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Argentina is becoming a central soy producing country, and waste generated from production 

and industrialisation is of great environmental concern. Okara (Ok) and tofu serum (TS), 

having high nutritive and nutraceutical value (high quality proteins, isoflavones, prebiotics), 

are abundantly discarded by the soy industry as by-products.  

Lactic acid bacteria (LAB) are considered safe for human and animal consumption, are 

traditionally used in the food and feed industries and have a health promoting -probiotic effect 

for their host. Therefore, we explored the bioconversion of highly contaminating soy by-

products by using selected native LAB strains.  

Twelve of 356 (3%) LAB isolates from faeces of weaned piglets with good sanitary status 

from Argentinean farming operations (INTA-p 10, 46, 47, 64, 68, 76, 105, 160, 172, 174, 235, 

320) were selected by their probiotic and technological attributes (acidification kinetics and 

lactic acid production, inhibition and co-aggregation with entero-pathogenic bacteria, porcine 

bile and low pH resistance), and compared with the commercial LAB strain marketed as 

probiotic (here named ´strain X´) and ATCC LAB reference strains. Bacteria were inoculated 

into: i) Man Rogosa Sharpe (MRS, LABs reference for positive growth control), ii) TS 100%, 

iii) TS + Ok 5% w/v, and iv) TS + Ok 5% w/v + whey (1:1; providing 2.5% lactose for LAB 

nutritional requirements). Sterilized media (200mL; 121°C/15min, soy a-nutritional factors 

inactivated; pH: 5.5-5.8) were inoculated with pre-activated LAB monocultures (1.0-5.0 x10
9
 

CFU), and growth monitored at different time points (t=0, 4h, 24h, 48h, 72h, 7d, 14d, 21d, 

28d) by turbidity (od 600nm), viable counts (UFC/mL), pH (ELECTRONICA S.A. pH meter) 

and metabolic activity (lactic acid production; Reflectoquant kit).  

Selected strains were able to grow in all tested media (especially in iii and iv), at comparable 

levels of MRS, with minor differences among strains, and better than LAB reference strains. 

These results show the possibility of using selected native LAB strains in soy by-products 

biotransformation.  

Additionally, the sanitary properties of fermented products (media iii and iv) were analysed 

by challenging them with piglets diarrhoeal isolates (1.0 x10
5
 UFC): two Salmonella (S. 

typhimurium  and S. choleraesuis) and two β-hemolytic Escherichia coli. High inhibition and 

a bactericidal mode of action were observed even at short incubation times (4h for 

Salmonella), higher than the commercial and ATCC strains, and comparable to the inhibition 

produced by antibiotics normally used in pig production (Chlortetracycline and Penicillin). 

Pathogens did not grow after being inhibited even after long incubation periods. 

We show encouraging results for using selected native LAB strains (not genetically modified, 

isolated from autochthonous natural sources) as a cheap, easily transferable, environmentally 

friendly and with no public health hazard for bio-transforming agro-industrial wastes into 

high quality food and feed, important for minimizing antibiotics usage in farming operations. 

At the beginning of the food chain, this technology offers a good means to improve human, 

animal and environmental health. 
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 Family Farming is synonymous  

of farmers be rooted in Their lands  
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In Argentina ( LAmérica ), Family Agriculture generates  

65%  of  the employment in rural areas. 

 Sur - Sur  Interchange 

República de Namibia  

( 22-23.11.2012 ) 
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AGROPECUARY 
INTENSIFICATION 

 
( Antimicrobials )  

  SANITATION 

  Antimicrobial resistance 

    Virulence 

    Food-borne disease 

    Environmental pollution 

SUPERBUGS:  E. coli, Salmonella, 

Staphylococcus (and more is comming…)  



New Superbug Threat from Intensive Pig Farms  09.2012  



Encouraging Research  

of Antimicrobials Alternatives 

Gastrointestinal Microbiota 



-    Strengthen the body's defenses 

-    Collaborate with beneficial intestinal bacteria 

-    Fight against bad bugs and their toxins ( NO RESISTANCE ! ) 

-    Help digestion and nutrient absorption  

-    Prevent chronic diseases (ie. autoimmune, cholesterol, … ) 

PROBIOTIC CONCEPT  

-   microorganisms  ( Lactic Acid Bacteria, Bifidobacteria ), 

-   naturally present in the digestive tract ( human / animal ), 

-   along lifetime, 

-   positively acting on the host s health. 



Microbia claimed to have probiotic atributes 



nutrient rich 

MILK       CHEESE        WHEY 

by-product  

Argentina bigger-high quality exporter 

from LAmérica : 

-  Infant food (de-mineralized; $$$) 

-  Protein supplement ($$$) 

HIGH MICROBIAL LOAD 

   ( pathogens, zoonotic ) 

HIGHLY CONTAMINANT ! 

