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ABSTRACT  12 

 13 

The experiment was carried out to evaluate the effect of Toxic-chec commercial additive and 
propionic acid on the fermentation and aerobic Stability of silage made with pig excreta, corn 
stover, molasses and urea; during fermentation. The growth of microorganisms in the silage 
and aerobic stability of the silage were tested. Microsilos were conducted in the laboratory 
with the following treatments made in triplicate (T): T1 = silage without additive; T2 = silage + 
0.05% commercial additive; T3 = silage + 0.05% propionic acid. Three microsilos were 
realized by treatment in a complete randomized design. The study was carried out in the 
laboratories of Rumen Microbiology and Animal Nutrition, Graduate College, Montecillo 
State Campus, Mexico, between June and November 2012. The results showed that the 
additives tested affected the pH in treatments, but did not affect the concentration of volatile 
fatty acids, acetic, propionic and butyric acid, and ammonia nitrogen. To evaluate the 
aerobic stability of the silages with treatments upon exposure to the presence of air for 16 
days and the concentration of microorganisms in colony forming units per gram of silage was 
characterized. The additives tested  did not avoid the decrease in the concentration of lactic 
acid bacteria and lactobacilli (P <0.05) between 8 and 16 days ; in contrast, lactobacilli 
disappeared completely by 16 days in T1, maintaining a low concentration in T2 and T3. 
Enterobacteriae concentration was not affected by additives tested; yeast concentration 
decreased (P <0.05) between treatments, being more evident at day 16. Results suggest 
that the additives tested did not affect the fermentation to maintain viable populations of 
lactic acid bacteria and lactobacilli, and decreasing the concentration of yeast potentiate 
aerobic stability and preventing aerobic deterioration of silage pig excreta. 
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1. INTRODUCTION  20 

 21 

A big pig farms challenge in Mexico is the excreta disposal; because they constitute an 22 

environmental and health problem. There is an inventory of 13 million head of pigs, which 23 

produce on average 1.0 Kg of excreta animal-1, day-1 [1]. Pig excreta is a source of pollution 24 

to the environment, water and soil due to its high content of N, P, Cu, Zn and antibiotics [2]. 25 

It causes pollution of air due to the generation of toxic gases such as NH3, H2S; volatile fatty 26 



  

acids, indols and phenols; and during decomposition under anaerobic conditions it emits, 27 

greenhouse gases such as CH4, CO2, NO2 and SO2 are produced [3, 4]. One solution to this 28 

problem is to use the pig excreta in animal feeds, such as silage and they form part of diet 29 

for ruminant animals. It can be mixed with other agricultural or industrial by-products. Pig 30 

excreta are a rich source of organic matter, and minerals, and its reuse in animal feeds can 31 

reduce feed costs and environmental pollution [5]. Silage is the method that has more 32 

advantages for excreta reuse in animal nutrition [6, 7]. During silage, the excreta retain their 33 

nutrients, Castellanos et al. [1] determined the chemical composition of pig excreta silage, 34 

that it presented 36% of organic matter, 15% crude protein, 4.5% crude fat, and  14 % ash; 35 

however, pathogenic bacteria such as Salmonella spp., fungi, and viruses are destroyed, 36 

and reduces the viability of parasites in excreta [8, 9]. Unpleasant odors are also eliminated, 37 

improves digestibility, palatability and increases the consumption of excreta of animals [10]. 38 

Fermentation of ensiled animal excreta differ from those made with forages because excreta 39 

contain a high amount of anaerobic and facultative bacteria from the digestive tract [11, 12], 40 

which may competing during silage fermentation with lactic acid bacteria for substrates, 41 

which can affect the quality of silage [13]. By using pig excreta for silage, a gradual decrease 42 

in pH occurs because of slow population growth of lactic acid bacteria and lactobacilli, due to 43 

the buffering capacity of excreta and forced competition between fecal bacteria with lactic 44 

acid bacteria and lactobacilli. This causes a slow lowering of the pH of the silage and when 45 

exposed to air, the growth of undesirable microorganisms such as yeasts and 46 

enterobacteriae that cause aerobic deterioration, resulting in considerable losses of the 47 

silage [14]. Few studies have been done on the effect of propionic acid in the fermentation 48 

and aerobic stability of the silage of pig excreta when exposed to the presence of air; and in 49 

addition requires knowing the type of predominant microorganisms under such conditions. 50 

The objective of this study was to characterize the fermentation and development of 51 

microorganisms in vitro, in addition assess the aerobic stability of pig excreta silage through 52 

the development of desirable microorganisms (lactic acid bacteria and lactobacilli) and 53 

undesirable (Yeast and enterobacteriae) with the addition two additives: one commercial and 54 

other propionic acid basis for 16 days. 55 

 56 

 57 

2. MATERIAL AND METHODS  58 

 59 

2.1 Production of microsilos 60 

 61 

This research was conducted in the laboratories of Rumen Microbiology and Animal 62 

Nutrition, Graduate College, Montecillo State Campus Mexico. Silage was made from corn 63 

stover, molasses, and pig manure; which came from a farm fattening pigs located in 64 

Chapingo, State of Mexico.  65 

Silage had on a wet basis, 50% of fresh swine manure, 30% ground corn stover, 7.6% 66 

molasses, 1% urea and 11.4% water; according to the techniques reported by Cobos et al. 67 

