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Abstract

This study was conducted to investigate the effects of different levels of fermented oat meal on growth
performance, diarrhea incidence, fecal microorganisms, and emission gas in weaned pigs. A total of 80 crossbred
piglets (7.31 + 0.24 kg) weaned at 21 days of age were assigned to treatments in a randomized complete block
design based on the initial body weight (BW). This experiment included 2 phases. In the first phase (from 0 to 21
d), there were 5 treatments: T1 (15% nature oat), T2 (3.7% fermented oat + 11.3% nature oat), T3 (7.5%
fermented oat + 7.5% nature oat), T4 (11.3% fermented oat + 3.7% nature oat), TS (15% fermented oat). In the
second phase (from 21 to 35 d): T1 (7% nature oat), T2 (1.75% fermented oat + 5.25% nature oat), T3 (3.5%
fermented oat + 3.5% nature oat), T4 (5.25% fermented oat + 1.75% nature oat), TS (7% fermented oat). Pigs
had access to feed and water ad libitum and their BW and average daily feed intake (ADFI) were measured for
each phase throughout the duration of the experiment. During the first phase,the use of 7.5%, 11.3% and 15%
fermented oat to replace nature oat improvedaverage daily gain (ADG) and gain/feed ratio (G/F) (P<0.05). .
During the second phase, the use of 3.5%, 5.3%, and 7% fermented oat to substitute nature increased ADG.
Entire period of this experiment, T3 and T4 treatments were presented higher ADG, G/F compared with T1 and
T2 treatments. Different levels of fermented oat didnot affect diarrhea incidence score, digestibility, fecal
microorganisms and emission gas. It is concluded thatfermented oat can serve as an alternative feed ingredient
for possibly replacing the use of nature oat.
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1. Introduction

"Post-weaning check period" is a major problem for the swine industry (Pluske et al., 1997). During this period,
pigs are faced with profound environmental and social changes as well as acute changes in nutritional substrate.
Those changes result in myriad of stressors, which occur in gut structure and function. They are generally
associated with the poor performance observed as they are thought to cause a temporary decrease in digestive
and absorptive capacity. Diet formulation would influence gastrointestinal morphology, physiology, and
microbiology (Van Beers Schreurs, 1996; Pluske et al., 1997; Jensen & Mik-kelsen, 1998). Many literatures
have revealed that feeding fermented diet to weaning piglets was beneficial for gastrointestinal tract and growth
performance. The study conducted by Scholten et al. (2002) revealed that feeding a partly fermented liquid diet
to weanling decreased gastric pH, and increased villus height. Renel et al. (2001) demonstrated that a bigger
count of total Lactobacilli and a smaller count of E.coli were found in the gastrointestinal tracts, especially, at the
front apart of pigs fed fermented feed. Kim et al. (2006) believed that growth performance of pigs is improved
by the addition of fermented persimmon shell diet.

Oats are known to have a favorable nutrient content, comprising high levels of polyunsaturated fatty acids,
phospholipids, high-quality protein, and fibers as beta-glucans; oats also contain many minerals and vitamins
(Webster, 1986; Frolich & Nyman, 1988). Oatmeal was mixed with water and fermented with Lactobacillus
which had not only a beneficial nutritional composition but also contains high numbers of lactobacilli to colonize
the intestinal tract and to compete with the resident flora. Molin et al. (1992) reported that Lactobacillus reuteri
in fermented oats were able to, effectively, colonized the mucosa of rat. Fermented oat could decrease serum
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cholesterol levels, resulted from lactobacilli are the main contributors to total bile salt hydrolase activity in the
murine intestinal tract (Tannock et al., 1989). Fermented oat can change short chain fatty acid formation in the
caecum, distal colon and feces of rats. Practically, those changes indicated that these microbes probably survive
in the hindgut and led to the modification of the microflora composition (Lambo et al., 2005). It may be
important for the gastrointestinal microflora balance in relation to colonic diseases. Fermented oat could increase
non-haem iron absorption from a phytate rich meal in healthy women of childbearing age (Bering et al., 2006).

