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In the present study, the effects of prebiotics and prebiotics+probiotics on intestinal microflora and fermentation
products were evaluated in a pig in vitro fermentation model. The substrates used in this study were iso-malto
oligosaccharide (IMQ), partially digested chicory-inulin (CI), raffinose (RA), and cyclodextrin (CD) as prebiotics
and Lactobacillus reiteri as probiotics. For a pig in vitro fermentation, the experimental diet for growing pigs was
predigested using digestive enzymes secreted by small intestine and this hydrolyzed diet was mixed with a buffer
solution containing 5% fresh swine feces. The mixture was then incubated with either prebiotics or
prebiotics+probiotics for 24 h. Samples were taken at 24 h, and viable counts of microflora, gas, pH, volatile organic
compounds (VOCs) and short-chain fatty acid (SCFA) were analyzed. The viable count of Enterobacteriaceae was
significantly decreased (p<0.001) in all treatments containing prebiotics and prebiotics+probiotics when compared to
the control. However, the number of lactic acid bacteria increased in the prebiotics and prebiotics+probiotics
treatment. The pH values in the fermentation fluid decreased in all treatments when compared to the control, and
their effects were greater in the prebiotics+probiotics group than prebiotics group. Fermentation with prebiotics
resulted in a reduction in malodorous compounds such as ammonia, hydrogen sulfide and skatole when compared to
the prebiotics+probiotics group. Short-chain fatty acid production was also higher for treatment with
prebiotics+probiotics than treatment with prebiotics. In conclusion, the results of this study demonstrated that
fermentation with prebiotics was effective in reducing the formation of malodorous compounds and
prebiotics+probiotics was effective in increasing lactic acid bacteria and SCFA and reducing the pH. Moreover,
further studies will be needed to determine whether the results observed in the in vitro model would occur in pigs
that ingest these prebiotics or probiotics.
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Table 1. Composition of the diets used during in vitro fermentation

Ingredients %
Corn 70.45
Soy bean meal 17.91
Wheat 8.09
Soy bean oil 1.00
Limestone 0.97
Dicalcium phosphate 0.61
Vitamin/mineral premix” 0.35
L-lysine HCL 0.27
Salt 0.25

* Provided per kg diet: 20,000 IU of vitamin A, 4,000 IU of vitamin D3, 80
TU of vitamin E, 16 mg of vitam K3, 4 mg of thiamine, 20 mg riboflavin, 6
mg of pyridoxine, 0.08 mg of vitamin Bjs, 20 mg niacin, 50 mg of
Ca-pantothenate, 2 mg of folic acid and 0.08 mg biotin, 140 mg of Cu, 179
mg of Zn, 12.5 mg of Mn, 0.5 mg of I, 0.25 mg of Co and 0.4 mg Se.
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Table 2. Counts of microflora after 24 h of in vitro fermentation of swine feces with prebiotics and/or probiotics®

Item Without probiotics With probiotics P-value for contrasts’
(Log CFU/ml) CON IMO CI RA CD P IMO CI RA CD SE* CON vs. OTH PRE vs. SYN
Enterobacteriaceae 7.86 740  6.81 6.99 6.51 634 657 632 638 626 0.09 0.001 0.001
Lactic acid bacteria 8.00 826 826 8.18 8.18 8.65 928 934 9.08 9.00 0.02 0.001 0.001

* CON, control; P, CON + Lactobacillus reuteri; IMO, CON + iso-malto oligosaccharide 0.5%; CI, CON + chicory-inulin 0.5%; RA, CON + raffinose 0.5%;
. CD, CON + cyclo-dextrin 0.5%

Pooled standard error
¢ Effects: CON, control ; OTH, other treatment ; PRE, prebiotics ; SYN, prebiotics + probiotics

Table 3. Gas production and pH value after 24 h of in vitro fermentation of swine feces with prebiotics, and/or probiotics®

Item Without probiotics With probiotics . P-value for contrasts

CON IMO CI RA CD P IMO CI RA CD SE° CONvs. OTH PRE vs. SYN
Gas production 8.83 17.50 17.00 13.33 16.33 8.33 17.33 1533 9.68 1833 0.57 0.001 0.040
pH 6.62 6.10 6.09 623 6.12 6.54 6.03 588 593 597 0.04 0.001 0.001

* CON, control; P, CON + Lactobacillus reuteri; IMO, CON + iso-malto oligosaccharide 0.5%; CI, CON + chicory-inulin 0.5%; RA, CON + raffinose 0.5%;

N CD, CON + cyclo-dextrin 0.5%
Pooled standard error

“Effects: CON, control; OTH, other treatment; PRE, prebiotics; SYN, prebiotics + probiotics
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Table 4. Malodor gas emission after 24 h of in vitro fermentation of swine feces with prebiotics, and/or probiotics®

Without probiotics With probiotics P-value for contrasts®

Item (ppm) b CONvs. PREvs.

CON IMO CI RA CD P IMO CI RA CD SE OTH SYN
NH4" 270.50 6433 16.83 74.00 31.17 304.67 161.50 102.33 188.17 120.83 4.61 0.001 0.001
H»S 26.75 3925 6.75 20.00 17.75 21.00 7425 1325 5575 4125 0.86 0.001 0.001
4-methyl phenol 818 7.82 7.03 776 11.99 7.60 11.83 10.76 1034 10.58 0.22 0.001 0.001
Indole 2.20 1.68 1.29 239 226 1.64 226 1.78 2.31 2.11 0.14 0.120 0.030
Skatole 2.14 1.71 1.63 1.62 1.64 229 219 242 247 2,60 0.02 0.001 0.001

* CON, control; P, CON + Lactobacillus reuteri; IMO, CON + iso-malto oligosaccharide 0.5%; CI, CON + chicory-inulin 0.5%; RA, CON + raffinose 0.5%;

CD, CON + cyclo-dextrin 0.5%
Pooled standard error.

“Effects: CON, control; OTH, other treatment; PRE, prebiotics; SYN, prebiotics + probiotics

Table 5. SCFA concentration after 24 h of in vitro fermentation of swine feces with prebiotics, and/or probiotics®

Without probiotics

With probiotics P-value for contrasts®

Item (ppm)

. . » CON vs. PRE vs.
Acetic acid CON IMO CI RA CD P MO CI RA CD SE OTH SYN
Propionic acid  986.48 1609.47 1212.42 1368.08 1371.04 1344.10 1545.40 1708.50 1375.60 1691.90 53.74 0.001 0.001
iso-Butyric acid 954.33 1394.31 1237.71 1514.94 1409.23 1507.40 1644.50 1854.50 1711.90 1736.70 85.91 0.001 0.001
Butyric acid 4211 2774 21.76  25.61  29.75 4774 3637 35.13  30.33 4042 0.839 0.001 0.001
iso-Valeric acid 288.12 340.22 264.42 34932 243.11 350.19 392.53 360.23 359.21 443.57 1041 0.001 0.001
Valeric acid 98.80 58.69 4585 49.64 64.52 106.75 8233 71.56 6745 82.33 228 0.001 0.001

* CON: control; P: CON + Lactobacillus reuteri; IMO: CON + iso-malto oligosaccharide 0.5%; CI: CON + chicory-inulin 0.5%; RA: CON + raffinose 0.5%;

bCD: CON + cyclo-dextrin 0.5%.
Pooled standard error.

“Effects: CON, control; OTH, other treatment; PRE, prebiotics; SYN, prebiotics + probiotics
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