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Evaluation of enzymatic activity, morphological and physicochemical changes in germinated 

barley at different times 
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Abstract: 

Barley is the cereal of the room mostly grown, which provides us with essential compounds such as carbohydrates, lipids, proteins. It 

is used in the industry for its high starch content. Due to the fact that starch is unstable in several factors, nowadays we have opted 

for modifications to starch granules to improve functionality and expand its uses in the industry. However, children who have had 

their studies have undergone changes in the changes that the grains undergo during germination. That is why the influence of 

germination on the morphological changes that are generated in the granules of barley starch was analyzed (Esmeralda and Perla 

varieties). 
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Resumen: 

La cebada es el cuarto cereal mayormente cultivado, ya que nos provee de compuestos indispensables como carbohidratos, lípidos, 

proteínas. Es utilizada en la industria por su alto contenido de almidón. Debido a que el almidón es inestable a diversos factores, en 

la actualidad se ha optado por las modificaciones a los gránulos de almidón. Sin embargo, son pocos los estudios que han sido 

enfocados a las modificaciones que sufren los granos durante la germinación. Es por ello que se analizó la influencia de la germinación 

sobre los cambios morfológicos que se generan en los gránulos de almidón de cebada (variedad Esmeralda y Perla).  
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Introduction 

Barley (Hordeum vulgare) belongs to the family of 

grasses, is an annual monocotyledonous plant [1]. It 

grows best in cool and moderately dry climates. It 

requires little accumulation of heat to mature, it can be 

planted at different altitudes and geographical areas; it 

is adapted to many environmental conditions [2]. 

Barley is a crop that is widespread throughout the 

world, occupying the fourth place on the sown surface, 

after wheat, corn and rice. It is one of the seeds of great 

industrial utility, in the food, the indispensable 

compounds like carbohydrates (mainly the starch), 

lipids, proteins. Barley is used mainly in the malting and 

baking industry for its high starch content [3]. Most of 

the endosperm is constituted for the most part by large, 

devitalized cells, provided with large and small starch 

granules (bimodal). The starch granules are coated 

with protein and some fat [4].  

Starch is a semicrystalline polymer of glucose, 

consisting of two primary structures, amylose, which is 

a linear polymer with α-D- (1-4) bonds, and 

amylopectin, which is a branched polymer with α-D 

bonds. - (1-4) and α-D- (1-6). Of these two polymers, 

the main constituent of starch is amylopectin, the exact 
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fraction being determined by the botanical origin [5]. 

The proportion of these two polymers varies according 

to the botanical source and their physical organization 

within the granular structure, conferring unique 

physical and chemical properties to starch [6]. 

Because the starch presents a high degradation, a high 

viscosity in solution (water), thermal decomposition, 

insoluble in cold water and its chemical and 

mechanical properties has certain restrictions in its 

application in the industry, that is why it has been 

chosen and the modifications to the starch granules 

are increasing, whether physical, chemical, enzymatic, 

microbiological or the combination of these to improve 

the functionality and expand the uses of this. This work 

presents the evaluation of the microstructural changes 

that the starch granule undergoes in the barley, during 

the germination of eight days to controlled conditions 

analyzing its functional and physicochemical 

properties. 

RESULTS  

Morphological characterization of starch granules. 

The micrographs obtained for the starch of germinated 

barley grain and ungerminated for the variety 

Esmeralda and Perla (see Figure 1) allowed us to 

observe that in both ungerminated varieties (Figure 1 a 

and d) starch granules are observed in a lenticular 

form, smooth surface and of bimodal size, embedded 

in a protein matrix, said characteristics belong to a 

starch of barley based on that reported by Cantellano 

et al. [3]. The sample germinated for 4 days of the 

Esmeralda variety and the 5 days in Pearl showed 

small pores on the surface (Figure 1b and e), which 

indicates that as the germination process progresses, 

the enzymatic activity increases [7]. At the end of the 

gemination (day 8) starch granules were no longer 

observed in the Esmeralda variety, this may be 

because they were completely hydrolyzed, however for 

the Pearl variety some starch granules with a rough 

surface were observed because of the enzymatic 

hydrolysis. 

Enzymatic activity: amylase and protease 

Enzymatic activity (see Table 1) in both varieties of 

barley increases as the germination time passes. The 

activity of the protease releases the starch granules of 

the protein matrix, in the case of amylase, it showed 

greater activity on day 4 for the Esmeralda variety, 

while in Pearl it was day 5 of the germination process. 

