in the study. 

4. The bread mentioned as 100 % was made entirely by wheat flour where as the 

bread contains the two important raw materials such as  Malabar fruit extract and 

wheat grass powder as an additional components. 

 

Control 25 % 50 % 100 % 



3.5 Proximate analysis of the developed bread 

 

3.5.1 Carbohydrate analysis of developed bread by Anthrone method 

 

 

 

 

Principle: The furfural is formed when the sample is dehydrated by conc.H2SO4. The 

blue colour solution is formed when anthranol condenses the carbohydrates. Using 

colorimeter at 620nm maximum absorption is measured. 

 

Chemicals required:Anthrone reagent, H2SO4, Standard glucose 

 

Procedure: 

1. Glucose stock solution was prepared by dissolving 10 mg of glucose in 10 ml of 

distilled water. The glucose solution was added in the test tube according to the  

table 3.2. 

2. Test tube no. 1 was regarded as blank were as from test tube no. 2 to tube 6 are 

with varying concentration of standards required to create the standard curve. 

Test tubes no. 7 to 10 are the unknown samples. 

3. Now anthrone reagent of 4 ml was added to each test tube separately. 

4. Aluminium foil is used to cover the test tube and was incubated in Boiling water 

bath for 10 min at 90°C. 

 Fig 3.13: Standard glucose 

concentration of 10 mg/10 ml 

 

Fig 3.14: Unknown samples 

1 
2 

3 

4 

5 

6 

7 8 

9 

10 



5. Test tubes were cooled to low temperature and was measured for their absorption 

at 620 nm. 

6. Absorbance vs. μg/ ml glucose graph is prepared using graph. 

 

Table 3.2: Test of carbohydrates by Anthrone method 

 

Calculation: The amount of glucose present in the bread is estimated by plotting a 

standard curve. 

 

3.5.2 Protein estimation of developed bread by kjeldahl method 

 

 The protein content of the developed bread was estimated by Kjeldahl method 

which is an AOAC method. 

 

Chemicals required: Copper sulphate, Potassium sulphate, Sulfuric acid, Sodium 

hydroxide, Boric acid, HCl. 

 

Procedure 

1. Sample of bread was prepared by weighing 0.1 gm of bread using weighing 

balance. 

Sl. 

no 

Standard

 glucose 

(ml) 

Concentration

 in (μg/ml) 

Distilled 

water 

(ml) 

Anthrone

 reagent 

(ml) 

 

10 mins  in 

Boiling Wat

er Bath 

OD at   

620nm 

1 0 0 1 4 0 

2 0.2 20 0.8 4 0.28 

3 0.4 40 0.6 4 0.44 

4 0.6 60 0.4 4 0.65 

5 0.8 80 0.2 4 0.82 

6 1 100 0 4 0.95 

7 UK(1) - 0 4 0.53 

8 UK(2) - 0 4 0.62 

9 UK(3) - 0 4 0.75 

10 UK(4) - 0 4 0.66 



2. Next step was to weigh the K2SO4 up to 5 gm and 0.5 gm of CuSO4. 

3. The kjeldahl method include three main steps to calculate the percentage of 

protein, they are, 

a) Digestion- 0.1 gm of bread sample is placed in a kjeldahl flask and  previously 

weighed K2SO4 and CuSO4 was added to the same flask. Amount of Sulfuric acid 

added was 15 ml to the same flask. The combined reaction of these chemicals 

would bring the nonvolatile ammonium sulphate from the sample. 

b) Neutralization- In this step the acidity of the digest is decreased by adding 50ml 

of  water to it and Sodium hydroxide to decrease the acidity of sulfuric acid.  

c) Distillation- In 2 % of boric acid solution the ammonia formed from previous 

reactions was distilled, using indicators such as methyl red. From this distillation 

the colour of the solution was turned yellow from pink colour, 

4. The final step was to titrate the solution with 0.1 N HCL where the colour of the 

solution would turn into pink if there was a presence of protein in the solution. 

The volume at which the colour changes will give the calculation for percentage 

of protein. 

 

Calculation:- 

Grams of N in a sample = Vml× 0.1 ×14 

                                           1000 

 

% N = Grams of N in sample  ×100 

                                                      Grams of sample 

 

% P = N % × 6.25 

 

 

 

 

 

 

 



 

 

 

3.5.3 Fat estimation of developed bread from soxhlet extraction 

method 

 

 

 

The fat from the food sample is dissolved in the solvents such as petroleum ether 

because of the insolubility of the fat in the water. The main principle used here is the 

reflex action of the liquid sample at the suitable temperature. 

 

Chemicals required: Petroleum ether 

 

Procedure: 

1. The beakers of the socs plus were weighed using weighing balance and their 

weight were recorded. 

2. About 3 gm of the bread sample of every combination was weighed separately 

and were placed in the different thimbles. 

3. The thimbles were placed in the thimble holder correctly and were placed into 

their respective beakers. 

4. About 50-60 ml of petroleum ether was added into the beaker. 

5. The beaker with the sample was inserted into the socs plus apparatus and inlet 

tube of water is connected to tap water and the water flow from the outlet. 

6. The socs plus apparatus is switched on and the temperature was raised to 90°C. 

7. The sample was runned for 45 mins. 

Fig 3.15: Socs plus apparatus 



8. Now the knob of the condenser was closed to run the sample for 10 mins at high 

temperature of 100°C to evaporate the solvent and collected inside the condenser. 

9. Cool the beaker and take it out from the apparatus . 

10. The thimble from the beaker is also removed to weight the beaker only. 

11. The Beaker weight was considered as the final weight to calculate the percentage 

of the fat present in the sample. 

 

Calculation: 

Fat percentage = Final weight- Initial weight   × 100 

                                                                  Sample weight 

 

 

3.5.4 Moisture analysis of developed bread sample by oven method 

 

Moisture is very important aspect in the food preservation. The moisture is bounded 

to the compounds of the sample. Hence the nutritional value of the sample is depend 

on the percentage of the moisture in it. 

 

Materials required: Sample, oven, weighing balance. 

 

Procedure: 

1. The amount of 5 gm freshly prepared bread sample was weighed using weighing 

balance. 

2. Preheat the oven and transfer the sample into the preheated oven where the 

temperature is adjusted to reach the temperature of 110°C. 

3. Sample was heated for 1 hour. 

4. Now the sample was taken out from the oven and was cooled for 10 mins. 

5. The sample was weighed and its value was recorded. 

6. Now the sample is again placed in the oven for 30 mins and was taken out to weigh 

and record the value. 

7.  The above steps were done repeatedly until the weight of the sample was remained 

constant to ensure the moisture has evaporated from the sample. 

Calculation: 

 



Moisture % =    Weight of wet sample - Weight of dry sample  ×100 

                                                            Weight of wet sample 

 

 

 

3.5.5 Total ash analysis of developed bread using muffle furnace 

 

Ash is considered as very important aspect in food quality analysis. It gives the 

amount of quality and purity of the sample. Burning the bread sample at suitable 

temperature will give the inorganic matter that has retained after burning the organic 

matter. 

 

Materials required: Muffle furnace, Dried sample, weighing balance 

 

Procedure: 

1. The sample was preheated to remove the moisture content in the sample. 

2. The number of crucibles were taken were four. 

3. About 4 gm of different combinations of sample were weighed using weighing 

balance and placed in the crucibles. 

4.  The muffle furnace was heated up to 550°C. 

5. Now the samples along with the crucibles were placed inside muffle furnace using 

tongs and hand gloves. 

6. The samples were placed for 2 hr to char.  

7. The organic matter present in sample get burnt and only inorganic matter will be 

remained .  

 

Calculation: 

 

% Total ash content =Weight of the ash × 100 

                                                                   Weight of the sample  

 



3.6 Sensory analysis 
 

The examination of the food sample based on its appearance, taste, colour, flavor, 

smell etc using the senses of the body is known as sensory analysis. The acceptance 

and rejection of the newly developed food product will be based on this test.   

 

 

 

 

Preference test: This is the food testing method were different combinations of the 

food sample were taken to differentiate one sample from the other based on their 

properties. Ranking the samples from the most preferred to the least preferred option 

was given to the panelists. The number for the most preferred food sample was given 

is 4, were as for the least preferred food sample the number was given is 1. Ties were 

not permitted in this test.  

 

Preference test module 

 

BASAVESHWAR ENGINEERING COLLEGE (AUTONOMOUS), 

BAGALKOTE 

DEPARTMENT OF BIOTECHNOLOGY 

 

PREFERENCE TEST 

NAME: 

SAMPLE: 

DATE: 

Fig 3.17: Tasting of sample by panelists Fig 3.16: Bread samples for 

sensory analysis 

B A 

C D 



 

Instructions: 

 The sample coded with alphabets are placed in front of you, rank the coded 

samples according to your preference. 

 4 for most preferred and 1 for least preferred 

 

Preference test table: To be filled according to the panelist desire 

Code of the sample Preference (4 to 1) 

A  

B  

C  

D  

 

REMARKS: 

In the above table the coded samples are referred as below 

A- Control 

B- 25% composition 

C- 50% composition 

D- 100% composition 

 

Hedonic test: In this food sample testing method, the five point scale has been used 

in this study. The five points used in this test are given below 

 Like a lot 

 Like a little 

 Neither like nor dislike 

 Dislike a little 

 Dislike a lot 

 

This test include assigning the number from 1 to 5 to the testing sample based on its 

properties and panelists satisfaction. The number 5 is given to like a lot option, 4 for 

like a little, 3 for neither like nor dislike, 2 for dislike a little, 1 for dislike a lot. The 

attributes used in this test were  

1. Appearance  



2. Aroma 

3. Taste   

4. Sweetness 

5. Texture 

Hedonic test module 

 

BASAVESHWAR ENGINEERING COLLEGE (AUTONOMOUS), 

BAGALKOTE 

DEPARTMENT OF BIOTECHNOLOGY 

 

HEDONIC RATE (SCORE CARD) TEST 

NAME: 

SAMPLE: 

DATE: 

 

Instructions: 

 The sample coded with alphabets are placed in front of you, taste the coded 

samples and tick the right mark how much you like or dislike the sample 

characteristics. 

 

Hedonic test table:  To be filled according to the panelist desire 

 

REMARKS:

Number to 

be given to 

the sample 

Factors Appearance Aroma Taste Sweetness Texture 

5 Like a lot      

4 Like a little      

3 Nether like nor 

dislike 

     

2 Dislike a little      

1 Dislike a lot      



CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Carbohydrates by Anthrone method 

Concentration of carbohydrates are obtained from the OD versus Concentration 

calibration curve 

Table 4.1 Carbohydrates by anthrone method 

 

From the above graph the concentration of the unknown sample is calculated.  

The unknown sample 3 which has a 50 % composition of flours have shown the 

highest concentration of carbohydrates of 69 μg/ml when compared with others.  

 

4.2 Protein by kjeldahl method 

Table 4.2: Percentage of protein present in different combinations of bread 

 

Results- The bread made from the combination of 50 gm wheat flour and 50 gm 

maida flour has highest amount of protein in it is 18.55 % when compared to the other 

combinations. The lowest protein content in present in Control is 3.3 %. 

Unknown sample 

Test tube no. 

Concentration ( μg/ml) 

7 (Control) 48 

8 (25 %) 57 

9 (50 %) 69 

10 (100 %) 60 

Composition of flours Vml (ml) P % 

100 gm of maida flour (Control) 0.38 3.3 

25 gm wheat flour + 75 gm maida 

flour 

2.069 18.10 

50 gm wheat flour + 50 gm maida 

flour 

2.12 18.55 

100 gm of wheat flour 2.08 18.2 



 

4.3 Fat by soxhlet extraction method 

 

 

 

 

 

 

Table 4.3: Percentage of Fat present in different combinations of bread 

 

Results- From the above table, The highest amount of fat present in the bread sample 

is seen in the composition of 50 %. Highest fat percentage is 7.5 %. The other 

samples contains less than 7.5 % fat concentration in the samples. 

Combinations of flours Beaker weight+

fat (gm) 

Beaker weight 

(gm) 

Fat (%) 

100 gm of maida flour 

(Control) 

83.29 82.11 4 

25 gm wheat flour + 75 

gm maida flour 

83.65 82.42 6.5 

50 gm wheat flour + 50 

gm maida flour 

83.87 82.64 7.5 

100 gm of wheat flour 83.09 81.80 7 

Fig 4.1: The beakers of soxhlet 

apparatus holding the fat content after 

extraction method 

Control 25% 100% 50% 



4.4 Moisture analysis by oven method  

 

 

 

 

 

Table 4.4: Percentage of Moisture present in different combinations of bread 

 

 

Results: The highest percentage of moisture is seen in the Sample containing 50 % 

composition. The highest moisture content is 14.6 % when compared with other 

sample.

Combinations of flours Weight of wet

sample (gm) 

Weight of dry sample

(gm) 

Moisture     

(%) 

100 gm of maida flour 

(Control) 

5 57.68-53.30 =4.38 12.4 

25 gm wheat flour + 75 gm 

maida flour 

5 59.85- 55.56 = 4.29 14.2 

50 gm wheat flour + 50 gm 

maida flour 

5 57.36- 53.09 = 4.27 14.6 

100 gm of wheat flour 5 58.38-53.98 =4.4 12 

Fig 4.2:  Moisture evaporated from the samples 

Control 25% 

50% 100% 



4.5 Total ash analysis by muffle furnace 

 

Fig 4.3: The ash content of the bread 

 

Table 4.5  Percentage of Total ash present in different combinations of bread  

 

Results: The lowest percentage of ash is present in 50 % composition of the sample. 

The ash percentage is 6.32 % which is lowest when compared with others. The ash 

content should be less because the inorganic contents in the food is accumulated in the 

body if ash content is high. 

 

Combinations of flours Sample weight

(gm) 

Ash weight 

(gm) 

Total ash value

% 

100 gm of maida flour 

(Control) 

4 0.269 6.72 

25 gm wheat flour + 75 gm 

maida flour 

4 0.270 6.75 

50 gm wheat flour + 50 gm 

maida flour 

4 0.253 6.32 

100 gm of wheat flour 4 0.273 6.82 

Control 25% 50% 100% 



4.6 Sensory analysis of bread 

 

4.6.1  Preference test 

The panelist ranked the samples from 4 to 1 which are referred as the most 

preferred to the least preferred samples. 

 

Table 4.6 Panelist ranked the samples based on their preference 

Sl. no Sample A Sample B Sample C Sample D 

1 2 1 3 4 

2 1 2 4 3 

3 2 1 4 3 

4 2 3 4 1 

5 3 1 4 2 

6 2 3 4 1 

7 4 1 3 2 

8 3 4 2 1 

9 2 3 4 1 

10 1 3 2 4 

 

 

 

Fig 4.4: Preference test graph 

 

Result: From the above graph plotted, the preference of the panelists about the 

developed bread is observed. Total number of the panelist were 10, the preference of 

the panelist changes from one another. From this graph it is concluded that 6 out of 10 



member's liked the C coded bread, 1 out of 10 members liked A coded bread, 1 out of 

10 liked the B coded bread, 2 out of 10 liked the D coded bread. 

             From these preferences, C coded sample has 60% acceptance compared with 

other samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

4.6.2 Hedonic test  

 

In this test the panelist has given the numbers out of 5 to the attributes of the sample. 

 

 

Fig 4.5: Hedonic graph of Code A bread 
 

Table 4.7: Number given by panelists for Attributes of sample A out of 5 

Sl.No Appearance Aroma Taste Sweetness Texture 

1 5 4 5 4 5 

2 4 4 4 4 4 

3 4 3 3 2 2 

4 4 1 5 3 2 

5 5 3 2 1 2 

6 2 2 1 1 2 

7 3 4 4 4 4 

8 4 5 3 3 3 

9 4 4 4 4 4 

10 4 5 5 4 5 

Average 3.9 3.5 3.6 3 3.3 

 

Result: From the above graph of 5 attributes, the average sum of appearance, aroma, 

taste, sweetness, texture were recorded as 3.9, 3.5, 3.6, 3, 3.3 out of 5 in number. The 

panelists liked mostly the appearance of this bread 



 

 

 

Fig 4.6: Hedonic graph of Code B bread 

 

Table 4.8: Number given by panelists for Attributes of sample B out of 5 

Sl. No Appearance Aroma Taste Sweetness Texture 

1 4 5 5 4 5 

2 5 4 4 5 5 

3 4 4 2 2 3 

4 2 4 5 2 3 

5 4 2 1 3 5 

6 2 3 3 3 2 

7 4 5 4 4 5 

8 5 5 5 4 4 

9 4 4 4 3 4 

10 4 2 1 1 4 

Average 3.8 3.8 3.4 3.1 4 

 

Result:From the above graph of 5 attributes, the average sum of appearance, aroma, 

taste, sweetness, texture were recorded as 3.8, 3.8, 3.4, 3.1, 4 out of 5 in number. The 

panelists liked mostly the texture of this bread. 

 



 

Fig 4.7: Hedonic graph of Code C bread 

 

Table 4.9: Number given by panelists for Attributes of sample C out of 5 

Sl. No Appearance Aroma Taste Sweetness Texture 

1 5 4 5 5 5 

2 5 5 5 5 5 

3 4 4 3 3 2 

4 1 4 3 2 5 

5 1 2 5 5 3 

6 4 4 4 3 3 

7 5 5 5 5 5 

8 5 5 5 5 5 

9 5 4 4 4 5 

10 4 4 4 4 4 

Average 3.9 4.1 4.3 4.1 4.2 

 

Result: From the above graph of 5 attributes, the average sum of appearance, aroma, 

taste, sweetness, texture were recorded as 3.9, 4.1, 4.3, 4.1, 4.2 out of 5 in number. 

The panelists liked mostly the taste of this bread.  

 

 
 
 
 



 
 

Fig 4.8: Hedonic graph of Code D bread 

 

 

Table 4.10: Number given by panelists for Attributes of sample D out of 5 

 

Sl. No Appearance Aroma Taste Sweetness Texture 

1 4 3 4 4 5 

2 4 3 4 3 4 

3 4 4 3 3 4 

4 5 3 2 1 4 

5 1 2 5 4 3 

6 3 3 3 3 3 

7 4 5 4 4 4 

8 4 5 4 4 2 

9 4 3 3 3 4 

10 4 4 3 2 2 

Average 3.7 3.5 3.5 3.1 3.5 

 
Result:From the above graph of 5 attributes, the average sum of appearance, aroma, 

taste, sweetness, texture were recorded as 3.7, 3.5, 3.5, 3.1, 3.5. out of 5 in number. 

The panelists liked mostly the aroma, taste and texture of this bread. 

 

 

 



 

DISCUSSION 

 

The main papers referred for this study were Rahman et al., 2015 and 

SuneethaRunjalaet al., 2013, where the wheat grass is incorporated into the muffins 

and the biscuits and their analysis were carried out.  

 

The four samples of muffins were developed, in which first sample is not incorporated 

with wheat grass where as the other samples were incorporated with wheat grass in 

the order of 2.5 gm, 5 gm, 7.5 gm respectively (Rahman et al., 2015).  

 

The biscuits were incorporated with wheat grass with different compositions namely, 

20 gm, 30 gm, 40 gm respectively ( SuneethaRunjalaet al., 2013). 

 

The bread coded with C have the highest carbohydrate content of 69 μl/ml when 

compared with others compositions. In accordance with the paper (Rahman et al., 

2015), the muffins with 5 % wheat grass has the highest percentage of carbohydrates 

with 3.16 %,  when compared with others.  

 

The bread coded with C has shown the highest percentage of protein value of 18.55 % 

contrast to the other samples. In accordance with the paper ( SuneethaRunjalaet al., 

2013), the biscuits with 40 gms of wheat grass along with cashews has shown the 

highest protein of 20.6 gm in 100 gm of biscuits.  

 

The C coded bread has the highest fat percentage of 7.5 % when compared with the 

others, In accordance with the paper (Rahman et al., 2015), The concentration of the 

fat is high in the sample of Control in muffins. The fat value obtained is 17.60 %. 

 

The bread with C code has shown the highest moisture content of 14.6 % in 50 % of 

sample and lowest ash content of 6.32% in 50% of the bread sample. In accordance 

with SuneethaRunjalaet al., 2013, the moisture and the ash percentage has shown the 

highest value of  3.1 gm and 2 gm in the 100 gm of biscuits which consist of 40 gm of 

wheat grass along with the cashews.  



 

The ash contents should be less because the inorganic matter is not digested in the 

body hence there is chance of accumulating these matters in the body. 

 

From the sensory analysis results, it is concluded that the taste of the food sample 

preference is different among the people, but the C coded sample had shown the 

excellent acceptability among the panelists. The Sample C is accepted by 60 % of the 

panelists in the preference test. In the hedonic test of the developed bread, all the 

samples coded with A, B, C and D had one or the other good attributes, but the most 

acceptable attributes is seen in the sample coded with C where the average value of 

acceptance is more than 3.9 to 5 out of 5 value. 

 

From overall results analyzed, the bread developed with 50 gm of wheat flour and 50 

gm of refined flour with wheat grass powder and Malabar spinach fruit extract has 

shown the acceptability when compared with other compositions of developed bread. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

CHAPTER 5 

CONCLUSION 

 

From this study it is concluded that the developed and evaluated bread with different 

compositions of flour along with wheat grass powder and malabar spinach berry 

extract had shown the rich source of bio-molecules such as carbohydrates, protein, fat, 

moisture and total ash content. The product can be used as protein rich bread source 

for the people who have protein deficiency.  

 

The most acceptable bread was considered as the sample C which is rich with all the 

nutrients. The sample A bread is consumed in our daily food habits as it is only made 

with maida flour and it is easily obtained from the market. 

