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Abstract 

The first objective of this paper was to obtain an innovative type of protein bar, sugar free, in two 

variants: one vegan with soy flour (PBAS) and the second with whey powder (PBAW). The common 

basis for the two types of protein bars was composed of peanut butter, dried leaf powder of Stevia 

rebaudiana, carob, oat flakes and inactive yeast flakes. A second objective of this paper was to 

determine the total polyphenol content (Folin-Ciocalteu assay), the antioxidant capacity (CUPRAC 

method), of the protein bars obtained, compared to the raw materials, and to determine the proximate 

composition and energy value of the finished products. Among the raw materials, the highest total 

polyphenol content was found in Stevia rebaudiana (37.22±0.94 mg gallic acid/g), followed by carob 

powder (16.41±0.0.70 mg gallic acid/g), and the lowest concentration of these compounds was found 

in whey powder (0.20±0.01 mg gallic acid/g). Regarding the antioxidant activity, the highest value 

was also recorded in the case of Stevia rebaudiana (114.23±1.34 mg Trolox/g). Of the two finished 

products obtained, the vegan protein bar (PBAS) had the highest content of total polyphenols 

(9.64±0.33 mg gallic acid/g) and the best antioxidant activity (55.62±0.98 mg Trolox/g). Vegan 

protein bar (PBAS) had no cholesterol and had a higher caloric intake than whey protein bar (PBAW) 

which had more protein (25.94 g/100g compared to 23.78 g/100g in. PBAS). 
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______________________________________________________________________________________ 

 

1. Introduction 

Protein bars are widely consumed by athletes, 

adults- in recreational purpose, and soldiers who 

generally believe that combining extra protein 

intake with exercise will promote weight loss, 

increase of lean muscle mass, and improved 

physical performance [1-3]. Numerous scientific 

studies show that protein supplements increase 

gains in muscle mass and muscle strength in both 

young and older adults [4-9].  

Whey powder is a rich source of high quality 

protein, rich in essential amino acids (EAA) and 

branched chain amino acids (BCAA) that are 

important in tissue growth and regeneration.  

 

 

EAA and BCAA from whey proteins are present in 

higher concentrations compared to other proteins 

such as soy, meat and wheat; they are also absorbed 

and used effectively. Whey protein also has some 

important benefits such as: it reduces the symptoms 

of chronic fatigue and its major use is in HIV and 

viral diseases because it increases immunity [10]. 

Whey proteins contain mainly beta-lactoglobulin (β-

LG), alpha-lactalbumin (a-LA), bovine serum 

albumin (BSA), immunoglobulins and protease 

peptone, as well as some minor proteins, including 

lactoferrin [11]. Advances in processing 

technologies have allowed the purification and 

separation of whey proteins that are sold as 

concentrate (WPC) or isolate (WPI) containing 35-

80% and> 90% protein, respectively [12].  
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Both WPC and WPI have important antioxidant 

properties [13]. 

Soy protein has received increasing attention in 

recent years from consumers, researchers and the 

media [14-16]. Several studies have shown that 

consuming soy protein instead of animal protein 

reduces the plasma levels of total cholesterol, low-

density lipoprotein (LDL) and triglycerides. Soy 

protein has also been found to contribute to weight 

loss, to control hyperglycaemia, hyperlipidemia and 

hyperinsulinemia [16-18]. The predominant soy 

proteins are storage proteins, namely 7S globulin 

(conglicinin) and 11S globulin (glycine), which 

make up about 80% of the total protein. Other 

storage proteins are 2S, 9S and 15S, which are 

present in much smaller amounts in soy protein 

[19]. Soybeans as well as soy protein isolates are 

also known for their antioxidant properties [20]. 

Stevia rebaudiana is a sweet plant, belonging to the 

genus Stevia and the family Asteraceae [21]. Stevia 

is enriched with many nutrients, such as 80 to 85% 

water, amino acids, proteins, fiber, lipids, essential 

oils, free sugars, vitamins and organic acids. The 

plant is considered a good source of calcium, 

magnesium, potassium, iron, phosphorus, sulfur, 

sodium. Steviol glycosides are responsible for the 

sweetening properties of plants. The most 

representative form of steviol glycosides in the 

leaves are steviosides followed by rebaudiosides. 

