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Abstract: Wheat is one of the most important cereal crops in the world with various end-
uses: food (bread, cakes, cookies, pasta), animal feed, raw material for beer and whisky, 
biodegradable plastic (from wheat starch). In all these technologies, grinding has great 
importance and is very energy consuming. So, it is important to evaluate the grinding energy 
and the factors affecting this parameter. In the industrial milling process of the wheat, 60-75 
% from the total specific energy consumption is used in the grinding process. The 
measurement of the grinding resistance of the wheat kernel can estimate the energy 
consumption in the grinding process, for diminuate the total energy consumption in the 
milling process.  
 
Keywords: wheat, grinding resistance, energy consumption 
 
INTRODUCTION 

 
The study of the first break is an ideal starting point to determine the 
efficiency of the grinding process. (Campbell et. al., 1999) emphasized on 
the physicochemical properties of the wheat (size distribution, moisture 
content, kernel hardness) and the settings of the milling equipment which 
affect wheat breakage during first break roller mill. 
For the milling technology, the grinding is the main operation of the 
processing. This process must be conducted in different ways for each 
technological step. The milling of the grain consists in the grinding applied 
to the seed until the flour obtained.  
The grinding has distinctive steps, such as: the breaking step, the obtaining 
of the middlings. Each step has different parameters of the rollers, which 
means different grinding degrees. Because of the differences between the 
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endosperm and the different layers of the wheat kernel, it is possible to sort 
and sieve these fractions after the grinding process, for the obtaining of the 
bran.  
The national and also international milling technology is using 13-21 
grinding consecutive steps.  
The well-known companies Buhler, Ocrim and Golfetto, have more or less 
the same steps in technology: 
- breaking : 5-6 consecutive grinding steps 
- clear flour : 2-5 consecutive grinding steps 
- grinding of the middlings : 6-10 consecutive grinding steps 
Each grinding step is different from the next step, through the parameters of 
the process and also the characteristics of the rollers.  
The aim of the research is to study, to measure and register the resistance of 
the cereals and intermediary products, in the milling process with a new 
designed micromill. The existent and similar equipments on the market, are 
not able to provide specific informations, regarding the behaviour of the 
cereals in the milling process. The existent equipment can offer only a 
general view, regarding the resistance of the cereals in the grinding process. 
The design of the roller mill does not offer a specific analysis regarding the 
resistance of the small fractions resulted in the grinding process. The 
industrial grinding of the wheat is using two rollers with differential speed. 
The grains are in the same time under the compression and the shearing 
efforts. There are no shearing efforts and maximum compression efforts 
when the rollers have the same speed. The shearing effort appears when the 
rollers have differential speed. In the grinding process, the speed ratio (k) 
between the fast speed roller and the low speed roller is from 1:1,5 to 1:2,5. 
The energy consumption during milling depends on the mill adjustments 
(Scanlon and Dexter 1986). The new designed micromill determine the 
grinding resistance of the cereal grain by simultaneously measurements of 
the compression efforts and the shearing efforts.  
The micromill is used in the grinding process of the wheat and of the 
middling too, for the appreciation of the grain resistance in the milling 
process, in the same conditions as in the milling industry. The micromill is 
equipped with rolls measuring 50 mm in length and 90 mm in diameter. The 
rollers are either smooth or corrugated. The smooth rolls are mainly used in 
the final reduction and refining steps with soft wheat semolina.The 
adjustment of the roller characteristics can be done for each type of milling 
product (grain, semolina, bran). The grinding resistance is represented by 
one single value for one pair of rollers, instead of two values (one for the 