[5]; the final mixture contained 40% moisture. To the mixtures were added a commercial 68 

additive (Toxic-chec ®, a commercial product made from base 63% aldehydes, 15.6% 69 

propionic acid and 5% acetic acid) or propionic acid according to the following treatments 70 

(T): T1 = 0% additives; T2 = 0.05% commercial additive; T3 = 0.05% propionic acid. The 71 

aggregate amount of additives was wet basis. Treatments were packaged in PVC microsilos 72 

1.4 kg capacity, then sealed and stored at room temperature for a period of 30 d. 73 

 74 

2.2 Characterization of the fermentation 75 

 76 

Thirty days after the start of the process of silage fermentation was characterized by 77 

measuring pH values, which are determined according to Hardy and Elias [15], with a 78 

potentiometer Orion model 250A, calibrated at pH 4.0 and 7.0. To determine the 79 



  

concentration of volatile fatty acids (VFA) and ammonia nitrogen the samples were acidified 80 

with a 25% solution of metaphosphoric acid, then were centrifuged at 3500 rpm for 25 min at 81 

4 C; the supernatant was passed through an acetate filter and stored in 2 mL of each sample 82 

into vials and refrigerated at 4 °C. To determine t he concentration of VFA: acetic, propionic, 83 

and butyric, samples 3 µL triplicate were measured and analyzed in a gas chromatograph 84 

(Model 5890 series II, Hewlett Packard®), with a column of superoxide formeril 1.2 µm flow 85 

of 3 mL N2 min-1 and a temperature of the injector and column detector 120, 150 and 130 C, 86 

respectively.  87 

The concentration of ammoniacal nitrogen was determined according to the technique by 88 

McCullough [16], 20 µL of supernatant from each sample were used, which were poured into 89 

tubes with capacity of 10 mL, to which were added 1 mL of phenol and 1 mL of sodium 90 

hypochlorite basified with NaOH (5 g of NaOH and 10 mL of sodium hypochlorite). The tubes 91 

were incubated at 37 C for 30 min, then was added 5 mL of distilled water to dilute the 92 

samples, the absorbance was recorded on a UV visible spectrophotometer (Varian® CARY 93 

model 1 - E) at 630 nm. A reference blank was used which contained 1 ml of phenol, 1 ml of 94 

sodium hypochlorite and 5 mL of distilled water. To determine the final concentration of the 95 

samples a standard curve was prepared, with aliquots of 2.5; 5.0; 15.0; 30.0; 45.0 and 60.0 96 

µL and brought to a volume of 100 mL; these are equivalent to the NH3-N concentration in 97 

mg / dL. Once determined concentrations values obtained were corrected considering the 98 

dilution factor by adding metaphosphoric acid and distilled water. 99 

The development of lactic acid bacteria was determined, total lactobacilli, yeast, and 100 

enterobacteriae CFU g-1 during the fermentation [17]. The concentration of total lactic acid 101 

bacteria was determined in the selective medium for lactic acid bacteria MRS (Man Rogosa 102 

and Sharpe, Merck®), according to the techniques described by Duffner et al. [18]. The 103 

concentration of total lactobacilli was determined in a selective medium Rogosa Agar 104 

(Merck®) according to the techniques reported by Fenton [19]) and Meeske et al. [20]. 105 

Yeasts were quantified in Malt Extract Medium (Merck®) according by Spoelstra et al. [21]  106 

and Sanderson [22]. Enterobacteriae concentration was determined according to the 107 

techniques of Difco Manual [23] and Lin et al. [24], the Violet Red Bile Agar (VRBA, Merck®) 108 

modified with the addition of 1% glucose was used, using the double-plate. 109 

 110 

2.3 Evaluation of the aerobic stability 111 

 112 

To assess the aerobic stability of silage of pig excreta with different treatments were 113 

exposed to the presence of air for a period of 16 days. Silage samples for analysis at 0, 8 114 

and 16 days were taken a depth of 5 cm; the opening of the silos was considered as day 115 

zero. Subsequently, for each sampling the concentration of desirable microorganisms was 116 

measured: lactic acid bacteria, total lactobacilli; and concentration of undesirable 117 

microorganisms such as yeasts and enterobacteriae CFU g-1 by [17]. The techniques for 118 

determining the concentration of microorganisms during aerobic stability was done as 119 

described above. 120 

 121 

2.4 Statistical Analysis  122 

 123 

Data were analyzed by analysis of variance procedure appropriate for completely 124 

randomized design with three replicates per treatment, using the General Linear Models 125 

(GLM) procedure of SAS [25]. To determine if there was statistical difference between 126 

means, Turkey’s test was used [26]. To evaluate the aerobic stability of silage during the 16 127 

d exposure to the presence of air, in a completely randomized design three replicates per 128 

treatment was used, analyzing the concentration of desirable microorganisms like lactic acid 129 

bacteria and total Lactobacillus; and undesirable microorganisms: Yeast and enterobacteriae 130 

at 0, 8 and 16 d [25], by the method described Wilcox et al. [27] for repeated measurements. 131 



  

