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ABSTRACT

In order to evaluate growing doses of a microbial  preparation (milk whey 33 %, molasses 20 %, urea 1 %, mineral salt 1 %, and  water 45 %) on the productive performance, and the presence of diarrheas in  post-weaning pigs, a completely randomized design was applied, with five  treatments and four repetitions: T1 concentrate, T2, T3, T4 (concentrate plus 5  mL kg LW-1, 10 mL kg LW-1, and 15 mL kg LW-1  of the microbial preparation, respectively) and T5 (concentrate plus commercial  probiotic). A total of 200 pigs from the crossing of Landrace x Large White  with Belgium White x Pietrain were used, with 28 d old and 6.99 kg LW± 0.18 kg. The highest final weight and the best total and daily weight gain (P  < 0.01) were obtained in pigs fed with concentrates, and 15 mL kg LW-1  of the microbial preparation was added. Values of 25.78 kg, 18.78 kg and 447.25  g were obtained, respectively. The most efficient values, according to the  conversions of dry matter, protein and energy (P < 0.01), were obtained in  the treatment with 15 mL.kg LW-1 of microbial preparation, with 1.68  kg DM.kg-1, 351.16 g.kg LW-1, and 24.54 MJ.kg LW-1,  respectively.  The lowest presence of  diarrheas (P < 0.01) was obtained in animals fed with the concentrate plus  15 mL kg LW-1 of the microbial preparation, and an incidence of 12  diarrheas. The use of the microbial preparation 
(15 mL kg LW-1) improved the nutritional value of the concentrates,  the best parameters were obtained and the appearance of diarrheas was reduced.
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RESUMEN

Para evaluar dosis crecientes de un preparado  microbiano (suero de leche 33 %, melaza 20 %, urea 1 %, sal mineral 1 %, agua  45 %) y un probiótico comercial ML 100 E (1 kg/t) en el comportamiento  productivo y presencia de diarreas en cerdos durante la etapa postdestete, se  aplicó un diseño completamente aleatorizado, con cinco tratamientos y cuatro  repeticiones: T1 concentrado, T2, T3, T4 (concentrado más 5 mL.kg PV-1,  10 mL.kg PV-1,15 mL.kg PV-1 del preparado microbiano,  respectivamente) y  T5 (concentrado más  probiótico comercial). Se utilizaron 200 cerdos del cruce Landrace x Large White  con Blanco Belga x Pietrain, de 28 d de edad, con 
6.99 kg PV  ±  0.18 kg. El mayor peso final y la mejor  ganancia de peso total y diaria (P < 0.01) se obtuvieron en los cerdos  alimentados con concentrado, al que se agregó15 mL.kg PV-1 del  preparado microbiano. Se lograron valores de 25.78 kg, 18.78 kg y 447.25 g,  respectivamente. Los valores más eficientes, en cuanto a la conversiones de  materia seca, proteína y energía (P < 0.01), se obtuvieron con el  tratamiento al que se añadió el preparado microbiano (15 mL.kg PV-1),  con cifras de 1.68 kg MS.kg-1 y  aumento de peso vivo de 351.16 g.kg PV-1 y 24.54 MJ.kg PV-1,  respectivamente. La menor presencia de diarreas (P < 0.01) se registró en  los animales alimentados con concentrado más 15 mL.kg PV-1 de preparado  microbiano, con incidencia de 12 diarreas. La utilización del preparado  microbiano (15 mL.kg PV-1) mejoró el valor nutricional de los  concentrados. Se obtuvieron además, los mejores parámetros productivos y se  redujo la ocurrencia de diarreas en cerdos posdestete.
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INTRODUCTION

The need of controlling digestive and respiratory pathologies, in  the intensive systems of pig production, has led to the wide use of antibiotics  as food additives (Cajarville et al. 2011). However, the utilization of  low doses of antimicrobial products for feeding animals destined to human  consumption, in order to improve growth and prevent diseases, is related to the  global crisis of health regarding the resistance to 
  antimicrobials.  