Acta Universitatis Cibiniensis Series E: FOOD TECHNOLOGY 
Vol. XV (2011), no.2 
 

41 

slow roller and the other one for the fast roller) obtained by other 
measurements. This single value is significant for the comparative 
appreciation regarding the energy consumption in the milling proces, for 
different wheat cultivars or different batches, but also for different 
characteristics of the rollers: the size of the gap, roll disposition sharp-to-
sharp, sharp-to-dull, dull-to-sharp or dull-to-dull, the corrugations 
number/cm, the differential speed ratio, profile and inclination. The 
appreciation of the grinding resistance is made by measurements of the 
resistant moment of the kernel, between the rollers, in the breaking process.  
The cereal particles to be milled are fed in the bunker supply 1 (Figure 1). 
The clamshell 2 assures the feed rate control over the milling stock. The feed 
roll 9 is designed to distribute uniformly the milling stock over the rolls. The 
particles of the cereals are sent by the funnel 3 on the corrugated rolls, the 
fast speed roll 4 and the slow speed roll 8. After the grinding process, the 
product is collected by the collection box 7 and then is analysed to make a 
comparison between the initially and finally granulosity of the particles, for 
obtaining the grinding degree. The micromill has a metalcase 6 with a 
transparent window 5.  
The resistant moment of the particles grounded between the rollers, is 
measured by a tensometric cell, conected to a PC computer and managed 
with a software program.  
From the results of the experiments were obtained the curves of the 
resistance moment variation, using corrugated break rollers with a fast roll 
speed of 500 rpm, a roll differential speed of 2,5, 5 corrugations/cm, 1 mm 
roll gap, with a dull-to-dull roll disposition and differential speed (1:2,5). 
The wheat grain mechanical resistance is usually assessed on the basis of 
kernel hardness tests as described by (Pomeranz and Williams,1990). 
Penetration tests and crush resistance tests are performed using one single 
wheat kernels but have to be replicated with many kernels to obtain 
statistically representative results. But the measurements are not very 
accurate because of the shape and the size of the wheat grain.  
In the milling process, a well wheat preparation by conditioning is at least 
half the battle toward mill balance, which results in the most favorable flour 
extraction and flour quality and also a lower energy consuming process. The 
conditioning is influenced by the physical and chemical state of the wheat. 
An optimum rest time in the wheat conditioning can provide a higher  flour 
yield with 2-5%,  a much more satisfactory flour colour and an reduced 
grinding energy consumption with 10-20%. 
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Figure 1. The micromill components 
 
 
The investigations were carried out on two Romanian winter wheat varieties 
(Triticum aestivum, ssp. vulgare) Dropia and Pegasus, harvested in 2009. 
The preparation of the samples colected carried out according to the chess-
board pattern method, after cleaning with an Sadkiewicz Instruments 
Scourer. The physicochemical characteristics of the wheat were evaluated as 
follows: the moisture content using the SR ISO 712 : 2005; the wet gluten 
content, protein content using the NIR technique (Inframatic, model 8600, 
Perten Instruments AB); vitreous kernel using the STAS 6283-2/1984 
(farinotom apparatus). The quality indices of the studied wheat varieties are 
presented in Table 1. 
 
Table 1. Quality indices of the wheat varieties 
 
Variety Dropia Pegasus  

Protein content [%] 10.8 15 
Hectolitric weight [kg/hl] 77,6 77,4 
Vitreousness [%] 18 62 
Wet gluten content [%] 21 32,4 
Moisture content [%] 13 12,3 
Falling number [s] 260 333 
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Wheat preparation by conditioning means removal or, more often, addition 
of water followed by a rest period. The amount of water added depends on 
original moisture of the wheat and the relative humidity in the mill 
processing space. The moistened wheat is then allowed to rest for a period of 
time, to let the added moisture penetrate evenly throughout the kernel parts.  
This tempering process is probably the only stage at which the miller can 
modify the physical and chemical state of the wheat. The objective is that all 
kernels reach the same physical condition. 
In the Romanian mills, the kernel readiness is achieved without heat by 
adding cold water to the wheat and allowing the wheat to rest in bins (silos) 
until it reaches the optimum moisture distribution and kernel suitability for 
milling.  
 
Usually, the optimum rest time for the moistened wheat is determined from 
diagrams (nomograms) containing the physical and chemical indicators 
determined in running laboratory. Another method is using the laboratory 
mills (Brabender, Buhler, Miag, Chopin) for milling moistened wheat 
samples, in different period of time (from 0,5 to 1 hour), in few successive 
breaking steps and then sorting by sieving. Finally, the qualitative and 
quantitative analysis of these milling products can provide the establishment 
of the optimum rest time in the wheat conditioning. But all these methods are 
long lasting proceedings with high working volume. It was state by the 
authors that there is a correlation between the grinding energy and the 
technological properties of the wheat (related to the conditioning steps: 
addition of water and rest time). That is why we propose to asses the 
optimum rest time in the wheat conditioning, with the micromill designed to 
determine the grinding resistance of the wheat grain. 