 132 

3. RESULTS AND DISCUSSION 133 

 134 

The pig excreta microsilos when uncovered after 30 days of fermentation showed slightly 135 

higher values of pH to 4.5 (Table 1). It was found that pH values were statistically different (P 136 

<0.05) between treatments, resulting in lower pH in T2 and T3, relative to T1. No significant 137 

differences (P>0.05) in the VFA concentration among treatments (Table 1) were found.  138 

Acetic acid was the highest concentration, followed by propionic acid and finally, butyric acid. 139 

Acetic - butyric important one, since fermentation was submitted that butyric acid levels were 140 

low. In this study the concentration of lactic acid was not determined; however, considering 141 

the pH values obtained, it is estimated that their levels remained close to optimal for a proper 142 

process of lactic fermentation. In relation to the concentration of nitrogen, expressed as a 143 

percentage of total nitrogen (% N- Total), significant differences (P<0.05) among treatments 144 

(Table 1) were determined. The lowest ammonia production (P<0.05) the recorded T2 (6.01 145 

%) and, in general, the concentration of nitrogen in the different treatments was below 8 %. 146 

 147 

The addition of propionic acid to pig excreta silage (T3), provided that a suitable 148 

fermentation process is developed, although the pH did not reach values lower than 4.0, it 149 

was considered the product to be acceptable because of the presence of a major 150 

fermentation lactic ; these results are in accordance with studies Seale [28] and Filya et al. 151 

[29], who reported that at pH 4.5 silage usually has good aerobic stability and good 152 

concentration of organic acids as acetic, propionic and lactic. Apparently the low 153 

concentration of propionic acid produced during fermentation in T1, was not sufficient to 154 

ensure a reduction of the pH of the ensiled material.  155 

 156 

Table 1. Fermentation properties pig excreta silage  with their treatments.  

 Treatments   

Properties   T1 T2 T3 SE 

pH  4.55a 4.29b 4.27b 0.04 

Acetic acid  (mmol L-1)  117.40a 115.42a 98.95a 20.21 

Propionic acid  (mmol L-1)  14.55a 21.61a 22.20a 1.98 

Butiric acid  (mmol L-1) 

Ammonia N  (% N Total) 

 11.34a 

7.40a 

14.34a 

6.01b 

14.07a 

7.66a 

1.67 

0.16 

abc Values having different superscripts in a row are significantly  (P≤0.05) different.  157 

T1: 50% pig excreta, 30% corn stover, molasses 7.6%, 11.4% water and 1% urea (control).  158 

T2: 50% pig excreta, 30% corn stover, molasses 7.6%, 11.4% water and 1% urea + 0.05% of a 159 

commercial additive (Toxic-chec ®) **  160 

T3: 50% pig excreta, 30% corn stover, molasses 7.6%, 11.4% water and 1% urea + 0.05% propionic 161 

acid (Merck ® trademark)  162 

SE = Standard Error  163 

** (Anglo Corporation ®) Commercial Product. Made from 63% aldehydes, 15.6% propionic acid and 164 

5% acetic acid. 165 

 166 



  

The inclusion of additives in T2 and T3 did not affect the production of acetic, propionic and 167 

butyric acids during fermentation; therefore not provided an acetic - butyric fermentation, 168 

because the levels of butyric acid produced during fermentation were low. In this study the 169 

concentration of lactic acid was not determined; however, it was felt that their levels were 170 

maintained close to 3% of the dry matter in the different treatments. This can be confirmed 171 

by the pH values obtained in T1, T2 and T3, which on average remained less than 4.5; 172 

indicating that the material ensiled at these pH levels, usually presents aerobic stability [30]. 173 

In general the concentrations of ammonia nitrogen (NH3-N) for the various treatments in this 174 

study were less than 8%. According to Umana et al. [31] in silage which has been made a 175 

suitable fermentation, the NH3-N content is usually less than 8% of total nitrogen. 176 

 177 

During the fermentation, the development of lactic acid bacteria showed statistical 178 

differences (P<0.05) among treatments, T2 presented the lowest concentration (4.6 X 105) 179 

bacteria per g-1 fresh silage. In contrast, the development of lactobacilli did not change 180 

significantly between treatments, thus an effect of the commercial additives and propionic 181 

acid were not detected in the development of lactobacilli in the fermentation process (Table 182 

2).  183 

 184 

With respect to the presence of undesirable microorganisms, the yeast concentration was 185 

not statistically different between the different treatments (Table 2). It is considered that 186 

propionic acid additive tended to inhibit the growth of yeasts in this type of silage. 187 

Enterobacteriaceae were the predominant microorganisms in T1 (P<0.05), showing a 188 

concentration of 7.6 X104 CFUg-1 of silage; while in T2 and T3 had lower counts of these 189 

microorganisms, with statistical difference (P<0.05) (Table 2). 190 

 191 

Table 2. Development of microorganisms during ferme ntation in silage of pig excreta 
with the addition of chemical additives.  

