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Abstract 
This paper aims to present the researches carried on the millet (Panicum miliaceum L.). Based on the 
nutritional value relatively close to the other cereal beans used in man’s nourishment, the millet grains are 
on the future raw materials for the production of expanded cereals in the sugar products industry. The 
research has been performed on the Marius variety by achieving the most adequate physical parameters 
for expanding: roasting time (factor A), steam pressure (factor B) and steam impregnation time (factor C). 
For the assessment of the factors influence throughout several graduations, we have used the EVOP 
statistical processing method and variance method. The best outcomes whereby the grain volume has 
increased by 20.54 times have been obtained when combining the factors: A=12 min., B=10 atm., C=3 
min. The assessment of expanded millet products quality was made using sensorial analysis. 
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1. Introduction 

The expansion of increasingly large areas 
of successive crops on the irrigated areas 
and in the hilly, humid region raised the 
issue of extending the type of crops that 
would better turn into account the natural 
and technological features.  
The millet (Panicum miliaceum L.) fits, to 
a great extent, these requirements, being a 
drought-resistant specie, with a short 
growth period, a radicular system very well 

  
developed in the superficial layers of the 
ground, a high porosity of the plant, a low 
number of stomata and a low coefficient 
of perspiration, of 190-250, fact which 
favors the economic use of water 
(Şerbănescu, 1986). 
The reason for using the millet in the food 
industry is the chemical composition of 
the bean, with a nutritional value 
relatively close to the other cereal beans 
used in man’s nourishment. (Table 1). 

 
Table 1. Chemical composition of millet beans (Bâlteanu, 1991) 

Proteic substances 10.6 % 
Nitrogenous extractive substances 61.1 % 
Fats 3.6 % 
Cellulose 8.1 % 

 
Many data in the specialized literature 
show that the millet beans have a high 
fodder value due to the content in essential 
amino acids. Konstantinov (1987) 
communicated the presence of lysine and 
tryptophan in a quantity of 202.0 – 215.2 and 
respectively of 245.5-249.9 mg/100g millet 
flour quoted by Ludmila Gumaniuc (1990). 
 

 From here it results the feeding nutritional 
value, similar to the other cereals.  

For now, only in Russia and in certain 
countries of the CIS, the flour of millet 
beans is used in men’s nourishment and in 
animals’ food, especially in that of 
poultry and ruminants.  
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2. Materials and methods 
In our research, Marius type, created by 
I.C.C.P.T. Fundulea, homologated and 
registered in 2001, was used.   

Starting from the current process of 
obtaining the expanded product of wheat 
pearl barley, in view of manufacturing the 
product Pufarin, with the following factors:  
roasting time 14 min, steam pressure 14 atm 
and steam impregnation time 4 min., to 
obtain the expanded products of millet 
beans, the following factors were taken 
under study: 
Factor A = roasting time, with the 
graduations: a1 =12 min.; a =16 min.; 2

Factor B = steam pressure, with the 
graduations: b 1 =10 atm.; b =14 atm.; 2

Factor C = steam impregnation time, with 
the graduations: c1 = 3 min.; c 2 = 5 min. 
The combination of factors and graduations 
had as result a tri-factorial experience, of the 
type: 2 X 2 X 2 = 8 options, as follows:  
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The determinations for each option were 
made in four repetitions each.  
The sizes of the beans and expanded 
products were determined with the aid of the 
sliding calipers, while the volume of beans 
and the mass of expanded products was 
determined with a graded cylinder, with a 
capacity of 1000 cm3. 
The average volume of the beans and 
expanded products was obtained using the 
following formula:  

V= 3
3

52,0
3

4 Dr
=

π
, where: 

D = diameter of the beans and expanded 
products, respectively r = their radius.  

 The sensorial analysis is the main method 
used for food products quality assessment. 
In function of the analysis method used, 
the sensory evaluation of food products 
can be classified in two big categories 
(Segal Rodica, 1982): 
- analytical methods; 
- discriminating methods. 

For our study we used the analytical 
method, which can be also divided in: 

- quality evaluation methods, for 
qualitative parameters identification 
and evaluation; 

- differential methods, to establish the 
qualitative differences between two 
or more analyzed food products; 

- arrange rank by rank methods; 
- quality description methods. 

For our work scheme, we used the next 
methods:  

- quality evaluation methods; 
- quality description methods; 
- differential methods. 

