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This report is an initiative of the FP7 'Low Energy Ovens'   project  (n°613581)



 

 
The FP7 LEO project is an EC funded collaborative project entitled 

òEnabling small-to -medium sized oven technology pro ducers and 

bakeries to exploit innovative Low Energy Ovensó that aims to develop 

innovative infrared baking ovens and prepare their commercialisation.  

The LEO project will enable small -to -medium sized oven producers and 

bakeries to exploit two key research  results from the completed FP6 EU -

FRESHBAKE project, òFreshly Baked Breads with Improvement of 

Nutritional Quality and Low Energy Demanding for the Benefit of the 

Consumer and of the Environmentó (Project no. 036302). 

The key results to be exploited in th e LEO project consist in an Infrared 

oven technology developed for batch and conveyor oven. A 

prototype oven was built by ONIRIS and the use of only infrared lamps 

for heating was successfully demonstrated for baking dough during the 

EU FRESHBAKE project. Compared to a standard baking oven, the pre -

heating step with the prototype oven required between 20 -40% less 

specific energy with a gain in time up to 70%. The invention has been 

patented by ONIRIS in 2009 (WO 2011/006955 -A2).  

Only laboratory scale demons trator of the low energy oven technology 

was investigated during the EU -FRESHBAKE project. However, the LEO 

project will enable the manufacture of prototypes and their testing in -

situ within European bakeries. Also an assessment of their 

environmental, soc ial and economic life -cycle impact will be 

conducted, and a market study and comprehensive business plans will 

be developed in close relation with all the actors of the value chain to 

optimise the spread of the technology on the market.  

This novel low ener gy IR oven has an excellent potential for commercial 

exploitation in the baking market. Small to medium -sized companies 

represent an important share - 40% - of European bake -off bakeries, 

and most of these bakeries use medium scale ovens similar to the 

con veyor oven envisaged in LEO. Also batch oven prototypes (deck 

and rack) will be constructed to target small traditional craft bakers 

which represent the bulk of the European baking industry.  

More information on the LEO project and the development of the 

infrared technology can  be found on the project website: leo -fp7.eu  

 

  

The LEO project is supported by the European Commission under 
the KBBE thematic of the 7th Research Framework Programme. 

http://leo-fp7.eu/
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1. STUDY OF CONVECTION OVENS: HEDONIC TEST 
1.1. Methodology:  

1.1.1. Products analysed:  
Breads were prepared by Mr Jacques Arnaud, at LEMPA's bakery on the 15th 

September 2015 (e.g. Annex 1 ð Recipes).  

Products tested: 2 types of bread with both IR and reference ovens  

V Standard bread baked with a standard convection oven  

V Standard bread baked with an IR convection oven  

V Baguette 'Tradition' baked with a standard convection oven  

V Baguette 'Tradition' baked with an IR convection oven  

 

The day of the tasting, different metrological measures were carried out on the 

products baked (e.g. D1.3. Bread Quality Assessment):  

- weigth  

- length  

- volume  

- colorimetry of the crust and crumb (1 hour after baking)  

- crust and c rumb texture (method described in deliverable D1.3 'Bread Quality 

Assessment' and a reference compression point 100 mm/min).  

 

1.1.2.  Tasting session:  
 

The Panel  

The panel is composed of 62 people with referenced information (e.g. sex, age, 

etc.). The panelists have been identified based on specific consumption criteria such 

as the consumption frequency or the appreciation degree. All the hedonic panelists 

are non -trained to sensory analysis.  

 

The Tasting room  

The tasting room has been designed to perform profess ional sensory analysis and is 

composed of 12 cabins in complience with the AFNOR standards.  

All the products are presented under white light.  

 

The tasting datasheet (e.g. Annex 5 ð Questionnaire)  

Each panelist filled in a questionnaire per product and must  give an appreciation 

mark between 1 and 9:  

 

Dislike tremendously  1 Like slightly 6 

Dislike very much  2 Like moderately  7 

Dislke moderately  3 Like very much  8 

Dislike slightly 4 Like tremendously  9 

Neither like nor dislike  5 
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The panelists give an overall mark to the product, one for the visual aspect, one for 

the color, one for the taste and one for the texture.  

The panelists can also justify the mark and describe the positive and negative 

appreciations.  

 

The session 

The products are presented anonymously to the panelist and are identified with a 3 -

digit code. They are presented randomly and in the same conditions (temperature, 

quantity) to all panelists. All products have been presented sequentially and 

followed by the notation and commenting. The panelist s have not been 

aknowledge about the objective of the study and the type of technology used.  

 

The panelists have a slice of bread to judge the taste and texture while whole bread 

is presented to judge the aspect and color.  

 

Water is the only beverage prop osed to the panelists.  

 

The questions to answer are the following:  

¶ Would you purchase this bread before 

tasting it? Yes /No  

¶ Would you purchase this bread after 

tasting it? Yes /No  

 

 

 

 

 

1.2. Results: 
1.2.1. Characteristics of the products presented:  

1.2.1.1. Metrological value s: (e.g. Annex 2 ð Metrological results)  
 

Measures on 

baked product  

 (average of 5 

samples)  

Standard bread  

Standard 

convection oven  

Standard bread  

IR convection 

oven  

Baguette 

Tradition  

Standard 

convection oven  

Baguette Tradition  

IR convection 

oven  

Weigh t (g)  
275.3 277.2 281.2 282.9 

Length  33.3 33.8 30.2 30.1 

Volume (cm 3) 1470 1500 1196 1142 
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1.2.1.2.  Colorimetric values: (e.g. Annex 3 ð Colorimetric values)  
The averages obtained by the equipment Minolta CR 300 are presented in the table below:  

 
 

Crumb  
 

Crust 
Average of three 

measurments  

 

L 
 

A 
 

B 
 

L 
 

A 
 

B 

Standard bread  

Standard 

convection oven  

 

78.9 

 

-3.16 

 

+19.5 

 

44.0 

 

+13.5 

 

+25.9 

Standard bread  

IR convection 

oven  

 

80.2 

 

-3.16 

 

+19.6 

 

44.9 

 

+14.1 

 

+27.9 

Baguette Tradition 

Standard 

convection oven  

 

75.1 

 

-3.1 

 

+21.3 

 

42.4 

 

+12.5 

 

+22.9 

Baguette Tradition 

IR convection 

oven  

 

79.9 

 

-3.3 

 

+21.6 

 

44.3 

 

+14.2 

 

+26.7 

 

1.2.1.3. Ratio Crust/crumb: (e.g. Annex 2 ð Metrological values)  
The Crust/Crumb ratios have been determined using the protocol described within 

the d eliverable D1.3. 'Bread Quality Assessment'. The averages are made from 2 

bread samples.  

 

 
 

We could see that there are no differences between the obtained ratios. Therefore, 

we can consider a similar crust thickness between bread baked with conventional 

and IR technologies.  

 

1,34 1,31 
1,39 

1,30 

0,68 0,63 
0,75 0,71 

0,00 

0,20 

0,40 

0,60 

0,80 

1,00 

1,20 

1,40 

1,60 

Pain courant 
Standard 

convection oven  

Pain courant 
IR convection 

oven 

Pain de 
tradition  
Standard 

convection oven  

Pain de 
tradition  

IR convection 
oven 

Humid Crust/Humid crumb 
ratio 

Dry crust/Dry crumb ratio  
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1.2.1.4. Results with texturometre: (e.g. Annex 4 ð Texturometre 

results) 
Table of Average values after 6 hours:    

Compression rate  25% 40% 

Standard bread baked 

wtih a Standard 

convection oven (112)  

1.21 2.20 

Standard bread baked 

with an IR  convection 

oven (250)  

1.10 1.86 

Baguette Tradition with a 

Standard convection 

oven (397)  

2.04 3.53 

Baguette Tradition baked 

with an IR convection 

oven (429)  

2.49 4.31 

 

There are no significant texture differences between breads baked with 

conventional and IR technologies.  

 

 

 

Table of Average values (stickiness) after 6 hours:  

Standard bread baked 

wtih a Standard 

convection oven (112)  

-0.16 

Standard bread baked 

with an IR convection 

oven (250)  

-0.13 

Baguette Tradition with 

a Standard convection 

oven ( 397) 

-0.19 

Baguette Tradition 

baked with an IR 

convection oven (429)  

-0.19 

 

There are no significant stickiness differences between breads baked with 

conventional and IR technologies.  
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Table of Average values after 24 hours     

Compression rate  25% 40% 

Standard bread 

baked wtih a 

Standard convection 

oven (112)  

2.97 4.81 

Standard bread 

baked with an IR 

convection oven 

(250) 

2.67 4.34 

Baguette Tradition 

with a Standard 

convection oven 

(397) 

4.00 6.99 

Baguette Tradition 

baked with an IR 

convection oven 

(429) 

3.84 6.16 

There are no significant texture differences between breads baked with 

conventional and IR technologies. The difference of values between 6 hours and 24 

hours are due to the water evaporation phenomenon.  

 

Table of Average values (stickines s) after 24 hours   

Standard bread 

baked wtih a 

Standard convection 

oven (112)  

-0.22 

Standard bread 

baked with an IR 

convection oven 

(250) 

-0.17 

Baguette Tradition 

with a Standard 

convection oven 

(397) 

-0.18 

Baguette Tradition 

baked with an IR 

convection  oven 

(429) 

-0.17 

 

There are no significant stickiness differences between breads baked with 

conventional and IR technologies.  
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1.2.2.  Characteristics of the panelist:  
Panel:  62 hedonic consumers from France, region Seine -Maritime  

Sex Male  30,65% 

 Female  69,35% 

   

Age  15-24 y/o  3,70% 

 25-34 y/o  5,56% 

 35-44 y/o  22,22% 

 45-54 y/o  29,63% 

 55-64 y/o  38,89% 

 65+ y/o  0,00% 

   

Socio -professional group  Manager  4,84% 

 Supervisor 11,29% 

 Craftman/storekeeper  0,00% 

 Employee  41,94% 

 Worker  4,84% 

 Farmer  0,00% 

 Retired  33,87% 

 Student/high school student  0,00% 

 Looking for work  3,23% 

 Housewife or househusband  0,00% 

 

 

Bread consumption frequency    

 Once to a couple times a week  93,55% 

 A couple time a month  3,23% 

 Once a month  1,61% 

 Three or ten ti mes a year  1,61% 

 Once or twice a year  0,00% 

 Never eaten or donõt known 0,00% 
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1.2.3. Statistics: 
1.2.3.1. Scores of overall acceptability:  

Standard bread ð Normality Test:  
 

The table below presents the averages marks obtained for each product:  

 Standard bread  

bake d with a standard  

convection oven  

Standard bread  

baked with an IR  

convection oven  

 Scores òOverall acceptabilityó 
 

Average /9  
 

 

6.60 
 

6.60 
 

Standard deviation 

/9  

 

1.79 
 

 

1.40 
 

 

Average /10  
 

 

7.00 
 

7.00 
 

Standard deviation 

/10  
 

 

2.23 
 

1.75 

 

 

Scores of  ôOverall acceptabilityõ: both breads baked with the standard and the IR 

convection ovens were well -liked by the consumers.  

 

Ç STANDARD BREAD BAKED WITH STANDARD CONVECTION OVEN 

% notes < 5: 14.5 - % notes = 5  : 11.3 - % notes > 5 : 74.2 
 

 

74.2% of consum ers give an overall appreciation mark above 5 for standard bread 

baked with the standard convection oven.  

Graphe de Distribution - Profil AS 15092015 Pain courant A.GLOBAL FV

Fichier : AS 15092015 Pain courant FV A.GLOBAL.frs

Test de normalit® :

Chi2 : Rejet®e ¨ 1 %

K.S. : Rejet®e ¨ 1 %

Produit : 112 PC FV FS Attribut : A GLOBAL

987654321

(%
)

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0
0

2
3

4

7
6

15

21

4
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Ç Standard bread baked with the IR convection oven  

 

% notes < 5: 6.5 - % notes = 5 : 14.5 - % notes > 5  : 79.0 
 

79.0% of consumers give an overall a ppreciation mark above 5 for standard bread 

baked with the IR convection oven.  

 

 

The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used, is the WILCOXON test.  

 

Wilcoxon test: comparison of the products fo r the attribute overall acceptability:  
 

Number of difference selected  50 

Number of null differences  12 

Number of row equal  49 

Sum of ranks positives differences  671.5 

Sum of ranks negatives differences  603.5 

W Calculated  603.5 

Meaning  NS 
 

NS  Ą no  significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

Conclusion: ( a = 5%) 

The Wilcoxon test is not relevant at 5% significance level.  

Graphe de Distribution - Profil AS 15092015 Pain courant A.GLOBAL FV

Fichier : AS 15092015 Pain courant FV A.GLOBAL.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 250 PC FV IR Attribut : A GLOBAL

987654321

(%
)

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0
0 0

1

3

9

17

14
13

5
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There is no statistically difference about the overall acceptabili ty of the standard 

bread baked with the standard convection oven and the standard bread baked 

with the IR convection oven.  

Baguette tradition bread ð Normality Test:  
 

 Baguette tradition  

with a standard  

convection oven  

Baguette tradition  

baked with an IR  

convection oven  

 Scores òOverall acceptabilityó 
 

Average/9  
 

 

6,50 
 

6,16 
 

Standard 

deviation/9  
 

 

1,69 
 

 

1,74 
 

 

Average/10  
 

 

6,88 
 

6,45 
 

Standard 

deviation/10  
 

 

2,11 
 

2,17 

 

Scores of ôOverall acceptabilityõ: The baguette tradition baked with the refere nce 

ventilated oven is in -between 'like slightly' and 'like moderately'. The baguette 

tradition baked with the reference ventilated oven receive a mark corresponding to  

'like slightly'.  

