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 Abstract  

 Introduction . Article presents evaluation of quality of 

Canadian commercial plain non-fat Greek-style yogurts produced 

only from natural dairy ingredients.  

Material and methods. Yogurts samples were purchased 10 

days after their production and were stored at 5oC to obtain 18 or 35 

days of storage. Dynamic rheological properties and surface whey-

off were measured. An ordinal numerical scale was used in order to 

evaluate whey drainage and the presence and size of visible clusters.  

Results and discussion. Greek-style yogurt is a typical weak 

viscoelastic gel whose elastic properties predominate over its 

viscous properties over the measured range. A structural 

degradation was observed in all samples at some point during the 

stress-amplitude range applied. B samples had a higher total solids 

content than A samples therefore, this might be the reason that B 

samples presented higher dynamic moduli than A samples, even for 

the same protein content. Both reference samples presented a 

significant increase in their viscous (G") and elastic (G') moduli 

upon storage at 5oC. This fact suggests that casein gels are dynamic 

by nature and that further development of the gel structure occurs 

during storage. At high amplitudes, A samples presented a 

significant increase in their tan d values due to the rupture of their 

gel structures. A proportional increase in G' and G" during storage 

was observed; hence, the tan d values for the same types of samples, 

after 18 and 35 days of storage, were similar. Samples did not differ 

in levels of whey drainage and in the size of visible clusters. Both 

market samples presented higher amounts of surface whey-off as 

storage time increased. Probably during storage, large scale 

rearrangements occurred in the gel network which increased the 

level of instability of the gel, resulting in the loss of the ability to 

entrap all the serum phase. Although none of the reference samples 

had visible whey drainage, all of them presented small visible 

clusters. 

Conclusions. Protein is not the only ingredient shaping 

structure and rheological properties of Greek-style non-fat yoghurt. 

Properties of commercial plain non-fat Greek-style yogurts changes 

at the storage time. Samples becomes more solid, but with higher 

whey syneresis.   
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Introduction  
 

Greek-style yogurt (strained yogurt) is a semisolid dairy product obtained by removing 

part of the whey from regular yogurt [1ï3]. As a result of this action, the total solids content 

and lactic acid concentration of the initial yogurt are increased (concentrated yogurt typically 

contains 22ï23 g/100g total solids and has an acidity of around 1.60ï1.80 g/100g lactic acid), 

giving the final product a much thicker consistency and a distinctive, slightly tangy taste [4, 

5]. In addition, the product obtained has nutritional properties superior to those of regular 

yogurt, with higher protein and mineral contents and very low lactose content. It also has 

better keeping qualities due to the increased lactic acid concentration [6ï8]. 

Health benefits associated with yogurt cultures and probiotics led to a sharp increase in 

the per capita consumption of yogurt in Canada and the United States during the last decades 

[9]. According to Chandan [10], yogurt sales in the U.S. have been spectacular, increasing 

from 1,837 million pounds in the year 2000 to 2,990 million pounds in 2005, and they 

continue to show remarkable growth. Overall yogurt category sales increased 12% year after 

year. Of those sales, 85% was driven by a 146% increase in Greek-style yogurt sales, while 

a 2% increase in traditional yogurt sales accounted for only 15% of category growth [9].  

To take advantage of the current remarkable economic growth of Greek-style yogurt, 

the issue of good quality is very important. Some researchers work on development of an 

efficient formulation for the production of strained yogurt powder. It is believed that a dried 

type of concentrated yogurt will help to expand the economic boom of Greek-style yogurt in 

areas that have a limited indigenous dairy industry, or regions that suffer from seasonal 

deficiencies in milk supply [11]. Thus, this type of product is intended to open new markets 

to this highly valuable food commodity. 

The pronounced economic growth of Greek-style yogurt has led to a noticeable 

diversification of the traditional product. Many mechanized systems based on modern 

techniques, such as membrane processes, centrifugation, and direct reconstitution, have been 

developed to manufacture strained yogurt in large volumes [1, 12ï14]. Because the overall 

characteristics of concentrated yogurt depend on the method of production, the use of 

different manufacturing methods has led to the production of diverse varieties of commercial 

Greek-style yogurt which significantly differ in their composition [1, 15]. Tamime [16] and 

Tamime & Robinson [17] have reported about the difference in composition of various types 

of commercial concentrated yogurt that exist around the world. In order to respond to the 

increasing consumer preference for reduced fat and additive-free products, the current study 

will emphasize the production of a non-fat, additive-free type of yogurt [18]. 

Regardless of the production method and composition of the final product, one of the 

major concerns facing the Greek-style yogurt industry is the production and maintenance of 

a product with optimum consistency, stability and texture properties [19]. The overall visual 

appearance, microstructure, and rheological properties of acid milk gels are important 

physical attributes which contribute to the overall sensory perception and functionality of 

these products [20]. Textural attributes, including the desired oral viscosity, are very 

important criteria for quality and for consumer acceptance of yogurt [21]. Skriver et al. [22], 

Richardson et al. [23], and Stanley & Taylor [24] reported that sensory texture analyses are 

highly correlated with the rheological properties of stirred yogurt and other semi-solid foods. 

Thus, the objective of this experiment was to evaluate the quality of commercial Greek-style 

yogurt and its "on shelf" stability. Such stability is particularly difficult to preserve for natural 

non-fat yoghurts. Fat is an ingredient which stabilizes the structure and texture of yogurt and 

makes it more attractive for consumers. Different texture shaping ingredients added to many 
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commercial yogurts enable to obtain a product with any desired texture and stability. Much 

more difficult it to obtain product based only on non-fat milk ingredients.    

The aim of this study was to to investigate the structure and rheological properties of 

non-fat Greek-style yogurts with different dry matter content, produced only from natural dairy 

ingredients. 

The research tasks: 

1. To analyse the current state of production of Greek-style yogurts; 

2. To investigate the quality indicators of commercial samples of non-fat Greek-style 

yogurts; 

3. To identify patterns of changes in the structure of the protein gel of yogurt with different 

dry matter content during storage.  

 

 

Materials & methods  
 

Market reference samples 

All types of commercial, plain Greek-style yogurts (0% M.F.) produced from natural 

dairy ingredients without added preservatives, emulsifiers or stabilizers (according to their 

labeling), that were commercialized in Edmonton (Canada) by three supermarket chains 

(Walmart, Superstore, and Safeway) were used as reference samples in this study. Two 

products that met these requirements were labeled as ñAò and ñBò. Reference samples were 

purchased 10 days after their production and were stored at 5 ÁC to obtain 18 or 35 days of 

storage. Specifications of these samples are shown in Table 1. 
                                                                                                        

      Table 1                                 

Specifications of the market reference samples used in this study 

              

 A B 

IngredientsÔ 

 

Skim milk, live active 

cultures 

Skim milk, live active 

cultures 

Production methodÀ Traditional/Stirred Traditional/Stirred 

Shelf life (Days)À 35 35 

Fat content (%)Ô 0.0 0.0 

Protein content (%)Ô 10.3 10.3 

Carbohydrates content 

(%)Ô 
3.4 6.9 

Total Solids content (%)Ä 13.7 17.1 
Ô Specifications obtained from products labels.  
À Specifications obtained from customer services.  
Ä Total solids content was calculated based on the carbohydrates, fat and protein contents. 

 

Dynamic rheological measurements 

 

Small amplitude oscillatory rheology (SAOR) tests were performed with a Paar Physica 

UDS200 MCR Rheometer. The evaluation method was adapted from ¥zer et al. [25ï27]. 

The rheometer was set up with a parallel-plate geometry (10 mm plate radius and 1 mm gap 

setting). All samples were gently stirred with a spoon for 30 seconds before measurement in 

order to mix the potential free whey with the resultant gel.  Each sample was loaded into the 

rheometer and allowed to relax and equilibrate to measuring temperature (25Ñ0.1 ÁC) for 2 
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minutes prior to testing. The temperature of the samples inside the rheometer was 

maintained by a circulating cooling system. Rheological aspects of all samples were 

evaluated by conducting stress amplitude sweep tests. A sweeping amplitude from 1.5Ĭ10-2 

to 1.5Ĭ10-1 mNm at 0.25 Hz was used and 25 measuring points were performed through the 

sweeping range. Storage (G') and loss (G") moduli were recorded. Three replications were 

conducted for each sample. 

 

Whey separation measurements 

 

Surface whey-off (SWO). The method used to quantify the amount of free whey 

present on top of the resultant gel was adapted from Lucey et al. [28]. Experimental samples 

were evaluated before and after applying homogenization during their production.  Any free 

whey expelled on top or around the sides of the gel was gently sucked with a polyethylene 

transfer pipette and weighted. Once all the free whey was sucked from the surface, the gel 

was allowed to rest for 1 minute and any further surface whey was sucked and weighted. The 

degree of whey separation was expressed as a percentage of the total sample weight (% m/m). 

After quantification, free-whey was reintroduced into the samples. 

 

Whey drainage (WD). To evaluate the degree of whey drainage present in the final 

samples, the resultant gels were broken with a spoon and the level of whey drainage was 

quantified using an ordinal numerical scale from 0 (no visible whey drainage) to 2 (high 

amount of whey drainage). Figure 1 illustrates the different levels that were used to classify 

the samples according to whey drainage. 

 

 

 

 
 

Level 0                                          Level 1                                          Level 2 

 

Figure 1. Ordinal levels used for the classification of samples according to the degree of whey 

drainage 

 

 

Presence and size of visible clusters. An ordinal numerical scale from 0 (no visible 

clusters) to 3 (big visible clusters) was used in order to evaluate the presence and size of 

visible clusters in the final products. All samples were gently stirred with a spoon for 30 

seconds before the evaluation in order to mix the potential free whey with the resultant gel. 

Figure 2 shows the different levels that were used to classify the samples according to the 

presence and size of the clusters. 
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Level 1                                      Level 2                                   Level 3 

 
Figure 2. Ordinal levels used for the classification of samples according to the presence and size 

of visible clusters 

Level 0 could not be assigned to any of the evaluated samples. All samples presented visible clusters. 

 

 

Experimental design and statistical analysis 

 

The market reference samples were evaluated for their rheological and physicochemical 

properties at day 18 and 35 after their production. All measurements were carried out in 

triplicate. According to the data collected from these analyses, a mean reference value and a 

two-sided confidence interval (a=0.05) was established for each parameter tested. Reference 

confidence intervals at P < 0.05 were used for comparisons with experimental data. 

 

 

Results and discussion  
 

Dynamic rheological analyses 

 

In particular, the weak viscoelastic nature of yogurt gel is well established and the 

rheological properties of yogurt can be explained by measuring its viscous (G") and elastic 

(G') moduli [25]. Figure 3 shows the dynamic moduli (G' and G") of the reference samples 

when applying a stress amplitude sweep test. Consistent with the data presented in Figure 3, 

it can be stated that Greek-style yogurt is a typical weak viscoelastic gel whose elastic 

properties predominate over its viscous properties over the measured range. 
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Figure 3. Storage (Gô) and loss (Gôô) modulus of reference samples at days 18 and 35 after their 

production  

Presented values are the means of triplicate measurements. 

 

 

According to the previous figure, both fundamental dynamic parameters (G' and G") 

showed a stress-amplitude dependence. Also, a linear viscoelastic region was evident for all 

samples. A structural degradation was observed in all samples at some point during the stress-

amplitude range applied. These breakdown as a function of amplitude suggests that 

mechanical changes produced in the gels during the manufacturing process would lead to 

drastic rheological changes [20]. ¥zer et al. [25] stated that yogurt is a metastable gel and 

any change in its enthalpic/entropic nature creates irreversible deformation. 

Although both types of reference samples had the same protein contents (Table 1), B 

sample had higher G' and G" moduli than A sample. As a result of more protein-protein 

interactions at higher protein levels, a much denser and stronger gel structure can be 

expected; however, the rheological properties of yogurt are not only dependent on the protein 

content, but are also highly dependent on total solids content and on the type of protein 

present in the gel matrix [29ï31]. B samples had a higher total solids content than A samples 

(Table 1); therefore, this might be the reason that B samples presented higher dynamic moduli 

than A samples. Even though the spatial distribution of the protein-protein bonds over the gel 

network, the strength of the interaction forces between protein molecules and the structure of 

the protein particles themselves also defined the mechanical properties of a gel network [32, 

33]. 

Both reference samples presented a significant increase in their G' and G" upon storage 

at 5oC. This matches the findings of Marafon et al. [34], Serra et al. [35] and Weidendorfer 

et al. [36], who reported an increase in Gô in stirred yogurts within storage. This fact suggests 
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that casein gels are dynamic by nature and that further development of the gel structure occurs 

during storage [37]. ¥zer et al. [26] affirms this point by stating that the number and/or 

strength of nonrelaxing and relaxing protein bonds in a protein gel matrix increases during 

storage. Upon storage, casein particles experience several large-scale rearrangements which 

result in the formation of new linkages to decrease the total free energy of the system and 

move to a more thermodynamically stable state [20, 35, 37]. 

Figure 4 presents the loss tangent (tan d = G"/G') values of the reference samples in 

days 18 and 35 after their production. Although B samples had higher G" and G' values than 

A samples, within the linear viscoelastic region, the tan d values of these two samples were 

similar.  

 
 

 
 

Figure 4. Loss tangent (tan d = G"/G') values of reference samples at days 18 and 35 after their 

production  

Presented values are the means of triplicate measurements. 

 

 

Loss tangent values are highly dependent on the nature of bonds between the particles 

integrating the gel network [25, 27, 38]. Thus, it can be stated that at low amplitudes, the 

nature of bonds between the particles integrating both gels was similar. However, at high 

amplitudes, A samples presented a significant increase in their tan d values due to the rupture 

of their gel structures, which resulted in a non-proportional decrease in the number and/or 

strength of non-relaxing protein bonds and relaxing bonds. After the breakage point, the 

number and/or strength of non-relaxing bonds declined more rapidly than the number and/or 

strength of relaxing bonds; therefore, Gô decreased more pronouncedly than G", indicating a 

partial breakdown of the elastic structure and a change to a relatively more viscous behavior. 

Due to this fact, at high amplitudes, A samples had a higher liquid-like behavior than B 

samples, and a significant difference in tan d values was observed between both samples [39, 

40].  
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Even though the G' and G" of both reference samples increased upon storage time (the 

number and/or strength of non-relaxing protein bonds and rapidly relaxing bonds increase 

with storage time), the tan d remained almost unchanged for each sample throughout the 

storage period, suggesting the formation of essentially similar network structures throughout 

storage time [26]. This fact led to a proportional increase in G' and G" during storage; hence, 

the tan d values (tan d = G"/G') for the same types of samples, after 18 and 35 days of storage, 

were similar. For comparative purposes, Table 2 provides the two-sided confidence interval 

limits (a = 0.05) for the mean G' and tan d values of the reference samples at points 1, 12 and 

25 of the sweeping amplitude range applied. This table also presents the corresponding 

confidence interval limits (a = 0.05) for the mean SWO value of the reference samples and 

the mean values of the ordinal measurements (WD; presence and size of clusters) that were 

carried out on these samples. 

 
                                                                                                             Table 2                                                                                                                                                                                                                                                                                              

Rheological and physicochemical values of the market reference samples 

 

Parameters tested Market Reference Values 

G' (Pa) [P1: 14.6 mNm]À 22.358 ï 16.226 a 

G"/G'  [P1: 14.6 mNm] À 0.257 ï 0.249 a 

G' (Pa) [P12: 43.6 mNm] À 22.418 ï 15.374 a 

G"/G'  [P12: 43.6 mNm] À 0.283 ï 0.260 a 

G' (Pa) [P25: 150 mNm] À 16.304 ï 0.000 a 

G"/G'  [P25: 150 mNm] À 5.324 ï 0.040 a 

SWO (%m/m) À 0.190 ï 0.028 a 

WDÄ 0.000 ° 0.000 b 

Presence and size of clustersÄ 1.000 ° 0.000 b 
ÀScale measures.  
ÄOrdinal measures. a 95% two-sided confidence intervals.  
b Mean values of reference samples ° SD. 

 

 

As the level of WD and the size of visible clusters were measured using ordinal scales, 

confidence intervals could not be determined for this type of data. Therefore, the total mean 

values for these two measurements were considered as reference values for comparison with 

experimental data. 

 

Physicochemical analyses 

 

Table 3 shows the physicochemical results obtained from market reference samples at 

days 18 and 35 after their production. Samples did not differ in levels of WD and in the size 

of visible clusters. All tested samples presented significant levels of SWO. Both market 

samples presented higher amounts of SWO as storage time increased. Due to this fact, it can 

be stated that, during storage, large scale rearrangements occurred in the gel network which 

increased the level of instability of the gel, resulting in the loss of the ability to entrap all the 

serum phase [28]. This observation agrees with Al-Kadamany et al. [41] who reported that 

the level of free whey in concentrated yogurt produced by the traditional method increases 

upon storage. Additionally, Salvador & Fiszman [42] reported that the level of syneresis in 

whole and skimmed set types of yogurt increases with storage time.  
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Table 3 

Physicochemical properties of market reference samples Ô 

 

Reference 

samples 

Surface whey-off 

(%m/m)  

Whey 

drainage 

Size of visible 

clusters 

A ï Day 18 0.050 ° 0.087 0.000 ° 0.000 1.000 ° 0.000 

A ï Day 35 0.203 ° 0.021 0.000 ° 0.000 1.000 ° 0.000 

B ï Day 18 0.030 ° 0.052 0.000 ° 0.000 1.000 ° 0.000 

B ï Day 35 0.153 ° 0.150 0.000 ° 0.000 1.000 ° 0.000 

Total mean value 0.109 ° 0.083 0.000 ° 0.000 1.000 ° 0.000 
Ô Presented values are the means of 3 replicate trials ° SD 

 

 
Although none of the reference samples had visible WD, all of them presented small visible 

clusters. According to Lee & Lucey [21], stirred yogurts are likely to have clusters of protein aggregates 

which are presumably created by the collisions and shearing during the mixing process involved in their 

production. Due to this mechanical process, the characteristic three-dimensional gel matrix of set yogurt 

is no longer visible in stirred products. Lee & Lucey [40] stated that stirred yogurt is a weak gel system 

and although ñparticle sizeò is sometimes reported for stirred yogurt it should be recognized that there are no 

individual particles; rather, there are weakly associated clusters of proteins that make up the 

network. The stirring action associated with the production of stirred yogurts disrupts the weak protein 

network and creates ñparticlesò. It is important to remark that the damage done to the coagulum during 

the production of concentrated stirred yogurts has a major impact on the viscosity of the final products. 

The larger the undisturbed aggregations of casein, and the smaller the whey-filled spaces, the higher 

the viscosity of the final product [32]. 

Several researchers, such as Weidendorfer et al. [36], studied and continue to study the way to 

avoid or minimize visual particles in stirred yogurt. Kucukcetin [43] stated that numerous 

manufacturing parameters, such as high incubation temperatures, excessive whey protein to casein 

ratios, certain types of starter cultures and the use of excessive amounts of starter culture, are associated 

with textural defects of stirred yogurt, including graininess (particles) and surface roughness 

(irregularities in the yogurt matrix). Thus, to minimize visual clusters in the final product, it is very 

important to control these production parameters.  

 

 

Conclusions  
 

Protein is not the only ingredient shaping structure and rheological properties of Greek-style non-

fat yoghurt. Other non-fat ingredients influence probably the structure of the protein particles and forces 

between protein molecules. Properties of commercial plain non-fat Greek-style yogurts change at the 

storage time. Samples become more solid, but with higher whey syneresis. After 35 days of storage 

commercial Greek-style non-fat yoghurt had good properties without visible whey drain drainage and 

small clusters.  

 

 

 

References  
 
1. Lange I., Mleko S., TomczyŒska-Mleko M., Polischuk G., Janas P., Ozimek L. (2020), 

Technology and factors influencing Greek-style yogurt ï a Review, Ukrainian Food 

Journal, 9(1), pp. 7ï35.  



ʈʈʈ Food Technology ʈʈʈ 

ƄƄƄ Ukrainian Food Journal .   2020.  Volume 9. Issue 4 ƄƄƄ 766 

2. Yazici F., Akgun A. (2004), Effect of some protein based fat replacers on physical, chemical, 

textural, and sensory properties of strained yoghurt, Journal of Food Engineering, 62(3), pp. 

245ï254.  

3. Mihyar G. F., Yousif A. K., Yamani, M. I. (1999), Determination of benzoic and sorbic acids 

in labneh by highïperformance liquid chromatography, Journal of Food Composition and 

Analysis, 12(1), pp. 53ï61.  

4. Yildiz F. (2009), Overview of yogurt and other fermented dairy products. In F. Yildiz (Ed.), 

Development and manufacture of yogurt and other functional dairy products, CRC Press.  

5. Robinson R.K. (2002), Yoghurt types and manufacture. In P.F. Fox (Ed.), Encyclopedia of 

Dairy Sciences, Elsevier Science, Burlington. 

6. Mahdian E., Tehrani M. M. (2007), Evaluation the effect of milk total solids on the 

relationship between growth and activity of starter cultures and quality of concentrated 

yoghurt, AmericanïEurasian Journal of Agricultural & Environmental Science, 2(5), pp. 

587ï592. 

7. Nsabimana, C., Jiang, B., Kossah, R. (2005), Manufacturing, properties and shelf life of 

labneh: A review, International Journal of Dairy Technology, 58(3), pp. 129ï137. 

8. Salji J. (1991), Concentrated yogurt: a challenge to our food industry, Food Science and 

Technology Today, 5, pp. 18ï19. 

9. United States Department of Agriculture (USDA) (2018), Profiling food consumption in 

America. In USDA (Ed.), Agriculture Fact Book 2018.  

10. Chandan R. C. (2008), Dairy industry: production and consumption trends. In R.C. Chandan, 

A. Kilara, & N.P. Shah (Eds.), Dairy processing & quality assurance, WileyïBlackwell. 

11. Kneifel W. (1993), Recombined and filled milks. In R. Macrae, R.K. Robinson, & M.J. 

Sadler (Eds.), Encyclopedia of Food Science, Food Technology and Nutrition, London. 

12. ¥zer B. H, Robinson R. K. (1999), The behaviour of starter cultures in concentrated yoghurt 

(labneh) produced by different techniques, Lebensmittelïwissenschaft UndïTechnologie, 

32(7), pp. 391ï395. 

13. Tamime A. Y., Robinson, R. K. (1999), Traditional and recent developments in yoghurt 

production and related products. In A. Y. Tamime, & R.K. Robinson (Eds.), Yoghurt: 

Science and technology 2nd Edition, CRC Press. 

14. Tamime A. Y., Davies G., Chehade A. S., Mahdi H. A. (1991), The effect of processing 

temperatures on the quality of labneh made by ultrafiltration, International Journal of Dairy 

Technology, 44(4), pp. 99ï103. 

15. AbuïJdayil B., Jumah R. Y., Shaker R. R. (2002), Rheological properties of a concentrated 

fermented product, labneh, produced from bovine milk: effect of production method, 

International Journal of Food Properties, 5(3), pp. 667ï680. 

16. Tamime A. Y. (2003), Yogurtïbased products. In B. Caballero, L. Trugo, & P. Finglas 

(Eds.), Encyclopedia of Food Science and Nutrition 2nd Edition, Academic Press, London. 

17. Tamime A. Y., Robinson R. K. (2007), Traditional and recent developments in yoghurt 

production and related products, In A. Y. Tamime, & R.K. Robinson (Eds.), Yoghurt: 

Science and technology 3rd Edition (pp. 348ï367), CRC Press, Boca Raton, FL.  

18. Gould B. W., Cornick J., Cox, T. (1994), Consumer demand for new reducedïfat foods: an 

analysis of cheese expenditures, Canadian Journal of Agricultural Economics, 42(3), pp. 

