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 Abstract 
Yoghurt is one of the most popular fermented dairy products with wide acceptance 

worldwide due to its nutritional and health benefits. However, the commercial 

production of yoghurt has been limited due to the poor quality stability in storage. The 

present study is concerned with development and characterization of value-added 

foam-mat dried yoghurt powder. The effects of different ingredient formulation and 

processing parameters on some selected nutritional and functional properties of the 

developed yoghurt were evaluated. A four-component, six-processing parameters, 

constrained D-optimal mixture-process experimental design, with 59 randomized 

experimental runs, was employed. The formulation design constraints were: raw 

yoghurt (80%), moringa seed extract (5% - 13%), ginger extract, (5% - 13%), and 

foaming agent (2% - 7%). The design constraints of the processing parameters 

investigated were: pasteurization temperature (50°C - 80°C), pasteurization duration 

(5min - 30min), fermentation duration (5hr - 10hr), mixing duration (2 min - 10 min), 

drying temperature (50°C - 80°C), and drying duration (2hrs - 5hrs). Quality properties 

evaluated include moisture content, ash content, crude protein, fat content, 

carbohydrate content, pH, total titer acid, total lactic acid bacteria and fungi counts. 

Data collected were analyzed using Design Expert 11.0.0 software package. Model 

equations were developed to adequately relate the quality indices to the mixture 

component proportions and processing parameters. The adequacy of the model 

equations were evaluated statistically. The effects of the components formulation 

proportions and processing parameters on the nutritional quality of the foam-mat dried 

powdered yoghurt were studied and the optimum conditions for the production of 

foam-mat dried yoghurt were obtained. Numerical optimization, via desirability 

technique was utilized to determine the optimum formulation conditions for the foam-

mat dried yoghurt. The result of optimization of the formulated foam-mat dried yoghurt 

gave optimized foam-mat dried yoghurt with overall desirability index of 0.514, based 

on the set optimization goals and individual quality desirability indices. The optimal 

foam-mat dried yoghurt was gotten from 80 % raw yoghurt, 13 % moringa seed extract, 

5 % ginger extract, and 2 % foaming agent. The optimized processing conditions were 

800C pasteurization temperature, 30 minutes pasteurization duration, 10 hours 

fermentation duration, 10 minutes mixing duration, 800C drying temperature, and 5 

hours drying duration. The quality properties of this optimal formulated foam-mat 

dried yoghurt are: 27.1 % moisture content, 10.1 % crude protein, 0.673 % ash content, 

1.43 fat content, 58.4 % carbohydrate, 4.05 pH, 2.58 % total titre acid, 2.23E+05 

CFU/g total lactic acid bacteria, and 3.81E+06 CFU/g fungi count. The result of the 

study showed that the optimized formulated foam-mat dried yoghurt was found to be 

of high quality. 

1. Introduction 
Yoghurt is among the most popular fermented milk products consumed all over the world because of its high nutritive 

and therapeutic values as well as excellent sensory properties [1]. It is offered in a variety of forms with regards to fat and 

total solids content and can be consumed as a snack or part of a meal, as a sweet or savory food [2-4]. Incorporation. of 

moringa seed extract and ginger extract into yoghurt can enhance nutritional value of yoghurt in addition to the health 

benefits [5]. Yoghurt is highly perishable and need to be transformed into a more shelf-stable powdered form. Yoghurt 
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powder is becoming interesting dairy ingredients for a wide variety of food application for a unique flavour and nutrients. 

It can be used to replace fresh yoghurt for beverage and it is also been used in confectionary as coating material for fruits, 

nut and cereal [6]. 

Foam-mat drying is a simple process of drying liquid - solid foods by being mixed with stabilizing agent and/or foaming 

agent to produce stable foam, which undergoes air drying temperatures ranging from 50-800C. Foam-mat drying process 

produces end product with favorable rehydration, controlled density and retain volatiles that would be lost when using 

other forms of drying methods [7]. The foam-mat dried product is then further milled to produce a powdered product. 

The aim of this study is to develop and optimize value added, foam-mat dried yoghurt powder using constrained optimal 

(custom) mixture experimental design. 