THOUSANDS LITERS released daily  

on the fields and bodies of water … 

FERTILIZING  
( WHEY +  FECES ) 

SANITARY PROBLEMS !  
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100 g  of wet OKARA  * 

Water 81.6 g 

Protein 3.2 g 

Carbohydrate  12.5 g 

Fiber 4.1 g 

Calcium 80.0 mg 

Iron 1.3 mg 

Thiamin 0.02 mg 

Riboflavin 0.02 mg 

Niacin  
0.1 mg 

 

* TOFU SERUM : similar composition 

Uses of OKARA  : 

-     Animal Feed 

-    (  Food _ Japan, China, …)  

-    (  Fertilizer ) 

Same barriers for using 

OKARA, TOFU SERUM and WHEY : 

-    RAPID DEGRADATION  

-    HIGH COSTS FOR DRYING and   

     FREEZING   ($$$) 

SOY BEAN      TOFU        TOFU SERUM  
by-products  

BOIL ( a-trypsin de-activated ) 

               SOY MILK         OKARA 

 OKARA , TOFU SERUM  and WHEY FACING THE SAME PROBLEMS : 

MUST BE PROCESSED QUICKLY, EFFICIENTLY  ( and ECONOMICALLY ). 

 

-     Nutrient  Rich 

-    Nutraceutical Properties 

   ( Pre-biotics, Isoflavones ) 

 

http://www.if.csic.es/proyectos/AGL2002-03221/introduccion.htm
http://deliciasdeunachef.blogspot.com/2012/01/preparando-tofu-fresco.html
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http://www.westonaprice.org/blogs/kdaniel/2012/03/03/what-can-i-drink-instead-of-soy-milk/


Last decade, FERMENTED LIQUID FEED by using PROBIOTIC BACTERIA 

has been much investigated as an alternative for the antibiotics as 

growth promoters in animal production, a practice been banned in 

the EU since 2006 .  

     PROBIOTIC  FERMENTED LIQUID FEED : 

-       feed utilization, digestibility and growth performance ( pigs ) ; 

-      pathogenic bacteria in feces (Salmonella, E. coli,  Mycotox-fungus, …) ;    

-      intestinal cells health . 

http://www.3tres3.com/especial_alimentacion_liquida/utilizacion-alimentacion-liquida-fermentada_1847/


LABs 

lactic acid 

Salmonella 

Pig production units are frequently contaminated with Salmonella. 

 

Inoculation of LABs into the food (FLF) and/or directly applied to the animal  

reduce the presence of Salmonella and the production unit wastewaters. 



Selection of probio INTA-native LABs  

+ - 

  Auto-aggregation 

  Sanitary properties:  Inhibition against  Super Bugs  

  Salmonella  typhimurium  

  Salmonella choleraesuis  

   β-hemolytic Escherichia coli ( 2 strains ) 

-  Field isolates  (no laboratory  strains) 

-  Pig deadly infected  (active pathogens) 

-  Multi-Antibiotic Resistance 

- + 



  Co-aggregation with Super Bugs  
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INTA-native LAB strains  

S. Typphimurium  

E. coli P2 

+ 

- 

  Cell Surface Hydrophobicity 

+ - 
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Aflatoxins 
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   Mycotoxin binding (Aflatoxins) 

+ 
- 

   Porcine bile resistance 

+ - 



200ml 200ml 200ml 200ml 

MRS TS TS-OK TS-OK-W 

-   INTA-native LAB (13 selected strains) 

-   LAB ATCC reference strains (2): 

       Lactobacillus plantarum  

        Lactobacillus fermentum 

-   LAB  commercial strain  (probiotic)  

10 9 UFC 

24 h 

48 h 

1 w 

2 w 

3 w 

4 w 

-  30 C  

-  agitation 
-   LAB counts  

-   pH 

-   Inhibition against Super Bugs  ( 4 strains ) 

-   Lactic Acid determination 

EXPERIMENTAL 



-    LAB ATCC reference strains ( Lactobacillus plantarum and L. fermentum ) and the   

     LAB commercial probiotic strain showed similar growth ( yield rate and  

     acidification speed ) in the 3 investigated  by product  combinations, similar found in 

    the MRS LAB reference media.  ( LAB : nutritionally fastidious bacteria ). 

RESULTS 
( published soon ) 

-    INTA-native LABs showed similar growth to the LAB ATCC reference strains and   

     the commercial probiotic in the studied media (not significant differences found).  

-    Interestingly: selected LABs INTA-native strains ( INTAp 16, 235, 300, 313, 312,  

     314 and 315 ) showed superior performance, growth and survival rate ( reduction of  

    2.5 orders of magnitude in 4 weeks / 30 C ). 



-   TS and OK containing media shown to have a protective activity on bacterial 

    viability in the acidic-fermented state (pH < 4.00): bacterial counts at 1, 2 and 3 weeks  

    were 2,5 order higher than in MRS.  

-   Selected INTA-native LAB strains ( P4, 235, 297, 312, 300, 313, 314 and 315 ) 

    showed almost a complete inhibition at 24 h fermentation against  the all 4 

    pathogens tested ( Salmonella typhimurium and choleraesuis , and 2 strains of β- 

    hemolytic Escherichia coli ), and even higher than the commercial probiotic. 

Therefore: this would ensure the sanitary status of the fermented by-

products for animal nutrition ( antimicrobials avoidance ).  

-   Interestingly: Inhibition had a bacteriostatic fashion in most strains in most strains,  

    but antibiotic-like bactericidal selected strains will be studied further ( scaling up:    

    20-200 L fermentations). 
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