367ï380. 

19. AbuïJdayil, B., Shaker, R. R., Jumah, R. Y. (2000), Rheological behavior of concentrated 

yogurt (labneh), International Journal of Food Properties, 3(2), pp. 207ï216. 

20. Lucey J. A. (2002), Formation and physical properties of milk protein gels, Journal of Dairy 

Science, 85(2), pp. 281ï294. 

21. Lee W. J., Lucey J. A. (2006), Impact of gelation conditions and structural breakdown on 

the physical and sensory properties of stirred yogurts, Journal of Dairy Science, 89(7), pp. 

2374ï2385. 



ʈʈʈ Food Technology ʈʈʈ 

ƄƄƄ Ukrainian Food Journal .   2020.  Volume 9. Issue 4 ƄƄƄ 767 

22. Skriver A., Holstborg J., Qvist, K. B. (1999), Relation between sensory texture analysis and 

rheological properties of stirred yogurt, Journal of Dairy Research, 66(4), pp. 609ï618. 

23. Richardson R. K., Morris E. R., RossïMurphy S. B., Taylor L.J., Dea I. C. M. (1989), 

Characterization of the perceived texture of thickened systems by dynamic viscosity 

measurements, Food Hydrocolloids, 3(3), pp. 175ï191. 

24. Stanley N. L., Taylor L. J. (1993), Rheological basis of oral characteristics of fluid and semiï

solid foods: a review, Acta Psychologica, 84(1), pp. 79ï92. 

25. ¥zer B. H., Robinson, R. K., Grandison, A. S., Bell, A. E. (1997), Comparison of techniques 

for measuring the rheological properties of labneh (concentrated yogurt), International 

Journal of Dairy Technology, 50(4), pp. 129ï133. 

26. ¥zer B. H., Robinson R. K., Grandison A. S., Bell A. E. (1998), Gelation properties of milk 

concentrated by different techniques, International Dairy Journal, 8(9), pp. 793ï799. 

27. ¥zer B. H., Stenning R. A., Grandison A. S., Robinson R. K. (1999), Rheology and 

microstructure of labneh (concentrated yogurt), Journal of Dairy Science Champaign 

Illinois, 82(4), pp. 682ï689. 

28. Lucey J. A., Munro P. A., Singh H. (1998), Whey separation in acid skim milk gels made 

with gluconoïdïlactone: effects of heat treatment and gelation temperature, Journal of 

Texture Studies, 29(4), pp. 413ï426. 

29. Oliveira M. N., Sodini I., Remeuf F., Corrieu G. (2001), Effect of milk supplementation and 

culture composition on acidification, textural properties and microbiological stability of 

fermented milks containing probiotic bacteria, International Dairy Journal, 11(11), pp. 935ï

942. 

30. Jumah R. Y., Shaker R. R., AbuïJdayil B. (2001), Effect of milk source on the rheological 

properties of yogurt during the gelation process, International Journal of Dairy Technology, 

54(3), pp. 89ï93. 

31. Barreto Penna A. L., Converti A., Nogueira de Oliveira, M. (2006), Simultaneous effects of 

total solids content, milk base, heat treatment temperature and sample temperature on the 

rheological properties of plain stirred yogurt, Food Technology and Biotechnology, 44(4), 

pp. 515ï518. 

32. ¥zer B. H, Stenning R.A., Grandison A.S., Robinson R.K. (1999). Effect of protein 

concentration on the properties and structure of concentrated yogurts, International Journal 

of Dairy Technology, 52(4), pp. 135ï138. 

33. Bremer L. G. B., Bijsterbosch B. H., Schrijvers R., van Vliet T., Walstra P. (1990), On the 

fractal nature of the structure of acid casein gels, Colloids and Surfaces, 51, pp. 159ï170. 

34. Marafon A. P., Sumi A., Granato D., Nogueira O. M., Alcantara M. R., Tamime A. Y. 

(2011), Effects of partially replacing skimmed milk powder with dairy ingredients on 

rheology, sensory profiling, and microstructure of probiotic stirredïtype yogurt during cold 

storage, Journal of Dairy Science, 94(11), pp. 5330ï5340. 

35. Serra M., Trujillo A. J., Guamis B., Ferragut V. (2009), Evaluation of physical properties 

during storage of set and stirred yogurts made from ultraïhigh pressure homogenizationï

treated milk, Food Hydrocolloids, 23(1), pp. 82ï91. 

36. Weidendorfer K., Bienias A., Hinrichs J. (2008), Investigation of the effects of mechanical 

postïprocessing with a colloid mill on the texture properties of stirred yogurt, International 

Journal of Dairy Technology, 61(4), pp. 379ï384. 

37. van Vliet T., Lucey J. A., Grolle K., Walstra P. (1997), Rearrangements in acidïinduced 

casein gels during and after gel formation. In E. Dickinson, & Bergenstahl (Eds.), Food 

colloids. Protein, lipids and polysaccharides, Royal Society of Chemistry, Cambridge. 

38. ¥zer B. H., Bell A. E., Grandison A. S., Robinson R. K. (1998). Rheological properties of 

concentrated yoghurt (labneh), Journal of Texture Studies, 29(1), pp. 67ï80. 



ʈʈʈ Food Technology ʈʈʈ 

ƄƄƄ Ukrainian Food Journal .   2020.  Volume 9. Issue 4 ƄƄƄ 768 

39. Biliaderis C. G. (2009), Structural transitions and related physical properties of starch. In J. 

BeMiller, & R. Whistler (Eds.), Starch: Chemistry and technology, Academic Press, 

Burlington, MA. 

40. Lee W. J., Lucey J. A. (2010), Formation and physical properties of yogurt, Asianï

australasian Journal of Animal Sciences, 23(9), pp. 1127ï1136. 

41. AlïKadamany E., Toufeili I., Khattar M., AbouïJawdeh Y., Harakeh S., Haddad T. (2002), 

Determination of shelf life of concentrated yogurt (labneh) produced by inïbag straining of 

set yogurt using hazard analysis, Journal of Dairy Science, 85(5), pp. 1023ï1030. 

42. Salvador A., Fiszman S. M. (2004), Textural and sensory characteristics of whole and 

skimmed flavored setïtype yogurt during long storage, Journal of Dairy Science, 87(12), 

pp. 4033ï4041. 

43. Kucukcetin A. (2008), Effect of heat treatment and casein to whey protein ratio of skim milk 

on graininess and roughness of stirred yoghurt, Food Research International, 41(2), pp. 

165ï171. 



ʈʈʈ Food Technology ʈʈʈ 

ƄƄƄ Ukrainian Food Journal .   2020.  Volume 9. Issue 4 ƄƄƄ 769 

 

Morphology of starch from Araucaria angustifolia  seeds 
treated by HMT and studied by SEM, AFM, and XRD  
 

 

Camila Delinski Bet 1, Radla Zabian Bassetto Bisinella 1,  
Tiago Andr® Denck Colman2, Luiz Gustavo Lacerda 1, Egon Schnitzler 1 
 

1 ï State University of Ponta Grossa, Ponta Grossa, Brazil 
2 ï Federal University of Grande Dourados, Dourados, Brazil 

 

 

Keywords:  
Starch 

Pinh«o 

Araucaria angustifolia 

HMT 

Morphology 

 

 Abstract  

  

Introduction . The aim of this study was to evaluate the 

main morphological and structural properties of native and 

modified starch by heat-moisture treatment (HMT) of 

ñpinh«oò seeds. 

Materials and methods. ñPinh«oò starch was 

extracted from seeds of Araucaria angustifolia. Amylose 

content was determined by iodine affinity. Humidity, ashes, 

protein and fats were determined by the Association of 

official analytical chemists (AOAC) methods. The 

microscopic techniques used were Scanning Electron 

Microscopy (SEM) and Atomic Force Microscopy (AFM). 

For structural evaluation of the granules, X-ray Powder 

Diffraction (XRD) was used. 

Results and discussion. The ñpinih«oò starch 

extracted from aqueous methodology showed an amylose 

content of 26.3%. The samples showed low moisture 

(<8.5%) content as well as ash content (<1.44%). By SEM 

and AFM, the largest average diameter (da) was for 

untreated ñpinh«oò starch granules; 10.85 and 10.64 mm, 

respectively. The smallest granules were those treated with 

10% humidity for 60 min and 120 ÜC. The medium 

roughness (ra) studied by AFM increased according to 

HMT, from 321.68 to 470.06 mm, respectively. A reduction 

in the relative crystallinity (Rc) was observed according to 

the HMT performed. 

Conclusions. Round and oval shapes were found for 

the starch granules, with a flat face. Similarities were found 

in the mean diameter values (da) between the techniques. 

The average diameter of the granules increased as humidity 

increased during the modification by HMT. The mean 

roughness (ra) increased with the HMT while the relative 

crystallinity (RC) decreased. 
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Introduction  
 

Starch is a source of carbohydrates in nature. It is a natural biopolymer arranged as semi-

crystalline granules. Their main fractions are macromolecules of linear amylose and branched 

amylopectin. Due the abundance it is main source of carbohydrates in human diet. Starches 

can be obtained from several sources as roots, seeds, stems, etc.  

ñPinh«oò are the seeds from Araucaria angustifolia tree. This is a pine tree and grows in 

south of Brazil and other countries of south America. The seed contain 68ï72% starch which 

presents 26-28% amylose. Other compounds are proteins (@ 3%), lipids (@1%), soluble 

sugars (@2.4%) and fibres, minerals, phenolic compounds (@ 0.2%) [1ï4].  

Starch is useful in various industrial fields. However, in its native form has restricted 

limitations as low solubility in cold water, high viscosity, paste instability, etc. Talking in 

account this aspect, starch is frequently submitted to physical, chemical or enzymatic 

treatment, or their combinations in order to obtain some desirable properties to industrial 

applications [4, 5]. 

The heat-moisture treatment (HMT) of starches is a physical procedure that consists in 

add water upon starch (ratio ᾽35%) and following by heating to temperatures above its 

gelatinisation temperature (90ï120oC) and for some time (15 min ï 16 hours). This 

hydrothermal modification is a technique considered natural and safe. It causes some features 

in starch granules, acts within the amorphous and crystalline regions and without destroying 

granular structure of starch granules [5ï9].  

The main microscopic techniques used in observation of starches are: optical 

microscopy ï OM [2, 10, 11], scanning electron microscopy ï SEM [5-11], atomic force 

microscopy ï AFM [4, 12, 13]. In a previous review [14] has been reported the main 

characteristics (shape and size) of native starches from different sources obtained by SEM. 

Many starches have been classified as A-type, B-type and C-type, by X-ray powder 

pattern diffractometry technique (XRD). This classification is in agreement with the position 

of diffraction angle (2q). The A-type show higher peak intensity at 2q at 15Ü, 17Ü, 18Ü and 

23Ü; the B-type with higher peak intensity for angles of refraction 2q at 5Ü, 6Ü, 15Ü, 17Ü, 22Ü 

and 23 Ü. The C-type is a blend of A and B with peaks at 2q at 15Ü, 17Ü, 22Ü and 23Ü [16]. On 

the other hand, with this technique it is possible to calculate the relative crystallinity of starch 

granules [11ï13]. 

The ñpinh«oò is an unconventional source of starch, recognized for its nutritional value, 

and therefore encourages studies that enable its application. Thus, modifications can be tested 

to understand the behaviour of starch under different conditions employed. Physical 

modification, such as HMT, is widely valued as an environmentally friendly technology. 

Therefore, the aim of this study was to evaluate the main morphologic and structural 

properties of untreated and modified starch by heat-moisture treatment (HMT) of ñpinh«oò 

seeds.  

 

 

Materials and methods  
 

Materials 

 

The ñpinh«oò seeds were purchased from a popular market in the city of Ponta Grossa-

PR-Brazil. 
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The starch was extracted in aqueous medium according the methodology described by 

Bet et al.,[1]. After extraction the starch was filtered and dried in an oven at 40oC by 24 hours 

and maintained in a desiccator up to constant mass. 

 

Methods 

 

Amylose Content 

The amylose content of ñpinh«oò starch was performed in agreement with literature [1]. 

A potentiometric titrator (702 SM Titrino, Brinkmann Instr., NY) was used in determination 

of iodine affinity (IA). The procedure was performed in triplicate. The calculation of the 

amylose content, the IA value of starch was divided by the IA according the Equation 1: 

           

Amylose (%) = 100% IA / 0.2                                                 (1) 

 

Physicochemical Analysis 

 

The moisture, ash, protein and fat content were determined as AOAC methodology [19]. 

 

Heat Moisture Treatment (HMT)  

 

The heat-moisture treatment (HMT) of starches were performed in the following way 

[11]: an aliquot of 100 g ñpinh«oò starch was divided in four portions with 25 g. All samples 

were maintained in desiccator with anhydrous calcium chloride up to constant mass. Each 

sample show 8.1% moisture. One sample (untreated) was maintained in desiccator and 

labelled (a). Upon the second was added distilled water up to 10% (b); upon the third up to 

15% (c) and upon the fourth up to 20%, respectively. The samples (b, c and d) were 

homogenised and transferred to tree pressure flasks., sealed tightly with a hermetic lid. So, 

the flasks were maintained in an autoclave for 60 min at 120oC. After this time, the flasks 

were opened and maintained in desiccator up to constant mass. 

 

Scanning Electron Microscopy (SEM) 

 

The micro-images of each sample were observed with high resolution using a Scanning 

Electron Microscope (model VEGA 3 Tescan, Czech Rep.) [10]. Initially, the samples were 

sprayed on a carbon tape and metalized with gold and so observed. It was possible to observe 

the shape and measure it size as well as the average diameter (da) of a number of granules. 

 

Atomic Force Microscopy (AFM) 

 

Micro-images of ñpinh«oò starches were observed with high resolution using an atomic 

force microscope SPM 9600 (Shimadzu, Japan), by the non-contact method [8]. The starch 

samples were spread directly onto an adhesive tape fixed in the AFM sample holder. The 

micro-images of samples were observed with high resolution in 2D or 3D. Measurements 

and average diameter ñdaò can be performed. With the scanning of surface of a set of granules 

it is possible to observe that this surface has irregularities. Thus, more or less smooth parts 

can be observed with protrusions and depressions. The measurement parameter that 

corresponds to the arithmetic mean of the absolute values of the distance ordinates (y1, y2, y3, 

..., yn), divided by the number of measurements (yn) in the considered distance (dn), Figure 1. 
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Figure 1. Measurements of average roughness (ra) 

 

The Equation 2 was used in the calculation of average roughness (ra): 

 

ra = y1  +  y2  + y3  +  ...  = yn / n                                          (2) 

 

X-ray Powder Pattern Diffractometry (XRD)  

 

The X-ray diffractogram of each sample was obtained by the instrument Ultima IV 

(Rigaku, Japan). The following parameters were used: Cu K a radiation (l = 1.544¡), 

voltage 40 kV and current 30 mA; scanning speed 2 min-1, step 0.02, Bragg-Brentano 

geometry of 5 Ü < 0 < 80o (2q). The main degrees of diffraction angles were observed and 

registered. The relative crystallinity was calculated in agreement with Equation 3, as 

described in literature [7, 12].  

 

Rc = Ap / (Ap + Ab) .100                                               (3) 

 

where: Rc = relative crystallinity; Ap = peak §rea; Ab = base area 

 

 

 

Results and discussion  
 

The amylose content in the studied ñpinh«oò starch was 26.3%. Similar values were 

found by Bello-P®rez et al. and Costa et al. [10, 12].  

The moisture content for untreated and HMT modified starches were, 8.5%, 6.4%, 7.0% 

and 7.4%, respectively. 

The ashes were determined quantitatively and the values obtained were: 1.44%, 1.08%, 

1.39% and 0.85%, respectively. 

The protein (2.12%) and fat (0.44%) content were determined only for untreated 

"pinh«o" starch, due to the changes that these macronutrients can undergo during HMT. 

 

Scanning Electron Microscopy (SEM) 

 

The microimages obtained by SEM are collected in Figure 2.  
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a                                                        b  

 

    
c                                                          d  

 
Figure 2. Scanning electron microscopy (SEM) of ñpinh«oò starch granules (a) untreated;  

(b), (c), and (d), treated by HMT (magnification 1200 X, bar 10 mm) 

 

 

According to the micrographs observed by SEM, the starch granules of the "pinh«o" 

presented a rounded or oval shape, besides a flat face with some protuberances and 

depressions. No aggregation of granules was found in this investigation. Pinto et al., 2015, 

found aggregation in pinion starch granules when they were modified with moisture Ó25% 

[6]. The mean diameter of untreated and modified starches measured by SEM was 14.65 mm; 

the smallest granules had a diameter of 8.1 mm and the largest 23.6 mm. Conto et al., 2011 

[15], found values of 10-25 mm. The measurement of the average diameter (da) by SEM is 

shown in Table 1. 

 

Atomic Force Microscopy (AFM) 

 

This tool was used as the contactless method (AFM-NC). The samples were spread 

directly on an adhesive tape fixed on the sample holder, and this was enough to immobilize 

the granules and avoid contamination of the starch surface. In Figure 3(a) scan size (24 x 24 

Õm), a 3D acquisition image of the typical untreated ñpinh«oò starch granule demonstrating 

an oval shape is shown. On the surface we can see that it is relatively smooth with depressions 

and shallow grooves. Below Figure 3(b), the same 2D image of the starch granule with the 

measurements and next to the segments A-B, C-D, E-F, G-H that represents the height profile 
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of the morphological surface. Considering the values found for the cross-section segments: 

A-B = 20.67 Õm, C-D = 15.01 Õm, E-F = 16.65 Õm and G-H = 19.46 Õm, the average 

diameter (da) found for this granule was 17.95 Õm. However, at least three similar 

measurements must be made and the mean as well as a larger number of granules must be 

calculated. The graph of the section in Figure 3(b), right, corresponds to the measurement of 

the surface topography from different angles of the granule and is used with the software of 

the instrument to calculate the average roughness (ra), which was 302.4 Õm for this granule. 

In Figure 4, with the resolutions of 120 x 120, 50 x 50 Õm, as in Figure 3, the 2D 

microimage of ñpinh«oò starch granules is represented. Here each segment A-B, C-D, E-F, 

G-H, displayed in a group of granules in each Figure, corresponds to a section measurement 

(in Õm) that can be used to calculate the average diameter of each granule. On the right side 

of Figure 4-b, the segments displayed correspond to the surface of the starch granules and 

are used to calculate the average roughness (ra), according to Equation 2. 

 

 
Figure 3. NC-AFM, 3D (a) and 2D (b) topographic micro-images of untreated ñpinh«oò starch 

(scan size 24 x 24 Õm), height difference 2.02 Õm, and the cross section 
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Since in a large amount of starch granules, they displayed different sizes, with each 

segment it is possible to measure different granules. Thus, other measurements are made in 

resolutions 20 x 20, 50 x 50, 80 x 80, 100 x 100 and 120 x 120 Õm and in each one of them 

at least 4 measurements are made with 3 repetitions. Therefore, as shown in Figure 3, the 

measurements were made using the software of the instrument and it was possible to 

determine the average diameter (da) of the granules and the average roughness (ra) of the 

surface granules 

 

 

 
 

Figure 4: NC-AFM, 2D micro-image of untreated ñpinh«oò starch  

(a) and (b) ï scan size 120 x 120 Õm, height difference 4.29 Õm;  

(c) and (d) ï scan size 50 x 50 Õm, height difference 2.61 Õm. 

 

In Figure 5 we can observe the 3D microimages of each sample of ñpinh«oò starch 

granules (untreated and after HMT with 10, 15 and 20% moisture), under a scan size of 50 

x 50 Õm.  
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Figure 5. NC-AFM 3D micro-images of:  

(a) ï untreated ñpinh«oò starch granules;  

(b) ï ñpinh«oò starch granules with 10% moisture and after 60 min at 120 ÜC;  

(c) ï ñpinh«oò starch granules with 15% moisture and after 60 min at 120 ÜC;  

(d) ï ñpinh«oò starch granules with 20% moisture and after 60 min at 120 ÜC. 

 

Visually it is possible to verify that some changes occurred in the structure, mainly in the 

roughness, which increased proportionally with the increase of moisture in the HMT and 

heating for 60 minutes at 120 ÜC. The roughness was calculated according to Equation 2 and 

the values are represented in Table 1. 

 
Table 1  

Average diameter (da) of ñpinh«oò starch granules measured by SEM and AFM and average 

roughness (ra) measured by AFM 

(a) ï untreated ñpinh«oò starch granules;  

(b) ï ñpinh«oò starch granules with 10% moisture and after 60 min at 120 ÜC;  

(c) ï ñpinh«oò starch granules with 15% moisture and after 60 min at 120 ÜC;  

(d) ï ñpinh«oò starch granules with 20% moisture and after 60 min at 120 ÜC. 

 

Samples SEM ï da (mm) AFM ï da (mm) AFM ï r a (mm) 

(a) 10.85  10.64 321.68 

(b) 9.56 9.29 426.15 

(c) 9.67 9.37 439.72 

(d) 10.48 10.26 470.06 

X-ray Diffractometry (XRD)  
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The X-ray diffractometer pattern of untreated and modified ñpinh«oò starches is shown 

in Figure 6. The values of the main peaks in the diffraction angle 2q are shown in Table 2. 

The analysis of these figures and values reveals that ñpinh«oò starches are semicrystalline 

solids, with main peaks (2q) around 15, 17, 18 and 23o, characteristic of C-type. 

 

 
 

Figure 6. X-ray Diffractograms (XRD) of:  

(a) ï untreated ñpinh«oò starch granules;  

(b) ï ñpinh«oò starch granules with 10% moisture and after 60 min at 120 ÜC;  

(c) ï ñpinh«oò starch granules with 15% moisture and after 60 min at 120 ÜC; 

(d) ï ñpinh«oò starch granules with 20% moisture and after 60 min at 120 ÜC. 

 

 

According to the literature [17], the C type starch pattern is a semicrystalline polymorph 

characteristic of cereal and tuber starches, being a mixture of A and B polymorphs. 

The relative crystallinity (RC) of untreated ñpinh«oò starch and modified HMT was 

calculated. The results obtained are in Table 2, and a decrease in RC with an increase in HMT 

was observed. This behaviour was observed by other authors [7]. The differences in values 

may be associated with the starch extraction method, which in this study was performed by 

aqueous methodology.  
Table 2 
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XRD values of: (a) untreated ñpinh«oò starch granules;  

(b) ñpinh«oò starch granules with 10% moisture and after 60 min at 120 ÜC;  

(c) ñpinh«oò starch granules with 15% moisture and after 60 min at 120 ÜC;  

(d) ñpinh«oò starch granules with 20% moisture and after 60 min at 120 ÜC. 

 

 

Sample 

Peaks 

(2q) 

Peaks 

(2q) 

Peaks 

(2q) 

Peaks 

(2q) 

Peaks 

(2q) 

Relative 

crystallinity 

(Rc)% 

(a) 15.09 17.05 18.10 18.75 23.30 20.94 

(b) 15.11 17.12 18.05 18.60 23.11 19.89 

(c) 15.23 17.10 18.01 18.66 23.00 19.02 

(d) 15.80 17.22 18.00 18.62 22.94 17.76 

 

 

 

Conclusion  
 
Untreated and modified HMT ñpinh«oò starch granules were investigated by SEM and 

AFM microscopy techniques, and the results were similar between the two techniques. Some 

changes could be observed in the surface of the granules when analyzed by AFM, mainly in 

the average roughness that increases with heat-moisture treatment. The XRD technique 

allowed to determine the characteristics of type C and to calculate the relative crystallinity 

that decreased with the treatment performed. 
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 Abstract  

 Introduction . The aim of this study was to monitor the colour and 

stability of foam of different types of beer (light and dark beer) using a 

non-destructive method - computer vision and digital image analysis.  

