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Abstract  
They highlighted the peculiarities biotechnological potato varieties, Impala and Orchestra grown in 

Romania. Flour-graphic technique was used for determining the solid composition of the fermentation 
medium and bioreactor for studying the amount of carbon dioxide that is released during 5 hours. 
Measurement of the amount of gas formed during the fermentation of the nutrient media is a significant 
indicator of the fermentation in bread manufacture. Bread was prepared in a nutrient medium composed of: 
white and brown wheat flour, Saccharomyces cerevisiae yeast for the cultivation medium. The amount of 
water added was determined using Flourgraph E6, to a consistency of 500 HE. 

Hydration capacity decreases by 26% for white flour version (F1) and 31.2%  dough from F2(wheat 
brown flour) and potato pasta Orchestra variety(O-PP). If we use potato pulp and F2 flour, the maximum 
release is of 990 ml/h and it was recorded for the 30% working version, while 1185 ml/h for the mixture F2 

and O-PP. At a potato concentration of 30% the gas release reaches it maximum towards the second hour 
of fermentation and in the first hour the fermentation is inhibited. By using this procedure, there may be the 
possibility of directing and orienting in placing the components in recipe, choosing the operational 
parameters,raw materials and their relation.. 
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Abbreviation and Symbol 
Material characteristics and methods used for analysis are shown in Introduction and Table 1, 2, 3, 4. 

B1- vitamin B1-thiamine; B2- vitamin B2-riboflavine; B6- vitamin B6; PP- vitamin PP-niacine; 
CO2- carbon dioxide; 
u- is the moisture, in %; 
Glu – wet gluten, in %; 
DI – deformation index, in mm; 
Igl – glutenic index, in %; 
FN – falling number; 
TTA – titratable acidity, degree; 
HD – hydration degree, %. 
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1. Introduction 
Critical analysis of the literature shows that production of relevant compounds for the food 

processing industry by SSF (solid state fermentation) offer several advantages [1]. SSF is 
defined as any fermentation process performed on a non-soluble material that act both as 
physical suport and source of nutrients in absence of free flowing liquid [2]. Recently, Wu and 
Shen [3, 4] used the different powder of plant for liquid and solid-state fermentation of ethanol. 

Dough flour fermentation is an essential step in bread making. During this step, dough 
specific volume is increased due to bubble growth from yeast gas production [5, 6]. 

These problems have a negative effect on the cell-viability, growth and fermentation 
performance of the yeast, as shown by Srikanta [7]. High viscosity also leads to the 
incomplete hydrolysis of the starch, which decreases the utilization efficiency of the feedstock 
[8, 9,10,11]. S.cerevisiae cultivating environment generally contains, among others, sources 
of potassium, magnesium and ammonium, which add in the form of chemical synthesis 
substances [12]. The mineral salts P, K+, Mg2+, Ca2+ and Mg2+ influence the growth and 
fermentation performance of yeast [13]. Potato can provide some of these growing factors 
such as K, Mg, ascorbic acid, vitamin B1, B2, B6, PP and source of carbon for microorganisms 
in a natural way, more than other nutritious media used in bakery. In panification, the yeast S. 
cerevisiae is used as production culture. 

During yeast fermentation, the gas cell are filled mainly with CO2 [14]. They create a 
pressure in the system. The modification of the chemical composition of the substratum 
influences the CO2 quantity that is released [15].  

For the fermentative potential study of the environment, the bioreactor may be used, where 
S. cerevisiae yeast is cultivated on a cultivation medium identical with the intermediary 
panification phase, namely the dough [16, 17]. The current study method of the environment 
fermentative potential has been changed through the modification of its chemical composition. 
At ”International Conference of Applied Science, Chemistry and Chemical Engineering CISA-
2010“, presented a study about laboratory microprobes, which were used for the bioreactor and 
research in this way has proven to be efficient and attractive from an economic point of view, 
thus avoiding loss of time and raw materials with industrial samples[18]. 

Due to the fact that the nutritive environment contains potato pulp, whose humidity is 
different from that of the flour, the approach of a new way of calculating the mixture quantity 
has been imposed, with the purpose of studying the rheological dough characteristics. This is 
caused by the fact that the mixture has to contain 86 mg/100g of dry matter. 