 

The bread made from composition of 25 % (25:75), 50 % (50:50), 100 % wheat flour 

of the bread can be preferred to be consumed by any age group as it is rich in 

nutritional quality. The developed product can be easily made in home to reap the 

benefits of wheat grass and malabar spinach. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

FUTURE SCOPE 

 

The wheat grass has different varieties of products in the current market, such as 

capsules, powder which are environment friendly. According to the market analysis 

the wheat grass products have a great demand in India and abroad where people are 

depending on plant based products. 

 

Consumers demand for healthier foods like low carbs, protein rich and more nutrient 

rich breads. As the demand for the fortification of the bread is increasing in the world. 

However wheat grass powder and malabar spinach fruit are rich with all the nutrients 

and plant derived, hence it will be acceptable in the market. The addition of the wheat 

grass and malabar spinach fruit to the plain bread will increase its demand in future as 

it contain more nutrition than the normal refined flour bread
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CHAPTER 1 

INTRODUCTION 

Diabetes mellitus is among normal persistent disease across the world and the quantity of 

diabetic patients is on the ascent.The World Health Organization (WHO) gauges that around 200 

million individuals all around the globe are experiencing diabetes and this figure is probably 

going to be multiplied by 2030 and it is the seventh driving reason for death of human. WHO 

expresses that around 80% of the deaths happen consistently because of diabetes in many nations 

[1].Indian council for medical research-India diabetes (ICMR-INDIAB) public review detailed 

that there are 62.4 million individuals with type 2 diabetes (T2DM) and 77 million individuals 

with prediabetes in India. This will be expanded to 100 million by 2030 [2, 3]. 

Type 2 diabetes habitually influences advanced age individuals, along withyoung populace too 

and there by influencing the nature of work and wellbeing, including more diabetes patients each 

year[2,4].In scientific journals numerous Indian medicinal plants are being utilized for their great 

use in diabetes and reports on benefits of utilizing such plants[4].Plant-based drugs as a precious 

medication were suggested by the World Health Organization (WHO), due to their apparent 

adequacy, with negligible secondary effects and sensibly low expenses.Medication cannot be the 

only answer,there is a need for holistic approach for treatment of the disease.Nutraceuticals can 

be the hope for the wellness of diabetes and prediabetic people.Especially nutraceuticals of plant 

origin are still better because of less side effects and improvement in the health. 

Herbal tea/drinks are rich wellsprings of normal bioactive mixtures like carotenoids, phenolic 

acids, flavonoids, coumarin, alkaloids, polyacetylenes, saponins and terpenoids. An abundance 

of accessible logical proof shows that regular bioactive mixtures render various broadened 

organic impacts, like cell reinforcement, antibacterial, antiviral, antiallergic, antithrombotic and 

vasodilatory activities, as well as antimutagenicity, anticarcinogenicity and antiaging 

impacts.Natural drinks, which are consumed as balanced diet, may further develop the cell 

reinforcement status and improve the general wellbeing status.  

Herbal teas are mainly combinations of several ingredients, and are known as 'tisanes.' Tisanes 

are produced using blends of dried leaves, seeds, grasses, nuts, barks, natural products, blossoms, 

or other plant components that give them their taste and give the advantages of home grown teas 

[28].Unlike most different types of tea, natural teas don't contain caffeine. They additionally taste 

perfect and are palatable. Most natural teas might comprise of one primary herbal ingredient or a 
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mix of herbal ingredients, expected to achieve a particular reason, like mental relaxation, revival, 

help from a particular condition, in addition to other things [29].It is likewise critical to 

comprehend that there are an enormous assortment of home grown teas accessible in the market, 

which areproposed to have a particular restorative or restorative advantage.Nonetheless, there are 

a few general advantages of natural teas, some of them are mentioned below: 

 Accomplishing a relaxed state of mind  

 Supporting heart wellbeing 

 Supporting with stomach and stomach related issues 

 Giving purging properties to the body 

 Advancing energy and wellbeing 

 Sustaining the sensory system 

 Fortifying the invulnerable framework 

 Giving cell reinforcements to the body 

 Supporting energy levels and strengthening the body 

 Alleviating pressure 

 Assisting with keeping away from colds 

 Animating the interior organs 

 Advancing a decent night's rest 

 Caffeine free and tastes extraordinary. 

Because of such reasons thephytochemicals have gained attention from the pharmaceutical 

companies. According to studies, molecular docking has saved time and money through 

screening of the phytochemicals. Molecular docking is a kind of bioinformatics modeling which 

includes the connection of at least 2 particles to give a steady protein-ligand complex. To 

visualize the molecule, three layered construction is an appropriate choice to fit in the desired 

protein-ligand complex. The three layered construction of the complex is anticipated by relying 

on the limiting properties of ligand and target. The data acquired from the insilico strategy can be 

utilized to recommend the limiting energy, free energy and steadiness of complexes.  

Phytochemical concentrates spread the word about the presence of a various phytochemicals, for 

example, lignans, alkaloids, flavonoids, triterpenes, sterols, polyphenols and tannins. These 

assistus with knowing the wide assortment of pharmacological activities, for example, 
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antihyperglycemic, antioxidant, antidiabetic action, cancer prevention agent and hypolipidemic. 

Thesteps for molecular docking are protein preparation, active site prediction and ligand 

preparation. In first step 3D design of protein preparation is required. The protein which fits in 

protein ligand complex needs to be docked and usually recovered from PDB bank.  

Based on the literature survey, Glucokinase was found to fit in the required 

complex.Glucokinase is a monomeric cytoplasmic compound found in the liver and pancreas. Its 

main function is to regulate glucose levels in these organs. During phosphorylation,Glucokinase 

can build the digestion of glucose. In the liver it builds the union of glycogen and it is the most 

important phase in glycolysis, the principal maker of ATP in the body. Subsequently, GK would 

be an ideal medication focus for type 2 diabetes (T2D) illnesses due to its high effect in glucose 

homeostasis, and its actuation brings about lower blood glucose irrespective of the reason 

forhyperglycemia. Similarly, docking of flavonoids as insulin receptor Glucokinase, which may 

cure Diabetes mellitususing Pyrx software, is been reported [8, 11].Further,studies have been 

taken from insilico to in vivo and invitro to analyze and compare both the studies. 

Initiation of exploratory diabetes mellitus in animals on the grounds that in vivostudies (animal 

models) assumes a viable part in deciding the pathogenesis of the sickness [34,35]. Regardless of 

various insilico and invitro studies, animal models actually stays effective in grasping the 

complicated differential-determination and multi-fundamental cooperations associated with 

diabetes[36].Moreover the current treatment for diabetes contains insulin and an assortment of 

oral enemy of diabetic specialists like sulfonylureas, Thiazolidinediones, α-Glucosidase 

inhibitors etc.These drugs are utilized as monotherapies or in mix to achieve improved glycemic 

control. Subsequently drug revelation/discovery has moved its concentration to normal plant 

sources making insignificant side impacts. Plants assume a significant part in the revelation of 

new restorative specialists and definitely stand out as organically dynamic substances including 

cell reinforcements, hypoglycemic and hypolipidemic specialists. The trial creature utilized in 

the investigation of diabetes mellitus can be classified into three kinds, for example, hereditarily 

diabetic creatures, random models and different models to actuate exploratory diabetes mellitus 

[37]. 

Diabetes can be created in the exploratory creatures either by unconstrained techniques or by 

utilizing substance specialists [38]. Animal models might be created by two head components: 

sickness acceptance (e.g., utilizing explicit medications) or hereditary control. Both are of huge 
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as they empower the investigation of specific systems connected with the sickness and are 

significant for grasping the pathogenesis and movement of the illness and extrapolating to 

people. Since T1DM and T2DM are metabolic problems that reflect complex mix of body 

frameworks, cautious thought is required in picking the right animal model to be utilized in 

various in vivo tries [39].  

To accomplish this objective, a cautious examination of the particular parts of the illness and the 

particular information that is designated in each study should be performed while picking a 

diabetes mellitus animal model [30].Since T1DM is described by the lack of insulin creation, the 

lack is accomplished in trial creatures through substance annihilation of pancreatic β-cells or 

through rearing of rodents that precipitously create immune system diabetes. On the other hand, 

T2DM creature models are more various and may embrace corpulent and non-fat models with 

variable insulin opposition and β-cell disappointment degrees. As the diabetes is not just a 

disease but it is syndrome associated leading to the symptoms like polyphagia,polyuria, 

polydipsia, all leading to renal disorders, loss of vision, loss muscle strength, variation with BP 

and CVD,Which leads to compromise with quality of life and affecting community 

health.Subsequently this study was taken up to examine the antihyperglycemic and 

antihyperlipidemic exercises of the herbal tea in alloxan prompted diabetic mice.Based on these 

observations, studies are carried through following objectives: 

1.1 OBJECTIVES 

 To identify antidiabetic phytochemicals studies through Molecular Docking  

 To formulate herbal drink for Diabetes mellitus 

 To check the efficacy of herbal drink on induced rats 
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CHAPTER 2 

REVIEW OF LITERATURE 

Diabetes mellitusis an exceptionally complex metabolic issue which is viewed as one of the 

quickest developing general medical conditions in the world. It is described by hyperglycemia, a 

condition with high glucose level in the blood plasma because of imperfections in insulin 

emission or its activity. 

2.1 Molecular Docking 

The key role of Computational Biology and Bioinformatics has become particularly significant 

these days.The screening of restorative plants to find their viability to an illness is finished 

through in Silico approach.Analysis of the bioactive mixtures using quercetinthat have been 

effectively recognized through sub-atomic docking.This has been done by utilizing a few 

mixtures like Quercetin, against endogenous targets, for example, Glycogen phosphorylase, 

Peroxisome Proliferator-enacted Receptor (PPAR)-y, Glucokinase, Protein Tyrosine Phosphatase 

1-beta (PTP-1B), GLUT4, and so on.  

In Silico approaches like Protein Database (PDB), GenBank and programming projects, for 

example, Autodock and modeler are vital to these examinations has been reviewed in [7].The 

antiglycaemic potential was surveyed in vitro by concentrating on the inhibitory activities of the 

concentrates with α-amylase, α-glucosidase and sucrase.The antiglycaemic properties of the 

methanolic concentrates of the dried leaf of Cassia alata L. through in vitro and in Silico 

approaches. Recently recognized compounds (emodin, quercetin, chrysoeriol, and kaempferol) 

were docked with α-amylase (1HNY), α-glucosidase (5ZCB), and sucrase-isomaltase (3LPO) 

utilizing the Pyrx Virtual Screening instrument [8].  

Pharmacophore demonstrating and iota based 3-QSAR of 116 dynamic mixtures against 

lysosomal α-glucosidase were performed and identified the positions to get appropriate binding 

energy. A sum of 116 coumarin subsidiaries with IC50 values against lysosomal α-glucosidase 

was chosen for a CADD (PC helped drug configuration) and to recognize more intense 

medications.In sub-atomic docking of 116 coumarin subsidiaries against the lysosomal α-
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glucosidase protein and three mixtures (isorutarine, 10_, and 36) brought about a docking score 

of −7.64, −7.12 and −6.86 kcal/mol were obtained in current review [9]. 

The bioactivity of the α-caesalpin compound from Caesalpinia crista for antidiabetic in view of 

molecular docking studies.The water particle and ligands were taken out by utilizing PyMOL 

v1.7.4.5 Software (Schrödinger). Atomic docking tests were performed utilizing the PyRx 0.8 

programming. Expectation and critical descriptors of Physicochemical Properties, Lipophilicity, 

Pharmacokinetics and Drug likeness properties of the mixtures were anticipated utilizing 

swissadme.The limiting partiality of α-caesalpin with NOS3 protein is - 7.9, while restricting 

liking NOS3 with the control compound β-estradiol is - 10.1. Drug likeness expectation showed 

that α-caesalpin satisfy the principles of Lipinski, Ghose, Veber, Egan and Muegge with 0.55 

Bioavailability Score [11]. 

The insilico plan and sub-atomic docking investigations of benzimidazolebearingthiazolidin-4-

one subsidiaries as PPARγ agonists in diabetes mellitus. In silico plan of proposed subsidiaries 

were directed by ACD lab Chemsketch 12.0 and subordinates submitting to Lipinski's standard 

of five were chosen for sub-atomic docking concentrates via Autodock Vina was been reviewed 

in [12]. 

Table 2.1: List of phytochemicals subjected for Docking Studies 

Sl. 

No 
CompoundName Molecular Formula Pubchem Id REFERENCES 

1. Aegeline C18H19NO3 15558419 

[7] 
2. Gallic acid C7H6O5  370 

3. Mangiferin C19H18O11 5281647 

4. Quercetin C15H10O7 5280343 

5. Emodin C15H10O5 3220 

[8] 
6. Quercetin C15H10O7 5280343 

7. Chrysoeriol C16H12O6 5280666 

8. Kaempferol C15H10O6 5280863 

9. Isorutarine NA 
 

[9] 

 
10. 10_ C16H20N2O4 588239 

11. 36 - - 

https://pubchem.ncbi.nlm.nih.gov/compound/15558419
https://pubchem.ncbi.nlm.nih.gov/#query=C7H6O5
https://pubchem.ncbi.nlm.nih.gov/compound/5281647
https://pubchem.ncbi.nlm.nih.gov/#query=C15H10O6
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12. Bergenin C14H16O9 66065 

[10] 

13. Beta-Sitosterol C29H50O 222284 

14. Betulinic acid C30H48O3 64971 

15. Citric acid C6H8O7  311 

16. Petunidin 3-gentiobioside C28H33O17
+

 44256956 

17. Kaempferol 
C15H10O6 

 
5280863 

18. Quercetin C15H10O7 5280343 

19. Epifriedelanol C30H52O 119242 

20. Friedelin C30H50O 91472 

21. Clausenaline E C14H11NO2 86106588 

[13] 

22. Clausenaline C  C19H19NO4 101879360 

23. Murrayanine C14H11NO2 96942 

24. vanillic acid C8H8O4  8468 

25. Xanthotoxol C11H6O4 65090 

26. Maackiain C16H12O5 91510 

[14] 27. Variabilin C25H34O4 54678431 

28. Formononetin C16H12O4 5280378 

29. Diethyl Nitrosamine C4H10N2O 5921 

[15] 

30. 
2,3-dihydro-3,5-dihydroxy-6-

methyl-4H-pyran-4-one 
C6H8O4  119838 

31. 4-methylcatechol C7H8O2  9958 

32. 2,4-di-tert-butylphenol C14H22O 7311 

33. diethyl phthalate C12H14O4 6781 

34. Gossypetin C15H10O8 5280647 

[17] 

35. Herbacetin C15H10O7 5280544 

36. Kaempferol C15H10O6 5280863 

37. Leucoperalgonidin NA 
 

38. Leucodelphinidin C15H14O8 3081374 

39. Sorbifolin C16H12O6 3084390 

40. Gymnemic Acid C36H58O11 91617592 

[19] 
41. Trigonelline C7H7NO2  5570 

https://pubchem.ncbi.nlm.nih.gov/#query=C14H16O9
https://pubchem.ncbi.nlm.nih.gov/compound/66065
https://pubchem.ncbi.nlm.nih.gov/#query=C29H50O
https://pubchem.ncbi.nlm.nih.gov/compound/222284
https://pubchem.ncbi.nlm.nih.gov/#query=C30H48O3
https://pubchem.ncbi.nlm.nih.gov/compound/64971
https://pubchem.ncbi.nlm.nih.gov/#query=C6H8O7
https://pubchem.ncbi.nlm.nih.gov/#query=C28H33O17+
https://pubchem.ncbi.nlm.nih.gov/compound/44256956
https://pubchem.ncbi.nlm.nih.gov/#query=C15H10O6
https://pubchem.ncbi.nlm.nih.gov/#query=C30H52O
https://pubchem.ncbi.nlm.nih.gov/compound/119242
https://pubchem.ncbi.nlm.nih.gov/#query=C30H50O
https://pubchem.ncbi.nlm.nih.gov/compound/91472
https://pubchem.ncbi.nlm.nih.gov/#query=C14H11NO2
https://pubchem.ncbi.nlm.nih.gov/compound/86106588
https://pubchem.ncbi.nlm.nih.gov/compound/101879360
https://pubchem.ncbi.nlm.nih.gov/#query=C19H19NO4
https://pubchem.ncbi.nlm.nih.gov/compound/101879360
https://pubchem.ncbi.nlm.nih.gov/#query=C14H11NO2
https://pubchem.ncbi.nlm.nih.gov/compound/96942
https://pubchem.ncbi.nlm.nih.gov/#query=C8H8O4
https://pubchem.ncbi.nlm.nih.gov/compound/8468
https://pubchem.ncbi.nlm.nih.gov/#query=C11H6O4
https://pubchem.ncbi.nlm.nih.gov/compound/65090
https://pubchem.ncbi.nlm.nih.gov/#query=C16H12O5
https://pubchem.ncbi.nlm.nih.gov/compound/91510
https://pubchem.ncbi.nlm.nih.gov/#query=C25H34O4
https://pubchem.ncbi.nlm.nih.gov/compound/54678431
https://pubchem.ncbi.nlm.nih.gov/#query=C16H12O4
https://pubchem.ncbi.nlm.nih.gov/compound/5280378
https://pubchem.ncbi.nlm.nih.gov/#query=C4H10N2O
https://pubchem.ncbi.nlm.nih.gov/compound/5921
https://pubchem.ncbi.nlm.nih.gov/#query=C6H8O4
https://pubchem.ncbi.nlm.nih.gov/compound/119838
https://pubchem.ncbi.nlm.nih.gov/#query=C7H8O2
https://pubchem.ncbi.nlm.nih.gov/compound/9958
https://pubchem.ncbi.nlm.nih.gov/#query=C14H22O
https://pubchem.ncbi.nlm.nih.gov/compound/7311
https://pubchem.ncbi.nlm.nih.gov/#query=C12H14O4
https://pubchem.ncbi.nlm.nih.gov/#query=C15H10O8
https://pubchem.ncbi.nlm.nih.gov/compound/5280647
https://pubchem.ncbi.nlm.nih.gov/#query=C15H10O7
https://pubchem.ncbi.nlm.nih.gov/compound/5280544
https://pubchem.ncbi.nlm.nih.gov/#query=C15H10O6
https://pubchem.ncbi.nlm.nih.gov/#query=C15H14O8
https://pubchem.ncbi.nlm.nih.gov/compound/3081374
https://pubchem.ncbi.nlm.nih.gov/#query=C16H12O6
https://pubchem.ncbi.nlm.nih.gov/compound/3084390
https://pubchem.ncbi.nlm.nih.gov/#query=C36H58O11
https://pubchem.ncbi.nlm.nih.gov/compound/91617592
https://pubchem.ncbi.nlm.nih.gov/#query=C7H7NO2
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42. Ferulic Acid C10H10O4 445858 

43. Hesperidin C28H34O15 10621 

[20] 
44. Naringin C27H32O14 442428 

45. Neohesperidin C28H34O15 442439 

46. Nobiletin C21H22O8 72344 

47. Rutin C27H30O16 5280805 

[21] 
48. Gossypol C30H30O8 3503 

49. Alpha-methyl Cinnamic Acid C10H10O2 14541 

[22] 

50. 4-Fluoro Cinnamic Acid C9H7FO2  98070 

51. p-Methoxy Cinnamic Acid C10H10O3 13245 

52. Octyl Methoxy Cinnamate C18H26O3 11044481 

53. p-Hydroxy Cinnamic Acid C9H8O3  322 

54. Butein C15H12O5 5281222 

[23] 

55. Herbacetin C15H10O7 5280544 

56. Leucopelargonidin C15H14O6 3286789 

57. Nimbidinin C26H34O6 169088 

58. Coumarin C9H6O2  323 

59. Tolbutamide C12H18N2O3S 5505 

60. Metformin 
C4H11N5 

 
4091 

[24] 

61. Quercetin C15H10O7 5280343 

62. Pimaric acid C20H30O2 220338 

[25] 