 
Ç Baguette tradition bread baked with a standard convection oven  

 

% notes < 5: 14.5 - % notes = 5: 11.3 - % notes > 5  : 74.2 
 

74.2% of consumers give an overall appreciation mark above 5 for baguette 

tradition bread baked with the standard convection oven.  

Graphe de Distribution - Profil AS 15092015 Pain tradi FV Aspect global

Fichier : AS 15092015 Pain tradition FV Aspect Global.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 329 PT FV FS Attribut : ASPECT GLOBAL
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Ç Baguette tradition bread baked with an IR convection oven  

% notes < 5 : 17.7 - % notes = 5  : 12.9 - % notes > 5 : 69.4 
 

69.4% of consumers give an overall appreciation mark above 5 for baguette 

tradition bread baked with the IR convection oven.  

 

 

The marks distribution does not follow a normal distribution. Consequen tly, the 

statistical treatment used, is the WILCOXON test.  

 

Wilcoxon test: comparison of the products for the attribute overall acceptability:  
 

Number of difference selected  46 

Number of null differences  16 

Number of row equal  45 

Sum of ranks positives  differences  626.5 

Sum of ranks negatives differences  454.5 

W Calculated  454.5 

Meaning  NS 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

Conclusion: ( a = 5%) 

The Wilcoxon test is n ot relevant at 5% significance level.  

There is no statistically significant difference about the overall acceptability of the 

baguette tradition baked with the standard convection oven and the baguette 

tradition baked with the IR convection oven.  

Graphe de Distribution - Profil AS 15092015 Pain tradi FV Aspect global

Fichier : AS 15092015 Pain tradition FV Aspect Global.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 497 PT FV IR Attribut : ASPECT GLOBAL

987654321

(%
)

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0

1
2

0

8 8

13

17

9

4



 

 

 Page 19 of 198 

 

 

  

1.2.3.2. Scores of appearance:  
 

Standard bread ð Normality Test:  
 

 Standard bread  

baked with standard 

convection oven  

Standard bread  

baked with IR  

convection oven  

 Scores of appearance  
 

Average/9  
 

 

6.68 
 

6.76 
 

Standard 

deviation/9  
 

 

1.60 
 

 

1.46 
 

 

Average/10  
 

 

7.10 
 

7.20 
 

Standard 

deviation/10  
 

 

2.00 
 

1.82 

 

Scores of appearance : The overall appearance of standard bread baked with the 

standard and IR convection ovens was appreciated by the consumers.  

 

Ç Standard bread baked with a standard convection oven  

 

 % notes < 5: 11.9 - % notes = 5  : 6.5 - % notes > 5 : 82.3 
 

82.3% of consumers give an overall appreciation mark above 5 for standard bread 

baked with the standard convection oven.  

 

Graphe de Distribution - Profil AS 15092015 Pain courant FV 

Fichier : AS 15092015 Pain courant Aspect FV.frs

Test de normalit® :

Chi2 : Rejet®e ¨ 5 % Accept®e ¨ 1 %

K.S. : Rejet®e ¨ 1 %

Produit : 112 PC FV FS Attribut : ASPECT

987654321

(%
)

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0
0

2
1

4 4

11

19

17

4



 

 

 Page 20 of 198 

  

 

Ç Standard bread baked with a standard convection oven  

 
% notes < 5: 9.7 - % notes = 5 : 4.8 - % notes > 5 : 85.5 

 

85.5% of consumers give an overall appreciation mark above 5 for standard bread 

baked with the IR ventilated oven.  

 

 

The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used , is the WILCOXON test.  

 

Wilcoxon test: comparison of the products for the attributed appearance:  
 

Number of difference selected  40 

Number of null differences  22 

Number of row equal  39 

Sum of ranks positives differences  395.0 

Sum of ranks negatives di fferences  425.0 

W Calculated  395.0 

Meaning  NS 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

Conclusion: ( a = 5%) 

The Wilcoxon test is not relevant at 5% significance level.  

There is no statistically significant difference about the appearance of the standard 

bread baked with the reference convection oven and the standard bread baked 

with the IR convection oven.  

 

 

Graphe de Distribution - Profil AS 15092015 Pain courant FV 

Fichier : AS 15092015 Pain courant Aspect FV.frs

Test de normalit® :

Chi2 : Rejet®e ¨ 5 % Accept®e ¨ 1 %

K.S. : Rejet®e ¨ 1 %

Produit : 250 PC FV IR Attribut : ASPECT

987654321
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Baguette tradition bread ð Normality Test:  
 

 Baguette Tradition  

bake d with standard 

convection oven  

Baguette Tradition  

baked with IR  

convection oven   

 Scores of apperance  
 

Average/9  
 

 

6.42 
 

6.56 
 

Standard deviation/9  
 

 

1.61 
 

 

1.50 
 

 

Average/10  
 

 

6.77 
 

6.96 
 

Standard deviation/10  
 

 

2.02 
 

1.87 

 

Scores of appearance: Both breads baked with the reference and the IR convection 

ovens received a good appreciation mark on their appearance.  

 
Ç Baguette Tradition bread baked with a standard convection oven  

 

 
% notes < 5: 12.9 - % notes = 5  : 11.3 - % notes > 5 : 75.8 

 

75.8% of consumers give an overall appreciation mark above 5 for the baguette 

tradition bread baked with the standard convection oven.  

 

Ç Baguette Tradition bread baked with IR convection oven  

Graphe de Distribution - Profil AS 15092015 Pain tradition FV Aspect

Fichier : AS 15092015 Pain tradition FV Aspect.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 397 PT FV FS Attribut : Aspect
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% notes < 5: 9.7 - % notes = 5 : 11.3 - % notes > 5  : 79.0 

79.0% of consumers give an overall appreciation mark above 5 for Baguette Tradition 

bread baked with the IR convection oven.  

 

The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used, is the WILCOXON test.  

 

Wilcoxo n test: comparison of the products for the attribute appearance:  
 

Number of difference selected  39 

Number of null differences  23 

Number of row equal  39 

Sum of ranks positives differences  358.0 

Sum of ranks negatives differences  422.0 

W Calculated  358.0 

Meaning  NS 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

Conclusion: ( a = 5%) 

The Wilcoxon test is not relevant at 5% significance level.  

There is no statistically significant di fference about the appearance of the baguette 

tradition baked with the standard convection oven and the baguette tradition 

baked with the IR convection oven.  

 

  

Graphe de Distribution - Profil AS 15092015 Pain tradition FV Aspect

Fichier : AS 15092015 Pain tradition FV Aspect.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 429 PT FV IR Attribut : Aspect
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1.2.3.3. Scores of colours:  
 

Standard bread ð Normality Test:  
 
 

 Standard bread  

baked with standard 

conv ection oven  

Standard bread  

baked with IR  

convection oven  

 Scores of colours  
 

Average/9  
 

 

6.87 
 

6.98 
 

Standard 

deviation/9  
 

 

1.55 
 

 

1.30 
 

 

Average/10  
 

 

7.34 
 

7.48 
 

Standard 

deviation/10  
 

 

1.94 
 

1.62 

 

Scores of colour:  The overall colour of standard br ead baked with the reference 

and IR convection ovens was appreciated by the consumers.  

  

 

Ç Standard bread baked with a standard convection oven  

 
% notes < 5: 9,1 - % notes = 5: 4,8 - % notes > 5: 87,1 

 

87,1% of consumers give an overall appreciation mark  above 5 for standard bread 

baked with the standard convection oven.  

 

Graphe de Distribution - Profil AS 15092015 Pain courant FV Couleur

Fichier : AS 15092015 Pain courant FV couleur.frs

Test de normalit® :

Chi2 : Rejet®e ¨ 5 % Accept®e ¨ 1 %

K.S. : Rejet®e ¨ 1 %

Produit : 112 PC FV FS Attribut : COULEUR

987654321

(%
)

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0
0 0

5

0

3

13

16

19

6



 

 

 Page 24 of 198 

  

 

Ç Standard bread baked with a standard convection oven  

 

 
% notes < 5: 4.8 - % notes = 5: 4.8 - % notes > 5: 90.3 

 

 

90.3% of consumers give an overall appreciation mark above 5 for stand ard bread 

baked with the IR convection oven.  

 

The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used, is the WILCOXON test.  

 

Wilcoxon test: comparison of the products for the attribute colour:  
 

Number of  difference selected  47 

Number of null differences  15 

Number of row equal  47 

Sum of ranks positives differences  555.0 

Sum of ranks negatives differences  573.0 

W Calculated  555.0 

Meaning  NS 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

Conclusion: ( a = 5%) 

The Wilcoxon test is not relevant at 5% significance level.  

There is no statistically significant difference about the colour of the standard bread 

baked with the standard conv ection oven and the standard bread baked with the 

IR convection oven.  

 

Graphe de Distribution - Profil AS 15092015 Pain courant FV Couleur

Fichier : AS 15092015 Pain courant FV couleur.frs

Test de normalit® :

Chi2 : Rejet®e ¨ 5 % Accept®e ¨ 1 %

K.S. : Rejet®e ¨ 1 %

Produit : 250 PC FV IR Attribut : COULEUR
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Baguette tradition bread ð Normality Test:  
 

 Baguette Tradition  

baked with standard 

convection oven  

Baguette Tradition  

baked with IR  

convection oven   

 Scores of colours  
 

Average/9  
 

 

6.55 
 

6.89 
 

Standard 

deviation/9  
 

 

1.80 
 

 

1.53 
 

 

Average/10  
 

 

6.94 
 

7.36 
 

Standard 

deviation/10  
 

 

2.25 
 

1.91 

 

Scores of colour:  Both breads baked with the reference and the IR convection ovens 

received a good appreciation mark on the colour.  

 

 
Ç Bagu ette Tradition bread baked with a standard convection oven  

 
% notes < 5: 17.7 - % notes = 5: 1.6 - % notes > 5: 80.6 

 

80.6% of consumers give an overall appreciation mark above 5 for Baguette Tradition 

bread baked with the standard convection oven.  

 

 

 

Graphe de Distribution - Profil AS 15092015 Pain tradition FV Couleur

Fichier : AS 15092015 Pain tradition FV Couleur.frs

Test de normalit® :

Chi2 : Rejet®e ¨ 1 %

K.S. : Rejet®e ¨ 1 %

Produit : 329 PT FV FS Attribut : Couleur
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Ç Baguette Tradition bread baked with IR convection oven  

 

 
 

% notes < 5: 9.7 - % notes = 5: 8.1 - % notes > 5: 82.3 
 

82.3% of consumers give an overall appreciation mark above 5 for Baguette Tradition 

bread baked with the IR convection oven.  

 

The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used, is the WILCOXON test.  

 

Wilcoxon test: comparison of the products for the attribute colour:  
 

Number of difference selected  44 

Number of null differences  18 

Num ber of row equal  43 

Sum of ranks positives differences  376.0 

Sum of ranks negatives differences  614.0 

W Calculated  376.0 

Meaning  NS 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

Conclusion: ( a = 5%) 

The Wilcoxon test is not relevant at 5% significance level.  

There is no statistically significant difference about the colour of the baguette 

tradition baked with the standard convection oven and the baguette tradition 

baked with the I R convection oven.  

Graphe de Distribution - Profil AS 15092015 Pain tradition FV Couleur

Fichier : AS 15092015 Pain tradition FV Couleur.frs

Test de normalit® :

Chi2 : Rejet®e ¨ 1 %

K.S. : Rejet®e ¨ 1 %

Produit : 497 PT FV IR Attribut : Couleur
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1.2.3.4. Scores of flavor : 
 

Standard bread ð Normality Test:  
 
 

 Standard bread  

Baked with standard 

convection oven  

Standard bread  

Baked with IR  

convection oven  

 Scores of flavor  
 

Average/9  
 

 

6.76 
 

6.42 
 

Standard 

deviation/9  
 

 

1.47 
 

 

1.55 
 

 

Average/10  
 

 

7.20 
 

6.77 
 

Standard 

deviation/10  
 

 

1.83 
 

1.94 

 

Scores of flavor :  the flavor s of both breads baked with the reference and the IR 

convection ovens were well -liked by the consumers  
 

 

Ç Standard bread baked with a standard convection oven  

 

 
% notes < 5: 9.7 - % notes = 5: 4.8 - % notes > 5: 85.5 

 

85.5% of consumers give an overall appreciation mark above 5 for standard bread 

baked with the standard convection oven.  

 

Graphe de Distribution - Profil AS 15092015 Pain Courant FV Go¾t

Fichier : AS 15092015 Pain courant FV GOUT.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 112 PC FV FS Attribut : A1
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Ç Standard bread baked with the IR convection oven  

 

 
% notes < 5: 9.7 - % notes = 5: 16.1 - % notes > 5: 74.2 

 

74.2% of consumers give an overall appreciation mark above 5 for standard bread 

baked with the IR convection oven.  

 
The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used , is the WILCOXON test.  

 

Wilcoxon test: comparison of the products for the attribute flavor :  
 

Number of difference selected  50 

Number of null differences  12 

Number of row equal  50 

Sum of ranks positives differences  769.0 

Sum of ranks negatives differe nces  506.0 

W Calculated  506.0 

Meaning  NS 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

Conclusion: ( a = 5%) 

The Wilcoxon test is not relevant at 5% significance level.  

Graphe de Distribution - Profil AS 15092015 Pain Courant FV Go¾t

Fichier : AS 15092015 Pain courant FV GOUT.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 250 PC FV IR Attribut : A1
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There is no statistically significant difference about the flavor  of the standard bread 

baked with the standard convection oven and the standard bread baked with the 

IR convection oven.  