Used a new experimental model for the application of the flour-graphic technique to the 
study of the mixture of flour and hydro thermally processed potato obtained.  The higher 
substitution percentage of the flour is higher than PP, with both the the mixture is higher 
humidity [19, 20, 21]. 

In panification, there are different equipments that facilitate the study of the dough 
rheological behaviour [22, 23]. The dough formation characteristics are studied with the 
Brabender Farinograph [24], the mixograph [25, 26] and lately with E6 Haubelt Flourgraph. 
The compatibility of the Brabender Farinograph with the E6 Haubelt Flourgraph and the 
equivalence of the Brabender units of measurement with the Haubelt units of measurement 
have been demonstrated [27]. 

In this study, micro samples of dough formed out of white wheat flour, 650 type, with 
additives (F1) or out of brown flour, 1250 type, with additives (F2) have been prepared. The 
potato varieties that replaced flour in proportion of 5%, 10%, 20% and 30% were: Impala 
potato pasta (I-PP) and Orchestra- potato pasta (O-PP).  
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The chemical composition of the environment cultivated with breading yeast was done by 
using the flour-graphic technique. The CO2 release was monitored and measured with the 
volumetric method. The influence of the potato varieties on the potential evolution of the 
fermentative environment has been compared, with consequences in the fermentative 
panification process. The batch operating system was used. The potato samples have been 
compared with the control sample and the influence of the potato varieties were considered. 

2. Materials and methods
For analysis the next equipments were used: Bioreactor, Haubelt Flourgraph E6, moisture 

analyzer and ML-50, analitycal balance type WPS 210/C/1 Partner, mixer HV4 with sieve 
diameter at 2 mm. Drinking tap water was used to prepare the nutrient media. 

Table 1. Physico-chemical characteristics for the raw material (flour). 
Raw material Characteristic of raw material 
White flour, type 650, additivate (ascorbic acid, L-
cisteina, α–amylase, hemicellulase, xylanase) 

u=13.9%; Glu=32%; ID = 4 mm; IGL=55.7; 
FN = 290-330 s; TTA = 2.2 degree, ash 0.649 % 

Brown flour, type 1250 additivated (ascorbic 
acid, L-cysteine, α-amylase, hemicellulase, xylanase) 

u=12.9%; Glu=30%; ID = 8 mm; IGL=44.4; FN = 
280 s; TTA =3.3 degree, ash 1.25 % 

Table 2. Physico-chemical characteristics for the raw materials yeast and potato pasta. 
Raw material Characteristic of raw material 
Potato Impala variety u = 83.5 % 
Potato Orchestra variety u = 81.3 % 
Yeast bakery Power of growth = 10 minutes; u = 68.9%, 

Table 3. Raw material producer and method of analysis for flour. 
Raw material flour 
/Producer 

Method of analysis 

Mill Cibin Sibiu, 
Romania 

Gl wet, AACC METHOD 38-10 Hand Wasing Method [28]; ID-STAS 89-90- STAS 
6283; Ash ICC STANDARD 105/2; Acidity STAS 90-88; „Falling Number” ISO 
3093-97, ICC STANDARD No.107/1-1995 [29]; Hydration degree ISO 5530/1/1999 
ICC No115/1- Haubelt 2006,  
Umidity –termoanalyzer 

Table 4. Raw material producer and method of analysis for yeast and potato pasta. 
Raw material / Producer Method of analysis 
Potato 
Research and Development Station  
Târgu Secuiesc, Romania 

The acidity of the paste potato was determinated with 
STAS 90-88 and moisture with method gravimetric 
with thermobalance. 

Yeast 
Pakmaya-SC Rompak S.R.L-Paşcani, Romania 

The organoleptic characteristics(STAS 985-79), 
umidity(%)(STAS 985-79), Power of growth, the rapid 
method. 