However, there is dearth of information on the influence of fermented oat in weaning pigs. Considering the
potential benefits accruable from fermented oat meal, we hypothesized that fermented oat meal is able to ensure
a healthy gastrointestinal tracts to increase growth performance. Therefore, this study was conducted to
investigate the effects of different levels of fermented oat meal on growth performance, diarrhea incidence, fecal
microorganisms, and emission gas in weaned pigs.

2. Materials and Methods

All pigs used in this trial were handled in accordance with the guidelines set forth by the Animal Care and Use
Committee of Dankook University.

2.1 Experimental Design, Animals and Diets

The animal care and use protocol was approved by the Animal Care and Use Committee of Dankook University. A
total of 80 crossbred [(Landrace x Yorkshire) x Duroc] pigs (average 21 d) with an average initial BW of 7.31 +
0.24 kg were randomly assigned by BW and sex in a randomized complete block design. This experiment consisted
of two phases. In the first phase (from 0 to 21 d), there were 5 treatments: T1 (15% nature oat), T2 (3.7% fermented
oat + 11.3% nature oat), T3 (7.5% fermented oat + 7.5% nature oat), T4 (11.3% fermented oat + 3.7% nature oat),
T5 (15% fermented oat). In the second phase (from 21 to 35 d): T1 (7% nature oat), T2 (1.75% fermented oat +
5.25% nature oat), T3 (3.5% fermented oat + 3.5% nature oat), T4 (5.25% fermented oat + 1.75% nature oat), T5
(7 % fermented oat). There were 4 pigs per pen, and a treatment comprised 4 replications. All pigs were housed in
pens (0.6 x 1.2 m) with a self-feeder and nipple drinker to allow ad libitum access to enough feed and water
throughout the experimental period. Temperature was maintained at 30 °C and decreased by 1 °C each week of
the experiment. Antibiotics were not used in any experimental diets. Diets were formulated to the same
concentrations of lysine, threonine, tryptophan, methionine, metabolic energy (ME), calcium, and phosphorus.
Corn and soybean ratios were altered to keep dietary ME concentration the same among treatment diets.
Nutrients were provided to meet or exceed the requirements suggested by NRC (1988) (Tables 1 and 2)

Table 1. Formula and chemical composition (as-fed basis) of experiment diets (0 to 21)

Item’ T1 T2 T3 T4 T5
Ingredient, %
Corn 16.11  16.51 16.91 17.11 17.51
Nature oat 15.00 11.25 7.50 3.75 0.00
Fermented oat 0.00 3.75 7.50 11.25 15.00
Edible lard 4.00 4.00 4.00 4.00 4.00
Whey proteins 2941  29.01 28.61 28.21 27.81
Soybean meal (48%)  22.15  22.15  22.15 22.15 22.15
Fish meal 8.00 8.00 8.00 8.00 8.00
Plasma protein 4.11 4.11 4.11 4.11 4.11
L-LysineHCl 0.03 0.03 0.03 0.03 0.03
pr-Methionine 0.16 0.16 0.16 0.16 0.16
Limestone 0.17 0.17 0.17 0.17 0.17
Dicalcium phosphate 0.08 0.08 0.08 0.08 0.08
Mineral premix* 0.50 0.50 0.50 0.50 0.50
Copper sulfate 0.08 0.08 0.08 0.08 0.08
Salt 0.10 0.10 0.10 0.10 0.10
Vitamin premix” 0.10 0.10 0.10 0.10 0.10
Composition (calculated)
ME, Mcal/kg 3.4 34 3.4 34 34
Lactose, % 20.9 20.9 20.9 20.9 20.9
Crude protein, % 25.1 25.1 25.1 25.1 25.1

Crude fat, % 6.4 6.4 6.4 6.4 6
Crude fibre, % 1.66 1.66 1.65 1.65 1
Crude Ash, % 6.77 6.77 6.77 6.77 6
Lysine, % 1.77 1.77 1.77 1.77 L.
Methionine, % 0.59 0.59 0.59 0.59 0
Calcium, % 0.80 0.80 0.80 0.80 0
0.83 0

Phosphorus, % 0.83 0.83 0.83

Notes:
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! Abbreviation: T1, basal diet + 15% nature oat; T2, basal diet + 3.7% fermented oat + 11.3% nature oat; T3,
basal diet + 7.5% fermented oat + 7.5% nature oat; T4, basal diet + 11.3% fermented oat + 3.7% nature oat; T5,
basal diet + 15% fermented oat.