63. Catechin C15H14O6 9064 

64. Abietic acid C20H30O2 10569 

65. Taxifolin C15H12O7 439533 

66. Sandracopimaric acid C20H30O2 221580 

67. Dehydroabietic acid C20H28O2 94391 

68. Pinoresinol C20H22O6 73399 

69. Neoabietic acid C20H30O2 221118 

70. Cedeodarin C16H14O7 182026 

71. Stigmasterol C29H48O 5280794 

 

https://pubchem.ncbi.nlm.nih.gov/#query=C10H10O4
https://pubchem.ncbi.nlm.nih.gov/compound/445858
https://pubchem.ncbi.nlm.nih.gov/#query=C28H34O15
https://pubchem.ncbi.nlm.nih.gov/compound/10621
https://pubchem.ncbi.nlm.nih.gov/#query=C27H32O14
https://pubchem.ncbi.nlm.nih.gov/compound/442428
https://pubchem.ncbi.nlm.nih.gov/#query=C28H34O15
https://pubchem.ncbi.nlm.nih.gov/compound/442439
https://pubchem.ncbi.nlm.nih.gov/#query=C21H22O8
https://pubchem.ncbi.nlm.nih.gov/compound/72344
https://pubchem.ncbi.nlm.nih.gov/#query=C27H30O16
https://pubchem.ncbi.nlm.nih.gov/compound/5280805
https://pubchem.ncbi.nlm.nih.gov/#query=C30H30O8
https://pubchem.ncbi.nlm.nih.gov/compound/3503
https://pubchem.ncbi.nlm.nih.gov/#query=C10H10O2
https://pubchem.ncbi.nlm.nih.gov/compound/14541
https://pubchem.ncbi.nlm.nih.gov/#query=C9H7FO2
https://pubchem.ncbi.nlm.nih.gov/compound/98070
https://pubchem.ncbi.nlm.nih.gov/#query=C10H10O3
https://pubchem.ncbi.nlm.nih.gov/compound/13245
https://pubchem.ncbi.nlm.nih.gov/#query=C18H26O3
https://pubchem.ncbi.nlm.nih.gov/compound/11044481
https://pubchem.ncbi.nlm.nih.gov/#query=C9H8O3
https://pubchem.ncbi.nlm.nih.gov/#query=C15H12O5
https://pubchem.ncbi.nlm.nih.gov/compound/5281222
https://pubchem.ncbi.nlm.nih.gov/#query=C15H10O7
https://pubchem.ncbi.nlm.nih.gov/compound/5280544
https://pubchem.ncbi.nlm.nih.gov/#query=C15H14O6
https://pubchem.ncbi.nlm.nih.gov/compound/3286789
https://pubchem.ncbi.nlm.nih.gov/#query=C26H34O6
https://pubchem.ncbi.nlm.nih.gov/compound/169088
https://pubchem.ncbi.nlm.nih.gov/#query=C9H6O2
https://pubchem.ncbi.nlm.nih.gov/#query=C12H18N2O3S
https://pubchem.ncbi.nlm.nih.gov/compound/5505
https://pubchem.ncbi.nlm.nih.gov/#query=C4H11N5
https://pubchem.ncbi.nlm.nih.gov/#query=C20H30O2
https://pubchem.ncbi.nlm.nih.gov/compound/220338
https://pubchem.ncbi.nlm.nih.gov/#query=C15H14O6
https://pubchem.ncbi.nlm.nih.gov/#query=C20H30O2
https://pubchem.ncbi.nlm.nih.gov/compound/10569
https://pubchem.ncbi.nlm.nih.gov/#query=C15H12O7
https://pubchem.ncbi.nlm.nih.gov/compound/439533
https://pubchem.ncbi.nlm.nih.gov/#query=C20H30O2
https://pubchem.ncbi.nlm.nih.gov/compound/221580
https://pubchem.ncbi.nlm.nih.gov/#query=C20H28O2
https://pubchem.ncbi.nlm.nih.gov/compound/94391
https://pubchem.ncbi.nlm.nih.gov/#query=C20H22O6
https://pubchem.ncbi.nlm.nih.gov/compound/73399
https://pubchem.ncbi.nlm.nih.gov/#query=C20H30O2
https://pubchem.ncbi.nlm.nih.gov/compound/221118
https://pubchem.ncbi.nlm.nih.gov/#query=C16H14O7
https://pubchem.ncbi.nlm.nih.gov/compound/182026
https://pubchem.ncbi.nlm.nih.gov/#query=C29H48O
https://pubchem.ncbi.nlm.nih.gov/compound/5280794
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72. Campesterol C28H48O 173183 

 

73. Sitosterol C29H50O 222284 

74. Friedelin C30H50O 91472 

75. Pinosylvin C14H12O2 5280457 

76. Rhamnetin C16H12O7 5281691 

77. Xanthone C13H8O2 7020 

78. 
Cyclohexene, 3-(1,5-dimethyl-

4-hexenyl)-6-methylene 

C15H24 

 
519764 

[26] 
79. Phytol C20H40O 5280435 

80. Thymol C10H14O 6989 

81. Falcarinol C17H24O 5281149 

 

2.2 Herbal Tea 

Herbal tea is basically a natural blend produced using leaves, seeds or potentially underlying 

foundations of different plants. Herbal teas are mainly combinations of several ingredients, and 

are known as 'tisanes.' There are a few types of tisanes that have been utilized for their 

restorative properties. Some of them being consumed for its stimulating properties to assist with   

mental relaxatation, to control stomach or stomach related issues and reinforce the insusceptible 

framework. Some of the famous natural teas are Green tea, Star anise tea, Ginger tea, Tulsi tea, 

Cinnamon tea, Turmeric tea, Lemon grass tea, Cardamom tea, Stevia tea. These teas have major 

areas of strength for each advantages, for example, Green tea is a ‘non-matured’ tea, and 

contains more catechins, than dark tea or oolong tea. Catechins are in vitro and in vivo solid cell 

reinforcements [27]. 

The dried corn silk powder assortment of VL Baby corn-1 for detailing of seasoned herbal tea 

with various mix of Clove, Tulsi,Thyme, Cinnamon powder, Timur, Gandraini, Lemon grass and 

with one just corn silk with practically no different spices and to know cell reinforcement 

properties of formulated tea. Consequence of tangible assessment try showed that all blends were 

loved reasonably[28].To perform healthful, Phytochemical and tactile examination and 

surveying the capability of herbal tea comprised of Wedeliachinensis leaves and 

Boerhaaviadiffusaroots establishes in having Phytochemical contents and to be a piece of natural 

tea improvement.  

https://pubchem.ncbi.nlm.nih.gov/#query=C28H48O
https://pubchem.ncbi.nlm.nih.gov/compound/173183
https://pubchem.ncbi.nlm.nih.gov/#query=C29H50O
https://pubchem.ncbi.nlm.nih.gov/compound/222284
https://pubchem.ncbi.nlm.nih.gov/#query=C30H50O
https://pubchem.ncbi.nlm.nih.gov/compound/91472
https://pubchem.ncbi.nlm.nih.gov/#query=C14H12O2
https://pubchem.ncbi.nlm.nih.gov/compound/5280457
https://pubchem.ncbi.nlm.nih.gov/#query=C16H12O7
https://pubchem.ncbi.nlm.nih.gov/compound/5281691
https://pubchem.ncbi.nlm.nih.gov/#query=C13H8O2
https://pubchem.ncbi.nlm.nih.gov/compound/7020
https://pubchem.ncbi.nlm.nih.gov/#query=C15H24
https://pubchem.ncbi.nlm.nih.gov/compound/519764
https://pubchem.ncbi.nlm.nih.gov/#query=C20H40O
https://pubchem.ncbi.nlm.nih.gov/compound/5280435
https://pubchem.ncbi.nlm.nih.gov/#query=C10H14O
https://pubchem.ncbi.nlm.nih.gov/compound/6989
https://pubchem.ncbi.nlm.nih.gov/#query=C17H24O
https://pubchem.ncbi.nlm.nih.gov/compound/5281149
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The Phytochemical investigation were performed for every spice test to decide the absolute 

phenolics, complete flavanoids, rough alkaloids, tannins and ID of phytoconstituents, for 

example, phytosterol, coumarin, terpenoids, anthraquinone and phlobatannins.The consequences 

of the dietary, phytochemical showed that the combination of spices Wedeliachinensisleaves and 

Boerhaaviadiffusa roots are good constituents of nutraceuticals with high restorative 

significance. Theuseful phytochemicals highlighted in this polyherbal detailing, makes it as an 

ideal physical and mental wellbeing rejuvenator [29].These teas have areas of strength for 

eachadvantage, for example, Astragalus tea, a Chinese local spice that is utilized for its calming 

and hostile to bacterial properties. Exhibiting not many negative marks, scientists proceed to 

glance at and vouch for the medical advantages of drinking herbalteas[30]. 

Table2.2: List of Herbal drinks and it’s uses 

Sl.No Herbal Tea/Drink Importance 

1. Herbal Tea(HT) This tea is made with leaves, blossoms, and delicate 

stems of plants. It is a light joining both sporting and 

therapeutic purposes. 

2. Herbal Infusion(HI) A bigger measure of spice was bubbled to set up this 

infusion.This implantation is totally utilized for 

restorative reason and to furnish body with high portion 

of nutrients and minerals. Implantation is utilized to 

extricate nutrients and unpredictable fixings from the 

leaves and blossoms. 

3. Herbal Decoction(HD) These are made with barks, roots, seeds, rhizomes, and 

woods and proposed to extricate mineral salts and 

unpleasant standards from plants. In contrast to different 

implantations, these are left on the intensity and stewed 

for a timeframe. 

4. Herbal Fruit Juice(HFJ) These are made with fruits. 
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Table 2.3:Herbalbeverages consumed in thetreatment of diabetes. 

Scientific 

name 

Family Common 

name 

Plant 

part 

Health benefits References 

Aegle 

marmelos 

Rutaceae Beli,bael, 

bengal 

quince 

Dried 

leaves, 

buds, 

flowers, 

immatur

e fruits, 

bark 

  

antidiabetic, anti 

inflammatory,Antican

cer, 

antidyslipidaemia,anti

hyperglycemic, 

[30] 

Coriandrum 

sativum 

Apiaceae Corriandum Dried 

fruits 

Antioxidant, 

antibacterial, 

hypocholesterolemic, 

anticancer, anti 

inflammatory 

Aerva lanata Amaranthace

ae 

Polpala Dried 

whole 

plant 

Antihyperglycemic, 

anti-inflammatory 

Hemidesmus 

indicus 

Asclepiada-

ceae 

Indian 

Sarasaparill

a, Iramusu 

  

Dried 

whole 

plant 

Antioxidant, 

antithrobotic, 

antiplatelet 

aggregation 

Centella 

asiatica 

Apiaceae Pegaga, 

Indian 

pennywort, 

Gotukola 

 

Dried 

whole 

plant 

Anticancer, increase 

the activity of 

antioxidant enzymes 
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Matricaria 

chamomillaC

hamaemelum 

nobile 

Compositae Chamomile 

  

Dried 

flowers 

Antioxidant, 

hypocholesterolemic, 

anticancer, anti 

inflammatory 

  

Tinospora 

cordifolia 

Menispermac

eae 

Heart 

leaved 

mooseed 

Stem, 

roots 

Antidiabetic, anti-

inflammatory 

Cassia 

auriculata 

  

Leguminosae Tanner's 

Cassia, 

Avartaki, 

Ranawara 

Dried 

leaves, 

flowers 

Antihyperglycemic 

Zingiber 

officinale 

  Ginger Rhizom

e 

Anti Inflammatory, 

hypoglycemic 

 

2.3 Clinical Studies on Herbal Tea  

Diabetes mellitus and its intricacy are an overall medical issue. Many plants have been utilized to 

further develop glucose resilience and insulin awareness in treatment systems of diabetes 

mellitus. Thus, animal models play a basic impact in investigating and depicting illness 

pathophysiology and prominent verification of targets and reviewing new healing methods using 

in vivo studies. The literature survey says thatthe remedial impacts of natural tea from Balanites 

aegyptiaca organic products on specific biochemical markers in streptozotocin prompted 

diabetes mellitus in rodents. Diabetes was prompted in rodents by single intraperitoneal infusion 

of streptozotocin (STZ) with centralization of 60 mg/kg body weight. Herbal tea arrangements of 

B. aegyptiaca organic products with various treatments 0.25, 0.5, and 1.0% were given to 

diabetic rodents in substitution of drinking water. Diabetic control and normal groups were given 

drinking water without natural tea.  

The impacts of B.aegyptiaca tea on blood glucose, cholesterol, lipid, protein, urea, creatinine and 

the exercises of liver marker compounds aspartate aminotransferase (AST), alanine 
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aminotransferase (ALT), and cell reinforcement’s markers were analyzed in the plasma of 

control and treated rodents.Thus, the utilization of B. aegyptiaca natural product tea is 

appropriate to move toward wellbeing advancing [34]. 

The available medications for diabetes, Insulin or Oral hypoglycemic specialists have at least one 

side impacts. Searching for new antidiabetic drugs with negligible or no incidental effect from 

restorative plants isresearch as per WHO proposals. In this perspective, attempted to assess the 

antihyperglycemic and antihyperlipidemic impacts of Piper longum root watery concentrate in 

streptozotocin (STZ) actuated diabetic rodents. During the transient review the fluid concentrate 

at a dose of 200 mg/kg body weight was found to have critical antidiabetic movement after 6 h of 

the treatment.Subsequently this plant might be viewed as one of the expected origin for the 

segregation of new oral enemy of hypoglycemic agent(s) [35]. 

According to conventional cases, root, bark, leaf and bloom of the plant Cassia occidentalis Linn 

(Caesalpiniaceae) have been accounted to have antidiabetic action. The study was to assess the 

antidiabetic movement of ethanolic concentrate of C. occidentalis in typical and alloxan 

prompted diabetic rodents. Ethanolic concentrate of the entire plant of C. occidentalis was orally 

tried at portions of 100 and 200 mg/kg for assessing the hypoglycemic impact in ordinary and 

alloxan-actuated diabetic rodents. Furthermore, changes in body weight, serum cholesterol, fatty 

substance and complete protein levels, surveyed in the ethanol extricate treated diabetic rodents 

were contrasted and diabetic control and normal groups.Ethanolic concentrate of C. occidentalis 

delivered a significant decrease in fasting blood glucose levels in the ordinary and alloxan-

prompted diabetic rodents at dosages of 100 and 200 mg/kg body weight. Treatment with 

ethanolic concentrate of C. occidentalis in ordinary and alloxan-prompted diabetic rodents 

prompted a portion subordinate fall in glucose levels. Ethanolic concentrate of C. occidentalis 

showed significant antidiabetic action in typical and alloxan-actuated diabetic rodents. The 

rodents additionally showed improvement in boundaries like body weight and lipid profiles and 

furthermore, histopathologic studies showed recovery of β-cells of pancreas thus it very well 

may be of worth in the treatment of diabetes [36]. 

Ficus bengalensis Linn, generally known as the banyan tree, has a place with the Moraceae 

family. Its bark is utilized for the treatment of diabetes. In the current review, the ethanolic 

concentrates of the different flying pieces of Ficus bengalensis Linn were relatively assessed for 
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lowering their blood glucose. Histopathology of the treated animal was done to assess the 

betacytotropic action of different pieces of Ficus bengalensis.The ethanolic concentrate of the 

natural product, on a measurement of 120 mg/kg weight of body, was found to apply a more 

articulated antidiabetic movement than the ethanolic concentrate of the root or bark. The 

examination additionally affirmed the antidiabetic activity of the standard medication 

Glibenclamidewhich was used in the treatment of diabetes [37]. 

Table 2.4: Therapeutics induced in treatment of Diabetes 

Animal Therapeutics Doses Routes Duration References 

Wistar Rat Alloxan 120mg/kg Intraperitoneally 21 days [36] 

Evan’s 

female rat 
Alloxan 150mg/kg Intraperitoneally 4 days [34] 

Wistar Rat Alloxan 120mg/kg Intraperitoneally 20 days [35] 

Wistar Rat Alloxan 150mg/kg Intraperitoneally 10 days [37] 

Wistar Rat Alloxan 65 mg/kg Intravenous 6 days [38] 

Wistar Rat Streptozotocin 40 mg/kg Intraperitoneally 35 days [39] 

Wistar Rat Alloxan 120mg/kg Intraperitoneally 20 days [40] 

Albino Rat Alloxan 180mg/kg Intravenous 50 days [41] 

Wistar Rat Streptozotocin 50 mg/kg Intraperitoneally 15 days [42] 

Albino Mice Alloxan 70mg/kg Intravenous 14 days [43] 

Albino Rat Streptozotocin 40 mg/kg Intraperitoneally 42 days [44] 
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Chapter 3 

MATERIALS AND METHODS 

3.1 Molecular Docking 

3.1.1Preparation of Protein: 

The Three-layered (3D) construction of the Glucokinase (GK, PDB ID: 1V4S) was recovered 

from protein data bank in PDB format.The 3D design of protein was pictured in Discovery 

Studio and water particles present in the protein were deleted.The nature of that protein is great 

as it had 1.5 A and succession length in excess of 100 amino acids. 

 

   
 

 

3.1.2 Prediction of Active site:  

Followed by the evacuation of water the ligand was chosen to decide the limiting locales/sites in 

Discovery studio. The dynamic destinations anticipated were Serine151, Phenylalanine152, 

Proline153, Threonine168, Lysine169, Aspargine204, Aspartate205, Isoleucine225, Glycine229, 

Cysteine230, Aspargine231, Glutamine287 and Glutamic acid290. 

Fig 3.1: 3D design of1V4S 
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Fig 3.2: Visualization of ligand in protein 

Fig 3.3: Represents the Active site amino acid 

residues. 
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3.1.3Preparation of ligand:  

PubChem is an Open Chemistry Database at the National Institutes of Health (NIH). The three 

layered designs of Phytochemicals were accessible at PubChem in SDF design. The record 

transformation from SDF to PDB becomes important as the docking programming requests it. 

The change of record designs was completed utilizing SMILES online converter to switch SDF 

over completely to PDB document design. 

 

Fig 3.4: Represents the Active site amino acid 

residues. 

Fig 3.5: Represents the 2D representation of ligand 

interaction. 



Phytochemical Formulation Of Herbal Drink For Diabetes Mellitus 

 

Department of Biotechnology, BEC, Bagalkote Page 18 
 

3.1.4 Flow Chart for Molecular Docking 

 
 

 

3.1.5Ligand Screening and Drug-likeliness Prediction: 

The screening and medication likeliness was done by utilizing Lipinski's standard and ADMET 

properties. 

 Lipinski’s rule : 

The Lipinski’s rule and its reasoning is listed below : 

1. Molecular mass should be under 500 Dalton to permit the skin ingestion. 

2. High Lipophilicity (LogP) should be under 5 on the grounds that the medication should 

infiltrate the lipid bilayer of most cell films that of enterocytes. 

3. Less than 5 Hydrogen bond givers. 

4. Less than 10 Hydrogen bond acceptors. 

5. Molar refractivity ought to in the middle between 40-130. 

This rule helps in screening of number of ligands and makes crafted by the analysts and 

researchers.DruLito (Drug Likeness Tool) is a virtual screening apparatus. Its 

computation depends on different principles like Lipinski's standard, MDDR-like 

instrument, Veber rule, Ghose rule, BBB rule, CMC 50 like rule and quantitative 

Estimate of Chemistry Development kit(CDK), a Java library for descriptor computation. 

Fig 3.6: Flowchart for molecular docking. 



Phytochemical Formulation Of Herbal Drink For Diabetes Mellitus 

 

Department of Biotechnology, BEC, Bagalkote Page 19 
 

DruLiTo was utilized by AftabAlam et al. The mixtures which can abuse more than one 

rule might have issues of bioavailability. 

 Blood Brain Barrier : 

The key role of BBB is to control the material, supplements and cell move blood to the 

cerebrum as well as the other way around. BBB additionally is known to clean the 

poisons of the mind to blood. In the treatment of Brain problems the medication should 

have to cross the Blood Brain Barrier. The greatest test to medicate conveyance into the 

CNS is bypassing the blood-cerebrum obstruction (BBB) as it limits admittance to the 

CNS. The BBB has forestalled the utilization of numerous helpful specialists for treating 

mind related infections and wounds, including AD, stroke, cerebrum cancer, head injury, 

and other CNS problems throughout the course of recent many years. Ayurveda depends 

on a few novel strategies for directing spices or their arrangements (or both) to treat CNS 

issues. Notwithstanding, appropriate examinations are missing to determine if these 

spices or their parts given orally or by a few different means cross the BBB and arrive at 

the CNS. In this manner BBB assumes an exceptionally critical part in Drug Discovery. 

Table3.1: Name, Molecular formula, PubChem ID, Structure of the phytochemicals involved in 

our present study. 

Sl 

No. 

