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Abstract: Probiotics have been shown to benefit human health, however, they are usually found in 
dairy products, which cannot be consumed by people with lactose intolerance or milk protein 
allergies. Egg white drink is a good alternative and might be a suitable carrier for probiotics. In this 
context, the usability of egg white drink for the fermentation by Bifidobacterium longum Bb46 and 
Bifidobacterium longum DSM 16603 and the effect of adding different carbohydrate sources (glucose, 
fructose and saccharose) was investigated. After 24 hours of fermentation, changes in pH, total cell 
count and protein profile were also examined. A reduction in pH was observed particularly when 
carbohydrate sources were added to egg white drink compared to control samples. Generally, the total 
cell count was greater than 8.3 log10CFU/mL, and the cell count of B. longum DSM 16603 was 
considerably higher than B. longum Bb46 in egg white drink supplemented with glucose and 
saccharose. Following SDS protein profile analysis of all studied samples, ovalbumin, 
ovoflavoprotein, and ovomucoid were detected, although their associated bands were weaker when 
carbohydrates were added. To sum up, B. longum DSM 16603 can be applied for the production of 
fermented probiotic egg white drink in the presence of fructose, which might make the drink suitable 
for diabetics. 
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1. Introduction 

Nowadays, consumers have an increased demand for functional foods that have 
health-promoting effects (Aguiar et al. 2019). Three different types of food 
ingredients can be used for designing these types of food: living microorganisms 
(probiotics), non-digestible carbohydrates, and bioactive metabolites (Do Espírito 
Santo et al. 2011). Probiotics were defined as "live microorganisms that confer health 
benefits on the host when administered in adequate amounts" (Jha et al. 2020). In the 
last few years, Bifidobacterium genera have attracted research and commercial 
interest as a probiotic bacteria (Pokusaeva et al. 2011, Prasanna et al. 2014). 
Moreover, Bifidobacterium has been proven that predominantly colonize the human 
gut and have beneficial effects on boosting the immunity system and relieving 
symptoms of lactose intolerance (Yakoob & Pradeep 2019). Bifidobacteria have 
varying capacities to metabolize carbohydrates and transform them into many by-
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products mainly acetate along with lactate, ethanol, and formate (Pokusaeva et al. 
2011). Most traditional probiotic products are milk-based however, these products 
cannot be consumed by groups of people who suffer from lactose intolerance or who 
are allergic to milk proteins. For these consumers, egg white is considered a good 
alternative source to milk in the production of probiotic products. As a valuable 
source of functional protein and high digestibility, eggs provide many essential 
nutrients to humans (Belitz et al. 2004). Bifidobacterium has mainly been used in the 
fermentation of dairy products (Prasanna et al. 2014), or fruit juices (Sheehan et al. 
2007), however, there is a lack of information on the fermentation of egg white.  

In this research, the possibility of developing an egg white drink was 
investigated by assessing the suitability of egg white for the cultivation of 
Bifidobacterium genera.  

2. Materials and methods 

2.1. Materials 

Egg white drink were obtained from Caprivous LTD (Szigetcsép, Hungary), and 
they were refrigerated at 10± 1 °C until use. Bifidobacterium longum DSM 16603 
and Bifidobacterium longum Bb46 were brought from Probiotical and Christian 
Hansen, respectively. 

2.2. Methods  

2.2.1. Production of fermented egg white 

100 ml of egg white drink was mixed with a 2% carbohydrate solution (fructose, 
glucose, and saccharose) separately and 1 % of Bifidobacterium inoculum cultivated 
in TPY (Trypticase-phytone-yeast extract) broth before 24 hours of the fermentation 
at 37 °C in anaerobic condition. The cultured egg white drink was incubated at 37°C 
for 24 hours in anaerobic Jar. Three replications were made for each one. After 
fermentation, the viable cell count, pH value, and protein profile were determined.  

2.2.2. Determine the total cell count and pH 

The cell count was determined by the pour plate method using TPY agar. Plates 
were incubated for 48-72 hours at 37 °C in anaerobic conditions in Jar. The pH was 
determined using a Mettler Toledo InLab expert pro electrode pH meter. 