Materials and methods. Beer colour and beer foam stability of 

different beer types (declared as dark and light beer type) were measured 

using computer vision method. Beer foam stability, expressed as change 

in foam height over time, is modelled using an exponential decay model. 

Measurement of foam decay generally involves measuring beer drainage 

or the decreasing height of the head. 

Results and discussion. The dark beer was less bitter (16.75 IBU), 

with higher polyphenol content (181.80 EBC), compared to the light beer 

style (bitterness was 26.50 IBU, total polyphenol content 103.50 EBC). 

Alcohol content was mostly below 5% (4.82% for the pale beer and 

4.90% for the dark beer), and pH was 4.39 for the pale beer and 4.43 for 

the dark beer. Beer colour was expressed in the CIEL*a*b*  colour 

system, with darker beers having lower values for lightness (L*  = 28.7), 

higher values for a* = 10.4, and lower values for b* = 4.4. In contrast, 

light beers were brighter (L*  = 65.5), with lower values of a* = 7.7 and 

higher values of b* =  4.4. Dark beers had higher EBC, lower L* , and 

higher a* values than pale beers due to the use of colouring malts that 

were kilned and roasted at a higher temperature at which Maillard 

reaction products were formed. The change in beer foam over time is a 

combination of liquid removal and bubble decay. The dark style of beer 

showed much more stable foam than the light beer. Beer foam height was 

statistically different (p< 0.05) between light and dark beer, with dark 

beer samples having higher initial foam height (66.1 mm) compared to 

light beer (48.7 mm). Dark beer samples had lower values of rate constant 

(0.0091 s-1) and higher values of foam half-life time (76.1 s), implying 

that dark beer had more stable foam than light beer. In contrast, light beer 

samples had higher values of the rate constant (0.0110 s-1) and lower 

values of the foam half-life time (63.2 s). The applied mathematical 

model (exponential decay model) was found to be suitable for predicting 

the change in foam decay rate and foam stability of light and dark beer 

samples. Moreover, the values of foam height of dry and wet part of foam 

were well predicted by the exponential decay model. 

Conclusions. Computer vision has been shown to be a suitable, 

objective, reproducible, and reliable method for measuring the colour and 

stability of beer foam (total foam, wet foam, and dry foam) for light and 

dark beer varieties. 
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Introduction  
 

Among the important parameters of beer quality are the colour of beer, its clarity, 

bitterness and the volume fraction of alcohol. The colour and clarity of beer are expected to 

be constant after production and during storage and sale [1]. According to the colour of beer, 

we divide it into light, red, dark and black. The colour of beer conveys an important message 

to the consumer, so the darker colour of beer suggests a stronger taste and aroma, a higher 

percentage of alcohol and a richer fullness of beer, while the lighter colours of beer are just 

the opposite. [1,2] There are several methods for measuring beer colour like the Lovibond 

comparison system method, the spectrophotometric method, the tristimulus colorimetric 

method and the computer vision method [3].  

The quality of the foam influences the overall perception of the consumer to a great 

extent. Therefore, the control of foam behaviour is essential. The physical properties 

responsible for beer foam behaviour are: foam or head formation, foam collapse, foam 

drainage, or head retention, bubble collapse, and bubble cling, lacing, or foam adhesion. [2,4] 

Numerous methods and procedures have been proposed to determine foam 

characteristics. Some of them are based on the rate of the drainage of liquid from the foam, 

like the Blom or Rudin method. The Blom method [5] is based on the rate of liquid drainage 

from the foam, where the rate of drainage is described as first order kinetic. After a short lag 

period, the logarithm of the weight of the foam is proportional to time. The Rudin tube 

method [6] uses a long tube of small diameter with the CO2 injection for foam formation in 

the degassed samples. Some methods are based on the measurement of foam collapse, where 

the foam is measured by focusing a microscope onto the foam surface [3]. The most popular 

method to measure foam collapse is the NIBEM foam stability tester where foam collapse is 

measured with a conductivity probe, which follows the upper foam level as a function of 

time. The time elapse from 1 ï 4 cm below the top of the glass is measured every cm and 

taken as a measure for foam behaviour. Other methods are based on the measurement of the 

conductivity of a foam or methods based on determining bubble-size distribution in aqueous 

foams. In general, it is possible to categorize foam measurement analysis methods by means 

of foam generation into two groups. [7] 

The first group generates the foam using ñnaturalò pouring techniques (Constant method, 

the foam collapse time by Yasui, the cylinder pour test by Vundla) [8,9]. The second group 

is artificial methods, which assess the foam stability using beer that is not carbonated. These 

foams are generated by gassing through porous frits, (Ross and Clark and Rudin) [6,10], 

passing through nozzles (Steinfurth Foam Stability Tester and Lg Foam tester 

(MEBAK))  [11], or by employing other methods such as shaking [12,13] or flashing 

(NIBEM) [8].  

Most of the standard methods for measuring beer foam stability are based on 

measurements of the weight or volume of the liquid collapsed from the foam [5,6,14,15] and 

they have several limitations (Foam is generated in an atypical way, so the resulting foam are 

different from those of foam produced by typical beer-pouring methods; Liquid drainage is 

only one of the factors related to foam stability). Evans et al. [16] concluded that the ideal 

foam measurement method would be to assess beer foam quality with a combination of digital 

camera and image analysis software.  

Given the need for objective instrumental measurements of colour in the coloured and 

almost translucent samples, the purpose of this paper was to find the method that can 

simultaneously determine the colours of both light and dark beer. In this study the same 

mathematical model (exponential decay model) was applied to model of the wet and dry parts 

of beer foam. Furthermore, the same method was applied for the purpose of determining the 
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foam stability of these two different types of beer. So far, there has been no research on the 

stability kinetics of beer foam, which would include both dark and light beer style. The beer 

model was improved by separating the wet part of the beer foam from the dry part of the 

foam, and by distinguishing between the contribution of drainage and condensation to the 

beer foam collapse. The basic concept was to develop a customer-oriented approach, so that 

values are measured in a consumer-use situation. 

The aim of this study was to monitor the colour and stability of the foam of different 

types of beer (light and dark beer) using a non-destructive method ï computer vision and 

digital image analysis.  

 

 
Materials and methods  
 

Materials 

 

For this study, two bottled lager beer style sample sourced from Osjeļka pivovara d.d. 

(Osijek, Croatia) were used one declared as dark beer and the other as light beer. Six bottles 

per beer sample from two different batches (purchased in 2018 and 2019) were used for all 

the analyses. All measured parameters were made in four replicates, and average values were 

used for data analysis. 

 

Physical-chemical analyses 

 

Beer alcohol content was measured on an Alcolyzer (Anton Paar GmbH, Austria). 

Standard beer analyses and determination of colour, bitterness, total polyphenols and pH 

were carried out according to EBC methods 9.6, 9.8, 9.11 and 9.35 (Analytica-EBCÈ, 

2010) [17]. Standard method for foam stability evaluation were conducted according to the 

MEBAK method 2.18.2 (MEBAKÈ, 2012) [11], using the NIBEM-TPH foam stability tester 

with the Inpack 2000 Sampling Device, type ISD (Haffmans, Holland). 

 

Analysis of beer colour with computer vision 

 

The colour stability of beer samples was 

evaluated with tristimulus analysis by using 

computer vision. The computer vision 

method is implemented in several steps: 

image acquisition, image analysis and 

extracting the features of interest.  

 

Image acquisition. To acquire an 

image of beer sample, a digital camera was 

used (Canon EOS 1100D). Before shooting, 

the camera was calibrated with a Datacolor 

SpyderCHECKRÊ calibration plate. 

Before the experiment, the beer samples 

were degassed, so that gas bubbles did not 

affect the colour measurements. Beer 

samples were held at 6 ÁC, and analyses 

were performed at ambient temperature 
 

Figure 1. Cylindrical pilsner beer glass [18] 
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( 20 ÁC). Before analysis, the beer samples were degassed by gently stirring with a magnetic 

stirrer and the sample was ýltered through a 0.45 ɛm membrane ýlter. A 100 ml of each beer 

sample was poured into a cylindrical pilsner beer glass, and placed inside the photographing 

chamber at a distance of 50 cm from the camera lens. The 24-bit coloured images was 

captured in TIFF format and sRGB colour model. The cylindrical pilsner beer glass used in 

the analysis is shown in Figure 1. The photographing chamber was illuminated by four LED 

lamps with a diffuser located on the outside. 

 

Image analysis. After photographing, the colour of the samples was determined using 

the digital image analysis method. A digital image processing software, ImageJÊ (Wayne 

Rasband, National Institute of Health, Maryland, USA), was used to analyse the images 

obtained during colour tests. The results of colour measurement were expressed as values of 

red (R), green (G) and blue (B) in the RGB colour system. The obtained colour values were 

converted to the CIEL*a*b* colour model.  

 

Analysis of foam collapse rate and foam stability using the computer vision 

 

Analysis of beer foam was performed using the computer vison method in three steps: 

foam generation, measurement of foam height and foam collapse time, and calculation of 

foam stability value.  

Before analysis beer samples were held at 6 ÁC, and analyses were performed at ambient 

temperature (20 Ñ1 ÁC). Foam is generated by natural pouring using the adopted method 

reported by Yasui [9], where a volume of 100 ml of beer was poured freehand into a 400 mL 

cylindrical pilsner beer glass from a precisely defined height. The angle between the bottle 

and the glass was adjusted to ensure that the beer struck the bottom of the glass and was 

poured as a steady stream for the duration of the pour. 

 

 
 

 

Figure 2. Beer foam collapse determined using the image analysis method [19] 
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The profile of the beer in a glass was recorded by a CCD-camera every 5 s for 10 min 

(600 s) period. After the image of foam profile was captured, photographs were subjected to 

digital image analysis, and the percentage of foam layer was measured using a computer 

software program ImageJÊ. The 24-bit coloured foam images captured during tests were 

converted into an 8-bit format (Figure 2). After that, the images were converted to binary 

images using a procedure called thresholding and then the height of foam was calculated 

[20].  

The beer height measurements were taken from the inside bottom of the glass to the 

beer/foam interface. The foam measurements were calculated according to Equation 1- 2 

[21]. The values for both the liquid and wet part of the foam were used for further 

mathematical modelling procedure.  

 

Ὄ ὈὊὖ Ὄ Ὂ Ὄ ὒ Ὄ ὒ (1) 

Ὄ ὡὊὖ Ὄ Ὂ Ὄ ὈὊὖ (2) 

where: 

Ht (DFP) ï height of the dry part of the foam after a certain time t, 

Ht (WFP) ï height of the wet part of the foam after a certain time t, 

Ht (F) ï foam height after a certain time t, 

Ht (L) ï height of the liquid after a certain time t, 

Hmax (L) ï maximum height of the liquid, at time t = 600s. 

 

Several parameters were extracted from the images: foam height, liquid height (beer 

beneath foam), and some parameters were calculated (foam collapse rate and foam half-life). 

The results of the image analysis showed the change in the height of the foam column, over 

time (Figure 3).  

 

Modelling the change in foam column height over time 

 

The method is based on the simultaneous measurement of the level of the foam-liquid 

interface and the foam height as a function of time. The height of the foam, the height of the 

wet part of foam and dry part of the foam, rate constant and foam half-life time (or head 

retention value) was thus obtained. The exponential decay model was used to predict the 

foam stability of different types of beer. Foam collapse follows an Exponential Decay Law 

(EDL) [5], where the foam height at time can be expressed as the following function of time 

(or first-order reaction model): 

Ὄ Ὄ Ὡ  (3) 

ὸȾ
ὰὲ ς

Ὧ
 (4) 

where: 

H0 ï initial height of the foam at time t=0, 

Ht ï height of the foam after a certain time t, 

k ï rate constant (s-1), 

t ï time (s), 

t1/2 ï foam half-life time (s) or Head Retention Value (HRV). 
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Figure 3. Dynamics of beer foam stability measured using digital image analysis 

 

 

The beer model was improved by separating the wet part of the beer foam from the dry 

part of the foam, and by distinguishing between the contribution of drainage and 

condensation to the beer foam collapse. In this study the same mathematical model 

(exponential decay model) was applied to model the wet and dry parts of the beer foam [21]. 

The XLSTAT plugin in MS Excel was used to process the experimental data, and the 

model parameters were calculated using regression analysis. The success of the 

approximation of experimental data by mathematical models was evaluated on the basis of 

several statistical criteria: 

 

Coefficient of determination, Ὑς (5) 

Mean square error, ὙὓὛὉ ϽВ Ὄ
ȟ
Ὄ

ȟ
 (6) 

 

 

Statistical analysis 

 

Data were expressed as means Ñ standard. Analysis of variance (ANOVA) was 

performed using the XLSTAT add-in within the MS Excel program (Addinsoft, NewYork, 

USA). Differences were considered to be significant at validity of Ŭ = 0.95. 
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Results and discussion  
 

Quality indicators such as foam stability, alcohol content, pH value, bitterness, 

polyphenols content and colour are important for consumers and reveal much about the beer 

type. The results of the physicalïchemical analyses are shown in Table 2. 

The dark beer style showed much stabile foam than light. Alcohol content was mostly 

below 5% as well as pH value, which was almost the same for all beer styles (below 4.4). 

The ethanol content of beer is very important, from both an economic and sensory points of 

view, as it is used to classify beers in terms of taxes and taste. The dark beer type was less 

bitter, with higher polyphenolic content and EBC colour value, in comparison to the light 

beer style (Table 2). Typically, the colour of the beer is due to the malt and other raw 

materials that were used in the brew house [7] and is largely due to the melanoidins and 

caramel present in the malt, although further caramelization can take place during wort 

boiling. 
 

Table 1  

Results of the analysed beer parameters 

 

Beer 

type 

Foam 

stability  

(min) 

Alcohol v/v 

(%) 
pH value 

Bitterness 

(IBU) 
Total 

Polyphenols 

(EBC) 

Colour 
(EBC) 

Light 7.00 Ñ 0.08b 4.82 Ñ 0.22a 4.39 Ñ 0.04a 26.50 Ñ 3.00a 103.50 Ñ 7.19b 9.80 Ñ 2.69b 

Dark 10.00 Ñ 0.09a 4.90 Ñ 0.16a 4.43 Ñ 0.08a 16.75 Ñ 3.86b 181.80 Ñ 6.22a 72.14 Ñ 1.71a 

Values are means of four replications Ñ SD.  

Values in the same column with different superscripts (a-b) are significantly different (p<0.05) 

 

Colour formation occurs in beer during caramelization and Maillard reactions. 

Caramelization can produce hundreds of different chemical products in different colours, but 

most of them are brown. Maillardôs reactions contribute to the colour of the beer by forming 

melanoidins during them, which give the beer a darker colour. Also, some products of 

Maillardôs reactions, such as furans, furanosines, pyrroles, and pyrazines affect the colour of 

beer. The increased concentration of these compounds in beer will cause beers to be darker, 

while a smaller amount of these compounds yields lighter beers [22]. Furthermore, the colour 

of beer is influenced by the polyphenols found in barley, and when malt is cooked, 

polyphenolic components are released, and some new components are formed, and colour is 

formed as well. During the storage and/or aging of beer, polyphenol oxidation can occur, 

which is very noticeable in light beers [23]. In darker beers, colour change due to polyphenol 

oxidation is masked by the colour of coloured and roasted malt. Furthermore, oxidation of 

the polyphenol can lead to an enhanced protein-polyphenol interaction and the formation of 

haze of non-biological origin. The colour change of beer due to a polyphenol oxidation is 

most noticeable in light beers during storage and/or aging of beer [1,24]. 

Low EBC values denotes (light) pale beer, and higher EBC values describe darker beers. 

Figures 4ï6 show the colour measurement results of two different beer samples declared as 

dark and light lager beer. The colour of the samples was measured using the computer vision 

method and represented as CIE L* , a* and b* values. The lightness (L* ) is achromatic 

component of CIE colour space in the range 0-100, the higher the L* , the lighter the sample. 

The a* and b* values are chromatic component of the CIE colour space, and can be between 

ï 127 and + 127. The chromatic component a* indicates the presence of a green-red colour 
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(smaller a* means green, and the higher a* denotes red colour of sample). The chromatic 

component b* indicates the presence of a blue-yellow colour (smaller b* means blue, and the 

higher b* denotes yellow colour of sample). 

 

 
 

Values are means of four replications Ñ SD. 

Values with different letters (a-b) are 

significantly different (p<0.05) 

Figure 4. Results of the brightness value 

for different beer samples 

 

 
Values are means of four replications Ñ SD. 

Values with different letters (a-b) are 

 significantly different (p<0.05) 

Figure 5. Results of the green-red chromatic 

component value for different beer samples 

 

 
Values are means of four replications Ñ SD. 

Values with different letters (a-b) are  

significantly different (p<0.05) 

Figure 6. Results of the blue-yellow chromatic  

component value of different beer samples 

 

 

 
 

 

 

As can be seen in Table 2 and on Figures 4ï6, light beer had the lower EBC values, the 

higher L*  values and lower a* values than a dark beer. That indicates that these are the palest 
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samples as they do not contain or contain a very low amount of special malts, which can 

contribute to their colour. Dark beer had higher EBC, lower L*  and higher a* values than 

pale beer, due to the use of colouring malts which were kilned and roasted at a higher 

temperature where Maillard reaction products were formed [25]. 

 

Results of foam stability measurements of different beer samples using the 

computer vision system and image analysis 

 

The foam stability of different types of beer was analysed by CVS and image analysis 

and expressed as the change in the height of the foam column (H0) over time (t). Figures 7 ï 

8 shows the collapse of the head of a beer poured into a glass. 

 
 

 
Values are means of four replications Ñ SD. 

Figure 7. The height of the beer foam as a function of time (dark beer) 
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Values are means of four replications Ñ SD. 

Figure 8. The height of the beer foam as a function of time (light beer) 

 

 

 

The decay of beer foam takes place in three phases, i) the initial phase ï it takes about 

300 seconds, where the liquid beer drainage is driven by gravity, ii) the consolidation phase 

ï characterised by an increase of the concentration of polypeptide material in the foam 

leading to bubble coalescence and foam collapse, iii) the residual phase. 

When a beer is poured into a glass the initial burst of CO2 creates foam with a high 

liquid fraction. There are actually two types of foam: "wet foam" consistingôs of spherical 

bubbles with liquid beer between them and "dry foam" consisting of polyhedral bubbles with 

no liquid between them. Liquid foam slips and slides while dry foam is stiff and sticky. The 

drainage of beer from the foam begins as soon as the pour is complete. The rate of foam 

collapse depends on the progress of three physical processes involved in the breakdown of 

the foam: drainage, coalescence and disproportionation. When beer is poured into a glass, 

initially, drainage is the main process, and at a later stage, coalescence and disproportionation 

become more important. Creaming, also called beading, is the continuous formation of new 

bubbles. Creaming is how foam forms from bubbles rising out of a glass of beer. Drainage is 

the liquid flow from a foam to the liquid underneath. It is not well-defined where creaming 
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stops and drainage begins. The main driving force for both processes is gravity. Drainage 

occurs if the bubbles become more densely packed. The foam becomes dryer, and the bubbles 

become deformed. Coalescence in foam is the merge of two bubbles caused by the rupture 

of the film between the bubbles. Two smaller bubbles become one larger bubble [26]. 

Figures 7ï8 show the experimentally obtained and model-predicted values of the height 

of the foam column change as a function of time for the dark and light beer style. The values 

of the height of the beer foam H0 of the dry and wet part of the foam was well predicted with 

the exponential decay law model, in contrast to the predicted values of the height of the beer 

foam for the initial foam. The diagram shows the exponential decay of the beer head 

associated with the measurement. The regression curves match the measured data well, which 

means that the beer foam collapsed quickly, as does the beer drainage. Correspondingly, the 

model of beer height estimate well the real height. This was expected because at the 

beginning of the foam decay, the packing density of the bubbles in the foam was much less 

than later in the experiment (which leads to a rapid loss of beer in the foam in the first 30 

seconds following the pour) [27].  

Using regression and curve fitting techniques, the generalized parameters for each foam 

sample was obtained, which is shown in Tables 3ï5. The success of approximation of 

experimental data by the selected mathematical model was analysed on the basis of several 

statistical criteria. In this paper, the coefficient of determination (R2) is presented, which 

would ideally have a value of 1, and the mean square deviation (RMSE) at which smaller 

values indicate a more successful approximation of the data by the applied model. In 

Tables 3ï5, a comparison of R2 for the least squares regression of the change in the height of 

the foam column over time indicates that R2 was higher in the dry foam set, (dark beer 

R2 = 0.9972, light beer R2 = 0.9765) than in the wet part of the foam (dark beer R2 = 0.9595, 

light beer R2 = 0.9201) or in the total foam (dark beer R2 = 0.9893, light beer R2 = 0.9695). 

This is a consequence of in-creasing the variance in the pour value for dry foam since it 

contains the variance from three measurements [28]. 

 
Table 2 

Statistical analysis and parameters of an exponential decay mathematical model for foam stability  

 

Beer 

type 
H0 (mm)  k (s-1)  t1/2 (s) R2 RMSE 

Dark 66.1 Ñ 2.0  0.0091 Ñ 0.0004  76.1 Ñ 3.4 0.9893 1.7242 

Light 48.7 Ñ 1.4  0.0110 Ñ 0.0000  63.2 Ñ 0.1 0.9695 2.2525 

p-value 0.0194*  0.0465*  0.0640   

Values are means of four replications Ñ SD. Values marked with *are statistically significant  

(p < 0.05). 

 

The effect of drainage time on the amount of beer in the foam was similar to curves found 

by Blom [5], who suggested a first-order reaction model, i.e., the rate of collapse decreases 

logarithmically with time. After the mathematical modelling of the beer foam stability, the 

parameters of the exponential decay model were obtained: the rate constant k and the foam 

half-life time t1/2. If the values of the rate constant are lower and the foam half-life time is 

higher, then the foam of the analysed samples is more stable.  

Considering the obtained results of the height of the beer foam, there was a statistically 

significant difference (p<0.05) between the light and dark beer, where the samples of dark 
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beer showed a higher initial height of foam (Table 3). There was a statistically significant 

difference between the values of rate constant and no statistically significant difference 

between the values of foam half-life time in the observed beer samples. Dark beer samples 

had lower rate constant (0.0091 s-1) values and higher foam half-life time values (76.1 s), 

which means that dark beer had more stable foam than light beer. The foam height of the 

light beer was less stable than that of dark beer (Table 3). This means that the growth of the 

bubble size in the case of the light beer type mentioned leads relatively quickly to bursting. 

The foam-forming proteins of the dark beer type on the other hand, appear to stabilize the 

large foam lamellae well so that its fluffy, large-pored foam remains intact for a long time 

[29]. 

 
Table 3  

Statistical analysis and parameters of an exponential decay mathematical model for wet foam 

stability  
 

Beer 

type 
H0 (mm)  k (s-1)  t1/2 (s) R2 RMSE 

Dark 24.6 Ñ 0.7  0.0342 Ñ 0.0012  20.3 Ñ 0.7 0.9595 0.7659 

Light 19.7 Ñ 1.2  0.0279 Ñ 0.0029  25.1 Ñ 2.6 0.9201 0.9383 

p-value 0.0771  0.1786  0.2122   

Values are means of four replications Ñ SD. Values marked with *are statistically significant  

(p < 0.05). 