Ligand Molecular 

Weight 

(g/mol) 

logP H-Bond 

Acceptors 

H-Bond 

Donors 

TPSA nAtom nViolation 

1. Aegeline 297.35 2.54 3 2 58.56 22 0 

2. Gallic acid 170.12 0.21 5 4 97.99 12 0 

3. Mangiferin 42.34 0.89 11 8 201.28 30 2 

4. Quercetin 302.24 1.63 7 5 131.36 22 0 

5. Emodin        

6. Quercetin 302.24 1.63 7 5 131.36 22 0 

7. Chrysoeriol 300.26 2.44 6 3 100.13 22 0 

8. Kaempferol 286.24 1.70 6 4 111.13 21 0 

9. Isorutarine - - - - - - - 

10. 10_ 304.34 2.05 4 2 104.64 22 0 
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11. 36 176.17 0.24 5 3 94.83 12 0 

12. Bergenin 328.27 1.13 9 5 145.91 23 0 

13. Beta-sitosterol 414.71 5.05 1 1 20.23 30 1 

14. Betulinic acid 456.70 3.83 3 2 57.53 33 1 

15. Citric acid 192.12 -1.49 7 4 132.13 13 0 

16. Petunidin 3-

gentiobioside 

       

17. kaempferol 286.24 1.70 6 4 111.13 21 0 

18. Quercetin 302.24 1.63 7 5 131.36 22 0 

19. Epifriedelanol 428.73 4.84 1 1 20.23 31 1 

20. Friedelin 426.72 4.49 1 0 17.07 31 1 

21. Clausenaline 

E 

225.24 1.91 2 1 42.09 17 0 

22. Clausenaline 

C 

325.36 2.51 4 3 82.55 24 0 

23. Murrayanine 225.24 2.02 2 1 42.09 17 0 

24. vanillic acid 168.15 1.40 4 2 66.76 12 0 

25. Xanthotoxol 202.16 1.69 4 1 63.58 15 0 

26. Maackiain 284.26 2.48 5 1 57.15 21 0 

27. Variabilin - - -     

28. Formononetin 268.26 2.49 4 1 59.57 20 0 

29. diethyl 

nitrosamine 

102.14 1.99 2 0 32.67 7 0 

30. 2,3-dihydro-

3,5-

dihydroxy-6-

methyl-4H-

pyran-4-one 

144.13 1.19 4 2 66.76 10 0 

31. 4-

methylcatecho

l 

124.14 1.39 2 2 40.46 9 0 

32. 2,4-di-tert-

butylphenol 

206.32 3.08 1 1 20.23 15 0 

33. diethyl 

phthalate 

222.24 2.26 4 0 58.61 16 0 

34. Gossypetin 318.24 1.33 8 6 151.59 23 1 

35. Herbacetin 302.24 1.50  5 131.36 22 0 

https://pubchem.ncbi.nlm.nih.gov/compound/101879360
https://pubchem.ncbi.nlm.nih.gov/compound/101879360
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36. Kaempferol 286.24 1.70 6 4 111.13 21 0 

37. Leucoperalgo

nidin 

- - - - - - - 

38. Leucodelphini

din 

322.27 1.29 8  150.84 23 1 

39. Sorbifolin 300.26 2.18 6 3 100.13 22 0 

40. Gymnemic 

Acid 

666.84 2.81 11 8 197.37 47 3 

41. Trigonelline 137.14 -3.11 2 0 44.01 10 0 

42. Ferulic Acid 194.18 1.62 4 2 66.76 14 0 

43. Hesperidin - - - - - - - 

44. Naringin 580.53 1.96 14 8 225.06 41 3 

45. Neohesperidin 610.56 1.42 15 8 234.29 43 3 

46. Nobiletin 402.39 3.96 8 0 85.59 29 0 

47. Rutin 610.52 0.46 16 10 269.43 43 3 

48. Gossypol 518.55 3.36 8 6 155.52 38 2 

49. Alpha-methyl 

Cinnamic 

Acid 

162.19 1.73 2 1 37.30 12 0 

50. 4-Fluoro 

Cinnamic 

Acid 

166.15 1.65 3 1 37.30 12 0 

51. P-Methoxy 

Cinnamic 

Acid 

178.18 1.68 3 1 46.53 13 0 

52. Octyl 

Methoxy 

Cinnamate 

290.40 4.17 3 0 35.53 21 0 

53. P-Hydroxy 

Cinnamic 

Acid 

164.16 0.95 3 2 57.53 12 0 

54. Butein 272.25 1.66 5 4 97.99 20 0 

55. Herbacetin 302.24 1.50  5 131.36 22 0 

56. Leucopelargo

nidin 

- - - - - - - 

57. Nimbidinin 442.54 2.69 6 3 100.13 32 0 

58. Coumarin 146.14 1.75 2 0 30.21 11 0 

59. Tolbutamide 270.35 1.54 3 2 83.65 18 0 
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60. Metformin 129.16 0.34 2 3 91.49 9 0 

61. Quercetin 302.24 1.63 7 5 131.36 22 0 

62. Pimaric acid 302.45 3.07 2 1 37.30 22 1 

63. Catechin 290.27 1.33 6 5 110.38 21 0 

64. Abietic acid 302.45 3.05 2 1 37.30 22 1 

65. Taxifolin 304.25 50.17 7 5 127.45 22 0 

66. Sandracopima

ric acid 

302.45 3.04 2 1 37.30 22 1 

67. Dehydroabieti

c acid 

300.45 2.76 2 1 37.30 22 1 

68. Pinoresinol 358.39 2.67 6 2 77.38 26 0 

69. Neoabietic 

acid 

302.45 3.15 2 1 37.30 22 1 

70. Cedeodarin 318.28 1.81 7 5 127.45 23 0 

71. Stigmasterol 412.69 5.08 1 1 20.23 30 1 

72. Campesterol 400.68 4.97 1 1 20.23 29 1 

73. Sitosterol 414.71 5.05 1 1 20.23 30 1 

74. Friedelin 426.72 4.49 1 0 17.07 31 0 

75. Pinosylvin 212.24 2.05 2 2 40.46 16 0 

76. Rhamnetin 316.26 2.23 7 4 120.36 23 0 

77. Xanthone 196.20 2.28 2 0 30.21 15 0 

78. Cyclohexene, 

3-(1,5-

dimethyl-4-

hexenyl)-6-

methylene 

204.35 3.58 0 0 0.00 15 1 

79. Phytol 296.53 4.85 1 1 20.23 21 1 

80. Thymol 150.22 2.32 1 1 20.23 11 0 

81. Falcarinol 244.37 4.10 1 1 20.23 18 1 
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3.1.6Molecular Docking Studies:  

The Molecular docking of 18 ligands with 1V4S protein was conveyed by utilizing PyRx, a 

virtual screening tool. The dynamic locales were distinguished by utilizing discovery studio. 

Most docking devices have choice of setting up a grid box around the dynamic site of the 

objective protein. The grid box has its own importance wherein it permits the ligand to cooperate 

with the dynamic site of the protein instead of whole protein structure. In this manner the ligand 

can cooperate just with the dynamic site of amino acid which deposits and give the limiting 

affinity.A grid  box was set at the dynamic destinations then phytochemical was brought into the 

protein-ligand complex. The limiting energies of phytochemicals with 1V4S were noted down. 

 
 

 

 
 

Fig 3.7: Active Site residues are marked out.  

 

Fig 3.8: A grid box is set over the Active Site amino acids 
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3.2 PhytochemicalFormulation of Herbal tea 

Spices were gathered from University of Horticultural Sciences, Bagalkote and different flavors 

in particular were bought from nearby market and online stores. 

3.2.1 Sample collection 

 

Fig 3.9: The ligand binding with protein is displayed with the binding affinity 

 

Fig 3.10: Ingredients used for formulation 
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 Thymus vulgaris(Thyme leaves) 

Thyme is a Mediterranean spice with dietary, restorative, and various purposes. The 

species generally ordinarily developed and utilized for culinary purpose is Thymus 

vulgaris.The blossoms, leaves, and oil of thyme have been utilized to treat various 

diseases. 

 Withania somnifera (Ashwagandha) 

Ashwagandha, or Withania somnifera, is a spice local to Asia and Africa. Additionally 

called "Indian ginseng," it's been utilized in conventional Indian Ayurvedic medication 

for millennia to ease agony and aggravation, treat a sleeping disorder, and lift sustenance, 

alongside different circumstances. 

 Cymbopogon(Lemon grass) 

Cymbopogon, otherwise called lemongrass, security fencing grass, luxurious heads, 

Cochin grass, Malabar grass, slick heads, citronella grass or fever grass, is a variety of 

Asian, African, Australian, and tropical island plants in the grass family. A few plant 

categories (especially Cymbopogon citratus) are ordinarily developed as culinary and 

therapeutic spices in view of their fragrance, looking like that of lemons (Citrus limon). 

Uses: perfumery, beauty care products, refreshments, seasoning. 

 Stevia rebaudiana (Stevia) 

It is a sweetener and sugar substitute extricated from the leaves of the plant species Stevia 

rebaudiana, local to Brazil and Paraguay. The dynamic mixtures are steviolglycosides 

(principally stevioside and rebaudioside), which have 30 to multiple times the 

pleasantness of sugar, are heat-stable, pH-stable, and not fermentable. The body doesn't 

use the glycosides in Stevie and in this manner it contains 0 calories like a few artificial 

sweetners. Stevia’s taste has a more slow beginning and longer term than that of sugar, 

and a portion of its concentrates might have an unpleasant or liquorice-like trailing 

sensation at high fixations. 

 Aegle marmelos(Bael fruit) 

Rich in L-ascorbic acid, the natural products can be eaten either straight from trees or 

subsequent to being dried and delivered into treats, toffee, mash powder or nectar.With 

fresh fruit the juice is stressed and improved to make a beverage like lemonade. It was 
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normally made into sharbet, likewise called as Bela pana, a beverage.Aegeline is a known 

constituent of the bael leaf and consumed as a dietary enhancement. Bael organic 

products are of dietary use and the natural product mash is utilized to plan delights like 

murabba, puddings and juices. 

 Elettaria cardamomum(Cardamom) 

Cardamom, in some cases cardamom or cardamom, is a flavor produced using the seeds 

of a few plants in the genera Elettaria and Amomum in the family Zingiberaceae. The 

two types of cardamom are utilized as flavorings and preparing flavors in both food and 

drink, and as a medication. E. cardamom (green cardamom) is utilized as a flavor, a 

masticator, and in medication; it is likewise smoked. 

 Curcuma longa(Turmeric) 

Turmeric or Curcuma longa, is a lasting spice and individual from the Zingiberaceae 

(ginger) family, and is developed widely in Asian nations. Furthermore, as a medication 

to treat numerous sicknesses especially as a mitigating and for the therapy of fart, 

jaundice, feminine troubles, hematuria, discharge, and colic or can be applied as a balm 

to treat many skin infections. The dynamic constituents of turmeric are the flavonoids 

curcumin (diferuloylmethane) and different unstable oils, including tumerone, atlantone, 

and zingiberone. 

 Cinnamomum zeylanicum(Cinnamon) 

Cinnamon, the everlasting tree of tropical medication, has a place with the Lauraceous 

family. Cinnamon is perhaps of the main flavor utilized day to day by individuals 

everywhere. Cinnamon basically contains fundamental oils and different subsidiaries, for 

example, cinnamaldehyde, cinnamic acid, and cinnamtic. As well as being a cell 

reinforcement, calming, antidiabetic, antimicrobial, anticancer and lipid-bringing down. 

 Ocimum sanctum Linn(Tulsi) 

Tulsi (Ocimum sanctum Linn) is superior, and logical exploration is currently affirming 

its valuable impacts. There is mounting proof that tulsi can address physical, compound, 

metabolic and mental pressure through a special mix of pharmacological activities. The 

utilization of tulsi in everyday customs is a demonstration of Ayurvedic shrewdness and 

gives an illustration of old information offering answers for present day issues. 
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 ZingiberofficinaleRosc(Ginger) 

Ginger (ZingiberofficinaleRosc) has a place with the family Zingiberaceae. The 

wellbeing advancing viewpoint ofZingiberofficinaleRoscis credited of having high 

phytochemistry. Rhizome of ZingiberofficinaleRoschaveused in conventional home 

grown medication. It can treat a large number of illnesses by means of immune nutrition 

and mitigating reactions. 

 Foeniculum vulgare (Fennel seeds) 

Fennel seeds are the dried seeds of the fennel plant, which is a fragrant spice having a 

place with the parsley family. This spice is regularly known as saunf in Hindi. Both the 

delightful, crunchy bulb and fragrant seeds of the fennel plant are profoundly nutritious 

and may offer an overflow of noteworthy medical advantages. Adding them to your 

eating regimen might further develop heart wellbeing, decrease irritation, smother 

hunger, and even give anticancer impacts. 

 Cuminum cyminum (Cumin seeds) 

Cumin seed is utilized as a zest for its particular flavor and smell. The seeds of the plant 

are utilized to make medication. Individuals take cumin for absorption issues including 

the runs, colic, entrail fits, and gas. Cumin is likewise used to increment urine flow to 

ease bulging (as a diuretic). 

 Syzygium aromaticum (Cloves) 

Cloves are brimming with cell reinforcements. These mixtures assist your body with 

battling free radicals, which harm your cells and can prompt illness. By eliminating free 

radicals from your system, the cell reinforcements found in cloves can assist with 

diminishing your gamble of creating coronary illness, diabetes, and certain malignant 

growths. 

3.2.2 Preparation of Sample 

Newly fresh harvested spices were gathered within field. Spices were spread and on a spotless 

plate, further they were slashed in the form of modest pieces. Using oven spices were dried for 6 

h at 40 °C bringing about dampness of 1-3%. Crushing of dried spices physically and then 

ground using electric processor which was sieved for 22 mesh size. The powder was put in water 

proof holder. 
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3.2.3 Preparation ofother materials 

Plant sources are painstakingly reviewed and unwanted substances were eliminated. Lemon grass 

and tulsi leaves was delicately washed within regular water and slash into around 2 cm pieces 

utilizing blade which was further spread meagerly on plate, drying usingoven. In the wake of 

drying, the examples were processed utilizing an electric processor.Processing was carried out 

for around 15 mins.  

3.2.4 Preparation of herbal tea 

Herbal tea solution arrangement was made by adding 8 to 10 g of weighed herbal tea powder to 

100 ml bubbling water and irregular mixing for 5 min. Thereafter, herbaltea was separated 

utilizing a channel to eliminate unwanted substance and filled in a container. Further herbal tea 

was utilized for sensory analysis/tactile examination. 

 

 

 

Fig 3.11: Powdered and sieved  Fig 3.12: Stored in a container 

 

Fig 3.13: Prepared herbal tea 
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3.2.5 Sensory analysis  

For sensory analysis (25) panelists were enlistedwithin Basaveshwar Engineering College for 

estimating. They weregenerally students which are between 19 and 25 years along 

withinstitution lecturers. Around 30 ml ofsample (herbal tea) was served using a 40 ml cup. At a 

time only one sample was served. The temperature maintained for herbal infusions was around 

50 °C at the time of tasting. They were told to give ratings for the acceptance using 6 parameters: 

smell, color, flavor, end taste, sweetness and acceptability. Instructions for the  panelists using a 

9-point hedonic scale which says that 1 meaning ‘disliked’ and ‘9’ meaning ‘liked’.  

 

 

3.3 Proximate Analysis of Herbal Drink 

3.3.1 Determination of carbohydrate 

The estimation of carbohydrate using phenol-sulfuric acid method was carried out using 6 clean, 

dry test tubes. Dilutions using glucose standards and with concentrations of 0.2,0.4, 0.6, 0.8, 1.0 

and g/200 ml were prepared. Then Standard glucose solution was prepared 1 mg per 

milliliter.Add Distilled water to each test tube and then the tubes are filled with 1 ml of a 5 % 

solution of phenol. Then add 5ml of Sulphuric acid, and mix it. After addition keep the tubes in 

water bath for 20 minutes at 25 to 300C.Then Check the OD at 490 nm. Record the absorbance 

and plot the graph.  

 

 

Fig 3.14: Herbal tea sample 

 

Fig 3.15: Herbal tea was served for panelists  
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Calculation: 

Carbohydrate % = Unknown OD x dilution factor x 100 

                                    Weight of the sample 

3.3.2Estimation ofprotein (AOAC, 1990) 

Estimation of protein was carried out by Kjeldahl technique.There are three steps involved in 

estimation: Digestion, Distillation and Titration for determining the value of protein present in 

herbal tea. 

Digestion: In digestion flask,weigh0.1 g of sample. 5 g potassium sulfates, 0.5 g anhydrous 

copper sulfate, are added. Further15 mlH2SO4was added. Preheating of flask was carried out 

using preheated burner and it was heated until fumes were seen, further heating continues for 90 

minsintended for copper catalyst. Then it was cooled by adding 2% boric acid in each tube and 

with addition of water (250 ml) to bring room temperature. 

 

 
 

 

Distillation: HCL (15 ml) and water (70 ml) were taken precisely to form standard solution of 

acid and it was added to the flask. Further, distillation apparatuswas connected toflask and 

distillation process is carried outwhich was collected in titrating flask.  

Fig 3.16: Kjedahl apparatus 
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Titration: Remaind acid sample was titrated using standard 0.1M NAOH solution which will 

from colourless to pale pink endpoint and then volume of acid was recorded to nearest 0.01 ml. 

Calculation:     

%N = 0.014 *Normality (0.1 N) *I-F * 100 

                  Weight of the sample 

%P= N % x 6.25 

 

3.3.3 Estimation of moisture content(FAO, 1980) 

2g sample was kept inside the crucible.The dish was placedalongwith its lid beneathwithin the 

oven and temperature was maintained for 2 hours at 130-133°C until a steady weight was 

attained.Take away the dish following 2 hours and then cool using desiccators and measure the 

value. 

 
 

Fig 3.17: Distillation unit 

Fig 3.18Before analysis 
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Calculation: 

     Moisture (%) = (W2- W3) x 100 

W2- W1 

3.3.4 Estimation of Fat using soxhlet(AOAC, 1990) 

Estimation was carried out using Soxhlet technique. 10 g of samplewas weighed and wrapping is 

done using a filter paper and kept inside a thimble. Thethimble was connected with a condenser. 

Solvent used was n-hexane (250 ml). 

 
 

Calculation: 

Fat % = (T+S) – (T) x 100  

RBF2 – RBF1 

 

3.3.5 Estimation of ash contentfor the sample(AOAC, 1990) 

2 g of sample was weighed and put in a crucible which was further ignited using a muffle 

furnace for 6 hours at 550C. Then sample was cooled through a desiccator and weight of total 

ash was measured. 

   Fig 3.19 Soxhlet apparatus 



Phytochemical Formulation Of Herbal Drink For Diabetes Mellitus 

 

Department of Biotechnology, BEC, Bagalkote Page 33 
 

 
 

 

Calculation: 

Total ash = (W3 – W1)  

W2 – W1 x 100 - M 

 

3.4 Efficacy test of Herbal Drink on Induced Rats 

The experiment was carried outin Bvvs Sangha’s HSK pharmacy College Bagalkote. 

 Introduction with respect to :  

  Mice/rat obtainment 

 Treatment of mice and rat 

 Maintenance of animals 

 Examination  

 Sacrificing  

 

 

Fig 3.20 Muffle furnace Fig 3.21Before analysis 

 Fig 3.22 Animals at cage 
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3.4.1 Chemicals:   

Alloxan monohydrate was purchased from ALDRICH.  

 

 

3.4.2 Herbal tea preparation:   

Sample was prepared using 0.25 and 0.75 g of formulated herbal tea powder with the addition of 

100 ml of hotwater forirregular mixing upto 10 mins and was cooled for 15 mins. After that the 

sample was filtered through a channel to remove unwanted substance then pouring into clean 

flask and further it was given to 2 groups.    

3.4.3 Recruitment of animal and diet:   

Male BALB/C mice (15-25 g) were obtained from Mahaveera Enterprises, Telangana and were 

carried out in Bvvs Sangha’s HSK pharmacy College Bagalkot. They were kept under ecological 

circumstances. Theywere taken care of accurate pellet diet and water ad libitum.Each enclosure 

contains 4 mice with a bedding of husk. The enclosures were cleaned day to day by changing the 

husk bedding. All through the treatment period, rats were weighed (one time per week) and food 

admission was noted down. 

3.4.4 DiabetesInduction:   

Diabetes induction was carried out using an intraperitoneal injection of alloxan for the required 

dose 40 mg/kgweight of bodywhich was disintegratedwithin a citrate buffer. After 3 days mice 

was estimated for increase in glucose level in blood for more than 200 mg/dL are estimated as 

treatment mice and reviewed. 

Fig 3.23 Glucose kit Fig 3.24 Cholesterol Kit 
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3.4.5 Design of experiment:   

The mice were arbitrarilydivided into 4 groups containing 4 animals in each cage. 

 Group1(normal): BALB/C Mice orally receive Plain vehicle for 14 days 

 

 

 

  Group 2(control): BALB/C Mice received alloxan monohydrate and served as diabetic 

control mice.   

 
 

    Fig 3.25 Induction of diabetes in mice by Alloxan  

Fig 3.26 Group 1(Normal)  

Fig 3.27 Group 2(Control)  
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  Group 3(treatment I): Diabetic Mice orally receive Herbal tea sample (0.25 g/100 ml) 

in substitution of water.  

 
 

 Group 4(treatment II): Diabetic Mice orally receive Herbal tea sample (0.75 g/100 ml) 

in substitution of water.  

 
 

 

 

 

 

 

 

 

 

 

 

Fig 3.28 Group 3(Treatment I)  

Fig 3.29 Group 4(Treatment II)  
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3.4.6 Process Flow sheet 

 
 

 

3.4.7Biochemical Assays:   

Blood Glucose and Cholesterol Estimation: 

Assay Procedure 

 
 

 

 

 

 

Fig 3.31 Mice were 

anesthetized with 

diethyl ether and blood 

test was gattered in 

Eppendorf tubes 

 

3.7 Measurement of 

Ovary Weight  

 

After induction, Rats were 

Fig 3.32 Serum was 

separated after 

centrifugation of blood 

without anticoagulants at 

3000rpm for 10mins 

 

 

Fig 3.33 12 test tubes were taken 

and Serum was measured by 

using an enzyme immunoassay 

kit with standard laboratory 

techniques and HDL, LDL and 

VLDL were estimated.   

 

Fig 3.30 Flowchart for clinical studies 

 

3.7 Measurement of Ovary Weight  

 

After induction, Rats were anesthetized with 

diethyl ether  

Blood sample was collected from occular 

puncture in Eppendorf tubes 
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Calculation: 

Glucose(mg/dl) = Absorbance of Test X Concentration   

Absorbance of STANDARD  

3.4.8Changes in Weight of body and Intake of food 

Weight of body and intake of food consumption for every mice in every one of the gatherings 

were estimated day to day all through the review period by utilizing a weighing balance and the 

progressions were recorded. 

 

 

 

 

 

 

 

 

Fig 3.34 measured photometrically at 505nm.  
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Estimating ligands following Lipinski’s rule and blood brain barrier 

 

 

Table 4.1: The ligands with their respective binding affinities (kcal/mol) 

Sl No Ligand Binding Affinity 

(kcal/mol) 

1. Aegeline -7.0 

2. Clausenaline E -6.5 

3. Murrayanine -6.6 

4. Xanthotoxol -6.9 

Fig 4.1: Graphical representation of ligands based on Lipinski’s rule. 