Preparing the potatoes pasta 
The potato paste (PP) is obtained by hydro thermally processing of the unpeeled raw 

potato for 30 minutes in a water boiling temperature, then cooling it, peeling, and mashing it 
by passing it through the 2 mm mesh sieve. 
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Methods for CO2 measuring  
The device used in this study measures the amount of gases released from the fermenting 

dough at the temperature 30oC, from 5 hour, expressed as volume of NaCl solution. The 
volume of NaCl solution gathered outside the fermentation vessel is the released volume in 
milliliters of CO2. To measure the fermentation intensity (from 1 to 1 hour) we used a 
precision 0.1ml. 

 
The mash preparation 

The mash preparation recipe and the chosen operational parameters are a hybrid version 
of the existing recipes at macro process level, where battered the mash simulating the 
mechanical action during dough processing in the industrial technological processes at a 
laboratory level. 

 
The amount of water 

The amount of water that is added at the preparation of fermented mash in the bioreactor 
was calculated using Flourgraph E6 according to the hydration capacity of the flour and 
potato pulp hydrothermally treated or raw mixture. Mixture consistency was of 500 HE. 
Amount of fresh yeast is added in constant quantity of 10 g/ 86 g medium (dry basis), so for 
100g mixed with humidity 14%. 
3. Results and discussions 

 
The fermentation mediums have been prepared outside the system (the fermentation area 

of the bioreactor). The water quantity has been added by taking into consideration the 
mixture’s hydrating capacity, which has been determined with the E6 Haubelt Flourgraph.  

Various water quantities shown in Table 5 have been added, which are influenced by the 
replacement proportion of the flour with the hydrothermally processed potato pulp. The 
diagrams selectively presented in Figure 1 show that the mixture viscosity is modified. The 
water quantity is added for all samples up to a 500 HE consistency. 

 
Table 5. The forming characteristic of mixture (dough) and water absorption 

Flour type F1 F2 
Potato variety and degree 

coking 
I-PP O-PP I-PP O-PP 

Working variant Water absorption (%) 

Control 56.9 56.7 61.5 61.5 
5% 56 55.3 58 58.8 
10% 53.1 53 55 56.2 
20% 47.6 48.4 49.8 50.7 
30% 42 40.9 42.3 44.1 

 
The hydrating capacity decreases depending on the replacement percentage of flour with 

potato pulp. The potato variety and the flour type influence the water absorption capacity. At a 
small replacement percentage, irrespective of the flour type, there are no significant 
differences in the hydrating capacity value. At 20%-30% potato added, the differences 
between the water absorbtion values given by the potato variety are greater. The relation 
between the solid, liquid and gaseous phase has been modified. In the new used structure, the 
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hydrothermally processed and minced potato pulp is hydrated and the corresponding water 
quantity is smaller. 

The dough formation time is influenced by the flour replacement percentage with potato 
pulp and by the flour type. It is influenced in a smaller degree by the potato variety (Table 6). 

 
Table 6. The forming characteristic of mixture (dough). The dough development time. 

Flour type F1  F2  
Potato variety and degree 

coking 
I-PP O-PP I-PP O-PP 

 Working variant Development time (minutes) 
Control 2.7 2.7 4.7 4.7 

5% 2 1.7 2.8 2.4 
10% 1.3 1.3 1.6 1.7 
20% 1 1 1.4 1.7 
30% 1.1 1.2 1.3 1.1 

 
Due to the decrease of protein content, especially of proteins that produce gluten, the 

dough development time decreases especially for the 20% - 30% work variants. 
Dough preparation cultivated with yeast and monitored in batch system has not been 

made in sterile conditions. It has been opted for this work variant in order to be as close as 
possible to industrial conditions. The constant values of the system were the 30oC 
temperature, the pressure and time. The system variables have been the fermentation mediums 
(their composition). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Presentation selective: influence of potato pulp processing degree and of added materials on the 
profile of the flourgraphic curves of the F1 or F2  and Impala potato-pasta or Orchestra potato-pasta that replaced 