 

Table 4 shows the results of the stability of the wet part of the foam of light and dark 

beer. According to the values of statistical criteria it is evident that the exponential decay 

model fits well the experimental data (low values of RMSE for all analysed beer type) and 

can be used to predict the stability of the wet part of foam for the light and dark beer types 

[21]. Given the higher R2 values for dark beer samples, the model better predicts the stability 

of the wet part of the foam in dark beer samples. Considering the obtained results of the 

height of the beer foam of the wet part of the foam, there was no statistically significant 

difference between light and dark beer, where the samples of dark beer showed a higher 

initial height of the wet part of the foam (24.6 mm), higher rate constant (0.0342 s-1) values 

and lower foam half-life time values (20.3 s) which means that the dark beer type has a less 

stable wet part of the foam than the light beer type. 

 
Table 4 

Statistical analysis and parameters of an exponential decay mathematical model for dry foam 

stability  
 

Beer 

type 
H0 (mm)  k (s-1)  t1/2 (s) R2 RMSE 

Dark 51.5 Ñ 2.6bc  0.0078 Ñ 0.0005  88.1 Ñ 5.6 0.9972 0.6800 

Light 34.1 Ñ 1.5ef  0.0091 Ñ 0.0001  76.2 Ñ 0.9 0.9765 1.4704 

p-value 0.0289*  0.1325  0.1590   

Values are means of four replications Ñ SD. Values marked with *are statistically significant 

(p < 0.05). 
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The values of the rate constant and the foam half-life time indicated a higher stability of the 

dry part of the foam in samples of dark beer. They had lower values rate constant (0.0078 s-1) 

and higher values of the foam half-life time (88.1 s) of the loss of the dry part of the beer foam. 

Given the obtained results, it is evident that there was a statistically significant difference in 

the stability of the dry part of the foam between light and dark beer. 

The dark beer samples showed higher values of the height of the beer foam and longer foam 

half-life time of the dry part of the foam (Table 5). According to the values of statistical criteria 

for the success of approximation of experimental data by an exponential decay model, it can 

be seen that the used model fit well the experimental data (R2 values are high) and can be used 

to predict foam stability for both beer types, light and dark.  

 

 
Conclusion  
 

The computer vision system and image analysis have been shown to be a suitable, 

objective, reproducible, and reliable method for measuring the colour, foam breakdown rate, 

and foam stability of beer (namely, total foam, wet foam, and dry part of the foam). 

Furthermore, the method is sensitive enough that it can be applied to analyse different types 

of beer (light and dark). The parameters of colour coordinates (defined in CIEL*a*b* 1976 

colour space) measured in the entire visible wavelength range can distinguish beers more 

objectively than methods based on absorbance. 

The concept of using a simple technique (naked eye assessment of foam quality), has a 

high correlation with consumer perception of beer foam quality and can be improved by using 

computer vision technologies for objective assessment of foam quality parameters. 

The change in beer foam over time is a combination of liquid drainage and bubble decay. 

Measurement of foam decay generally involves measuring beer drainage or decreasing head 

height. From the foam stability results, dark beers have a more stable foam. The mathematical 

model used (exponential decay model) was found to be suitable for predicting the change in 

foam collapse rate and foam stability of light and dark beers. This model can be used as a 

cost-effective method for rapid screening of beers during processing to evaluate acceptability 

more efficiently 
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 Abstract  

 
 

Introduction . The aim of the study is to develop the scientific 

bases of antioxidant activity of water-alcohol infusions from 

vegetable raw materials and to identify the most promising plants 

as sources of natural antioxidants. 

Materials and methods. Alcohol infusions from vegetable 

raw materials, which were considered on morphological grounds: 

herbs (35 samples); roots and rhizomes (9 samples); flowers (7 

samples); tree bark (2 samples); dried fruits (18 samples); juicy 

fruits (29 samples). Methods of investigation: redoxmetry ï 

determination of antioxidant capacity of from plant raw materials; 

pH-metry. 
Results and discussion Infusions of alcohol from vegetable 

raw materials have a hydrogen index (pH) of 3.13 (Sudanese rose) 

to 8.17 units pH (Stinging nettle). 

The minimum theoretical value of redox potential (RP) (Ehmin) 

has a value from 159.1 mV (Stinging nettle) to 370.8 mV (Sudanese 

rose), and the actual value of RP (Ehact) from 8.0 mV) up to 308.5 

mV (Quince oblong). 

The minimum value of antioxidant (restorative) ability of 

alcohol infusions (REinf) is for Lemon fruits ï 18.8 mV, the 

maximum value of restorative ability ï 209.0 mV ï for alcohol 

infusion of Wild strawberry. 

The energy of reduction/oxidation of plant raw materials 

(REplant) relative to the alcohol mixture is in the range of reduction 

values from 124.5 mV (Wild strawberry leaves) to oxidative values 

of -65.7 mV (Lemon fruit). 

Alcohol infusions, depending on the activity of plant raw 

materials have a reducing ability (over 0 mV) ï 65% of samples and 

oxidizing capacity (less than 0 mV) ï 35% of samples. 

The creation of alcoholic tinctures with antioxidant action 

allows you to bring to market new products that favorably 

distinguish the range of manufacturers from the range of 

competitors, creating a positive image of the company. 

Conclusion The expansion of the range of alcoholic beverages 

with the use of alcoholic infusions from plant raw materials to 

enhance the antioxidant effect is justified. 
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Introduction  
 

One of the promising ways to form consumer properties and expand the range of alcoholic 

beverages is the use of various compositions of ingredients, food additives and biologically active 

substances [1ï10]. Such substances are designed to improve the organoleptic properties of 

alcoholic beverages, give them stable therapeutic [11] and prophylactic properties [12]. 

It is especially important to reduce the toxicity of ethyl alcohol and its impurities, alleviate or 

eliminate the hangover syndrome, by affecting the metabolism of ethyl alcohol and its impurities 

in the body [4, 5]. Creating alcoholic beverages with low toxicity [3, 13ï15] allows you to bring 

to market new products that distinguish the manufacturer's range from the range of competitors, 

creating a favorable image of the company [16], which cares about protecting consumers from the 

negative effects of alcoholic beverages [3]. 

Currently, the use of vegetable raw materials in the technology of alcoholic beverages is very 

relevant [17ï19]. Herbal beverages commonly consumed worldwide contain different chemical 

substances that display a broad spectrum of biological activities [20ï22]. They have gained 

growing interest among scientists and consumers due to their antioxidant properties [23]. The 

ability of plant phenolics to act as free radical scavengers has led to increased interest in their 

ability to act as antioxidants [24, 25]. At present, the antioxidant characteristics of all prescription 

components, food additives, biologically active substances and their combinations have not been 

sufficiently studied [26, 27, 28]. 

RP is an important indicator of the biological activity of solutions [29]. It characterizes the 

deviation from the ionic balance of free electrons in a liquid medium. Changing the concentration 

of free electrons leads to a change in its electron charge and, accordingly, the RP. If the RP is 

positive, it indicates the oxidizing ability of the solution, negative indicates recovery ability. The 

value of RP allows to estimate the energy of processes, that is, characterizes the activity of ions in 

redox reactions [30, 31]. Redox reactions affect the ratio of energy to support homeostasis ï 

relativity of dynamic constancy of composition and properties of internal environment and 

stability of basic physiological functions of an organism. This ensures the vital activity of any 

organism. The magnitude of this rate depends on the ratio and concentration of oxidized and 

reduced substances in the body, including substances coming from food and beverages, so one of 

the main factors in the regulation of redox reactions is the RP [30, 31]. 

These circumstances determine the relevance of this work, which is to develop water-alcohol 

extracts of vegetable raw materials in the technology of alcoholic beverages. Creating alcoholic 

beverages with reduced toxicity through the introduction of water-alcohol infusions from 

vegetable raw materials antioxidant properties, allows to create products, which favorably 

differentiates them from competitors, creating a favorable image of the institution, which cares 

for the protection of consumers. 

At present, the antioxidant characteristics of all prescription components, food additives, 

biologically active substances and their combinations have not been sufficiently studied. 

The aim of the study is to develop the scientific bases of antioxidant activity of water-alcohol 

infusions from vegetable raw materials and to identify the most promising plants as sources of 

natural antioxidants. 

When achieving this goal, it is necessary to solve the following problems: 

ī To substantiate the prospect of using water-alcohol infusions from vegetable raw materials 

in the production of alcoholic beverages; 

ī To establish the value of the restorative capacity of water-alcohol infusions from vegetable 

raw materials; 

ī Identify the most promising sources of natural antioxidants for use in alcoholic beverage 

technology. 
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Materials and methods  
 

Materials 

 

100 plant samples were used as objects, which were considered on morphological grounds: 

herbs (35 samples); roots and rhizomes (9 samples); flowers (7 samples); tree bark (2 samples); 

dried fruits (18 samples); juicy fruits (29 samples). As a control sample used a water-alcohol 

mixture with a strength of 40% vol. 

 

Methods of obtaining water-alcohol infusions [3, 15] 

 

Vegetable raw materials were ground with scissors to a size of 3Ĭ3 mm, samples weighing 

4 g were placed in bottles of dark composition, poured 100 ml of a water-alcohol mixture 

with a strength of 40% vol. The vials were capped and placed in a Durocell dry air thermostat 

for 48 hours at 40 ÜC. The resulting infusions were cooled to room temperature [3, 15]. 

 

Methods for determining active acidity and RP [3, 15, 30] 

 

The active acidity index was measured on a pH-meter çpH-150 MAè with a combined 

glass electrode çESC 10601/4è. RP was measured on the pH-meter çpH-150Mè, in the mode 

of measuring the potential, with a redoxmetric platinum electrode çERP-105è. 

To evaluate the antioxidant properties of the obtained water-alcoholic plant extracts, the 

method [30], based on the difference of RP in inactivated inorganic solutions and complex 

biochemical media. The main criteria of this method were its clarity, simplicity, specificity, 

reproducibility of results and efficiency. A number of researchers also emphasize that method 

allows to determine the total antioxidant activity of liquid products, including in total in a 

complex mixture, and multifunctional antioxidants [3, 15]. 

Formula (1) holds for inactivated inorganic solutions in equilibrium. This formula links 

the active acidity of the pH and the RP [30]: 

 

Ehmin=660ï60Ŀʨʅ, mV                                                 (1) 

 

where Ehmin ï the minimum theoretically expected value of the RP; 

ʨʅ ï active acidity of the test solution. 

 

Acquired meanings of Ehmin were compared with the actual measurements of Ehact of 

solution. The shift of RP to the side of the recovered meanings ï recovery energy (RE) was 

determined by the formula [30]: 

 

RE = EhminïEhact, mV                                                   (2) 

 

where RE ï the shift of RP to the side of recovered meanings (resilence); 

Ehmin ï minimal theoretically expected meaning of RP; 

Ehact ï actual measured RP. 

 

The value of RP allows you to estimate the energy of the processes, i.e. characterizes the 

activity of ions in redox reactions. 
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Research of RP from hydrogen display in infusions of alcohols from vegetable raw 

materials 

 

For water-alcohol mixture, the relationship between hydrogen (pH) and RP (Eh) was 

experimentally determined. It is proved that the change of the hydrogen index of the water-

alcohol mixture by 1 unit. pH leads to a change in RP by 42 mV: 

 

Ehmin=502ï42Ŀʨʅ, mV                                                 (3) 

 

In the range of values of the hydrogen index of pH 2.0-11.0 pH units for the water-alcohol 

mixture of RP is in the range of Ehmin 418.0-40.0 mV. 

The obtained values of the RP of the water-alcohol mixture Ehmin were correlated with 

the actually measured values of the RP of alcohol infusions from vegetable raw materials by 

the platinum electrode (Ehact), which characterizes the difference raw materials (REinf): 

 

REinf=EhminïEhact, mV                                                 (4) 

 

The energy of reduction/oxidation of vegetable raw materials (REplant) is determined by 

the difference between the RP of infusions of alcohol from vegetable raw materials (REinf) 

and solvent (control): 

 

REplant=REinfïREsol, mV                                               (5) 

 

According to the results of research, an improved method for assessing the antioxidant 

capacity of infusions of alcohol from vegetable raw materials for the technology of alcoholic 

beverages. 

 

 

 

Results and discussions  
 

 

Expansion of the range of alcoholic beverages with the use of alcoholic infusions from 

vegetable raw materials with increased antioxidant action is substantiated. 

Alcohol infusion ï a semi-finished product, which is prepared by infusion of vegetable 

raw materials (both aromatic and non-aromatic) in a water-alcohol mixture [32] with a 

strength of 40 to 90% vol. 

For the preparation of alcohol infusions used: rectified ethyl alcohol [33-34]; water [26]; 

vegetable raw materials, which are allowed for use in alcoholic beverages; filter cardboard. 

The studies used 100 samples of vegetable raw materials by morphological characteristics 

[35]: herbs; roots and rhizomes; flowers; tree bark; dried fruits; juicy fruits. As a solvent used 

a water-alcohol mixture with a strength of 40%: pH 5.63 units pH; Ehmin 265.5 mV; Ehact 

181.0 mV; REinf 84.5 mV; REplant 0.0 mV. Sensory evaluation of the control sample are as 

follows: color ï colorless; aroma ï alcohol; taste ï moderately burning, empty. 
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Study of alcoholic infusions of herbs 
 

35 samples of alcohol infusions from herbs were studied (Figure 1, 2). The pH level for 

alcohol infusions of herbs ranges from 4.53 (Wild strawberry) to 8.17 (Stinging nettle), which 

have a reaction environment ï from acidic to alkaline. The minimum theoretically expected 

RP (Ehmin) of alcohol infusions of herbs ranges from 159.1 mV (Stinging nettle) to 312.0 mV 

(Wild strawberry). 

 
Figure 1. Characteristics of alcohol infusions of herbs 

 

 
Figure 2. Characteristics of alcohol infusions of herbs 
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Actually measured RP (Ehact) from 8.0 mV (Stinging nettle) to 201.5 mV (Common 

cherry). At the same time, the minimum value of energy of reduction/oxidation of alcohol 

infusions (Ehact) ï 35.4 mV is set for Curly parsley, and the highest ï 209.0 mV ï for Wild 

strawberry. The minimum value of energy of reduction/oxidation of vegetable raw materials 

(REplant) is set for Curly parsley ç-è49.1 mV (oxidative values), the maximum value of 124.5 

mV ï for Wild strawberry (reduction values). 

5 samples of herbs, depending on the energy of reduction/oxidation, have oxidizing 

characteristics from ç-è49.1 mV (Parsley curly) to ç-è5.6 mV (Violet tricolor), which is 14% 

of all herbs. 30 samples of herbs have regenerative characteristics from 1.0 mV (Basil 

eugenol) to 124.5 mV (Wild strawberry), which is 86%. 

According to sensory evaluation, infusions of alcohol from herbs [47ï49] are 

recommended for use in the production of tinctures, aromatic alcohols, balms, liqueurs [17-

19, 21, 36]. 

Infusions of alcohol from Wild strawberry have received the greatest value of antioxidant 

activity; sensory evaluations of the product: color ï deep brown; aroma ï herbal; taste ï soft, 

tart, sour, which is recommended for use in alcoholic beverages for tinctures and balms. 

 

Research of alcoholic infusions from roots and rhizomes 

 

9 samples of alcohol infusions from roots and rhizomes were studied. The pH level for 

infusions of alcohol from the roots and rhizomes is from 3.87 (Garden onion) to 6.86 

(Carrot), i.e. infusions of alcohol have an acidic reaction, which is close to neutral (Figure 

3). 

 

 
Figure 3. Characteristics of alcohol infusions from the roots and rhizomes 
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The minimum theoretically expected RP (Ehmin) for alcohol infusions from roots and 

rhizomes ranges from 214.1 mV (Carrot) to 339.7 mV (Garden onion), and the actually 

measured RP (Ehact) ï from 98.0 mV (Naked licorice) to 199.0 mV (Elecampane high). At 

the same time, the minimum value of energy of reduction/oxidation of alcohol infusions 

(REinf) is characteristic of Allspice celery and is equal to 44.0 mV, and the highest value ï 

148.2 mV has an alcoholic infusion of Garden onion. The minimum value of energy of 

reduction/oxidation of vegetable raw materials (REplant) is set for Allspice celery ç-è 40.5 mV 

(oxidative values), the maximum value of 63.7 mV ï for Garden onion (reducing values). 

In the group of plant raw materials roots and rhizomes were identified: plants with 

oxidative values of 5 samples (56%); plants with restorative values ï 4 samples (44%). 

When assessing the sensory evaluations of alcohol infusions from the roots and rhizomes 

of 3 samples (Elecampane high, Valerian officinalis, Garden onion) ï it is not recommended 

to use for alcoholic beverages, due to their aroma and taste [37, 38]. Thus, Elecampane high 

has an unpleasant taste (soapy, sour-bitter, obsessive), alcohol infusion of valerian has an 

unpleasant (Valerian officinalis) aroma and tastes burning, sour, with an unpleasant 

aftertaste; infusion of alcohol from Garden onion has an unpleasant onion (nitrogen-

containing compounds) aroma and tart taste. Sensory evaluations of the proposed (possible) 

options for the use of infusions of alcohol from the roots and rhizomes gives grounds not to 

offer for use in alcoholic beverages samples even with maximum antioxidant characteristics 

(for example, Garden onion with a high regenerative activity of 63.7 mV). 

 

Research of infusions of alcohol from flowers 

 

From the group flowers 7 samples were studied. The pH level for infusions of alcohol 

from flowers has a reaction of the environment from 3.13 (Sudanese rose) to 5.98 

(Chamomile officinalis), i.e. infusions of alcohol from flowers have an acid reaction (Figure 

4). 

 

 
Figure 4. Characteristics of alcoholic infusions of flowers 
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The minimum theoretically expected RP (Ehmin) for infusions of alcohol from the 

flowers is from 251.1 mV (Chamomile officinalis) to 370.8 mV (Sudanese rose), and the 

actually measured RP (Ehact) ï from 93.5 mV (Chamomile officinalis) to 239.0 mV (Sudanese 

rose). The minimum value of the energy of reduction/oxidation of alcohol infusions (REinf) 

is characteristic of Calendula officinalis and is equal to 86.0 mV, and the highest value ï 

157.6 mV has an alcoholic infusion of Chamomile officinalis. The minimum value of energy 

of reduction/oxidation of vegetable raw materials (REplant) is set for Calendula officinalis 1.5 

mV (reducing values), the maximum value of 73.1 mV ï for Chamomile officinalis (reducing 

values) [38, 39]. 

According to sensory evaluations, infusions of alcohol from flowers are recommended 

for use in the production of tinctures, aromatic alcohols, balms, liqueurs. 

 

Research of alcohol infusions from tree bark 

 

From the group tree bark 2 samples were studied. The pH level for infusions of alcohol 

Cinnamon (Cinnamon bark) is 5.34 and Rooibus ï 5.52 units pH. The minimum theoretically 

expected RP (Ehmin) is 277.9 mV (Cinnamon) and 270.2 mV (Rooibus), the actually 

measured RP (Ehact) is 208.5 mV and 155.0 mV, respectively. At the same time, the minimum 

value of energy of reduction/oxidation of vegetable raw materials (REplant) is equal to 69.4 

mV and 115.0 mV, respectively (Figure 5). 

 

 
 

Figure 5. Characteristics of alcohol infusions from bark 

 

 

According to sensory evaluations, infusions of alcohol from the bark are recommended 

for use in the production of tinctures, aromatic alcohols, balms. 
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Research of infusions of alcohol from dried fruits 

 

In the group dried fruits 18 samples were studied. The pH level of infusions of alcohol 

from dried fruits (Figure 6) ranges from 4.48 (Badian real) to 6.82 (Horse chestnut), i.e. 

infusions of alcohol from dried fruits has an acidic environment that is close to neutral. 

 

 
Figure 6. Characteristics of alcoholic infusions of dried fruits  

 

The minimum theoretically expected RP (Ehmin) for infusions of alcohol from dried fruits 

has a value from 215.6 mV (Horse chestnut), to 314.1 mV (Badian real), the actually 

measured RP (Ehact) ï from 83.5 mV (Flax ordinary) to 231.5 mV (Badian real). The 

minimum value of the energy of reduction/oxidation of alcohol infusions (REinf) is typical for 

Walnuts [40] ï 44.5 mV, and the highest value ï 158.9 mV has an alcoholic infusion of 

Cocoa. The minimum value of energy of reduction/oxidation of vegetable raw materials 

(REplant) is set for Walnut ç-è 40.0 mV (oxidative values), the maximum value of 74.4 mV ï 

for Cocoa (reduction values). 

9 samples of dried fruits, depending on the energy of reduction/oxidation, have oxidizing 

characteristics from ç-è40.0 mV (Walnut) [41] to ç-è1.9 mV (Badian real), which is 50% of 

all dry fruits. 9 samples of dried fruits have restorative characteristics from 1.4 mV (Scots 

pine) [42] to 74.4 mV (Cocoa), which is 50%. 

According to the sensory evaluations of 18 studied samples of alcoholic infusions of dried 

fruits ï 1 sample (Flax ordinary) ï is not recommended for use in the production of alcoholic 

beverages due to the aroma and taste (aroma of vegetable oil with a bitter taste). 

 

Research of alcohol infusions from juicy fruits 

 

In the group juicy fruits [33, 34] 29 samples were studied (Figure 7, 8). The pH level of 

infusions of alcohol from juicy fruits has an acidic environment, approaching neutral and 

varies from 3.60 (Black currant) to 6.77 (Sowing cucumber). 
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Figure 7. Characteristics of alcoholic infusions of juicy fruits 

 

 

 
 

Figure 8. Characteristics of alcoholic infusions of juicy fruits 
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The minimum theoretically expected RP (Ehmin) for alcoholic infusions of juicy fruits 

is from 217.9 mV (Sowing cucumber), to 351.0 mV (Black currant), the actually measured 

RP (Ehact) ï from 138,5 mV (Mountain ash) to 308.5 mV (Quince oblong). The minimum 

value of the energy of reduction/oxidation of alcohol infusions (REinf) is typical for Lemon 

18.8 mV, and the highest value ï 174.8 mV has an infusion of alcohol Grapefruit. The 

minimum value of energy of reduction/oxidation of vegetable raw materials (REplant) is set 

for Lemon ç-è65.7 mV (oxidative values), the maximum value of 90.3 mV ï for Grapefruit 

(reduction values). 

15 samples of juicy fruits, depending on the energy of reduction/oxidation, have oxidizing 

characteristics from ç-è 65.7 mV (Lemon) to ç-è 2.2 mV (Grapes), which is 52% of all juicy 

fruits. 14 samples of juicy fruits have restorative characteristics from 3.5 mV (Grapes ï 

raisins) to 90.3 mV (Grapefruit), which is 48%. 

According to sensory evaluations, all infusions of alcohol from juicy fruits except 

infusion of Figs and Raisins are recommended for use in the production of tinctures, aromatic 

alcohols, balms, liqueurs. When examined in juicy fruits, a negative aroma of sulfur dioxide 

was detected, which is used for processing, in order to increase their shelf life. 

It can be concluded that infusions of alcohol from vegetable raw materials have a 

hydrogen index of 3.13 (Sudanese rose) to 8.17 units pH (Stinging nettle). The minimum 

theoretical value of RP (Ehmin) has a value from 159.1 mV (Stinging nettle) to 370.8 mV 

(Sudanese rose), and the actual value of RP (Ehact) from 8.0 mV (Stinging nettle) up to 308.5 

mV (Quince oblong). The minimum value of antioxidant (restorative) ability of alcohol 

infusions (REinf) is for lemon fruits ï 18.8 mV, the maximum value of restorative ability ï 

209.0 mV ï for alcohol infusion of Wild strawberry. It is proved that the energy of 

reduction/oxidation of plant raw materials (REplant) relative to the alcohol mixture is in the 

range of reduction values from 124.5 mV (Wild strawberry leaves) to oxidative values of ç-

è65.7 mV (Lemon fruit). It was found that alcohol infusions, depending on the activity of 

plant raw materials have a reducing ability (over 0 mV) ï 65% of samples and oxidizing 

capacity (less than 0 mV) ï 35% of samples. 