Fig 4.2: Graphical representation of ligands based on BBB. 
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The protein-ligand complex plays an important role in insilico studies.The phytochemicals 

which binds to a receptor inhibits its function and act as medication.81 phytochemicals were 

screened utilizing Lipinski's rule and ADME properties. For the current review 81 ligands 

were taken. Out of 81 ligands 70 ligands could go through the Lipinski's rule without 

violating any standard. While, then 18 ligands are able to pass the BBB (Blood Brain 

Barrier). Thus, 18 ligands (which are mentioned in table no 6)are able to fulfill the standards 

of both Lipinski's standard and ADMET properties.The quality assessment value of the 

5. Maackiain -7.9 

6. Formononetin -6.8 

7. Diethyl nitrosamine -4.2 

8. 4-methylcatechol -5.2 

9. Alpha-methyl cinnamic acid -5.5 

10. 4-fluoro cinnamic acid -5.6 

11. Ethyl p-methoxy cinnamate -5.4 

12. Coumarin -5.9 

13. Abietic acid -4.4 

14. Sandracopimaric acid -2.6 

15. Dehydroabietic acid -5.4 

16. Pinoresinol -6.5 

17. Thymol -5.4 

18. Falcarinol -0.7 

Fig 4.3: Binding affinity of Maackiain with 1V4S 
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protein was 2.3 A representing the suitability for drug designing because value above 1.5 

Ais an ideal protein for insilico studiesand also the sequence length of protein is 455.Thus it 

helps to recognize interactions of molecules. Similarly, fig (2) reveals the binding site of 

protein and maackiain. The protein (1V4S) residues Glu290, Tyr168 and Gln287 forms H-

bond with Maackiain. Binding ability of Glucokinase with Maackiain indicates the ligand has 

strong interaction with 1V4S protein.The Phytochemical which showed higher negative 

binding energy is the most efficient in the treatment of Diabetes mellitus. The binding 

affinity should be ranging from -5 kcal/mol to -8 kcal/mol. Falcarinol ligandhavethe lowest 

binding affinity while Maackiain have the highest binding affinity. Thus, the most efficient 

among the other ligands is Maackiain used for drug designing and have good ability in 

treating diabetes disease. The significance of phytochemicals has been realized and its usage 

will help for individual wellbeing. Thus, Computational biology will be boon to the 

pharmaceutical world. 

4.2 Nutritional Analysis 

4.2.1 Determination of Carbohydrate 

 

 

Table 4.2: Determination of Carbohydrateby phenol-sulfuric acid method 

Sl.No Standard Concentration Distilled 

water 

Phenol Sulfuric 

acid 

 

 

 

Incubation for 

20 minutes at 

room 

temperature 

OD at 490 

nm 

1. 0 0 1 1 5 0 

2. 0.2 20 0.8 1 5 0.24 

3. 0.4 40 0.6 1 5 0.4 

4. 0.6 60 0.4 1 5 0.6 

5. 0.8 80 0.2 1 5 0.81 

6. 1 100 0 1 5 0.94 

 

 

Fig 4.4 Phenol sulfuric acid method  
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Table 4.3: Percentage of Carbohydrate 

Slope Intercept Unknown OD Carbohydrate 

0.009 0.026 0.24 23.7 

 

 

 

The total carbohydrate present in herbal tea was 23.7 g/ml. 

4.2.2 Determination of Protein 

 

 

Calculation: 

Nitrogen % = 0.014 x 0.1 N x (0.2 – 2.5) x 100 

                                   0.1 

= 3.22 % 

Protein % = 3.22 x 6.25 

= 20.12 % 

Fig 4.5 Titration  

Fig 4.4 Estimation of Carbohydrate  
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The complete protein assessed for herbal tea was 20.12% and the level of nitrogen was 3.22% for 

100g of sample. By referring the above paper [29] the protein content was 26.3% for 100g of 

sample. So the protein present in 100g of herbal tea samplefalls in the range from 20 to 

28%.Thus acquired protein falls in between the range of standard value. 

4.2.3 Determination of Moisture 

 

Calculation: 

Moisture content = 44.153 – 43.971 

44.153 – 42.098 

= 6.5% 

The total moisture content of herbal tea is 6.5% which falls in the range of standard value from 6 

to 10% in accordance with AOAC.  

4.2.4 Determination of Fat 

 

 

Fig 4.6 After analysis 

Fig 4.7 Remained fat 
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On the basis of AOAC, The total fat content determined was 0.52% 

4.2.5 Determination of Ash 

 

 

Calculation: 

Ash content = 22.693 – 22.524 

                      24.653 – 22.524 x 100 – M 

                   = 8.5% 

The Association of official analytical chemists has procedural specifications and terms of criteria 

which are used for analysis of food product samples. According to this the total ash content in 

herbal tea sample is 8.5% which falls in the range of standard value. 

4.3 Sensorial analysis of herbal tea 

Analysis of sensory for the sample was carried out for acceptability test (color, fragance, 

Taste,Sweetness, acceptability and end taste) by means of 20 panelists using 9-point Hedonic 

scale.   

Fig 4.8After analysis 
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Analyzing the graph along with its score given by the panelists has highest ratings for its 

acceptability and taste.Sweetness of herbal tea was least liked by the evaluators. 

4.4 Checking the efficacy of herbal tea 

4.4.1 Changes in body weight  

Table4.4: Body weight observed First week (Start of the induction period)  

Experiment no. Gender Weight Food intake 

Normal  1)  M  20gm 18.2 gm 

2)              M  20gm 

3)  M  20gm 

4)  M  20gm 

Control  1)  M 20gm  20.1 gm 

2)  M 20gm 

3) M 20gm 

4)  M 20gm 

Treatment I    1)  M 20gm  18.5 gm 

Fig 4.9: Graphical representation of sensory attributes 
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2)  M  17gm  

 3)  M  19gm  

4)  M  20gm  

Treatment II  1)  M  21gm  19.6 gm 

2)  M  19gm  

3)  M  21gm  

4)  M  19gm  

 

Table 4.5: Body weight observed second week        

Experiment no. Gender Weight Food Intake  

Normal   1)  M  20gm 22.6gm 

2)              M  20gm 

3)  M  20gm 

4)  M  20gm 

Control   1)  M 20gm  20.5gm 

2)  M 20gm 

3) M 20gm 

4)  M 20gm 

Treatment I       1)  M 26gm  24.2gm 

                     2)  M  19gm  

                     3)  M  20gm  

                     4)  M  24gm  

Treatment II      1)  M  26gm  23.6gm 

                      2)  M  22gm  

                      3)  M  24gm  

                      4)  M  21gm  

 

Table 4.6: Body weight observed third week 

Experiment no. Gender Weight Food Intake 

Normal  1)  M  20gm 20.1gm 

2)              M  20gm 

3)  M  20gm 

4)  M  20gm 

Control   1)  M 20gm  21.3gm 

2)  M 20gm 

3) M 20gm 

4)  M 20gm 

Treatment I       1)  M 30gm  24.9gm 

                     2)  M  22gm  

                     3)  M  22gm  

                     4)  M  30gm  
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Treatment II      1)  M  Death  23.0gm 

                      2)  M  26gm  

                      3)  M  30gm  

                      4)  M  24gm  

 

Table 4.7: Body weight observed fourthweek (at the end of induction period) 

Experiment no. Gender Weight Food Intake  

Normal   1)  M  20gm 22.2gm 

2)              M  20gm 

3)  M  20gm 

4)  M  20gm 

Control   1)  M 20gm  20.2gm 

2)  M 20gm 

3) M 20gm 

4)  M 20gm 

Treatment I       1)  M 32gm  23.8 gm 

                     2)  M  24gm  

                     3)  M  23gm  

                     4)  M  31gm  

Treatment II      1)  M  Death  24.5gm 

                      2)  M  28gm  

                      3)  M  32gm  

                      4)  M  26gm  

 

Obesity is strongly associated with Diabetes and present in up to 50 % of cases.At the start of the 

induction period after inducing alloxan body weight was increased for 14 days respectively. 

4.4.2 Determination of Blood Glucose and Cholesterol Level 

Table 4.8: Estimation of blood glucose level 

Days  Normal Control Treatment I Treatment II 

0 79.61 80.41 75.5 71.25 

3 80.5 202.73 223.36 209.97 

7 82.6 199.29 153.82 151.39 

14 82.91 192.62 140.64 130.29 
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Table 4.9: Estimation of cholesterol level 

Days  Normal Control Treatment I TreatmentII 

0 59.57 62.53 43.84 45.96 

3 63.43 136 145.05 135.75 
7 65.39 136.37 99.32 93.08 

14 57.2 124.18 72.51 70.24 
 

 

 

 

Fig 4.10 Graphical representation of blood glucose level in mice 

Fig 4.11 Graphical representation of blood cholesterol level in mice 
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Medicinal/Restorative plants are used for creating novel medicines.Several plants seemed to be 

utilized for further develop glucose resilience and awareness of insulin in cure of diabetes 

mellitus. Plants which are antihyperglycemic and anti-hyperlipidemic are used for treating the 

disease.In this study the herbal tea concentrate at a measurement of 0.75 g/100 mlwas found to 

have potential antidiabetic activity after 24 h of the treatment. The administration of herbal tea 

concentrate at similar portion for 14 days in alloxan prompted diabetic mice which brought about 

lower level in Glucose and Cholesterol levels compared to normal and control mice. On seventh 

day after inducing alloxan there was significant increase in weight of body and intake of 

food.The increase in intake of food from 3 to 5 gms /24 hrs from 0th day to 14th day in normal 

and control groups. Similarly, in treatment I and II groups food intake is increased from 5 to 8 

gms /24 hrs from 0th day to 14th day respectively. Thus, food intake is higher in treatment groups 

then in normal groups. The increase in body weight of mice from 20 gms on 0th day to 25 gms on 

14th day in normal groups. But in treatment groups there is increase in body weight which occurs 

from 25 gms to 30 gms during the period.The glucose level at 130.29 mg/dl concentrate showed 

decrease in blood glucose level of mice(treatment II) which was shown graphically in fig (44). 

The estimated cholesterol level at 70.24 mg/dl concentrate showed decrease in blood cholesterol 

level of mice(treatment II) which was shown graphically in fig (45). Thus, the study concludes 

that herbal tea exhibited antidiabetic activity and improvement in weight of body and intake of 

food in normal and treatment groups. 
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CHAPTER 5 

CONCLUSION 

Diabetes mellitusis the seventh driving reason for death of human.However, medications are 

available but are not effectual, so there is a need to change the drug of necessity, plant based 

metabolites can be potential as they do not have side effects. In addition there is a need to 

formulate an effective Phytochemical which will contribute in regulating sugar level in the 

blood. For the same function drug designing which can be promising and will help specific target 

based drugs that will act precisely and help in commercial formulations of drugs for pharma 

industries. In the current study an attempt was made to find the effective phytochemical against 

diabetes through molecular docking/insilico studies. Altogether 81 phytochemicals were docked 

and 70 viewed as successful and out of which 18 phytochemicals were still better in terms of 

Lipinski's standard and BBB (Blood Brain Barrier) which was docked through PyRx 

programming involving Glucokinase as a transporter protein. The study had revealed the 

extent/scope of molecular docking for diabetes mellitus using phytochemicals. Molecular 

docking saves the time and cost effective experiments can be performed based on the results. 

Among 18 phytochemicals Maackiain had (-7.9 kcal/mol) indicating the usage of molecule in 

Nutraceuticals or other health supplements in reducing blood sugar level.  

Further, using 18 phytochemicals(Aegeline, Clausenaline E, Murrayanine, xanthotoxol, 

Maackiain, Formononetin, Diethyl nitrosamine, 4-methylcatechol, Alpha-methyl cinnamic acid, 

4-fluoro cinnamic acid, Ethyl p-methoxy cinnamate, Coumarin, Abietic acid, Sandracopimaric 

acid, Dehydroabietic acid, Pinoresinol, Thymol, Falcarinol) which were effective in docking. 

These were utilized in phytochemical herbal tea formulation.Outcome of the nutritional report 

prove that the combination of spices have an incredible source of therapeuticallyhigh value.An 

herbal tea contains infusion of mixes with different herbs, seasonings and restorative natural-

resources.This herbal tea has popular owing to its aroma as well as acceptability properties. This 

herbal tea can be used in hot or cold form to improve individual wellbeing. This tea is in 

demand, but also well-known for its palatability and so making it a good product in the 

perspective of individual wellbeing.While, sensorialanalysis subjectto many customers greater 

than individual wellbeingbenefits, as a result the formulated herbal tea make available withnovel 

alternative to long-established flavor teas which provideswellbeingin treatment of diabetes. 
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To overcome this disease, further in vivo studies was carried out in which herbal tea showed 

decrease in the blood glucose level, increase in weight of body and intake of food and reduction 

in lipid levels of blood in mice. Moreover, improving the function of liver and kidney which are 

primary elements associated with diabetes mellitus.The effectualtreatment of herbal tea was 0.75 

g/100 ml.The glucose and cholesterol level at 130.29 mg/dl and 70.24 mg/dl concentrate showed 

antidiabetic activity in mice. 
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FUTURE SCOPE 

This dissertation has commercial potential;product obtained can be used by every individual in 

our society so that they could live a healthy life.This will help entrepreneurs to gain more 

knowledge in the field of molecular docking.This project provides wide reservoir of knowledge 

to the pioneersand researchers in the field of herbal tea production.This will also saves time and 

helps to accelerate the research. 
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ABSTRACT 

 

India is one of the largest consumers of malted-health drinks. Brands like Bournvita, Boost, 

Complan and so on have acquired top positions in the market. These products are marketed as 

“healthy and tasty”. Though they are tasty, nutritional facts are not clearly labeled on the 

packaging of these products. Products are incorporated with more carbohydrates, sugars, 

artificial flavors, colors, preservatives and natural identical substances which provide 

enriched taste and not so good amounts of nutrition. Additionally, products are not reasonable 

for the financially disabled population where malnutrition is seen which was the major reason 

why these products were introduced in India after independence. Also, gym, sports and health 

enthusiasts are finding replacements for whey protein powders to switch completely to vegan. 

Whey protein which is obtained from dairy milk has its own demerits such as decreased 

appetite, nausea, lactose intolerance, headache, obesity related risks due to saturated fat, can 

cause cancer and heart related disorders.  

On the contrary to malted-health drinks, spirulina-based beverage mix powder is developed. 

Spirulina is a cyanobacteria and is called a single cell protein. This microalgae is rich in 

protein, antioxidants, pigments and trace minerals. Spirulina has its own positive health 

impacts when consumed. It aids weight loss, anemia, boosts immunity, enhances loss of 

appetite, cures oxidative stress and so on. It also has effects like an antiviral, antibacterial and 

anti-inflammatory.  

Novel spirulina-based beverage mix is developed using main ingredient as spirulina, cocoa as 

flavor enhancer, moringa as minerals and vitamin supplement, stevia as zero calorie natural 

sweetener, nutmeg to mask fishy odor of spirulina, salt to balance sweetness and xanthan 

gum to provide thickness and uniform ingredient dissolution. The developed product is 

analyzed for nutritional, sensory, shelf-life and its acceptance among consumers. According 

to the present research work of spirulina mix development, the product provides protein, 

vitamins, minerals and goodness to gym enthusiasts, children and the general population as 

well.  
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ABSTRACT 

Baking Industry is considered as one of the major segments of food processing in India. Bakery 

products have become popular among different cross sections of the population due to an 

increased demand for convenience foods. Cookies, among the bakery products, are most 

significant in the world. These are an important food product used as snacks by children and 

adults. Cookies differ from other baked products like bread and cakes due to their low moisture 

content which ensures that they are free from microbial spoilage and confer a long shelf life on 

the product. The present study is an attempt to formulate higher nutritional value of cookies 

with added health benefit by addition of whole wheat flour, finger millet flour and oats flour 

along with the addition of chia seeds. Sugar is replaced by jaggery power. In the present study, 

C1, C2, C3 and C4 were formulated in which multigrain cookies were prepared by using whole 

wheat flour: Finger millet flour: Oats flour (WWF: FMF: OF) in the ratio of (40:15:15, 

15:40:15, 15:15:40, 23.3:23.3:23.3) respectively. Among all the formulations C2 and C4 were 

mostly liked by all the panelists. Proximate analysis was carried out for the four formulations, 

where the moisture content ranges between 3.3 to 3.7%., total ash ranges between 0.86-0.95%, 

acid insoluble ash ranges between 0.07 -0.09%, fat content ranges between 7.2-9.3%, acidity 

of extracted fat ranges between 0.9-1.22%, protein ranges between 11.5-13.8% and 

carbohydrate ranges between 67- 78.4%. The shelf-life studies revealed that the cookies can be 

stored for 30 days and can be eaten.  
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Abstract 

As many as 400 million Indians work in the informal sector and 5% of this group is engaged 

in street vending works. Street vendors can be called small capitalist of the poor, are largely 

independent and entrepreneurial. Major Street vendors are fruit juice stalls, outdoor 

canteens, tea stalls, hot chip centres etc. They are very important category of informal 

sector with specific issues and challenges associated with the supply of electricity. In any 

metro city 2.5 % of the population consist of street vendors, out of which 50% are outdoor 

and outskirts vendors, isolated from electrical power connections. Further, street vendors 

are in ample numbers in semi-urban and rural areas too. They find it difficult to get 

electricity, which makes their regular commercial activities a burden.  

This thesis presents the development and performance testing of SPV powered mobile 

canteen with different DC loads. Shelter type solar based cart is developed for the mobile 

canteen with DC distribution system. Electrical supply to the loads and to the cart is given by 

SPV modules. There are many DC appliances which can be used by the street vendors in 

their mobile canteen which basically uses the DC Power. These loads can be directly 

operated through DC voltages in DC distribution system. In this regard the loads are listed 

and the respective DC ratings are assessed. Further desired voltage levels for the loads are 

selected. The SIMO DC-DC converter is adopted to get different voltage levels. 12 volts input 

is given to the DC-DC converter by SPV panels. DC-DC converter will result in different 

voltages of 12V, 24V, 36V & 48V. DC-DC converter units consists of three DC-DC boost 

converters of same ratings which can be operated up to 72 volts & 60 amperes. Different 

combination of loads is connected to the respective voltage terminals of DC-DC converter. 

Operating voltage and operating current of DC loads are noted which shows performance of 

DC-DC Converter unit and also satisfy the power supply to loads from solar panels. 

Demonstration of the shelter type SPV powered mobile canteen with DC distribution is 

successfully carried out. Thus, it resolves the electricity issue for the street vendors for the 

mobile canteen who are isolated from the grid power connection. It also proves that 

conventional AC system can be replaced by the DC system that has advantages in terms of 

cost, performance reliability, stability and efficiency. Therefore, the proposed SPV mobile 

canteen results in sustainable solution for small scale DC distribution systems for domestic 

and commercial applications and the proposed idea of SPV shelter powered DC energy 

systems can be extended for the domestic household applications and stand telecom towers 

etc.  
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                               CHAPTER – 1  

OVERVIEW 

This chapter presents the insight on the present DC distribution system and DC-DC Converter. 

It gives the motivational factors for taking up the project. Objectives and field visit, literature 

survey carried out for the project are described. 

1.1. Introduction 

As many as 400 million Indians work in the informal sector and 5% of this group is engaged 

in street vending works. Street vendors can be called small capitalist of the poor, are largely 

independent and entrepreneurial. Major street vendors are fruit juice stalls, outdoor 

canteens, tea stalls, hot chip centres etc. They are very important category of informal 

sector with specific issues and challenges associated with the supply of electricity. In any 

metro city 2.5 % of the population consist of street vendors, out of which 50% are outdoor 

and outskirts vendors, isolated from electrical power connections. Further, street vendors 

are in ample numbers in semi-urban and rural areas too. They find it difficult to get 

electricity, which makes their regular commercial activities a burden. These vendors are 

located mostly in street, lane, side walk, foot path, pavement, public park or any other 

public places or private areas, from a temporary builtup structure or by moving from place 

to place and includes hawker, peddler, squatter and many other ways employed by local or 

regions specific.SPV shelter powered DC energy systems can be extended for mobile 

vendor’s appliances etc…  

Renewable Energy and DC Micro grids have very close operational association. 

Advancement and wide employability of renewable energy needs modification in the loads 

as well. In this regard the conventional AC loads are to be switched to DC. Hence, supporting 

DC distribution systems. DC distribution systems have major advantages over AC microgrids, 

including higher efficiency, reliability and stability. SPV panels directly produce DC power 

and hence they can readily be connected to DC loads without or with little conversion 

requirements. 

DC-DC converters are widely used in today’s electric devices as they are indispensable in the 

use of domestic and commercialappliances.However they are designed for the use in low 

voltage range. The DC-DC converters convert one level of DC voltage to another level. The 

operating voltage of different electronic devices such as IC’s, MOSFET can vary over a wide  
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range, making it necessary to provide a voltage for each device. Designing DC-DC converters 

of high voltage level is a real challenge for engineering world. 

           Fig .1.1 .Solar-Wind based food cart                                   Fig .1.2. Solar based laundry shop 

Fig.1.3. Solar based carts                                                           Fig .1.4.Solar based Canteen 

 

1.2. Motivation 

The main motivation behind this project is, in present day the use of renewable 

energy sources and DC micro grids have prominence over conventional AC supply. 

Accessing AC power for isolated loads from grid is difficult. Existing Domestic and 

Commercial DC Loads operated at different voltage levels [12 V, 24 V….48 V].For their 

fulfillment either they have to go for tapping the AC distribution lines which is highly 

dangerous. So, to overcome this issue SPV based Single Input Multiple Output DC-DC 

Converter for DC distribution system in mobile canteen is taken up. However, mobile 

canteen/outdoor commercial stalls completely powered independent of grid 

connections has not been proposed. 
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1.3. Literature Survey 

 
1. Ambika et. al. “Design and Development of DC-DC Converter Employed for DC 

Distribution System in Domestic and Commercial Loads”, Electrical and Electronics 

Department Basaveshwar Engineering College, Bagalkot, 2021.  