 
CONCLUSIONS 

 
The optimum rest time value for the conditioning of Dropia variety is 5 
hours. For this value it was obtained the lowest average resistant moment in 
the grinding process of this soft wheat variety, which it means also the 
lowest energy consumption. The lowest average resistant moment was 
obtained also for the Pegasus variety (hard wheat) for 9 hours rest time in the 
conditioning process. The resistant moment of the particles grounded 
between the rollers (measured by a tensometric cell, connected to a PC 
computer and managed with a software program) has been obtained for each 
period of rest time for the moistened wheat.  
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The results are confirming that for the lowest resistant moment value, the 
optimum rest time is 5 hours for Dropia variety and 9 hours for Pegasus 
wheat variety. The assessment of the optimum parameters in the 
conditioning process can be made by the micromill designed to determine 
the grinding resistance of the cereals. 
The method has the same accuracy as the classical one and has the advantage 
to be quicker and less demanding as work volume. 
It is an alternative way to describe the optimum for the conditioning process 
and can be used in laboratory for the benefice of students as well in the 
milling industry. 
The next objective of the research is to identify the optimum technological 
parameters (the size of the gap and roll disposition) for obtaining the 
maximum technological efficiency, with minimum energy consumption on 
the first breaking step in the wheat milling process.  
Samples of Dropia wheat variety (18 % vitreousness) were tempered for 6 
hours to 16 % moisture content. The samples of Pegasus variety (62 % 
vitreousness) were tempered for 14 hours to the same level of moisture, 16 
%.The first break was performed by the new designed micromill. The 
micromill is equipped with rolls measuring 60 mm in length and 90 mm in 
diameter, 0,6-1 mm roll gap for the first breaking step,  6 corrugations/cm, 
roll disposition dull- dull (D/D) and then sharp-sharp (S/S), 2,5:1 differential 
speed ratio, 8% inclination and 30/600 (α/β) profile.To ensure the proper 
balance and the efficiency of the breaking operation was used the test sifter 
from Retsch Gmbh with six assortment of sieves (1,25 mm, 630 µm, 400 µm, 
315 µm, 250 µm and 160 µm). The best results for the first break, from the 
point of view of technological efficiency and the energy consumption were 
obtained for the sharp-to-sharp disposition and a roll gap related to the 
grinding length of the rollers. 
Energy efficiency is an important component of a company‘s environmental 
strategy. The new mills are designed to reduce labor and machinery to lower 
capital, lower consuming energy and manufacturing costs. Wheat milling is 
an energy-intensive industry because it is a wet process that produces dry 
products. Significant amounts of energy are required to power the large 
motors for grinding process. Opportunities exist within wheat milling plants 
to improve energy efficiency while maintaining or enhancing productivity. 
As food manufacturers face an increasingly competitive global business 
environment, they seek out opportunities to reduce production costs without 
negatively affecting product yield or quality. Uncertain energy prices in 
today‘s marketplace negatively affect predictable earnings, which are a 
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concern, particularly for the publicly traded companies in the wheat milling 
industry. Successful, cost-effective investment into energy efficiency 
technologies and practices meets the challenge of maintaining the output of a 
high quality product despite reduced production costs. Cross-cutting 
equipment present well-documented opportunities for improvement. Equally 
important, the production process can be fine-tuned to produce additional 
savings.  
During wheat flour production only about 1% of grinding energy is 
transformed into receiving a new surface (Mohsenin, 1986). The main cause 
of such large energy loss are plastic and elastic strains, (Fang and Campbell, 
2002a, 2002b). It is also essential to fully characterize the milling fractions 
produced when assessing the grindability of wheat in a roller mill. The most 
common particle size analyses involve sieving  analysis (Hareland, 1994).  
The grinding energy and how it relates to size reduction has been a subject of 
considerable interest to researchers.  
The motivation to measure energy requirements for size reduction at 
specified roller mill settings led to the development of instrumented roller 
mills of various designs (Gehle, 1965) (Kilborn et al., 1982) (Fang, 1995) 