 

 

Conclusions  
 

1. The expansion of the range of alcoholic beverages with the use of alcoholic infusions 

from plant raw materials to improve sensory evaluations and enhance the antioxidant 

effect is justified. A study of alcohol infusions from vegetable raw materials, which 

were considered on morphological grounds: herbs (35 samples); roots and rhizomes (9 

samples); flowers (7 samples); tree bark (2 samples); dried fruits (18 samples); juicy 

fruits (29 samples). 

2. Infusions of alcohol from vegetable raw materials have a hydrogen index from 3.13 

(Sudanese rose) to 8.17 units pH (Stinging nettle). The minimum theoretical value of 

RP (Ehmin) is from 159.1 mV (Stinging nettle) to 370.8 mV (Sudanese rose) and the 

actual value of RP (Ehact) from 8.0 mV (Stinging nettle) up to 308.5 mV (Quince 

oblong). The minimum value of antioxidant (restorative) ability of alcohol infusions 

(REinf) is for Lemon fruits ï 18.8 mV, the maximum value of restorative ability ï 209.0 

mV ï for alcohol infusion of Wild strawberry. It is proved that the energy of 

reduction/oxidation of vegetable raw materials (REplant) relative to water-alcohol 

mixtures is in the range of reduction values from 124.5 mV (Wild strawberry leaves) to 

oxidative values of -65.7 mV (Lemon fruit). 
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3. Alcohol infusions, depending on the activity of plant raw materials have a reducing 

ability (over 0 mV) ï 65% of samples and oxidizing capacity (less than 0 mV) ï 35% 

of samples. The creation of alcoholic beverages with antioxidant action allows you to 

bring to market new products that favorably distinguish the range of manufacturers from 

the range of competitors, creating a positive image of the company. 
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 Abstract  

 Introduction. The purpose of research was isolation and 

identification of Enterococcus species from raw milk and 

traditional dairy products and their biochemical properties were 

examined. Some biochemical and technological properties of the 

strains were determined. 

Materials and methods. Raw milk and some dairy product 

samples (Izmir Tulum cheese, Koy cheese, White cheese, butter, 

Ezine cheese, kefir grain, kefir drink, Armola, Tire Camur cheese, 

Herby cheese, Goat cheese and Cecil cheese) were collected in 

different regions of Turkey and samples were inoculated in 

Kanamycin Aesculin Azide Agar, Slanetz Bartley and M-17 Agar 

media and Enterococcus spp. were isolated. Acidification 

properties, exopolysaccharide (EPS) production, lipolytic and 

proteolytic activity, and decarboxylation activity of Enterococcus 

strains, which were diagnosed phenotypically and biochemically 

with different techniques were investigated. 

Results and discussion. 167 lactic acid bacteria were 

identified after Gram staining and catalase tests. Due to the 

analysis, 122 of these isolates identified as Enterococcus faecium, 

18 as Enterococcus durans, 17 as Enterococcus faecalis, 8 as 

Enterococcus faecium var. and 2 as Enterococcus hirae. Some 

biochemical and technological properties of these species were 

studied. It was determined that E. faecium and E. faecalis strains 

produced higher acidity compared to E. durans and E. hirae, a total 

of 19 strains were capable of producing EPS, while 9 strains 

showed poor EPS production. Also, it was performed 17 E. 

faecium, 2 E. faecalis, 1 E. durans and 1 E. hirae strains showed 

lipolytic activity and 95 E. faecium, 12 E. durans, 5 E. faecalis 

var., 3 E. faecalis and 2 E. hirae decarboxylated to lysine and 

ornithine amino acids. It was observed that Enterococcus spp. 

isolated from raw milk and traditional dairy products showed 

differences especially technological characteristics according to 

the source, species and strain.  

Conclusions. Raw milk and dairy products are important 

source for isolation of enterococci species. The characteristics of 

Enterococcus species such as acidification, exopolysaccharide 

production ability, proteolytic and lipolytic activity, decarboxylase 

activity differed by species and strain. 
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Introduction  

 
Lactic acid bacteria (LAB) are considered to be industrially important microorganisms 

because of their benefits in human health and nutrition and their fermentation ability. LAB 

are Gram-positive, prokaryotic bacteria identified as lactic acid productions as the final 

product. These bacteria are characterized by turning glucose into lactic acid. LAB generally 

include Lactobacillus, Pediococcus, Leuconostoc and Streptococcus species [1, 2]. Unlike 

other lactic acid bacteria, enterococci are not GRAS (generally recognized as safe) status, 

and their presence in water is considered to be an indicator of faecal contamination. However, 

enterococci are one of the lactic acid bacteria that have an important place in the fermented 

food industry due to their functional properties, production of lactic acid, proteolysis and 

lipolytic activities, citrate metabolism, probiotic properties and their ability to synthesize 

proteins with antimicrobial activity such as bacteriocin production [3, 4]. Enterococci are 

Gram positive cocci found in single, double or short chains. Until recently, they have been 

classified in the genus Streptococcus. Streptococcus faecalis was identified by Andrewes and 

Horder in 1906, and Streptococcus faecium in 1919 by Orla-Jensen [5, 6]. 

As a result of molecular studies carried out by Schleifer and Kilpper-Balz in 1984, it 

was suggested that S. faecalis and S. faecium should be separated from streptococci and 

transferred to the genus Enterococcus. Then the bacteria in this genus are E. faecalis, E. 

faecium, E. durans, E. avium, E. casseliflavus, E. malodoratus, E. hirae, E. gallinarum, E. 

mundtii, E. raffinosus, E. pseudoavium and they are divided into several species such as E. 

flavescens, E. dispar, E. sulfureus, E. saccharolyticus, E. columbae and E. cecorum [7, 8]. In 

some literatures, it is reported that E. durans and E. faecium are the same species [9, 10]. 

Devriese and Pot [11] gave E. durans within the group of E. faecium species consisting of E. 

faecium, E. durans, E. hirae and E. mundtii. In recent identification studies, E. durans and E. 

faecium are mentioned as two separate species [12ï15].  

Although the use of Enterococcus species may be a controversial issue, certain 

Enterococcus species can be used as probiotic, starter, and protective cultures, even as food 

and feed supplements [3, 4]. Studies have generally been carried out by focusing on some 

species of Enterococcus genera. Although there are studies on Enterococcus species isolated 

from traditional dairy products, as in our study, there are limited studies mainly on those 

isolated from Izmir Tulum Cheese. Also, studies on examining the technological properties 

of different species and strains are limited.  

The purpose of research is isolation and identification of Enterococcus species from 

raw milk and traditional dairy products and their biochemical and technological properties of 

the strains were determined. 

 

 

Materials and methods  
 

Isolation of Enterococcus species 
 

In aseptic conditions, 10 g and / or 10 mL sample was weighed into a sterile stomacher 

bag and 90 ml of 0.1% sterile peptone water solution was added. It was homogenized for two 

minutes using Stomacher (Colworth 400, UK) and 1ml was taken from this mixture and 

added to 9ml of 0.1% sterile peptone water (Merck, Germany) solution and mixed. Dilution 

series were prepared by taking 1 ml of the previous dilutions. From the selected dilutions, 

inoculation was performed using Kanamycin Aesculin Azide Agar (Merck, Germany), 

Slanetz Bartley Medium (Merck, Germany) and M-17 Agar (Merck, Germany). Petri dishes 



ʈʈʈ Food Technology ʈʈʈ 

ƄƄƄ Ukrainian Food Journal .   2020.  Volume 9. Issue 4 ƄƄƄ 811 

were incubated at 37 ÁC for 24ï48 hours under aerobic conditions, and the colonies that were 

considered to be Enterococcus species, which were thought to be Enterococcus species, were 

taken with the help of the essence and each colony was transferred to Kanamycin Esculin 

Azide Broth (Lab M, UK). The medium was inoculated and left for incubation at 37 ÁC.  At 

the end of the incubation, Kanamycin Esculin Azide Agar was transferred by using the line 

cultivation method using the medium. Thus, isolates were purified, and purified colonies 

were transferred to M-17 Broth (Merck, Germany). Gram staining and catalase tests were 

performed in all isolates before being included in the diagnosis. The isolates which were 

determined to be Gram positive catalase negative and classified according to their 

morphology were transferred to M-17 Broth (Merck, Germany) medium containing 20% 

glycerol and stored at -20 ÁC. For this, M-17 broth + 500 ɛl active bacteria culture containing 

500 ɛl, 40% glycerol (AppliChem, Germany) was taken into the eppendorf tube. The medium 

and glycerol were autoclaved in separate bottles (121 ÁC 15min) and mixed sterile before 

use. 

 

Phenotypic and biochemical identification  
 

Phenotypic identification of Enterococcus species  was carried out by modifying the 

diagnostic stages of Reuter [16]. Enterococcus faecium B-2354, Enterococcus casseliflavus 

B-3502, Enterococcus faecalis ATCC 29212, Enterococcus hirae UWWE 3080, 

Enterococcus hirae UWWE 3102 and Enterococcus durans GE-66 were used as reference 

cultures for the identification of bacteria. In order to identify Gram-positive catalase negative 

cocci at the level of species, development at different temperatures (at 10, 40 and 45 ÁC), 

development at different salt concentrations (2, 4 and 6.5%), development at pH 9.6, 

formation of ammonia from arginine, and hydrolyse of esculin. In addition to tests such as 

shredding, various carbohydrates fermenting tests were performed. 13 different 

carbohydrates were used for this (Lactose, Fructose, Galactose, Maltose, Melibiose, Salicin, 

Sucrose, Sorbitol, Raffinose, Arabinose, Mannitol, Trehalose and Inulin). Diagnostic tests 

were carried out by inoculating 1% of each bacterial culture incubated at 37 ÁC for 18ï24 

hours on M-17 medium. Except for those for temperature tests, tubes were incubated at 37 

ÁC at the temperature at which the inoculated bacteria were isolated, examined at 24 hours, 

48 hours, days 5 and 7, reactions were recorded as positive or negative. 

 

Identification with API test kits  
 

Among the strains that could not be identified by traditional diagnostic stages, have 

problems or appear suspicious, diagnostics were made using APIÈ 20 Strep test kits. APIÈ 

20 Strep (BioM®rieux, France). APIÈ 20 Strep is a standardized method that combines 20 

chemical tests with a large capacity. It provides the identification of many streptococci and 

enterococci at the group or species level. The reactions that occur are read according to the 

"reading table" and the diagnosis is carried out using the analytical profile index or a 

computerized diagnostic program. The APIÈ 20 Strep test was performed as follows: The 

prepared M-17 agar (Merck, Germany) was poured into petri dishes and solidified. Each 

isolate was streaked on the surface of the medium in a separate petri dish. Colonies 

developing in petri dishes incubated at 37 ÁC for 24 hours were inoculated into test strips by 

applying the procedure steps described in the user manual of APIÈ 20 Strep. A separate strip 

was used for each isolate. Strips were incubated at 37 ÁC. They were checked at the 4th and 

24th hours of the incubation as specified in the instructions for use. The resulting changes 

were recorded and the results were evaluated using the diagnostic program (ApiwebÈ stand-

alone V 1.1.0, BioM®rieux). 
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Determination of technological properties 

 

Acidification.  The amount of lactic acid and pH changes occurring as a result of 24-

hour incubation in skim milk containing 10% non-fat dry matter (reconstituted skim milk) 

were determined at the 3rd, 6th, 9th and 24th hours after inoculation [17]. 

 

Exopolysaccharide (EPS) production. Using the method specified by Rasic and 

Kurmann [18], the ability of strains to produce EPS was determined. To this end, M-17 

containing double-force lactose and MRS agar medium containing double-force glucose 

were extracted from active cultures, and streaked colonies were performed, and colonies that 

creep at the end of the 48-hour incubation period were examined. 

 

Lipolytic activity . Lipolytic activities of the strains were determined using Tributyrin 

Agar (Merck, Germany) containing Neutral tributyrin (Glycerol tributyrate; Merck). 10ÕL 

cell suspension was spotted on the petri dish and the petri dishes were incubated at 30 ÁC for 

5 days. Lipolysis was determined by pouring 10mL of saturated copper sulphate solution 

onto the petri dish, and around the colonies being green blue [19, 20]. 

 

Proteolytic activity. Proteolytic activity of strains was performed according to Church 

et al. [21]. 3 mL o-phthaldialdehyde (Sigma-Aldrich, USA) reagent was added to 150 ÕL 

TCA filtrate and 5 sec. mixed 2 minutes at room temperature. The absorbance at 340 nm 

wavelength was read in the spectrometer Spekol-1300 (Analytik Jena, Germany) until the 

waiting time. Values are given as OPA (o-phthaldialdehyde) equivalent. 

 

Decarboxylase activity. The ability of amino acids to produce biogenic amines by 

decarboxylation was tested using the media specified by Bover-Cid and Holzapfel [22], 

which contain any of the lysine and ornithine amino acids. In order to promote decarboxylase 

activity, strains were sub-cultured 2 times in M-17 broth (Merck, Germany) containing 0.1% 

precursor amino acid [23]. Active cultures were inoculated with 0.5% of Moeller 

decarboxylase Broth containing control, lysine and ornithine. The yellow color 

decarboxylation (-), which was formed by comparison with the control sample at the end of 

the 48 hour incubation, was evaluated as purple color decarboxylation (+). Escherichia coli 

O157: H7 ATCC 8739 reference strain was used as positive control in the study [24]. 

 

 

 

Results and discussion  
 

Physiological and biochemical diagnostic results of Enterococcus species 

 

As a result of Gram staining, catalase test and morphological examinations, a total of 

167 isolates with Gram positive, catalase negative and cocci appearance were taken into 

various physiological and biochemical tests. Traditional methods were compared with API 

test results and those that were compliant were analysed further. Strains were named by 

coding K: the source of isolation and E: the strain number (Table 1). 
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Table 1 

Isolate codes of isolated Enterococcus species and their isolation sources 

 

Isolate codes Isolation sources 

K1, K2, K3, K5, K7, K8, K11, K12, K13, K15, K16, K17, K65, 

K73, K74, K75, K78, K79 

Izmir Tulum Cheese 

K60, K69, K70, K71 Raw milk 

K18, K63, K76 Fresh Cheese 

K67, K80  White Cheese 

K51, K62 Butter 

K40 Armola Cheese 

K41  Tire Mud Cheese 

K50 Kefir grain 

K61 Kefir drink 

K64  Whey cheese 

K66  Herby Cheese 

K68 Ezine Cheese 

K72  Cecil Cheese 

K77  Goat cheese 

 

 

As a result of the comparison and evaluation, 122 isolates were E. faecium (73.05%), 

18 isolates were E. durans (10.78%), 17 isolates were E. faecalis (10.18%), 8 isolates were 

E. faecalis. (4.79%) and 2 isolates were E. hirae (1.19%). Sources of isolation are given in 

Table 1. In the differentiation of Enterococcus species, sugars such as sorbitol, arabinose, 

mannitol and raffinose and changes in different temperature and salt concentrations were 

taken into consideration. These saccharides are reported to be critical sugars in the separation 

of E. faecium, E. durans and E. hirae species. Besides these saccharides, fermentation tests 

using sugars such as trehalose, lactose, fructose, galactose, maltose, mellobiose, salicin, 

sucrose and inulin helped in definitive diagnosis [25, 26].  

In some literatures, E. durans and E. faecium are reported as the same species [9, 10]. 

Devriese and Pot [11] gave E. durans within the group of E. faecium species, consisting of 

E. faecium, E. durans, E. hirae and E. mundtii. In recent identification studies, E. durans and 

E. faecium are mentioned as two separate species [12ï14]. Although it is stated in many 

research and literature that Enterococcus species develop at 6.5% salt concentration, the 

results obtained in the study show that there are strains that can develop in maximum 4% salt 

concentration. Similar results have been revealed by Guley [15]. Only reference strains of E. 

casseliflavus inulin (+) reacted, while only 2 of the E. faecium isolates gave a weak inulin 

reaction. E. faecium isolates gave variable reactions in terms of melibiose, raffinose and 

sucrose. Their ability to ferment sugar in question varies from strain to strain. Some strains 

of E. faecium, on the other hand, suggested that there was a mistake in the diagnosis of 

bacteria since mannitol gave a negative reaction, and it was concluded that this species may 

be a variant of E. faecium by making a detailed literature scan as a result of repeated positive 

reactions in repeated controls [11, 15, 25, 28,29]. 
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Acidification  

 

Enterococcus species showed different acidification results depending on isolation 

source, species and strain differences. While some species produced high acidity, some 

species showed low acidity. When the isolated species were examined, E. faecium and E. 

faecalis strains produced higher acidity compared to E. durans and E. hirae, but some E. 

faecium strains formed low acidity and some E. hirae strains had some E. faecium. It can be 

seen that it can produce higher lactic acid than strains. In the medium of E. faecium strains 

containing 10% skim milk powder, pH values changed between 5.80 and 6.64 hours at the 

3rd hour, while the amount of lactic acid (LA) occurred in the lowest (0.108%) K69E2 strain 

and highest in the K80E4 strain (0.468%). At the end of the 24 hour incubation, pH values 

ranged from 4.10 to 5.12, while the lowest lactic acid amount was determined in the K1E1 

strain with 0.230%, while the highest was determined in the K5E2 strain with 0.932%. The 

pH values of E. durans strains were changed between 6.07 and 6.55 at the 3rd hour, while the 

amount of lactic acid formed was determined in the K63E1 strain with the lowest amount of 

0.120% LA, while the highest was determined in the strain of 0.257% LA K7E2. At the end 

of the 24-hour incubation, pH values ranged from 4.06 to 5.38, while the lowest LA amount 

was determined in the K40E4 strain with 0.293%, while the highest was determined in the 

K75E1 strain with 0.859%. When looking at the pH decreasing properties of E. faecalis 

strains at the 3rd hour, it is seen that the values vary between 6,12ï6,57, the amount of lactic 

acid occurring is determined in the K41E2 strain with the lowest amount of lactic acid K5E1 

with the lowest 0.112%. At the end of the 24 h incubation, pH values ranged from 4.16 to 

4.94, while the lowest lactic acid amount was determined in the K64E2 strain with 0.315%, 

while it was observed in the K5E1 strain with the highest 0.99%. 

The pH value of the isolated 2 E. hirae strains were determined as at 3th hour 6.42 in 

K17E2 strain and 5.82 in K73E5 strain. The amount of lactic acid produced by the isolates 

was determined as 0.199% in K17E2 strain and 0.170% in K73E5 strain. At the end of the 

24 h incubation, it was observed that the K17E2 strain was higher (5.95) and the K73E5 strain 

was lower (4.74) as in the 3rd hour. Lactic acid amounts were determined as 0.504% and 

0.890% in these strains. Acidification is an important criterion in the selection of starter 

cultures to be used in cheese production. Tuncer [30] determined that E. faecium strains 

showed higher acidification than E. faecalis and E. durans in Enterococcus species isolated 

from Tulum Cheese. On the other hand, it has been revealed by some researchers such as 

Dagdemir and Ozdemir [31], Suzzi et al. [32] some E. faecalis strains have higher 

acidification power than E. faecium and E. durans.   

 

Exopolysaccharide (EPS) production  

 

Some lactic acid bacteria can form sticky, lysing agents. This feature of bacteria is 

revealed by mutation, that is, the permanent character and structure change that occurs in the 

organism. Sometimes there are development conditions that increase the production of these 

substances. These conditions can be listed as too high or too low development temperature, 

lack of nutrients in the culture of the culture, separation of strains in mixed cultures, high pH 

and lyophilization [9]. In the study, it was determined that a total of 19 strains were capable 

of producing EPS, while 9 strains showed poor EPS production. When the distribution of 

EPS producing Enterococcus species and strains is examined, there are 15 E. faecium, 2 E. 

durans and 2 E. faecalis has been in the formation.  Any E. faecalis strains produced EPS. 

The distribution of the species and strains that have poor EPS production ability were 6 E. 

faecium, 1 E. durans and 2 E. faecalis. There are a limited number of studies conducted with 
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exopolysaccharide production of Enterococcus species. Jamaly [33] determined that all 23 

E. durans strains isolated from Moroccan dairy products are capable of producing EPS. 

Omafuvbe and Enyioha [34] determined that 1 of the 2 strains of E. faecalis isolated from 

yogurts consumed in Nigeria is capable of producing higher EPS than Lactobacillus, 

Streptococcus and Lactococcus species. 

 

Lipolitic activity  

 

Lipolysis is the phenomenon of hydrolysis of lipids under the influence of lipolytic 

enzymes such as lipase and breaking down into fatty acids with glycerine, the building 

blocks. The lipase enzyme can be milk-specific, of natural or microbial origin. Generally, 

lactic acid bacteria have a weak level of lipolytic activity and are more effective on mono- 

and diglycerides. Lipolysis is a desired feature for some cheese types to gain their desired 

qualities [10]. 

Fatty acids directly affect the flavor of many cheese types. Especially C4 (butyric acid) 

ï C10 (caproic acid) acids have strong flavor (rancid, sharp, goat, soapy, coconut-like). The 

amount of fatty acids varies widely between varieties. In addition to its direct effects on 

cheese flavor, fatty acids act as pioneers in the production of other volatile flavor compounds 

during ripening [35]. Among the Enterococcus species and strains in the study, 17 E. faecium, 

2 E. faecalis, 1 E. durans and 1 E. hirae strains showed lipolytic activity. There are 

contradictory data and statements regarding the lipolytic activities of Enterococcus species 

in the literature. Suzzi et al. [32] reported that while strains of different species did not 

observe lipolytic activity, Durlu-Ozkaya [36] reported that E. faecalis hydrolysed milk 

triglycerides at a higher level than E. faecium and E. durans. 

 

Proteolytic activity 

 

Proteolytic activity is the hydrolysis of proteins by proteolytic enzymes of natural or 

microbial origin. Proteolytic activity is important both in terms of acid forming function of 

starter cultures and sensory properties of the product. In research, it has been determined that 

lactic acid production and proteolytic activity differ between genus, species and strains in 

lactic acid bacteria [37]. In the study, isolates with different characteristics and high activity 

under development conditions were evaluated, and strains that could not survive were 

excluded. 

It is seen that E. faecium strains constitute the majority of the tested species and their 

proteolytic activities vary between 0.21ï0.50 as OPA values. OPA values varied between 

0.28ï0.49 for E. durans strains and 0.21ï0.48 for E. hirae strains. There is E. faecalis taken 

to the test. The value of the strain was determined as 0.41, while the reference was determined 

as 0.23 in the strain of E. casseliflavus. It has been revealed by many studies that the 

proteolytic activity of enterococci varies depending on the source, species and strain. Wallace 

and Harmon [38] studied the intracellular protease of an E. durans strain and determined that 

the protease produced was particularly active against casein and ɓ-lactoglobulin and did not 

hydrolyse bovine serum albumin. Dovat et al. [39] studied the proteolytic activity of 

enterococci in milk and demonstrated that they exhibit low proteolytic activity. Carrasco de 

Mendoza et al. [40] found that Enterococcus strain used sodium caseinate as a substrate in 

determining the extracellular proteolytic activity, proteolytic activity may change depending 

on strain and time, and after 48 hours incubation, this situation became more evident after 

120 hours of incubation. Wessels et al. [41] found that total 108 E. faecium, E. faecalis and 

E. durans strain isolated from various dairy products developed under cold conditions and 
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showed proteolytic activity. Villani and Coppola [42] examined the proteolytic activity of 24 

E. faecium and 60 E. faecalis strains in skim milk at 37 ÁC for 6 hours after incubation, and 

all E. faecalis strains were more proteolytic compared to E. faecium strains. Andrighetto et 

al. [43] revealed in their study on 124 Enterococcus species isolated from traditional Italian 

cheeses, showing that they showed weak proteolytic activity in milk and 30 more strains 

including E. faecalis strains were proteolytic. Sarantinopoulos et al. [44] 129 E. faecium, E. 

durans and E. faecalis strains showed low extracellular proteolytic activity and E. faecalis 

strains were more proteolytic. 