This project presents design, simulation and development of Single Input Multiple 

Output (SIMO) DC-DC converter for DC distribution system employed for domestic and 

commercial loads. The converter behavior verified using Simulation and Experimental 

Prototype. Proteus software is used for simulation. Simulation model is built for DC-DC 

converter with 24 V input and resulting 12 V, 24 V, 32 V and 48 V DC output voltages. 

Regularly used domestic loads which basically operate on DC voltages are considered for 

the design and thus these loads are proposed to be operated in a DC distribution system. 

For the selected loads current and voltage assessment during their full load performance 

is conducted. Based on these values, converter parameters for buck and boost operation 

are evaluated. Further, the circuit is successfully tested for its operation in Proteus 

software. Real time implementation of the proposed DC-DC converter for 12V, 24V, 32V 

and 48V output voltages are carried out. Performance of the converter is tested with 

different loads and combinations. proposed concept decreases the dependency on 

conventional energy sources, while satisfying the electricity requirement for remotely 

located domestic DC load requirements. 

2. Aseef Ali, Anupkumar M, Ibrahimkhalil M Anasari, Manjula “Design, Development and 

Testing of Shelter Type SPV based Fruit Juicer for Outdoor Juice Vendors” Electrical and 

Electronics Department Basaveshwar Engineering College, Bagalkot 2019. 

This thesis presents a SPV based Fruit Juicer, in this DC extractor is designed and 

Constructed and tested the effective performance of the juicer with SPV. Here extraction 

is achieved by replacing conventional AC motor by DC motor (DC motor rating: 24V, 

13.4A, 250W, 2750rpm). Battery is used to supply the power during non-sunshine hours. 

The proposed model is only for single output without any converter. 

Experiment conducted on juicer with different fruits like Apple, Sapota, Watermelon, 

orange, banana and muskmelon were employed for testing the performance of the 

developed model and performance results are analyzed. The performance tests are 

conducted successfully in BEC campus. Time taken for juice preparation is less under high 

solar radiations. With lower radiations of range 500W/m2, slightly higher time is 

consumed. It reduces certain tedious work in this sector and hence encourages many 

people to take up juicing as their profession. 
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3. Muhammad Kamran, Muhammad Bilal, Muhammad Mudassar “DC Home Appliances 

for DC   Distribution   System”   Mehran   University   Research   Journal   of   

Engineering   and Technology, Volume 36, No. 4, October 2017. 

This  paper  strengthens  the  idea  of  DC  distribution  system  for  DC  home  appliances.  

This  paper investigates  the  energy  savings  by  adopting  DC  distribution  system  

instead  of  conventionally dominant AC distribution system. A DC microgrid of 308V is 

chosen as a distribution line voltage. home  appliances  are  modified  to  operate  on  

48V  from  DC  distribution  line.  Instead  of  using universal and induction motors in 

rotary appliances, BLDC (Brushless DC) that are highly efficient with minimum electro-

mechanical and commutation losses. Proposed DC system reduces the power conversion 

stages, hence diminishes the associated power losses and standby losses that boost the 

overall efficiency. so, in view of all this a conventional AC system can be replaced by a DC 

system that has many advantages by cost as well as by performance. 

Home  appliances  are  modified  by  removing  voltage  transformation,  rectification  and  

replacing Single phase induction motor with most efficient BLDC motors. In order to 

estimate the energy savings  by  adopting  a  DC  distribution  system,  power  ratings  of  

different  home  internally  DC appliances taking AC as input are collected. AC-DC power 

conversion losses are calculated. Then a load  profile  for   a  family  of  3  members   for   

month  is   calculated   and  it  is   observed  that 65.4kWh/month/home energy can be 

saved if the internally DC appliances are operated directly on DC. The replacement of AC 

motor with BLDC motor increases the overall efficiency of the system by 24%. 

4. Dr. Prakash. G. Burade and Nirasha.D.Ramteke “Design of Single Input Multiple Output 

DC-DC Converter” International Journal of Engineering Research & Technology (IJERT) 

ISSN:2278-0181 IC-QUEST-2016 Conference Proceedings. 

This  paper  presents  high  efficiency  single  input  multiple  output  dc-dc  converter  

with  coupled inductor.  The  converter  proposed  can  boost  the  voltage  of  a  low  

voltage  input  power  source  to controllable high voltage dc and middle voltage output 

terminals. The proposed converter uses only one power switch and main objectives of 

high efficiency power conversion, and different outputs, high step-up ratio. The 

techniques of soft-switching and voltage clamping are used to reduce the switching loss 

and conduction loss of dc-dc converter. 

The system configuration of the proposed high efficiency Single Input Multiple Output 

converter topology to generate different voltage levels from single input power source. 
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This converter contains five parts including a low voltage side circuit (LVSC), a clamped 

circuit, a middle voltage circuit, an auxiliary circuit and high voltage side circuit (HVSC). 

The voltage can be substantially increased by using a coupled inductor. The stray energy 

can be recycled by a clamped capacitor. The propose single input multiple output 

converter is suitable for the appliances required one common ground, which is preferred 

in most applications. 

5. Chinnu V V, Daisykutty Abraham, Ninu Joy “An Integrated Single Input Multiple-Output 

DC-DC  Converter  with  simultaneous  Buck  and  Boost  Outputs”  International  

Journal  of Advanced Research Electrical, Electronic and Instrumentation Engineering 

Vol. 3, Special 

This paper presents Multi port DC-DC converter topologies can be used to generate 

multiple DC outputs from a single DC input source. The voltage gains can be step-up or 

step-down type. This paper proposes a multi-port DC-DC converter topology which 

generates multiple outputs, which can step-up as well as step-down, from a single DC 

input. Multiple dc port converter used in application such that hybrid electric vehicles, dc-

based nano grids, LED drivers and stand by power supplies. The proposed system uses 

N+1 switch for N outputs.The   proposed   single   input   multiple   output   converters   

have   been   simulated   using   theMATLAB/SIMULINK (R2010a). The simulated results 

justify the behavior of the converter. Theresult shows that proposed converter can 

generate four outputs (two step-up as well as step-down outputs) from a single DC input 

which produces a step-up output of 30V and 15V and step-down output of 8V and 4V. 

The behavior of the proposed converter has been verified using a laboratory prototype, 

which produces a step-up voltage of 30V and step-down voltage of 6V from single 15V DC 

input. 

6. Bukya  Rajesh  “Design  of  Modified  Single  Input  Multiple  Output  DC-DC  Converter” 

International Journal of Computer Science and Mobile Computing, Vol.3, Issue.10, 

October 2014. 

This  paper  presents  modified  single  input  multiple  output  dc-dc  converter  can  be  

used  to  give multiple outputs. It has three outputs. That is low voltage power source is 

converted into high voltage DC bus and middle voltage output terminals. This dc-dc 

converter utilizes the properties of voltage clamping and soft switching based on a 

coupled inductor. In this paper design of single input multiple output dc-dc converter    

along    with    modes    of    operation    has    been    presented using 



Development and Performance Testing of SPV Powered Mobile Canteen with DC Loads 

UG, EED, BEC (A), BGK Page 6 
 

MATLAB/SIMULINK. Simulation results thus obtained show that, the objective of high 

efficiency, high step-up ratio and various levels of output voltage. The proposed SIMO 

converter is suitable for the application required one common ground, which is 

preferred in most applications. The voltage gain can be substantially increased by using a 

coupled inductor, the stray energy can be recycled by clamped capacitor into the output 

terminal 1 or output terminal 2 to ensure the property of voltage clamping and an 

auxiliary inductor is designed for providing the charge power to the load1 and assisting 

the switch turned on under the condition of ZCS. It gives alternative choice for 

converting a low voltage source to multiple boost outputs with inverted voltage output 

efficiently. 
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1.4. Field Visit 
 
Field Visit-1 
Location: Vidyagiri, Bagalkot      
Pin-code: 587102 
 

Solar Power Plant at BEC roof top 

 Total Installed Capacity of Solar Power Plant : 255KW 
 Total Number of SPV Modules : 851 
 Total Number of Inverters : 6 
 Total Number of Strings : 48 
 Number of Modules per String: 18 

 
 

 

 

 

 

Fig.1.5. Solar Power plant at BEC roof top 

In this field visit we come to know that the type of connections between the panels. The 

total capacity of the solar power plant is 255KW which is located at the BEC rooftop. Total 

number of Inverters connected to the solar power plant is 6, in that 5 inverters are of 50KW 

and 1 inverter is of 5 KW. Each inverter connected with 9 strings and each string contains 18 

modules. In solar power plant polycrystalline type of panels are used. Maintainance will be 

taken for this power plant.Solar power plant with capacity of 255KW satisfies our college 

load. 

Specification of Module 

Model    : ELDORA VSP 72AAA.03.04 

Maximum Power, Pmax                      : 320Wp 

Open Circuit Voltage, VOC  : 46.17 V 

Short Circuit current, ISC               : 8.95 Amps 

Maximum Power Voltage, Vm   : 38.42 V 

Maximum Power Current, Imp : 8.33 Amps 

Efficiency      : 16.67% 
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Field Visit- 2 

Solar Power Plant at Energy park,BEC 

 

 

 

 

 

Fig.1.6. Solar Power plant at Energy Park, BEC 

In this field visit we observed that, the type of modules used are polycrystalline and 

monocrystalline. Total 12 modules are installed, in that 6 modules are polycrystalline and 6 

modules are monocrystalline.Total installed capacity of modules are 1980Wp. These 

modules are sufficient to satisfy our selected DC Loads. Specifications of the both modules 

are specified as below. 

Specification of Polycrystalline Module 

 

 

 

 

 

 

Specification of Monocrystalline Module 

 

 

 

 

 

Model    : MTK150/12V 

Maximum Power, Pmax                      : 150 Wp 

Open Circuit Voltage, VOC  : 21.90 V 

Short Circuit current, ISC               : 8.81 Amps 

Maximum Power Voltage, Vm   : 17.96 V 

Maximum Power Current, Imp : 8.36 Amps 

Maximum System Voltage        : 1000 V 

Model   : LFV12V180WM 

Maximum Power, Pmax                      : 180 Wp 

Open Circuit Voltage, VOC  : 23.90 V 

Short Circuit current, ISC               : 9.77 Amps 

Maximum Power Voltage, Vm   : 19.36 V 

Maximum Power Current, Imp : 9.31 Amps 

Maximum System Voltage        : 1000 V 
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Lab Visit-1 

DC Poered Microcontroller Kit 

 

 

 

 

 

Fig.1.7.DC Powered Microcontroller kit 

In this microcontroller kit sunlight is used to avoid the battery backup. This system serves 

the intial and runing cost and low powered DC loads can be operated using this system. In 

education sysytem, the proposed work is applicable in Microcontroller kits. It is easy to 

implement, it can also be used in digital/ analog kits.However, it is applicable for only low 

power application and we are trying to test high rated DC loads with solar power. 

 

 

 

 

 

 

 

 

 

Fig.1.8. Block Diagram of SPV Powered Pack 
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Applications 

 Rural Electrification 

 Low Power Consuming DC Loads like Mobile charging, Digital Cameras etc. 

 Charging of higher rating batteries 
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1.5. Outcomes of Literature Review 

 
However, the effort towards making outdoor commercial stalls completely powered 

independent of grid connections has been proposed. Further, to develop DC power 

distribution systems using renewable energy sources is need of hour. In this regard, 

proposal aims to result in sustainable solution for small scale distribution systems for 

commercial and domestic applications. The core objective of this proposal is to empower 

the electricity for canteen/stalls located outskirts. This provision will lead to a systematic 

and self sustained livelihood of the many street vendors.  

Based on the literature review following critical observations are made: 

 Multiple output voltages can be achieved by single input voltage using SIMO converters. 

 Domestic and low powered commercial appliances are compatible with DC loads with 

increase in efficiency. 

 Performance analysis of the SIMO DC-DC converter with parallel operation of individual 

converters is verified by simulation. 

 Many literatures presented SIMO DC-DC converter topologies. However, employment for 

DC distribution system in commercial applications is not proposed. 

 In view of these points, project is taken up to develop the DC distribution system based 

on SIMO converter for canteen appliances.  

 

It is observed that different levels of output voltages can be obtained from DC-DC 

Converter. In this regard the project titled “Development and Performance Testing of SPV 

Powered Mobile Canteen with DC Loads” is taken up. 

 

1.6. Objectives 
 

The core objectives of the proposed system are to solve and eradicate the electricity supply 

problems of remotely located people/outdoor vendors trough SPV powered DC distribution 

system. Specific objectives are: 

 To develop DC distribution system employed for mobile canteen using SIMO DC-DC 

Converter  

 To test the performance of proposed circuit with different DC loads. 
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1.7. Thesis Organization 

The thesis consists of nine chapters. Chapter one presents the introduction to DC 

distribution system, about DC-DC Converter, motivation to carry out this project, Literature 

Survey, Outcomes of literatures and thesis organization. Chapter two presents types of DC-

DC Converter and Review on Single Input Multiple Output DC-DC Converter. Chapter three 

presents the DC loads employed in mobile canteen. Chapter four presents the methodology 

and proposed Block diagram and Design of DC-DC converter. Chapter five presents the 

calculation of DC-DC Converter components. Chapter six presents description of Electric cart 

and it’s dimensions. Chapter seven presents DC distribution system, it’s advantages and 

proposed wiring diagram for mobile canteen. Chapter eight presents the testing results of 

DC-DC Converter with DC loads. Chapter nine presents the conclusion and future scope. 
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CHAPTER-2 

DC-DC CONVERTER 

This chapter represents the different types of DC-DC Converters and Review on Single Input 

Multiple Output DC-DC Converters.  

2.1 Types of DC-DC Converter  

 

 

 

 

 

 

 

 

Fig.2.1 Classification of DC-DC Converter 

 

1. Linear Mode DC-DC Converter  

Linear voltage regulators deliver a stable output voltage from a more or less stable input 

voltage source. In normal operation, even if the input voltage fluctuates rapidly, the output 

voltage remains stable. This means they can also very effectively filter out input ripple, not 

only at the fundamental frequency, but also as far as the fifth or tenth harmonic. The 

limitation is only the reaction speed of the internal error amplifier feedback circuit.  

 

 

 

 

 

Fig.2.2 Pin diagram of 7805 Linear Regulator 
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There are two types in linear mode DC-DC Converter  

A. Series Regulator: Series regulators are the more common form; they are more efficient 

than shunt designs. The series regulator works by providing a path from the supply voltage 

to the load through a variable resistance, usually a transistor, it is in the "top half" of the 

voltage divider - the bottom half being the load. The power dissipated by the regulating 

device is equal to the power supply output current times the voltage drops in the regulating 

device. For efficiency and reduced stress on the pass transistor, designers try to minimize 

the voltage drop but not all circuits regulate well once the input (unregulated) voltage 

comes close to the required output voltage; those that do are termed Low Dropout 

regulators, A series regulator can usually only source current, unlike shunt regulators. Fig.2.3 

represents the circuit diagram of Series Regulator.  

 

 

 

 
 

Fig.2.3 Series Regulator 

B. Parallel Regulator: The parallel regulator works by providing a path from the supply 

voltage to ground through a variable resistance. The current through the shunt regulator is 

diverted away from the load and flows directly to ground, making this form usually less 

efficient than the series regulator. It is, however, simpler, sometimes consisting of just a 

voltage-reference diode, and is used in low-powered circuits where the wasted current is 

too small to be of concern. This form is very common for voltage reference circuits. A shunt 

regulator can usually only sink current.  

 

 

 

 

Fig2.4 represents Circuit diagram of Parallel Regulator. 

 

Hard Switching Mode DC-DC Converter  

Hard-Switching is simply forcing the transistor to turn on and off by adding the current or 

voltage to the third pin to enable the changed states. It is known to be hard on transistors 

and shortens their useful life. Hard switching is easy to understand and therefore is used 



Development and Performance Testing of SPV Powered Mobile Canteen with DC Loads 

UG, EED, BEC (A), BGK Page 15 
 

almost universally in power converters outside of the low power DC-DC space. Hard 

switching is thought to be low-cost because only a limited number of other components are 

required to drive the transistors between states. In reality, hard-switching is expensive at 

the system level and inefficient.  

Hard switching Mode can be divided into two main groups  

A. Non isolated DC-DC Converter: The input sources and the output load share a common 

current path during operation.  

Non isolated DC-DC Converter are divided into four types:  

i. Buck Converter: The buck converter is a commonly used in circuits that steps down the 

voltage level from the input voltage according to the requirement. It has the advantages of 

simplicity and low cost. Figure.2.5 shows a buck converter the operation of the Buck 

converters starts with a switch that is open. When the switch is closed, the current flows 

through the inductor, slowly at first, but building up over time. When the switch is closed 

the inductor pulls current through the diode, and this means the voltage at the inductors 

"output" is lower than it first was. This is the very basic principle of operation of buck circuit.  

 

 

 

Fig.2.5 Circuit diagram of Buck converter 

Operating principle: - The key to the analysis for determining the voltage Vo is to examine 

the inductor current and inductor voltage first for the switch closed and then for the switch 

open. The net change in inductor current over one period must be zero for steady state 

operation. The average inductor voltage is zero. There are two types of operational mode 

for this circuit a) Continuous Conduction Mode and b) Discontinuous Conduction Mode.  

They are described as below 

 

 

 

 

Fig.2.6 Operation of Buck converter 
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(a) Continuous Conduction Mode: A buck converter operates in continuous mode if the 

current through the inductor (IL) never falls to zero during the commutation cycle. In this 

mode, the operating principle is described by using Fig.2.6.  

 

 

 

 

 

Fig.2.7 Continuous conduction mode of Buck converter 

• When the switch pictured above is closed, the voltage across the inductor is VL = Vi − Vo. 

The current through the inductor rises linearly. As the diode is reverse-biased by the voltage 

source V, no current flows through it.  

• When the switch is opened, the diode is forward biased. The voltage across the inductor is 

VL = − Vo (neglecting diode drop). Current IL decreases.  

(b) Discontinuous Conduction Mode: - In some cases, the amount of energy required by the 

load is small enough to be transferred in a time lower than the whole commutation period. 

In this case, the current through the inductor falls to zero during part of the period. The only 

difference in the principle described above is that the inductor is completely discharged at 

the end of the commutation cycle.  

 

 

 

 

 

Fig.2.8 Discontinuous conduction mode of Buck converter 
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ii. Boost Converter: A boost converter (step-up converter) is a power converter with an 

output DC voltage greater than its input DC voltage. It is a class of switching mode power 

supply (SMPS) containing at least two semi-conductors’ switches (a diode and a transistor) 

and at least one energy storage element. Filters made of capacitors (sometimes in 

combination with inductors) are normally added to the output of the converter to reduce 

output voltage ripple A simplified circuit diagram is shown in Fig 2.9.  

 

 

 

 

Fig.2.9 Circuit diagram of Boost converter 

Operating principle: - The key principle that drives the boost converter is the tendency of an 

inductor to resist changes in current. When being charged it acts as a load and absorbs 

energy. When being discharged it acts as an energy source. The voltage it produces during 

the discharge phase is related to the rate of change of current, and not to the original 

charging voltage, thus allowing different input and output voltages.  

 

 

 

 

 

 

Fig.2.10 Operation of Boost converter 

The basic principle of a Boost converter consists of 2 distinct states  

• In the On-state, the switch S is closed, resulting in an increase in the inductor current.  

• In the Off-state, the switch S is open and the only path offered to inductor current is 

through the flyback diode D, the capacitor C and the load R. These results in transferring the 

energy accumulated during the On-state into the capacitor.  

• The input current is the same as the inductor current. So, it is not discontinuous as in the 

buck circuit and the requirements on the input filter are relaxed compared to a buck 

converter.  
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(a)Continuous Conduction Mode: When a boost converter operates in continuous mode, 

the current through the inductor (IL) never falls to zero. The typical waveforms of currents 

and voltages in a converter operating in this mode.  

 

 

 

 

 

Fig.2.11 Continuous conduction mode of Boost converter 

(b)Discontinuous Conduction Mode: - In some cases, the amount of energy required by the 

load is small enough to be transferred in a time smaller than the whole commutation period. 

In this case, the current through the inductor falls to zero during part of the period. The only 

difference in the principle described above is that the inductor is completely discharged at 

the end of the commutation cycle.  

 

 

 

 

 

Fig.2.12 Discontinuous conduction mode of Boost converter 

iii. Buck-Boost Converter: - Another basic switched mode converter is the buck-boost 

converter. The output of the buck-boost converter can be either higher or lower than the 

input voltage. Assumption made about the operation of this circuit is same as it was for the 

previous converter circuits. 

  

 

 

 

Fig.2.13 Circuit diagram of Buck-Boost converter 
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Operating principle: - The two operating states of a buck–boost converter: When the switch 

is turned-on, the input voltage source supplies current to the inductor, and the capacitor 

supplies current to the resistor (output load).When the switch is opened, the inductor 

supplies current to the load via the diode D.  

• While in the On-state, the input voltage source is directly connected to the inductor (L). 

This results in accumulating energy in L. In this stage, the capacitor supplies energy to the 

output load.  

• while in the Off-state, the inductor is connected to the output load and capacitor, so 

energy is transferred from L to C and R. Compared to the buck and boost converters, the 

characteristics of the buck–boost converter are mainly:  

 polarity of the output voltage is opposite to that of the input;  

• The output voltage can vary continuously from 0 to (for an ideal converter). The output 

voltage ranges for a buck and a boost converter are respectively 0 to and to. The circuit 

has two main modes of operations. They are described below.  

(a) Continuous Conduction Mode: - If the current through the inductor L never falls to zero 

during a commutation cycle, the converter is said to operate in continuous mode.  

 

 

 

 

 

Fig.2.14 Continuous conduction mode of Buck-Boost converter 

(b)Discontinuous Conduction Mode: - In some cases, the amount of energy required by the 

load is small enough to be transferred in a time smaller than the whole commutation period. 