*Provided the following (g/kg premix): choline, 60; Zn, 23.5; Fe, 20.0; K, 20.0; S, 16.3: Ca, 10.0; P, 5.5;Mn, 5.0;
Na, 2.8; Cu, 1.8; Mg, 1.0; 1, 0.4; Cl, 0.4; Co, 0.2; Se, 0.06.

®Provided the following per kilogram of premix: vitamin A, 33,000,000 IU; vitamin D3, 6,600,000 IU;vitamin E,
55,000 IU; vitamin K, 5.12 g; vitamin C, 117 g; niacin, 33.07 g; pantothenate, 29.98 g; riboflavin,8.38 g; vitamin
B6, 4.00 g; folic acid, 2.76 g; thiamin, 2.04 g; biotin 66 mg; vitamin B12,44mg.

Provided the following per kilogram of diet: citric acid, 13.8 g; potassium sorbate, 4.5 g; vitamin E, 661U;
flavor additive, 300 mg; Fe, 60 mg; Zn, 71 mg; Mn, 31 mg; flow agent, 7.5 g; (d 0 to 14, liquid diet
only);bentonite, 7.5 g (d 0 to 14, dry pellet diet only).

Table 2. Formula and chemical composition (as-fed basis) of experiment diets (21 to 35)

Item' Tl T2 T3 T4 T5
Ingredient, %
Corn 32.80 33.00 33.20 33.40 33.60
Nature oat 7.00 525 3.50 1.75  0.00
Fermented oat 0.00 1.75 350 525 7.00
Edible lard 400 400 400 400 4.00

Whey proteins 2220 22.00 21.80 21.60 21.40
Soybean meal (48%) 25.00 25.00 25.00 25.00 25.00

Fish meal 505 505 505 505 505
Plasma protein 200 2.00 2.00 2.00 2.00
L-LysineHCI 0.04 0.04 0.04 004 0.04
pL-Methionine 0.12 012 0.12 0.12 0.12
Limestone 045 045 045 045 045

Dicalcium phosphate  0.56  0.56 0.56 0.56 0.56

Mineral premix® 050 050 050 050 0.50

Copper sulfate 0.08 0.08 0.08 0.08 0.08

Salt 0.10 0.10 0.10 0.10 0.10

Vitamin premix® 0.10 0.10 0.10 0.10 0.10
Composition (calculated)

ME, Mcal/kg 33 33 33 33 33
Lactose, % 15.7 15.7 15.7 15.7 15.7
Crude protein, %  23.1 23.1 231 231 231
Crude fat, % 59 59 59 59 59
Crude fibre, % 191 191 191 191 191
Crude Ash, % 6.17 617 6.17 6.17 6.17
Lysine, % 1.56 156 156 1.56 1.56
Methionine, % 051 051 051 051 051
Calcium, % 0.80 080 0.80 0.80 0.80
Phosphorus, % 076 076 076 0.76  0.76

Notes:

! Abbreviation: T1, basal diet + 7% nature oat; T2, basal diet +1.7% fermented oat + 5.3% nature oat; T3,
basal diet + 3.5% fermented oat + 3.5% nature oat; T4, basal diet + 5.3% fermented oat + 1.7% nature oat;
TS5, basal diet + 7% fermented oat.

* Provided the following (g/kg premix): choline, 60; Zn, 23.5; Fe, 20.0; K, 20.0; S, 16.3: Ca, 10.0; P,
5.5;Mn, 5.0; Na, 2.8; Cu, 1.8; Mg, 1.0; 1, 0.4; Cl, 0.4; Co, 0.2; Se, 0.06.

® Provided the following per kilogram of premix: vitamin A, 33,000,000 IU; vitamin D3, 6,600,000
IU;vitamin E, 55,000 IU; vitamin K, 5.12 g; vitamin C, 117 g; niacin, 33.07 g; pantothenate, 29.98 g;
riboflavin,8.38 g; vitamin B6, 4.00 g; folic acid, 2.76 g; thiamin, 2.04 g; biotin 66 mg; vitamin B12,44mg.
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2.2 Sampling and Measurements

Individual body weight and feed consumption per pen were measured at the end of each phase of the experiment
to monitor the average daily gain (ADG), average daily feed intake (ADFI) and gain: feed ratio (G/F).