Microorganisms  Treatments   

Concentración (UFC g -1) +  T1 T2 T3 SE++ 

Lactic acid bacterias   2.6X106 ª 4.6X105 b 2.6X106 a 2.7X105 

Total Lactobacilli   2.3X104 a 3.3X104 a 2.0X104 b 4.3X103 

Enterobacteriaceae   7.6X104 a 2.6X104 b 1.6X104 b 4.7X103 

Yeast   3.0x106 a 1.6X106 a 1.6X106 a 4.3X105 

abc Values having different superscripts in a row are significantly  (P≤0.05) different.  192 

T1: 50% pig excreta, 30% corn stover, molasses 7.6%, 11.4% water and 1% urea (control).  193 

T2: 50% pig excreta, 30% corn stover, molasses 7.6%, 11.4% water and 1% urea + 0.05% of a 194 

commercial additive (Toxic-chec ®) + + +  195 

T3: 50% pig excreta, 30% corn stover, molasses 7.6%, 11.4% water and 1% urea + 0.05% propionic 196 

acid (Merck ® trademark)  197 

+ Colony-forming units per gram of silage.  198 

+ + SE = standard error.  199 

+ + + (Anglo Corporation ®) Commercial Product. Made from 63% aldehydes, 15.6% propionic acid 200 

and 5% acetic acid. 201 

 202 

The lack of development of lactic acid bacteria during fermentation in T2, was probably due 203 

to two situations; first, adding the commercial additive to the mixture, the pH tended to fall 204 



  

more quickly and therefore there was no proper development of lactic acid bacteria; and 205 

second, due to competition for nutrients from bacteria in the manure with lactic acid bacteria 206 

[32, 33]. The development of lactobacilli during fermentation in silages pig excreta provided 207 

no difference between treatments. Evans and Smith [11] found that when pig manure and 208 

silage components are used, the gradual increase in lactobacilli is due to forced competition 209 

for nutrients between bacteria and lactobacilli excreta; under the conditions of this 210 

experiment, lactobacilli constituted only a small proportion of the total microbiota developed 211 

during ensiling. However, the growth of yeasts during fermentation was not affected in T2 212 

and T3. Kung [34] have shown that yeasts are capable of tolerating low pH levels, although 213 

their growth can be inhibited by organic acids like acetic, propionic and lactic acid produced 214 

during fermentation. Moon [35] reported that propionic acid used as silage additive inhibits 215 

the growth of yeasts and filamentous fungi; meanwhile, Selwet [30] reports that a mixture of 216 

formic acid, propionic acid and ammonium salts used as an additive to silage, has proved a 217 

potent inhibitor of yeast, thus preventing aerobic deterioration. However in this study, the 218 

development of enterobacteriae during fermentation was inhibited by the additives added in 219 

T2 and T3; in contrast, the highest count of enterobacteriae occurred in the control 220 

treatment, which may be because in this treatment there was a limited production of lactic 221 

acid in the early stages of the fermentation process, which could enable the further 222 

development of enterobacteriae  [36, 37]. In general the lack of any of the two additives in 223 

T1, possibly avoided early acidification of the ensiled material during fermentation, which 224 

contributed to the development of enterobacteriae. 225 

 226 

During the determination of the aerobic stability of silage of pig excreta, to be uncovered and 227 

exposed to air for the presence of 0, 8, 16 d; the development of lactic acid bacteria and 228 

lactobacilli showed statistical differences (P<0.05) (Table 3). Lactic acid bacteria had a linear 229 

cut with a very high statistical significance in the T1 (P < 0.0001) during this period, while the 230 

lactobacilli showed a drastic decrease, disappearing completely at 16 d exposure to the 231 

presence of silage air, showing a linear effect (P< 0.0009) and a quadratic (P<0.0001), both 232 

with very high statistical significance (Table 3). In T1 concentration of lactobacilli and lactic 233 

acid bacteria, similarly decreased during exposure to air for the same period of time; the 234 

response was linear (P<0.0001) and quadratic (P< 0.0002), respectively, in the lactic acid 235 

bacteria; whereas lactobacilli for this response was linear (P< 0.0001). In all cases, statistical 236 

significance was very high (Table 3). During this time period, T3 concentration in lactic acid 237 

bacteria and lactobacilli decreased; lactic acid bacteria had a linear response (P<0.0001) 238 

and a quadratic (P<0.00021) of very high statistical significance, whereas lactobacilli 239 

response was linear (P<0.0165) were statistically significant (Table 3). The results did not 240 

show a clear advantage of the addition of additives in T2 and T3 with respect to the 241 

development of acid lactic bacteria. However, in T1 Lactobacilli disappeared completely at 242 

the end of the period evaluated (16 days). This may be because T2 contained low proportion 243 

of organic acids (15.6% of propionic acid and 5.0% acetic acid); on the other hand, 244 

contained a high proportion of aldehydes (63.0%); Shi et al. [38] mention that the silage 245 

treated with formaldehyde are more sensitive to aerobic deterioration, because they are 246 

inhibitors of the fermentation. Is also likely that the small amount of added molasses (less 247 

than 8%) to treatments, did not provide soluble sugars needed to maintain an adequate 248 

population of lactic acid bacteria and lactobacilli during the fermentation phase, which would 249 

allow increased production of organic acids and increase the period of aerobic stability of 250 

silage to the presence of air [39]. Lima et al. [40) have found that by adding levels of 251 

molasses between 9 and 10% in silage, the aerobic stability is improved because the 252 

molasses sugars they are promoters of acid lactic bacteria growth, moreover, prevents the 253 

increase of the temperature, which significantly reduces the loss of organic matter from the 254 

silage. In contrast, in T2 and T3 was presented a low concentration of lactobacilli. These 255 

results contrast with those obtained by Sanderson [22], who found that the concentration of 256 

lactobacilli increased in silage exposed to air. On the silage of pig excreta, by using additives 257 