Baguette tradition bread ð Normality Test:  
 

 Baguette tradition  

with a standard  

co nvection oven  

Baguette tradition  

baked with an IR  

convection oven  

 Scores of flavor  
 

Average/9  
 

 

6.71 
 

6.21 
 

Standard deviation/9  
 

 

1.70 
 

 

1.55 
 

 

Average/10  
 

 

7.14 
 

6.51 
 

Standard deviation/10  
 

 

2.13 
 

1.94 

 

Scores of flavor : The overall flavor  of bag uette tradition bread baked with the 

standard and IR convection ovens was appreciated by the consumers.  

 
Ç BAGUETTE TRADITION BAKED WITH STANDARD CONVECTION OVEN 

% notes < 5: 14,5 - % notes = 5: 8,1 - % notes > 5: 77,4 
 

77,4% of consumers give an overall appreciation mark above 5 for baguette 

tradition bread baked with the standard convection oven.  

 
Ç BAGUETTE TRADITION BAKED WITH IR CONVECTION OVEN 

Graphe de Distribution - Profil AS 15092015 Pain tradition FV GOUT

Fichier : AS 15092015 Pain tradition FV GOUT.frs

Test de normalit® :

Chi2 : Rejet®e ¨ 1 %

K.S. : Rejet®e ¨ 1 %

Produit : 329 PT FV FS Attribut : Go¾t
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% notes < 5: 12,9 - % notes = 5: 22,6 - % notes > 5: 64,5 

 

64,5% of consumers give an overall appreciation  mark above 5 for baguette 

tradition bread baked with the IR ventilated oven.  

 
The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used, is the WILCOXON test.  

 

Wilcoxon test: comparison of the products for the attribute flavor :  
 

Number of difference selected  48 

Number of null differences  14 

Number of row equal  48 

Sum of ranks positives differences  789,5 

Sum of ranks negatives differences  386,5 

W Calculated  386,5 

Meaning  * 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

Conclusion: ( a = 5%) 

The Wilcoxon test is not relevant at 5% significance level.  

There is no statistically significant difference about the flavor  of the baguette 

tradition baked with the standard convection oven and the baguette tradition 

baked with the IR convection oven.  

 
 

  

Graphe de Distribution - Profil AS 15092015 Pain tradition FV GOUT

Fichier : AS 15092015 Pain tradition FV GOUT.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 497 PT FV IR Attribut : Go¾t
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1.2.3.5. Scores of texture:  
 

Standard bread ð Normality Test:  
 
 

 Standard bread  

baked with standard 

convection oven  

Standard bread  

baked with IR  

convec tion oven  

 Scores of texture  
 

Average/9  
 

 

6,82 
 

6,66 
 

Standard 

deviation/9  
 

 

1,50 
 

 

1,45 
 

 

Average/10  
 

 

7,28 
 

7,08 
 

Standard 

deviation/10  
 

 

1,87 
 

1,81 

 

Scores of texture: The texture of standard bread baked with the standard convection 

oven and stand ard bread baked with the IR convection oven were well -received by 

the consumers.  
 

 

Ç STANDARD BREAD BAKED WITH STANDARD CONVECTION OVEN 

 

 
% notes < 5 : 8,1 - % notes = 5 : 8,1 - % notes > 5  : 83,9 

 

83,9% of consumers give an overall appreciation mark abov e 5 for baguette 

tradition bread baked with the standard convection oven.  

 

Graphe de Distribution - Profil AS 15092015 Pain Courant FV Texture

Fichier : AS 15092015 Pain courant FV Texture.frs

Test de normalit® :

Chi2 : Rejet®e ¨ 5 % Accept®e ¨ 1 %

K.S. : Rejet®e ¨ 1 %

Produit : 112 PC FV Attribut : Texture
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Ç STANDARD BREAD BAKED WITH IR CONVECTION OVEN 

 
% notes < 5 : 8,1 - % notes = 5 : 9,7 - % notes > 5  : 82,3 

 

82,3% of consumers give an overall appreciation mark above 5 for baguett e 

tradition bread baked with the IR convection oven.  

 

 

The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used, is the WILCOXON test.  

 

Wilcoxon test: comparison of the products for the attribute texture:  
 

Number of difference selected  37 

Number of null differences  25 

Number of row equal  35 

Sum of ranks positives differences  412.5 

Sum of ranks negatives differences  290.5 

W Calculated  290.5 

Meaning  NS 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

Conclusion: ( a = 5%) 

The Wilcoxon isnõt significant at 5% significance level. 

There is no statistically significant difference about the texture of the standard bread 

baked with the stand ard convection oven and the standard bread baked with the 

IR convection oven.  

Graphe de Distribution - Profil AS 15092015 Pain Courant FV Texture

Fichier : AS 15092015 Pain courant FV Texture.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 250 PC FV IR Attribut : Texture
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BAGUETTE TRADITION ð NORMALITY TEST: 
 

 Baguette Tradition  

baked with standard  

convection oven  

Baguette Tradition  

baked with IR  

convection oven  

 Scores of texture  
 

Average/9  
 

 

6,61 
 

6,19 
 

Standard 

deviation/9  
 

 

1,80 
 

 

1,65 
 

 

Average/10  
 

 

7,02 
 

6,49 
 

Standard 

deviation/10  
 

 

2,26 
 

2,06 

 

Scores of texture: The texture of the baguette tradition baked with the standard 

convection oven pleased the consumers.  The texture of the bagu ette tradition 

baked with the IR convection oven was appreciated by the consumers.  

 

 

Ç BAGUETTE TRADITION BAKED WITH STANDARD CONVECTION OVEN 

 

 
% notes < 5 : 16,1 - % notes = 5  : 8,1 - % notes > 5 : 75,8 

 

75,8% of consumers give an overall appreciation m ark above 5 for baguette 

tradition bread baked with the standard convection oven.  

 

 

 

Graphe de Distribution - Profil AS 15092015 Pain tradition Texture FV

Fichier : AS 15092015 Pain Tradition FV texture.frs

Test de normalit® :

Chi2 : Rejet®e ¨ 5 % Accept®e ¨ 1 %

K.S. : Rejet®e ¨ 1 %

Produit : 329 PT FV FS Attribut : Texture

987654321
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Ç BAGUETTE TRADITION BAKED WITH IR CONVECTION OVEN 

 
% notes < 5 : 16,1 - % notes = 5  : 14,5 - % notes > 5 : 69,4 

 

69,4% of consumers give an overall appreciation mark abo ve 5 for baguette 

tradition bread baked with the IR convection oven.  

 

 

The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used, is the WILCOXON test.  

 

Wilcoxon test: comparison of the products for the attr ibute texture:  
 

Number of difference selected  49 

Number of null differences  13 

Number of row equal  47 

Sum of ranks positives differences  765.0 

Sum of ranks negatives differences  460.0 

W Calculated  460.0 

Meaning  NS 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

Conclusion: ( a = 5%) 

The Wilcoxon isnõt significant at 5% significance level. 

There is no statistically significant difference about the texture of the baguette 

tradition baked with the standard convection oven and the baguette tradition 

baked with the IR convection oven.  

Graphe de Distribution - Profil AS 15092015 Pain tradition Texture FV

Fichier : AS 15092015 Pain Tradition FV texture.frs

Test de normalit® :

Chi2 : Rejet®e ¨ 5 % Accept®e ¨ 1 %

K.S. : Rejet®e ¨ 1 %

Produit : 497 PT FV IR Attribut : Texture

987654321

(%
)

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0
0 0

6
4

9

15

11

15

2



 

 

 Page 35 of 198 

 

 

1.2.4. Comments on the flavor : 
 

The tables below show the following for each product:  
 

ü terms quoted at least 3 times: the frequency (number indicated by 

consu mers) and the percentage (based on the total number of consumers)  
 

ü ratio of liked and disliked (total count of ôlikedõ/total count ôdislikedõ) 
 

 

1.2.4.1. Standard bread:  
 

Æ Standard bread baked with standard convection oven (62 consumers)  
 

LIKED DISLIKED 

Quoted  terms at least 3 

times  

Frequenc

y 

Percentag

e 

Quoted terms at least 3 

times  

Frequenc

y 

Percentage  

APPEARANCE APPEARANCE 

Nice looking  12 19 Over -baked  5 8 

Nice colour  10 16 Poor appearance  4 6 

Well-baked  7 11 Tight crumb  3 5 

Crumb aerated  4 6  

SMELL SMELL 

Good smell  4 6  

FLAVOR FLAVOR 

Nice flavor  20 32 Insipid 8 13 

 Bad taste  3 5 

TEXTURE TEXTURE 

Crispy 26 42  

Chewy  13 21 

Good texture  8 13 

Slight  4 6 

TOTAL quoted terms  

3 times and more  

108  TOTAL quoted terms  

3 times and more  

23  

 

Ratio LIKED/DISLIKED: 4,7 
 

 

 

 

Æ Standard bread baked with IR convection oven (62 consumers)  
 

LIKED DISLIKED 

Quoted terms at least 3 

times  

Frequenc

y 

Percentag

e 

Quoted terms at least 3 

times  

Frequenc

y 

Percentage  

APPEARANCE APPEARANCE 

Nice colour  14 23 Poor appear ance  3 5 

Nice looking  12 19  

Well baked  8 13 

Aerated crumb  5 8 

Good shape  3 5 

SMELL SMELL 
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Good smell  3 5  

FLAVOR FLAVOR 

Nice flavor  21 34 Insipid 7 11 

 Bad taste  4 6 

TEXTURE TEXTURE 

Crispy 30 48 Glue -like crumb  4 6 

Chewy  15 24  

Good texture  4 6 

Slight  3 5 

TOTAL quoted terms  

3 times and more  

118  TOTAL quoted terms  

3 times and more  

18  

 

Ratio LIKED/DISLIKED : 6,6 
 

   

 

   

1.2.4.2. Baguette Tradition:  
 

Æ Baguette Tradition baked with standard convection oven (62 consumers)  
 

LIKED DISLIKED 

Quote d terms at least 3 

times  

Frequenc

y 

Percentag

e 

Quoted terms at least 3 

times  

Frequenc

y 

Percentage  

APPEARANCE APPEARANCE 

Nice looking  6 10 Over -baked  8 13 

Nice colour  5 8 Poor appearance  7 11 

Well baked  4 6  

Aerated crumb  4 6 

SMELL SMELL 

  

FLAVOR FLAVOR 

Nice flavor  10 16 Insipid 6 10 

TEXTURE TEXTURE 

Crispy 11 18 Not enough of crispy  3 5 

Chewy  7 11 Glue -like crumb  3 5 

TOTAL quoted terms  

3 times and more  

47  TOTAL quoted terms  

3 times and more  

27  

 

Ratio LIKED / DISLIKED: 1,7 
 

 

Æ Baguette Tradit ion baked with IR convection oven (62 consumers)  
 

LIKED DISLIKED 

Quoted terms at least 3 

times  

Frequenc

y 

Percentag

e 

Quoted terms at least 3 

times  

Frequenc

y 

Percentage  

APPEARANCE APPEARANCE 

Nice colour  13 21 Poor appearance  5 8 

Nice looking  12 19 Over -baked  4 6 
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Aerated crumb  10 16  

Well baked  5 8 

Good shape  4 6 

Golden  3 5 

SMELL SMELL 

Good smell  3 5  

FLAVOR FLAVOR 

Nice flavor  12 19 Insipid 10 16 

 Bad taste  8 13 

TEXTURE TEXTURE 

Crispy 20 32 Not enough crispy  4 6 

Chewy  13 21  

Good texture  7 11 

Slight  3 5 

TOTAL quoted terms  

3 times and more  

105  TOTAL quoted terms  

3 times and more  

31  

 

Ratio LIKED / DISLIKED : 3,4 
 

 

 

1.2.5. Purchasing intentions:  
   

1.2.5.1. Standard bread:  
 

Before tasting  each bread, the consumers are asked the following question: òAt first 

impression, would you buy this product?ó 
 

 YES NO 

Standard bread baked with standard 

convection oven  

90,3% 9,7% 

Standard bread baked with IR convection 

oven  

91,9% 8,1% 

 

Before tasting, more than 90% of consumers are ready to buy both breads.  
 

After tasting  each product, the consumers are asked the following question: òAfter 

having tried the product, would you buy it?  ò 
 

 YES NO 

Standard bread baked with standard 

convection oven  

85,5% 14,5% 

Standard bread baked with IR convection 

oven  

79,0% 21,0% 

 

After tasting, the consumers changed their mind with less of an intention of buying 

the product.  
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1.2.5.2. Baguette Tradition:  
 

Before tasting  each bread, the consumers are asked the following question: òAt first 

impression, would you buy this product?ó 
 

 YES NO 

Baguette tradition baked with standard 

convection oven  

80,6% 19,4% 

Baguette tradition baked with IR convection 

oven  

90,3% 9,7% 

 

Before tasting, more than 80% of consumers are ready to buy both breads.  
 

After tasting  each product, the consumers are as ked the following question: òAfter 

having tried the product, would you buy it?   

 YES NO 

Baguette tradition baked with standard 

convection oven  

75,8% 24,2% 

Baguette tradition baked with IR convection 

oven  

66,1% 33,9% 

 

After tasting, the consumers change their mind with less of an intention of buying the 

product. This is strongly due to the baguette tradition baked with the IR convection 

oven. According to the consumersõ comments, the baguette tradition baked with 

the IR convection oven is weak and has a b ad taste.  