According to the obtained in the scanning micrographs, 

the appearance of pores in the surfaces of the starch 

granules correspond to the increase in the enzymatic 

activity of the amylase during germination [7]. The 

amylase activity for the Esmeralda variety was higher, 

so the starch was hydrolyzed faster as observed at day 

8 in the micrographs. 

 

Apparent amylose 

In Table 2, the values obtained for the apparent 

amylose content are expressed. At the beginning of 

germination, the percentage was 50.45% and 72.45% 

for the variety Perla and Esmeralda respectively, which 

is why they are considered amyl barley grains because 

of their high amylose content; the percentage of 

apparent amylose at day 8 decreased with respect to 

the initial one due to enzymatic hydrolysis and the 

growth of the radicle. 

 

Table 1. Amylase and protease activity 

Sample  
Perla Esmeralda 

Amylase Protease  Amylase  Protease  

S/G 4.21±0.01
d

 6.88±0.04
cd

 1.54±0.01
d

 6.35±0.09ª 

Day1 3.94±0.03
d

 5.98±0.04
d

 2.37±0.02
d

 5.11±0.03ª 

Day 2 6.53±0.05
bc

 5.75±0.02
d

 4.97±0.03
cd

 4.69±0.04ª 

Day 3 7.86±0.04
ab

 10.08±0.07
b

 7.13±0.05
bc

 5.16±0.07ª 

Day 4 6.42±0.00
bc

 8.15±0.06
bc

 10.55±0.14
b

 5.61±0.01ª 

Day 5 8.68±0.05
ª

 10.39±0.01
b

 9.09±0.06
b

 6.25±0.05ª 

Day 6 5.78±0.04
cd

 8.84±0.02
bc

 9.59±0.01
b

 7.07±0.04ª 

Day 7 6.31±0.01
bc

 12.95±0.04
a

 8.50±0.06
b

 7.41±0.02ª 



Publicación semestral Boletín de Ciencias Agropecuarias del ICAP Vol. 6 No. 11 (2020) 12-14 

14 

 

Pasting properties 

Table 3 shows the data obtained on apparent viscosity, 

obtained by means of an RVA (rapid viscosity 

analyzer), which shows that if there are significant 

differences (p<0.05) between each day of germination 

As the germination process progresses, the viscosity is 

decreasing for both varieties of barley because the 

total starch content decreases by the enzymatic 

hydrolysis of the amylase during germination [8], 

likewise Uthumporn et al. [9] report that a decrease in 

viscosity is due to the porous structure as it makes the 

starch granules more susceptible to hydrolysis; Pasting 

temperature is decreasing, indicating the presence of 

short chains with polymerization degree (DP) <10 since 

they decrease the stability of double helix in 

amylopectin molecules, decreasing the temperature of 

gelatinization, since the structure of amylose and 

amylopectin plays an important role in the sticking 

properties of starches [7]. 

 

 

 

 

CONCLUSIONS 

The barley grain presents changes during the 

germination process: porosity, loss of shape, size and 

surface of the starch granules, which vary according to 

their content and the variety of barley. The viscosity of 

the starch is affected due to the hydrolysis of the starch 

granules and the amylose content. By subjecting the 

barley grain to a germination process its properties of 

the starch granules can be changed and therefore the 

use of this in the industry. 
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Table 2.  Apparent amylose (%) 

Sample Perla Esmeralda 

S/G 50.45±0.00a 72.45±0.01a 

Day 1 46.64±0.01a 66.27±0.00ca 

Day 8 27.58±0.02b * 

*  Not detectable 

 

Tabla 3. Pasting properties 

Perla variety 
Maximum viscosity 

(cP) 
Pasting 

temperature (°C) 

S/G 3101±25 a 95.425±0.02a 

Day 2 2443±48b 95.425±0.02a 

Day 4 1087±106c 95.325±0.02b 

Day 6 503±20d 95.275±0.02b 

Day 8 1079±118c 95.075±0.02c 

Esmeralda 
variety 

Maximum viscosity 
(cP) 

Pasting 
temperature (°C) 

S/G 2730.5±201.5a 95.325±0.2ab 

Day 2 2338.5±23.5a 95.375±0.03a 

Day 4 1880.5±70.5b 95.2±0.10b 

Day 6 220±30c 95.025±0.02c 

Day 8  * * 

*  Not detectable 