(Pujol et al., 2000). 
The resistant moment of the grains grounded one by one, between the rollers 
(measured by a tensometric cell, connected to a PC computer and managed 
with a software program) is represented by the curves from (for Dropia 
variety) and (for Pegasus variety). The obtained values of the resistant 
moment are between 0,787 Nm and 1,215 Nm for Dropia variety and 
between 1,102 and 1,586 Nm for Pegasus variety. The differences of the 
resistant moment values for each wheat grain are related to the geometrical 
parameters of the grain and the mechanical properties due the endosperm 
structure. The energy consumption is represented by the surface aria, below 
the resistant moment curves. The comparative analysis between the 
maximum resistant moment curves for Dropia and Pegasus variety, confirm 
that the values obtained for Pegasus are higher than values of Dropia 
resistant moment, due the vitreousness . Pegasus is a hard wheat grain (79% 
vitreousness) and Dropia is a soft wheat variety (31%). 
The same results were obtained calculating the maximum resistant moment 
for both varieties. The grinding of a single wheat grain with the new 
designed micromill can establish a raw model for the whole process on 
industrial scale. 
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One of the main characteristics of the grinding process is the grinding 
degree, defined by the relationship, between the new created surface (Sf ) and 
the initially surface of the wheat grain (Si). 
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After the first breaking step in the wheat grinding, were obtained the curves  
representing the resistant moment of the wheat kernel in the breaking 
process. The energy consumption is represented by the surface aria, below 
the resistant moment curves. For both Dropia and Pegasus wheat varieties, 
the lowest energy consumption is achieved with mill adjustment regarding 
the dull-to-dull (D/D) disposition, rather then sharp-to-sharp (S/S) 
disposition. The grinding efficiency is related to the first break intermediate 
fractions quantity. The aim of the first breaking step is to obtaine a large 
amount of middlings. The highest yield is obtained for the sharp-to-sharp 
(S/S) disposition and 0,6 mm size of the roll gap. 
One of the fundamental means of classifying wheat is through its endosperm 
texture. It impacts significantly on the milling process affecting among other 
things flour particle size and milling yield. The vitreous kernel has a smooth 
surface and is brittle, translucent, and transparent when cut. Starchy grains 
are differentiated by a total absence of translucent zones and they exhibit a 
white and opaque endosperm related to the existence of air pockets that 
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diffract and diffuse the light (Hoseney, 1986). Vitreous durum wheat kernels 
produce higher semolina yield and lower percent of flour than their soft 
counterparts. In addition, the semolina protein content from vitreous durum 
wheat kernels is higher than that from soft wheat grains (Dexter et al., 1988). 
Wheat grain vitreousness is thus a key factor of the milling performance and 
the end-use quality of pasta from durum wheat semolina. The genotype, 
nitrogen fertilization and location are interacting factors affecting 
vitreousness, with genotype being the most important (Hadjichristodoulou, 
1979). Depending on the wheat variety related to vitreousness, it is possible 
the adjustment of the micromill parameters from the point of view of 
technological efficiency and the energy consumption. A higher resistant 
moment was obtained for an increased number of grains (from 1 grain to 8); 
when the gap between the roll decrease, the resistant moment increase. Also 
there is a higher resistant moment value for a higher vitreousness of the 
grain. A higher vitreousness means higher demands in the grinding process 
regarding the energetic consumption.  

 
PERSPECTIVES 

 
It is very much important to study and define the energy consumption, which 
directly related to the grinding degree and also the resistance of the cereals 
and intermediary products, in the milling process. Each grinding step means 
a certain energy consumption.  
The equipment used in this PhD thesis will assure a minimum consumption 
of energy, related to 1to of cereals. It will be established also the specific 
resistance to grinding, for each grinding step of the cereals, in the milling 
process. 
In the era of global slowdown and recession, saving energy becomes a ”must 
have” characteristic of every industrial consumer. The measurement of the 
grinding resistance of the wheat kernel can estimate the energy consumption 
in the grinding process and can lead to reduced total energy consumption in 
the milling process.  
 
REFERENCES 

 
1. Al-Mahasneh, M., Rababah, Taha M., 2007, Effect of Moisture Content on 

some Physical Properties of Green Wheat, Journal of Food Engineering 79, 
1467-1473.  