2. Materials and Methods 

2.1 Materials 

The materials used were powdered milk, water, moringa seed flour, ginger extract, foaming agent (egg white), flavor, 

starter culture, and these were purchased from Kure market in Minna, Niger State. The preparation of yoghurt powder 

was carried out at the Department of Food Science and Technology Laboratory, Federal University of Technology, Minna. 

2.2 Processing of the raw fresh yoghurt 

Fresh Yoghurt was prepared from fresh cow milk following the procedure described by Lee and Lucey [8], after which it 

was refrigerated at - 40C pending the formulation experiments. 

2.3 Methods 

2.3.1 Experimental Design 

A four-component, six-processing parameters, constrained D-optimal mixture-process experimental design, with 59 

randomized experimental runs, was employed. The formulation design constraints were: raw fresh yoghurt (80%),  

moringa seed extract (5% - 13%), ginger extract, (5% - 13%), and foaming agent (2% - 7%). The processing parameters 

investigated were: pasteurization temperature (50°C - 80°C), pasteurization duration (5min - 30min), fermentation 

duration (5hr - 10hr), mixing duration (2 min - 10 min), drying temperature (50°C - 80°C), and drying duration (2hrs - 

5hrs). The D-Optimal mixture – process design matrix is presented in Table 1.  

 

