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Objective of FunTomP: Tomato Juice

• To produce functional tomato juice with the obtained olive powder, 
sugar beet leaf protein (rubisco) or alternative protein sources (e.g. 
pea protein) and preserving the developed juice with novel and eco-
friendly processing technologies (e.g. UV-C, ultrasound) that will 
impact the nutrients minimally. 



Ingredients to functionalize tomato Juice

• Tomato peel powder (TPP)

• Pea protein powder

• Olive powder



To achieve this objective….

• A mixture design was performed

• Definition: Mixture design is a response surface methodology in 
which the combination of two or more ingredients or compounds is 
tested. The factors are the components of a mixture, and the 
response varies as the proportions (amount) of the components vary, 
i.e., the response is affected by the change of the proportions. 
Mixture design is a powerful tool for determining the proportions of 
ingredients in a blend and therefore obtaining an optimized 
formulation (Buruk Sahin et al, 2016).



Experimental Design Type

A D-optimal design was used to find the optimum formulation

D-optimal mixture design is an experimental design that enables food  formula optimization with 

smaller number of runs and thus needs low cost of experimentation/analysis (Surya et al., 2021)



Mixture Components

A-tomato peel powder (TPP)
B-pea protein (PP) 
C-olive powder (OP)
D-J/P (J stands for juice and represents the liquid extract obtained from tomato pulp after 
centrifugation and P stands for tomato pulp)

Lower and Upper limits (%) of ingredients used were defined

Total ingredient percentage was 99% because the remaining 1% is the salt quantity to be added



Final Design

• The design consisted of 
20 formulations (runs) 
that were partitioned 
into four blocks of five 
runs



Study Scheduling

• The study was 
conducted for two 
weeks. 

Block Preparation Tasting Session

1 23rd October 2023 24th October 2023

2 25th October 2023 26th October 2023

3 30th October 2023 31st October de 2023

4 1st November 2023 2nd November 2023



PP
Olive powder

(OP)
TPPJuice (70%) + 

pulp High-pressure
homogenization: 

max. 70 bars

Samples with 
varying ingredient

proportions

Centrifugation to separate juice (J) at 
4500 RPM for 5 minutes

Tomato pulp Production + cold 
break at 66 °C in thermomix

Supernatant=juice (J)

Pasteurization (95 °C 
for 5 minutes)

Larger picture of supernatant=juice
(J) and obtained pellet

Salt (1%)



70% juice and the remainder represents the pulp



Tasting



Tasting

• 6-points hedonic scale



Tasting

• Untrained panel

• Males & females

• Aged 18 to 66

• Served cold/fresh

Block Tasting Session Number of tasters

1 24th October 2023 17

2 26th October 2023 16

3 31st October de 2023 14

4 2nd November 2023 12



Analysis of Responses

• The data obtained from the sensory 
evaluation were averaged to obtain a 
score for each response

• To obtain the best models for each 
analysed attribute (responses), the 
mean sensory scores that showed any 
discrepancy (i.e. outliers) were deleted



Response Type of Model Model Lack of Fit R2 R2adj R2pred

color
Linear

F =37.19

Significant

F=4.28

Not significant
0.8956 0.8716 0.7189

brightness
Linear

F=40.60

Significant

F=1.02

Not significant
0.9103 0.8879 0.7745

opacity
Linear

F= 30.87 

Significant

F=0.8878

Not significant
0.8853 0.8566 0.7095

viscosity Reduced 

Quadratic 

F= 56.63

Significant

F=0.7979 

Not significant

0.9626
0.9456 0.8866

Taste Reduced 

Quadratic 

F=20.53

Significant

F=0.2896 

Not significant

0.9032
0.8592 0.7642

Off-flavor
Linear 

F=12.10

Significant

F=0.4850

Not significant
0.7516 0.6895 0.4255

Sourness
Reduced 

Quadratic

F=8.80

Significant

F= 0.6270

Not significant
0.7458 0.6610 0.3344

Saltiness Linear
F=5.90

Significant

F=0.8243

Not significant
0.5959 0.4948 0.0895

Sweetness Linear
F=31.80

Significant

F=0.4676

Not significant
0.8966 0.8684 0.7497

Overall 

acceptance
Linear

F=25.86

Significant

F=0.6872

Not significant
0.8660 0.8325 0.6708

• Non-significant lack of fit is 
good. It implies the model 
fits



Model graphs of selected responses



Optimization

• Upper and lower limits of 
quality attributes were 
imposed using the 
optimum formulation of 
statease software

• The importance and 
weight of each response 
were defined



Optimization

• 4 solutions (i.e. formulations) were obtained

• Solution 1 was suggested by the software due to a higher acceptance score



Solution 1: Ramps (Selected)



Solution 2: Ramps



Solution 3: Ramps



Solution 4: Ramps



Thank you for your attention
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