2. Austin, L. G., van Orden, D.R., Perez, J.W., 1980, A preliminary analysis of 

smooth roll crushers, Int. J. Mineral Proc. 6:321-336. 



Acta Universitatis Cibiniensis Series E: FOOD TECHNOLOGY 
Vol. XV (2011), no.2 
 

48 

3. Austin, L. G., van Orden, D.R., McWilliams, B., Perez, J.W., 1981, Breakage 

parameters of some materials in smooth roll crushers, Powder Technology 28: 
245-251. 

4. Bunn, P. J., Campbell, G. M., Fang, C., Hook, S.C.W., 2001, On predicting 

roller milling performance. III. The particle size distribution from roller milling 

of various wheats using fluted rolls, 6th World Chemical Engineering Congress, 
Melbourne, Australia. 

5. Campbell G. M., Webb, C., Bunn P.J., Hook S.C. W., 1999, On predicting 

roller milling performance. II. The breakage function, Satake Centre for Grain 
Process Engineering, UMIST, Manchester, UK. 

6. Campbell, G. M., Webb, C., 2001, On predicting roller milling performance. I. 

The breakage equation. Powder Technology 115, 234-242. 
7. Campbell, G. 2007. Roller Milling of Wheat, Elsevier Science, 

http://www.engineeringvillage.com, Database: Referex  Collection: Chemical, 
Petrochemical & Process.  

8. Dziki, D. Laskowski, J., 2007, Influence of moisture content on mechanical 

properties of rye kernels, Acta Agrophysica 9 (1), 39-48. 
9. Dziki, D., 2007, Assessment of Energy Consumption for Grinding of Wheat 

Grain Previously Put to Crushing, Inzyneria Rolnicza 8 (96). 
10. Dziki, D., 2008, The crushing of wheat kernels and its consequence on the 

grinding process, Powder Technology 185, 181-186.  
11. Edwards, M.A., Osborne, B.G., Henry, R.J., 2007, Investigation of the effect of 

conditioning on the fracture of hard and soft wheat grain by the single-kernel 

characterisation system: Acomparison with roller milling, Journal of Cereal 
Science 46, 64-74. 

12. Fang Q., E. Haque, C. K. Spillman, P. V. Reddy, J. L.Steele, 1998, Energy 

requirements for size reduction of wheat using a roller mill, Trans. ASAE 
41(6), 1713-1720. 

13. Fang, C., Campbell, G. 2002a. Effect of Roll Fluting Disposition and Roll Gap 

on Breakage of Wheat Kernels During First-Break Roller Milling, Cereal 
chemistry, 79(4), 518-522. 

14. Fang, C., Campbell, G. 2002b. Stress-Strain Analysis and Visual Observation of 

Wheat Kernel Breakage During Roller Milling Using Fluted Rolls, Cereal 
chemistry, 79(4), 511-517. 

15. Fang, C., Campbell, G. 2003a. On Predicting Roller Milling Performance IV: 

Effect of Roll Disposition on the Particle Size Distribution from First Break 

Milling of Wheat, Journal of Cereal Science, 37, 21-29. 
16. Fang, C., Campbell, G. 2003b. On Predicting Roller Milling Performance V: 

Effect of Moisture Content on the Particle Size Distribution from First Break 

Milling of Wheat, Journal of Cereal Science, 37, 31-41. 
17. Gehle, H. 1965. The MIAG “Vario” Rollstand: Design and purpose. Amer. 

Assoc. of Operative Millers’ Tech. Bull. (May): 2861–2862. 



Acta Universitatis Cibiniensis Series E: FOOD TECHNOLOGY 
Vol. XV (2011), no.2 
 

49 

18. Godon, B., Willm, C. 1994. Primary Cereal Processing, cap. Break Roller Mill 

Performances, VCH Publisher, Inc., New York. 
19. Guritno, P., Haque, E., 1994, Relationship between energy and size reduction of 

grains using a three roller mill, Transaction ASAE 37(4), 1243-1248. 
20. Gyéresi, St. 2003: Statistică matematică, Editura Paco, Bucureşti. 
21. Haddad, Y., Mabille, F., Mermet, A., Abecassis, J., Benet, J. C., 1999, 

Rheological properties of wheat endosperm and grinding behaviour, Powder 
Technology 105, 89-94. 