Table 1. Yoghurt D-Optimal mixture- process design matrix 

    4x  1z  2z  3z  4z  5z  6z  

Run % % % % 0C  min hrs min 0C  hrs 

1 80 13 5 2 80 5 5 2 50 2 

2 80 9 9 2 50 30 5 2 50 2 

3 80 13 5 2 80 30 10 10 80 5 

4 80 8 5 7 80 5 10 10 50 5 

5 80 9 9 2 80 5 5 2 50 2 

6 80 8 5 7 50 5 5 2 80 2 

7 80 5 8 7 50 5 5 2 80 2 

8 80 9 9 2 50 5 5 2 50 5 

9 80 8 5 7 80 30 5 10 80 2 

10 80 10.5 5 4.5 80 30 5 2 50 5 

11 80 13 5 2 50 5 10 2 50 2 

12 80 13 5 2 50 5 5 10 50 2 

13 80 5 8 7 50 5 5 10 50 2 

14 80 13 5 2 50 5 5 2 80 2 

15 80 8 5 7 50 5 5 10 50 2 

16 80 7.8 7.8 4.4 50 5 5 2 50 5 

17 80 5 8 7 50 5 5 2 50 5 

18 80 5 10.5 4.5 50 5 5 2 80 2 

1x 2x 3x
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    4x  1z  
2z  

3z  
4z  

5z  
6z  

19 80 8 5 7 50 5 10 2 50 2 

20 80 8 5 7 50 30 5 2 50 2 

21 80 7.8 7.8 4.4 80 30 10 10 80 5 

22 80 5 8 7 50 30 5 2 50 2 

23 80 13 5 2 50 5 5 2 50 5 

24 80 5 13 2 50 5 10 2 50 2 

25 80 7.8 7.8 4.4 80 30 10 10 80 5 

26 80 10.5 5 4.5 80 30 10 10 80 5 

27 80 7.8 7.8 4.4 80 5 5 10 50 2 

28 80 9 9 2 80 30 10 10 80 5 

29 80 7.8 7.8 4.4 50 30 10 10 50 2 

30 80 5 13 2 50 30 10 10 80 5 

31 80 9 9 2 50 5 10 2 50 2 

32 80 5 13 2 50 5 5 10 50 2 

33 80 8 5 7 80 5 5 2 50 2 

34 80 5 10.5 4.5 80 30 10 10 80 5 

35 80 5 8 7 80 5 5 2 50 2 

36 80 5 10.5 4.5 50 5 10 2 50 2 

37 80 5 13 2 80 5 5 2 50 2 

38 80 10.5 5 4.5 50 5 5 10 80 5 

39 80 9 9 2 50 30 5 2 50 2 

40 80 5 13 2 50 5 5 2 50 5 

41 80 7.8 7.8 4.4 50 5 10 2 80 2 

42 80 7.8 7.8 4.4 80 5 5 10 50 2 

43 80 7.8 7.8 4.4 80 30 10 2 50 2 

44 80 8 5 7 50 5 5 2 50 5 

45 80 5 10.5 4.5 50 30 5 2 50 2 

46 80 5 8 7 80 30 10 10 80 5 

47 80 8 5 7 50 30 10 2 80 5 

48 80 13 5 2 50 30 5 2 50 2 

49 80 9 9 2 80 5 5 2 50 2 

50 80 9 9 2 50 5 5 10 50 2 

51 80 5 8 7 50 5 10 2 50 2 

52 80 5 13 2 50 30 5 2 50 2 

53 80 5 13 2 50 5 5 2 80 2 

54 80 9 9 2 50 5 10 2 50 2 

55 80 5 10.5 4.5 50 5 5 2 50 5 

56 80 9 9 2 50 5 5 2 80 2 

57 80 5 10.5 4.5 80 5 5 2 50 2 

58 80 7.8 7.8 4.4 50 30 5 2 80 2 

59 80 5 10.5 4.5 50 5 5 10 50 2 

,
1

  aw fresx h yogR hurt   s  e ,
2

Moringa ex ed xtract  ,
3

x Ginger extract ,
4

 Foamingx agent  

,
1

 Pasteurizatioz n temperature ,
2

 Pasteurizatz ion duration ,
3

 Fermentatiz on duration                              

4  ,z Mixing duration ,5  Drying tez mperature  .
6

z Drying duration  

 

The formulation proportions and processing parameters were based on the constrained D-optimal mixture-process 

experimental design and dried samples were milled into fine particles using electric blender and the milled powder were 

packaged in plastic containers for quality analysis. 

1x 2x 3x
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2.3.2 The proximate and quality analysis of the powdered yoghurt 

The proximate and quality characteristic of the powdered yoghurt were carried out using the method described by the 

Association of Analytical Chemist [9]. The quality characteristics which were determined include moisture content, ash 

content, crude protein, fat content, carbohydrate, pH, total titer acid, total lactic bacteria acid, and fungi count.    

3. Experimental Results 

The mean quality properties of the foam-mat dried yoghurt are presented in Table 2. 

 