At international level, several  jurisdictions have restricted the use of these products (Maron et al. 2013). The use of probiotics, as live microbial additives, is an alternative  that provides benefits to animal health because it improves the intestinal  microbial balance. The application of probiotics on pig feeding has allowed to  improve the zootechnical indicators of food conversion, final liveweight gain  and immune response (Jurado et al. 2013).    

According to Gutiérrez et al. (2013), most of the authors  coincide to define probiotics as food additives formed by living microorganisms  that, consumed in proper amounts, may produce a beneficial effect on physiology  and health of the host, improving the intestinal microbial balance.

Elías and Herrera (2008) reported on the  obtaining and use of a product with probiotic activity, result of a simple  biotechnological process, which is rich of lactobacilli, yeasts, organic acids  of carbonated short chains, and low pH, able to control the development of Escherichia  coli, to reduce the incidence of diarrheas and to increase the liveweight  gain of 
  animals. 

In Ecuador, some microbial preparations with excellent probiotic  activity have been used, which are based on whey, sugarcane juice and pig feces  as bio-accelerant. These last improve the quality of 
  bio-preparations because they are rich in organic acids, lactic acids and  yeasts (Díaz 2011). 

The objective of this research was to perform a chemical and  microbiological characterization of the microbial preparation, compare the  nutritional content of experimental diets, and evaluate the productive  performance and diarrheas during the post-weaning stage of pigs.

 

MATERIALS AND METHODS

Experiment location. The experiment was  developed in the labs of animal nutrition and biotechnology at the Unidad  Académica Porcina in the Facultad de Ciencias Pecuarias (FCP) from the Escuela  Superior Politécnica de Chimborazo, Ecuador (ESPOCH). The experiment was  divided into three stages:

First stage. Production and  characterization of the microbial preparation. This stage lasted 9d. The  fresh whey, molasses, urea, mineral salt and water were mixed (table 1) in  plastic tanks (220 L of volume), according to recommendations of Díaz et al. (2013).





The whey was taken from the industrial cheese factory from the FCP,  ESPOCH. The mixture contained 85º Brix. Urea was commercially acquired and  contained 46 % of nitrogen. The mineral salt was also commercially acquired and  was composed by 9 % of calcium and 
  10 % of phosphorous. The water for human consumption was used after two hours  of rest. The components of the mixture were homogenized and contained with a  hermetic top at room temperature.

The mixture was homogenized and with a top for 
  96 h. Five samples (200 mL) were taken for characterizing the product, which  consisted on determining the pH (WPA portable potentiometer), the content of  organic acids according to the technique proposed by Erwin et al. (1961)  and microorganism recount (lactic bacteria, fungi and yeasts) according to the  procedure proposed by Merck (2005). 

The descriptive statistics from Infostat (2012) was used to  characterize the microbial preparation.

Second stage. Comparison of the nutritional  content of experimental diets. This stage lasted 

  30 d. A concentrate was formulated and considered as base diet (table 2 and 3),  and contained the same raw matters for the post-weaning stage due to the  nutritional requirements of the animals, according to NRC (1998). 









In order to estimate the nutritional  influence that could result from the addition of the microbial preparation of  Díaz et al. (2013) over the addition of a probiotic cited by Allen et  al. (2013), a lab analysis was performed for five treatments: base  concentrate, base concentrate + microbial preparation (5 mL kg LW-1),  base concentrate + microbial preparation (10 mL kg LW-1), and base  concentrate + microbial preparation (15 mL kg LW-1) and base  concentrate + commercial probiotic (ML 100 E). 

The commercial probiotic (More Yeast 100 E) is a combination of  yeast culture with live cells of Saccharomyces cerevisiae, Bacillus  subtilis and digestive enzymes (protease, lipase, amylase and cellulase).

All treatments underwent a proximal analysis, according to AOAC  (2005). In vitro digestibility of crude protein was determined by the  technique of pepsin and pancreatin (Dierick et al. 1985) and true  protein was determined according to Bernstein (1983).

For comparing the nutritional content of the experimental diets, the  means of each treatment were used after analyzing five samples.