From quality evaluation method point of 
view, a system with 5 points and 
debatable score was chosen. The analyzed 
criterions were:  
- volume increasing degree, after expansion;    
- texture (porosity); 
- aspect; 
- taste. 
In order to establish the weight of each 
analyzed criterion, a square matrix can be 
used (fig.1). 

 A B C D 
A 1 0 0 0 
B 1 1 0 0 
C 1 1 1 0 
D 1 1 1 1 
 4 3 2 1 

Figure 1. Matrices for establishing the weight 
of each criterion in overall assessment of the 

sensorial quality 

The sensorial characteristics (criterions) 
of the product are marked on horizontal 
and vertical sides of the matrix.  
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The matrix notation is made as follows: 
- number 1 is put on matrix diagonal line; 
- if it is evaluated that a criterion has a 

greater weight than the one compare 
with, 1 is put in the corresponding box 
of matrix; 

- if it is evaluated that a criterion has a 
smaller weight than the one compare 
with, 0 is put in the corresponding 
box of matrix. 
B –  texture; 
C –  aspect; 

  D –  taste 
The sum of columns gives the criterion 
weight in total quality value. The next 
weights were obtained: 
Criterion A (volume) - weight 4 - coefficient =  0,4 
Criterion B (texture) - weight 3 - coefficient =  0,3  
Criterion C (aspect) -  weight 2 - coefficient =  0,2 
Criterion D (taste) -  weight  1 - coefficient  =  0,1 

 

 The obtained score for each criterion is 
discussed according to the score variation 
intervals presented in table 2.  

From quality description method point of 
view, only the options with very good, 
satisfying and very bad score are taken in 
consideration, because there are no 
significant sensorial differences between 
intermediaries’ variants (referring to the 
four quality criterions: volume increasing, 
texture, aspect, taste).  

The differential method was applied for 
the comparison of reference product, the 
pearl barley, with the best variant of 
expanded cereal beans studied. 
According to the differential method there 
are two conclusions that may be drawn: 

- there is a obvious difference; 
- there is no obvious difference 

(Segal Rodica, 1982) 

 
Table 2. Evaluation steps of quality and score variation interval, after (Segal R., 1982). 

Nr. Crt. Evaluation steps Score variation interval 
1 Very good 5,00 – 4,51 
2 Good 4,50 – 3,51 
3 Satisfying 3,50 – 2,51 
4 Bad 2,50 – 1,51 
5 Very bad 1,50 – 0,00 

 

 
Figure 2. Sketch of the working program in the operation for the expansion of millet beans, after 

EVOP method. 
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Table 3. Working options under study with factors and graduations looking the expanded millet 
Option Factor A Factor B Factor C 

1.  111 cba 12 10 3 

2.  211 cba 12 10 5 

3.  121 cba 12 14 3 

4.  221 cba 12 14 5 

5.  112 cba 16 10 3 

6.  212 cba 16 10 5 

7.  122 cba 16 14 3 

8.  222 cba 16 14 5 

 
 

3. Results  and discussions 
 
The results obtained for the quality of 
expanded millet beans, using the quality  

  
 
description method and the four criterions 
mentioned, are presented in table 4 and 5. 

 
Tabelul 4 Assessment by score of the millet expanded quality 

Criteriile de calitate/ punctaj Nr. 

crt 

  

Options Volume x 
importance 
coefficient 

Texture x 
importance 
coefficient  

Aspect x 
importance 
coefficient 

Taste x 
importance 
coefficient 

Total 
Score 

1. 
111 cba  5x 0,4=2,0 5 x 0,3=1,5 5 x 0,2=1,0 5x 0,1=0,5 5,00 

2. 
211 cba  3x 0,4=1,2 3 x 0,3=0,9 2 x 0,2=0,4 2 x 0,1=0,2 2,70 

3. 
121 cba  2x 0,4=0,8 1 x 0,3=0,3 2 x 0,2=0,4 2x 0,1=0,2 1,70 

4. 
221 cba  2x 0,4=0,8 1 x 0,3=0,3 1 x 0,2=0,2 2x 0,1=0,2 1,50 

5. 
112 cba  4x 0,4=1,6 3 x 0,3=0,9 4 x 0,2=0,8 3 x 0,1=0,3 3,60 

6. 
212 cba  3x 0,4=1,2 3 x 0,3=0,9 3 x 0,2=0,6 3 x 0,1=0,3 3,00 

7. 
122 cba  2x 0,4=0,8 2 x 0,3=0,6 2 x 0,2=0,4 2 x 0,1=0,2 2,00 

8. 
222 cba  2x 0,4=0,8 2 x 0,3=0,6 1 x 0,2=0,2 2 x 0,1=0,2 1,80 
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Tabelul  5 Evaluation steps of millet expanded quality 

