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Abstract  
The Falling  number FN (s) and the Sprouted Wheat Kernel SWK % (ISO  3093,  SR  ISO7979:2001) were  analyzed for 
3 varieties of wheat, Dropia, Flamura 85 and Fundulea 4, mainly cultivated in the  southern region of Romania. The 
descriptive statistics highlighted the extremely high variability coefficients of SWK, namely: 182.93 % at Dropia, 99.35 
% at Flamura 85 and 152.60 % at Fundulea 4 variety. The t test did not reveal significant differences between the SWK 
means and between the FN  means in the three varieties, with the exception of FN means between Dropia and Fundulea 
4 (t=2.410*; F ratio=1.246*; p<0.05). The Shapiro-Wilk  normality test of FN and SWK distributions, highlighted that 
FN distribution at Dropia, SWK at Flamura 85 and SWK at Fundulea 4, were not normal  (w=0.871***, 0.784***, 
0.638***, p<0.01). Spearman correlations between FN and SWK were negative significant in all wheat varieties           
(-0.521** at  Dropia, -0.373* at Flamura 85 and -0.688** at  Fundulea  4). The best regressions models, describing the 
relationship between FN and SWK in the Dropia and Fundulea 4 varieties, were exponential respectively logarithmic 
(r2 = 0.75; r2 = 0.59). For the Flamura 85 variety, no suitable regression model was identified (r2 = 0.15). The 
maximum SWK level at which minimum wheat bakery quality was achieved (FN = min. 180 s) was 2.95 % for Dropia 
and 1.86 % for Fundulea 4. 
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1. INTRODUCTION  
Wheat bakery qualities are significantly affected by the environmental conditions in which crop 
develops (Johansson, 2002). For example, Romanian wheat harvests are occasionally affected by 
the kernels sprouting in the wheat ear. This is due to the fact that autumn wheat harvesting takes 
place in Romania between June and July, a period characterized by meteorological statistics, as the 
most rainy of the year (Ştefănescu and Stefan, 2011; Cheval et al., 2011). The kernels sprouting is 
accompanied by a series of physiological changes that affect the wheat bakery quality. For example, 
triggering the amylolytic activity necessary for embryo growth, due to starch degradation in the 
endosperm, involves the synthesis and activation of enzymes (amylases, proteases) that resist to the 
milling process and remain in the flour. These enzymes act in the sense of starch and gluten 
degradation in the dough phase, modifying negatively its technological characteristics (Mares et al., 
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2008; Wrigley, 2008). The products obtained from these doughs are characterized by a low volume, 
an intense coloration of the crust, a dense, sticky and gluey core (King, 1989; Derera, 2018). 
The technological challenges, induced by excessive amylase activity in wheat, can not generally be 
solved by using additives, these kind of cereals being unsuitable for using in the bakery industry 
(Popa, 2007). Most of the corrections that have been proposed to solve this problem had the 
objective to modify the doughs pH, by using either acidifiers (organic acids or salts thereof) or 
alkalinizers (sodium hydroxide salts) (Tamba-Berehoiu et al., 2011). However, both dough pH 
correctors imply deviations from the pH values at which dough fermentation processes are usually 
conducted in industry, with repercussions on the quality of finished products. The parameter 
characterizing the amylase activity of the wheat is the Falling number (FN).This parameter may 
take values between 62 and over 500 seconds and is inversely proportional to amylazic activity 
(Perten, 1964; MacArthur et al., 1981; Finney, 1985; Kweon, 2010). Modern wheat quality 
standards set a minimum value for this parameter between 180 and 200 seconds, below which 
wheat is considered unsuitable for bakery (Alaru et al., 2003; Tilley et al., 2012). Generally, in 
years with a normal climate regime, Romanian wheat crops are characterized by Falling number 
values of more than 350 seconds (Popa et al., 2008). Taking into account the above aspects, the 
main solution to this problem can be provided by the cultivation of wheat genotypes characterized 
by high sprouting resistance (Flintham et al., 2002; Brown et al., 2018). 
The purpose of the paper was to determine to what extent the percents of Sprouted Wheat Kernels 
(SWK) influence the amilolytic activity of the three varieties of wheat (expressed by the Falling  
number parameter). 
 