The rest of the sweet compounds are present in very 

small quantities. The sweetening components of 

stevia make up 14% of the dried leaves by weight. 

Toxicological studies have shown that the 

secondary metabolites present in stevia are not 

mutagenic, teratogenic or carcinogenic and no 

allergic reactions have been observed after 

consumption as a sweetener. The high nutritional 

profile of stevia leaves, the richness of phenolic 

compounds and other antioxidants, makes it 

superior to other sugar substitutes [22-23]. 

The purpose of this paper was to make an 

innovative protein bar, sweetened with Stevia 

rebaudiana, in two variants: one vegan with soy 

flour and the other with whey powder, as well as to 

determine the proximate composition, energy value, 

but also protective qualities by analyzing the 

content of total polyphenols and antioxidant 

activity. 

 

 

2. Materials and Methods 

Two variants of protein bars were obtained, using 

ingredients from the local market, according to the 

recipes presented in table 1. 

 
Table 1. Recipes used to obtain the two varieties of 

protein bars 

 

2.1.Protein bars obtaining method 

The oat flakes was crushed with the help of a food 

processor, after which the necessary quantities of 

each raw and auxiliary material needed for the two 

recipes were weighed. The components for each 

variant of protein bar were mixed and homogenized 

well in a kitchen bowl, then the bars were formed 

and packaged. From each type of bar, as well as 

from the raw materials, were taken samples to 

determine the total polyphenol content and 

antioxidant activity. 

2.2.Determination of total polyphenol content and 

antioxidant activity 

In order to determine the content of total 

polyphenols as well as the antioxidant activity for 

the raw materials and the finished products 

obtained, the methods Folon Ciocalteu and 

CUPRAC were used as described by Dumbrava et 

al. (2016) [24]. All analyzes were performed in 

triplicate, and the results were expressed as a mean 

and standard deviation (mean ± SD). 

2.3. Determining of the proximate composition 

and energy value 

The proximate composition and energy value of the 

two assortments of protein bars obtained were 

determined by calculation, using "USDA Food 

Compozition Databases" [25]. 
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3.Results and discussion 

3.1.Total polyphenol content analysis 

The total polyphenolic compounds analysis (by the 

Folin-Ciocalteu method) from the two finished 

products obtained and from the raw materials, led to 

the results presented in table 2. 

Table 2. Total polyphenols content in the finished 

products and in the raw materials 

 

From the experimental data on the content of total 

polyphenols in the raw materials and protein bars 

obtained, it can be observed that, of the raw 

materials used, Stevia rebaudiana powder was the 

richest in these compounds (37.22±0.94 mg gallic 

acid/g), followed of carob powder (16.41±0.70 mg 

gallic acid/g) and oat flakes (2.83±0.08 mg gallic 

acid/g). All other raw materials used had a content 

of total polyphenols below 1 g gallic acid/g.  

Khiraoui et al., (2018) [26] determining the total 

polyphenols content in the dried leaves of Stevia 

rebaudiana, found values between 37.13- 67.85 mg 

gallic acid/g, Shulca et al., (2012) [27] found values 

of 56.74 mg gallic acid/g and Myint et al., (2020) 

[28] values of 77.89 mg GAE/g DW - so that the 

values we found are at the lower end of the range in 

the studied literature data. For carob powder, have 

been found some studies on the content of total 

polyphenols in extracts obtained with other types of 

solvents: Benchikh and Louailèche, (2014) [29] for 

hexane extracts, found values of total polyphenols 

between 11.31 ± 0.49 and 9.70 ± 0.46 mg GAE/g, 

and Petkova et al., (2017) [30] for aqueous extract 

found values of 8.11 ± 1.15 mg GAE/g dw. The 

results of this paper for ethanolic extract of carob 

indicate higher values of total polyphenols. 

Regarding the two protein bars obtained, it was 

found that the PBAS protein bar had a slightly 

higher value of the total polyphenol content 

(9.64±0.33 mg gallic acid/g) than that of the PBAW 

protein bar (8.14±0.23 mg gallic acid/g). 

 

3.2.Antioxidant activity analysis 

Table 3 shows the values obtained for the 

antioxidant activity of raw materials and finished 

products samples (CUPRAC assay). 