  

to improve the aerobic stability, should be considered the buffer capacity of excreta due to its 258 

high content of non-protein nitrogen (NPN). Evans and Smith [11] reported that in silage of 259 

animal excreta, the development of lactic acid bacteria is slow due to a forced competition of 260 

bacteria of excreta for substrates with lactic acid bacteria. 261 

 262 

Table 3. Concentration of lactic acid bacteria and lactobacilli in pig excreta silages exposed to 

 the presence of air for a period of 16 days, with the use of chemical additives. 

Microorganism  

(CFU g-1) 1  

Days  Treatment  

T1 T2 T3 

Lactic acid bacteria 0 2.6X106a d 4.6X105b d 2.6X106a d 

8 8.6X105a d 5.3X105b d 1.6X105c d 

16 2.3X104b  e 3.6X104b  e 1.3x105a e 

Effect 2     

Lineal  0.0001 0.0001 0.0001 

Quadratic  0.0009 0.0009 0.0021 

 

Lactobacílli 0 2.3X104a d 3.3X104a d 2.0X104a d 

8 5.3 X104a d 2.3X104b d 1.3X104a d 

16 0.0000c e 5.0X102b e 2.0X103a e 

Effect 2     

Lineal  0.0009 0.001 0.0165 

Quadratic  0.0001 0.1026 0.6394 

abcValues having different superscripts in a row of the same microorganism are significantly  (P≤0.05) 263 

different.  264 
defValues having different superscripts in a column of the same microorganism at 0, 8 and 16 d, are 265 

significantly  (P≤0.05) different.  266 

T1: 50% pig excreta, 30% corn stover, molasses 7.6%, 11.4% water and 1% urea (control).  267 

T2: 50% pig excreta, 30% corn stover, molasses 7.6%, 11.4% water and 1% urea + 0.05% of a 268 

commercial additive (Toxic-chec ®) 3  269 

T3: 50% pig excreta, 30% corn stover, molasses 7.6%, 11.4% water and 1% urea + 0.05% propionic 270 

acid (Merck ® trademark)  271 
1Colony forming 1Unidades per gram of silage.  272 
2Probability of type I error  273 
3Commercial Product (Anglo Corporation ®). Made from 63% aldehydes, 15.6% propionic acid and 5% 274 

acetic acid).  275 

 276 



  

The concentration of undesirable microorganisms such as yeast, for determining the aerobic 277 

stability of silage of pig excreta presented statistically significant differences (P =.05) 278 

between treatments; T1 in the trend in the concentration of the yeast according to a 279 

nonlinear effect with high statistical significance (P<0.0007) and quadratic with statistically 280 

significant difference (P < 0.0105) with respect to time, with a decrease in the concentration 281 

(Table 4). 282 

 283 

This indicates a tendency to decrease the concentration of yeast through periods analyzed 284 

0, 8 and 16 d. In T2 reducing yeast concentration was more marked, disappearing 285 

completely by 16 days, but the difference was not statistically (P<0.0578). Moreover, in T3 a 286 

less marked concentration of yeasts in the 0 and 16 d period decrease , a response of a 287 

linear type (P< 0.0009) with a very high statistical difference and a quadratic response with a 288 

significant difference is present statistically (P< 0.0124 ).  289 

 290 

In general, the concentration of enterobacteriae remained statistically unchanged (P<0.05), 291 

indicating that the addition of the commercial additive and propionic acid treatments did not 292 

affect, in a statistically significant manner, the development of enterobacteriae in the 293 

exposure of silage pig excreta to the presence of air for 16 d (Table 4). 294 

 295 

The concentration of yeast, considered undesirable microorganisms in silage, decreased at 296 

the end of the exposure period (day 16) to the presence of air in the silage; apparently, 297 

organic acids such as the acetic and the propionic acid produced during fermentation 298 

inhibited the development of yeasts. Therefore, it is considered that the silage of pig excreta 299 

presented aerobic stability during the 16 d of exposure to air [41, 30].  In particular, in T2 and 300 

T3 decreased significantly the concentration of yeast during the period of exposure to the 301 

presence of air, due to the addition of propionic acid in T3, and the small proportion of the 302 

propionic acid added T2.  303 

 304 

In this sense, Moon [35] and Hashemzadeh-Cigari et al. [42] have determined that propionic 305 

acid is a very powerful antifungal that inhibits the development of yeasts and filamentous 306 

fungi during the exhibition of the silage to the presence of air, which significantly increases 307 

your aerobic stability. In general, the concentration of enterobacteriae remained unchanged 308 

during the period of exposure of the silos to the presence of air during 16 d; Therefore, the 309 

use of additives in T2 and T3 did not affect the development of enterobacteriae. 310 