2. MATERIALS AND METHODS 
We analyzed comparatively the influence of the sprouted wheat kernels (SWK) on the amilolytic 
activity of three wheat varieties, cultivated mainly in southern Romania, namely: Dropia,  Flamura  
85 and Fundulea 4. Autumn Dropia variety was obtained at Fundulea INCD through repeated 
individual selection. The plant bush is half- upright in the twining phase. The kernels are of medium 
size, elongated shape, red color and the mass of 1000 kernels is 41-46 g (hectoliter weight 76-80 
kg/hl) (INCDA Fundulea, 2018). Wheat variety Flamura 85 is a powdery mildew disease resistant 
variety obtained from the mixture of five phenotypically similar lines. The mass of 1000  kernels is 
44-46 g (hectoliter of  76-80  kg/hl). The kernels have the shape and color of the Dropia variety 
(INCDA Fundulea, 2018). Fundulea variety 4, has phenotypic characteristics similar to Dropia and 
Flamura 85, but gluten is softer and the sedimentation index is lower. The average height of plants 
in the three varieties is similar, being 85-95 cm (Saulescu et al., 2007; Mustăţea et al., 2009; 
Lugojan et Ciulca, 2011). 
In this regard there have been analyzed 36 samples of Dropia and Flamura 85 wheat varieties and 
19 samples of Fundulea 4 variety, in terms of Falling number FN (s) and Sprouted Wheat Kernels 
SWK% (ISO 3093:2009 - Wheat, rye and their flours, durum wheat and durum wheat semolina).FN 
analysis, according to Hagberg-Perten, was made as defined in SR ISO7970: 2011 – Specifications. 
The proportion of SWK was determined from 100 grams wheat sample (according to SR ISO 
24333: 2009 - Cereals and cereal products – Sampling). 
The wheat samples came from the Romanian crops of the years 2012-2017. The results obtained 
were interpreted using the StatSoft Statistica v. 7, professional program. 
  
3. RESULTS AND DISCUSSIONS  
The descriptive statistics of analyzed parameters, FN and SWK, are presented in Table 1. 
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Table 1. Mean values and variability estimates of FN (s) and SWK (%) 
Wheat  

varieties 
Parameter Mean(X) Stand. dev.(sx) s (variance) Variab. coeff.(CV%) 

FN 319.416 ± 82.081 6737.290 25.690 Dropia  
(n=36) SWK 0.744 ± 1.361 1.852 182.930 

FN 304.083 ± 68.183 4648.935 22.420 Flamura 85 
(n=36) SWK 0.616 ± 0.612 0.374 99.350 

FN 261.000 ± 91.646 8398.989 35.110 Fundulea 4 
(n=19) SWK 1.000 ± 1.526 2.331 152.600 

 
The descriptive statistics highlighted an extremely high variability coefficients of SWK, namely: 
182.93% at Dropia, 99.35% at Flamura 85 and 152.60% at Fundulea 4 variety. Amilolytic activity 
of wheat, expressed by Falling number depends on many factors (vegetation period, rawness, 
enzyme activators, temperature etc.), fact which explains the increased variability of this parameter. 
Extremely high variability suggested that the parameters are not normally distributed. Generally, the 
extreme variability of the parameters associated with enzymatic activity reflects their sensitivity to 
environmental factors.  
In Table 2 is highlighted the normality Shapiro-Wilk test for FN and SWK. 
 

Table 2. The Shapiro-Wilk normality test for FN (s) and SWK (%) 
Parameter Median Mean-Median difference W p 

FN 
Dropia 346.00 319.416 - 346.000 = - 26.584 0.871*** 0.000 

Flamura 85 300.50 304.083 - 300.500 =     3.583 0.973 0.522 
Fundulea 4 288.00 261.000 – 288.000 = - 27.000 0.949 0.384 

SWK 
Dropia 0.300 0.744 – 0.300 = 0.444 0.470 0.000 

Flamura 85 0.350 0.616 – 0.350 = 0.266 0.784*** 0.000 
Fundulea 4 0.300 1.000 – 0.300 = 0.700 0.638*** 0.000 

*significant at p< 0.05;  **very significant  p< 0.01; ***extremely significant p< 0.001 
 

The Shapiro-Wilk normality test of FN and SWK distributions, highlighted that FN distribution at 
Dropia, SWK at Flamura85 and SWK at Fundulea4, were not normal. The deviations from 
normality beeing estremely significant (w=0.871***, 0.784***, 0.638***, p<0.001).  
Significant differences between wheat varieties, concerning FN (s) and SWK (%), were tested using 
the t (Student) test (Table 3).  
 

Table 3. The significance of means and standard deviations differences  
of FN (s) and SWK (%)between wheat varieties 

Group 1 
vs.  

