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Evaluation of partial wheat grain replacement with fermented
wheat on growth performance, blood characteristics and fecal
noxious gas emission in finishing pigs

STLEE!, M G JUNG? and I H KIM3
Dankook University, Cheonan, Choongnam 330 714 Republic of Korea

Received: 24 June 2015; Accepted: 28 October 2015

ABSTRACT

The present study investigated the effects of partial wheat grain replacement with fermented wheat on growth
performance, blood characteristics, fecal noxious gas emission and meat quality in finishing pigs. Finishing pigs
144 [(Yorkshire x Landrace) x Duroc] with an average body weight of 57.99 + 1.92 kg were used. The dietary
treatments were corn-soybean meal based diets with different inclusions of wheat grain and substitutions by fermented
wheat, as follows: T1) 10% wheat grain and 0% fermented wheat; T2) 5% wheat grain + 5% fermented wheat; T3)
5% wheat grain and 0% fermented wheat; and T4) 2.5% wheat grain + 2.5% fermented wheat. Pigs fed T2 and T4
had increased body weight, ADG, and G/F ratio compared to those fed T1 and T3, respectively. Pigs fed T1 and T4
increased IgG concentration compared to those fed T3 at 12 week. T2 treatment increased glucose concentration
compared to T1 treatment. Pigs fed T1 had increased BUN concentration compared to those fed T2 and T3 at 6th
week. There was no significant difference on fecal noxious gas emission and meat quality among treatments. From
the results, we suggest that partial wheat grain replacement with fermented wheat improved body weight, ADG,
and G/F ratio in finishing pigs. Therefore, fermented wheat can be used as a raw cereal substitute, improving the
productivity in finishing pig.
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Wheat has slightly lower concentration of energy
compared to corn but it has a greater concentration of amino
acids than corn, making it more attractive for pig diets. Also,
wheat contains variable amounts of non-starch
polysaccharides (NSP) that can be used in the large intestine
as a substrate for microbial fermentation (Knudsen et al.
1991). Feeding with fermented grains could improve the
digestibility of protein and starch by increasing the activities
of hydrolytic enzymes and gastrointestinal health, caused
by decreased gastric pH, greater gastric lactic acid
concentration, and decreased number of enteric pathogens
(Chavan and Kadam 1989, Lindecrona ef al. 2003). In
previous reports, fermented wheat has improved feed
efficiency and nutrient digestibility and decreased fecal
noxious gas emission in pigs (Jorgensen et al. 2010, Cho et
al. 2013). However, effect of fermented wheat on the growth
performance was inconsistent depending on fermentation
condition including a substrate for microbial fermentation
(Chavan and Kadam 1989). It has been reported that
fermented grains by Aspergillus niger (4. niger) that is one
of the most common fungal species have improved
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digestibility of amino acids, decreased Escherichia coli
infection, and shorter duration of diarrhea in pigs (Zhang
etal. 2007, Cho et al. 2013). Thus, the objective of present
study was to evaluate effects of partial wheat grain
replacement with fermented wheat mediated A. niger on
growth performance, blood characteristics, and fecal
noxious gas emission, and meat quality in finishing pigs.

MATERIALS AND METHODS

The Animal Care and Use Committee of Dankook
University approved all experimental protocols used in the
present study.

Preparation of fermented wheat: Dried raw wheat was
soaked in distilled water (45%) for 1h. Hydrated wheat was
then cooked in a steam tank at 60—70°C for 1h. Thereafter,
cooked wheat was cooled to 25°C and mixed with
inoculums of Aspergillus niger GB-124 at an initial count
of 103 or 10 cfu/g. After fermentation for 36 h, the final
number of micro-organisms was guaranteed at a
concentration of 10°cfu/g; the fermented wheat was ground
in a hammer mill and refrigerated (4°C) until it was mixed
in the experimental diets.