 

1.2.6. Photographs of products:  
 

1.2.6.1. Standard bread:  

 

From left to right: Standard bread baked with  

Standard convection oven/IR convection oven  

 

 

  1.2.6.2 Baguette tradition:  
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From left to right: Baguette Tradition baked with  

Standard convection oven /IR convection oven  

1.3. Conclusion:  
1.3.1. Standard bread:  

1.3.1.1. Conclusion with the scores of overall acceptability:  
 

 

CONCLUSION with scores of overall acceptability of breads  

  

Average/10  

Overall 

acceptability  
 

 

Overall 

acceptability  

 

 

RATIO 

LIKED/DISLIKED* 

 

Standard  bread baked with standard 

convection oven  

 

7,00 
 

 

ôpla´tõ 
 

 

4,7 
 

 

Standard bread baked with IR convection 

oven  
 

 

7,00 
 

 

ôpla´t 
 

 

6,6 

Conclusion : The consumers could not tell the difference between the standard bread baked with the 

standard convection ov en and the standard bread baked with the IR convection oven. They assigned the 

same grade for both standard breads. On the other hand, the ratio liked/disliked is a bit higher (more positive 

comments than negative) for the standard bread baked with the IR convection oven.  
 

 

*Ratio liked/disliked: refers to counting between the number of postive and negative comments. For example, a ratio 

liked/disliked is equal to two, indicating that consumers have made twice as many positive comments as the 

negative.  
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1.3.1.2. Synthesis of the comm ents: overall acceptability 

formulated by the consumers:  
 

Products  

Liked  

% ² 15%* 

(the % refers to the number of comments/the 

number of consumers)  

Disliked  

% ² 15%* 

(the % refers to the number of 

comments/the number of 

consumers)  

Standard bread  

baked with standard 

convection oven  

Crispy (42%) 

Nice flavor  (32%) ð Chewy (21%)  

Nice looking (19%) - Nice colour (16%)  

/  

Standard bread  

baked with IR 

convection oven  

Crispy (48%) - Nice flavor  (34%) 

Chewy (24%)  

Nice colour (23%) - Nice lo oking (19%)  

/  

*9 terms expressed or more.  

 

1.3.1.3. Conclusion about the scores formulated:  
 

CONCLUSION OF STUDY ð Average/10  

 
 

Overall 

acceptability  

 

Aspect  
 

Colour  
 

Flavor  
 

Texture 

 

Standard bread baked 

with standard convection 

oven  

 

7,00 
 

 

7,10 
 

 

7,34 
 

 

7,20 
 

 

7,28 
 

 

Standard bread baked 

with IR convection oven  

 

7,00 
 

 

7,20 
 

 

7,48 
 

 

6,77 
 

 

7,08 
 

 

1.3.1.4. Assessment of the statisticals results:  
 

The results of the study had shown that at 5% significance level:  

 

- there is no statistically significant difference abou t the overall acceptability 

between the standard bread baked with standard convection oven and the 

standard bread baked with the IR convection oven.  

- there is no statistically significant difference about the appearance between the 

standard bread baked wi th standard convection oven and the standard bread 

baked with the IR convection oven.  

- there is no statistically significant difference about the colour between the standard 

bread baked with standard convection oven and the standard bread baked with 

the I R convection oven.  
 

- there is no statistically significant difference about the flavor  between the standard 

bread baked with standard convection oven and the standard bread baked with 

the IR convection oven.  

- there is no statistically significant differe nce about the texture between the 

standard bread baked with standard convection oven and the standard bread 

baked with the IR convection oven.  
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1.3.2. Baguette Tradition:  
1.3.2.1. Conclusion with the scores of overall acceptability:  

 

CONCLUSIONS about the scores of overal l acceptability of breads  

  

Average/10  

Overall 

acceptability  
 

 

Overall 

acceptability  

 

 

RATIO 

LIKED/DILSKED* 

baguette tradition baked with standard 

convection oven  

 

6,88 
 

 

From ôslightly likedõ 

to ôlikedõ 
 

 

1,7 

 

baguette tradition baked with IR convectio n 

oven  

 

6,45 
 

ôslightly likedõ 
 

 

3,4 

Conclusion: The consumers could not tell the difference between the baguette tradition baked with the 

standard convection oven and the baguette tradition baked with the IR convection oven. The consumers 

assigned a bett er grade to the baguette tradition baked with the standard convection oven than the 

baguette tradition baked with the IR convection oven. However, the baguette tradition baked with the IR 

convection oven received a higher liked/disliked ratio.  
 

*Ratio liked/disliked: refers to counting between the number of postive and negative comments. For example, a ratio 

liked/disliked is equal to two, indicating that consumers have made twice as many positive comments as the 

negative.  
 

 

1.3.2.2. Synthesis of the comments: over all acceptability 

formulated by the consumers:  
 

Products  

Liked  

% ² 15%* 

(the % refers to the number of 

comments/the number of consumers)  

Disliked  

% ² 15%* 

(the % refers to the number 

of comments/the number 

of consumers)  

Baguette tradition baked 

with stand ard convection 

oven  

Crispy (18%) 

Nice flavor  (16%) 

/  

Baguette tradition baked 

with IR convection oven  

 

Crispy (32%) 

Chewy (21%)  

Nice colour (21%) ðNice flavor  (19%) 

Nice looking (19%) ð Mie bien alvéolée 

(16%) 

Bad taste (16%)  

*9 terms expressed or more.  

 

1.3.2.3. Conclusion about the scores formulated:  
 

CONCLUSION OF STUDY ð Average/10  
 

 
 

Overall 

acceptability  

 

Aspect  
 

Colour  
 

Flavor  
 

Texture 

 

Baguette tradition 

baked with standard 

convection oven  

 

6,88 
 

 

6,77 
 

 

6,94 
 

 

7,14 
 

 

7,02 
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Baguette tradition 

baked wi th IR 

convection oven  

 

6,45 
 

 

6,96 
 

 

7,36 
 

 

6,51 
 

 

6,49 
 

 

1.3.2.4. Assessment of the statistical results:  
 The results of the study had shown that at 5% significance level:  

 

- there is no statistically significant difference about the overall acceptability 

betwee n the baguette tradition  baked with standard convection oven and the 

baguette tradition  baked with the IR convection oven.  

- there is no statistically significant difference about the appearance between the 

baguette tradition  baked with standard convection  oven and the baguette tradition  
baked with the IR convection oven.  

- there is no statistically significant difference about the colour between the p  

baguette tradition  baked with standard convection oven and the baguette tradition  
baked with the IR convec tion oven.  

- there is no statistically significant difference about the flavor  between the baguette 

tradition  baked with standard convection oven and the baguette tradition  baked 

with the IR convection oven.  

- there is no statistically significant differen ce about the texture between the 

baguette tradition  baked with standard convection oven and the baguette tradition  
baked with the IR convection oven.  
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2. STUDY OF THE DECK OVENS: HEDONIC TEST OF 

8/10/2015  

2.1. Methodology:  
 

2.1.1. Products analysed:  
 

Breads were carr ied out by Mr Jacques Arnaud, in the bakery of LEMPA, the 8th 

septembre 2015 (e.g. Annex 1 ð Recipes).  

Products tested: 4 breads:  

V Standard bread baked with standard deck oven  

V Standard bread baked with IR deck oven  

V Baguette 'Tradition' baked with sta ndard deck oven  

V Baguette 'Tradition' baked with IR deck oven  

 

The day of the tasting, different metrological measures were carried out on the 

products baked (e.g. D1.3. Bread Quality Assessment):  

- weigth  

- length  

- volume  

- colorimetry of the crust and crumb (p erformed 1 hour after cooling)  

- Textures of the crust and crumb (the methode that is described in the D1.3 

Bread Quality Assessment together to a second compression at a speed of 

100 mm/min).  

 

2.1.2. Tasting session:  
 

The Panel  

The panel is composed of 61 people with referenced information (e.g. sex, age, 

etc.). The panelists have been identified based on specific consumption criteria such 

as the consumption frequency or the appreciation degree. All the hedonic panelists 

are non -trained to sensory analysis.  

 

The Tasting room  

The tasting room has been designed to perform professional sensory analysis and is 

composed of 12 cabins in complience with the AFNOR standards.  

All the products are presented under white light.  

 

The tasting datasheet (e.g. Annex 5 ð Questionna ire) 

Each panelist filled in a questionnaire per product and must give an appreciation 

mark between 1 and 9:  
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Dislike tremendously  1 Like slightly 6 

Dislike very much  2 Like moderately  7 

Dislke moderately  3 Like very much  8 

Dislike slightly 4 Like tremendo usly 9 

Neither like nor dislike  5 

 

The panelists give an overall mark to the product, one for the visual aspect, one for 

the color, one for the taste and one for the texture.  

The panelists can also justify the mark and describe the positive and negative 

ap preciations.  

 

The session 

The products are presented anonymously to the panelist and are identified with a 3 -

digit code. They are presented randomly and in the same conditions (temperature, 

quantity) to all panelists. All products have been presented seque ntially and 

followed by the notation and commenting. The panelists have not been 

aknowledge about the objective of the study and the type of technology used.  

 

The panelists have a slice of bread to judge the taste and texture while whole bread 

is presented  to judge the aspect and color.  

 

Water is the only beverage proposed to the panelists.  

 

The questions to answer are the following:  

¶ Would you purchase this bread before tasting it? Yes /No  

¶ Would you purchase this bread after tasting it? Yes /No  
 

2.2. Results: 
2.2.1. Characteristics of the products presented:  

2.2.1.1. Metrological values: (e.g. Annex 2 ð Metrological values)  

Measures of  

product baked  

(average of  

5 samples)  

Standard bread  

baked with 

standard deck 

oven  

Standard bread  

baked with IR 

deck oven  

 

Baguette 

Tradition  

baked  

with standard 

deck oven  

Baguette Tradition  

baked with IR 

deck oven  

 

Weigth (g)  
287.8 290.2 287.4 291.8 

Length  32.2 31.9 30.0 30.2 

Volume (cm 3) 1300 1186 1110 1148 
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2.2.1.2. Colorimetrics values: (e.g. Annex 3 ð Colorimetric results)  
The synthesis of the averages obtained by the Minolta CR 300 are presented in the table 

below:  

 
 

Crumb  
 

Crust 
 

Average of  

3 measures  

 

L 
 

a  
 

b  
 

L 
 

a  
 

B 

Standard bread  

baked with the 

standard deck 

oven  

 

79,3 

 

-3,3 

 

+19,8 

 

58,5 

 

+9,9 

 

+35,5 

Standard bread  

baked with the IR 

deck oven  

 

77,8 

 

-3,1 

 

+19,8 

 

59,2 

 

+8,9 

 

+34,9 

Baguette 

Tradition  

baked with the 

standard deck 

oven  

 

75,6 

 

-3,7 

 

+21,3 

 

56,2 

 

+11,9 

 

+35,1 

Baguette 

Tradition  

baked with the IR 

deck oven  

 

78,6 

 

-3,7 

 

+21,2 

 

58,3 

 

+9,4 

 

+34,7 

 

2.2.1.3. Ratio Crust/crumb : (e.g. A nnex 2 ð Metrological values)  
The crust/crumb ratios have been determined  following the protocol defined in the 

document D1.3. Bread Quality Assessment. Averages were calculated from two 

bread samples.  

 

We see that there is no difference between the rat ios. There is no crust difference 

being considered between:  

1,34 
1,25 1,32 1,33 

0,81 0,74 0,81 0,78 

0,00 

0,20 

0,40 

0,60 

0,80 

1,00 

1,20 

1,40 

1,60 

Pain courant 
Standard deck 

oven 

Pain courant 
IR deck oven 

Pain de 
Tradition  

Standard deck 
oven 

Pain de 
Tradition  

IR deck oven 

Average ratio Humid 
crust/humid crumb  

Average ratio dry crust/dry 
crumb 
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- The standard bread baked with the standard deck oven and the IR deck 

oven.  

- The baguette tradition baked with the standard deck oven and the IR deck 

oven  

Therefore, the baking of the breads has yie lded similar results.  

2.2.1.4. Results with texturometre: (e.g. Annex 4 ð Texturemetre 

results) 
Table of Average values after 6 hours:  

Compression rate  25% 40% 

Standard bread baked 

with standard deck oven 

(112)  

1.85 3.16 

Standard bread baked 

with IR deck oven (2 50) 

2.16 3.44 

Baguette Tradition baked 

with standard deck oven 

(397)  

3.52 5.93 

Baguette Tradition baked 

with IR deck oven (429)  

3.82 6.41 

 

There are no significant texture differences between:  

- The standard bread baked with the standard deck oven and the  standard 

bread baked with IR deck oven.  

- The baguette tradition baked with the standard deck oven and the IR deck 

oven.  

 

Table of Average values (stickiness) after 6 hours:  

Standard bread baked with 

standard deck oven (112)  

-0.31 

Standard bread baked with  IR 

deck oven (250)  

-0.32 

Baguette Tradition baked with 

standard deck oven (397)  

-0.35 

Baguette Tradition baked with IR 

deck oven (429)  

-0.30 

 

There are no significant stickiness differences between  : 

- The standard bread baked with the standard deck oven  and the standard 

bread baked with IR deck oven.  

- The baguette tradition baked with the standard deck oven and the IR deck 

oven.  
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The IR method of baking does not present a difference in texture and stickiness 

compared to the results of the standard oven.  

Table of Average values (textures) after 24 hours : 

Compression rate  25% 40% 

Standard bread baked 

with standard deck 

oven (112)  

3.20 4.86 

Standard bread baked 

with IR deck oven (250)  

3.82 5.76 

Baguette Tradition 

baked with standard 

deck oven (397)  

7.97 11.78 

Baguette Tradition 

baked with IR deck 

oven (429)  

7.72 11.62 

 

There are no significant texture differences between:  

- The standard bread baked with the standard deck oven and the standard 

bread baked with IR deck oven.  