In this case, the current through the inductor falls to zero during part of the period. The only 

difference in the principle described above is that the inductor is completely discharged at 

the end of the commutation cycle.  

 

 

 

 

Fig.2.15 Discontinuous conduction mode of Buck-Boost converter 
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iv. Cuk Converter: - The Cuk converter is used for getting the output voltage with different 

polarity. That means output voltage magnitude can be either larger or smaller than the 

input, and there is a polarity reversal on the output. The inductor on the input acts as a filter 

topologies where energy transfer is associated with the inductor. Energy transfer for the 

Buck converter depends on the capacitor C1. The primary assumptions for this circuit 

analysis are as before. It also has two modes of operation which are described below. 

 

 

 

 

 

Fig.2.16 Circuit diagram of Cuk converter 

 

Operating principal: - The two operating states of a non-isolated Cuk converter. In this 

figure, the diode and the switch are either replaced by a short circuit when they are on or by 

an open circuit when they are off. It can be seen that when in the Off state, the capacitor C 

is being charged by the input source through the inductor L1. When in the on state, the 

capacitor C1 transfers the energy to the output capacitor through the inductance L2. A non-

isolated Cuk converter comprises two inductors, two capacitors, a switch and a diode. Its 

schematic can be seen in figure.2.16. It is an inverting converter, so the output voltage is 

negative with respect to the input voltage. The capacitor C is used to transfer energy and is 

connected alternately to the input and to the output of the converter via the commutation 

of the transistor and the diode. The two inductors L1 and L2 are used to convert respectively 

the input voltage source (VS) and the output voltage source (C2) into current sources. 

Indeed, at a short time scale an inductor can be considered as a current source as it 

maintains a constant current. This conversion is necessary because if the capacitor were 

connected directly to the voltage source, the current would be limited only by resistance, 

resulting in high energy loss. Charging a capacitor with a current source prevents resistive 

current limiting and its associated energy loss.  
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Fig.2.17 Waveform of Cuk converter 

B. Isolated DC-DC Converter: - In the family of isolated DC-DC converters there is a variety of 

topologies, but only three of them are applicable to the discussion of modern DC-DC 

converters. This section will limit its consideration to flyback, forward and push-pull 

converter topologies. In these types of isolated converters, the transfer of energy from input 

to the output is performed via a transformer. As with the non-isolated converters regulation 

is performed by the PWM controller, again by monitoring the output voltage in the feedback 

loop, but via an isolating stage. Ideal components are again assumed. The other difference 

between transformer-based isolated converter topologies and the non-isolated topologies 

discussed previously is that the buck, boost or buck-boost function can be achieved with the 

transformer winding ratio, so freeing up the PWM driver to operate as a simple energy 

packet controller transferring more or less energy from input to output according to input 

voltage and output load requirements only.  

i. Flyback converter: - The Flyback Converter converts an input voltage into regulated 

output voltage by storing energy in the transformer core during the on time when 

transforming it to the secondary during in on time as shown in the fig.2.18.  

 

 

 

 

Fig.2.18 Circuit diagram of Flyback converter 
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Working: - When switch S is closed, a current flow IS through the primary winding of the 

transformer T1 with an inductance of LP with a rise rate of VIN/LP. During this time, no 

current flows through the secondary winding LS to the load. The load current is provided at 

this time by the capacitor C. When S opens, the collapsing magnetic field in the transformer 

causes the voltages at the primary and secondary windings to change their polarity. The 

energy stored in the primary winding is now transferred to the secondary winding. The 

secondary voltage rises sharply and a pulse of current flows into the load and C, decreasing 

at the rate VOUT/LS. The diode D acts as a peak rectifier.  

 

 

 

 

 

 

 

 

Fig.2.19: Waveform of Flyback converter 

i. Forward Converter: - Although the forward converter seems similar to the flyback 

topology, it functions in a completely different way. The input voltage is converted into a 

regulated output voltage as a function of the turn’s ratio of the transformer.  

 

 

 

 

 

Fig.2.20: Circuit diagram of Forward converter 
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Working: - As in the flyback topology, when switch S is closed, a current IS1 flows through 

the primary winding of the transformer N1 with an inductance of LP with a rise rate of 

VIN/LP. The rising primary current induces a secondary current in the transformer N1 due to 

the coupling between the primary and secondary windings, with a voltage magnitude of 

VIN/N. The secondary current flows through the rectifying diode D1 and the output inductor 

L1, rising with a rate equal to VIN/(L1 N). This current also flows into the load RL and the 

output capacitor Co. Thus, the voltage across the capacitor Cin rises until the upper 

regulation threshold is exceeded and a ‘stop’ signal is sent (the feedback signal is usually via 

an optocoupler). The primary side controller then causes S to open, and the current flow 

from the voltage source is interrupted. The reset winding with diode D3 stops the 

transformer magnetic field from collapsing, but instead allows the current to decay at the 

same rate as it rose when S was closed. As a result, when S opens, a polarity reversal occurs 

at the secondary winding and the negative current decreases with the rate VOUT/L1 and 

flows through the catch diode D2 and the inductance L1 and finally flow into load and Co. 

The voltage across Cin decreases until such time as the lower control limit of the regulation 

is reached. A ‘start’ signal is sent, S is closed again and a new cycle begins.  

 

 

 

 

 

 

 

Fig.2.21: Waveform of Forward converter 

 

iii. Push-Pull Converter: - The Push-Pull Converter converts an input voltage input a lower or 

higher output voltage but requires a split winding transformer to function.  
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Fig.2.22: Circuit diagram of Push-Pull converter 

Working: - When switch S1 is closed, the current increases through the primary winding of 

the transformer with approximately linear slew rate Vs/LT1. Simultaneously, a voltage Vs/N 

is set up at the secondary winding n2 due to the coupling of the primary and the secondary 

winding of the transformer. The secondary current flowing through the rectifying diode D1 

and the output inductor L1, increases linearly at the rate of (Vs/N - VO)/L1. This current also 

flows into the load RL and charges the output capacitor C1. When S1 is opened, a polarity 

reversal occurs, but diode D1 blocks the negative voltage on the secondary winding n1. 

However, current continues to flow through L1 via diode D2 from the inverted secondary 

winding n1. The current now decreases linearly in proportion VO/L1. S2 is then closed and 

the cycle begins again, but with the secondary winding n1 providing the current while S2 is 

closed. Since the Duty Cycle is for both S1 and S2 closed to 50% it is very important to make 

sure that the two switches cannot be switched on simultaneously otherwise very high short 

circuit current would flow therefore a suitable dead time is required between the opening 

of one switch and closing of the other.  

 

 

 

 

 

 

 

Fig.2.23: Waveform of Push-Pull converter 
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iv. Half Bridge and Full Bridge: - A similar topology to the push-pull converter is the half 

bridge and full bridge converters, which use two or four switches to steer the current 

through the transformer primary winding, which no longer needs the primary Centre-tap 

connection as with the push-pull converter (but still uses a centre-tap secondary).  

 

 

 

 
Fig.2.24: Circuit diagram of Half and Full Bridge converter 

 

Soft Switching Mode DC-DC Converter  

Soft Switching mode power converter are used in a wide variety of application. In most 

applications, it is desirable to design high frequency switching power converters to increase 

their power density. However, the switching losses are increased by increasing the 

frequency. Moreover, large dv/dt and di/dt produce electromagnetic interference.  

soft switching is classified into two types:  

i. Zero Current Switching (ZCS): - ZCS can eliminate the switching losses at turnoff and 

reduce the switching losses at turn-on. As a relatively large capacitor is connected across the 

output diode during resonance, the converter operation becomes insensitive to the diode's 

junction capacitance. When power MOSFETs are zero-current switched on, the energy 

stored in the device's capacitance will be dissipated. This capacitive turn-on loss is 

proportional to the switching frequency.  

 

 

 

 

Fig.2.25 Circuit diagram of Zero current switching 
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Fig.2.26 Waveform of Zero current switching 

 

i. Zero Voltage switching: - Zero-voltage switching can be described as the power to the 

device is turned off or on only when the output voltage is zero volts. Using this 

technique, zero-voltage switching can effectively reduce losses and this technique can be 

applied to create the most power-conversion designs.  

Zero Voltage Switching can extend the life of a controller and of the load being controlled. 

All of its switches for all transitions because of its high switching frequency capability, high 

efficiency, and simple architecture, it can provide very high-power density.  

 

 

 

 

 Fig.2.27 Circuit diagram of Zero voltage switching 
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Fig.2.28 Waveform of Zero Voltage switching 

 

2.2 Review on Single Input Multiple Output DC-DC Converter  

DC-DC converter circuit is a high frequency power conversion circuit that uses inductor, and 

capacitor to smooth out switching noise into Regulated DC voltage. Closed feedback loop 

maintains constant voltage output even when changing input voltage and output current. 

This converter is used to reduce high voltage input to low voltage or low voltage to high 

voltage for some specified applications. They are also used to isolate some highly sensitive 

components in a circuit from other components of the circuit to avoid any kind of damage. 

This converter is widely used as variable voltage DC power supply. Single input multiple 

outputs DC-DC converter is more suitable for certain application such as military, 

aeronautics, renewable energy. Different single input multiple outputs DC-DC converter is 

use to get multiple output from single input. The operating modes of the outputs of SIMO 

converter must change to maintain a constant supply voltage if the state of charge of a 

battery is altered during operation of the converter. The limited capacitance of the filtering 

capacitors connected in shunt to each output to limits a current driving capacity. The 

converter having one input source and multiple output voltages which requires high 

switching frequency to achieve small size of inductor and capacitor. Use of high switching 

frequency can also increases switching losses as well as decreases efficiency of the 

converter .to overcome this problem some soft switching techniques are used which can be  
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operated at high switching frequency those are Zero Voltage Switched and Zero Current 

Switched. In these techniques any one voltage or current will be zero in the process of the 

converter, by this power supply accuracy is increased. The low turn on resistance MOSFET is 

used to decrease the conduction loss.  
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CHAPTER-3 

DC Loads Employed in Mobile Canteen 

This chapter presents the detailed specification of selected DC loads for mobile canteen. 

3.1. Loads and their specification details 

 

 

 

 

 

Fig.3.1. Solar induction stove 

 ZVS Induction Heating Board Module 

 Voltage: 12-48 V, Wattage-1800W. 

 Good heat dissipation with coil accessories 

 

 

 

 

 

 

 

Fig.3.2. Table Fan with Inbuilt LED 

• Prabha Solar 15W DC 12V inbuilt LED light without Oscillations. 

•  Input Voltage 12V, Current 1.7-2Amps. 

• For general use in Hotels, shops , offices and homes. 

•  Easy to handle, heavy powder coated grill. 
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Fig.3.3. Pedestal Fan 

 

 Operates on DC 12 V, 7 AH Battery, 2.8-3.7Amps. 

 It is very light and portabledevice and they can be moved with ease. 

 Used in Homes or even Outdoors or a room that requires additional ventilation. 

 

 

 

 

 

 

Fig .3.4.LED Bulbs 

 

• 12V, 7W DC LED B22 type Holder Bulb with inbuilt heat sink.  

• Suitable for residential Rooms, petty Shops, rural shops and farm House. 
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Fig.3.5. Electric Motor 

• Robodo M37 24V 350W Electric Motor for Electric    bike, Electric Tricycle. 

• Wattage-350W, Rotation-2650rpm, Torque-2.5-4N.M. 

• Efficiency>75%. 

• Used in Scooter and Small Electric motorcycle.  

 

 

 

 

 

Fig.3.6. Electric Motor 

 

• Xculma My1016Z2 24V, 250W electric motor. 

• No-Load Current:<2A, No Load Speed:3850 RPM Rated torque:0.80N, Efficiency:78%. 

•  Used in Elevators, Steel Mills, Rolling Mills etc. 
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CHAPTER-4 

METHODOLOGY 

This Chapter presents the steps involved in methodology, proposed block diagram and 

description of components. 

 

4.1. Methodology Steps 

The proposed methodology includes three main steps: 

Step1: Selection of DC loads: 

There are many DC appliances which can be used by street vendors in their mobile 

canteen which basically use DC power. These loads can be directly operated through DC 

voltages in DC distribution system. In this regard the loads are listed and their respective 

DC ratings are assessed. Further, desired voltage levels for loads are selected. Table 1. 

shows the selected DC loads and their specifications. 

 

 

Table 4.1 DC loads and their specifications. 

 

 

 

 

 

 

 

 

 

 

 

 

SI. DC Loads Ratings 

1 Solar Induction Stove 12-48V, 1800W,40A 

2 Solar DC fan with inbuilt LED 12V,15W 

3 BLDC ceiling fan 12V, 60W 

4 Solar pedestal fan 12V,42W 

5 LED Bulbs 12V, (5,7,10,12&15W), 48V(9W) 

6 DC Motors 24V, 250W 
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Table 4.2 Determination of Connected Load and their energy estimation 

SI DC Loads Ratings(W) Number 
Total 
Watt 
(W) 

No.of hours 
per day 

Energy/d
ay 

(Wh) 

1 
Solar Induction 
Stove 

1800W 1 1800 13 23400 

2 
Solar DC fan with 
inbuilt LED 

15W 1 15 6 90 

3 Solar Pedestal fan 42W 1 42 6 252 

4 DC Motors 250 2 500 2 1000 

5 LED bulbs 

12V, 
(5,7,10,12&

15W), 
48V(9W) 

1 58 4 232 

 Total - 6 2415 31 
24.974K

Wh 

 

Table 4.2 shows the determination of connected load and it’s energy estimation, which 

helps to select the number solar modules to satisfy the selected loads for mobile canteen 

Step 2: Design of DC-DC converter:  

DC-DC converter with single input multiple outputs will be developed 12 volts input is 

provided from SPV panels. DC-DC converter will result in different voltages of 12 V, 24 V, 

32/36 V and 48 Volts. Here DC-DC converter unit consist of four DC-DC boost converters 

each of rating 20 Amps which are connected in parallel to get different voltage levels and 

high current of approximately 60 Amps. Loads are connected to respective voltage 

terminals. Further, battery will be employed for operation during non-sunshine hours.  
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DC Loads 

 

 

 

 

 

 

 

 

 

 

Fig.4.1. Front and Back View of DC-DC Boost Converter 

 

Step3: Interconnection of Components: 

All the components of the project are interconnected and tested for the performance of the 

designed DC-DC Converter for the different DC loads. 

4.2. Block Diagram 

 

 

 

 

 

 

 

 

 

Fig.4.2.Proposed block diagram 

 

DC-DC Boost 

Converter Unit 
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The functional block diagram of proposed model as shown in the Fig 1.The block diagram 

consists of solar module, DC-DC Converter and Domestic and Commercial DC loads. The 

description of components listed below: 

4.3. Description of components: 

1. Solar Module: 

Solar module is a single photovoltaic panel that is assemble of connected solar cells. The 

solar cell absorbs sunlight as source of energy to generate electricity. Polycrystalline solar 

modules are made of PV cells comprising of numerous small silicon crystals. Polycrystalline 

modules are most cost-effective but less efficient than the monocrystalline solar PV 

modules. Monocrystalline solar panels occupy very less space and space efficient. The cells 

in monocrystalline solar panels are highly efficient in their electricity bearing capacity. Solar 

Photovoltaic panels of 1980W are available for experimentation. 6 numbers of 

monocrysatlline panels with 180W, 12V and Polycrystalline panels with 150W, 12V are 

connected for parallel operation. 

 

 

 

 

 

 

 

 

Fig.4.3. Solar Power Plant at Energy Park BEC 
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Table 4.3 Specification of monocrystalline type SPV module 

 

 

 

 

 

 

 

 

 

Table 4.4 Specification of polycrystalline type SPV module 

 

 

 

 

 

 

 

 

 

2. DC-DC Converter: 

Boost converters are also known as step-up choppers are the type of choppers circuits 

provides such as an output voltage that is more than the supplied input voltage. In case of 

boost converters, the DC-DC conversion takes place in any way that the circuit provides a 

high magnitude of output voltage than the magnitude of the supply input. DC-DC converter 

with single input multiple outputs will be developed. 12 volts input is provided from SPV 

panels. DC-DC converter will result in different voltages of 12 V,24 V, 32/36 V and 48 Volts. 

Here DC-DC converter unit consist of three DC-DC boost Converters each of rating 20 Amps 

which are connected in parallel and parallel operation is carried out to get different voltage 

levels and high current around 72 Amps. The loads are connected to respective voltage 

terminals and the desired voltage can be obtained by varying the potentiometer. 

 

 

Module LFV12VS180WM 

Product ID I180LFFS2CO2321 

Pmax 180 Wp 

Vmax 21.99 v 

Imax 8.32 A 

Voc 24.04 V 

Isc 9.74 A 

Efficiency 21.38% 

Fill Factor 78.15 % 

SN 21ICBHOAA21450030 

Pmax 150 Wp 

Vmax 18.502 v 

Imax 8.206 A 

Voc 22.638 V 

Isc 8.601 A 

Efficiency 15.27 % 

Fill Factor 77.96 % 
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. 

Fig.4.4.Front view of DC-DC converter 

 

 

 

 

 

Fig.4.5.Back view of DC-DC converter 

 

 

 

 

 

Fig.4.6. Inside view of DC-DC converter 
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Working principle: 

In this DC-DC converter unit it consists of three boost converters. 12V input is directly given 

to input of DC-DC converter and 12V volt output is obtained at the first output terminal of 

the unit without using boost converter. Other three outputs such as 24V, 36V & 48V is 

obtained by using boost converters.  

Each boost converter contains three input capacitors, four output capacitors, MOSFET, 

inductor, resistor, diode and potentiometer. Here Input capacitors are of 470µF, 100V are 

connected in parallel, output capacitors are of 470µF, 63V are also connected in parallel and 

inductor and resistor has a predesigned value. 

Let us see the working principle of each boost converter, the output capacitor is charged to 

the input voltage minus one diode drop. Now turn on the switch, signal sourcesgo high 

turning on the MOSFET. The total current is diverted through to the MOSFET and through 

the inductor. The output capacitors remain charged since it can’t discharge through the back 

bias diode. The power source is not immediately short circuited, since the inductor makes 

the current ramp up relatively slowly. Also, magnetic field builds up around the inductor. 

Now the MOSFET is turned off and current flowing through the inductor is stopped abruptly. 

The inductor has characteristic of maintaining smooth current flow that means the current 

flowing through the inductor does not changes suddenly. So it does not like sudden turning 

of the current. It results in generating a large voltage with the opposite polarity of the 

voltage originally supplied to it using the energy stored in the magnetic field to maintain 

that current flow. Now inductor starts to act as a voltage source in series with the supply 

voltage.  This means that the voltage at the anode of the diode is higher than the voltage at 

the cathode of the diode and diode is in forward biased. Now the output capacitor is 

charged to a higher voltage than before hence successfully stepped up a lower DC voltage to 

higher DC voltage. 

Here all the three boost converters have same ratings and same working principle. The 

desired voltage can be obtained by varying potentiometer. By connecting these three boost 

converters in parallel we get total output current of 60 Amperes. This DC-DC converter can 

operate up to 72 V. 

 

3. DC Loads: 

DC Loads used in small scale canteens/hotels are considered for the testing the performance 

of DC-DC converter and the entire DC distribution system. 
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i. Solar Induction Stove 

The induction stove uses the low-voltage DC power supply 12-48 V with maximum current of 

20 Amperes, maximum power 100 V. Because of it’s moderate power, can be used for small 

parts of DIY players do hardening, annealing and other heat treatment.Also it can be used 

with a graphite crucible melting gold, silver, copper, aluminium and other metals. 

Inside diameter of the coil: 40mm 

Height of the coil: 50mm 

The higher the voltage, the greater the heating current when the same thing, the effect is 

better, but at the same tie heart is also large, so to eradicate the actual situation to select 

the input voltage. It suits 12-36V power supply. 

Working principle: 

The kit contains full set of driving circuit elements and brass. The circuit board using double-

sided fibre glass board, mainly copper traces are used to widen use the entire back surface 

of the resonant circuit common, continuous work, add a fan to blown down from above, to 

the resonance capacitors and other components to cool. The use of switching power supply 

is due to the high power are generally slow start function, which just opened machine 

output voltage is slowly rising while it is turned on before the induction heating circuit, if the 

voltage rises to 12V, because start insufficient voltage cannot afford to vibration, resulting in 

two simultaneous conduction mos tube so burned components. So the first will strat 

switching power supply voltage reaches 12V above and then access the induction heating 

circuit. This circuit cannot only do the induction heating, the copper tube into the high-

frequency transformer, is a powerful inverter. 

Induction stove works on the principle of electromagnetic induction by heating the vessels 

directly. The vessels must be in ferromagnetic material of which is capable of allowing the 

eddy currents to flow and produce heat on the material.  

 

ii. Solar DC fan with inbuilt LED 

This fan directly works on the battery without any external supply. The battery can be 

charged with the help of solar panels. The rating of the battery used is 12V, 7.2 Ah. The 

input voltage of the solar DC fan is 12V and current rating is 1.7 - 2 Amps and available in 

12W – 15W. It has a inbuilt LED light without any oscillations. This fan is also provided with 

the USB cable port facility where mobiles can be charged in outdoor/outskirts canteen. It is 

ideal for general use in hotels, restaurants, shops, offices and home. 
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iii. BLDC ceiling fan 

Ratings: 12V, 24 Watts. 