Among the raw materials, it was found that, Stevia 

rebaudiana had the strongest antioxidant activity 

(114.23±1.34 mg Trolox/g), followed by carob 

powder (79.94±1.42 mg Trolox/g), soy flour 

(77.84±1.14 mg Trolox/g) and oat flakes 

(60.37±1.08 mg Trolox/g); peanut butter had the 

lowest antioxidant activity (7.04±0.02 mg 

Trolox/g). Bender et al., (2015) [31] determined for 

Stevia rebaudiana leaves from different sources, 

values of antioxidant activity of 69.5 to 267.78 mg 

Trolox/g, the data obtained by us being included in 

this range. Ashan et al., (2019) [32] reported lower 

values of antioxidant activity for carob powder: 

between 20.78 ± 1.45 and 29.56 ± 2.06 mg TE/g. 

Brindzova et al., (2008) [33] found for oat flakes 

much lower values of antioxidant activity using the 

free radical DPPH: 3,437 ± 0.031 to 17,802 ± 0.022 

mg TE/g. 

The two protein bars obtained had close values of 

antioxidant activity, the best value being found in 

the case of PBAS protein bar (55.62±0.98 mg 

Trolox/g). 

Table 3.Antioxidant activity of protein bars samples and 

of raw materials 

 

 

3.3.Proximate composition and energy values 

analysis 

The proximate composition and the energy value 

determined by calculation for the two finished 

products are presented in figures 1-3. 

It can be seen that the PBAS bar (with soy flour and 

carob powder) had a higher energy value (427.14 

kcal/100g) than the PBAW bar (417.43 kcal/100g). 

Also, the PBAS bar is slightly richer in 

carbohydrates (35.90 g/100g) and total fat (21.54 

g/100g) than the PBAW bar (33.19 g/100g, 

respectively 20.32 g/100g).  
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Proteins were found in higher amounts in PBAW 

(25.94 g/100g) than in PBAS (23.78 g.100g). 

 

 

Figure 1. Protein bars proximate composition 

 

Figure 2. Cholesterol content in protein bars 

 

Figure 3. Energy value of protein bars 

 

4. Conclusions 

• Two innovative variants of protein bars 

sweetened with Stevia rebaudiana leaf powder 

were obtained: one vegan with soy flour, peanut 

butter, oat flakes, carob powder (PBAS) and the 

other with whey powder, oat flakes and peanut 

butter (PBAW). 

• Analysis of the total polyphenol content for raw 

materials and finished products showed that 

Stevia rebaudiana had the highest content, 

followed by carob powder, and of the two 

finished products, PBAS had a higher content 

than PBAW. 

• Regarding the antioxidant activity, Stevia 

rebaudiana also had the highest value among the 

raw materials, followed by carob powder and 

soy flour; of the finished products, the vegan 

protein bar (PBAS) had a higher antioxidant 

activity than whey protein bar (PBAW). 

• The two obtained protein bars had a quite similar 

proximate composition, except that the PBAS 

bar is free of cholesterol and has more 

carbohydrates and total fat than PBAW which 

has a higher protein content. Both finished 

products have a good protein and dietary fiber 

content as well as a low amount of sugar. 

Compliance with Ethics Requirements. Authors 

declare that they respect the journal’s ethics 

requirements. Authors declare that they have no conflict 

of interest and all procedures involving human or animal 

subjects (if exist) respect the specific regulation and 

standards. 

Acknowledgements: This work was supported by 

proving the equipment’s of the Faculty of Food 

Engineering Timişoara – “Food Science”- Research 

Center. 

References 

1. Erdman, K. A., Fung, T. S., Doyle-Baker, P. K., 

Verhoef, M. J., Reimer, R. A. Dietary 

supplementation of high-performance Canadian 

athletes by age and gender. Clinical Journal of Sport 

Medicine, 2007, 17(6), 458-464. 

2. Erdman, K. A., Fung, T. S., Reimer, R. A.. Influence 

of performance level on dietary supplementation in 

elite Canadian athletes. Medicine and science in 

sports and exercise, 2006, 38(2), 349-356. 