Table 2. Quality Properties of Formulated Yoghurt 

 mcy  cpy  
acy  faty  

choy  phy  
ttay  

bacy  fungiy  

Run % % % % %  % CFU/g CFU/g 

1 69 3.81 0.37 1.28 24.79 2.83 2.16 47000 2.1E+06 

2 88.75 4.63 0.57 2.11 3.94 3.93 0.9 2900 3.8E+06 

3 11.5 6.2 0.73 1.62 79.95 4.03 1.08 34000 2.1E+06 

4 66.58 6.11 0.04 2.5 24.77 3.72 1.98 2800 3.2E+06 

5 80 4.83 0.06 1.48 13.63 4.02 0.81 19000 1.9E+07 

6 79 5.72 0.09 2 13.19 2.87 2.25 23000 3.2E+07 

7 37.75 7.81 0.4 2.14 51.9 4.99 1.17 7000 4.2E+06 

8 63.25 7.33 0.72 6.38 22.32 3.83 1.26 3900 3.8E+07 

9 69 6.48 0.62 2.94 20.96 3.3 2.61 20000 2.3E+07 

10 20.75 7.48 0.78 4.2 66.79 2.8 1.35 5100 3E+07 

11 48.75 5.69 0.02 1.42 44.12 2.78 1.08 8400 2.7E+06 

12 77.75 4.81 0.08 2.11 15.25 2.81 0.9 43000 1.8E+06 

13 77.33 5.11 0.54 5.5 11.52 3.62 1.44 34000 2.1E+06 

14 21.5 5.11 0.12 1.92 71.35 2.66 1.8 26000 1.6E+07 

15 78.61 3.8 0.56 2.11 14.92 4.01 0.9 62000 2E+06 

16 60.38 4.92 1 3.8 26.9 3.73 2.7 29000 1.8E+07 

17 50.11 4.83 0.92 2.42 41.71 3.79 1.8 4000 2.7E+06 

18 70.11 3.94 1.1 2.14 12.81 2.94 1.35 29000 300000 

19 80.53 6.13 1.06 1.98 10.33 2.79 0.72 3E+05 2.1E+06 

20 69 12.1 1.5 1.32 16.07 2.78 1.08 20000 4.1E+06 

21 20.75 15.2 1.1 6 56.95 3.67 3.24 1800 4.2E+06 

22 31.84 9.84 0.5 3.11 54.71 3.47 1.35 3400 1.7E+06 

23 48.75 8.11 0.57 6 36.57 3.75 2.25 3000 2E+07 

24 77.75 6.38 1 2.33 12.54 3.95 0.99 46000 1.9E+08 

25 21.5 17.5 1.5 4.68 54.82 3.65 3.15 3E+07 2.8E+07 

26 11.5 10.1 1 2.5 74.89 3.72 2.34 27000 2.7E+07 

27 34.11 8.24 0.76 2.28 54.61 3.94 0.81 3000 1.9E+07 

28 21 14.5 0.94 6 57.56 3.68 2.31 19000 2.3E+07 

29 86 9.84 0.68 1.11 2.37 3.98 0.9 20000 1.6E+07 

30 23.25 12.5 1 5.5 57.75 3.66 3.6 20000 3.6E+07 

31 63.88 7.22 0.48 2.26 28.16 3.97 0.9 19000 1.9E+06 

32 70.11 6.18 0.02 1.38 22.31 2.72 0.81 17000 1.3E+06 

33 68.32 7.32 0.09 1.43 22.84 3.61 1.44 1600 1.8E+06 

34 84.5 6.33 0.26 2.9 6.82 3.03 1.08 2000 2.4E+06 

35 28.24 5.48 0.38 1.43 64.47 4.03 0.72 13000 190000 

36 65.11 4.84 0.09 1.38 28.58 3.41 1.44 16000 2E+06 

37 48.11 3.33 0.32 2.33 45.91 2.98 1.34 34000 1.9E+06 

38 13.5 11.5 0.47 2 72.53 3.75 3.78 19000 3.4E+07 

39 80.63 4.38 0.5 5.5 8.99 4.17 3.11 22000 1.6E+06 
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 mcy  cpy  
acy  faty  

choy  phy  
ttay  

bacy  fungiy  

40 80.11 4.04 0.39 3.4 12.06 3.78 1.35 18000 2E+06 

41 77.65 4.32 0.5 2.14 15.39 2.99 1.62 21000 1.8E+06 

42 37.84 3.28 0.54 3 55.34 3.68 1.62 4400 1.8E+06 

43 82.25 3.59 0.61 2.11 11.44 2.68 0.72 39000 1.2E+06 

44 71.11 4 0.72 1.32 22.85 3.88 1.98 20000 1.3E+06 

45 81.75 4.9 0.09 1.94 11.32 3.24 1.62 2600 2.9E+06 

46 27 5.11 0.04 2.77 65.08 3.66 2.88 19000 1E+06 

47 15.25 4.32 0.51 2.5 77.42 3.71 4.05 28000 4.8E+07 

48 78.75 6.33 0.72 2.72 11.48 2.73 0.54 31000 1.6E+06 

49 66.48 6.48 0.48 1.38 25.18 4.17 0.54 20000 1.9E+06 

50 66.58 12.5 0.28 0.94 19.7 2.82 1.35 43000 3.8E+07 

51 79.48 11.1 0.63 1.38 20.27 3.63 0.99 1600 1E+07 

52 80.25 8.32 1.04 2.04 9.35 2.87 1.62 4300 1.7E+07 

53 60.11 8.11 0.78 1.93 29.07 3.63 1.44 2800 2E+06 

54 69 6.38 0.61 2.34 21.67 3.41 1.32 24000 1.9E+07 

55 71.68 7.11 0.58 2.14 18.49 3.89 2.25 1700 2E+06 

56 79.25 5.38 0.5 3.14 11.73 2.94 0.81 1400 1.9E+06 

57 80.28 6.11 0.38 1.38 11.85 3.75 1.81 2200 1.6E+07 

58 78.75 5.48 0.38 1.94 13.45 4.22 1.8 1600 2E+06 

59 77.25 4.96 0.78 2.63 14.38 3.89 0.8 2800 1.9E+06 

       c ,Moistury e onmc tent  ,Ash cy ontac ent  ,y Crude pp rotc ein  ,y Fat c
a

ont
f t

ent ,Carboy hyd
cho

rate        

        ,Total ty itretta acid    ,Total lacticy acid b t
ba

ac
c

eria  ,y pH l
ph

evel  .Funy
f i

gi c
ung

ount    

3.1 Statistical analysis of experimental results 

The experimental results were analyzed and appropriate Scheffe canonical models were fitted to the mean quality data. 