Experimental design, animals, housing and diets: A total
of 144 crossbred pigs [(Yorkshire x Landrace) x Duroc]
with an average body weight (BW) of 57.99 + 1.92 kg were
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used in a 12 week trial. The pigs were sorted into pen with
six pigs per pen and six pens per treatment. The dietary
treatments were corn-soybean meal based diets with
different inclusions of wheat grain and substitutions by
fermented wheat grain, as follows: T1, 10% wheat grain
and 0% fermented wheat; T2, 5% wheat grain + 5%
fermented wheat; T3, 5% wheat grain and 0% fermented
wheat; and T4, 2.5% wheat grain + 2.5% fermented wheat.
All diets were formulated to meet or exceed the NRC
nutrition requirements (Table 1) (NRC 2012). Dietary
calcium (Ca), phosphorus (P), and crude protein (CP) were
analyzed according to the procedures described by the
AOAC (AOAC 2012). Dietary Ca was assayed by atomic
absorption spectrophotometry after wet ash procedures and
P was determined by colorimetry. Energy was determined
by using a Parr 6100 oxygen bomb calorimeter. Pigs were
housed in an environmental controlled room with an average
temperature of 22°C. Lights were supplied from 06.00 to
24.00 h. Each pen (1.8 m width x 1.8 m length) was
equipped with a one-sided self-feeder and a nipple drinker
to allow pigs ad libitum access to feed and water,
respectively, throughout the experiment.

Table 1. Experimental based diet compositions (as fed-basis)

Ingredients,% Tl T2 T3 T4
Corn 45.32 4422 5322 5212
Soybean meal (48% CP)  35.00 35.00 35.00 35.00
Wheat 10.00 5.00 5.00 2.50
Fermented wheat 5.00 2.50
Fish meal (66% CP) 4.00 4.00 3.00 3.00
Animal fat 3.40 4.50 1.90 3.00
Dicalcium phosphate 1.00 1.00 0.10 0.10
Limestone 0.70 0.70 - -
L-Lysine 0.26 0.26 - -
DL-Methionine 0.02 0.02 - -
Vitamin, 0.20 0.20 0.08 0.08
Mineral, 0.10 0.10 0.05 0.05
Limestone - - 1.15 1.15
Salt - - 0.50 0.50
Total 100.00  100.00 100.00 100.00
Calculated contents,% 0 0 0 0
Metabolizable energy, 3,396 3,446 3,254 3,304
kcal/kg
Analyzed composition,%
Crude protein 24.20 2420 23.70  23.70
Lysine 1.60 1.60 1.36 1.36
Methionine 0.43 0.43 0.39 0.39
Calcium 0.82 0.82 0.73 0.73
Phosphorus 0.70 0.70 0.52 0.52

Provided per kg of complete diet: vitamin A, 11,025 1U;
vitamin Ds, 1,103 IU; vitamin E, 44 IU; vitamin K, 4.4 mg;
riboflavin, 8.3 mg; niacin, 50 mg; thiamine, 4 mg; pantothenic
acid, 29 mg; choline, 166 mg; and vitamin B,,, 33 ug. 2Provided
per kg of complete diet: Cu, 12 mg; Zn, 85 mg; Mn, 8 mg; [, 0.28
mg; and Se, 0.15 mg.
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Sampling and measurements. Individual pig body weight
(BW) was recorded at the 0 (beginning), 6! and 12th week
of the experimental period, and feed consumption was
recorded on a per pen basis during the experiment to
calculate average daily gain (ADG), average daily feed
intake (ADFI), and G/F ratio.

At the beginning of the experiment, two pigs were
randomly selected from each pen and 5 ml blood samples
were collected via jugular venipuncture on 6 and 12t
week. At the time of collection, blood samples were taken
into K2 vacuum tubes. After collection, serum samples were
centrifuged (2,000 ‘<’ g) for 15 min at 4°C and serum was
stored at —20°C for later analysis of IgG, glucose, BUN
(blood urea nitrogen) by an automatic biochemistry.

Feces were collected by rectum massage on pen basis
using a steel plate under the cage on 6™ and 12 week to
determine fecal ammonia (NH;), hydrogen sulfide (H,S),
total mercaptans, and acetic acid emission. Amounts of
150 g fresh feces were stored in 2.6 L plastic boxes for
replicates (Yan et al. 2012a, 2012b). The samples were
fermented for 7 days at 28°C. During the fermentation
period, a gas sampling pump was utilized for gas detection
at 6" and 12t week. The adhesive plasters were punctured,
and 100 ml of headspace air was sampled approximately 2
cm above the feces surface in Imin.