flour in 30% proportion comparative with control. 
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Figure 2, shows that for the control sample the maximum CO2 release has been registered 
in the first fermentation hour (750 ml/h). At the same time with the increase of the replacement 
percentage of flour with potato, the maximum release quantity is displaced towards a second 
fermentation hour (Figure 3 and 4). The maximum CO2 released quantity for the F1-I-PP 
mixture has been registered for the work variant of 30% (990 ml/h), in the second fermentation 
hour. The same CO2 released quantity for the F1-O-PP mixture has been registered for the work 
variant of 30% (990 ml/h). For the F2  flour mixture with a small potato pulp quantity, 5% 
stimulates the fermentation process in the first hour. The maximum CO2 released quantity is 
given by the mixture with Impala potato variety in the second fermentation hour and it is 1185 
ml/h and for the Orchestra potato variety it is 1000 ml/h. The quantity is smaller for the 
Orchestra potato variety as compared with the Impala potato variety, even if the same flour type 
and yeast quantity has been used. These values have been obtained for the work variant of 30%. 
For the F2  flour mixture, the more its replacement percentage with potato pulp increases, the 
more the fermentation process is inhibited, with the exception of the work variant of 5% (Figure 
3). This aspect is not valid for the mixture with F1 flour (Figure 2). 

The total volume of released gas has proved to be greater so as the replacement 
percentage of flour with potato increases. For the mixture with F1 the maximum quantity has 
been obtained if, for flour replacement, the Impala potato variety 2445 ml CO2/5h has been 
used, as compared with the mixture with F2 and the same potato variety for which the 
maximum is 2720 ml CO2/5h. For mixtures with Orchestra potato variety there are smaller 
values (Figure 3). 

 
Figure 2. Diagram of CO2 intensity release, F1 -control, F1 -I-PP and F1 -O-PP, that replace flour in proportion of 

5%, 10%, 20 % and 30 %. 
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The fed-batch SSF process, with gradual feeding of pre-hydrolysed medium, carried out 
in two bioreactors, enabled to increase the final ethanol concentration and to eliminate 
problems associated with high concentrations of inhibitors in batch mode and high viscosity 
of the medium [28]. 

Screening number 4 shows that the influence factor of the values of total released gas 
volume is also the initial environment potential (the control sample) that is also greater for F2  
flour type as compared with F1 flour type. The correlation indexes between the total released 
CO2 and the percentage of flour replacement with hydrothermally treated potato pulp is 
0.9466 in the case of F1  and Impala potato variety mixture. The fermentative potential is 
given by this variety and it has been proven to be higher in comparison with Orchestra potato 
variety (Figure 4) for which the correlation with the replacement percentage is smaller, i.e. 
0.8846. In the case of the mixture of F2  brown flour, the values of the correlation indexes are 
smaller. It seems that are also other factors that influence the fermentation process (Figure 4). 

 
Figure 3. Diagram of CO2 intensity release, F2 -I-PP and F2 -O-PP, that replace flour 

in proportion of 5%, 10%, 20 % and 30 %. 
 

Solid fermentation medium is a natural environment for breeding of microorganisms. The 
most important technological acquiring yeast bread is its ability to ferment. The ability to form 
gasis one of the most important technological properties of flour. Capacity mixtureto form gasis 
the new layoutof this study. Because it can provide strength fermentation mixture (Figure 2, 3), 
raising the volume level assessment leavening bread and taking into account that the higher 
percentage of replacement of flour with potato decreases the amount of gluten. 

Correlations between the values of the variables measured that characterize the rheometer 
as: forming dough, dough forming properties and its viscoelastic properties contributed to the 
calculation of the chemical composition of the fermentation medium (Table 5, 6, Figure 1). It 
was based on an experimental model to study the application of the flourgraphic technique on 
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the behavior of flour mixture and raw potato or treated hydrothermally [21]. Combination 
flourgraphic studies, clearing provides information about the influence of nutrients immersion 
of the treated potatoes, compressed yeast species Saccharomyces cerevisiae for the production 
and direct fermentative activity using the activity-stimulating factors, such as the 
biotechnological features of potato varieties with the aim to improve fermentative ability 
mixture or fermentative ability of microorganisms to improve the quality of bread with potato. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 4. Correlation between the total quantity of CO2 measured for 5 hours, at fermentation with batch 
cultivating system, on a hydrating nutitive medium, out of flour F1 or F2  and the replacement percentage with 

Orchestra and Impala potato variety. 