3. Lieberman, H. R., Stavinoha, T. B., McGraw, S. M., 

White, A., Hadden, L. S., Marriott, B. P. Use of 

dietary supplements among active-duty US Army 

soldiers. The American journal of clinical nutrition, 

2010,  92(4), 985-995. 

4. Pasiakos, S. M., Montain, S. J., Young, A. J., Protein 

supplementation in US military personnel. The 

Journal of nutrition, 2013, 143(11), 1815S-1819S. 

5. Petroczi, A., Naughton, D. P. (2008). The age-gender-

status profile of high performing athletes in the UK 

taking nutritional supplements: lessons for the 

future. Journal of the International Society of Sports 

Nutrition, 5(1), 1-8. 



 

 

 

 

 

Delia - Gabriela Dumbrava et.al.  / Journal of Agroalimentary Processes and Technologies 2021, 27(2) 

 

 

 

 

 

 

 

 
247 

6. Cermak, N. M., Res, P. T., de Groot, L. C., Saris, W. 

H., van Loon, L. J., Protein supplementation 

augments the adaptive response of skeletal muscle to 

resistance-type exercise training: a meta-analysis. The 

American journal of clinical nutrition, 2012, 96(6), 

1454-1464. 

7. Rodriguez, N. R., Di Marco, N. M., Langley, S., 

American College of Sports Medicine position stand. 

Nutrition and athletic performance. Medicine and 

science in sports and exercise, 2009, 41(3), 709-731. 

8. Cooper, C. E., Beneke, R., Tipton, K. D., Ferrando, 

A. A. Improving muscle mass: response of muscle 

metabolism to exercise, nutrition and anabolic 

agents. Essays in biochemistry, 2008, 44, 85-98. 

9. Schoenfeld, B. J., Aragon, A. A., Krieger, J. W. The 

effect of protein timing on muscle strength and 

hypertrophy: a meta-analysis. Journal of the 

International Society of Sports Nutrition, 2013, 

 10(1), 1-13. 

10. Gangurde, H. H., Chordiya, M. A., Patil, P. S., Baste, 

N. S. Whey protein. Scholars Research Journal, 

2011, 1(2). 

11. Kilara, A., Panyam, D. Peptides from milk proteins 

and their properties. Critical Reviews in Food Science 

and Nutrition, 2003, 43(6), 607-633. 

12. Caessens, P. W., Daamen, W. F., Gruppen, H., 

Visser, S., Voragen, A. G. β-Lactoglobulin 

hydrolysis. 2. Peptide identification, SH/SS exchange, 

and functional properties of hydrolysate fractions 

formed by the action of plasmin. Journal of 

agricultural and food chemistry, 1999, 47(8), 2980-

2990. 

13. Corrochano, A. R., Sariçay, Y., Arranz, E., Kelly, P. 

M., Buckin, V., & Giblin, L. Comparison of 

antioxidant activities of bovine whey proteins before 

and after simulated gastrointestinal digestion. Journal 

of dairy science, 2019, 102(1), 54-67. 

14. Anderson, J. W., Johnstone, B. M., Cook-Newell, M. 

E. Meta-analysis of the effects of soy protein intake 

on serum lipids. New England Journal of 

Medicine, 1995, 333(5), 276-282. 

15. Wang, H., Johnson, L. A., Wang, T., Preparation of 

soy protein concentrate and isolate from extruded-

expelled soybean meals. Journal of the American Oil 

Chemists' Society, 2004, 81(7), 713-717. 

16. Montgomery, K. S. Soy protein. The Journal of 

perinatal education, 2003, 12(3), 42-45. 

17. Arliss, R. M., Biermann, C. A. Do soy isoflavones 

lower cholesterol, inhibit atherosclerosis, and play a 

role in cancer prevention?. Holistic Nursing Practice, 

2002, 17(1), 40-48. 

18. Dudek, S. G., Nutrition essentials for nursing 

practice. 2013, Lippincott Williams & Wilkins. 

19. Garcia, M. C., Torre, M., Marina, M. L., Laborda, F., 

Rodriquez, A. R. Composition and characterization of 

soyabean and related products. Critical Reviews in 

Food Science & Nutrition, 1997, 37(4), 361-391. 