- The baguette tradition baked with the standard deck oven and the IR deck 

oven.  

 

In contrast, after 24 hours, the set of values is higher than after 6 hours due to the 

phenomenon of evaporation of water and thereby resulting in staleness.  

Table of Average values (stickiness) after 24 hou rs:   

Standard bread 

baked with standard 

deck oven (112)  

-0.20 

Standard bread 

baked with IR deck 

oven (250)  

-0.20 

Baguette Tradition 

baked with standard 

deck oven (397)  

-0.28 

Baguette Tradition 

baked with IR deck 

oven (429)  

-0.27 
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2.2.2. Characteristics of t he panelist:  
Panel:  61 hedonic consumers from Rouen et its surroundings (76)  

 

Sex Male  22,95% 

 Female  77,05% 

   

Age  15-24 y/o  1,79% 

 25-34 y/o  5,36% 

 35-44 y/o  28,57% 

 45-54 y/o  32,14% 

 55-64 y/o  32,14% 

 65+ y/o  0,00% 

   

Socio -professional grou p Manager  3,28% 

 Supervisor 0,00% 

 Crafstman/storekeeper  4,92% 

 Employee  59,02% 

 Worker  1,64% 

 Farmer  0,00% 

 Retired  24,59% 

 Student/high school student  0,00% 

 Looking for work  1,64% 

 Housewife or househusband  4,92% 

   

Bread consumption frequenc y   

 One at a couple times a week  93,44% 

 A couple times a month  6,56% 

 Once a month  0,00% 

 Three or ten times a year  0,00% 

 Once or twice a year  0,00% 

 Never eaten or donõt know 0,00% 
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2.2.3. Statistics: 
2.2.3.1. Scores of overall acceptability:  

 

The consumer s graded using a structured scale of the overal assessment of the 

product, from 1 (dislike tremendously) to 9 (like tremendously).  

 

STANDARD BREAD ð NORMALITY TEST: 
 

The table below presents the average marks of each product (as well as standard 

deviations ) from the consumers:  
 

 Standard bread  

baked with standard deck 

oven  

Standard bread  

Baked with IR deck oven  

 Scores òOverall acceptabilityó 
 

Average/9  
 

 

5,82 
 

6,30 
 

Standard 

deviation/9  
 

 

1,99 
 

 

1,73 
 

 

Average/10  
 

 

6,02 
 

6,62 
 

Standard 

deviation /10  
 

 

2,48 
 

2,16 

 

Scores of  ôOverall acceptabilityõ: the standard bread baked with the standard deck 

oven and the standard bread baked with the IR deck oven were well -liked by the 

consumers.  
 

Ç STANDARD BREAD BAKED WITH STANDARD DECK OVEN 

 

Graphe de Distribution - Profil AS 8102015 Pain courant Aspect global FS

Fichier : AS 8102015 Pain courant Aspect global FS.frs

Test de normalit® :

Chi2 : Rejet®e ¨ 1 %

K.S. : Rejet®e ¨ 1 %

Produit : 112 PC FS FS Attribut : ASPECT GLOBAL

987654321
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% notes < 5 : 24,6 - % notes = 5  : 6,6 - % notes > 5 : 68,9 
 

68,9% of consumers give an overall appreciation mark above 5 for standard bread 

baked with the standard deck oven.  

 

Ç STANDARD BREAD BAKED WITH IR DECK OVEN 

 
% notes < 5 : 13,1 - % notes = 5  : 14,8 - % notes > 5 : 72,1 

 

72,1% of consumers give an overall appreciation mark above 5 for standard bread 

baked with the IR deck oven.  

 

 

The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used, is the WILCOXON test.  

 

Wilco xon test: comparison of the products for the attribute overall acceptability:  
 

Number of difference selected  42 

Number of null differences  19 

Number of row equal  40 

Sum of ranks positives differences  331.0 

Sum of ranks negatives differences  572.0 

W Calculated  331.0 

Meaning  NS 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

 

Graphe de Distribution - Profil AS 8102015 Pain courant Aspect global FS

Fichier : AS 8102015 Pain courant Aspect global FS.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 250 PC FS IR Attribut : ASPECT GLOBAL

987654321
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Conclusion: ( a = 5%) 

The Wilcoxon test is not relevant  at 5% significance level.  

There is no statistically  significant difference about the overall acceptability of the 

standard bread baked with the standard deck oven and the standard bread baked 

with the IR deck oven.  

 

BAGUETTE TRADITION ð NORMALITY TEST: 

 
 Baguette Tradition  

baked with standard deck oven  

Baguette Tradition  

baked with IR deck oven  

 Scoress òOverall acceptabilityó 
 

Average/9  
 

 

5,84 
 

6,18 
 

Standard 

deviation/9  
 

 

1,86 
 

 

1,62 
 

 

Average/10  
 

 

6,05 
 

6,48 
 

Standard 

deviation/1

0 
 

 

2,33 
 

2,02 

 

Scores ôOverall acceptabilityõ: the baguette tradition  baked with the standard deck 

oven and the baguette tradition baked with the IR deck oven were well -liked by the 

consumers.  

 

Ç BAGUETTE TRADITION BAKED WITH STANDARD DECK OVEN 

 

% notes < 5 : 27,9 - % notes = 5  : 14,8 - % notes > 5 : 57,4 
 

Graphe de Distribution - Profil AS Pain Tradition Aspect Global FS

Fichier : AS 8102015 Pain Tradition FS Aspect Global.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 329 PT FS FS Attribut : Aspect global
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57,4% of consume rs give an overall appreciation mark above 5 for baguette 

tradition bread baked with the standard deck oven.  

 

Ç BAGUETTE TRADITION BAKED WITH IR DECK OVEN 

% notes < 5 : 16,4 - % notes = 5  : 19,7 - % notes > 5 : 63,9 
 

63,9% of consumers give an overall app reciation mark above 5 for baguette 

tradition bread baked with the IR deck oven.  

 

The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used, is the WILCOXON test.  

 

Wilcoxon test: comparison of the products f or the attribute overall acceptability:  
 

Number of difference selected  47 

Number of null differences  14 

Number of row equal  47 

Sum of ranks positives differences  410.5 

Sum of ranks negatives differences  717.5 

W Calculated  410.5 

Meaning  NS 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

 

 

 

 

Graphe de Distribution - Profil AS Pain Tradition Aspect Global FS

Fichier : AS 8102015 Pain Tradition FS Aspect Global.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 429 PT FS IR Attribut : Aspect global
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Conclusion: ( a = 5%) 

The Wilcoxon test is not relevant at 5% significance level.  

There is no statistically significant difference about the ov erall acceptability of the 

baguette tradition baked with the standard deck oven and the baguette tradition 

baked with the IR deck oven.  

 

 

2.2.3.2. Scores of appearance:  
 

The consumers graded using a structured scale of the overal assessment of the 

product, from 1 ( dislike tremendously) to 9 (like tremendously).  

 

STANDARD BREAD ð NORMALITY TEST: 
 

The table below presents the average marks of each product (as well as standard 

deviations) from the consumers:  
 

 Standard bread  

baked with standard deck oven  

Standard brea d 

baked with IR deck oven  

 Scores of appearance  
 

Average/9  
 

 

6,20 
 

6,31 
 

Standard 

deviation/9  
 

 

1,70 
 

 

1,74 
 

 

Average 

/10  
 

 

6,50 
 

6,64 

 

Standard 

deviation/1

0 
 

 

2,13 
 

2,17 

 

Scores of appearance:  The overall appearance of standard bread baked with the 

standard and IR deck ovens was appreciated by the consumers.  
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Ç STANDARD BREAD BAKED WITH STANDARD DECK OVEN 

 

 
% notes < 5 : 16,4 - % notes = 5  : 11,5 - % notes > 5 : 72,1 

 

72,1% of consumers give an overall appreciation mark above 5 for standard bread 

baked with the standard deck oven.  

 

Ç STANDARD BREAD BAKED WITH IR DECK OVEN 

 
% notes < 5 : 14,8 - % notes = 5  : 14,8 - % notes > 5 : 70,5 

 

70,5% of consumers give an overall appreciation mark above 5 for standard bread 

baked with the IR deck oven . 

 

The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used, is the WILCOXON test.  

 

Graphe de Distribution - Profil AS 8102015 Pain courant FS Aspect

Fichier : AS 8102015 Pain courant FS Aspect.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 112 PC FS FS Attribut : Aspect

987654321
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Wilcoxon test: comparison of the products for the attribute appearance:  
 

Number of difference selected  42 

Number of null differe nces  19 

Number of row equal  40 

Sum of ranks positives differences  427.5 

Sum of ranks negatives differences  475.5 

W Calculated  427.5 

Meaning  NS 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant a t a = 0,1% 

 

Conclusion: ( a = 5%) 

The Wilcoxon test is not relevant at 5% significance level.  

There is no statistically significant difference about the appearance of the standard 

bread baked with the standard deck oven and the standard bread baked with the  

IR deck oven.  

 

BAGUETTE TRADITION ð NORMALITY TEST: 
 

 Baguette Tradition  

baked with standard deck 

oven  

Baguette Tradition  

baked with IR deck oven  

 Scores of appearance  
 

Average/9  
 

 

6,15 
 

6,26 
 

Standard 

deviation/9  
 

 

1,70 
 

 

1,87 
 

 

Average 

/10  
 

 

6,43 
 

6,58 

 

Standard 

deviation 

/10  
 

 

2,13 
 

2,34 

 

Score of appearance:  The overall appearance of baguette tradition baked with the 

standard and IR deck ovens was appreciated by the consumers.  
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Ç BAGUETTE TRADITION BAKED WITH STANDARD DECK OVEN 

 

 
% notes < 5 : 16,4 - % notes = 5  : 14,8 - % notes > 5 : 68,9 

 

68,9% of consumers give an overall appreciation mark above 5 for standard bread 

baked with the standard deck oven.  

 

Ç BAGUETTE TRADITION BAKED WITH IR DECK OVEN 

 
% notes < 5 : 16,4 - % notes = 5  : 18,0 - % notes > 5  : 65,6 

 

65,6% of consumers give an overall appreciation mark above 5 for Baguette Tradition 

bread baked with the IR deck oven.  

 

 

Graphe de Distribution - Profil AS 8102015 Pain Tradition FS Aspect

Fichier : AS 8102015 Pain Tradition FS Aspect.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 397 PT FS FS Attribut : Aspect

987654321
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The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used, is the WIL COXON test.  

 

Wilcoxon test: comparison of the products for the attribute appearance:  
 

Number of difference selected  45 

Number of null differences  16 

Number of row equal  44 

Sum of ranks positives differences  469.0 

Sum of ranks negatives differences  566.0 

W Calculated  469.0 

Meaning  NS 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

Conclusion: ( a = 5%) 

The Wilcoxon test is not relevant at 5% significance level.  

There is no statistically significant difference about the appearance of the baguette 

tradition baked with the standard deck oven and the baguette tradition baked with 

the IR deck oven.  

 

2.2.3.3. Scores of colours:  
 

The consumers graded using a structured scale of the overall assessme nt of the 

product, from 1 (dislike tremendously) to 9 (like tremendously).  

 

STANDARD BREAD ð NORMALITY TEST: 
The table below presents the average marks of each product (as well as standard 

deviations) from the consumers:  

 Standard bread  baked with 

standar d deck oven  

Standard bread  

baked with IR deck oven  

 Scores of colours  
 

Average/9  
 

 

6,15 
 

6,36 
 

Standard deviation/9  
 

 

1,83 
 

 

1,92 
 

 

Average/10  
 

 

6,43 
 

6,70 
 

Standard 

deviation/10  

 

2,29 
 

2,39 
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Scores of colours:  the colours of the standard bread bake d with the standard deck 

oven and the standard bread baked with the IR deck oven were well -liked by the 

consumers.  
 

 

Ç STANDARD BREAD BAKED WITH STANDARD DECK OVEN 

 

% notes < 5 : 23,0 - % notes = 5  : 3,3 - % notes > 5 : 73,8 
 

73,8% of consumers give an o verall appreciation mark for colour above 5 for 

standard bread baked with the standard deck oven.  

 

Ç STANDARD BREAD BAKED WITH IR DECK OVEN 

 

 
% notes < 5 : 19,7 - % notes = 5  : 11,5 - % notes > 5 : 68,9 

 

Graphe de Distribution - Profil AS 8102015 Pain courant Couleur FS

Fichier : AS 8102015 Pain Courant FS COULEUR.frs

Test de normalit® :

Chi2 : Rejet®e ¨ 1 %

K.S. : Rejet®e ¨ 1 %

Produit : 112 PC FS FS Attribut : A1
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68,9% of consumers give an overall appreciation mar k for colour above 5 for 

standard bread baked with the IR deck oven.  

 

 
The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used, is the WILCOXON test.  

 

Wilcoxon test: comparison of the products for the attr ibute colour:  
 

Number of difference selected  44 

Number of null differences  17 

Number of row equal  42 

Sum of ranks positives differences  451.0 

Sum of ranks negatives differences  539.0 

W Calculated  451.0 

Meaning  NS 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

Conclusion: ( a = 5%) 

The Wilcoxon test is not relevant at 5% significance level.  

There is no statistically significant difference about the colour of the standard bread 

bak ed with the standard deck oven and the standard bread baked with the IR deck 

oven.  