Chromium oxide (Cr,0O3) was added to each of the diet as an inert indicator (0.20%) to calculate the apparent
total tract digestibility (ATTD) for dry matter (DM), nitrogen (N) and energy during each dietary phase. After
the pigs were fed diet containing the indicator for 5 d, fresh fecal grab samples were obtained from 2 pigs (one
barrow and one gilt) per pen. All fecal and feed samples from one pen were then pooled and mixed, after which a
representative sample was stored in a freezer at -20 ‘C until analysis. Prior to chemical analysis, the fecal
samples were thawed and dried at 70 ‘C for 72 h, after which they were finely ground to a size that could pass
through a 1 mm sieve. All of the feed and fecal samples were then analyzed for DM and N following the
procedures outlined by the AOAC (2004). Chromium was analyzed using UV absorption spectrophotometer
(Shimadzu, UV-1201, Kyoto, Japan) while nitrogen was determined using a Kjeltec 2300 Analyzer (Foss
Tecator AB, Hoeganaes, Sweden). Gross energy was determined by measuring the heat of combustion in the
samples using a Parr 6100 oxygen bomb calorimeter (Parr instrument Co., Moline, IL).

For each piglet showing diarrhoea, the severity was assessed visually and characterized, by the same person,
according to the following scale as: 0, normal, firm feces; 1, possible slight diarrhea; 2, definitely unformed,
moderately fluid feces; or 3, very watery and frothy diarrhea. The total diarrhoea score on a pen basis was
calculated as the sum of the number of piglets in the pen with diarrhoea multiplied by the days of observations
and multiplied by the diarrhoea scale observed in the majority of the pigs in the pen. Diarrhoea scores were
calculated by day. The maximum theoretical diarrhoea score was 16 (4 pigs x scale 4 = 24).

Total bacteria, including Lacobacillus, Bacillus subtilisandEscherichia coli were determined on fresh morning
fecal samples at 7, 14, 21, and 28 d of age. Microbial populations were determined by serial dilution (10" to
1077) in anaerobic diluents before inoculation onto petri dishes of sterile agar as described by Bryant and Burkey
(1953). Lactobacilli were cultured on Rogosa SL agar (DIFCO Laboratories, Detroit, MI). Escherichia coli
strains JM83 and DH5a were grown on LB medium (10 g tryptone, 5 g yeast extract, 5 g NaCl per liter), Brain
Heart Infusion (BHI) medium (DIFCO), and media supplemented with kanamycin (50 mg/ml) or erythromycin
(150 mg/ml in BHI) when selecting for transformants. Bacillus subtiliswere routinely grown on BHI
supplemented with tylosin (10mg/ml) when selecting for transformants. Strains identified as Lactobacillus
species were grown on MRS medium (DIFCO). Potential tylosin/erythromycin resistant strains were grown on
media containing 20 mg/ml of these antibiotics. Inoculating drops of three appropriate dilutions onto their
respective plates maximized counting precision of the microbiota. After stored anaerobically at 32°C for 48 to 72
h, all plates were counted. Anaerobic conditions were generated using an anaerobic jar with a gas generator
envelope (GasPak Plus, disposable H, and CO, generating system with palladium catalyst; Fisher Scientific,
Pittsburgh, PA). The final anaerobic atmosphere consisted of 6.5 to 7.5% CO,, 25 to 35% H,, with the balance
being N,.