2.2.3. Determination of protein profile  

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS PAGE) 
according to the method of Laemmli (1970) with stacking gel 4% (pH 6.8) and 
resolving gel 15% (pH 8.8) was applied to determine the protein profile of the 
samples. 

2.2.4. Statistical analysis 
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All statistical procedures were conducted using the software IBM SPSS27 
(Armonk 2020). Data were analyzed by multivariate analysis of variance 
(MANOVA) and mean comparisons by post hoc test at p<0.05.  

 

3. Results 

3.1. The viability of Bifidobacterium strains in egg white drink 

Considerably, the cell counts in Figure 1, increased by about 2 log10 in all studied 
samples over the initial value which was 6.88 log10CFU/mL in the case of B. longum 
DSM 16603, and 5.97 log10CFU/mL regarding B. longum Bb46, as a consequence 
of the consumption of the nitrogen and carbohydrate in the medium. Additionally, 
the cell concentration was not significantly different between B. longum DSM 16603 
and B. longum Bb46 in the control samples and samples with fructose, 8,8-8,9 
log10CFU/mL. On the other hand, the total cell counts of B. longum DSM 16603 in 
the fermented egg white with glucose and saccharose was considerably higher than 
B. longum Bb46. Although the cell count of B. longum DSM 16603 was not 
significantly different when glucose, fructose or saccharose were added reaching a 
value of 8.9 log10CFU/mL, it was completely higher than the control samples 8.38 
log10CFU/mL. 

Figure 1: The viability of Bifidobacteria in egg white drink with different 
carbohydrate sources after 24 hours of fermentation 

 
Source: Author's own editing based on his own research 

Higher case letters indicate the difference between Bifidobacterium strains when the same 
carbohydrate sources was added, lower case letters represent the differences when different 

carbohydrate sources were added using the same strain. 

3.2. Study the pH value of egg white drink 

In agreement with Figure 2, the pH dropped after 24 hours compared to the 
initial pH value which was pH 6.24. Furthermore, the pH value of fermented samples 
by B. longum Bb46 was generally higher than fermented samples by B. longum DSM 
16603 when carbohydrate sources were added. On the other hand, there was no 
considerable difference in the pH value of fermented egg white samples with B. 
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longum Bb46 when different carbohydrate sources were added. In contrast, adding 
saccharose solution recorded a higher level of pH value (pH 4.2) in comparison with 
samples with glucose (pH 3.96), and fructose (pH 3.93) in fermented samples by B. 
longum DSM 16603.     

 
Figure 2: The pH value of fermented egg white drink with different carbohydrate 

sources after 24 hours of fermentation 

 
Source: Author's own editing based on his own research 

Higher case letters indicate the difference between Bifidobacterium strains when the same 
carbohydrate source was added, lower case letters represent the differences when carbohydrates 

different sources were added using the same strain. 

3.4. Study the protein profile of fermented egg white drink 

As presented on Figure 3, five major proteins, ovalbumin, ovomucoid, 
ovoflavoprotein, ovotransferrin, and lysozyme were detected on the gel. A slight 
reduction in the intensity of ovomucoid and ovalbumin was observed in control 
samples compared to fresh unfermented samples due to the fermentation process.  

Figure 3: The protein profile of fermented egg white drink with different 
carbohydrate sources after 24 hours of fermentation 

 
Source: Author's own editing based on his own research 

a A

bcd A bcd A bcd A

a B

bc B bc B
d A

2,00

3,00

4,00

5,00

6,00

7,00

Control Glucose Fructose Saccharose

pH
 v

al
ue

Bifidobacterium longum Bb46
Bifidobacterium longum DSM16603



Review on Agriculture and Rural Development 2023 vol. 12 (3-4) ISSN 2677-0792 
 

1:standard, 2:fresh unfermented egg white drink, 3:control: fermented egg white drink by 
B.longum DSM16603 without carbohydrate sources, 4: fermented egg white drink by B.longum 

DSM16603 with glucose, 5: fermented egg white drink by B.longum DSM16603 with saccharose, 
6: fermented egg white drink by B.longum DSM16603 with fructose, 7:control: fermented egg white 
drink by B.longum Bb46 without carbohydrate sources, 8: fermented egg white drink by B.longum 

Bb46 with glucose, 9: fermented egg white drink by B.longum Bb46 with saccharose, 10: fermented 
egg white drink by B.longum Bb46 with fructose. 