Group 2 
Mean Mean t-value df p Std.Dev. Std.Dev. F-ratio  p 

FN  
Dropia vs. 
Fundulea 

319.416 261.000 2.410* 53 0.019 82.081 91.646 1.246* 0.560 

*significant at p< 0.05;  **very significant  p< 0.01; ***extremely significant p< 0.001 
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The t test did not reveal significant differences between the SWK means and between the FN means 
in the three varieties, with the exception of FN means between Dropia and Fundulea4 (t=2.410*;  
F ratio=1.246*; p<0.05).  
Within each wheat variety, specific metabolic correlations were established between the FN and 
SWK parameters. Table 4 shows the Spearman significant correlations.  
 

Table 4.Sperman correlations coefficients between FN and SWK for every wheat variety 
FN -SWK Wheat varieties 

r  p 
Dropia -0.521** 0.0011 

Flamura 85 -0.373* 0.0250 
Fundulea 4 -0.688** 0.0011 

*significant at p< 0.05;  **very significant  p< 0.01; ***extremely significant p< 0.001 
 

Spearman correlations between FN and SWK were negative significant in all wheat varieties (-
0.521** at Dropia, -0.373* at Flamura 85 and -0.688** at Fundulea 4).  
The best regressions models, describing the relationship between FN and SWK in the Dropia and 
Fundulea 4 varieties, were exponential and logarithmic (r2=0.75; r2=0.59). For the Flamura 85 
variety, no suitable regression model was identified (r2=0.15) (figure 1). 

 

 
Figure 1. The regressions models, describing the relationship between FN and SWK in 

 the Dropia and Fundulea 4 varieties 
 
The results emphasize the importance of choosing a genotype appropriate to the pedoclimatic 
conditions, characteristic of wheat crop areas, when it comes to obtaining products that can be 
easily utilized by the bakery industry.As we have seen before, the wheat harvesting period in the 
southern area of Romania, corresponds to that of the year, characterized by the recording of the 
highest pluviometric values.Basically, the wheat harvesting period corresponds to the ideal 
conditions for triggering germination of kernels in wheat ear and implicitly to the appearance of 
dough quality problems caused by this phenomenon, namely:high amylazic activity, reduced gas 
retention capacity, and reduced mechanical stress resistance. 
It should be noted that wheat characterized by a very high amylase activity can not be used as such, 
but only in mixtures, whose percentages can not be calculated by using the weighted meansor 
simple arithmetic means of the FN parameter. Thus, the use of 5% wheat with a Falling number of 
62 can easily compromise a mixture of 95% wheat, characterized by a Falling number of over 300 
s. This thing is happening because enzimatic activity (determined by a multitude of conditions such 
as the amount of substrate and its nature, pH, temperature etc.) is not proportional to the amount of 
enzyme, and the relationship between the enzymatic activity and the viscosity of the starch gel, used 
to determine the Falling number, is logarithmic rather than linear. Moreover, the flours coming 
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from these wheat types are difficult or almost impossible to correct, using chemical additives 
approved by the European legislation in force, in the technological processes of bread obtaining 
(Tamba-Berehoiu et al., 2011). 
Normally, the destiny of such wheat crops involves their use in animal feed schemes. The use in the 
technological processes of the milling industry, determines besides the bakery problems cocerning 
the flours, wheat flour yield losses (the amount of flour obtained from 100 kg of wheat) and 
appearance of some altered sensorial characteristics (Costin, 1983). In addition, wheat characterized 
by a very high amylase activity is frequently associated with the increase in the incidence of 
mycotoxin-producing fungi (Fusarium spp.). 
We believe that our work may be a starting point for an adequate analysis of available genotypes, 
characterized by resistance to climatic conditions that triggers amylase activity in wheat. The 
selection and promotion of resistant genotypes can be of a real benefit to the agriculture, milling 
and bakery  industry in Romania, by avoiding additional management-related costs incurred for 
their exploitation. 
 
4. CONCLUSIONS 
Our results suggest that the three analyzed wheat varieties respond differently to changes in amylase 
activity relative to the proportion of Sprouted Wheat Kernels. Thus, the variety best preserving the 
bakery properties, correlated with the amylase activity, was the Dropia variety, and the most 
sensitive variety to the Sprouted Wheat Kernels percent was Fundulea 4. No significant regression 
model was found for Flamura 85 wheat variety, between the Falling number and the Sprouted 
Wheat Kernels percent. The maximum SWK level at which minimum wheat bakery quality was 
achieved (FN=min 180 s) was 2.95% for Dropia and 1.86% for Fundulea 4. 
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