20. De Castro, R. J., Sato, H. H., Antioxidant activities 

and functional properties of soy protein isolate 

hydrolysates obtained using microbial 

proteases. International Journal of Food Science & 

Technology, 2014, 49(2), 317-328. 

21. Carakostas, M. C., Curry, L. L., Boileau, A. C., 

Brusick, D. J. Overview: the history, technical 

function and safety of rebaudioside A, a naturally 

occurring steviol glycoside, for use in food and 

beverages. Food and Chemical Toxicology, 

2008, 46(7), S1-S10. 

22. Gupta, E., Purwar, S., Sundaram, S., Rai, G. K. 

Nutritional and therapeutic values of Stevia 

rebaudiana: A review. Journal of Medicinal Plants 

Research, 2013, 7(46), 3343-3353. 

23. Lemus-Mondaca, R., Vega-Gálvez, A., Zura-Bravo, 

L., Ah-Hen, K. Stevia rebaudiana Bertoni, source of 

a high-potency natural sweetener: A comprehensive 

review on the biochemical, nutritional and functional 

aspects. Food chemistry, 2012, 132(3), 1121-1132. 

24. Dumbravă, D.G., Moldovan, C., Raba, D.N., Popa, 

V.M., Drugă, M. Evaluation of antioxidant activity, 

polyphenols and vitamin C content of some exotic 

fruits, Journal of Agroalimentary Processes and 

Technologies, 2016, 22(1), 13-16. 

25. *** USDA Food Composition Databases 

https://ndb.nal.usda.gov/ndb/search/list. 

26. Khiraoui, A., Al Faiz, C., Hasib, A., Bakha, M., 

Benhmimou, A., Amchra, F. Z., Boulli, A. 

Antioxidant Ability, Total phenolic and Flavonoid 

contents of Leaf extract of Stevia rebaudiana Bertoni 

Cultivated in Morocco, International Journal of 

Scientific & Engineering Research, 2018, 9(5), 1585-

1590. 

27. Shukla, S., Mehta, A., Mehta, P., Bajpai, V. K. 

Antioxidant ability and total phenolic content of 

aqueous leaf extract of Stevia rebaudiana 

Bert. Experimental and Toxicologic Pathology, 

2012, 64(7-8), 807-811. 

28. Myint, K. Z., Wu, K., Xia, Y., Fan, Y., Shen, J., 

Zhang, P., Gu, J. Polyphenols from Stevia rebaudiana 

(Bertoni) leaves and their functional 

properties. Journal of food science, 2020, 85(2), 240-

248. 

29. Benchikh, Y., Louailèche, H. Effects of extraction 

conditions on the recovery of phenolic compounds 

and in vitro antioxidant activity of carob (Ceratonia 

siliqua L.) pulp. Acta Botanica Gallica, 2014, 161(2), 

175-181. 

30. Petkova, N., Petrova, I., Ivanov, I., Mihov, R., 

Hadjikinova, R., Ognyanov, M., Nikolova, V. 

Nutritional and antioxidant potential of carob 

(Ceratonia siliqua) flour and evaluation of functional 

properties of its polysaccharide fraction. Journal of 

Pharmaceutical Sciences and Research, 2017, 9(11), 

2189-2195. 

 

https://ndb.nal.usda.gov/ndb/search/list


 

 

 

 

 

Delia - Gabriela Dumbrava et.al.  / Journal of Agroalimentary Processes and Technologies 2021, 27(2) 

 

 

 

 

 

 

 

 
248 

31. Bender, C., Graziano, S., Zimmermann, B. F. Study 

of Stevia rebaudiana Bertoni antioxidant activities 

and cellular properties. International journal of food 

sciences and nutrition, 2015, 66(5), 553-558. 

32. Ahsan, S., Zahoor, T., Shehzad, A., Zia, M. A. 

Biochemical and nutritional characterization of 

different soybean varieties cultivated in 

Pakistan. Pakistan Journal of Agricultural Sciences, 

2019, 56(1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

33. Brindzova, L., Čertík, M., Rapta, P., Zalibera, M., 

Mikulajova, A., Takacsova, M. Antioxidant activity, 

β-glucan and lipid contents of oat varieties. Czech 

journal of food sciences, 2008, 26(3), 163. 