After 24 hours of fermentation, samples with mono or disaccharide presented a 
considerable reduction in the quantity of ovalbumin, ovomucoid, ovoflavoprotein 
and lysozyme, however, the avidin disappeared. Also, lysine was detected at a 
greater intensity in both fresh and control samples than in carbohydrate-added 
samples these could be attributed to the increase in cell count concentration that 
induced by adding carbohydrate sources, which consequently resulted in consuming 
more protein and peptides by Bifidobacteria.  

Moreover, when carbohydrate sources were added, samples with B. longum 
DSM 16603 had stronger intensity bands of ovalbumin, ovoflavoprotein, and 
lysozyme compared to fermented samples by B.longum Bb46. Although 
ovotransferrin bands were still visible on the gel in fermented samples by B. longum 
DSM 16603, however, they disappeared in fermented samples by B.longum Bb46. 
Since Bifidobacteria can consume many types of carbohydrates, there was no 
noteworthy difference between bands relating to monosaccharides and others in 
samples with disaccharides. 

4. Discussion 

Based on Figure 1, the viable cell count in all studied samples was higher than 
108 CFU/mL, which is in agreement with (Lee & Salminen 1995), who found that 
106-107 viable CFU/g is needed to provide an adequate daily dosage of 106-109 viable 
bacteria. Furthermore, when fructose was added to egg white, the growth of B. 
longum Bb46 improved, however, it was not much different from samples with 
saccharose, as the total cell count reached 9 log10CFU/mL, since Bifidobacterium 
can metabolize ribose, galactose, fructose, glucose, and sucrose, and this ability 
varies significantly from strain to strain (Pokusaeva et al. 2011). Supporting this, a 
similar observation was made by Chou & Hou (2000), in their study of soy milk 
fermentation they reported an increase in B. longum B6 growth when 
isomaltooligosaccharide, glucose, lactose, or galactose was added to the medium. 
Also, Farnworth et al. (2007) found that fructose was the most utilized sugar by 
Bifidobacterium while glucose, raffinose, and stachyose were used much less. In 
contrast, our results showed higher Bifidobacterium cell concentrations compared to 
the results of Kamaly (1997) who cultured Bifidobacterium in soy milk with a total 
cell count of 7.7 log10CFU/mL. Figure 2, depicts a reduction in pH due to production 
of lactic acid, propionic acid, butyric acid, and acetic acid by “Bifidus pathways” 
from carbohydrate presence in the medium (Havas et al. 2015). In addition, after 
adding carbohydrates, pH levels between 4.35 and 3.98 were found, which was close 
to results from Farnworth et al. (2007). During their study, different Bifidobacterium 
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strains were grown in soy beverages and cow milk, and the pH values ranged from 
pH 4-4.3 in the final product. In Figure 3, ovalbumin intensity decreased after 
fermentation. Since it is a glycoprotein and the carbohydrate is covalently linked to 
it (Harvey et al. 2000), Bifidobacteria may rely on these proteins as nitrogen and 
carbon sources in the absence of carbohydrates in order to meet their metabolic 
demands. In conclusion, B. longum DSM 16603 can be used for the production of a 
fermented probiotic egg white drink in the presence of fructose, which could make 
the drink suitable for diabetics and lactose intolerants. 

5. Acknowledgments 

This project was supported by The Doctoral School of Food Sciences, the 
Hungarian University of Agriculture and Life Sciences, and Capriovus Kft.   