The statistical significance of the terms in the Scheffe canonical regression models were examined and the adequacy of 

the models were evaluated by coefficient of determination, F-value, and model p-values at the 0.05 level of significance. 

The models were also subjected to lack-of-fit and adequacy tests. The fitted models for all the responses were used to 

generate 3-D response surfaces as well as their contour plots using the DESIGN EXPERT 11.0 statistical software. 

3.2 Generation of the Optimal Formulation 

A Numerical optimization approach, exploiting the desirability function technique, was utilized to generate the optimal 

formulation with the anticipated responses. Numerical optimization maximizes, minimizes, or targets desired response 

based on set criteria for all variables, including components proportions. Optimization goals are assigned to parameters 

and these goals were used to construct desirability indices (di). A goal may be to maximize, minimize, or target specific 

quality parameter to satisfy the dietary needs of the consumers of the formulated food product. On the aspect of the 

component and process variables, a goal may be to keep in the design range or a specified range. Components can be 

allowed to range within their pre-established constraints in the design or they can be set to desired goals. Also, components 

can be set equal to specified levels. Desirabilities range from zero to one for any given response and individual desirability 

for all the responses, in the case of multi-response optimization, are combined into a single number known as overall 

desirability index. A value of one represents the case where all goals are met perfectly. A zero indicates that one or more 

responses fall outside desirable limits. 

Numerical optimization solutions are given as a list in their order of desirability, detailing the components proportions 

and process variables values that satisfies the set criteria and the overall desirability. The numerical solution can also be 

presented in the form of bar graph, desirability contour and desirability mix-process graphs. Furthermore, optimization 

can also be achieved through graphical method. Graphical optimization yields the overlay contour and the overlay mix-

process plots [10]. A contour graph of overall desirability indicates the desirable formulation. Overlay plots of the 

responses indicates regions that meet specifications. 
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3.3 Empirical Modeling of Proximate Compositions of Formulated Value-Added Custard 

Empirical models in terms of L-pseudo components were fitted to the proximate and physicochemical properties of the 

formulated composite gari. The fitted models for the quality properties in terms of L_Pseudo Components are given as  

Eqs. 1-9. The contour and mix-process plots for the proximate and microbiological characteristics of the powdered 

yoghurt are summarized in Figs. 1-2. 
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Figure 1. The contour and mix-process plots for the proximate and microbiological characteristics of yoghurt. 
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Figure 2. The contour and mix-process plots for the proximate and microbiological characteristics of yoghurt. 

 

Table 3 presents the summary of the optimization constraints employed in the optimization module. The eleven 

desirability solutions that were found are presented in Table 4. 

The numerical solution desirability contour, mix-process plots, and bar graph for the optimal formulated foam-mat dried 

yoghurt were presented in Fig. 3. The graphical optimization overlay contour and mix-process plots, showing the 

optimized formulation compositions with the respective quality parameters, were presented in Fig. 4. The box in the 

overlay plots indicates the properties of the optimal formulated foam-mat dried yoghurt and the component proportions 

to obtain it. The formulated foam-mat dried yoghurt numerical optimization gave optimized foam-mat dried yoghurt with 

an overall desirability index of 0.514, based on the set optimization goals and individual quality desirability indices. The 

optimal foam-mat dried yoghurt was obtained from 80 % raw yoghurt, 13 % moringa seed extract, 5 % ginger extract, 

and 2 % foaming agent. The optimized processing conditions are: pasteurization temperature, 30 minutes pasteurization 

duration, 10 hours fermentation duration, 10 minutes mixing duration, drying temperature, and 5 hours drying duration. 