At the end of the experiment, all pigs were transferred
to the slaughter house and treated with conventional
procedures. Carcasses were chilled at 2°C for 24 h and a
piece of the right loin was taken through a perpendicular
cut between the 10" and 11™ ribs. Before the meat quality
evaluation, meat samples were thawed at ambient
temperature. The color measurements of lightness (L*),
redness (a*), and yellowness (b*) values were determined
with a Minolta CR410 chromameter. Sensory evaluation
(color, marbling, and firmness scores) was conducted
according to the National Pork Producers Council standards
(NPPC 1991). At the same time, duplicate pH values of
each sample were directly measured with a pH meter. The
water-holding capacity (WHC) was measured according to
a previous report (Kauffman et al. 1986). Briefly, 0.3 g
sample was pressed at 3,000 psi for 3 min on a 125 mm
diameter filter paper. The areas of the pressed sample and
expressed moisture were delineated and then determined
with a digitizing area-line sensor. The ratio of water:meat
area was calculated as a measure of WHC (a smaller ratio
indicates higher WHC). The loin muscle area (LMA) was
measured by tracing the loin muscle surface at the 10th rib,
which also used the above-mentioned digitizing area-line
sensor. Drip loss was measured using a ~2 g meat sample
according to a previous report described as the ‘plastic bag
method’ (Honikel 1998).

Statistical analysis: All data were subjected to statistical
analyses as a randomized complete block design using the
GLM procedure of the SAS software (SAS Institute 1996),
with the pen as the experimental unit. Orthogonal contrasts
used to separate treatment means were: 1) T1 vs T2, 2) T1
vs T3 and 3) T3 vs T4. Variability in the data was expressed
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as the pooled standard error (SE). P values<0.05 were
considered as statistically significant.

RESULTS AND DISCUSSION

Growth performance: Effect of dietary supplementation
of wheat on growth performance is shown in Table 2. Pigs
fed T2 had increased body weight compared to those fed
T1 at 6 and 12 wk. Also, pigs fed T4 had increased body
weight compared to those fed T3 at 6 and 12 wk. On phase
I, pigs fed T2 and T4 had increased ADG and G/F ratio
compared to those fed T1 and T3, respectively. On phase
II, pigs fed T2 had increased ADG compared to those fed
T1. On overall, pigs fed T2 and T4 had increased ADG and
G/F ratio compared to those fed T1 and T3, respectively.
These results indicated that feeding with 10% wheat
replaced by 5% fermented wheat increased growth
performance except for ADFI compared to feeding with
non-fermented wheat in finishing pigs.

In the present study, growth performance was improved
by dietary supplementation of fermented wheat. However,
effect of dietary supplementation of fermented wheat on

EFFECTS OF DIETARY FERMENTED WHEAT IN FINISHING PIGS

451

growth performance has inconsistent results. In
disagreement with the present report, piglets fed liquid diets
with fermented wheat had un-improved ADG, ADFI, and
G/F ratio (Canibe et al. 2007). Also, different dose of wheat
inclusion did not significantly affect live weight gain (LWG)
or feed conversion ratio (FCR) (Ball and Magowan 2012).
However, in another previous report, the ADG was
improved when pigs were fed with fermented wheat grain
containing 45%, as compared with those fed non-fermented
wheat grain (Cho et al. 2013). In addition, the G/F was
improved when pigs were fed liquid feed containing 45%
fermented wheat, as compared with those fed non-fermented
liquid feed (Scholten ef al. 2002). The exact reason how
fermented diets improved growth performance of pigs is
not yet clear. However, the facts that fermented diets reduce
the gastric pH and the number of coliform bacteria in the
gastrointestinal tract compared with non-fermented diets
can explain that fermented diets improve growth
performance of pigs.

Blood characteristics: Effect of dietary supplementation
of wheat on blood characteristics is indicated in Table 3.