6. References  

Aguiar L. M., Geraldi M., Betim Cazarin C. B., Maróstica Junior M. R. (2019): Chapter 11 - 
Functional Food Consumption and Its Physiological Effects. pp. 205-225. In: Bioactive 
Compounds (Ed: Campos M. R. S.), Woodhead Publishing: Elsevier. doi:10.1016/B978-0-12-
814774-0.00011-6 

Armonk N.Y. (2020): IBM SPSS Statistics for Windows, Version 27.0, NY: IBM Corp. 
Belitz HD., Grosch W., Schieberle P. (2008): Eggs. pp 546-562. In: Food Chemistry. Springer, Berlin, 

Heidelberg. doi:10.1007/978-3-540-69934-7_12 
Chou C. C. & Hou J. (2000): Growth of Bifidobacteria in soymilk and their survival in the fermented 

soymilk drink during storage. International Journal of Food Microbiology, 56:113-121.  
Do Espírito Santo A. P., Perego P., Converti A., Oliveira M. N. (2011): Influence of food matrices on 

probiotic viability–A review focusing on the fruity bases. Trends in Food Science, 22:377-385. 
Farnworth E. R., Mainville I., Desjardins M.P., Gardner N., Fliss I., Champagne C. (2007): Growth 

of probiotic bacteria and bifidobacteria in a soy yogurt formulation. International Journal of 
Food Microbiology,116(1):174-181. doi:10.1016/j.ijfoodmicro.2006.12.015 

Harvey D. J., Wing D. R., Küster B., Wilson I. B. H. (2000): Composition of N-linked carbohydrates 
from ovalbumin and co-purified glycoproteins. American Society for Mass Spectrometry, 
11(6):564-571. doi:10.1016/S1044-0305(00)00122-7 

Havas P., Kun S., Perger-Mészáros I., Rezessy-Szabó J. M., Nguyen Q. D. (2015): Performances of 
new isolates of Bifidobacterium on fermentation of soymilk. Acta Microbiologica et 
Immunologica Hungarica, 62(4):463-475. doi:10.1556/030.62.2015.4.10 

Jha R., Das R., Oak S., Mishra P. (2020): Probiotics (Direct-Fed Microbials) in Poultry Nutrition and 
Their Effects on Nutrient Utilization, Growth and Laying Performance, and Gut Health: A 
Systematic Review. Animals (Basel), 10(10):1863. doi:10.3390/ani10101863 

Kamaly K. M. (1997): Bifidobacteria fermentation of soybean milk. Food Research International, 
30(9):675-682. doi:10.1016/S0963-9969(98)00039-8 

Lee Y. K. & Salminen S. (1995): The coming of age of probiotics. Trends in Food Science & 
Technology, 6(7): 241-245. doi:10.1016/S0924-2244(00)89085-8 

Laemmli, U. K. (1970): Cleavage of Structural Proteins during the Assembly of the Head of 
Bacteriophage T4. Nature, 227: 680 – 685. 

Pokusaeva K., Fitzgerald GF., van Sinderen D. (2011): Carbohydrate metabolism in Bifidobacteria. 
Genes Nutr, 6(3):285-306. doi:10.1007/s12263-010-0206-6 

Prasanna P.H.P., Grandison A.S. Charalampopoulos D. (2014): Bifidobacteria in milk products: An 
overview of physiological and biochemical properties, exopolysaccharide production, selection 
criteria of milk products and health benefits. Food Research International, 55:247-262. 
doi:10.1016/j.foodres.2013.11.013 



Review on Agriculture and Rural Development 2023 vol. 12 (3-4) ISSN 2677-0792 
 
Sheehan V. M., Ross P., Fitzgerald G. F. (2007): Assessing the acid tolerance and the technological 

robustness of probiotic cultures for fortification in fruit juices. Innovative Food Science & 
Emerging Technologies, 8(2):279-284. doi:10.1016/j.ifset.2007.01.007 

Wang Y. C., Yu R. C., Chou C. C. (2004): Viability of lactic acid bacteria and bifidobacteria in 
fermented soymilk after drying, subsequent rehydration, and storage. International Journal of 
Food Microbiology, 93(2):209-217. doi:10.1016/j.ijfoodmicro.2003.12.001 

Yakoob R, & Pradeep B. V. (2019): Bifidobacterium sp as Probiotic Agent - Roles and Applications. 
Pure and Applied Microbiology, 13:1407-1417. doi:10.22207/JPAM.13.3.11 