 311 

The results obtained in this study are in contrast with Östling and Lindgren [36], who found 312 

that Enterobacteriaceae are sensitive to organic acids , because these organisms were 313 

inhibited at levels 10 times lower than acetic, lactic , and formic acid to the inhibiting yeast 314 

used . Furthermore, Muck [43] found that the population of enterobacteriae increased in the 315 

first 2 d of exposure to air in forage silos , and day 14 after exposure to air , the count turned 316 

out to be low ( 100 CFU g-1 of fresh silage) .  317 

 318 

Although not show a great development of enterobacteriae in the present study , during the 319 

exposure of the silage to the presence of air for a period of 16 d , it is determined that the 320 

enterobacteriae compete with lactic acid bacteria for the soluble sugars in the ensiled [44]. 321 

However, the results of this study suggest that enterobacteriae in pig excreta silage only 322 

partially competed with lactic acid bacteria by soluble sugars, which may have affected the 323 

development of the first. 324 

 325 

 326 

 327 

 328 

 329 



  

 330 

Table 4. Concentration of undesirable microorganism s in pig excreta silages exposed 
to the presence of air for a period of 16 days, wit h the use of chemical additives. 

Microorganism 
(CFU g-1) 1  

Days  Treatment  

T1 T2 T3 

Yeasts 0 3.0X106a d 1.6X106a d 1.6X106a d 

8 6.3X103b e 1.6X104a d 7.6X103b e 

16 4.0X103b e 0.0000c e 1.3x104b e 

Effect 2     

Lineal  0.0007 0.0578 0.0009 

Quadratic  0.0105 0.336 0.0124 

 

Enterobacteriae 0 7.6X104a d 2.6X104b d 1.6X104b d 

8 1.3 X104a d 4.3X103b d 1.3X104a e 

16 1.6X104b e 1.3X104b e 4.3X104a e 

Effect 2     

Lineal  0.0001 0.0135 0.0013 

Quadratic  0.0001 0.0135 0.0013 

abcValues having different superscripts in a row of the same microorganism are significantly  (P≤0.05) 331 

different.  332 
defValues having different superscripts in a column of the same microorganism at 0, 8 and 16 d, are 333 

significantly  (P≤0.05) different.  334 

T1: 50% pig excreta, 30% corn stover, molasses 7.6%, 11.4% water and 1% urea (control).  335 

T2: 50% pig excreta, 30% corn stover, molasses 7.6%, 11.4% water and 1% urea + 0.05% of a 336 

commercial additive (Toxi-chec ®) 3  337 

T3: 50% pig excreta, 30% corn stover, molasses 7.6%, 11.4% water and 1% urea + 0.05% propionic 338 

acid (Merck ® trademark)  339 
1Colony forming 1Unidades per gram of silage.  340 
2Probability of type I error  341 
3Commercial Product (Anglo Corporation ®). Made from 63% aldehydes, 15.6% propionic acid and 5% 342 

acetic acid).  343 

 344 



  

4. CONCLUSION 345 

 346 

The additives evaluated were the commercial (Toxic- chec®) and propionic acid, added in pig 347 

excreta silage. The treatments did not affect the silage fermentation process as they had no 348 

effect on the concentration of volatile fatty acids or the content of ammoniacal nitrogen.  349 

The additives tested inhibited the growth of yeasts in silage during exposure to air for 16 d, 350 

which showed potential for aerobic stabilization of silage and prevented the aerobic 351 

deterioration of silage pig excreta. To stimulate lactic acid fermentation, and thus increasing 352 

the concentration of lactic acid bacteria and lactobacilli in the silage, it is suggested to 353 

increase the concentration of molasses to 9 % on a wet basis, which also improves the 354 

aerobic stability of pig excreta silage. 355 

 356 

Before using the pig excreta silage in feeding of ruminants, we would suggest a study in vitro 357 

to evaluate the digestibility, fermentation ruminal; later to realize a test in vivo with sheep, to 358 

evaluate the consumption, the weight gains and the  feed conversion.  359 

 360 

 361 

 362 

COMPETING INTERESTS 363 

 364 

Authors have declared that no competing interests exist. 365 

 366 

AUTHORS’ CONTRIBUTIONS 367 

 368 

This work was carried out in collaboration between all authors. Author SJL wrote the protocol 369 

and the first draft of the manuscript. Author MAC designed the study. Author GDM managed 370 

the analysis of the study. Author MC managed the literature searches. All authors read and 371 

approved the final manuscript. 372 

 373 

REFERENCES 374 

 375 

1.      Castellanos AA, Salazar GG, Hernández M P, Domínguez AG y Barrera C G. Uso de        376 

ensilados de cerdaza en la alimentación animal.  In: Folleto para productores, N° 2, 377 

julio. INIFAP, Centro de investigación regional Pacifico Centro, Campo Experimental 378 

Centro Altos de Jalisco. 2010. 379 

2.      Dourmad JY, Jondreville C. Impact of nutrition on nitrogen, phosphorus, Cu and Zn in 380 

pig manure, and on emissions of ammonia and odours. Livestock Science 2007; 381 

112:192-198. 382 

3.      Zhu C, Zhang J, Tang Y, Xu Z, Song R. Diversity of methanogenic archea in a biogas 383 

reactor fed with swine feces as the mono-substrate by mcrA analysis. Microbiological 384 

Research. 2011; 166:27-25. 385 

4.     Xie S, Wu G, Lawlor PG, Frost JP, Zhan X. Methane production from anaerobic co-386 

digestion of the separated solid fraction of pig manure with dried grass silage. 387 