Fresh feces and urine samples were collected randomly from at least two pigs in each pen every afternoon from
day 25 to day 27 by scouting and collection. Samples were kept in sealed containers and were immediately
stored at -4°C for the duration of the period. After the collection period, feces and urine samples were pooled and
mixed well for each pen, respectively. According to the method of Cho et al. (2008), subsamples of slurry (150 g
feces and 150 g of urine were mixed well, 1:1, wt/wt; wet weight basis) were taken and stored in 2.6-L plastic
boxes in duplicate. Thereby, pH was measured from the middle layer (about 0.5 cm beneath the surface) of the
samples. Averages of pH were used for statistical analyses. Thereafter plastic boxes were sealed carefully. Each
box had a small hole in the middle of one side wall, which was sealed with adhesive plaster. The samples were
permitted to ferment for 7 days at room temperature (25°C). After the fermentation period, a Gastec (Model
GV-100) gas sampling pump was utilized for gas detection. Levels of NH;, H,S, mercaptans, acetic, propionic
and butyric acids were measured within the scope of 5.0-100.0 (No. 3La, detector tube; Gastec Corp.), 2.0-20.0
(4LK, detector tube; Gastec Corp.), 0.5-120.0 (No. 70 L and 70, detector tube; Gastec Corp.) and 2.0-50.0
(No.81 L, detector tube; Gastec Corp.) ppm. Prior to the measurements, slurry samples were shaken manually for
approximately 30 s in order to disrupt any crust formation on the surface of the slurry sample and to homogenize
them. The adhesive plasters were punctured, and 100 ml of headspace air was sampled approximately 2.0 cm
above the slurry surface.

2.3 Statistical Analyses

All experimental data was analyzed in accordance with the GLM Procedure (SAS, 1996). The pen was used as
the experimental unit. Differences among treatment means were determined using the Duncan’s Multiple Range
test. A probability level of P < 0.05 was considered to be statistically significant.
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3. Results
3.1 Chemical Composition of Experimental Oats

The changes in chemical composition between nature and fermented oat are shown in Table 3. The crude protein
of fermented oat was higher than nature oat significantly (P<0.05). Fermentation decreased dry matter and pH
value of oat (P<0.05). No difference was observed in the dry matter, crude fiber, crude fat and crude ash
(P>0.05).

Table 3. The change of chemical composition between fermented oat and nature oat

Item Nature oat Fermented oat  Significance of effects
Dry matter 87.6 84.3 *
Crude protein (%, DM) 14.7 18.3 *
Crude fat (%,DM) 5.69 5.71 NS
Crude fiber (%, DM) 10.5 10.1 NS
Crude ash (%, DM) 3.21 3.19 NS
pH 6.93 4.87 *

NS: no significant difference, P > 0.05; *P < 0.05; means differ significantly.

3.2 Growth Performance

The effect of different levels of fermented oat on growth performance is presented in Table 4. During the first
phase, the use of 7.5%, 11.3%, 15% fermented oat to replace nature oat improved ADG and G/F (P<0.05). Pigs
fed fermented oat up to 11.3% exhibited higher G/F value than pigs fed fermented oat replaced with 15% nature
oat (P<0.05). No difference in ADG was observed between T4 and T5 treatments (P>0.05). During the second
phase, the use of fermented oat up to 3.5, 5.3 and 7% increased ADG (P<0.05). T3 and T4 showed the highest
value of ADG. Throughout the entire period of the experiment, T3 and T4 treatments were presented higher
ADG, G/F compared with T1 and T2 treatments (P<0.05).

Table 4. The effects of different levels of fermented oat on growth performance of weaned pigs'

Ttems T1 T2 T3 T4 TS5 SE”
3- week

ADG, g 351° 349° 419° 393% 378% 15

ADFL g 457 440 452 454 471 37
Gain:Feed 0.768° 0.793° 0.927° 0.866™ 0.803° 0.036
5- week

ADG, g 521° 534° 554° 556" 549 12

ADFL g 890 881 878 889 879 46
Gain:Feed 0.586 0.606 0.631 0.625 0.625 0.045
Overall

ADG, g 436° 442° 487" 475° 464" 11

ADFL g 674 661 668 672 675 29
Gain:Feed 0.647° 0.669° 0.729° 0.707° 0.687% 0.033

Notes:

! Abbreviation: T1, basal diet + [15% nature oat (phase 1), 7% nature oat (phase 2)]; T2, basal diet + [3.7%
fermented oat + 11.3% nature oat (phase 1), 1.7% fermented oat + 5.3% nature oat (phase 2)]; T3, basal diet +
[7.5% fermented oat + 7.5% nature oat (phase 1), 3.5% fermented oat + 3.5% nature oat (phase 2)]; T4, basal
diet + [11.3% fermented oat + 3.7% nature oat (phase 1), 5.3% fermented oat + 1.7% nature oat (phase 2)]; TS5,
basal diet + [15% fermented oat (phase 1), 7% fermented oat (phase 2)].