 

Decarboxylation activity 

 

Decarboxylation of amino acids by bacteria has been linked to their ability to produce 

biogenic amines. It was performed on 95 E. faecium, 12 E. durans, 5 E. faecalis var., 3 E. 

faecalis and 2 E. hirae among the Enterococcus species, which were decarboxylated using 

lysine and ornithine amino acids. A total of 91 E. faecium strains were found to 

decarboxylated to ornithine of 21, 8 of them were lysine, and 5 of them were decarboxylated 

together with both amino acids. There are 5 E. faecalis and 12 E. durans strains, 2 of them 

are both lysine and ornithine, 2 strain decarboxylated only ornithine. None of the E. faecalis 

and E. hirae strains gave decarboxylation positive results. Sarantinopoulos et al. [44] 

determined that none of the strains decarboxylated lysine or ornithine in their study on 129 

Enterococcus strains (E. faecium, E. faecalis and E. durans). Tuncer [30] found that none of 

the 39 Enterococcus species and strains isolated and identified from Turkish Tulum type 

cheese decarboxylated lysine or ornithine. Yousif et al. [45] revealed that none of the 22 E. 

faecium isolates isolated from African fermented sorghum products decarboxylated lysine 

and ornithine. Hassaµne et al. [46] determined that the Enterococcus species isolated from 

raw milk samples do not decarboxylased lysine and ornithine. Belgacem et al. [47] found that 

none of the 24 strains of E. faecium isolated from Gueddid, a traditional fermented meat 

product, decarboxylated lysine and ornithine. Omafuvbe and Enyioha [48] determined that 2 

strains of E. faecalis isolated from yoghurts consumed in Nigeria decarboxylated lysine and 

ornithine. 

 

 

Conclusions  
 

As a result of the research, Enterococcus species and strain with different biochemical 

properties and technological characteristics were isolated and diagnosed. In the study, it was 

observed that Enterococcus spp. showed differences according to the source, species and 

strain from which the technological features were isolated. In future studies, it will also be 

useful to investigate whether enterococci species isolated from traditional dairy products 

have different aroma substances, their amount of forming exopolysaccharide and whether 

they have mutagenic effects. Thus, by using the culture catalogues of the species and strains 

that will not pose a problem for human health, there will be many Enterococcus species and 

strains with different characteristics in these catalogues, and their use in different types of 

dairy products can be easily tested. 
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 Abstract  

 Introduction. This study was carried out to determine the 
proximate composition, physicochemical properties and sensory 
qualities of salad cream from corn and tigernut starch blends  

Materials and methods. Yellow variety of tigernut and corn was 
sorted from dirt, washed, soaked for 24hrs and was wet milled into 
slurry using a laboratory hammer milling machine. The resulting slurry 
was filtered through muslin cloth and allowed to sediment for 3hrs, after 
which the sediment was decanted, dried in a cabinet dryer and milled to 
obtain starch. Salad cream was produced from the blends of corn and 
tigernut starch with other ingredients. 

Results and discussion. Moisture content, total ash, crude fat, 
crude protein and carbohydrate of the salad cream from the starch 
blends of corn and tigernut ranged from 51.50 to 59.58%, 0.33 to 
0.58%, 23.05 to 24.78%, 0.65 to 1.16% and 14.31 to 24.41% 
respectively. The interaction effect of corn and tigernut starch does not 
have any significant (p>0.05) effect on the moisture content, total ash, 
crude fat, crude protein and carbohydrate of the salad cream from corn 
and tigernut starch. The moisture content of salad cream obtained in 
this study can affect its quality and its shelf stability. Salad cream from 
corn-tigernut starch at 90%:10% had the highest total ash and crude 
protein while salad cream from corn-tigernut starch at 10:90% had the 
lowest total ash and crude protein. However, a progressive increase in 
total ash content was observed with the addition of corn starch. The 
values for the crude fat content of salad cream from corn-tigernut starch 
were similar. The interaction effect of corn and tigernut starch had a 
significant (p<0.05) effect on the starch content and total titratable 
acidity. Sugar and Starch content ranged from 2.67 to 9.50% and 4.14 
to 11.45% respectively, salad cream from corn-tigernut starch at 
10%:90% had the highest value while salad cream from corn-tigernut 
starch at 70:30% had the lowest value for sugar and starch content. The 
pH, total titratable acidity and viscosity were 3.57ï3.77, 0.32ï0.69% 
and 472ï1683 PaĿs respectively. The solution process to the 
optimization of salad cream from corn and tigernut starch blend is 90% 
corn starch and 10% tigernut starch. However, optimized salad cream 
of 90% corn starch and 10% tigernut starch and commercial salad 
cream (Heinz salad cream) was most preferred by the panelist in term 
of their sensory attributes.  

Conclusion. Salad cream from corn and tigernut starch had 
desirable physicochemical properties and has a compared sensory 
attributes with the commercial salad cream. Therefore, an acceptable 
salad cream can be produced up to 10% substitution of tigernut starch 
with corn starch. 
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Introduction  
 

Starch has been a key carbohydrate storage produce in all plants with green parts 

containing chlorophyll. It is economically accessible and commonly used in many facets of 

life for the manufacture of industrial products. The distinctive characteristic of starch which 

enhances its use basically includes biocompatibility, biodegradability, gelation and 

modification according to its potential usage [1, 2, 3]. Starch exists as the most essential 

carbohydrate in the human diet and in large quantity in many staple foods. Starch usually 

contains 20 to 25% amylose and 75 to 80% amylopectin by weight [4]. Starches are extracted 

from a number of different starchy raw materials, such as barley, maize, rice, sweetpotato, 

and cassava. Sweetpotato and cassava are two major starchy root and tuber crops used in 

many tropical countries [5]. However, information is still scanty on starch from tigernut. 

Tigernut (CyperusesculentusL) is an underutilized crop which belongs to the division 

Magnoliophyta, Class-liliopsida, order-cyperales and family-cyperaceae and was found to be 

a cosmopolitan perennial crop of the same genus as the papyrus plant. Other names of the 

plant are earth almond as well as yellow nut grass [6, 7]. It is locally called ñayaò in Hausa; 

ñakiawusaò in Igbo; ñofioò in Yoruba and ñisipaccaraò in Effik most especially in Nigeria. 

Tigernut is safe to eat, sweet, nutty, flavoured tubers which consist of protein, carbohydrate, 

sugars, fat and fibre [8].Tigernut tuber exist in different varieties in Nigeria, but the two major 

varieties include, yellow and brown. It is an essential food crop for some certain tribes in 

Africa, tigernuts are often collected and eaten raw, baked as a vegetable, roasted or dried and 

ground to flour [8]. Tigernut tubers are rich in carbohydrate, starch and dietary fiber [9]. 

According to Adama et al. [3], extraction of tigernut starch gives an odourless, brilliant white 

or off-white non-hygroscopic powder with yields changing from as low as 14 to 37% 

depending on the volume and flesh of the tubers or nut.  

Salad cream is a creamy, yellow condiment based on an emulsion of about 25ï50% of 

oil in water, it is prepared from ingredients such as distilled vinegar, vegetable oil, water, 

sugar, mustard, salt, egg yolks, modified corn flour / starch, xantham gum and guar gum as 

stabilizers and riboflavin for colouring [10]. It can also be described as a readymade creamy-

white dressing with a flowing consistency and uniformity for eating salad, (mixture of raw 

vegetable). It can be prepared with various ingredients such as modified maize flour which 

serves as the starting raw material [11, 10]. In order to reduce the overdependence of corn 

which might not readily be available throughout the year due to seasonal variations, there is 

need to produce salad cream with or without the use of corn starch by substituting other local 

crop such as tigernut. Corn starch substituted with tigernut starch can be used in appropriate 

proportion thereby enhancing the nutritional quality and versatility of the salad cream. It can 

also increase its usefulness in food industry and serve as a better raw material for food 

products. However, there is dearth of information on salad cream from corn starch and 

tigernut starch.  

The main objective of the study is to determine the proximate composition, 

physicochemical properties and sensory qualities of salad cream produced from corn and 

tigernut starch blends. 

 
Materials and methods  
 

Materials 
 

The yellow variety of tigernut and corn, vegetable oil, egg yolk, vinegar, sugar, mustard 

paste, salt, flavoring and colouring was obtained at Eleweran market in Abeokuta, Ogun state, 

Nigeria 



ʈʈʈ Food Technology ʈʈʈ 

ƄƄƄ Ukrainian Food Journal .   2020.  Volume 9. Issue 4 ƄƄƄ 822 

Methods 

 

Extraction of starch from corn 

 

The corn starch was prepared according to the method described by Yao et al. [12]. 

Corn grains are free from dirt and other foreign materials like stones, sticks and leaves were 

weighed and cracked into grits. The grits were soaked in water for 24hrs with occasional 

changing of water to prevent fermentation. Then, the steeped grits was drained and wet milled 

using laboratory hammer mill (Fritsch, D-55743, Idar-oberstein-Germany) with warm water 

into fine slurry. The resulting slurry was sieved with muslin cloth and allowed to sediment 

for 3hrs. The filtered and sedimented starch was decanted, dewatered and dried in a cabinet 

drier (65 ÁC, 6h). The dried corn starch was milled using a laboratory hammer mill and also 

sieved using 400mesh sieves.  

 

Extraction of starch from tigernut  

 

The method described by Adama et al. [3] was used for extraction of tigernut starch. 

The dried tigernut tubers were sorted from dirt and washed. The washed tuber was soaked in 

sodium metabisulphite solution at room temperature (27 ÁC). Thereafter, the tuber was 

removed and wet milled into slurry using a laboratory hammer milling machine (Fritsch, D-

55743, Idar-oberstein-Germany). The paste was then dispersed in a large volume of 1% 

sodium metabisulphite solution and filtered through muslin cloth. The suspension was 

centrifuged at 3500 revolution per minute for10 mins to ease the removal of dirt. The 

supernatant was then carefully decanted and the mucilage scraped off. The process was 

repeated for the period of three times with the mucilage on the starch been scraped constantly 

until a pure starch is obtained. The resulting starch was dried in the sun and further dried at 

60 ÁC in a hot air oven, milled, weighed and stored in an airtight bag.  

 

Formulat ion of corn and tigernut starch blends for salad cream 

 

D-optimal mixture design was used to produce the percentage of corn and tigernut 

starch blends by combining corn and tigernut starch at 10%:90%, 90%:10%, 50%:50%, 

70%:30%, 90%:10%, 30%:70%, 90%:10%, 10%:90% and 50%:50% respectively.  

 

Production of salad cream from corn and tigernut starch 

 

The method described by Sanni et al. [13] was used for the preparation of salad cream 

from corn and tigernut starch. The salad cream was produced from nine blends formulation 

of corn-tigernut starch. The tigernut starch, corn starch, mustard, sugar, salt and water was 

weighed into a cooking pot, stirred and brought for heating at 90 ÁC then was cooled to 

temperature (8 ÁC). The egg yolk and oil was then stirred into the slurry followed by the 

vinegar which was added gradually and boiled for 5 min. The slurry of each blend was poured 

into labeled sterilized jars and stored in a refrigerated storage condition.  

 

Proximate composition of salad cream made from corn and tigernut starch 

 

Moisture content, total ash, crude fat and crude protein of salad cream from corn and 

tigernut starch was analyzed using the method described by AOAC [14], while carbohydrate 

content was determined using difference method. 
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Physico-chemical properties of salad cream from corn and tigernut starch 

 

pH determination. The pH meter was standardized with standard buffer solution of 4. 

0. and 7.0. The pH was measured by inserting directly the electrodes into 10ml beaker 

containing the sample. 

 

Determination of titratable acidity. Titratable acidity was determined according to 

the method described by Patterson et al. [15]. 1g of the portion of the sample was weighed 

and put into 50ml centrifuge tube respectively. 10ml of distilled water was then added to each 

tube to dissolve each respectively and then flitted. 1ml aliquot of each solution was taken 

into another 50ml centrifuge tube and 10ml of distilled water was added to dilute the sample 

because it is highly colored. 10ml of the diluent was titrated against 0.1N NaOH solution 

using phenolphthalein (2 drops) indicator, until a pink colour is observed then percentage 

titratable acidity was calculated. 

 

Determination of total sugar and starch contents. Sugar and starch contents were 

determined with the method of Dubois et al. [16] as described by Eke-Ejiofor and Kiin Kabari 

[17]. Hot ethanol was used to extract starch and sugar from corn-tigernut salad sample. The 

extract (supernatant) and digest (from the residue) was quantified calorimetrically for sugar 

and starch respectively, using phenol-sulphuric acid as the colour developing reagent; and 

absorbance read at 490 nm wave length. Corn-tigernut salad sample (20 mg) was weighed 

into a centrifuge tube and wetted with 1 ml of 95% ethanol. 2 mL of distilled water was added 

followed by 10 mL of hot 95% ethanol. The content was vortexed and centrifuged 

(GALLENKOMP Centrifuge Model 90 ï 1, USA) at 2000 rpm for 10 min. The supernatant 

was decanted and used for determining sugar content while the sediment was hydrolyzed 

with perchloric acid and used to estimate starch content. Phenol- sulfuric reagent was used 

for colour development and glucose standards were used for estimation of sugar. The 

absorbance was read with a spectrophotometer (Milton Spectronic 601, USA ) at 490 nm. 

 

Ϸ 3ÕÇÁÒ 
!ÂÓÏÒÂÁÎÃÅ)πȢππττ 

ÓÁÍÐÌÅ ×ÔØ πȢυυ
 

Ϸ3ÔÁÒÃÈ  
!ÂÓÏÒÂÁÎÃÅπȢππτττ

ÓÁÍÐÌÅ ×ÔØ πȢυυ
 

 

Rheological properties of salad cream from corn and tigernut starch using 

Brookfield viscometer  

 

The method described by Muhammad and Sagir [18] was used for rheological 

properties of corn and tigernut starch. The viscosity of the salad cream samples was measured 

at a controlled temperature of 500 ÁC using a digital rotational Brookfield viscometer 

(Brookfield Engineering Laboratories, Middleboro, USA, Model DV ï E). These readings 

were taken per samples at 20, 40 and 1 min rotation at each speed (30, 60 and 100 rpm). 

Spindle #4 was used for all measurements. A 600 ml beaker was used for the measurement 

with the viscometer guard leg on. The samples were poured into a beaker to reach a level that 

covers the immersion groove on the spindle shaft. The viscosities of the products were 

measured at temperature between 25ï26 ÜC (Ñ1). 
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Sensory quality of salad cream made from corn and tigernut starch 

 

The method described by Iwe, [19] was used. Fifty Panelists from Federal University 

of Agriculture, Abeokuta (FUNAAB) was chosen for the sensory evaluation. The optimized 

sample of salad cream was presented to the panelists. The salad cream attribute that was 

evaluated were appearance, aroma, taste and spreadability. A 9 point Hedonic scale test was 

used to determine the overall acceptability of corn-tiger nut salad cream as 9= like extremely, 

5= neither like nor dislike and 1= dislike extremely  

 

Statistical analysis 

 

All experimental data obtained were subjected to statistical analysis. Means, Analysis 

of variance were determined using SPSS version 21.0 and the difference between the mean 

values were evaluated at p<0.05 using Duncan multiple range test. The effect of optimization 

procedure was investigated using Design Expert version (8.0) and significant effects of the 

independent variables were determined at 5% confidence level. 

 

 

Results and discussion  
 

Proximate composition of salad cream produced from corn and tigernut starch 

blends 

 

The mean values of the proximate composition of salad cream produced from corn and 

tigernut starch blends presented in Table 1. Moisture content ranged from 51.50% to 59.58%, 

corn-tigernut starch (50%:50%) had the lowest value, while corn-tigernut starch (70%:30%) 

had the highest value. The interaction effect of corn and tigernut starch does not have a 

significant (p>0.05) effect on the moisture content of salad cream produced from corn and 

tigernut starch as shown in the regression coefficient of Table 2. The result obtained for 

moisture content of this study was higher than that reported by Babajide and Olatunde [20] 

in corn-cocoyam starch salad cream, who reported moisture content of 48.80 to 49.79%. Eke-

Ejiofor and Owuno [21] also reported a moisture content of 57.84 to 64.88% for cassava and 

potato starch based salad cream, which is similar to the result observed in this study. The 

moisture content of any food also indicates its level of water activity and thus, be used to 

measure its stability and susceptibility to microbial contamination [22]. The high moisture 

content of the salad cream obtained in this study can affect its quality and its shelf stability 

and this implies that the salad cream cannot be kept for a longer period of time. It can also 

lead to hydrolytic rancidity, which can cause off flavor of the salad cream. The different in 

the moisture content obtained in this study, may be attributed to the difference in the starch 

origin of the corn and tigernut crops. Total ash content varied between 0.33 and 0.58% with 

corn-tigernut starch (90%:10%) having the highest value, while corn-tigernut starch 

(10%:90%) had the least value. The regression coefficient shown in Table 2 shows that the 

interaction effect of corn and tigernut starch does not have a significant (p>0.05) effect on 

the ash content of salad cream produced from corn and tigernut starch. The ash content of 

any given food sample is a measure of the mineral level that the food contains. There was a 

progressive increase in ash content with addition of corn starch in Table 1, which implies that 

salad cream with higher corn and tigernut starch (90%:10%) had more nutrients and this is 

beneficial to the health of the consumer. Total ash content obtained in this study was lower 

than the values of 0.50 to 4.10% and 1.74 to 2.75% reported by Oli et al. [23] and Ashaye et 
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al. [24] on salad cream from yellow corn flour and cassava starch respectively but also similar 

to the values of 0.59 to 0.79% reported by Babajide and Olatunde [20] for corn-cocoyam 

starch salad cream. Crude fat ranged from 23.05 to 24.78% with corn-tigernut starch 

(30%:70%) having the least value while corn-tigernut starch (90%:10%) had the highest 

value. The interaction of corn and tigernut starch were not significantly (p>0.05) affected as 

shown in the regression coefficient in Table 2 The fat content of corn-tigernut starch salad 

cream had a similar value irrespective of blends combination. Fat plays a significant role in 

the shelf life of food products and as such relatively high fat content could be undesirable in 

food products. Eke-Ejiofor and Owuno [21] reported a fat content of 25.17 to 28.15% in 

cassava and potato starch based salad cream, while Babajide and Olatunde [20] reported a fat 

content of 27.04 to 29.68% in corn-cocoyam starch salad cream. These values are comparable 

to the result obtained in this study. Until recently, lipids have been considered as functional 

foods to enhance their analysis, extraction procedures or to enrich the nutritional profile of 

traditional foods [25]. However, the higher the fat content, the more tendency to promote 

rancidity, leading to development of unpleasant and odorous compounds. The protein content 

ranged from 0.65 to 1.16%, salad cream with corn-tigernut starch (10%:90%) had the lowest 

value while salad cream with corn-tigernut starch (90%:10%) had the highest protein. Salad 

cream with higher proportion of corn and tigernut starch had higher protein and showed the 

influence of corn starch in the contribution of proteins. However, this should not be depended 

on because it does not determine the major source of protein. Proteins help to build and repair 

worn out tissues in the body. Studies of salad cream by Eke-Ejiofor, [26], Eke-Ejiofor and 

Owuno [21], Babajide and Olatunde [20], had lower protein values than what was obtained 

in this study. Thus values obtained in this study were far lower than the values of 1.40 to 

8.75% reported by Oli et al. [23] and 1.55 to 1.80% reported by Naknaen et al. [27]. The 

carbohydrate content of the salad cream ranged between 14.31 and 23.41%. Carbohydrate is 

a major nutrient that provides energy and helps promote healthy digestive system. Although 

the values obtained in this study was lower than the value of 7.11 to 17.32% reported by Eke-

Ejiofor and Owuno [21] on potato starch and cassava starch based salad cream and 13.99 to 

37.18% reported by Eke-Ejiofor and Beleya [28] on cassava, sweetpotato and three leaf yam 

starches 

 
Table 1 

Proximate composition of salad cream produced from corn and tigernut starch blends (%) 

 

CS:TS Moisture 

Content 

Total  

Ash 

 

Crude 

 Fat 

Crude  

Protein 

Carbohydrate 

10:90 56.92e 0.33a 23.07a 0.65ab 18.40c 

90:10 57.57a 0.58e 24.78e 1.14e 15.93b 

50:50 51.50c 0.42c 23.68c 0.99c 23.41f 

70:30 59.58b 0.55d 24.53d 1.03d 14.31a 

90:10 57.57a 0.58e 24.78e 1.16e 15.91b 

30:70 53.69d 0.38b 23.23b 0.75b 21.95d 

90:10 57.59a 0.57e 24.80e 1.15e 15.89b 

10:90 56.94e 0.35a 23.05a 0.67b 18.99cd 

50:50 51.52c 0.44c 23.68c 1.01c 22.75e 
Mean values with different superscripts within the same column are significantly different (p <0.05); 

CS- Corn starch, TS- Tigernut starch 
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Table 2 
Regression coefficient of proximate composition of salad cream from corn and tigernut starch 

 

Parameters MoistureContent Total 

Ash 

Crude 

Fat 

Crude 

Protein 

Carbohydrate 

A 58.20 0.58 24.83 1.15 14.75 

B 56.59 0.34 23.02 0.65 19.32 

AB -16.51 -0.064 -0.71 0.24 17.54 

F-VALUE  3.45 93.49 122.58 94.34 5.92 

R2 0.5348 0.9689 0.9761 0.9692 0.6639 
A- Corn starch, B-Tigernut starch, AB-Interaction of corn and tigernut starch, R2- Coefficient of 

determination 

 

Physicochemical properties of salad cream produced from corn and tigernut 

starch blends 

 

The mean values and the interaction effect on the physicochemical properties of salad 

cream produced from corn and tigernut starch blends is presented in Table 3 and 4. Sugar 

and starch content of salad cream from corn and tigernut starch ranged from 2.67 to 9.50% 

and 4.14 to 11.45% respectively with salad cream from corn-tigernut starch (10%:90%) 

having the highest value for sugar and starch content while salad cream from corn-tigernut 

starch (70%:30%) had the least value for sugar and starch content respectively. The 

interaction effect of corn and tigernut starch had no significant (p>0.05) effect on the sugar 

contents as shown in Table 4. Sugar content was higher in salad cream from corn-tigernut 

starch (10%:90%), this may be attributed to high sucrose level. Sugar may also act as 

sweetener; thereby contribute to the taste and flavour of the salad cream. The interaction 

effect of corn starch and tigernut starch significantly (p<0.05) affect the starch content of the 

salad cream negatively as shown in Table 4. The starch content of salad cream ranged 

between 4.14 and 11.45% with corn-tigernut starch (10%:90%) having the highest value, 

while corn -tigernut starch (70%:30%) had the least value for starch content. The starch 

content obtained in this study was in range with the value of 8.03 to 12.25% and 6.40 to 

14.41% reported by Ashaye et al. [24] and Eke-Ejiofor and Owuno [21]. The starch obtained 

in this study will helps to bind and thicken the salad cream together. It also helps in increasing 

the paste viscosity, emulsion stabilizers and it lowers gelatinization temperature. The pH of 

a food is defined as the level of acidity or alkalinity of food content. The pH of the salad 

cream ranged from 3.57 to 3.77 with corn-tigernut starch (90%:10%) having the lowest pH 

while corn-tigernut starch (10%:90%) had the highest pH. Maximum desirable pH level for 

safety and optimum target pH should be 4.25 to ensure food safety [29]. pH of 4.5 is a 

desirable trait because it will halt the proliferation of micro-organism, thereby favoring the 

conservation of the in the final product [30, 31]. However, the pH of corn-tigernut starch 

salad cream in this study was acidic. The pH of the salad cream obtained in this study was 

higher than the value of 3.14 to 3.50 reported by Eke-Ejiofor and Owuno [21] on salad cream 

from cassava and potato starch but lower than the value of 3.78 to 3.91 reported by Gaikwad 

et al. [32] on physicochemical properties of flavoured mayonnaise. The total titratable acidity 

of corn and tigernut starch salad cream ranged from 0.32 to 0.69%, corn-tigernut starch 

(90%:10%) had the lowest value, while corn-tigernut starch (50%:50%) had the highest value 

of total titratable acidity. The total titratable acidity was significantly (p<0.05) affected by 

the interaction effect of corn and tigernut starch as shown in Table 4.Titratable acidity is a 
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measure of food products acidity [15].The values of total titratable acidity obtained in this 

study was higher than the values of 0.02 to 0.89% reported by Eke-Ejiofor and Owuno [21] 

on cassava and potato starch based salad cream but lower than the values of 1.35 to 2.50% 

reported by Oli et al. [23] on salad cream from yellow corn flour. The difference obtained in 

total titratable acidity in this study could be due to the difference in starch properties between 

corn and tigernut crops. The viscosity of the salad ranged between 472 and 1683rpm with 

corn-tigernut starch (90%:10%) having the highest viscosity while corn-tigernut starch 

(10%:90%) had the lowest viscosity. However, the interaction effect of corn and tigernut 

starch on the viscosity of salad cream were significantly (p<0.05) affected. The high viscosity 

obtained in corn-tigernut starch (90%:10%) could be due to the addition of the salad 

ingredients used in its preparation. 