 
Conclusion 

 
By using this procedure (volumetric method determination to release gas in a solid state, 

using a bioreactor), there may be the possibility of directing and orienting in placing the 
components in recipe, choosing the operational parameters, raw materials and their relation. 
Potato pulp addition, hydrothermally processed and minced generally stimulates fermentation, 
improving the “mixture’s capacity to form gases”. Choosing the variety shall not be random, 
but in concordance with the aimed purpose. 

Once with the increase of the replacement percentage of the flour with potato paste 
fermentation’s maximum is directed towards the second hour of fermentation, CO2 release 
being stopped in the first fermentation minutes. The same potato variety behaves differently 
mixed with different flours. 
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If one opts for a potato percentage higher than 20% then it is recommended to prolong 
the fermentation time. If one works in fed-batch system, it is well that the added paste to 
replace flour from the leaven, not in dough phase. 

In this study, the method used for estimating the fermentative potential is a modified 
variant. The modification is represented by the calculation method of component parts of the 
nutritional substratum and the purpose in which it is used. 

The CO2 volume that is released is or not always correlated with the replacement process 
of flour with potato, which implies the existence of other influence factors of the process. 

Acknowledgements  
The author gratefully acknowledge the support from the Haubelt Laborgeräte GmbH Garten 

felder str.13599 Berlin, Germany and Potato Research and Development Station Târgu 
Secuiesc 55, Ady Endre str.,Târgu Secuiesc, Romania. 

References 
1. S.R. CAUTO, A.M. SANROMAN, Application of solid-state fermentation to food industry- A review,

Journal of Food Engineering 76, 291-302 (2006).
2. A. PANDEY, Recent process development in solid-state fermentation, Process Biochemisty, 27,

109-117 (1992).
3. T.X. WU, F.WANG, Q.L.TANG, Z.H. ZHU. Arrowroot as a novel substrate for ethanol production by solid

state simultaneous saccharification and fermentation. Biomass Bioenergy, 34(8):1159-1164 (2010).
4. Y. SHEN, Q.L. TANG, T.X. WU. Optimization of clear liquid fermentation condition for ethanol

production from Canna edulis Ker. Nat Sci., 2(2):115-9 (2010).
5. A.H. BLOKSMA, Dough structure, dough rheology, and baking quality, Cereal Foods World, 35: 237-

44 (1990).
6. M.G. SCANLON, M.C. ZGAL, Bread properties and crumb structure, Food Res.Int.,34, 841-64 (2001).
7. S. SRIKANTA, S.A. JALEEL, N.P. GHILDYAL, B.K. LONSANE. Technoeconomic feasibility of

ethanol production from fresh cassava tubers in comparison to dry cassava chips. Mol Nutr Food Res.,
36(3): 253-8 (1992).

8. S. SRICHUWONG, M. FUJIWARA, X. WANG, T. SEYAMA, R. SHIROMA, M. ARAKANE, et al.,
Simultaneous saccharification and fermentation (SSF) of very high gravity (VHG) potato mash for the
production of ethanol, Biomass Bioenergy, 33(5):890-8 (2009).

9. L. ZHANG, Q. CHEN, Y.L. JIN, H.L. XUE, J.F. GUAN, Z.Y. WANG, et al. Energy-saving direct
ethanol production from viscosity reduction mash of sweet potato at very high gravity (VHG). Fuel
Process Technol, 91(12):1845-50 (2010).

10. K. SRIROTH, R. CHOLLAKUP, S. CHOTINEERANAT, K. PIYACHOMKWAN, C.G. OATES,
Processing of cassava waste for improved biomass utilization. Bioresour. Technol. 71(1): 63-9 (2000).

11. B. R, GIBSON, S.J. LAWRENCE, J.P.R. LECLAIRE, C.D. POWELL, K.A. SMART, Yeast responses
to stresses associated with industrialbrewery handling. Fems Microbiol Rev 31(5):535-69 (2007).