2 Standard error.

“®Means in the same row with different superscripts differ (P< 0.05).
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3.3 Diarrhea Score, Nutrient Digestibility, Fecal Microorganisms, Noxious Gas Emission

No effects was observed on diarrhea score, nutrient digestibility, fecal microorganisms, noxious gas emission
from slurry and volatile fatty acid, when using different levels of fermented oat to substitute nature oat (Tables 5,
6,7, and 8).

Table 5. The effects of different levels of fermented oat on diarrhea incidenceand nutrient digestibility of
weaning pigs'

Items, % TI T2 T3 T4 T5 SE
Diarrhea incidence, % 80 76 62 6.8 6.8 0.358
3 week
Dry matter 80.5 80.6 826 829 81.1 19
Nitrogen 78.9 80.2 802 79.6 804 1.8
Energy 79.7 80.8 809 813 798 1.5
5 week
Dry matter 80.6 824 818 82.1 822 1.7
Nitrogen 79.7 80.3 802 79.1 804 1.8
Energy 79.7 80.7 809 813 802 1.9

Notes:

! Abbreviation: T1, basal diet + [15% nature oat (phase 1), 7% nature oat (phase 2)]; T2, basal diet + [3.7%
fermented oat + 11.3% nature oat (phase 1), 1.7% fermented oat + 5.3% nature oat (phase 2)]; T3, basal diet +
[7.5% fermented oat + 7.5% nature oat (phase 1), 3.5% fermented oat + 3.5% nature oat (phase 2)]; T4, basal
diet + [11.3% fermented oat + 3.7% nature oat (phase 1), 5.3% fermented oat + 1.7% nature oat (phase 2)]; TS5,
basal diet + [15% fermented oat (phase 1), 7% fermented oat (phase 2)].

2 Standard error.

Table 6. The effects of different levels of fermented oat on fecal microorganisms in weaning pigs'
Item, logcfu/g T1 T2 T3 T4 T5 SE°

Lactobacillus

1 week 65 64 65 64 66 0.6
2 week 69 66 71 67 7.0 05
3 week 69 66 74 69 70 0.6
4 week 70 7.1 76 74 72 0.6
Bacillus subtilis

1 week 6.1 65 64 58 65 0.6
2 week 60 66 66 62 60 09
3 week 65 65 70 64 63 0.7
4 week 72 74 72 6.6 68 0.6
Escherichia coli

1 week 6.1 65 65 6.1 66 0.6
2 week 63 65 64 62 64 05
3 week 62 64 63 60 64 0.7
4 week 6.1 64 62 6.1 63 0.6

Notes:

' Abbreviation: T1, basal diet + [15% nature oat (phase 1), 7% nature oat (phase 2)]; T2, basal diet + [3.7%
fermented oat + 11.3% nature oat (phase 1), 1.7% fermented oat + 5.3% nature oat (phase 2)]; T3, basal diet +
[7.5% fermented oat + 7.5% nature oat (phase 1), 3.5% fermented oat + 3.5% nature oat (phase 2)]; T4, basal
diet + [11.3% fermented oat + 3.7% nature oat (phase 1), 5.3% fermented oat + 1.7% nature oat (phase 2)]; TS,
basal diet + [15% fermented oat (phase 1), 7% fermented oat (phase 2)].

2 Standard error.
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Table 7. The effects of different levels of fermented oat on noxious gas emission from slurry in weaning pigs'

Item, ppm TI T2 T3 T4 T5 SE?
NH;
1d 159 151 187 175 154 2.07
3d 164 159 19.7 190 17.1 1.85
5d 18.0 193 207 17.7 188 236
7d 17.1 194 164 18.0 19.6 2.38
H,S
1d ND ND ND ND ND ND
3d 133 11.6 149 134 146 2.02
5d 214 221 246 237 240 3.02
7d 26.1 249 241 254 28.0 2.76
Total mercaptans
1d 96 87 93 103 80 131
3d 249 253 263 23.6 221 3.52
5d 274 231 264 249 224 225
7d 194 229 17.7 250 240 3.22