The quality properties of this optimal formulated foam-mat dried yoghurt are: 27.1 % moisture content, 10.1 % crude 

protein, 0.673 % ash content, 1.43 fat content, 58.4 % carbohydrate, 4.05 pH, 2.58 % total titre acid, 2.23E+05 CFU/g 

total lactic acid bacteria, and 3.81E+06 CFU/g fungi count. The sensory evaluation based on a 9-point hedonic scale gave 
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high overall acceptability. The results are comparable to a study by Charles et al. (2015) [11] in which yoghurt was 

produced from eight formulations of cow milk and milk extract from soybean and tiger nut and evaluated. In their findings, 

the fat, protein, ash, and carbohydrate contents of yoghourt ranged from 1.15 – 3.26%, 2. 14 – 3.56%, 0.22 – 0.68%, and 

3.77 – 9.27%, respectively. Total bacterial plate count of the yoghurt formulations ranged from 1.3 E+05 - 10.5 

E+05CFU/ml and mould plate count from 2.4 E+05 - 8.7 E+05CFU/ml. The pH of yoghurt formulations ranged from 

3.97 to 4.75, whereas titratable acidity ranged from 0.09 to 1.13%.” In another study [12], commercial plain yoghurt was 

blended with 20% maltodextrin and foam-mat dried. The moisture, protein, fat, ash contents were 10.3%, 31.2%, 36.2%, 

6.7%, respectively. The pH was 6.6 and the total Lactic Acid Bacteria (LAB) was 12 E+06 CFU/g. 

 

Table 3. Optimization constraints for formulated foam-mat dried yoghurt 

Name Goal Lower Limit Upper Limit Lower Weight Upper Weight Importance 

Moringa Seed Extract maximize 5 13 1 1 3 

Ginger Extract in range 5 13 1 1 3 

Foaming Agent in range 2 7 1 1 3 

Pasteurization 

Temperature 
in range 50 80 1 1 3 

Pasteurization Duration in range 5 30 1 1 3 

Fermentation Duration in range 5 10 1 1 3 

Mixing Duration in range 2 10 1 1 3 

Drying Temperature in range 50 80 1 1 3 

Drying Duration in range 2 5 1 1 3 

Moisture Content target = 12 11.5 50 1 1 5 

Crude Protein target = 17 3.28 17.5 1 10 3 

Ash Content in range 0.02 1.5 1 1 3 

Fat Content in range 0.94 3 1 1 3 

Carbohydrate Content minimize 2.37 80 1 1 3 

pH Level target = 4.5 2.66 4.99 1 1 3 

Total Titre Acid in range 0.7 4.05 1 1 3 

Fungi Count target = 190000 190000 1.9E+08 10 1 3 

 

 

Table 4. The 100 desirability solutions found 

No mcy  cpy  
acy  faty  

choy  phy  
ttay  bacy  fungiy  

iD   

1 27.1 10.1 0.673 1.43 58.4 4.05 2.58 2.23E+05 3.81E+06 0.514 Selected 

2 27.7 9.97 0.703 1.77 57.7 4.02 2.61 1.54E+05 3.84E+06 0.512  

3 27.5 9.67 0.762 2.27 57.5 3.97 2.66 6.73E+04 3.81E+06 0.511  

4 26.9 9.49 0.824 2.51 57.9 3.95 2.68 4.71E+04 3.81E+06 0.510  

5 26.6 9.29 0.743 2.47 58.6 3.95 2.65 3.92E+04 3.81E+06 0.508  

…….. ……… ……… ………. ………. ………… ………. ………. …………….. …………….. ………..  

99 37.0 8.35 0.020 3.00 51.5 4.10 1.98 1.62E+04 6.69E+06 0.401  

100 32.4 8.17 0.140 2.38 55.5 4.12 2.48 5.21E+04 1.17E+06 0.400  

 c ,Moistury e onmc tent  ,cpy Crude protein   ,ac Ash cy ontent   ,y Fat c
a

ont
f t

ent  

  ,Total ty itretta acid    ,bac Total lacticy acid bacteria   ,y pH lpH evel  .Funy
f i

gi c
ung

ount

DesirabilityDi   
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Figures 3. The numerical solution desirability contour, mix-process plots, and bar graph for the optimal yoghurt 

 

 
Figure 4. The graphical overlay contour and mix-process plots 
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4. Conclusion 

This result of the study showed that the optimized formulated foam-mat dried yoghurt was found to be of high quality. 

Fortifying yogurt with moringa seed flour and ginger extract is of great interest to improve the functionality, complement 

its healthy characteristics and produced acceptable products with potential beneficial health effects. Improving the 

nutritional value and shelf-stability of yoghurt will also increase its market value. 
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