 

BAGUETTE TRADITION ð NORMALITY TEST: 
 

 Baguette Tradition  

baked with standard deck oven  

Baguette Tradition  

baked with IR deck oven  

 Scores of colours  
 

Average/9  
 

 

6,03 
 

6,36 
 

Standard 

deviation/9  
 

 

1,89 
 

 

1,98 
 

 

Average/10  
 

 

6,29 
 

6,70 
 

Standard 

deviation/1

0 
 

 

2,36 

 

2,47 
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Scores of colours:  the colours of the baguette tradition baked with the standard 

deck oven and the baguette tradition baked with the IR deck oven wer e well -liked 

by the consumers.  

 

 

Ç BAGUETTE TRADITION BAKED WITH STANDARD DECK OVEN  

 

 
% notes < 5 : 23,0 - % notes = 5  : 11,5 - % notes > 5 : 65,6 

 

65,6% of consumers give an overall appreciation mark for colour above 5 for 

baguette tradition baked with  the standard deck oven  

 

Ç BAGUETTE TRADITION BAKED WITH IR DECK OVEN 

 
% notes < 5 : 19,7 - % notes = 5  : 3,3 - % notes > 5 : 77,0 

 

Graphe de Distribution - Profil AS 8102015 Pain Tradition FS Couleur

Fichier : AS 8102015 Pain Tradition FS Couleur.frs

Test de normalit® :

Chi2 : Rejet®e ¨ 1 %

K.S. : Rejet®e ¨ 1 %

Produit : 329 PT FS FS Attribut : A1
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Fichier : AS 8102015 Pain Tradition FS Couleur.frs

Test de normalit® :

Chi2 : Rejet®e ¨ 1 %

K.S. : Rejet®e ¨ 1 %

Produit : 497 PT FS IR Attribut : A1

987654321

(%
)

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0

1

3 3
5

2

14

9

21

3



 

 

 Page 61 of 198 

 

 

77,0% of consumers give an overall appreciation mark for colour above 5 for the 

baguette tradition baked with the IR deck o ven.  

 

The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used, is the WILCOXON test.  

 

Wilcoxon test: comparison of the products for the attribute colour:  
 

Number of difference selected  52 

Number of null differences  9 

Number of row equal  51 

Sum of ranks positives differences  591.0 

Sum of ranks negatives differences  787.0 

W Calculated  591.0 

Meaning  NS 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

Conclusion: ( a = 5%) 

The Wilcoxon test is not relevant at 5% significance level.  

There is no statistically significant difference about the colour of the baguette 

tradition baked with the standard deck oven and the baguette tradition bake d with 

the IR deck oven.  

 

 

 

2.2.3.4.  Scores of flavor : 
 

The consumers graded using a structured scale of the overal assessment of the 

product, from 1 (dislike tremendously) to 9 (like tremendously).  

 

 

STANDARD BREADð NORMALITY TEST: 
 

The table below presents the a verage marks of each product (as well as standard 

deviations) from the consumers:  

 Standard bread  

baked with the standard deck 

oven  

Standard bread  

baked with the IR deck oven  

 Scores of flavor  
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Average/9  
 

 

5,85 
 

6,00 
 

Standard 

deviation/9  
 

 

1,91 
 

 

2,03 
 

 

Average 

/10  
 

 

6,07 
 

6,25 

 

Standard 

deviation/1

0 
 

 

2,39 
 

2,54 

 

Scores of flavor : the flavor s of both breads baked with the reference and the IR deck 

ovens were well -liked by the consumers.  

 

Ç STANDARD BREAD BAKED WITH STANDARD DECK OVEN 

 
% notes < 5 : 24,6 - % notes = 5  : 13,1 - % notes > 5 : 62,3 

 

62,3% of consumers give an overall appreciation mark above 5 for standard bread 

baked with the standard deck oven . 

 

Ç STANDARD BREAD BAKED WITH IR DECK OVEN 

 

Graphe de Distribution - Profil AS 8102015 Pain courant Gout FS

Fichier : AS 8102015 Pain courant Gout FS.frs

Test de normalit® :

Chi2 : Rejet®e ¨ 5 % Accept®e ¨ 1 %

K.S. : Rejet®e ¨ 1 %
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% notes < 5 : 24,6 - % notes = 5  : 9,8 - % notes > 5 : 65,6 

 

65,6% of consumers give an overall appreciation mark above 5 for standard bread 

baked with the IR deck oven . 

  

The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used, is the WILCOXON test.  

 

Wilcoxon test: comparison of the products for the attribute flavor :  
 

Number of difference selected  46 

Number of null differences  15 

Number of row equal  44 

Sum of ranks positives differences  488.5 

Sum of ranks negatives differences  592.5 

W Calculated  488.5 

Meaning  NS 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

Conclusion: ( a = 5%) 

The Wilcoxon test is not relevant at 5% significance level.  

There is no statistically significant difference about the flavor  of the standard bread 

baked with the standard deck oven and the standard bread baked with the IR deck 

oven.  

 

BAGUETTE TRADITION ð NORMALITY TEST: 
 

 Baguette Tradition  

baked with standard deck oven  

Baguette Tradition  

baked with I R deck oven  

 Scores of flavor  
 

Average/9  
 

 

5,70 
 

6,36 
 

Standard 

deviation/9  
 

 

1,85 
 

 

1,64 
 

 

Average/10  
 

 

5,88 
 

6,70 
 

Standard 

deviation 

/10  

 

2,31 
 

2,05 
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Scores of flavor : The overall flavor s of baguette tradition bread baked with the 

standard and IR deck ovens were appreciated by the consumers.  

 

 

Ç BAGUETTE TRADITION BAKED WITH STANDArD DECK OVEN 

 

 
% notes < 5 : 23,0 - % notes = 5  : 18,0 - % notes > 5 : 59,0 

 

59,0% of consumers give an overall appreciation mark above 5 for baguette 

tradition bread ba ked with the standard deck oven.  

 

Ç BAGUETTE TRADITION BAKED WITH IR DECK OVEN 

 
% notes < 5 : 13,1 - % notes = 5  : 23,0 - % notes > 5 : 63,9 

 

Graphe de Distribution - Profil AS 8102015 Pain Tradition GOUT FS

Fichier : AS 8102015 Pain Tradition FS Gout.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 329 PT FS FS Attribut : GOUT

987654321
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Graphe de Distribution - Profil AS 8102015 Pain Tradition GOUT FS

Fichier : AS 8102015 Pain Tradition FS Gout.frs
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63,9% of consumers give an overall appreciation mark above 5 for baguette 

tradition bread baked with the IR deck oven.  

 

The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used, is the WILCOXON test.  

 

Wilcoxon test: comparison of the products for the attribute flavor :  
 

Number of difference selected  44 

Number of null  differences  17 

Number of row equal  44 

Sum of ranks positives differences  239.0 

Sum of ranks negatives differences  751.0 

W Calculated  239.0 

Meaning  ** 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

Conclusion: ( a = 5%) 

The Wilcoxon test is significant at 1% significance level.  

There is a statistically significant difference about the flavor  of the baguette tradition 

baked with the standard deck oven and the baguette tradition bake d with the IR 

deck oven.  

 

 

 

 

 

2.2.3.5. Scores of texture:  
 

The consumers graded using a structured scale of the overal assessment of the 

product, from 1 (dislike tremendously) to 9 (like tremendously).  

 

STANDARD BREADð NORMALITY TEST: 
 

The table below presents the average marks of each product (as well as standard 

deviations) from the consumers:  
 

 Standard bread  

baked with standard deck oven  

Standard bread  

baked with IR deck oven  
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 Scores of texture  
 

Average/9  
 

 

6,15 
 

6,05 
 

Standard 

deviation/9  
 

 

1,83 
 

 

1,87 
 

 

Average/10  
 

 

6,43 
 

6,31 
 

Standard 

deviation/1

0 
 

 

2,29 
 

2,34 

 

Scores of texture:  the textures of the standard bread baked with the standard deck 

oven and the standard bread baked with the IR deck oven were appreciated by 

the consumers.  
 

 

Ç STANDARD BREAD BAKED WITH STANDARD DECK OVEN 

 

 
% notes < 5 : 23,0 - % notes = 5  : 3,3 - % notes > 5 : 73,8 

 

73,8% of consumers give an overall appreciation mark for texture above 5 for 

standard bread baked with the standard deck oven.  

 

 

Ç STANDARD BREAD BAKED WTH IR DECK OVEN 
 

Graphe de Distribution - Profil AS 8102015 pain courant texture FS

Fichier : AS 8102015 Pain courant FS Texture.frs

Test de normalit® :

Chi2 : Rejet®e ¨ 1 %

K.S. : Rejet®e ¨ 1 %

Produit : 112 PC FS FS Attribut : Texture

987654321
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% notes < 5 : 23,0 - % notes = 5  : 11,5 - % notes > 5 : 65,6 

 

65,6% of consumers give an overall appreciation mark for texture above 5 for 

standard bread baked with the IR deck oven . 

 

The marks distribution does not follow a normal distribution.  Consequently, the 

statistical treatment used, is the WILCOXON test.  

 

Wilcoxon test: comparison of the products for the attribute texture:  
 

Number of difference selected  48 

Number of null differences  13 

Number of row equal  46 

Sum of ranks positives dif ferences  650.5 

Sum of ranks negatives differences  525.5 

W Calculated  525.5 

Meaning  NS 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

Conclusion: ( a = 5%) 

The Wilcoxon test is not r elevant  at 5% significance level.  

There is no statistically significant difference about the texture of the standard bread 

baked with the standard deck oven and the standard bread baked with the IR deck 

oven.  

 

 

Graphe de Distribution - Profil AS 8102015 pain courant texture FS

Fichier : AS 8102015 Pain courant FS Texture.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 250 PC FS IR Attribut : Texture

987654321
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BAGUETTE TRADITION ð NORMALITY TEST: 
 

 Bague tte Tradition  

baked with standard deck 

oven  

Baguette Tradition  

baked with IR deck 

oven  

 Scores of texture  
 

Average/9  
 

 

5,56 
 

6,36 

 

Standard 

deviation/9  
 

 

1,95 
 

 

1,60 
 

 

Average/10  
 

 

5,70 
 

6,70 

 

Standard 

deviation 

/10  
 

 

2,44 
 

2,00 

 

Scores of texture: the texture of the baguette tradition baked with the standard deck 

oven and the baguette tradition baked with the IR deck oven were well -liked by the 

consumers.  

 

Ç BAGUETTE TRADITION BAKED WITH STANDARD DECK OVEN 

 
% notes < 5 : 29,5 - % notes = 5  : 14,8 - % notes > 5 : 55,7 

 

55,7% of consumers give an overall appreciation mark for texture above 5 for 

baguette tradition baked with the standard deck oven  

 

 

Ç BAGUETTE TRADITION BAKED IR DECK OVEN 

Graphe de Distribution - Profil AS 8102015 Paint Tradition FS Texture

Fichier : AS 8102015 Pain Traditions Texture FS.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 329 PT FS FS Attribut : Texture

987654321

(%
)

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0

1

3

7 7

9

14

9
8

3



 

 

 Page 69 of 198 

 

 

 
% notes < 5 : 14,8 - % notes = 5  : 11,5 - % notes > 5 : 73,8 

 

73,8% of consumers give an overall appreciation mark for texture above 5 for the 

baguette tradition baked with the IR deck oven.  

 

The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used, is the WILCOXON test.  

 

Wilcoxon test: comparison of the products for the attribute texture:  
 

Number of difference selected  42 

Number of null differences  19 

Number of row equal  41 

Sum of ranks positives differences  228.5 

Sum of ranks negatives differences  674.5 

W Ca lculated  228.5 

Meaning  ** 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

Conclusion: ( a = 5%) 

The Wilcoxon test is significant at 1% significance level  

There is a statistically signi ficant difference about the texture of the baguette 

tradition baked with the standard deck oven and the baguette tradition baked with 

the IR deck oven.  