Table 2. The effects of dietary supplementation of fermented wheat on growth performance in finishing pigs

T1 T2 T3 T4 SEM T1vs T2 TlvsT3 T3vsT4

Body weight, kg

Initial 52.34 51.85 51.89 51.35 0.77 0.66 0.84 0.63

6 wk 80.92 83.36 79.22 82.31 1.13 0.04 0.45 0.01

12 wk 117.63 122.88 114.75 119.06 1.13 <0.01 0.19 0.01
Phase 1 (0 to 6 wk)

Average daily gain, g 680.63 750.24 650.79 737.22 14.02 <0.01 0.11 <0.01

Average daily feed intake, g = 2005.91 2009.76 1941.19  1953.85 43.10 0.95 0.85 0.84

G/F 0.34 0.37 0.34 0.38 0.01 <0.01 0.06 <0.01
Phase 2 (6 to12 wk)

Average daily gain, g 874.11 940.89 845.87 874.92 19.81 0.03 0.51 0.31

Average daily feed intake, g = 2515.93 2616.49 2696.85  2682.62 41.69 0.10 0.97 0.81

G/F 0.35 0.36 0.31 0.33 0.01 0.28 0.56 0.29
Overall (0 to 12 wk)

Average daily gain, g 777.37 845.57 748.33 806.07 9.13 <0.01 0.09 <0.01

Average daily feed intake, g = 2260.92 2313.13 2319.02  2318.23 34.21 0.29 0.89 0.99

G/F 0.34 0.37 0.32 0.35 0.01 <0.01 0.20 <0.01

Table 3. The effects of dietary supplementation of fermented wheat on blood profiles in finishing pigs
Tl T2 T3 T4 SEM T1vs T2 TlvsT3 T3vsT4

IgG, mg/dL

0 wk 659.60 801.40 716.60 670.20 86.57 0.26 0.59 0.71

6 wk 971.00 814.20 993.00 871.60 68.05 0.12 0.06 0.23

12 wk 1011.80 1029.80 761.00 987.60 54.55 0.82 0.04 0.01
Glucose, mg/dL

0 wk 87.20 85.80 89.20 95.60 6.61 0.88 0.71 0.50

6 wk 75.20 89.00 66.60 76.80 2.31 <0.01 <0.01 0.01

12 wk 88.20 81.00 68.40 78.00 3.25 0.14 0.72 0.05
Blood urea nitrogen, mg/dL

0 wk 11.46 12.26 12.68 11.12 0.92 0.55 0.68 0.25

6 wk 16.40 12.92 12.82 11.64 0.65 <0.01 <0.01 0.21

12 wk 18.42 15.92 12.36 12.08 1.03 0.11 0.20 0.85
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Pigs fed T1 and T4 had increased IgG concentration
compared to those fed T3 at 12 wk. On glucose
concentration, T2 treatment increased glucose concentration
compared to T1 treatment and pig fed T1 and T4 had
increased glucose concentration compared to those fed T3
at 6 wk. On BUN concentration, pigs fed T1 had increased
BUN concentration compared to those fed T2 and T3 at 6
wk.

In the present study, pigs fed fermented wheat had higher
concentration of the blood parameters than those fed non-
fermented wheat. Fermented grain diets reportedly alter
blood profiles such as BUN. Plasma urea nitrogen was
decreased in pigs fed 5% fermented potato pulp in growing
pigs (Li et al. 2011). In addition, feeding of 10 or 15%
fermented soy protein to nursery pigs improved BUN and
total protein concentrations in blood (Cho et al. 2007).
Fermentation of grains in feedstuffs increased glucose and
cholesterol concentration by increasing availability of
sugars in the small intestine and absorption of absorbed
short-chain fatty acids (Yen et al. 1991). Plasma glucose
and cholesterol concentrations in the blood increased in pigs
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fed fiber-fermenting bacteria, as compared with pigs fed
no bacterium (Ziemer et al. 2012). De Roda set al. (1996)
showed that growing-finishing pigs fed a Lactobacillus
acidophilus had decreased serum cholesterol
concentrations, as compared with no probiotics. In addition,
inclusion of a Bacillus lichenformis and Bacillus subtilis
product in feed did not alter cholesterol concentrations in
blood at 1 d postpartum; but by 15 d postpartum, pigs fed
the probiotic treatment had greater cholesterol concentration
than pigs fed no probiotics (Alexopoulos ef al. 2004). The
exact reason how fermented diets influenced blood profiles
including glucose of pigs is not yet clear. However, the facts
that fermented diets increased energy in diet composition
compared with non-fermented diets can explain that
fermented diets increased glucose concentration in blood
of pigs.