Bioresource Technogy.  2012;104:289-297. 388 

5.    Cobos P M A, González MS, Mendoza MGD, García BC, Barcena GR. Nutritional 389 

evaluation off cattle manure, molasses and corn Stoker silage for lambs. Journal 390 

Small Ruminant Research. 1997; 25: 33-38.   391 

6.    Arndt DL,  Day DL, Hatfield EE.  Processing and handling of animal excreta for    392 

refeeding. Journal of Animal Science. 1979; 48:157-162. 393 

7.     Trujillo GD,  Bórquez GJL, Pinos RJM, Domínguez VIA,  Rojo RR. Nutritive value of 394 

ensiled pig excreta, poultry litter or urea with molasses or bakery by-products in diets 395 

for lambs. South African Journal of Animal Science. 2014; 44(2): 114-122. 396 

8.       Martinez GR,  Pradal RP,  Castrejon F,   Herradora M,  Galvan E,  Mercado C.  397 



  

          Persistence of Escherichia coli,  Salmonella choleraesuis, Aujezsky´s Disease virus 398 

and Blue Eye Disease virus in ensilages based on the soluble fraction of pig faeces. 399 

Journal  of Applied Microbiology. 2001; 91: 750-758.  400 

9.     Serrano GE, Castrejón PF, Herradora LMA, Ramirez PAH, Angeles CS, Buntinx SE. 401 

Fungal survival in ensiled swine faeces.  Bioresource Technology.  2008; 99: 3850-402 

3854.  403 

10.   Fontenot JP. Feeding Poultry wastes to cattle.  Department of animal and Poultry  404 

Science. Virginia Polytechnic Institute. 1996.  405 

11.   Evans MR,  Smith MPW.  Treatment of farm animal wastes.   Journal of Applied.   406 

Bacteriology. 1986; (Supplement): 27-41.  407 

12.   Marti R, Dabert P, Ziebal C, Pourcher AM.  Evaluation of Lactobacillus sobrius/L. 408 

amylovurus as a New Microbial Marker of Pig Manure. Applied and Environmental 409 

Microbiology. 2010; 76: 1456-1461. 410 

13.   Weinberg ZJ, Ashbel H, Azrieli A.  The effect of lactobacteria inoculation on corn 411 

silages preservation and feeding value for growing beef animals and lambs. Canadian 412 

Journal of Animal Science. 1993; 63: 917-924. 413 

14.   Tabacco E,  Piano S,  Cavallarin L,  Bernardes TF,  Borreani G. Clostridia spore 414 

formation during aerobic deterioration of maize and sorghum silages as influenced by 415 

Lactobacillus buchneri and Lactobacillus plantarum inoculants. Journal of Applied 416 

Microbiology. 2009; 107: 1632-1641. 417 

15.     Hardy C, Elías A. Ensilaje de excreta y miel final. Características fermentativas de una 418 

mezcla de excreta de bovino, miel final y forraje deshidratado ensilado in vitro. 419 

Revista Cubana de Ciencia Agrícola. 1975; 9: 68-75.  420 

16.    McCullough, H. The determination of ammonia in whole blood by direct calorimetric 421 

method. Clin. Chem. Acta. 1967; 7: 297-304. 422 

17.   Harrigan WF,  McCance ME. Determination of the number of viable organism in a 423 

simple. In: Harrigan WF (ed). Laboratory Mhetods in Food and Dairy Microbiology. 8th 424 

ed. Academic Press, London, UK. 1990. 425 

18.    Duffner F,  Fitzimons A, Brophy G, Kiely PO, Connel MO. Dominance of Lactobacillus 426 

plantarum strains in grass silage as demonstrated by a novel competition assay. 427 

Journal of Applied Bacteriology. 1994; 76: 583-591.  428 

19.    Fenton MP.    An investigation into the sources of lactic acid bacteria in grass silage. 429 

Journal of Applied. Bacteriology. 1987; 62: 181-188.  430 

20.    Meeske R, Ashbell G, Weinberg ZG, Kipnics T. 1993. Ensiling forage sorghum at two 431 

stages of maturity with the addition of lactic acid bacterial inoculants. Animal Feed 432 

Science Technology.  1993; 43: 165-175. 433 

21.    Spoelstra SF, Courtin MG, Van Beers JAC.   Acetic acid bacteria can initiate aerobic       434 

deterioration of whole crop maize silage.  Journal of Agriculture Science Cambridge. 435 

1988; 111: 127-132. 436 

22.    Sanderson MA. Aerobic stability and in vitro fiber digestibility of microbially inoculated  437 

corn and sorghum silages. Journal of Animal Science. 1993; 71: 505-514. 438 

23.    Difco.  Dehydrated culture media and regent for microbiological and clinical laboratory 439 

procedures. Manual Difco Laboratories. Detroit Michigan, U.S.A. 1979. 440 

24.   Lin C, Bolsen KK, Brent BE, Fung DYC.  Epiphytic lactic acid bacteria succession 441 

during the pre-ensiling and ensiling periods of alfalfa and maize.   Journal of Applied 442 