Third stage. Evaluation of productive  indexes in fattening pigs. The initial weight, final weight, total weight  gain, daily weight gain, and the conversion of dry matter, protein and energy  were evaluated, regarding the same treatments of second stage.

 Experimental procedure.  An amount of 200 castrated Landrace-Large White x Belgium White-Pietrain pigs,  with 28d old and 6.99 ± 0.18 kg, were used. Each experimental unit was composed  by 10 pigs per collective pens of 2 x 2.25 m, with a density of a pig per 0.45  m2. The animals received five experimental treatments. The food was  provided every 24h during the morning, at 8:00 a.m. water was provided ad  libitum in nipple troughs.

Statistical analysis. For the productive  performance, an analysis of covariance was carried out in the variables final  weight, total weight gain, daily weight gain and conversion of dry matter,  protein and energy. The initial weight was considered as the concomitant  variable, which did not influence on the mentioned variables so the analysis of  variance, according to a completely randomized design, was carried out  (InfoStat 2012), with five treatments and four repetitions per treatments. The  test of Duncan (1955) was applied (P < 0.05) in the necessary cases.

The theoretical assumptions of the analysis of variance for the  amount of diarrheas were analyzed. The test of Shapiro and Wilk (1965) was used  for normality of errors. For homogeneity of variance, the test of Levene (1960)  fulfilled these assumptions, so it was not necessary its transformation (√x)  through the statistical software StatSoft, Inc. (2003).

 

RESULTS AND DISCUSSION

The microbial preparation showed 3.8 of pH after 96 h of  fermentation. The content of lactic acid was 0.122mg mL-1; the  propionic acid was 0.00367 mg mL-1, and the butyric acid was 0.00037  mg mL-1. The acidity considered as lactic acid was 3.26 %, 21.23 %  of dry matter, 1.383 % of total nitrogen, 0.953 % of protein content, 0.184 %  of ammonia content and 8.62 % of crude protein.

There was a total absence of salmonellas and coliforms. The content  of mold and yeasts was 384 x 103 CFU mL-1, 8.90 ºBrix and  that of acid lactic bacteria was 43.12 x 103 CFU mL-1.

After comparing the microbial preparation with Vitafert (Elías and  Herrera 2008), there were some similarities regarding their microbiological and  chemical composition, because the content of yeast of Vitafert ranged between  107 and 108  CFU mL-1.  Lactobacilli were between 109 and 1010 CFU mL-1,  lactic acid ranged between 40.5 and 54.04 mg mL-1, and the acetic  acid was between 13.51 and 25.82 mg.mL-1 (Roján 2009).

Table 4 shows the results of the proximal analysis, true protein and  digestibility of crude protein from the five diets under study.





It is evident that there was a direct relationship between the  addition of the microbial preparation and humidity. Regarding the dry matter,  while the inclusion level of the microbial preparation increased in the  concentrate, the dry matter decreased. The control showed the highest content,  followed by the commercial probiotic without the microbial preparation,  possibly because of the hydrolytic activity of acid lactic bacteria and yeasts,  with the production of CO2   and H2O, as other researchers have reported regarding  different food (Aksu et al. 2004, Nkosi 2009 and Weinberg et al. 2009). 

The highest values of ash content were obtained with the inclusion  of 5 and 10 mL.kg LW-1, followed by the inclusion of 15 mL.kg LW-1  and the control. The commercial probiotic without the microbial additive had  the lowest content. It was demonstrated that as the amount of microbial  preparation in the concentrate increased, the content of dry matter decreased  and the ash concentration increased.

It is possible that the decrease of dry matter with the increase of  the amount of microbial preparation may be caused by the low content of dry  matter in this preparation, because it only contained 8.90 ºBrix. It is also  possible the appearance of a solid state fermentation (SSF) during the time  between the addition of the preparation, taking of the sample and the physical  and chemical analysis because the NFE decreased with the increase of the amount  of microbial preparation, with the lowest values in the addition of 15 mL.kg LW-1.