Fecal noxious gas emission: Effect of dietary
supplementation of wheat on fecal oxious gas emission is
indicated in Table 4. The present study indicated that
fermented wheat had no affect on noxious gas emission. In
disagreement with the present study, a number of reports

Table 4. The effects of dietary supplementation of fermented wheat on fecal noxious gas emission in finishing pigs

Tl T2 T3 T4 SEM T1vs T2 T1vs T3 T3 vs T4

6 wk

Ammonia 16.90 16.43 14.90 15.53 0.51 0.54 0.41 0.96

Total mercaptans 25.13 23.03 22.80 23.07 0.67 0.06 0.79 0.87

Hydrogen sulfide 14.27 15.10 13.47 13.80 0.69 0.42 0.74 0.97

Acetic acid 19.10 18.63 17.97 18.20 0.53 0.55 0.76 0.93
12 wk

Ammonia 16.80 16.47 14.60 14.33 0.52 0.66 0.73 0.82

Total mercaptans 23.60 24.07 22.20 22.53 1.09 0.77 0.83 0.98

Hydrogen sulfide 14.37 13.57 13.67 13.27 0.77 0.48 0.72 0.91

Acetic acid 18.87 18.47 18.00 16.90 0.49 0.58 0.15 0.87

Table 5. The effects of dietary supplementation of fermented wheat on meat quality in finishing pigs
Tl T2 T3 T4 SEM T1vs T2 TlvsT3 T3vsT4

pH 5.69 5.68 5.65 5.70 0.03 0.86 0.46 0.23
Longissimus muscle area (cm?)  48.15 49.67 49.52 49.70 0.86 0.23 0.34 0.88
Water holding capacity (%) 62.41 62.93 62.80 65.54 1.76 0.89 0.37 0.29
Meat color

L (lightness) 59.68 60.02 61.56 60.83 0.91 0.80 0.83 0.58

a (redness) 18.00 19.00 19.21 18.25 0.42 0.17 0.97 0.12

b (yellowness) 10.33 9.67 10.80 10.14 0.47 0.34 0.18 0.34

Cooking loss (%) 29.09 27.90 29.30 28.72 0.85 0.34 0.31 0.63
Sensory evaluation

Color 1.63 1.73 1.67 1.75 0.06 0.20 0.11 0.31

Marbling 1.58 1.69 1.54 1.69 0.85 0.20 0.19 0.08

Firmness 1.54 1.69 1.63 1.67 0.10 0.14 0.35 0.11
Drip loss (%)

D1 7.21 5.17 8.86 5.41 1.12 0.21 0.09 0.06

D3 10.88 11.05 14.64 9.33 1.88 0.95 0.19 0.06

D5 13.24 14.94 17.21 13.25 1.67 0.48 0.51 0.11

D7 16.06 17.98 19.55 16.64 1.42 0.35 0.73 0.16
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discussed how fermented diets alter fecal noxious gas
emission (Awati et al. 2006, Cho et al. 2013). In previous
report, fermented diets decreased fecal NH; content, as
compared to non-fermented diets in weanling pigs (Awati
et al. 2006). In addition, fermented corn diets decreased
fecal H,S and acetic acid contents, as compared to non-
fermented corn diets in growing pigs (Cho et al. 2013).
They suggested that the decreased fecal noxious gas
emission by fermented diets may be due to a shift in
microbial population and a shift in fermentation acids
produced by microbes (Scholten et al. 2002, Cho et al.
2013).