 

 

Graphe de Distribution - Profil AS 8102015 Paint Tradition FS Texture

Fichier : AS 8102015 Pain Traditions Texture FS.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 497 PT FS IR Attribut : Texture
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2.2.4. Comments of consumers :  
 

The tables below show the following for each product:  
 

ü terms quoted at le ast 3 times: the frequency (number indicated by 

consumers) and the percentage (based on the total number of consumers)  
 

ü ratio of liked and disliked (total count of ôlikedõ/total count ôdislikedõ) 

 

2.2.4.1. Standard bread:  
 

Æ Standard bread baked with standard de ck oven (61 consumers)  
 

LIKE DISLIKE 

Quoted terms at least 3 

times  

Frequenc

y 

Pourcenta

ge  

Quoted terms at least 3 

times  

Frequenc

y 

Pourcentag

e 

APPEARANCE APPEARANCE 

Nice looking  15 25 Poor colour  8 13 

Nice colour  13 21 Under -baked  6 10 

Good shape  6 10 Poor appearance  5 8 

Aerated crumb  3 5  

Well baked  3 5 

Bonne taille  3 5 

SMELL SMELL 

  

FLAVOR FLAVOR 

Nice flavor  22 36 Insipid 8 13 

 Bad taste  4 7 

No salt  3 5 

TEXTURE TEXTURE 

Crispy 18 30 Gummy  7 11 

Chewy  13 21 Not enough crispy  3 5 

Good textu re 8 13  

TOTAL quoted terms  

3 times and more  

104  TOTAL quoted terms  

3 times and more  

44  

 

Ratio LIKE/DISLIKE : 2,4 
 

 

 

Æ Standard bread baked with IR deck oven (61 consumers)  
 

LIKE DISLIKE 

Quoted terms at least 3 

times  

Frequenc

y 

Pourcenta

ge  

Quoted term s at least 3 

times  

Frequenc

y 

Pourcentag

e 

APPEARANCE APPEARANCE 

Nice looking  16 26 Aspect Under -baked  8 13 

Nice colour  12 20 Poor colour  7 11 
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Well baked  9 15  

Aerated crumb  6 10 

Good shape  6 10 

Golden  3 5 

SMELL SMELL 

  

FLAVOR FLAVOR 

Nice flavo r 19 31 Insipid 13 21 

Bien sale 3 5 No salt  5 8 

TEXTURE TEXTURE 

Crispy 24 39 Soft texture  7 11 

Chewy  11 18 Gummy  5 8 

Good texture  3 5 Pas assez croustillant  5 8 

Pas friable  3 5    

TOTAL quoted terms  

3 times and more  

115  TOTAL quoted terms  

3 times a nd more  

50  

 

Ratio LIKE/DISLIKE: 2,3 
 

 

 

2.2.4.2. Baguette tradition:  
 

Æ Baguette tradition baked with standard deck oven (61 consumers)  
 

LIKE DISLIKE 

Quoted terms at least 3 

times  

Frequenc

y 

Pourcenta

ge  

Quoted terms at least 3 

times  

Frequenc

y 

Pourcentag

e 

APPEARANCE APPEARANCE 

Nice colour  12 20 Poor appearance  7 11 

Nice looking  10 16 Poor colour  4 7 

Good shape  6 10 Poor baked  4 7 

Aerated crumb  6 10 Tight crumb  3 5 

Golden  4 7  

Well baked  3 5 

SMELL SMELL 

  

FLAVOR FLAVOR 

Nice flavor  17 28 Insipid 12 20 

Well salted  5 8 No salt  4 7 

 Bad taste  3 5 

TEXTURE TEXTURE 

Chewy  13 21 Not enough crispy  12 20 

Crispy 8 13 Gummy  6 10 

Good texture  7 11  

TOTAL quoted terms  

3 times and more  

91  TOTAL quoted terms  

3 times and more  

55  

 

Ratio LIKE/DISLIKE: 1,7 
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Æ Baguette tradition baked with IR deck oven (61 consumers)  
 

LIKE DISLIKE 

Quoted terms at least 3 

times  

Frequenc

y 

Pourcenta

ge  

Quoted terms at least 3 

times  

Frequenc

y 

Pourcentag

e 

APPEARANCE APPEARANCE 

Nice looking  13 21 Poor colour  8 13 

Nice colour  12 20 Ove r-baked  5 8 

Well baked  9 15 Tight crumb  4 7 

Golden  4 7 Poor appearance  3 5 

Good shape  3 5  

Aerated crumb  3 5 

SMELL SMELL 

  

FLAVOR FLAVOR 

Nice flavor  24 39 Insipid 10 16 

Well salted  3 5 No salt  5 8 

TEXTURE TEXTURE 

Crispy 22 36 Gummy  4 7 

Chewy  14 23  

Good texture  3 5 

TOTAL quoted terms  

3 times and more  

110  TOTAL quoted terms  

3 times and more  

39  

 

Ratio LIKE/DISLIKE: 2,8 
 

 

2.2.5. Purchasing intentions:  
   

2.2.5.1. Standard bread:  
 

Before tasting  each product, the consumers are asked the following question:  òAt first 

impression, would you buy this product?ó 
 

 YES NO 

Standard bread baked with standard deck 

oven  

78,69% 21,31% 

Standard bread baked wtih IR deck oven  83,61% 16,39% 
 

Before tasting, more than 70% of consumers are ready to buy both breads.  
 

After  tasting  each product, the consumers are asked the following question: òAfter 

having tried the product, would you buy it?  ò 

 
 

 YES NO 

Standard bread baked with standard deck 68,85% 31,15% 
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oven  

Standard bread baked wtih IR deck oven  65,57% 34,43% 
 

After tasting, the consumers changed their mind with less of an intention of buying 

the product.  

 

2.2.5.2. Baguette Tradition:  
 

Before tasting  each bread, the consumers are asked the following question: òAt first 

impression, would you buy this product?ó 
 

 YES NO 

Bague tte tradition baked with standard deck 

oven  

78,69% 21,31% 

Baguette tradition baked with IR deck oven  83,61% 16,39% 
 

Before tasting, more than 75% of consumers are ready to buy both breads.  
 

After tasting  each product, the consumers are asked the followin g question: òAfter 

having tried the product, would you buy it?   

 

 YES NO 

Baguette tradition  baked with standard deck 

oven  

52,46% 47,54% 

Baguette tradition  baked with IR deck oven  67,21% 32,79% 
 

After tasting, the consumers changed their mind with less o f an intention of buying 

both breads.  

 

2.2.6. Photographs of products:  
 

2.2.6.1. Standard bread:  

 

Frome left to right: standard bread baked with  

standard deck oven / IR deck oven  
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2.2.6.2. Baguette tradition:  
 

 
Frome left to right: Baguette tradition baked with  

standard deck  oven / IR deck oven  

 

2.3. Conclusion:  
2.3.1. Standard bread:  

2.3.1.1. Conclusion about the scores of overall acceptability:  
 

CONCLUSIONS about the scores of overall acceptability  

  

Average/10  

Overall acceptability  
 

 

Overall acceptability  

 

 

RATIO 

LIKE/DISLIKE* 

 

Standard brea d baked with standard 

deck oven  

 

6,02 
 

 

ôliked slightlyõ 
 

 

2,4 
 

 

Standard bread baked with IR deck 

oven  
 

 

6,62 
 

 

ôliked slightlyõ 
 

 

2,3 

Conclusion  : The consumers could not tell the difference between the standard bread baked with the 

standard deck oven and the standard bread baked with the IR deck oven.  The consumers assigned a better 

grade to the standard bread baked with the IR deck oven. On the other hand, the ratio liked/disliked is 

identical for both breads.  

*Ratio liked/disliked: refers to countin g between the number of postive and negative comments. For example, a ratio 

liked/disliked is equal to two, indicating that consumers have made twice as many positive comments as the 

negative.  

 

2.3.1.2. Synthesis of the comments: overall acceptability 

formulated by  the consumers:  
 

Products  

Liked  

% ² 15%* 

(the % refers to the number of 

comments/the number of consumers  

Disliked  

% ² 15%* 

(the % refers to the number of 

comments/the number of 

consumers)  
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Standard bread baked 

with standard deck 

oven  

Nice flavor  (36%) 

Crispy (30%) 

Nice looking (25%) ð Nice colour 

(21%) 

Chewy (21%)  

/  

Standard bread cuit with 

IR deck oven  

Crispy (39%) 

Nice flavor  (31%) ð Nice looking 

(26%) 

Nice colour (20%)  

Chewy (18%)  

Well baked (15%)  

Bad taste (21%)  

*9 terms expressed or more.  

 

2.3.1.3. Conclusion  about the scores formulated:  
 

 

CONCLUSION STUDY ð Average/10  

 

 Overall 

acceptability  

Appearance  Colour  

 

Flavor  

 

Texture 

 

 

Standard bread baked 

with standard deck oven  

 

6,02 

 

 

6,50 

 

 

6,43 

 

 

6,07 

 

 

6,43 

 

 

Standard bread baked 

with IR deck oven  

 

6,62 

 

 

6,64 

 

 

6,70 

 

 

6,25 

 

 

6,31 

 

 

   

 

2.3.1.4. Assessment of the statistical results:  
 

The results of the study had shown that at 5% significance level:  

 

- there is no statistically significant difference about the overall acceptability 

between the standard bread baked w ith standard deck oven and the standard 

bread baked with the IR deck oven.  

 

- there is no statistically significant difference about the appearance between the 

standard bread baked with standard deck oven and the standard bread baked 

with the IR deck oven.  

 

- there is no statistically significant difference about the colour between the standard 

bread baked with standard deck oven and the standard bread baked with the IR 

deck oven.  
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- there is no statistically significant difference about the flavor  between  the standard 

bread baked with standard deck oven and the standard bread baked with the IR 

deck oven.  

 

- there is no statistically significant difference about the texture between the 

standard bread baked with standard deck oven and the standard bread bake d 

with the IR deck oven.  

 

 

2.3.2. Baguette Tradition:  
 

2.3.2.1. Conclusion about the scores of overall acceptability:  
 

 

CONCLUSIONS about the scores of overall acceptability  

  

Average/10  

Overall 

acceptability  
 

 

Overall acceptability  

 

 

RATIO 

LIKE/DISLIKE* 

 

Baguette tradi tion baked with standard 

deck oven  

 

6,05 
 

 

ôliked slightlyõ 
 

 

1,7 

 
 

Baguette tradition baked with IR deck oven  

 

6,48 ôliked slightlyõ 
 

 

2,8 

Conclusion : The consumers could not tell the difference between the baguette tradition baked with the 

standard dec k oven and the baguette tradition baked with the IR deck oven.  The consumers assigned a 

better grade to the baguette tradition baked with the IR deck oven than the baguette tradition baked with 

the standard deck oven.In addition, the baguette tradition ba ked with the IR deck oven received a higher 

liked/disliked ratio.  

*Ratio liked/disliked: refers to counting between the number of postive and negative comments. For example, a ratio 

liked/disliked is equal to two, indicating that consumers have made twice  as many positive comments as the 

negative.  

. 

2.3.2.2. Synthesis of the comments: overall acceptability 

formulated by the consumers:  
 

Products  

Liked  

% ² 15%* 

(the % refers to the number of 

comments/the number of consumers)  

Disliked  

% ² 15%* 

(the % refers to the num ber of 

comments/the number of 

consumers)  

Baguette tradition 

baked with standard 

deck oven  

Nice flavor  (28%)  

Chewy (21%)  

Nice colour (20%) ð Nice looking (16%)  

Bad taste (20%)  

Not crispy enough (20%)  

Baguette tradition  

Baked with IR deck 

oven  

 

Nice flavo r (39%) 

Crispy (36%) 

Chewy (23%)  

Nice looking (21%) ð Nice colour (20%)  

Well baked (15%)  

Bad taste (16%)  
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*9 terms expressed or more.  

 

2.3.2.3. Conclusion about the scores formulated:  
  

CONCLUSION OF THE STUDY ð Average/10  
 

 
 

Overall 

acceptability  

 

Appearance  
 

Col our  
 

Flavor  
 

Texture 

 

Baguette tradition 

baked with standard 

deck oven  

 

6,05 

 

 

6,43 

 

 

6,29 

 

 

5,88 

 

 

5,70 

 

 

Baguette tradition 

kaked with IR deck 

oven  

 

6,48 

 

 

6,58 

 

 

6,70 

 

 

6,70 

 

 

6,70 

 

 

2.3.2.4. Assessment of the statistical results:  
The results of the study had  shown that at 5% significance level:  

 

- there is no statistically significant difference about the overall acceptability 

between the baguette tradition  baked with standard deck oven and the baguette 

tradition  baked with the IR deck oven.  

 

- there is no s tatistically significant difference about the appearance between the 

baguette tradition  baked with standard deck oven and the baguette tradition  
baked with the IR deck oven.  

  

- there is no statistically significant difference about the colour between the 

baguette tradition  baked with standard deck oven and the baguette tradition  
baked with the IR deck oven.  

 

- the Wilcoxon test is significant at 1% significance level . There is a statistically 

significant difference about the flavor  between the baguette tra dition  baked with 

standard deck oven and the baguette tradition  baked with the IR deck oven.  
 

- the Wilcoxon test is significant at 1% significance level . There is a statistically 

significant difference about the texture between the baguette tradition  bake d with 

standard deck oven and the baguette tradition  baked with the IR deck oven.  
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3. STUDY OF THE IR OVENS: HEDONIC TEST OF THE 

13/10/2015  
 

3.1. Methodology:  
 

3.1.1. Products analysed:  
Breads were carried out by Mr Jacques Arnaud, in the bakery of LEMPA, the 13th 

Oct ober 2015 (e.g. Annex 1 ð Recipes).  

Products tested: 4 breads:  

V Standard bread baked with IR convection oven  

V Standard bread baked with IR deck oven  

V Baguette tradition  baked with IR convection oven  

V Baguette tradition  baked with IR deck oven  

 

The day  of the tasting, different metrological measures were carried out on the 

products baked (e.g. D1.3. Bread Quality Assessment)  : 

- weigth  

- length  

- volume  

- colorimetry of the crust and crumb (1 heure après le ressuage)  

- texture of the crust and crumb (method descr ibed in deliverable D1.3 'Bread 

Quality Assessment' and a reference compression point 100 mm/min).  

 

-  

3.1.2. Tasting session:  
 

The Panel  

The panel is composed of 60 people with referenced information (e.g. sex, age, 

etc.). The panelists have been identified based  on specific consumption criteria such 

as the consumption frequency or the appreciation degree. All the hedonic panelists 

are non -trained to sensory analysis.  

 

 

The Tasting room  

The tasting room has been designed to perform professional sensory analysis an d is 

composed of 12 cabins in complience with the AFNOR standards.  

All the products are presented under white light.  

 

The tasting datasheet (e.g. Annex 5 ð Questionnaire)  

Each panelist filled in a questionnaire per product and must give an appreciation 

mar k between 1 and 9:  
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Dislike tremendously  1 Like slightly 6 

Dislike very much  2 Like moderately  7 

Dislke moderately  3 Like very much  8 

Dislike slightly 4 Like tremendously  9 

Neither like nor dislike  5 

 

The panelists give an overall mark to the product, one for the visual aspect, one for 

the color, one for the taste and one for the texture.  

The panelists can also justify the mark and describe the positive and negative 

appreciations.  

 

 

The session 

The products are presented anonymously to the panelist and are identified with a 3 -

digit code. They are presented randomly and in the same conditions (temperature, 

quantity) to all panelists. All products have been presented sequentially and 

followed by the notation and commenting. The panelists have not been 

aknowled ge about the objective of the study and the type of technology used.  

