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The aim of this study was to investigate the effect of high temperature on the viability of probiotic organisms
(Bacillus subtilis, Lactobacillus plantarum, and Saccharomyces cerevisiae) mixed with animal feed under controlled
conditions by simulating a farm feed bin in the summer. Following inoculation of probiotics into the feed, the pH
and probiotic viability were monitored during an 8-day incubation at room temperature. Sterile and non-sterile feeds
displayed different patterms of pH changes, with increased pH in non-sterile feed at 2 days, but a pattem of
decreasing pH at 4 days. The viabilities of S. cerevisiae and B. subtilis after mono/co-inoculation were maintained
without substantial changes during the incubation, whereas L. plantarum viability tended to decline. In both
non-sterile and sterile feeds, the probiotics were maintained or grew without any antagonistic effects. Probiotic
viability was also tested upon a shift to high temperature (60 C). There was no distinct change in pH between sterile
and non-sterile feeds after the temperature shift. L. plantarum and S. cerevisiae could not survive at the high
temperature, whereas B. subtilis displayed normal growth, and it inhibited the growth of contaminant microbes.
Fungal growth was not observed in non-sterile feed 2 days after supplementation with B. subtilis. Therefore, heat
resistant B. subtilis could be safely used in feed bins to inhibit microbial contamination, even at high temperatures.
The prevention of elevated temperature in feed bins is necessary for the utilization of L. plantarum and S. cerevisiae
during the summer season.
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Table 1. Formula and chemical composition of basal diets used for
growing pigs

Ingredients and chemical composition %
Corn 50.3
Wheat bran (10%) 7
Rice bran 2.5
Soybean meal (45%) 28.95
Limestone 0.41
Animal fat 5.81
Molasses cane 3
Salt 0.3
Choline-HCl (50%) 0.02
Methionine (99%) 0.06
Dicalcium phosphate 1.2
Ethoxyquin® 0.05
Vitamin-mineral mixture” 0.4
Total 100

*Ethoxyquin: quinoline-based antioxidant

b Supplies the following per kg of mixture; vit. A, 15,000,000 IU; vit. D3, 250,000
IU; vit. E, 250 IU; vit. B2, 1,000 mg; vit B12, 1,000 mcg; Ca D-pantothenate, 1,000
mg; vit. K3, 200 mg; Niacin, 5,000 mg; Choline Chloride, 70,000 mg; Folic acid,
20 mg; 3-nito-100, 7,000 mg; U.G.F., 200,000 mg; Mn, 12,000 mg; Zn, 9,000 mg;
Fe, 4,000 mg; Cu, 500 mg; Co, 100 mg; Ca 7,150 mg
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Fig. 1. pH change and probiotics growth in feed inoculated by a single strain or mixed strains at 25°C. The feed samples mixed with L.
plantarum, S. cerevisiae, and B. subtilis were diluted and plated on MRS, YM, and LB media, respectively. (A) pH change of sterile feed. (B)
Probiotics growth in sterile feed inoculated by a single strain. (C) Individual probiotics growth in sterile feed inoculated by mixed strains. (D)
pH change of non-sterile feed. (E) Probiotics growth in non-sterile feed inoculated by a single strain. (F) Individual probiotics growth in

non-sterile feed inoculated by mixed strains.
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Table 2. Identification of contaminated bacteria in feed

Query

Max

Media Isolated strain Homology - - References
coverage identity
SK3143 Bacillus amyloliquefaciens 100 100 Wu and Ahn (2011), Kim ef al. (2012)
SK3144 Pantoea ananatis 100 100 Coutinho and Venter (2009)
YM SK3145 Staphylococcus saprophyticus 100 100 Raz et al. (2005), Bhasme et al. (2013)
SK3146 Paenibacillus soli 96 97 Park et al. (2007)
SK3147 Bacillus pumilus 100 100 Thomas (2004), De-Bashan et al. (2010)
MRS SK3148 Staphylococcus hominis 100 100 Marimuthu (2013)
SK3149 Bacillus amyloliquefaciens 100 100 Wu and Ahn (2011), Kim ez al. (2012)
LB SK3150 Kocuria kristinae 100 95 Foli¢ et al. (2010), Ma et al. (2005)
SK3151 Staphylococcus saprophyticus 100 100 Raz et al. (2005), Bhasme et al. (2013)
SK3152 Curtobacterium citreum 100 100 Zinniel et al. (2002)
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Fig. 2. pH change and growth of probiotics in feed inoculated by single strain under repetitive temperature shift, 25°C to 60°C. The feed samples
mixed with L. plantarum, S. cerevisiae, and B. subtilis were diluted and plated on MRS, YM, and LB media, respectively. (A) pH change of
sterile feed. (B) Probiotics growth in sterile feed. (C) pH change of non-sterile feed. (D) Bacterial growth in non-sterile feed. (E) Fungal growth

in non-sterile feed.
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