Option  Score Evaluation step 
1.  111 cba 5,00 Very good 

2.  211 cba 2,70 Satisfying 

3.  121 cba 1,70 Bad 

4.  221 cba 1,50 Very bad 

5.  112 cba 3,60 Good 

6.  212 cba 3,00 Satisfying 

7.  122 cba 2,00 Bad 

8.  222 cba 1,80 Bad 

 
The results presented in tables 4 and 5, 
show that the best quality for expanded 
millet beans was obtained in first case, with 
interaction , namely at the roasting 
time of 12 minutes, steam pressure of 10 
atmospheres and steam impregnation time 
of 3 minutes, gathering the maximum score 
of  5 points and the “very good” evaluation 
step.  

111 cba

Good results were obtained also for the fifth 
option, with interaction , roasting 
time of 16 minutes, steam pressure of 10 
atmospheres and steam impregnation time 
of 3 minutes, gathering a score of 3.60 
points and the “good” evaluation step.  

112 cba

The results obtained using the option V2 
and V6, with a score of 2.70 respectively 
3.00, under the influence of interaction 
a1b1c2, respectively a2b1c2, are also 
satisfactory. 

The worst results were obtained for option 
four, with interaction a1b2c2, roasting time 
of 12 minutes, steam pressure of 14 
atmospheres and steam impregnation time 
of 5 minutes, gathering a score of 1.50 
points and the “very bad” evaluation step.  

From quality description method point of 
view, the next statements can be made: 
Option 1: the volume increase is very 
good, and noted with 5 points; 

 the texture has a very fluffy, spongy and 
relatively arrange structure; aspect: big and 
uniforms dimensions and there are obvious 
traces of adherent cover that are easily 
detached after passing through sieves with 6 
mm and 3 mm eyes; the taste is crispy, 
slightly smoked, and it is easily soften in 
contact with saliva. 

Option 6:  the volume increase is satisfying, 
and noted with 3 points; the texture is 
irregular, not so fluffy and spongy; aspect: 
smaller and non-uniform dimensions, the 
adherent cover is not so easily detached at 
sieving; the taste is crispier, and harder at 
mastication.    

Option 4: the volume increase is small, noted 
with 2 points; the texture is harder, slightly 
spongy and the cover is very hard to be 
detached; aspect: non-uniform, flattened 
beans, and with many aggregations; the taste 
is crispy and hard to masticate. From 
differential method point of view, this cannot 
be applied between the expanded wheat pearl 
barley and option 1 of expanded millet beans, 
due to big differences between beans 
dimensions. It can be concluded that the 
millet is a new cereal that can be used as raw 
material for expanded sugar based products 
industry. The millet can increase its volume 
approximately 20.54 times (option 1), 
promoting the diversification of expanded 
products. 
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Because there are obvious traces of bran it 
is necessary to use sieves with 3mm and 6 
mm eyes in order to remove the small and 
unexpanded beans and the aggregations. 
This way, by rubbing, the traces of bran are 
removed. 
 
4. Conclusion 

The assessment of the results presented in 
table 5 reflects the fact that the most 
significant expansion was achieved in 
option 1, with the interaction a1b1c1, 
namely at the roasting time of 12 minutes, 
steam pressure of 10 atmospheres and 
steam impregnation time of 3 minutes.  

 The most significant results were obtained at 
options 3, 4 and 8, when it was noticed that 
the steam pressure is of 14 atmospheres 
regardless of the variation of the roasting time 
and of the steam impregnation time.   

Satisfying results were achieved at options 5 
and 6 when the steam pressure is of 10 
atmospheres, as well as at option 1.  

It results that it is very important for that the 
steam pressure is 12 atmospheres, while the 
roasting time and that of steam impregnation 
may be reduced to three minutes. It seems 
that at 14 atmospheres and a longer roasting 
and steam impregnation time, the millet 
beans, as they are smaller, are decomposed 
and no significant increase in volume occurs.  

 

     
    Millet beans                                          Millet expanded 

 

 
Glazed millet expanded 
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