 

The panelists have a slice of bread to judge the taste and texture while whole bread 

is presented to judge the aspect and color.  

 

Water is the only beverage proposed to the panelists.  

 

The questions to answer are the following:  

¶ Would you purchase this bread before tasting it? Yes /No  

¶ Would you purchase this bread after tasting it? Yes /No  
 

3.2. Results: 
 

3.2.1. Characteristic of the products presented:  
3.2.1.1. Metrological values: (e.g. Annex 2 ð Metrologic al results)  

Measures of 

product baked  

 (average with 

5 samples)  

 

Standard bread  

baked with IR 

convection oven  

Standard bread  

baked with IR 

deck oven  

 

Baguette 

Tradition  

baked with IR 

convection oven  

Baguette Tradition  

baked with IR 

deck oven  

 

Weigth (g ) 
219,2 284,2 284,7 285,5 

Length  31,4 31,8 30,1 30,6 

Volume (cm 3) 1476 1404 980 1984 
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3.2.1.2. Colorimetric values: (e.g. Annex 3 ð Colorimetric results)  
The synthesis of the averages obtained by the Minolta CR 300 are presented in the table 

below:  

 
 

Crumb  
 

Crust 
 

Average wih  

3 measures  

 

L 
 

A 
 

b  
 

L 
 

A 
 

B 

Standard bread  

baked with IR 

convection oven  

 

76,3 

 

-3,2 

 

+19,6 

 

45,2 

 

+13,1 

 

+27,6 

Standard bread  

baked with deck 

oven  

 

75,5 

 

-4,4 

 

+24,7 

 

46,8 

 

+12,7 

 

+27,8 

Baguette 

Tradition  

baked with IR 

convection oven  

 

 

75,6 

 

-3,0 

 

+20,1 

 

53,9 

 

+11,9 

 

+33,8 

Baguette 

Tradition  

baked with deck 

oven  

 

75,6 

 

-4,3 

 

+24,1 

 

52,8 

 

+12,0 

 

+32,02 

 

3.2.1.3. Ratio Crust/crumb: (e.g. Annex 2 ð Metrological values)  
The crust/crumb ratios have been determined  following the protocol defined i n the 

document D1.3. Bread Quality Assessment. Averages were calculated from two 

bread samples.  

 

 
We see that there is no difference between the ratios. There is no crust difference 

being considered between:  

1,2 1,21 

1,43 
1,57 

0,68 
0,75 

0,87 
0,99 

0,0 

0,2 

0,4 

0,6 

0,8 

1,0 

1,2 

1,4 

1,6 

1,8 

Pain courant 
IR convection 

oven 

Pain courant 
IR deck oven 

Pain de 
Tradition IR 

convection oven 

Pain de 
Tradition IR 
deck oven 

Average ratio humid crust/humid crumb  

Average ratio dry crust/dry crumb 
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- The standard bread baked with the IR convecti on oven and the IR deck oven.  

- The baguette tradition baked with the IR convection oven and the IR deck 

oven.  

  

Therefore, the baking of the breads has yielded similar results.  

3.2.1.4. Results with texturometer : (e.g. Annex 4 ð Results of the 

texturometer)  
Table of Average values after 6 hours:  

Compression ratio  25% 40% 

Standard bread baked 

with IR convection oven  

1.52 2.60 

Standard bread baked 

with IR deck oven  

1.66 2.36 

Baguette Tradition baked 

with IR convection oven  

3.19 6.66 

Baguette Tradition baked 

with  IR deck oven  

4.39 7.62 

 

There are no signigicant texture differences between:  

- The standard bread baked with the standard baked with the standard 

convection oven and the standard bread baked with the IR deck oven.  

- The baguette tradition baked with the sta ndard convection oven and the 

baguette tradition baked with the IR deck oven.  

 

Table of Average values (stickiness) after 6 hours:  

Standard bread baked 

with IR convection oven  

-0.36 

Standard bread baked 

with IR deck oven  

-0.32 

Baguette Tradition baked 

with IR convection oven  

-0.28 

Baguette Tradition baked 

with IR deck oven  

-0.24 

 

There are no significant stickiness differences between:  

- The standadard bread baked with the standard convection oven and the 

standard bread baked with the IR deck oven.  

- The baguette tradition baked with the standard convection oven and the 

baguette tradition baked with the IR deck oven.  

 

The IR method of baking does not present a difference in texture and stickiness 

compared to the results of the standard oven.  
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Table of Aver age values (textures) after 24 hours : 

Compression ratio  25% 40% 

Standard bread 

baked with IR 

convection oven  

2.99 5.01 

Standard bread 

baked with IR deck 

oven  

3.46 5.47 

Baguette Tradition 

baked with IR 

convection oven  

7.57 11.37 

Baguette Tradition 

bake d with IR deck 

oven  

11.79 16.95 

 

There are no significant texture differences between the standard bread baked with 

the standard convection oven and the standard bread baked with the IR deck 

oven.  

 

On the other hand, there is a numerical gap in value betw een the baguette tradition 

baked with the standard convection oven and the IR deck oven. The staleness (loss 

of freshness) has not evolved in the same manner.  

In contrast, after 24 hours, the set of values is higher than after 6 hours due to the 

phenomen on of evaporation of water and thereby resulting in staleness.  

Table of Average values (stickiness) after 24 hours:    

Standard bread 

baked with IR 

convection oven  

-0.20 

Standard bread 

baked with IR deck 

oven  

-0.20 

Baguette Tradition 

baked with IR 

convect ion oven  

-0.28 

Baguette Tradition 

baked with IR deck 

oven  

-0.27 
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3.2.2. Characteristics  of the panelist:  
 

Panel:  60 hedonic consumers from Rouen and its surroundings (76)  

 

Sex Male  23,33% 

 Female  76,67% 

   

Age  15-24 ans 4,00% 

 25-34 ans 10,00% 

 35-44 an s 34,00% 

 45-54 ans 26,00% 

 55-64 ans 26,00% 

 65 ans and more  0,00% 

   

Socio -professional group  Manager  5,00% 

 Supervisor 1,67% 

 Crafstman/storekeeper  5,00% 

 Employee  51,67% 

 Worker  3,33% 

 Farmer  0,00% 

 Retired  23,33% 

 Student/high school stude nt 1,67% 

 Looking for work  5,00% 

 Housewife or househusband  3,33% 

   

Bread consumption frequency    

 Once at a couple time a weak  86,67% 

 A couple times a month  10,00% 

 Once a month  1,67% 

 Three or ten times a year  1,67% 

 Once or twice a year  0,00% 

 Never eaten or don't know  0,00% 
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3.2.3. Statistics: 
 

3.2.3.1. Scores of overall acceptability:  
 

The consumers graded using a structured scale of the overal assessment of the 

product, from 1 (dislike tremendously) to 9 (like tremendously).  

  

STANDARD BREAD ð NORMALITY TEST: 
 

The table below presents the average marks of each product (as well as standard 

deviations) from the consumers:  
 

 Standard bread  

baked with IR convection oven  

Standard bread  

baked with IR deck oven  

 Scores of overall acceptability  
 

Ave rage/9  
 

 

6,12 
 

5,68 
 

Standard 

deviation/9  
 

 

1,65 
 

 

1,86 
 

 

Average/10  
 

 

6,40 
 

5,85 
 

Standard 

deviation/1

0 
 

 

2,06 
 

2,33 

 

Scores of ôoverall acceptabilityõ: the standard bread baked with the IR convection 

oven and the standard bread baked with the IR deck  oven were well -liked by the 

consumers.  

 

Ç STANDARD BREAD BAKED WITH IR CONVECTION OVEN 

 

Graphe de Distribution - Profil AS 13102015 Pain Courant A Global FIR

Fichier : AS 13102015 Pain Courant FIR Aspect Global.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 112 PC FV IR Attribut : Aspect Global
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% notes < 5 : 16,7 - % notes = 5  : 13,3 - % notes > 5 : 70,0 
 

70,0% of consumers give an overall appreciation mark above 5 for standard bread 

baked with the IR convec tion oven.  

 

Ç STANDARD BREAD BAKED WITH IR DECK OVEN 

 
% notes < 5 : 25,0 - % notes = 5  : 16,7 - % notes > 5 : 58,3 

 

58,3% of consumers give an overall appreciation mark above 5 for standard bread 

baked with the IR deck oven.  

 

 

The marks distribution does not follow a normal distribution. Consequently, the 

statistical treatment used, is the WILCOXON test.  

 

Wilcoxon test: comparison of the products for the attribute overall acceptability:  
 

Number of difference selected  40 

Number of null differences  20 

Num ber of row equal  40 

Sum of ranks positives differences  515.0 

Sum of ranks negatives differences  305.0 

W Calculated  305.0 

Meaning  NS 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

 

 

Graphe de Distribution - Profil AS 13102015 Pain Courant A Global FIR

Fichier : AS 13102015 Pain Courant FIR Aspect Global.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 250 PC FS IR Attribut : Aspect Global
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Conclusion: ( a = 5%) 

The Wilcoxon test is not relevant at 5% significance level.  

There is no statistically significant difference about the overall acceptability of the 

standard bread baked with the IR convection oven and the standard bread baked 

with the  IR deck oven.  

 

 

 

 

BAGUETTE TRADITION ð NORMALITY TEST: 
 

 Baguette tradition  

baked with IR convection oven  

Baguette tradition  

baked with IR deck oven  

 Scores of overall acceptability  
 

Average/9  
 

 

6,12 
 

5,93 
 

Standard 

deviation/9  
 

 

1,61 
 

 

1,86 
 

 

Aerage /10  
 

 

6,40 
 

6,17 
 

Standard 

deviation/1

0 
 

 

2,01 
 

2,32 

 

Scores of ôoverall acceptability: the baguette tradition baked with the IR convection 

oven and the baguette tradition baked with the IR deck oven were well -liked by the 

consumers.  

 

 

Ç BAGUETTE TRADITION BAKED WITH IR CONVECTION OVEN 

 
Graphe de Distribution - Profil AS 13102015 Pain Tradition FIR Aspect gl

Fichier : AS 13102015 Pain Tradition FIR Aspect global.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 329 PT FV IR Attribut : Aspect Global
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% notes < 5 : 15,0 - % notes = 5  : 15,0 - % notes > 5 : 70,0 
 

70,0% of consumers give an overall appreciation mark above 5 for baguette 

tradition bread baked with the IR convection oven  

 

 

 

Ç BAGUETTE TRADITION BAKED WITH IR DECK OVEN 

 
% notes < 5 : 25,0 - % notes = 5  : 10,0 - % notes > 5 : 65,0 

 

65,0% of consumers give an overall appreciation mark above 5 for baguette 

tradition bread baked with the IR deck oven.  

 

 

The marks distribution does not follow a normal distributi on. Consequently, the 

statistical treatment used, is the WILCOXON test.  

 

Wilcoxon test: comparison of the products for the attribute overall acceptability:  
 

Number of difference selected  47 

Number of null differences  13 

Number of row equal  47 

Sum of ra nks positives differences  603.0 

Sum of ranks negatives differences  525.0 

W Calculated  525.0 

Meaning  NS 
 

NS  Ą no significant at a = 5% 

*  Ą significant at a = 5% 

**  Ą significant at a = 1% 

***  Ą significant at a = 0,1% 

Graphe de Distribution - Profil AS 13102015 Pain Tradition FIR Aspect gl

Fichier : AS 13102015 Pain Tradition FIR Aspect global.frs

Test de normalit® :

Chi2 : Accept®e ¨ 5 %

K.S. : Rejet®e ¨ 1 %

Produit : 497 PT FS IR Attribut : Aspect Global
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Conclusion: ( a = 5%) 

The Wilco xon test is not relevant  at 5% significance level.  

There is no statistically significant difference about the overall acceptability of the 

baguette tradition baked with the IR convection oven and the baguette tradition 

baked with the IR deck oven.  

 

 

 

 

3.2.3.2. Scores of appearance :  
 

The consumers graded using a structured scale of the overal assessment of the 

product, from 1 (dislike tremendously) to 9 (like tremendously).  

 

STANDARD BREAD ð NORMALITY TEST: 
 

The table below presents the average marks of each produ ct (as well as standard 

deviations) from the consumers:  
 

 Standard bread  

baked with IR convecntion 

oven  

Standard bread  

baked with IR deck oven  

 Scores of appearance  
 

Average/9  
 

 

6,35 
 

6,22 
 

Standard 

deviation/9  
 

 

1,62 
 

 

1,66 
 

 

Average/10  
 

 

6,69 
 

6,52 
 

Standard 

deviation/1

0 
 

 

2,03 
 

2,07 

 

Scores of appearance:  The overal appearance of the standard bread baked with 

the IR convection oven and the standard bread baked with the IR deck oven was 

well -liked by the consumers.  

 

Ç STANDARD BREAD BAKED WITH IR CONVECTION OVEN 
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% notes < 5 : 15,0 - % notes = 5  : 10,0 - % notes > 5 : 75,0 

 

75,0% of consumers give an overall appreciation mark above 5 for standard bread 

baked with the IR convection oven.  

 

Ç STANDARD BREAD BAKED WITH IR DECK OVEN 

 

 
% notes < 5 : 18,3 - % notes = 5  : 11,7 - % notes > 5 : 70,0 

 

70,0% of consumers give an overall appreciation mark above 5 for standard bread 

baked with the IR deck oven . 

 

 

The marks distribution does not follow a normal distribution. Consequently, the 

statistical treat ment used, is the WILCOXON test.  

 

Wilcoxon test: comparison of the products for the attribute appearance:  
 






































































