12. L. FARMAKIS, J. KAPOLOS, A. KOLIADIMA, G. KARAISKAKIS, Study of the growth rate of
Saccharomyces cerevisiae strains using wheat starch granules as support for yeast immobilization monitoring
by sedimentation-steric field-flow fractionation, Food Research International 40, pp: 717-724 (2007).

13. Y.H. LI, G.H. ZHANG, Y. XIAO, Q. CHEN, H. ZHAO, Simultaneous saccharification and
fermentation (SSF) of nonstarch polysaccharides and starch from fresh tuber of Cannaedulis ker at a
high solid content for ethanol production, Biomass and bioenergy 52, 8-14 (2013).

14. B. J. DOBRASZEZYK, The physics of baking: rheological and polymer molecular structure-function
relationship in breadmaking. Journal of Non-Newtonian Fluid Mechanics,124 (1-3), 61-69 (2004).

15. D. BORDEI, Tehnologia Modernă a Panificaţiei, Editura AGIR, Bucureşti, 2004, p:188-197 .
16. V. GIURCĂ, A., SÂRBU, Îndrumar de laborator pentru industria panificaţiei, Editura Universităţii

„Lucian Blaga” din Sibiu, p: 81-83 (1997).
17. L.I. AUERMAN, Tehnologia Panificaţiei, Editura tehnică, Moscova, 1960, p: 32- 36 (1960).
18. Iancu, M. L.,Oprean,L., Jascanu,V., The use of potato pulp as a natural biostimulator in the study of

Saccharomyces cerevisiae yeast fermentative potential, used as a biological loosener of SS type nutrient



Solid State Fermentation application in the study of peculiarities biotechnological potato used in panification 

Romanian Biotechnological Letters, Vol. 20, No. 3, 2015 10405

media in bakery,”International Conference of Applied Science. Chemistry and Chemical Engineering 
CISA-2010“, pp: 223-232, 2010. 

19. Draft Standard No 179 for ICC procedure based Flourgraph E6, ICC Method Book (2010).
20. D. BORDEI, coordonator, Controlul calităţii în industria panificaţiei. Metode de analiză, Editura

Academica Galaţi, 2007, p: 354 - 360 .
21. Iancu M.L., Luiza, M., Haubelt,G., Experimental model for the application of the flourgrafic technique

to the study of the mixture of flour and raw potato, or hydro thermally processed potato, Journal of
Agroalimentary Processes and Technologies, 16(1), p:41-48, ISSN online: 2068-9551, 2010 Journal
Site: http://journal-of-agroalimentary.ro

22. M. HAROS, A. FERRER, C.M. ROSELL, Rheological behavoir of the whole wheat flour, IUOST
World Congres 13th World Congres of Food Science and Technology, p:1139-1148 (2006).

23. G. TABILO-MUNIZAGA, BARBOSA-CANOVAS, Rheology for the food industry, Journal of Food
Engineering 67, p:147-156 (2005).

24. A. LAZARIDOU, D. DUTA, M. PAPAGEORGIOU, N. BELC, C.G. BILIADERIS, Effect of
hydrocolloids on rheology and bread quality parameters in gluten-free formulation, Journal of Food
Engineering, 79, 1033-1047 (2007).

25. C.M. ROSELL, C.COLLAR, M. HAROS, Assessment of hydrocolloid effects on the thermo-mecanical
properties of wheat using the Mixolab, Food Hydrocolloids, 21, 452-462 (2007).

26. I. BANU, G. STOENESCU, V. IONESCU, I. VASILEAN, I. APRODU,I., Rheological Behavoir of
Different Wheat Varieties, The Annals of the University Dunarea de Jos of Galati, FascicleVI, Food
Technology, New series Year III(XXXII) (2009).

27. Iancu, M.L.,Ognean. M., Danciu,I., Haubelt,G., Evaluation of rheological properties of flour and
potato pulp blends using Brabender Farinograph and E6 Haubelt Flourgraph, The Annals of the
University “Dunarea de Jos of Galati”, Fascicle VI- Food technology, 34 (2), 59-66
(2010).

28. AACC. Approved Methods American Association of Cereal Chemists:St.Paul, MN (2000).
29. ICC Standard Methods,International Associations for Cereal Science and Technology (1998).