Notes:

! Abbreviation: T1, basal diet + [15% nature oat (phase 1), 7% nature oat (phase 2)]; T2, basal diet + [3.7%
fermented oat + 11.3% nature oat (phase 1), 1.7% fermented oat + 5.3% nature oat (phase 2)]; T3, basal diet +
[7.5% fermented oat + 7.5% nature oat (phase 1), 3.5% fermented oat + 3.5% nature oat (phase 2)]; T4, basal
diet + [11.3% fermented oat + 3.7% nature oat (phase 1), 5.3% fermented oat + 1.7% nature oat (phase 2)]; TS,
basal diet + [15% fermented oat (phase 1), 7% fermented oat (phase 2)].

2 Standard error.

Table 8. The effects of different levels of fermented oat on volatile fatty acid emission from slurry in
weaning pigs'

Item, ppm TI T2 T3 T4 T5 SE
Acetic acid
1d 16.1 143 18.6 143 173 4.69
3d 169 18.0 169 151 173 1.63
5d 30.6 36.6 31.6 293 336 343
7d 18.9 20.1 184 219 174 253
Propionic acid
1d 117 99 103 96 114 1.25
3d 170 15.1 176 199 169 3.44
5d 303 26.1 30.1 27.0 286 1.38
7d 28.6 22.1 244 227 253 3.34
Butyric acid
1d 13.6 12.0 124 167 13.6 2.13
3d 283 299 26.6 254 289 3.8
5d 32.1 27.1 261 279 304 3.08
7d 219 257 203 193 23.1 2.64

Notes:

! Abbreviation: T1, basal diet + [15% nature oat (phase 1), 7% nature oat (phase 2)]; T2, basal diet + [3.7%
fermented oat + 11.3% nature oat (phase 1), 1.7% fermented oat + 5.3% nature oat (phase 2)]; T3, basal diet +
[7.5% fermented oat + 7.5% nature oat (phase 1), 3.5% fermented oat + 3.5% nature oat (phase 2)]; T4, basal
diet + [11.3% fermented oat + 3.7% nature oat (phase 1), 5.3% fermented oat + 1.7% nature oat (phase 2)]; T5,
basal diet + [15% fermented oat (phase 1), 7% fermented oat (phase 2)].

% Standard error.
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4. Discussion

There was a little research to evaluate fermented ingredients. Although the ingredients was different, Vranjes and
Wenk (1995) reported that barley fermented by enzyme had a more impact on chick performance than
unfermented barley form. Cho et al. (2007) reported that piglets fed fermented soya beans showed increased feed
efficiency. The study of Kim et al. (2010) also documented that during nursery pigs at 3 to 7 wk of age, a
significant increase of ADG and ADFI were observed in treatments fed fermented soybean meal. Furthermore it
can serve as an alternative protein source for possibly replacing the use of dried skim milk and plasma protein. In
agreement with most studies, our results revealed that fermented oat could improve growth performance, which
maybe associated with thesereasons.

The first reason is that after fermentation, oat meal presented a low pH. Additionally, many of the earlier studies
on development of the stomach in the pig (Kidder & Manners, 1978; Simoes-Nunes, 1982) indicated that acid
secretion was not well-developed until the pigs were 2-4 weeks old. Therefore, it is generally believed that
fermented oat could alleviate this condition and decrease gastric pH. At first, some undesirable bacteria for
instance, E.coli and Salmonella were inhibited (Nout et al., 1989), and those bacteria released toxic substance
such as toxic amines and ammonia (Dierick et al., 1986), which were harmful to the gastrointestinal mucosa
(Visek, 1972). Secondly, a low gastric pH could increase the activity of digestive enzyme, especially pepsin
(Taylor, 1962). Thirdly, a low gastric pH reduces the rate of gastric emptying, thereby allowing more time for
digestion to occur in the stomach (Mayer, 1994). A low gastric pH would also stimulate the secretionof
pancreatic juice and bicarbonate, which could buffer the pH in the upper part of the small intestine, and provide
more digestive enzyme to consume nutrients (Sano et al., 1995).