22. Hadjichristodoulou, A. 1979. Genetic and environmental effects on vitreousness 
of durum wheat. Euphytica 28: 711-716. 

23. Hareland, G.A. 1998. Effects of Break-Roll Speed Differential on Product Yield 

and Semolina Granulation in a Durum Pilot Mill System, Cereal chemistry, 
75(6), 836-840. 

24. Hareland, G.A., Shi, Y. 1997. Effeti delle variabili di macinazione del grano 

alla prima rottura, Tecnica Molitoria, 12, 1220-1228. 
25. Hareland, G. A. 1994. Evaluation of flour particle size distribution by laser 

diffraction, sieve analysis and near-infrared reflectance spectroscopy. Journal 
of Cereal Science. 21:183-190. 

26. Li, Y.Z., Posner E.S., 1987, The influence of kernel size on wheat millability, 
Assoc. Operas Millers Tech. Bull., Nov., 5089. 

27. Kilborn, R. H., H. C. Black, J. E. Dexter, and D. G. Martin. 1982. Energy 

consumption during flour milling: Description of two measuring systems and 

influence of wheat hardness on energy requirements. Cereal Chemistry. 59(4): 
284–288. 

28. Manthey, F.A., Harelang, G.A. 2001. Effects of Break-Roll Differential on 

Semolina and Spaghetti Quality, Cereal chemistry, 78(3), 368-371. 
29. Muhamad, I., Fang, C., Campbell, G. M., 2006, Comparison of grain particle 

size distribution in the single kernel characterization system and during first 

break roller milling, Jurnal Teknologi Malaysia 44(F), 41-52. 
30. Osborne, B. G., 2001, Wheat Flour Milling. Part 2. In Cereals and cereal 

product:chemistry  and technology, Aspen Publishers Inc., Maryland, USA. 
31. Osborne, B.G., Henry, R., Southan, M.D., 2006, Assessment of commercial 

milling performance of hard wheat by measurement of the rheological 

properties of whole grain, Journal of Cereal Science. 
32. Pasikatan, M.C., Miligen, G. A. et all, 2001, Modeling the energy requirements 

of first-break grinding, Transactions of the ASAE, 44(6), 1734-1744. 
33. Peyron, S., Chaurand, M., Rouau, X., Abecassis, J. 2002. Relationship between 

Bran Mechanical Properties and Milling Behaviour of Durum Wheat (Triticum 

durum Desf.). Infuence of Tissue Thickness and Cell Wall Structure, Journal of 
Cereal Science, 377-386. 

34. Posner, Elieser S., Hibbs, Arthur N., 1997, Wheat flour milling, American 
Association of Cereal Chemists, St. Paul, Minnesota. 



Acta Universitatis Cibiniensis Series E: FOOD TECHNOLOGY 
Vol. XV (2011), no.2 
 

50 

35. Posner, E. S.,2003,  Characteristics of Milled Products, Elsevier Science Ltd., 
3997-4005. 

36. Pomeranz, Y., and Williams, P. C. 1990. Wheat hardness: Its genetic, structural 

and biochemical background, measurement, and significance. Chapter 8 in: 

Advances in Cereal Science and Technology. Vol. X. Am. Assoc. Cereal 
Chem.: St. Paul, MN 

37. Pujol, R., Letang, C., Lempereur, I., Chaurand, M., Mabille, F., Abecassis, J. 
2000. Description of a Micromill with Instrumentation for Measuring Grinding 

Characteristics of Wheat Grain, Cereal chemistry, 77(4), 421-427. 
38. Râpeanu, R., Măruţă, N. 1964. Maşini şi instalaţii în industria morăritului, 

Editura Tehnică, Bucureşti. 
39. Scanlon M.G., Lamb, J., 1995, Fracture mechanism and particle shape 

formation during size reduction of a model food material, J. Material Sciences 
30: 2577-2583. 

40. Sokolowski, M., 1996, Energy consumed in comminution- and a new idea of 

and general of law of comminution.- new test stands and testing results. 
Recents progres en genie procedes 10, 221-226. 

41. Wiercioch, M., Niemiec, A., Romanski, L., 2008, The Impact of Wheat Seeds 

Size on Energy Consumption of Their Grinding Process, Inzyneria Rolnicza 5 
(103). 