 
 

Table 3 

Physicochemical properties of salad cream produced from corn and tigernut starch blends 

 

CS:TS Sugar 

 (%)  

Starch 

 (%)  

 

pH Total 

titratable acidity (%)  

Viscosity  
(Pa*s) 

10:90 9.30e 11.43a 3.76a 0.57c 472a 

90:10 3.39b 4.87b 3.57a 0.32a 1681e 

50:50 6.56c 7.01c 3.68b 0.68d 1189cd 

70:30 2.67a 4.14a 3.61a 0.38b 1412de 

90:10 3.40b 4.88b 3.58a 0.33a 1683e 

30:70 8.12d 9.74d 3.60ab 0.56c 990bc 

90:10 3.41b 4.89b 3.58a 0.35a 1682e 

10:90 9.50ef 11.45a 3.77c 0.58c 474a 

50:50 6.57c 7.02c 3.67b 0.69d 1190cd 
Mean values with different superscripts within the same column are 

significantly different (p <0.05); CS- Corn starch, TS- Tigernut starch 

 

 
Table 4 

Regression coefficient of physicochemical properties of salad cream from corn and tigernut 

starch 

 

Parameters Sugar Starch pH Total titratable acidity  Viscosity 

A 3.15 4.69 3.58 0.32 1670.29 

B 9.59 75.03 3.75 0.57 496.64 

AB -1.38 -5.36* -0.059 0.66* 497.10* 

F-VALUE  37.80 75.03 8.98 13.29 322.92 

R2 0.9265 0.9616 0.7495 0.8158 0.9908 
A- Corn starch, B-Tigernut starch, AB-Interaction of corn and tigernut starch,  

R2- Coefficient of determination 
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Optimization process of salad cream produced from corn and tigernut starch 

blends 

 

The salad cream was optimized based on some important properties attributed to salad 

cream. Moisture, total ash, crude fat, crude protein, carbohydrate, sugar, starch, pH, total 

titratable acidity and viscosity were the main quality parameters studied in this work which 

were also the criteria based on desirability concept as well as their main quality parameters 

serving as the constraints to process optimization. Moisture, crude fat, carbohydrate, sugar, 

starch, pH, total titratable acidity and viscosity were maximized while total ash and crude 

protein were set at none. The solution to the optimized salad cream from corn and tigernut 

starch blends is 90% corn starch and 10% tigernut starch as shown in Table 5. 

 
Table 5 

Solution process to the optimization of salad cream from corn and tigernut starch blends 
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1 ωπ ρπ 58.20 ςτȢψσ 14.75 3.154 4.685 3.58 1670.29 0.651 

CS- Corn starch, TS- Tigernut starch, CHO-Carbohydrate 

 

 

Sensory score of salad cream produced from corn and tigernut starch blends 

 

The sensory score of salad cream obtained from corn and tigernut starch blends is shown 

in Table 6.  

 

Table 6 

Sensory score of salad cream produced from corn and tigernut starch blends 

 

CS:TS Appearance Aroma Taste Spreadability Overall 

acceptability 

100:0 4.14a 4.15b 4.40a 3.25a 4.50a 

90:10 6.55b 6.85c 6.90b 6.10b 6.95c 

Commercial 

(HeinzSalad 

Cream) 

7.10b 5.75b 4.90a 7.00c 6.00b 

Mean values with different superscripts within the same column are significantly different (p <0.05); 

CS- Corn starch, TS- Tigernut starch 

 

 

Consumer quality is a major factor for selecting a product and among the main 

characteristics related to quality are texture, taste, and surface color of foods [33]. Significant 

difference (p<0.05) was observed in all the sensory attribute of salad cream produced from 

corn and tigernut starch blends. Appearance, aroma, taste, spreadability and overall 

acceptability ranged from 4.14 to 7.10, 4.15 to 6.85, 4.40 to 6.90, 3.25 to 6.10 and 4.50 and 
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6.95 respectively. Optimized salad cream had the highest value for aroma, taste and overall 

acceptability, commercial salad cream had the highest for appearance and spreadability while 

salad cream produced from 100% corn starch had the least for all attributes. Aroma, taste and 

overall acceptability of optimized salad cream were most preferred over commercial salad 

cream and 100% corn starch salad cream with a sensory score of 6.85, 6.90 and 6.95 

respectively. Commercial salad cream had higher sensory scores in terms of appearance and 

spreadability. Meanwhile, 100% corn starch salad cream showed a very poor sensory 

attributes and was rejected by the panelist. 

 

 

Conclusions 

 

1. Salad cream from corn and tigernut starch had desirable physicochemical properties and 

has a compared sensory attributes with the commercial salad cream, especially for 

appearance. 

2. However, 100% corn starch based salad cream was rated low. Therefore, an acceptable 

salad cream can be produced up to 10% substitution of tigernut starch with corn starch 

thereby increasing the utilization of tigernut starch.  
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 Abstract  

 Introduction. The aim of this work was to determine the 

polyphenol composition and technological characteristics of 

coloured whey from various origin ï obtained by milk proteins 

coagulation with traditional berry raw materials and wild herbs. 

Materials and methods. Coloured whey is obtained as a result 

of thermo acid coagulation of milk proteins by plant origin 

coagulants. The identification and quantitative determination of 

polyphenol compounds in the coloured whey samples has been 

carried out by high performance liquid chromatography. The solids 

content in the coloured whey has been investigated by the 

refractometric method and optical dense for the colouration and 

turbidity of the coloured whey ï by the colorimetric method. 

Results and discussion. The whey samples had violet and 

green shades, respectively, due to the presence of specific coloured 

substances, including various polyphenols, which are a component 

in black currant berries and chlorophyll in plantain juice. The 

content of the above-mentioned compounds in whey after milk 

proteins coagulation with Plantago major L. juice and cavitation 

processed blackcurrant paste are 324.43 and 265.49 mg/L, 

respectively. With an increase in the amount of plant coagulant for 

thermo acid coagulation of milk proteins from 5 to 11%, the optical 

dense value for turbidity of coloured whey decreases by 0.40 and 

0.41 cond. units and for the colouration, on the contrary, increase by 

0.17ï0.19 cond. units for coloured whey after milk proteins 

coagulation with Plantago major L. juice and blackcurrant paste, 

respectively. Dry matters weight ratio in coloured whey has been 

fixed at the level of 6.80ï8.55%. The protein content was 0.96ï

1.33%, depending on the amount of plant origin coagulant during 

thermo acid milk coagulation. The coloured whey, obtained after the 

milk proteins coagulation by plant coagulants in the amount of 8% 

and 11% had a lower protein content by 0.32ï0.45%, compared to 

the control sample. This confirms the complex casein and milk whey 

proteins coagulation by organic acids of the cavitation processed 

blackcurrant paste and the active complex (proteases and organic 

acids) of plantain juice.  

Conclusions. Coloured whey samples have improved taste, 

colour characteristics and increased nutritional value, which makes 

it widely used in whey beverages with or without additional 

processing. 
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Introduction  
 

Research of various additional sources of milk raw materials, including milk whey, in 

order to develop full-fledged, available and safe drinks, is actual [1]. However, the use of 

whey for various drinks needs to be adjusted in the recipe to weaken whey tones in taste and 

smell [2]. 

In the beverage industry, whey is combined with fruit and vegetable juices, fruit and 

berry purees and herbal extracts to give the product not only a pleasant and refreshing effect, 

but also preventive properties. Depending on the beverage type, processed or unprocessed 

whey is used, as well as condensed or dry concentrates with the fruit and aromatic fillers 

addition. For example, in Germany, whey is used to prepare tasty beverages containing 80ï

90% whey and 10ï20% strawberry and peach juice. Similar beverages are made with the 

addition from 7 to 20% grapefruit or other juice. The traditional Iranian beverage çDoughè 

is made from milk whey pasteurized at a temperature of 74ï76 ÁC and then cooled to 40ï42 

ÁC with the addition of 2.5% dessert yogurt. In Austria, a popular drink with a long storage 

period is a mixture of 50% whey, 40% fermented milk and 10% fruit juice [3, 4]. 

The above-mentioned developments are focused on correcting the chemical composition 

and sensory characteristics of whey in order to enrich and increase the nutritional value in 

beverages based on it.  

For the manufacturer, an important advantage of adding fruit and berry fillers is the bright 

taste and fresh flavor in the final product. In addition, the filler presence with an appropriate 

chemical composition eliminates the necessity to add flavoring matter, coloring agents and 

some types of stabilizers [5]. 

A promising direction in the technology for the enriched dairy products production with 

functional properties is using of coloured whey obtained as a result of complex milk 

processing into protein concentrates in the presence of plant coagulants. In particular, the 

plant using as technological components allows to change the sensory characteristics in the 

milk whey, due to different taste shades and colours, and also to regulate the composition of 

biologically active substances [6].  

It is recommended to use intensely coloured herbal compositions in order to improve the 

sensory characteristics of whey-based products. This is due to the fact, that in an acidic 

environment caused by whey lactic acid, plant systems acquire changes in colour intensity 

caused by the bioflavonoids dissociation [7]. 

There are no studies to determine the optical dense for colouration and turbidity, as well 

as coloured substances and polyphenol composition in the coloured whey obtained after the 

milk proteins coagulation by plant coagulants, which caused its natural color. 

The use of the plant raw materials, both berry and herbal, as a coagulant for thermo acid 

coagulation of milk proteins will contribute to the addition of organic complex compounds 

in whey and the formation of original sensory characteristics in the separation products. This 

will exclude the use of artificial coloring agents and flavors in the future [8, 9]. 

The aim of this work was to determine the polyphenol composition and technological 

characteristics of coloured whey from various origin ï obtained by milk proteins coagulation 

with traditional berry raw materials and wild herbs. In addition, sensory characteristics, dry 

matters weight ratio, including protein, and active acidity of from various origin have been 

determined. 
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Materials and methods  
 

Materials 

 

ʉoloured whey, obtained in the protein concentrates production by thermo acid 

coagulation of milk proteins with plant coagulants ï berry paste and plantain juice. Coloured 

whey was obtained in two methods during thermo acid coagulation of milk proteins using as 

a coagulant ï cavitation processed blackcurrant paste and Plantago major L. juice. According 

to the first method, a berry coagulant with an active acidity of 3.0Ñ0.2 pH was added to heated 

milk at a temperature of (75Ñ1) Áʉ in an amount of 5 to 11%, slightly mixed and kept 

(2Ñ1) min until a clot formed. The combined effect of high temperatures and acidic reagents 

on milk proteins leads to their maximum coagulation. The coagulation process was visually 

established by the intensive formation of protein flakes and whey release, that has a natural 

violet colour of the coagulant [10]. 

According to the second method, directly squeezed juice from the ground part of 

Plantago major L. was used as a coagulant in an amount from 5% to 11% with the following 

indicators: dry matters ï 4.55Ñ0.23%, pH ï 5.85Ñ0.18. The juice was added to milk at a 

coagulation temperature of 55ï60 ÁC and held for 45ï60 min. Then the temperature was 

increased to 90ï95 ÁC, slightly mixed and held for 2ï3 minutes until a clot was formed. Then 

the clot was pressed for 15Ñ2 min to separate the whey [11]. 

As a result, about 80% of whey was obtained from volume of milk raw materials in the 

protein concentrates manufacture by both methods. Coloured whey has been sent to 

determine the content of polyphenol compounds, sensory, physical and chemical indicators. 

 

Determination of the polyphenol composition in the coloured whey from various 

origin  

 

The determination was carried out by high-performance liquid chromatography (HPLC) 

using system Prominence LC-20 Shimadzu (Japan). The substances identification in the 

coloured whey extracts was performed by comparing the retention time and spectral 

characteristics of the test substances with similar characteristics of the standards according 

to the method identification of polyphenols. Chromatography was performed at 225, 255, 

286 and 350 nm [12]. For accurate identification of the test substances to specific polyphenols 

groups, the following regulatory documents were used: chlorogenic and caffeic acids 

(phenolic acids), catechin (catechins), flavonols myricetin, quercetin and rutin, flavanones 

naringenin, naringin, hesperinidin, and protestin cyanidine (anthocyanins) (Sigma-Aldrich, 

Germany). The identification characteristics of these standards were obtained under the 

above-mentioned chromatography conditions [13]. The "peak areaïstandard content" 

calibration dependences had a linear form with an accuracy of at least r2 = 0.994. 

 

Determination of colouration and turbidity of the coloured whey from various 

origin  

 

Samples of milk whey from various origin have a natural colour and turbidity, therefore, 

we used for research an adapted method for determining indicators in soft beverages. This 

method is based on optical dense determination and comparison with the corresponding 

standards: coloured solutions for colouration and suspension for turbidity.  

The optical dense determination was carried out by the colorimetric method [14]. The 

value of optical dense Dgen consists of D due to the colouration caused by the coloring agents, 
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and Dt due to the turbidity caused by the proteins presence that scatter the light flux. When 

colouration determination, it is necessary to have a total absence of foreign particles with a 

radius of 0.4ï0.8 microns or more, which contribute to light scattering. Therefore, to prepare 

the samples for analysis, the coloured whey was filtered. 

The research was carried out using a Helios Omega spectrophotometer (Thermo 

Scientific Spectronic, USA). The spectrophotometer is designed for measure in individual 

sections of the wave-length range 315-980 nm, which are formed by light filters, transmission 

coefficients, optical dense of liquid solutions, and measuring the substances concentration in 

solutions after preliminary determination of the calibration characteristic. Cuvettes with a test 

solution (coloured whey) and control solution (milk whey), in relation to which the 

measurements were carried out, were installed in the cuvette compartment. The necessary 

light filter and photodetector were installed, the sample compartment cover was closed, and 

the studies were carried out. On a digital display, values were obtained that correspond to the 

optical dense of coloured whey. 

 

The content of dry matters in the coloured whey was investigated by the refractometric 

method according to the light refractive indices [15]. First, check the correctness of the 

refractometer readings for distilled water at a temperature of 20Ñ0.1 ÁC. With one or two 

water drops applied to the prism, the refractometer reading should be zero. The refractometer 

prism is wiped off with a paper filter and one or two drops of a test whey sample are applied. 

On the right refractometer scale, the content of dry matters was found, which coincides with 

the distribution boundary of the dark and light fields. 

 

The active acidity in the coloured whey was determined potentiometrically [16] on a 

Sartorius PB-20 universal pH meter. To determine the pH, 40 cm3 of coloured whey was 

taken into the beaker, the electrodes are immersed in the beaker and after 10-15 seconds the 

readings of the device are recorded. The electrodes are rinsed with distilled water and wiped 

off with filter paper after each measurement. 

 

Statistical analysis 

 

Data were expressed as means Ñ standard deviations for triplicate determination. 

Statistical analysis was performed using Microsoft Excel 2007. Differences were considered 

to be significant at validity of Ŭ=0.95.  

 

 

 

Results and discussion  

 

Determination of sensory characteristics and polyphenol composition of the 

coloured whey from various origin 

The sensory characteristics of the coloured whey obtained as a result of the thermo acid 

coagulation of milk proteins by plant coagulants ï blackcurrant paste and Plantago major L. 

juice, is given in Table 1. 
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Table 1  

Sensory characteristics of the coloured whey from various origin  

 

Indicator name Amount of blackcurrant paste during thermo acid 

coagulation of milk proteins,%  

5 8 11  

Consistency and 

appearance 

Homogeneous, flowing liquid, slight sediment is allowed 

Taste and flavor Clean, lactic, without 

foreign tastes and 

smells 

Slightly acid, with a berry coagulant 

taste and flavor 

Colour Light violet, uniform 

in volume 

Violet, uniform in 

volume 

Intense violet, 

uniform in 

volume 

 Amount of Plantago major L. juice during thermo acid 

coagulation of milk proteins,% 

5 8 11 

Consistency and 

appearance 

Turbid liquid, with 

visible protein 

inclusions, which in 

the time following 

coagulates 

Homogeneous, clear liquid, with a 

small sediment amount 

Taste and flavor Lactic, with a barely 

there herbal flavor 

Slightly bitter, with a pleasant herbal 

smell and taste 

Colour Mostly white, with a 

barely there greenish 

cast 

Green, uniform in 

volume 

Intense green, 

uniform in 

volume 

 

 

 

The obtained whey samples had the corresponding shades, which is due to the presence 

of specific colour substances ï flavonoid pigments and chlorophyll in black currant berries 

and plantain juice [17].  

In order to determine the transition degree of colouring compounds, it was analyzed the 

polyphenol composition in plant coagulants ï cavitation processed blackcurrant paste, 

Plantago major L. juice, proteinïplant concentrates and coloured whey from various origin. 

The total polyphenols content in the studied samples has been determined by summing 

up the substances content, that were found in the peaks range of flavonoids, non-flavonoids, 

and phenolic acids on chromatograms.  

The flavonoids content in all studied samples was equal to the substances content that 

are similar to the flavonoids standards (phenolic acids, catechins, flavonoids, flavonones and 

flavones), with the exception of catechin-like substances. The polyphenol composition of 

whey correlates with the composition of specially processed blackcurrant paste and Plantago 

major L. juice, respectively. The research results have been analyzed in comparison with the 

control samples ï plant coagulants. Their transition degree to separation products ï protein 

concentrates and whey of various colours has been determined. The research results are 

presented in Table 2. 
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Table 2 

Total composition and polyphenols content in samples of the coloured whey from various origin 

 

* ï catechin-like ï polyphenols whose peaks are located outside the area of the catechin peaks, 

but with the spectral catechins characteristics. 

 

According to the obtained results in Table 2, flavonols are represented by glycosides 

myricithin, rutin and quercetin; naringin and hesperidin are found in flavonones [18]. The 

flavones identified in the coloured whey after milk proteins coagulation by the Plantago 

major L. juice have the smallest amount and are represented by luteolin and its glycosides. 

The content of phenolic acids is fixed at 2.13 mg/l for coloured whey after milk proteins 

coagulation by blackcurrant paste and 0.07 mg/l for whey after milk proteins coagulation by 

Plantago major L. juice. 

In total, 12 flavonoid class compounds were identified in the coloured whey obtained 

after the milk proteins coagulation by Plantago major L. juice, which are 10 less than their 

content in the plantain juice. This is probably due to the fact that a significant amount of 

polyphenol compounds from juice was transferred to milk-protein concentrate during 

denaturation. 

Polyphenols group 

Polyphenols content, mg/l 

Coloured whey 

 after milk proteins coagulation by 

ʉavitation processed 

blackcurrant paste 

Plantago major L. 

juice 

Phenolic acids 2.13 0.07 

Catechins, including certain 

substances: 
104.13 33.69 

ī catechin 2.16 6.82 

Catechin-like * - 166.53 

Flavonols, including certain 

substances: 
11.67 1.47 

ī glycosides of myricin 

ī rutin 

ī quercetin 

 

3.20 

0.23 

1.01 

 

 

Flavanones, including certain 

substances: 
11.87 1.04 

ī naringin      1.17 0.13 

ī hesperidin  0.91 

Flavones, including certain 

substances: 
- 0.31 

ī glycosides of luteolin  0.31 

Anthocyanins, including certain 

substances 
125.09 

 

ī delphinidin-3-O-glucoside 16.87 - 

ī  cyanidin-3-O-galactoside 17.09  

ī delphinidin-3-O-arabinoside 33.70  

Unidentified 10.60 120.72 

Amount of polyphenols 265.49 324.43 
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The content of polyphenol compounds in coloured whey after the milk proteins 

coagulation by Plantago major L. juice and cavitation processed blackcurrant paste is 324.43 

and 265.49 mg/l, respectively. As a comparison, according to literature data, the polyphenols 

content in plantain juice was within 1411.13 mg/l, and in blackcurrant paste ï 690 mg/l [19]. 

The transition degree of polyphenol compounds into coloured whey after the milk 

proteins coagulation by Plantago major L. juice is 23% of their total amount, about 77% of 

polyphenols, including 74% of flavonoids, remain in proteinïplant concentrates. Probably, 

this effect is likely due to the polyphenols interaction with proteins and their attachment to 

the globule surface at the unfolding time of the polypeptide chain due to the formation of a 

hydrogen bond between the polyphenol hydroxyl group and the carbonyl group of the protein 

molecule [5].  

Similarly, the transition degree of polyphenol compounds into coloured whey after the 

milk proteins coagulation by cavitation processed blackcurrant paste has been calculated, 

which was fixed at 42%. About 53% of polyphenol compounds, including anthocyanins, 

remain in concentrates, which is due to the weight loss correlation of the concentrate during 

technological operations, such as pressing and forming. 

By their chemical nature, anthocyanins are representatives of natural polyphenol 

compounds of the flavanoids class with antimicrobial activity [20, 21]. Therefore, their 

content in the coloured whey was additionally analyzed. 

Coloured whey contains all known anthocyanins: delphinidin-3-O-galactoside, 

delphinidin-3-O-glucoside, cyanidin-3-O-galactoside, delphinidin-3-O-arabinoside, 

cyanidin-3-O-glucoside, petunidin -3-O-galactoside, peonidin-3-O-glucoside, malvidin-3-O-

arabinoside, etc. and complete, respectively, 47% of the total polyphenols content in the 

samples. 

 

Determination of optical dense for colouration and turbidity of the coloured whey 

from various origin  

 

Optical dense indices for characterizing the turbidity and colouration of the coloured 

whey from various origin are important for determining the using ways for technological 

purposes. The optical dense, which characterizes the turbidity and colouration of the coloured 

whey is given in Table 3. 