The decrease of NFE could not be caused by the accelerate growth of  bacteria and yeasts added with the microbial preparation, which may have  developed during the process of SSF. A similar effect was observed by Elías et  al. (1990) through the SSF of sugar cane for obtaining a food for animals  called Saccharina. Likewise, Elías and Herrera (2008) confirmed a similar  effect in the production of other food.

The reduction of NFE was directly related to the increase of crude  protein (table 4), regarding the increase of the amount of microbial  preparation in the concentrates. Likewise, there was an increase of true  protein. Something similar happened to a preparation of lactic acid bacteria in  mixed diets of alfalfa or maize stubble plus a commercial concentrate after promoting  the synthesis of microbial protein (Franco et al. 2009). In this regard,  Elías et al. (1990) demonstrated that the efficiency for CP synthesis in  the conversion of soluble carbohydrates within the NFE was 0.61 units.

Table 4 shows that control, the  concentrate with the addition of 15 mL.kg LW-1 and that with the  commercial probiotic had the highest fat content. The difference in the fat  content among concentrates is not considered as significant because, according  to NRC (1998), there are no differences in the performance of post-weaning  pigs, fed with concentrates containing between 2 and 32 % of fat. These  concentrates had the lowest content of crude fiber, with a little difference  among them, because the crude fiber content of concentrates is considered low  (6.31-8.3) and it is under the 10-15 % of the diet. The intake and the  performance of animals are not affected by these differences, according to NRC  (1998). 

Regarding the variation in the digestibility of crude protein  obtained, table 4 shows its increase compared to the control, between 6.29 and  6.95 percentile units. There were almost no differences among the inclusion  levels of the microbial preparations but it was slightly superior to the  increase obtained with the commercial probiotic, which increased 5.58  percentile units regarding the control.

It is known that lactic acid bacteria  have a great proteolytic activity (Kunji et al. 1996). Regarding reports  of Díaz et al. (2013), this microbial preparation also has this  characteristic and a high content of lactic acid bacteria that justified the  increase of the digestibility of the obtained CP. Something similar occurred  with the addition of the commercial probiotic due to the action of live  bacteria and yeasts and the enzymatic complex (protease, lipase, amylase and 
  cellulase). 

Table 5 shows the results of final weight obtained during the  experiment. There were significant differences (P < 0.05) among treatments. The treatment with the addition of 15 mL.kg LW-1  of the microbial preparation had a difference over 5.66 kg of LW compared to  the control. Regarding the inclusion of 5 mL.kg LW-1, the  difference was 4.56 kg. With the addition of 
  10 mL.kg LW-1, the difference was 1.84 kg and there were 2.11 kg  with the commercial probiotic.

  



As for total weight gain, there were  significant differences (P < 0.05) among treatments. The treatment with 15  mL.kg LW-1 provided figures superior to 5.63, 4.54, 1.85 and 2.11  kg, regarding the control and the treatments with the inclusion of 5mL.kg LW-1, 
  10 mL.kg LW-1 and the commercial probiotic, respectively. 

There were significant differences (P < 0.05) among treatments in  daily weight gain. The treatment with 
  15 mL.kg LW-1 provided figures superior to 134.25, 108.25, 44.25 and  50.5 g, regarding the control, 5mL.kg LW-1, 
  10 mL.kg LW-1 and the commercial probiotic, respectively.

There was no statistical analysis for  the variables dry matter intake, protein intake and energy intake per day  because there was no variability within treatments, only the means of each  treatment were reported. Dry matter intake increased with the increase of the  amount of the product added to the concentrate. The intake of protein and  energy also increased when the animals consumed higher quantities of dry  matter. The amount of protein and energy was superior in the treatments where  higher amounts of the microbial preparation were added. 

Table 5 demonstrates that the conversion of dry matter, crude  protein and digestible energy was higher with the increase of the amount of  microbial preparation. The best conversions were achieved with the inclusion of  15 mL.kg LW-1 and with the commercial probiotic.

All the obtained productive indicators were more efficient than  those recommended by NRC (1998) in this category and final liveweight. Likewise,  these indicators coincide with the Cuban technical productive indicators  referred by López et al. (2008). Weight gains obtained with higher  inclusion levels of the microbial preparations agree with that recommended by  the Grupo Porcino (GRUPOR 2010) in systems of intensive rearing with the use of  concentrate food.