Meat quality: No significant differences were observed
on pH, LMA, WHC, meat color, sensory evaluation, and
drip loss among all treatments (P>0.05). Meat quality is an
important criterion for meat processors and consumers
(Wood et al. 2004, Raes et al. 2004). In the present study,
meat quality was not influenced by dietary supplementation
of fermented wheat. However, according to a number of
previous reports, fermented diets influence meat quality in
pigs. The supplementation of fermented garlic powder at
the level of 2 and 4g/kg in finishing pig diet increased
marbling and firmness scores, as compared to non-
fermented garlic powder (Yan et al. 2011). In addition,
fermented apple diet supplementation increased WHC and
pH and improved marbling of fresh meat and tenderness,
juiciness, flavor and overall acceptability of cooked meat,
as compared to non-fermented apple diets in the finishing
pigs (Lee et al. 2009). The result that pigs fed fermented
wheat showed a higher marbling score, as compared to non-
fermented wheat diet may be due to stimulation of feed
intake by dietary fermented wheat addition. However, the
exact mechanism remains unknown and further research is
necessary to investigate how fermented wheat affects meat
quality.

In conclusion, results indicated that partial wheat grain
replacement with fermented wheat improved body weight,
ADG, and G/F ratio in finishing pigs. Therefore, fermented
wheat can be used as raw cereal substitutes, improving the
productivity in finishing pigs.

REFERENCES

Alexopoulos C, Georgoulakis I E, Tzivara A, Kritas S K, Siochu
A and Kyriakis S C. 2004. Field evaluation of the efficacy of
a probiotic containing Bacillus licheniformis and Bacillus
subtilis spores, on the health status and performance of sows
and their litters. Journal of Animal Physiology and Animal
Nutrition 88: 381-92.

AOAC. 2012. Official Methods of Analysis. 19th edn. Association
of Official Analytical Chemists, Gaithersburg, MD.

Awati A, Williams B A, Bosch M W, Gerrits W J J and Verstegen
M W A. 2006. Effect of inclusion of fermentable carbohydrates
in the diet on fermentation end-product profile in feces of
weanling piglets. Journal of Animal Science 84: 2133-40.

Ball M E E and Magowan E. 2012. The effect of level of wheat
inclusion in diets for growing and finishing pigs on
performance, nutrient digestibility and gastric ulceration. Asian
Australasian Journal of Animal Sciences 25: 988-93.

Canibe N, Hojberg O, Badsberg J H and Jensen B B. 2007. Effect

EFFECTS OF DIETARY FERMENTED WHEAT IN FINISHING PIGS 453

of feeding fermented liquid feed and fermented grain on
gastrointestinal ecology and growth performance in piglets.
Journal of Animal Science 85: 2959-71.

Chavan J K and Kadam S S. 1989. Nutritional improvement of
cereals by fermentation.Critical Reviews in Food Science and
Nutrition 28: 349-400.

Cho J H,Min B J, Chen Y J, Yoo J S, Wang Q, Kim J D and Kim
IH. 2007. Evaluation of FSP (fermented soy protein) to replace
soybean meal in weaned pigs: Growth performance, blood urea
nitrogen and total protein concentrations in serum and nutrient
digestibility. Asian Australasian Journal of Animal Sciences
20: 1874-79.

Cho J H, Zhang Z F and Kim I H. 2013. Effects of fermented
grains as raw cereal substitutes on growth performance,
nutrient digestibility, blood profiles, and fecal noxious gas
emission in growing pigs. Livestock Science 154: 131-36.

De Rodas B Z, Gilliland S E and Maxwell C V. 1996.
Hypocholesterolemic action of Lactobacillus acidophilus
ATCC 43121 and calcium in swine with hypercholesterolemia
induced by diet. Journal of Dairy Science 79: 2121-28.

Honikel K O. 1998. Reference methods for the assessment of
physical characteristics of meat. Meat Science 49: 447-57.

Jorgensen H, Sholly D, Pedersen A Q, Canibe N and Knudsen K
E B. 2010. Fermentation of cereals - Influence on digestibility
of nutrients in growing pigs. Livestock Science 134: 56-58.

