
Introduction 
Microorganisms were obtained from DSM culture collection: 

DSM 20273 Prb acidipropionici = A;  

DSM 20272 Prb acidipropionici = B;  

DSM 4902 Prb freudenreichii subsp. Shermanii = E;  

DSM 20535 Prb jensenii = J;  

DSM 20276 Prb thoenii = T.  

 

Whey ultrafiltrate (lactose content 46 g/L) was used as a sole fermentation media and substrate. Blank samples without added 

microorganisms (O) were also studied as a negative control. Fermentation was performed in 500 mL glass flasks sealed with 

cotton plugs and covered with Al foil to protect the broth from drying out. Flasks were placed in the room temperature for 26 

days. The samples were not shaken except gentle agitation at the time of sampling. 

Sample collection and storage: samples were harvested at different time points aseptically, by carefully mixing the content of 

the flasks beforehand. Samples for organic acid content analyses were poured in smaller sealable tubes and kept at -18°C, 

for further analysis. 

Analytical methods: pH was measured by a pH meter; biomass growth was monitored spectrophotometrically as OD 

measurements at 590 nm; content of organic acids was determined by HPLC.  
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Utilizing waste products that are generated from the 

technological processes is one of the significant problems of 

manufacturing companies and environmentalists (Piwowarek et 

al., 2018). Manufacture of cheese and curd produces by-

product – whey, which constitutes approximately 90 % of the 

raw material. Whey is high in organic matters and amounts, 

and thus presents a high potential of environmental pollution 

when discarded untreated (Morales et al., 2006). Whey 

contains also many valuable ingredients; it has relatively high 

lactose content – 4.6 – 5.2 %. However many companies find it 

very difficult to process whey and lactose. Often, produced 

whey is not processed further, but sold to biogas plants as raw 

material at low price. This is usually economically unprofitable, 

because transportation of this by-product in large volumes is 

relatively expensive. Biotechnology methods can help to find 

innovative solutions for more economical use of whey which is 

current issue in many Latvian dairy companies. One 

perspective way to use the whey is production of organic acid-

based products. Propionic acid is generally regarded as safe 

(GRAS) with applications in a wide variety of industries. 

Propionate is primarily used for its antimicrobial properties 

especially serving as preservatives in agriculture and human 

food. Propionibacteria (Prb) can ferment whey sugar lactose 

into propionic and acetic acids as their main fermentation 

products. However, because of the low concentration of 

propionic acid caused partly by strong end-product inhibition, 

bio-based propionic acid is more expensive than its chemical 

synthesis (Vidra & Nemeth, 2018). However, nowadays 

because of the problems associated with increased oil prices 

and the benefits of eco-friendly production, biological propionic 

acid biosynthesis emerges as a competitor to chemical 

synthesis (Ammar & Philippidis 2021; Gonzalez-Garcia et al., 

2017; Alonso et. al., 2015; Vidra & Nemeth, 2018).  

In this research we focused on whey ultrafiltration permeate 

(ultrafiltrate – UF) fermentation by genetically unmodified (wild) 

organisms, choosing five classical Prb strains which are 

attributed to dairy Prb subclass. The optimal temperature for 

Prb gowth is around 28-30°C, however, for energy saving 

purposes the aim of this study was to compare the organic 

acid and biomass production efficiency of five classical Prb 

strains growing in the room (22±0.5 °C) temperature. 
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As a result of acidogenic activity, media total acidity expressed as pH value of the samples with added Prb gradually decreased from the initial pH 6.40, to around pH 

4.74 on day 26 (see Fig. 1).  

The most rapid decrease in pH occurred during the first 3 days. The slow pH decrease in the remaining fermentation period indicate a decline in the metabolic activity of 

microflora due to the end-product inhibition. Decrease of pH value in blank samples most likely can be attributed to the activity of the background microflora (mainly 

lactic acid bacteria). The presence of lactic acid bacteria was confirmed by the rapid accumulation of lactic acid content during the first 6 days (see Fig.2c).  

The most pronounced increase in biomass during 26-day period was for strains T and J, which also coincides with the highest efficiency of propionic acid production 

(see Fig. 2a). However, taking into account the long total fermentation time, the growth of all strains was relatively slow, especially that of the strain B. 

 
 
 
 
 

Figure 1. Changes of the pH and optical density during UF fermentation by different Prb strains 

 
Also changes of the acetic and lactic acids content in fermentates produced by different Prb strains are given in Figure 2. The maximal propionic acid concentration 3.71 

g/L was produced by strain T on day 26, followed by strains J and B (2.50 and 2.49 g/L). The strain T was also the most effective propionic acid producer within 6 and 

16-day periods, followed by strain J. The less effective producers or propionic acid within 16-day period were strains A, B and E. Interestingly that strain B propionic acid 

production initially was the slowest, but after 6 period its rate increased quite rapidly, surpassing even strains A and E at the end of the fermentation (day 26). 

The increase in propionic acid content was gradual, while the acetic acid content increased rapidly in the first 6 days, most likely by metabolical activity of Prb and also 

due to the activity of the background microflora (lactic acid bacteria). The further decrease in lactic acid content in samples with added Prb can be explained by the fact 

that it was consumed by these microorganisms.  

 

 
 
 
 
 
 

Figure 2. a, b, c - Content of propionic, acetic and lactic acids (g/L±SEM)  
in the UF permeate broth during Prb fermentation, d – ratio of propionic and acetic acids 
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The main findings of this study are as follows: 
  
1. As expected, all of the strains were able to convert lactose into acid, however, with different efficiency.  
Production of propionic acid by Prb is strain dependent. The best producers of propionic acid was strains T, J and B in a 26-day period, however as 
this is a very long time, it should be noted that also the strain E showed relatively high efficiency in a shorter 6-day period. The highest amount of 
propionic acid was produced by strain T, and it reached 3.7±0.13 g/L within 26-day period. 
  
2. The pore size of the filters (0.01 – 0.1 µm) used in the ultra filtration of the whey does not provide 100% sterility of the raw material. The 
presence of background microflora in whey permeate most likely are lactic acid bacteria that can be either as natural microflora survived (NSLAB) 
during milk pasteurization or inoculated starter cultures. 
  
3. The raw material used in fermentation does not have to be pasteurized, provided that suitable strains of Prb bacteria are used and that the raw 
material is not contaminated with other undesirable microflora (secondary contamination) or bacteriophague infection. Although the presence of 
lactic acid in the product is desirable, the lactic acid bacteria or their metabolites in the raw material may affect the growth of Prb, which would 
be worth exploring in future studies. 
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