The second reason was digesta viscosity. Lambo et al. (2005) submitted that minor differences were observed
between the contents of proteins and minerals in each cereal group; the maximum viscosity for the oat samples
decreased after fermentation while the molecular weights were not significantly affected. To our knowledge,
digesta viscosity could increase the gastrointestinal myo-electrical activity, and reduce nutrient diffusion to the
mucosa (Cherbut et al., 1990; Schneeman, 1990). Viscosity may affect the proliferation of haemolytic E. coli by
trapping the bacteria and the substrates necessary for their growth in the lumen of the intestine. The convective
solute movement in digesta is impaired by the viscosity of guar gum (Blackburn et al., 1984). The increased
motility index increased intestinal transit time (Cherbut et al., 1990), and altered mixing of digesta could also
have favored bacterial colonization in the small intestine. Therefore, we could say that fermented oat was more
beneficial for growth than nature oat.

Physical activity might be the third reason. Some literature had observed that NSP-rich diets reduce physical
activity of growing-finishing pigs (Schrama et al., 1996 & 1998) and sows (Brouns & Edwards, 1994; Matte et
al., 1994). Additionally, Brooks and Murray (unpublished data) observed significant differences in the behavior
of pigs fed fermented and non-fermented diets. Pigs fed a liquid fermented diet spent more time sleeping or
resting than pigs fed a dry diet. Since less energy is used for physical activity, this may be responsible for the
higher daily gain when fermented diets are fed. Experimental data suggested that short chain fatty acids (SCFA)
produced in the large intestine might be related to physical activity of pigs (Scholten et al., 1999).

When pigs fed a diet with 7.5 and 3.5% fermented oat (phase 1 and 2) to replace nature oat, adversely influence
would be observed. This finding might be attributed to the fact that after fermentation, there was a decrease in
the content of beta-glucans (Lambo et al., 2006). Hiss and Sauerwein (2003) have demonstrated that
beta-glucans could improve growth performance in weaned pigs, with an increase in ADG and ADFTI at the level
of 0.03% beta-glucan. The pH value of the fermented oat is low enough to impact on the gastrointestinal tract.
Biagi et al. (2006) submitted that over 6000 ppm gluconic acid added in basal diets would decrease ADG and
ADFIL.

It was obvious that the partly fermented diet had ability to change the pH value and short-chain fatty acid levels
of the stomach, whereas in the small intestine almost no difference was observed (Scholten et al., 2002). It is
possible that low gastric pH stimulated the secretion of pancreatic bicarbonate, which can buffer the pH in the
first part of the small intestine. Additionally, Jensen and Mikkelsen (1998) found lower gastric pH and higher
gastric lactic acid content in piglets fed a completely fermented compound diet for 14 d; while no difference in
gastric pH was observed. This could have been a reason why no difference in fecal emission gas was found.
Another reason might be that only the undissociated form of lactic acid and volatile fatty acids (VFA) can have a
bactericidal or bacteriostatic effectwhile the active bacteria affected slurry gas emission. In contrast, Johansson
et al. (1998) reported a significant increase in the total fecal concentration of carboxylic acids, acetic acid and
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propionic acid in humans. This is inconsistent with the effect of fermented oat on slurry gas emission.We did not
find enough references on the effect of fermented oat on slurry gas emission.

In this study, there was no difference in fecal microorganisms between each treatment. In contrast, Fermented
oat-bran was found to increase the growth of lactic acid bacteria in rat experiments (RyhaEnen, 1996). However,
this could be associated with the oat fermented by Lactobacillus acidophilus. Due to the fact that fermented
liquid compound diet contained a large amount of Lactobacillus, fermented liquid compound diets have a higher
number of lactic acid bacteria than nonfermented liquid compound diets (Scholten et al., 2002). Lactobacillus
colonized gastrointestinal tracts and this colonization could be maintained for several weeks without extra
supplementation when fed the Lactobacillus GG concentration of 10’cfu ml” feed. (Kontula et al., 1998)
reported that fermented diets had no ability to influence the number of Lactobacillus in feces of weaning pigs.

In conclusion, fermented oat can serve as an alternative feed ingredient for possibly replacing the use of nature
oat.
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