Kauffman R G, Eikelenboom G, Van der Wal P G, Engel B and
Zaar M. 1986. A comparison of methods to estimate water-
holding capacity in post-rigor porcine muscle. Meat Science
18: 307-22.

Knudsen K E B, Jensen B B, Andersen J O and Hansen 1. 1991.
Gastrointestinal implications in pigs of wheat and oat fractions
2. Microbial activity in the gastrointestinal tract. British
Journal of Nutrition 65: 233-48.

Lee SD,KimHY, Jung HJ, Ji SY, Chowdappa R, Ha J H, Song
Y M, Park J C, Moon H K and Kim I C. 2009. The effect of
fermented apple diet supplementation on the growth
performance and meat quality in finishing pigs. Animal Science
Journal 80: 79-84.

Li P F, Xue L F, Zhang R F, Piao X S, Zeng Z K and Zhan J S.
2011. Effects of fermented potato pulp on performance,
nutrient digestibility, carcass traits and plasma parameters of
growing-finishing pigs. Asian Australasian Journal of Animal
Sciences 24: 1456-63.

Lindecrona R H, Jensen T K, Jensen B B, Leser T D, Jiufeng W
and Moller K. 2003. The influence of diet on the development
of swine dysentery upon experimental infection. Animal
Science 76: 81-87.

NPPC. 1991. Procedures to Evaluate Market Hogs. National Pork
Production Council, Des Moines, 1A, USA.

NRC. 2012. Nutrient Requirements of Swine.11th edn. National
Academy Press, Washington DC, USA.

Raes K, De Smet S and Demeyer D. 2004. Effect of dietary fatty
acids on incorporation of long chain polyunsaturated fatty acids
and conjugated linoleic acid in lamb, beef and pork meat: a
review. Animal Feed Science and Technology 113: 199-221.

SAS. 1996. SAS User s Guide:Statistics . Version7.0. SAS Institute,
Cary, NC.

Scholten R H J, Van der Peet-Schwering C M C, Den Hartog L
A, Balk M, Schrama J] W and Verstegen M W A. 2002.
Fermented wheat in liquid diets: Effects on gastrointestinal
characteristics in weanling piglets. Journal of Animal Science
80: 1179-86.

Wood J D, Richardson R I, Nute G R, Fisher AV, Campo M M,
Kasapidou E, Sheard P R and Enser M. 2004. Effects of fatty



454 LEE ETAL.

acids on meat quality: a review. Meat Science 66: 21-32.

Yan L, Lim S U and Kim I H. 2012a. Effect of fermented chlorella
supplementation on growth performance, nutrient digestibility,
blood characteristics, fecal microbial and fecal noxious gas
content in growing pigs. Asian Australasian Journal of Animal
Sciences 25: 1742-47.

Yan L, Meng Q W, Ao X, Zhou T X, Yoo J S, Kim H J and Kim I
H. 2011. Effects of fermented garlic powder supplementation
on growth performance, blood characteristics and meat quality
in finishing pigs fed low-nutrient-density diets. Livestock
Science 137: 255-59.

Yan L, Wang J P and Kim I H. 2012b. Effects of different
fermented soy protein and apparent ileal digestible lysine levels
on weaning pigs fed fermented soy protein-amended diets.

[Indian Journal of Animal Sciences 86 (4)

Animal Science Journal 83: 403—-10.

Yen J T, Nienaber J A, Hill D A and Pond W G. 1991. Potential
contribution of absorbed volatile fatty-acids to whole-animal
energy requirement in conscious swine. Journal of Animal
Science 69: 2001-12.

Zhang W J, Xu Z R, Zhao S H, Sun J Y and Yang X. 2007.
Development of a microbial fermentation process for
detoxification of gossypol in cottonseed meal. Animal Feed
Science and Technology 135: 176-86.

Ziemer C J, Kerr B J, Weber T E, Arcidiacono S, Morrison M and
Ragauskas A. 2012. Effects of feeding fiber-fermenting
bacteria to pigs on nutrient digestion, fecal output and
plasma energy metabolites. Journal of Animal Science 90:
4020-27.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