Cortés and Gómez (2011) determined that the use of probiotics in  diets for pigs during their first life stages have a beneficial effect on the  improvement of nutrient absorption in the small intestine. This is demonstrated  on the improvement of zootechnical paramenters and on the decrease of  diarrheas. Giang et al.  (2012)  improved the productive indicators in post-weaning pigs with the  supplementation of diets with a complex of lactic acid bacteria, alone or  combined with B. subtilis and S. boulardii.

Table 6 shows the number of diarrheas during the 43 d of study.  There were significant differences 
  (P < 0.05) among treatments, with the lowest value for the treatment with 15  mL.kg LW-1.

  



These values coincide with those  reported by Jurado et al. (2013), who researched the in vivo evaluation of Lactobacillus plantarum, as an alternative for the use of  antibiotics in piglets. Thirabunyanon and Thongwittaya (2012) reported that a  probiotic strain of B. subtilis (NC11) has a protective action against  the infection by S. enteritidis, and it is capable of excluding this  last from its place in the gastrointestinal tract where the flow of pathogenic  food starts. Heo et al. (2012) stated that probiotics and prebiotics  seem to be able of improving yield and enteric health of piglets. 

It is possible that the results of this  study are directly related to the beneficial changes produced in the intestinal  microbial composition, favoring the implantation of acid lactic bacteria,  which, by their metabolic activity, control the proliferation of undesirable  enterobacteria, and increase the efficiency of utilization of nutrients that  are not digested by the enzymatic system of animals, in addition to increase the  activity of the immune system, as the review by Metges and Loh (2003)  demonstrates.  

The resukts obtained during the  experimental period agree with other researches on the use of bacteria  cultures. Rodríguez (2009) obtained the best results in growing pigs, using a  biological preparation of Lactobacillus acidophillus and Streptococcus  termophillus. Pérez (2008) considered that including a mixed strain of  yogurt (Lactobacillus bulgaricus/Streptococus thermophylus) for  piglets under conditions of commercial production improved the productive  indicators of pigs at 70 d old. Roján (2009) found a better response in the  evaluation of the effect of a biologically active product (Vitafert) on health  and productive indicators in pre-fattening pigs. 

It can be concluded that the microbial  preparation maintains a low pH because it does not contains short chain organic  acids, lactic acid bacteria and yeasts. This guarantees its quality and  stability, improves the nutritional value of concentrates, increases digestibility  of crude protein, favors the productive parameters and reduces the indexes of  diarrheas in pigs during the post-weaning stage. From the results of this  research, new studies are recommended with the use of 15 mL.kg LW-1  of the microbial preparation. Its comparison with commercial antibiotics and  probiotics is also suggested.  
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Table 3. Nutritional contribution of the diet on

dry basis (db)

Nutrient Contribution
Crude protein % 20.9
Lysine % 1.20
Methionine % 0.62
Tryptophane % 0.22
Calcium % 0.72
Phosphorous % 0.72
Ether extract % 3.79
Fiber % 8.21

Metabolizable energy MI/kg 13.67
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Table 1. Ingredients of the microbial

preparation
Ingredients Inclusion, %
Fresh whey 33
Molasses 20
Urea 1
Mineral Salt 1
Water 45

Diaz (2011)
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Table 4. Comparison of nutritional value of experimental diets,
concentate, eganding th testment

a result of different levels of inclusion of the microbial
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Table 2. Raw matters used for the

concentrate
Ingredients %
National corn 35.00
National powder 5.00
‘Wheat bran 9.81
Soybean meal 35.15
Fish meal 2.00
methionine DL 0.38
L-lysine L 0.38
Palm kernel 5.00
Molasses 2.00
Red o1l 2.88
CaCo, 05
Dicalcium phosphate 1.1
NaCl 0.5
Pecutrin®! 0.30

!Commercial mixture of minerals and
vitamines (Ecuaquimica 2000)