BLDC Energy efficient ceiling fan of 24 watts v/s regular household fan of average 75 watts 

saves around Rs. 1500/- to 2200/- per year. It is provided with the reverse polarity 

protection and short circuit protection, DC speed control regulator with 3 speed option and 

on/off option. It is fitted with the double ball bearing and 100% copper wiring for lowest 

power consumption. Blades and other materials are 100% aluminium powered coated. It 

can be used with any 12 Volts battery or can be connect through 12 Volts solar panels(40 

watts – 80 watts). 

 

iv. Solar pedestal fan 

Ratings: 12V, 42Watt 

It can be operated with the help of solar, adapter and battery. 

 

v. LED Bulbs 

Rating: 12 V (5W, 7W, 10W, 12W & 15W), 48V (9W) 

These bulbs consume very less power when compared to CFL and incandescent bulbs. 
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CHAPTER-5 

CALCULATION OF DC-DC CONVERTER 

This chapter presents the calculation for the selection of DC-DC Converter components 

(Inductor, Capacitor and Resistor) and their values. 

 

5.1. Selection of Converter Components and their Values 

Formulae for Boost Converter 

• Duty Cycle D = 1-  (Vin/Vout) 

       Where: Vout is output voltage 

       Vin is input voltage 

 

• Selection of Inductor 

       L= (Vin.D/fs.∆IL) 

       Where: L is inductor 

       ∆IL is Inductor ripple 

       T = 1/fs = Switching time 

       fs is switching frequency 

 

• Selection of Capacitor 

       C = (Io.D/fs. ∆Vc) 

       Where : ∆Vc is change in output voltage 

 

Calculation for Boost converter: Considering DC motor as a load 

 

Vin = 12V, Vout = 24V, Io = 1.25A, PL= 250W, IL= 10.41A 

%D = 1 – (12/24) * 100 = 50 % 

∆IL = 30% of IL 

      = 0.30 * 10.41 

      = 3.123A  
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Considering fs = 695 hz 

L = (12*0.50)/(695*3.123) 

   = 2.77 mH 

∆Vc  = 2% of Vout 

        = 0.20 * 24 

        = 0.48V 

 

C = (1.25*0.50)/(695*0.48) 

   = 1880 µF 

 

R = (Vout)^/PL 

   = (24)^2/250 

   = 2.304  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Development and Performance Testing of SPV Powered Mobile Canteen with DC Loads 

UG, EED, BEC (A), BGK Page 43 
 

CHAPTER-6 

ELECTRIC CART 

This Chapter presents the description of cart and it’s dimensions. 

6.1. Dimensions of Electric Cart and it’s features  

 

 

 

 

 

 

 

Fig.6.1 Electric cart 

Dimensions of the cart: 6 x 4 feet. This cart is developed for the mobile canteens. The cart 

runs electrically with the help of two DC motors of 24V, 250 watts. The motors are fixed to 

the back wheels. The carrying capacity of the cart is around 100kg. The supply to the motors 

is given by the solar panel while DC loads and DC motors are not operated simultaneously. 

Hence satisfies electricity the supply to the motors when loads are off.This is a SPV sheltered 

type cart which can be adopted by the street vendors with DC loads and DC distribution 

which is much effective during sunshine hours. These carts are economically affordable by 

the street vendors as it can be available within Rs. 15000/- to 20000/- with the less payback 

period. 
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CHAPTER-7 

DC DISTRIBUTION SYSTEM 

This Chapter presents the introduction to DC distribution system, Advantages of DC 

transmission, advantages of DC distribution system and wiring diagram for proposed system. 

7.1. Introduction to DC Distribution System 

A DC distribution system has many advantages over an AC distribution system. It offers 

higher efficiency and reliability at an improved power quality. It has reduced installation 

costs as it requires fewer power conversion stages, less copper, and smaller floor space. DC 

distribution enables simpler integration of renewable energy sources and energy storage 

systems. Since the power is distributed in DC, there is no reactive power or skin effect in the 

system. Unlike the AC distribution system, a DC distribution system facilitates plug and play 

features as it does not require any synchronization. Telecommunication systems and data 

centers are among the few surviving examples of DC distribution systems. They are low 

voltage (48Vdc) power systems that have characteristics similar to a conventional DC 

distribution system. The requirement of DC power for major consumer electronic loads and 

recent developments in renewable energy technology as well as increased penetration of 

distributed energy resources have prompted renewed interest in DC distribution systems 

among researchers and industry players. 

Renewable energy sources together with DC microgrids have many advantages over 

conventional AC distribution system; in terms of cost, lesser conversion stages, efficiency 

and minimum complex operation. Recent developments and trends in the electric power 

consumption clearly indicate an increasing use of dc in end-user equipment. Computers, 

TVs, and other electronic-based apparatus use low-voltage dc obtained by means of a single-

phase rectifier followed by a dc voltage regulator. By using dc for distribution systems, it 

would thus be possible to skip conversion stage in all these cases, with consequent savings 

and higher reliability due to a decreased number of components. Moreover, energy delivery 

at dc is characterized by lower losses and voltage drops in lines. 

 

 

 

 

 



Development and Performance Testing of SPV Powered Mobile Canteen with DC Loads 

UG, EED, BEC (A), BGK Page 45 
 

7.2. Advantages of DC Distribution and Transmission System 

The DC transmission is the transmission of electric power when the direct current system is 

employed for the power transmission. 

Advantages of DC Transmission 

The high voltage DC transmission system has the following advantages − 

 DC transmission requires less conductor material than AC transmission as only two wires 

are required for the power transmission through DC system. 

 DC transmission lines are free from the skin effect. Therefore, the entire cross-section of 

the line conductor is utilizedhence the effect resistance of the line is small. 

 There is no capacitance in the DC transmission. Therefore, there is no power loss due to 

the charging current. 

 There is no inductance, phase displacement, and surge problems in the DC transmission. 

 For the same sending end voltage and load conditions, the voltage drop in the DC 

transmission line is less than the AC transmission line. It is because of the absence of 

inductance in DC transmission line. 

 A DC transmission line has better voltage regulation than an AC transmission line. 

 For the same voltage, A DC transmission system requires less insulation material 

because the potential stress on the insulation is less in case of DC transmission system 

than that in AC transmission system. 

 DC transmission does not suffer from stability and synchronizing problems. 

 In high-voltage DC transmission there is no dielectric losses. 

 A DC transmission line has less corona loss and reduced interference with the 

communication circuits. 

Advantages of DC Distribution System 

 A DC System has a less potential stress over AC system for same Voltage level. 

Therefore, a DC line requires less insulation.  

 In DC System there is no interference with other communication lines and systems.  

 In DC Line, Corona losses are very low as compared to the AC transmission lines. 
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7.3. Wiring Diagram of DC distribution system of proposed model 

 

 

Fig.7.3. Wiring Diagram of Proposed model 

 

Fig.7.3 shows the wiring diagram for proposed for mobile canteen. Here 12V otput from 

Solar panel is given to the 12V input of DC-DC Converter unit. As a result we get four output 

voltage levels such as 12V, 24V, 36V & 48V. Five 12V LED Bulbs connected in parallel with 

the solar induction stove and then connected to the 12V output of DC-DC converter. Two DC 

Motors of 24V connected in parallel is connected to the 24V output of DC-DC Converter. 

Three 12V Solar fans are connected in series are connected to the 36V output of DC-DC 

Converter. One 48V bulb is connected to the 48V output of DC-DC Converter. 
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CHAPTER-8 

RESULTS 

This Chapter presents the testing results of DC-DC Converter with different combination of 

DC Loads. 

8.1. Testing of DC-DC Converter with DC Loads 

Table 8.1 Testing Results of DC-DC Converter with different DC Loads 

 

 
Fig 8.1                                                                                           Fig 8.2 

 

                                     Fig 8.5                                                                                            Fig 8.6 

Fig 8.1, 8.2, 8.3 & 8.4 shows the testing of DC-DC Converter with different DC Loads 

Sl. Type of Load 
Voltage 

(V) 

Current 

(A) 

1 Solar Pedestal fan 11.5 1.46 

2 DC Motor 24 1.14 

3 LED Bulb 47.9 0.15 

4 Series connection of DC motor and fan 36.1 1.2 

5 Series connection of two DC motors 47.9 1.25 

6 Two DC motors connected in parallel with LED bulb 23.9 2.29 
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8.2. Testing Results of DC-DC Converter for proposed Wiring diagram 

Table 8.2 Testing of DC-DC Converter with different combination of DC Loads 

 

 

 

 

 

 

 

 

 

                               Fig 8.5 wiring connection of proposed model 

 

 

 

 

 

 

 

Fig 8.6 Testing results of connected proposed model 

 

Sl. Type of Load 
Voltage 

(V) 

Current 

(Amperes) 

Speed 

(RPM) 

1 DC Stove connected in parallel with LED bulbs 11.2 0.88 - 

2 
Two motors (24 V) and Bulb connected in 

parallel 
24 1.14  

3 Three table fans connected in series 36.1 1.2 - 

 
Speed 1 8.6 0.74 503 

Speed 2 8.6 0.74 1049 

4 LED Bulb 47.9 0.15m - 
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CHAPTER-9 

CONCLUSION AND FUTURE SCOPE 

 

This Chapter presents the Conclusion and the future scope. 

9.1. Conclusion 

Demonstration of the shelter type SPV powered mobile canteen with DC distribution is 

successfully carried out. Testing of DC-DC converter with different loads was conducted by 

supplying power from the solar panels. Thus, it resolves the electricity issue for the street 

vendors for the mobile canteen who are isolated from the grid power connection. It also 

proves that conventional AC system can be replaced by the DC system that has advantages 

in terms of cost, performance reliability, stability and efficiency. Therefore, the proposed 

SPV mobile canteen results in sustainable solution for small scale DC distribution systems for 

domestic and commercial applications and the proposed idea of SPV shelter powered DC 

energy systems can be extended for the domestic household applications and stand telecom 

towers etc. 

 

9.2. Future scope  

 The proposed DC-DC Converter can be operated upto 72V and 63A. 

 The proposed system can be effectively implemented for the outdoor loads such as small 

scale hotels, remotely located homes etc. 
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Economic Feasibility  

 

 

 

 

 

 

 

 

 

SI Components Specification Quantity Cost in Rs 

1 Solar Induction Stove 12-48V, 1000W 2 20,000 

2 Solar fan with inbuilt LED 12V, 15W 1 3,150 

3 Solar Pedestal fan 48V, 42W 1 4,000 

4 LED Bulbs 
12V (5W, 7W, 9W, 

12W& 15W) 
10(2 each) 1,311 

 LED Bulb 48V, 9W 1 280 

5 Axial Cooling Ventilation fan 12V, 40W 1 425 

6 
DC Motor 1 24V, 250W, 3000 RPM 

2 9000 
DC Motor 2 24V, 250W, 2650W 

7 DC-DC Converter 
12V, 24V, 36V 48V 

VMax= 72V 
2 70,000 

8 Electric Cart With 2 DC Motors 1 19,000 

9 Miscellaneous materials - - 5000 

Total 1,32,166 



Development and Performance Testing of SPV Powered Mobile Canteen with DC Loads 

 

References 

1. Ambika et. al. “Design and Development of DC-DC Converter Employed for DC 

Distribution System in Domestic and Commercial Loads”, Electrical and Electronics 

Department Basaveshwar Engineering College, Bagalkot, 2021.  

2. Aseef Ali et. al. “Design, Development and Testing of Shelter Type SPV based Fruit 

Juicer for Outdoor Juice Vendors”, Electrical and Electronics Department, Basaveshwar 

Engineering College, Bagalkot, 2019.  

3. Muhammad Kamran, Muhammad Bilal, Muhammad Mubassar “DC Home Appliances 

for DC Distribution System” Mehran University Research journal Engineering and 

Technology, Volume 36, No 4, October 2017. 

4. Prakash Burade and Nirasha Ramteke “Design of Single Input Multiple Output DC-DC 

converter” International Journal of Engineering Research &Technology (IJERT). 

5. Chinnu V V, Daisykutty Abraham, Ninu Joy “ An Integrated Single Input Multi-Output 

DC-DC Converter with Simultaneous Buck and Boost Outputs” International Journal of 

Advanced Research Electrical, Electronics Instrumentation Engineering[IJAREEIE]. 

6. Bukya Rajesh ‘’Design of Modified Single Input Multiple Output DC-DC Converter” 

International Journal of Computer Science and Mobile Computing, Vol.3 Issue.10, 

October  2014. 

7. HiranmaySamanta et. Al “Development of a novel controller for DC-DC boost converter 

for DC Microgrid”, IIEST, Shibpur at CEGESS, IEEE Region 10 Conference 2019. 

8. AsowataOsamede et. Al “Experiential Analysis of the Effectiveness of Buck and Boost 

DC-DC Converters in a Basic off Grid PV System”, Vaal University of Technology, 

Vanderbijlpark, South Africa, IEEE Journal 2015. 

9. Yahya Hassani et.  Al “Review on Single-Input Multi-Output Interleaved High Step-Up 

DC-DC Converter for Sustainable Energy Application”, University of Tabriz, Tabriz, Iran, 

IEEE Journal 2020 

10. Hector F. Chinchero and J. Marcos Alonso “Review on DC-DC Converter with Parallel 

Configuration for LED Control”, University of Oviedo Electrical Eng. Dep. Gijon, Espana, 

IEEE Journal 2020. 

11. Mrs. Risya K Sasi and Jiji K S “Interleaved Bidirectional DC/DC Converter Topologies for 

Solar based Standalone Distributed Generation Systems”, Govt. Engg College, Thrissur, 



Development and Performance Testing of SPV Powered Mobile Canteen with DC Loads 

 

Kerala, India, IEEE International Conference on Power System Technology 2020. 

12. Alpesh Desai et. Al “Exploring Technical and Economic Feasibility of a Stand-Alone Solar 

PV Based DC Distribution System over AC Use in Houses”, Dept of Solar Energy, Pandit 

Deendayal Petroleum University, Gandhinagar, Gujarat, India, IEEE Journal 2020. 

13. Kazi Md. Jubyer et. Al “Implementation of Solar PV Connected Instant Power Supply 

Integrated with a Priority Based Load Distribution System”, Dept. of EEE, American 

International University, Bangaladesh, India, IEEE Journal 2016. 

14. Xi Chen et. Al “Economic Comparison of AC and DC Distribution System”, State Grid 

Jiangsu, Economic Research Institute Nanjing, 21000, China, IEEE Journal 2019. 

15. Mohd Rizwan Sirajuddin Shaikh et. Al “A Review Paper on Electricity Generation from 

Solar Energy”,  Article IJRASET Volume 5 Issue IX, September 2017 

16. Debjit Rana and Olive Ray “Evaluation of Integrated Dual-DC Boost Converter as Energy 

Management System for Standalone Solar-Battery Applications”, School of Electrical 

Sciences, Indian Institute of Technology Bhubaneswar, India, IEEE Conference on Power 

Electronics, Drives and Energy Systems 2020. 

17. K. Siraj and H. A. Khan “DC distribution for residential power networks— A framework to 

analyze the impact of voltage levels on energy efficiency”, Dept. of Electrical Engg., Syed 

Babar Ali School of Science and Engg, Lahore University of Management Sciences DHA, 

Lahore, Pakistan, Energy Reports 6 2020. 

18. Venkata Anand Prabhala et. Al “An Overview of Direct Current Distribution System 

Architectures & Benefits”, Electrical and Computer Engineering Department, Missouri 

University of Science and Technology, Rolla, Energies 2018. 

19. Ahmed T. Elsayed et. Al “DC microgrids and distribution systems: An Overview”, Dept. of 

Electrical and Computer Engg., Florida International University, Miami, FI, USA, Energy 

Power Systems 119 407-417, 2015. 

20. Joe Oladosu Oni and Bukola “Development of a Universal DC power supply using solar 

photovoltaic, utility and battery power sources”, Article in Journal of Energy in Southern 

Africa Feb 2011. 

21. Qing Chen et. Al “Techno-Economic Performance Evaluation of Medium-Low Voltage 

DC Distribution System”, State Grid Jiangsu Electric Power Company, Nanjing, China, 

IEEE International Conference on Applied Superconductivity and Electromagnetic 

Devices, Tianjin, China, Oct 16-18, 2020. 

 

 

 



Development and Performance Testing of SPV Powered Mobile Canteen with DC Loads 

 

About Project Associates  

Name : Naveenkumar 

Address : S/o Ramappa Warad Talikoti,  

Tq: Muddebihal, Dst: Vijayapur-586214 

DOB : 26/07/2000 

Contact No: 9108746464 

Email Id : niveditawarad24@gmail.com 

 

Name : Neelaganga Goudar 

Address : D/o Girigouda GoudarHungund,  

Tq: Hungund, Dst: Bagalkot-587102 

DOB : 01/08/2000 

Contact No: 9108607989 

Email Id : goudarng30@gmail.com 

 

Name : Shruti Iranna Walikar 

Address : D/o Iranna Walikar, Amingadh 

Tq: Hungund, Dst: Bagalkot-587102 

DOB : 26/06/2000 

Contact No: 9380349589 

Email Id : shrutiwalikar246@gmail.com 

 

Name : Vivek 

Address : S/o Mahesh Patil, Kalaburgi 

Tq: Kalburgi, Dst: Kalaburgi-585103 

DOB : 27/02/2001 

Contact No: 8867239794 

Email Id : vivekpatil22001@gmail.com 

 

 

 

 

 

  

mailto:niveditawarad24@gmail.com
mailto:goudarng30@gmail.com
mailto:shrutiwalikar246@gmail.com
mailto:vivekpatil22001@gmail.com


Development and Performance Testing of SPV Powered Mobile Canteen with DC Loads 

 

About project Guide  

 

 

  

 

 

                                                                                               Dr. Basanagouda F. Ronad  

 

Dr. Basanagouda F. Ronad obtained B.E (Electrical and Electronics) from Visveswaraya 

Technological University, Belagavi in 2008, M. Tech (Power and Energy System) from 

Basaveshwar Engineering College, Bagalkot in 2010 and received Ph.D. degree from Jain 

University, Bangalore in 2018 in the area of Renewable Energy Applications to Irrigation 

Systems.  

His areas of interest include Power Electronics, Power Systems and Renewable Energy 

Applications. He has twelve international publications in his name. He has attended various 

workshops & training programs and delivered many expert seminars in other technical 

institutes. He received Rs.1.9 lakh research grants from various sources. He received the 

Young Achiever Award-2018 from IEAE. He visited abroad, Thailand (2013) and USA (2014) 

for knowledge sharing and enhancement. He has guided 8 UG and 16 PG projects. Presently 

he is working as Professor for PG-Power and Energy Systems program in the Department of 

Electrical and Electronics Engineering at Basaveshwar Engineering College, Bagalkot, India.  

 
Dr. Basanagouda F. Ronad  

Professor  

Department of Electrical & Electronics Engineering  

Basaveshwar Engineering College (Autonomous)  

Bagalkot-587 103  

Cell: 9449760427; E-mail: basugouda.ronad@gmail.com 

mailto:basugouda.ronad@gmail.com





























































































	1.3.4.pdf
	1.3.4 Final.pdf
	1.pdf
	2.pdf
	3.pdf
	Sample_Report1.pdf
	Sample_Report2.pdf
	Sample_Report3.pdf
	Sample_Report4.pdf
	Sample_Report5.pdf
	Sample_Report6.pdf
	1.3 ACCREDITATION
	National Accreditation Board for Testing and Calib
	1.4 ORGANIZATION STRUCTURE:
	Salient features of the facility include:
	1.5 SERVICES
	Equipped with,
	Key services include:
	Herbal and Ayush provides:
	Phytochemistry Services
	Radiant Research provides clinical, preclinical, q
	Preclinical
	Quality Control
	Microbial Analysis
	It includes microbial analysis (TMC & TFC), most p
	detection, water analysis, sterility test.
	CHAPTER 2
	DRUG TESTING LAB
	Physicochemical Tests


	MICROBIOLOGY LABORATORY
	2.2Microbiology Lab
	Microbial analysis


	MOLECULAR BIOLOGY LABORATORY
	2.3 Molecular Biology Lab
	2.3.1 TOOLS
	PRE-CLINICAL LABORATORY
	CANCER: IN VITRO
	In vivo
	SAFETY/TOXCITY

	4.1 Determination of total ash
	4.2 Determination of moisture content:
	4.8 DETERMINATION OF TOTAL RESIDUE
	         4.9 DETERMINATION OF TOTAL FATTY MATTER
	4.10 DETERMINATION OF SAPONIFICATION VALUE
	4.11 DETERMINATION OF SPECIFIC GRAVITY
	
	2)Weigh the empty bottle with stopper (W1)
	3)Take about 10 to 20 gm of oven soil sample which i
	4)Transfer it to the bottle. Find the weight of the 
	5)Put 10ml of distilled water in the bottle to allow
	6)Leave it for about 2 hours.
	7)Again fill the bottle completely with distilled wa
	
	8)Take the bottle outside and wipe it clean and dry 
	
	9)Now empty the bottle and thoroughly clean it. Fill
	
	10)Repeat the same process for 2 to 3 times, to take 
	4.12 DETERMINATION OF VISCOSITY

	4.13 PRE-CLINICAL LABORATORY
	MICE:
	HANDLING:
	
	4.14 MICROBIOLOGY LABORATORY
	TAMC & TYMC:

	CHAPTER 6 CONCLUSION
	BIBLIOGRAPHY

	Sample_Report7.pdf
	3.2.1 Sample collection

	Sample_Report8.pdf
	Sample_Report9.pdf
	Sample_report10.pdf
	Sample_Report11.pdf
	Sample_Report12.pdf
	Sample_Report13.pdf
	Sample_Report14.pdf
	Sample_Report15.pdf
	Sample_Report16.pdf
	Sample_Report17.pdf
	Sample_Report18.pdf