Bacteriology. 1992; 73: 375-387. 443 

25.     Steel GDR, Torrie HJ, Dickey DA. Principles and procedures of statistics a biometrical 444 

approach. 3th ed. USA: McGraw Hill; 1997.   445 

26.   Statistical Analysis System Institute. SAS. Education Analytical Suite for Windows 446 

Release 9.2; 2010. 447 

27.     Wilcox CJ, Thalcher WW,  Martin FG.  Statistical analysis of repeated  measurements 448 

in physiology experiments.  In: Proc final Research Coordination Meeting of the 449 

FAO/IAEA/ARCAI III.  Regional Network for improving the reproductive management 450 



  

of meat and milk producing livestock in Latin America with the aid of 451 

Radioimmunoassay. Int. Atomic. Energy Agency. Vienna, Austria; 1990.  452 

28.  Seale DR. 1986. Bacterial inoculants as silage additives. Journal of Applied 453 

Bacteriology. 1986; (Supplement): 9-26. 454 

29.     Filya I,  Sucu E,  Karabulut A.   The effect of Propionibacterium acidipropionici, with or 455 

without Lactobacillus plantarum, on the fermentation and aerobic stability of wheat, 456 

sorghum and maize silages. Journal of Applied Microbiology. 2004; 97: 818-826. 457 

30.     Selwet M,  Raczkkowka WK,  Potkansky A, Grajemsky J,  Twaruzek M,  Miklaszewska 458 

B, et al. Chemical composition and microflora of silage from maize ensilage with 459 

bacterial and chemical additives. Med. Wet. 2008; 64: 477-479.   460 

31.   Umaña R, Staples CR, Bates DB, Wilcox CJ, Mahanna WC. Effects of microbial 461 

inoculant and (or) sugarcane molasses on the fermentation, aerobic stability, and 462 

digestibility of Bermuda grass ensiled at two moisture contents. Journal of Animal 463 

Science. 1991; 69: 4588-4601. 464 

32.    Bolsen KK, Lin C, Brent BE, Feyerherm AM, Urban JE, Aimutis WR. Effect of silage 465 

additives on the microbial succession and fermentation process of alfalfa and corn 466 

silage. Journal of Dairy Science. 1992; 75: 3066-3083.  467 

33.   Pahalow G, Muck RE, Driehuis F, S. J. W. H Oude Elferink  SJWH, Spoelstra SF. 468 

Microbiology of ensiling. In: Buxton DR, RE Muck, JH Harrison. Silage Science and 469 

technology. 1th ed. Am. Soc. Agron, Madison, WI, USA; 2003. 470 

34.    Kung LJR. Aerobic Stability of silages. In: Proc of the conference on silage for dairy 471 

farms. Harrisburg, PA; 2005. 472 

35.   Moon NJ. Inhibition of the growth of acid-tolerant yeasts by acetate, lactate and 473 

propionate and their synergistic mixtures. Journal of Applied Bacteriology. 1983; 55: 474 

454-460. 475 

36.   Östling CE, Lindgren SE. Inhibition of enterobacteria and Listeria growth by lactic, 476 

acetic and formic acids. Journal of Applied Bacteriology. 1993: 75: 18-24.   477 

37.    Weinberg ZG,  Ashbell G,  Hen Y,  Azrieli A.   The effect of a propionic and bacterial 478 

inoculants applied at ensiling on the aerobic stability of wheat and sorghum silages. 479 

Journal Industrial Microbiology. 1995; 15: 493-497. 480 

38.    Shi J, Diao Q,  Li F.  Effects of different bacterial inoculants on the fermentation and 481 

aerobic stability of whole-plant corn silage. African Journal of Agricultural Research. 482 

2012; 7: 164-169. 483 

39.    Arbabi S, Ghoorchi T. The effect of different levels of molasses as silage additives on 484 

fermentation quality of foxtail millet (Setaria italica) silage. Journal of Animal Science. 485 

2008; 2: 43-50. 486 

40.   Lima R, Lourenco M, Dias RF, Castro A, Fievez V. Effect of combined ensiling of 487 

sorghum and soybean with or without molasses and lactobacilli on silage quality and 488 

in vitro rumen fermentation. Animal Feed Science Technology. 2010; 155: 122-131. 489 

41.    Phillip LE,  Fellner V. Effects of bacterial inoculation of high-moisture ear corn on its 490 

aerobic stability, digestion, and utilization for growth by beef steers. Journal of Animal 491 

Science. 1992; 70: 3178-3187. 492 

42.   Hashemzadeh-Cigari F,  Khorvash M,  Ghorbani GR,  Ghasemi E,  Taguizadeh A, 493 

Kargar S, et al. Interactive effects of molasses by homofermentative and 494 

heterofermentative inoculants on fermentation quality, nitrogen fractionation, nutritive 495 

value and aerobic stability of wilted alfalfa (Medicago sativa) silage. Journal Animal 496 

Phisiology Animal Nutrition. 2013; 10: 1-10. 497 

43.   Muck, RE, Holmes BJ. Factors affecting bunker silo densities. Applied Engineering 498 

Agriculture. 2000; 16: 613-619. 499 

44.     Muck RE.  Silage  microbiology  and its control  thorough additives.  Revista Brasileira 500 

de Zootecnia.  2010; 39: 183-191. 501 

 502 