 

Table 3 

Optical dense which characterizes the turbidity and colouration of the coloured whey 

(n=3, pÒ0.05) 

 

Amount of plant 

coagulant during 

thermo acid 

coagulation of 

milk proteins,%  

Coloured whey after milk proteins coagulation by 
ʉavitation processed 

blackcurrant paste 

Plantago major L. juice 

Dt, cond. unit D, cond. unit Dt, cond. unit D, cond. unit 

5 1.877Ñ0.037 1.065Ñ0.021 1.953Ñ0.058 1.127Ñ0.034 

8 1.515Ñ0.045 1.169Ñ0.023 1.625Ñ0.049 1.233Ñ0.037 

11 1.466Ñ0.044 1.259Ñ0.025 1.547Ñ0.046 1.295Ñ0.039 

Control samples* 1.511Ñ0.045 1.204Ñ0.024 1.605Ñ0.048 1.255Ñ0.038 

*Coloured whey beverages "Aktual" (with watermelon-melon and neon mojito flavor) 

produced by LLC çDanone Dniproè  
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The optical densʫ of the coloured whey samples obtained after the milk proteins 

coagulation by blackcurrant paste during determination the turbidity and colouration of the 

whey ranged from 1.46 to 1.88 cond. units and 1.06ï1.26 cond. units, respectively. Optical 

dense indices before and after filtration for coloured whey obtained as a result of milk 

coagulation by Plantago major L. juice is fixed at the level of 1.55ï1.95 cond. units and 

1.13ï1.29 cond. Units 

According to the results in Table 3, with an increase in the amount of plant coagulant for 

thermo acid coagulation of milk proteins from 5 to 11%, the optical dense value for turbidity 

(Dt) of coloured whey from various origin decreases by 0.40 and 0.41 cond. units for coloured 

whey after milk proteins coagulation with Plantago major L. juice and blackcurrant paste, 

respectively. This effect is due to the mechanism of thermo acid coagulation of milk proteins 

and an increase in the casein transition degree and the maximum amount of whey proteins 

into protein-plant concentrates [22]. 

Optical dense indicators, which characterize the colouration, on the contrary, increase 

with an increase in the amount of coagulant from 5% to 11% during thermo acid coagulation 

by 0.17ï0.19 cond. units for coloured whey after milk proteins coagulation by Plantago 

major L. juice and blackcurrant paste, respectively. This is, probably, due to an increase in 

the transition degree of specific coloured substances ï polyphenolic compounds, including 

flavanoids and anthocyanins, of plant raw materials into a protein clot and whey [23]. 

However, almost all of these values have variance from the control samples ï whey beverages 

of the corresponding colour up to 5%. 

 

Determination of the dry matters weight ratio and active acidity in the whey from 

various origin  

 

Whey contains 50% of the dry matters of whole milk, almost all milk sugar and about 

30% of milk proteins. The change in the dry matters weight ratio in coloured whey depending 

n the amount and type of plant coagulant is shown in Figure 1. 

 

 
Figure 1.  Dry matters weight ratio in coloured whey depending on the amount and type of 

plant coagulant  
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Dry matters weight ratio in coloured whey ranges from 6.80 to 8.55%, including 0.96ï

1.33% of protein and depends on the amount of plant coagulant during thermo acid 

coagulation of milk proteins. Thus, the protein content in coloured whey was in average at 

1.33Ñ0.04% after thermo acid coagulation using 5% plant coagulant, 1.01Ñ0.03% ï 8% 

coagulant, and 0.96Ñ0.04% with the addition of 11% plant raw materials. This indicates a 

more complete coagulation and transition of milk proteins into a protein-plant clot [24].  

The control sample obtained as a result of the milk proteins coagulation by whey with 

titrated acidity not less than 160 ÜT had a protein content of 1.35%. Compared to the control 

sample, coloured whey obtained after thermo acid coagulation of milk proteins with plant 

coagulant in the amount of 8% and 11% had a lower protein content by 0.34ï0.39%. This 

confirms the complex casein and whey proteins coagulation by organic acids of blackcurrant 

paste and an active complex of plantain juice. 

Dependence of the active acidity in coloured whey on the amount and type of plant 

coagulant during thermo acid coagulation of milk proteins is shown in Figure 2. 

 

 

 

 
 

Figure 2. Dependence of the active acidity in coloured whey on the amount and type of plant 

coagulant  
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cavitation cavitation blackcurrant paste by an average of 0.20 and 0.25 pH, respectively. An 

active decrease was observed in the samples obtained after the milk proteins coagulation by 

blackcurrant paste in an amount of 11%, that for 72 hours of storage period was at 4.65 pH. 

Coloured whey from various origin retained its sensory characteristics, including the colour 

intensity, at all stages of storage period at a temperature of (4Ñ2) ÁC [25]. 

Scope of whey applicability is usually limited due to high acidity, deficiencies in sensory 

characteristics (salty and sour taste, pronounced whey flavor). In practice, for the whey 

deoxidation, which has a 4.50ï5.00 pH, various chemical substances are used (solutions of 

ammonia, sodium hydroxide, etc.) [26]. Soda solution (sodium bicarbonate) is chemically 

safe, available and traditionally used in the food industry to neutralize (deoxidize) whey.  

Coloured whey obtained after the milk proteins coagulation by cavitation processed 

blackcurrant paste and Plantago major L. juice can be used with or without additional 

processing (filtration, deoxidation) as a base and prescription component for whey beverages, 

such as pasteurized whey, pasteurized whey with sugar, and etc. This makes it possible to 

completely exclude the use of food coloring agents and flavoring matter of artificial origin in 

their composition. These technologies are classical and do not require additional parameters 

specification. 

 

 

Conclusion  

 
1. Coloured whey obtained after milk proteins coagulation by Plantago major L. juice and 

cavitation processed blackcurrant paste is characterized by polyphenol compounds 

content at the level of 324.43 and 265.49 mg/l, respectively, which has a positive effect 

on its nutritional value and sensory characteristics. Whey had, respectively, green and 

violet colour, which is characteristic for raw materials that contain flavonoids and 

anthocyanins. 

2. Optical dense which characterizes the turbidity and colouration for samples of coloured 

whey obtained after milk proteins coagulation by cavitation processed blackcurrant 

paste ranged within 1.46ï1.88 cond. units and 1.06ï1.26 cond. units, and for the 

coloured whey obtained as a result of milk coagulation by Plantago major L. juice was 

fixed at the level of 1.55ï1.95 cond. units and 1.13ï1.29 cond. units, respectively. 

3. The obtained results on the dry matters content at the level (6.80ï8.55%), including 

protein (0.96ï1.33%) and active acidity (4.90ï5.90 pH), indicate the practicability of 

using in beverage formulations ï coloured whey obtained as a result of thermo acid 

coagulation of milk proteins by plant coagulant in an amount of 8% without additional 

processing. When using whey obtained after coagulation by a coagulant in the amount 

of 11% ï expose it to deoxidation, and in the amount of 5% ï to filtration. 
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 Abstract  

  
     Introduction . The aim of this study was to highlight the 

physical and physiological changes of different types of legumes 

and the variation of their mineral amount during the germination 

process, in order to establish the optimal germination period for 

their use in consumption. 

      Materials and methods. Legumes types such as chickpea, 

bean, lentil, lupine, and soybean were germinated in a plant growth 

chamber Binder KBW/KBWF 240. To highlight the physical and 

physiological changes of legumes during the germination process, 

a Motic SMZ-140 Stereomicroscope was used. In order to 

highlight the variation of the amount of mineral substances during 

the germination process, a Shimadzu EDX-900HS was used. 

    Results and discussion. The protein content of the analyzed 

legumes varied between 19.40 and 40.34% the highest amount 

being for soy and the lowest one for chickpea sample. All the 

samples presented good viability for germination, the highest one 

being for lentil of 90% for which was also recorded the highest 

germination energy value. The image obtained clearly showed the 

development of the component parts of the germs: the radicle and 

the plumule which increases during the germination process, when 

the seed began to synthesize chlorophyll and when the root began 

to develop. According to their development the maximum 

germination time were of 10 days for lentil and lupin and of 9 days 

for chickpea, bean and soybean. However, for their use in food 

consumption, the optimum germination period was established for 

4 days for all the analyzed legumes samples for which except the 

bean sample the radicle was much higher than the legume grain 

size. In general, the availability of calcium and sulf was improved 

for all the samples in the four day of germination.  The calcium 

increases most for chickpeas with almost six times and for lentil 

with three times. Reported to the ungerminated seeds the phosphor 

and iron increases for lentil seeds in the four day of germinations 

whereas for the rest of legumes decreases. Regarding potassium, 

magnesium and zinc elements, in general, their values decreases 

with the increase time of germination period. 

     Conclusions. By highlighting the physical and physiological 

changes of legumes during germination, it is easier to determine 

when the germination process should be stopped. The amount of 

many nutrients increases as a result of the germination process, 

and this process can have various applications in the food industry. 
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Introduction  
 
Seed germination is a complex physiological process that has as its starting point the 

absorption of water by seeds, and as a final point, the appearance of the root, a component 

part of the future plant [1]. It can be said that the seed germination is the first phase of the 

plant development cycle [2]. 

Lately, there has been a lot of interest in the germination process,  

regarding the food field. This is explained by several considerations. First, researchers are 

studying the germination process because in some industries it is desirable to combat this 

process because it makes food unfit for consumption. In this sense, the use of gamma 

radiation to inhibit the germination of nuts [3] or wheat [4] can be exemplified as the results 

of various studies. Secondly, the study of the germination process is of interest due to the fact 

that recently there has been an increase in the consumption of germs of different seeds. This 

is desirable due to the positive effects of germination on the grains subjected to this process. 

Different studies show that germination leads to increase bioavailability of minerals in seeds 

[5, 6, 7, 8], the amount of phenolic compounds [9, 10], flavonoids [11, 12], the amount of 

amino acids (Gamma Aminobutyric Acid and essential amino acids) [13, 14, 15], vitamins 

[16, 17, 18]. It has also been shown that germination contributes to the activation of 

hydrolytic enzymes, which result in improved digestion of certain compounds, such as 

proteins and starch [19, 20, 21]. This is of particular interest to people who are suffering of 

with various diseases of the digestive system [22]. At the same time, germination is seen as 

a desirable process because it has the role of decreasing the amount of antinutrients in the 

grain (for eg. phytic acid, which combines with various minerals and result phytates) [23, 24, 

25]. Also, the interest for seed germs today is great due to the fact that they can be 

incorporated into the recipe of manufacturing various foods, in order to improve their 

nutritional profile or sensory and quality characteristics [22]. In this sense, can be list: bakery 

products [26, 27, 28], yogurt [29, 30, 31], biscuits [32, 33, 34], cakes [35, 36, 37] and so on. 

Regardless of the purpose pursued, it is necessary to carefully monitor the parameters 

of the germination process (temperature, humidity, aeration, lighting), so that the germs 

obtained to be of a superior quality, to contain an optimal amount of nutrients (in this regard, 

it is recommended that the germination time should not be prolonged too much, so that the 

grains not to be depleted in nutrients) [9, 10, 16], the sensory characteristics (color,  

appearance, smell, taste) should not be adversely affected and the microbial load should not 

exceed that indicated by standards in force [26, 28], so that the health of consumers not to be 

jeopardized by any microorganisms that have developed or by toxins that have been released 

along the way [22, 23].  

Depending on the field of use of the germs obtained, the germination parameters must 

be chosen in such a way that what is desired to be obtained (optimal enzymatic activity or  

inhibition of antinutritive factors, for example) to be successful [37]. In this sense, it is 

necessary to carefully study the literature that indicates clear suggestions in this regard. 

Highlighting the physical and physiological changes of different types of vegetables during 

the germination process is desirable so that the germination process can be optimally 

conducted, so that the germs obtained to be of superior quality and thus can serve with success 

for the purpose for which it is intended to be used [20, 22]. 

According to our acknowledgment, no comparative study has been made on so many 

types of legumes seeds during the entire germination period on their physical and 

physiological changes on modern device such as Stereomicroscope one. Also, no other study 

has been made on a comparative analysis of minerals availability during the 0, 2 and 4 

germination days between chickpea, bean, lentil, lupine, and soybean type.  
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The aim of this study was to highlight the physical and physiological changes of 

different types of legumes during the germination process, changes that are correlated with 

the determination of the size of the developed parts during germination (plumule and radicle) 

and to highlight the variation of mineral content during the germination process, of which 

amount was compared to those of the ungerminated seeds. Thus, will be highlighted the 

optimal germination time, so that the germs to present superior quality for consumption. 

 

 

Materials and methods  
 
Materials 

 

The grain legumes seeds used were: chickpea (Cicer arietinium L.), bean (Phaseolus 

vulgaris), lentil (Lens culinaris Merr.), lupine (Lupinus albus) and soybean (Glycine max L.). 

All the grain legumes seeds were cultivated in Romania and were not genetically modified.  

 

Grain legumes seeds analysis 

 

The grain legumes seeds were analyzed for its physical-chemical properties according 

to the International standard methods as follows: the hectoliter weight was determined 

according to the ISO 7971-1:2009, the moisture content of legumes seeds were determined 

according to ISO 7700-1:2008, the seeds viability was determined by usual inspection of cut 

seeds through tetrazolium staining [38], the seeds germination capacity was determined 

according to ISTA (2006) standard [39], and the protein content was determined according 

to EN ISO 20483:2006. 

 

 

Grain legumes seeds germination process 

 

For legumes seeds germination, a Binder KBW/KBWF germination chamber was used. 

The germination process was carried out to a maximum germination period of 9 days for 

soybeans, beans and chickpeas and for 10 days for lupine and lentils in accordance with the 

conditions provided by the ISTA (2006) standard [39]. The germination was made on dark 

conditions to a temperature which varied between 20 and 25 ÁC and to a constant humidity 

value of 80%. The germination layer used was the filter paper.  

 

Grain legumes seeds analysis during the germination process 
 

In order to highlight the physical and physiological legumes seeds changes during the 

germination process was measured every day the size of the radicle and plumule of legumes 

seeds by using a Modelcraft Vernier Calliper of 125 mm [40]. Also, it was captured the 

physical and physiological changes that occur in legumes seeds during the germination 

process by using a Motic SMZ-140 Stereomicroscope device [41]. This allowed us to obtain 

detailed images that highlight the essential changes: increasing the volume of the grain due 

to the water absorption, degradation of the protective coating of the grain, the development 

of the component parts of the germs, etc.  
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Statistical analysis 

 

Data were expressed as means Ñ standard deviations for triplicate determination.   

Statistical analysis was performed using XLSTAT statistical package (free trial version, 

Addinsoft, Inc. Brooklyn, NY, USA) at a significance level of p < 0.05 [42]. 

 
 

Results and discussion  
 
Physical-chemical characteristics of the ungerminated legumes seeds 

 
The data for the physical-chemical analysis are shown in Table 1. As it may be seen, 

the soybean presented the highest protein content value, whereas the chickpea the lowest one. 

From the hectolitre point of view this value varied between 70.0 and 84.5 kg/hl with the 

highest value for lentil and the lowest one for lupine seeds. The humidity value for the seeds 

sample was not higher than 10.9% whereas the legumes seeds capacity to germinate 

determined through viability and germination energy indicated the fact that lentil presented 

the highest capacity to germinate whereas the lupine and chickpea the lowest one.  
 

Table 1 

Physical-chemical characteristics of legumes seeds 

 

Legumes seeds 

Hectolitre 

weight 

[kg/hl]  

Humidity 

[%]  

 

Viability 

[%]  

Germination 

energy [%] 

Protein 

content [%]  

Soy 70.5°0.03 9.8°0.01 77°0.47 74°0.81 40.34°0.01 

Lupine 70.0°0.02 7.7°0.02 52°0.81 51°0.47 39.90°0.03 

Chickpea 73.5°0.01 10.3°0.01 50°0.81 52°0.47 19.40°0.04 

Bean 70.8°0.04 10.9°0.01 73°0.47 70°0.81 22.60°0.02 

Lentil 84.5°0.02 7.6°0.01 90°0.47 88°0.81 28.69°0.03 

 
 
Physical, physiological and minerals changes during the germination process of 

different types of legumes seeds 

 

The physical and physiological changes of different types of legumes were presented 

below, during every day of germination process (from day 1 to 9, respectively to 10 days of 

germination process depending on the legumes type). For 0, 2 and 4 days of germination 

process it was determined the amount of mineral elements such as calcium, iron, phosphorus, 

sulfur, zinc, manganese, and potassium from the legumes seeds by using a spectrometer 

Shimadzu EDX-900HS (Shimadzu Corporation, Kyoto, Japan) device. It was established the 

variation of legumes types during the 4 days of germination due to the fact that according to 

the physical changes during the germination process was the optimum day for their use in 

food consumption. Also different studies has been reported that at this time of germination 

process the enzymatic activity of legumes are in a high amounts [43, 44, 45] and if the 

germination period exceeded too much the amount of nutrients begin to decreases which is 

not a desirable fact [8, 46, 47, 48]. 
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Physical and physiological changes of the lentil during germination 

 

Figure 1 shows the changes that occur during germination process in the lentil seeds, 

during the 10 days of germination. At the same time, it can be seen the variation of the size 

of the component parts (radicle and plumule) during the ten days of germination. Thus, on 

the first day of germination there is an increase in the volume of the lentil seed, as a result of 

the absorption of water needed in the subsequent germination process; the absorption of water 

being done through free pores and capillaries. Water absorption is done to hydrate the grain, 

in order to stop the grain dormancy [49]. In the literature, it is considered that the optimum 

moisture content for germination is 75ï80 g of water per 100 g of dry matter [50]. During 

the other 9 days of germination, it can be seen the changes that occur: on the second day the 

radicle begins to develop, and from the third day, it can be seen the plumule. The dimensions 

of these components increase from day to day. 

 
 

Day 1 Day 2 

 
 

Day 3 

 

Day 4 
 

Day 5 

 

     
Increase in grain 

size (water 
absortion) 

Radicle: 2.5 mm Radicle: 4 mm 
Plumule: 3 mm 

Radicle: 6 mm 
Plumule: 5 mm 

Radicle: 7 mm 
Plumule: 19 mm 

Day 6 

 

Day 7 
 

Day 8 
 
 

 
 

Day 9 

 

Day 10 

 

Radicle: 14 mm 
Plumule: 23 

Radicle: 15 mm 
Plumule: 29 mm 

Radicle: 29 mm 
Plumule: 41 mm 

Radicle: 32 mm 
Plumule: 45 mm 

Radicle: 52 mm 
Plumule: 70 mm 

 

Figure 1. Physical and physiological changes of the lentil seeds during the germination process 

 

 

Images captured and presented in Figure 2 with the Motic SMZ-140 stereomicroscope 

showed the grain in a dorsal, facial, transverse, and cross-sectional position. In the literature, 

the stereomicroscope has been used successfully to study the germination phenotype [51]. 

From these images, it can be seen that the development of the root begins from day one. The 

chlorophyll is found in cellular organs called chloroplasts and has an important role in the 

process of photosynthesis. It helps to capture the light needed in the photolysis of water 

molecules, in order to assimilate carbon in the other stages of photosynthesis [52, 53]. In the 

other stages, on days 7-10, it is observed that the root of the future plant grows more and 

more, so that the plant can be prepared for the absorption of nutrients and water from the soil, 

a process in which the root has an essential role [54, 55]. 
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Figure 2. Physical and physiological changes of the lentil,  

captured with the Motic SMZ-140  Stereomicroscope 

 

 

Physical and physiological changes of the bean, during germination 

 

Figures 3 and 4 showed the changes that occur during germination process in the bean 

seed, during the 9 days of germination.  
 

Day 1 

 

Day 2 
 

 
 

Day 3 

 

Day 4 
 

 
 

Day 5 
 

 

Increase in grain 
size (water 
absortion) 

Radicle: 3.5 mm;  Radicle: 7 mm Radicle: 13 mm Radicle: 27 mm 
 

     
 

Day 6 

 

Day 7

 

Day 8 

 

Day 9 

 

Radicle: 68 mm  Radicle: 153 mm  Radicle: 167 mm  Radicle: 178 mm 
 

 

Figure 3. Physical and physiological changes of the bean seeds during the germination process 
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It can be seen that on day 1 of germination, as in the case of lentils, the grain increased 

in volume due to the absorption of water needed for the next steps. Water plays an important 

role in the germination process. During germination, it is very important to keep the humidity 

constant because a water deficit will cause the degradation of the germ membrane and their 

integrity [62]. As studies suggested, the presence of water is necessary to initiate the 

germination process [63]. In the next stages of germination, days 2-5, the development of the 

radicle is observed. Starting with the sixth day, the appearance of the root of the future plant 

is observed. It is also observed, starting with the fifth day, the synthesis of chlorophyll, a 

pigment of significant importance in the subsequent process of photosynthesis, a process that 

ensures the correct development of the plant. 

Figure 4 highlights in more detail the physical and physiological changes that occurred 

during the germination process. Images captured using the Motic SMZ-140 stereomicroscope 

showed the grain in a dorsal, facial, transverse, and cross-sectional position. 
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Figure 4. Physical and physiological changes of the beans, captured  

with the Motic SMZ-140 Stereomicroscope 

 

 

 

Physical and physiological changes of lupine during germination 

 

Figures 5 and 6 showed the changes that occur during germination in the lupine grain 

during the 10 days of germination period. In the case of lupine, it can be seen that on days 2, 

3 and 4 takes place the development of the radicle, up to a size of 11 mm. From the 5th day 

onwards, chlorophyll is synthesized. From the 8th day, the appearance of the root of the future 

plant is observed. 
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Day 5 

 

Increase in grain 
size (water 
absortion) 

Radicle: 3 mm Radicle: 8.5 mm Radicle: 11 mm Radicle: 30 mm 
 

Day 6 

 
 

Day 7 

 

Day 8 

 

Day 9 

 

Day 1  

Radicle: 55 mm Radicle: 72 mm Radicle: 89 mm Radicle: 117 mm Radicle: 126 mm 
 

Figure 5. Physical and physiological changes of the lupine seeds during the germination process 
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Figure 6. Physical and physiological changes of the lupine, captured with the Motic SMZ-140  

Stereomicroscope 

 

 

Physical and physiological changes of chickpeas during germination 

 

The changes that occur during germination in the chickpea, during the 9 days of 

germination, can be seen in Figures 7 and in Figures 8. Thus, the development of the radicle 

in the case of chickpea begins on the second day. Starting with the sixth day, the appearance 

and development of the plumule and the synthesis of chlorophyll are observed. On the ninth 

day, the radicle has a length of 130 mm and the plumule, 58 mm. The images from figure 8 

captured to the dorsal, facial and transverse seed position, facilities the observing in detail 

the development of the leaves and the root (days 6ï9). 
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Increase in grain 
size (water 
absortion) 

Radicle: 3 mm Radicle:  mm Radicle: 16 mm Radicle: 21 mm 
 

Day 6 

 

Day 7 

 

Day 8 

 

Day 9 

 
Radicle: 130 mm 
Plumule: 58 mm 

Radicle: 21 mm 
Plumule: 12 mm 

Radicle: 47 mm 
Plumule: 21 mm 

Radicle: 120 mm 
Plumule: 24 mm 

 

Figure 7. Physical and physiological changes of the chickpeas seeds during the germination 

process 
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Figure 8. Physical and physiological changes of the chickpea, captured with the Motic SMZ-140  

Stereomicroscope 
 

 

 

Physical and physiological changes of the soybean during germination 

 

Figures 9 and 10 show how the soybean evolved during the 9 days of germination. 

Thus, it can be seen that the radicle has reached the size of 24 mm at the end of the fourth 

day of germination. Starting with the fourth day, the seed began to synthesize chlorophyll, 

and the root began to be more pronounced starting with the eighth day. 
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Increase in grain 
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Day 9 

 
Radicle: 81 mm Radicle: 135 mm Radicle: 149 mm Radicle: 160 mm 

 

Figure 9. Physical and physiological changes of the soybean seeds during the germination 

process 
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Figure 10. Physical and physiological changes of the soybean, captured with the Motic SMZ-140  

Stereomicroscope 

 

 

  


