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Industry summary  

Our approach was to evaluate the best ways to characterize dietary fiber from corn co-products, and to 

determine the site of digestion of dietary fiber in the pig to better understand its potential contribution to dietary 

energy. We also evaluated the impact of the inclusion of dietary fiber from corn on growth performance and on 

the digestion and utilization of energy and nutrients in the diet. We conducted two metabolism trials using a 

total of 35 cannulated growing pigs and two growth studies using 70 growing and 70 finishing pigs. In the first 

metabolism trial, we evaluated the digestibility of fiber, energy, and nutrients in 9 corn co-products. In a second 

metabolism trial, we evaluated the effects of increasing the fiber content of the diet on the digestibility of fiber, 

energy, and various nutrients. In these two trials, by using cannulated pigs, we were able to determine where the 

fiber, energy and other nutrients were digested. Another two growth trials were conducted in growing and 

finishing pigs using corn bran to increase the fiber level of a corn-SBM diet, and including fat to keep the 

energy levels of the diet constant, to measure growth performance and digestibility of energy. 

 

The digestibility of fiber is greater in distillers dried grains with solubles (DDGS) than in corn, indicating 

that fiber digestibility is improved by processing or fermentation at the ethanol plant. Our results indicated, 

however, that because of its components, fiber in corn co-products is more resistant to microbial fermentation. 

The digestibility of dietary fiber is also variable among corn co-products, which in turn may affect the 

digestibility of energy and nutrients differently. Results also indicated that increasing the fiber level in the diet 

with corn fiber, as may be the case of DDGS, decrease the digestibility of energy, fiber and nutrients of the diet, 

including lysine and most of the AA. Fat proved to be a mechanism to compensate for the reduction in energy 

supply when fiber is increased. The relatively high content of fat in DDGS mitigates the negative effects of 

increased fiber in the diet due to DDGS inclusion. Production of lower fat varieties of DDGS, however, may 

decrease the digestibility of energy and nutrients in the diet even further and as a consequence, the dietary net 

energy. It is also important to consider that about half of the fiber from corn co-products escapes fermentation 

in the digestive tract of the pig. Industrial processes leading to the improvement of fiber digestibility of corn co-

products are a good alternative to better utilize the energy trapped in the fiber matrix. 
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Abstract  

A set of four experiments were conducted 1) to measure the apparent ileal digestibility (AID) and 

apparent total tract digestibility (ATTD) of dietary fiber, energy, and AA, and to calculate hindgut fermentation 

of dietary fiber in nine corn co-products, 2) to measure the effect of increasing levels of dietary fiber from corn 

bran on the digestibility of dietary fiber, energy, and AA, and on the fermentation of fiber in growing pigs, and 

3) to evaluate the effects of increasing levels of dietary fiber from corn bran on growth performance in growing 

and finishing pigs. In Exp. 1, 20 growing pigs (initial BW± 25.9 kg BW) fitted with a T-cannula in the distal 

ileum were allotted to 10 dietary treatments in a 4-period crossover design. Treatments included a basal corn-

soybean diet, and 9 diets formulated to include 70% of the basal diet and 30% of one of 9 corn co-products. 

Results showed that the AID, ATTD, and HGF of GE, DM, and NDF were different (P < 0.01) among the 9 

corn co-products. The AID of CP and all indispensable AA was also different (P < 0.01) among corn co-

products. In Exp. 2, 15 growing pigs (initial BW = 28.7 ± 2.1 kg) fitted with a T-cannula in the distal ileum 

were allotted to 5 treatments in a 3-period crossover design. Treatments included a basal corn-soybean diet, and 

4 diets containing corn bran at 10, 20, 30, or 40% at the expense of the basal diet. Results showed that the AID 

of GE, DM, and N decreased (linear, P < 0.001) with increased fiber levels. The AID of NDF and TDF were not 

affected by fiber level. Similarly, the ATTD of GE, DM, N, NDF, and TDF decreased (linear, P <0.01) with 

increased fiber levels. The HGF of NDF and TDF decreased (linear, P < 0.001) as dietary fiber content 

increased. In Exp. 3 and 4, 70 growing and 70 finishing pigs (Initial BW of 31.2 ± 1.4 kg and 85.5 ± 4.6 kg 

respectively) were allotted to 7 dietary treatments with 10 replicates, in a randomized complete block design 

based on BW and sex. Treatments included a basal diet and 6 additional diets containing increasing levels of 

corn bran with and without soybean oil (SBO) added. In growing and finishing pigs, no differences in final BW, 

ADG, and ADFI were observed among treatments when SBO was present in the diet. However, pigs fed diets 

without SBO showed a decreased (linear, P < 0.05) final BW, ADG, and G:F as the dietary fiber content 

increased. In conclusion, the AID and ATTD of dietary fiber is variable among corn co-products.  The increase 

of dietary fiber from corn in a diet may reduce the dietary AID of energy, Lys, and most AA. The ATTD of 

energy and fiber is also reduced with the increase of dietary fiber from corn because dietary fiber from corn is 

partially resistant to hindgut fermentation.  

 

Introduction  

Dietary energy costs have increased dramatically in recent years. Additionally, the swine industry will 

increasingly be competing for corn with other industrial or non-feed uses. Industrial uses of corn have generated 

a large amount of diverse co-products that typically contain a fairly high concentration of fiber and protein, and 

in some cases fat. Corn ethanol and corn milling co-products may vary widely in fiber, starch, fat, mineral, and 

amino acid composition, depending on the source and the technology used to produce them. For example, 

DDGS change continuously, featuring less fat and therefore a higher relative content of protein and fiber. The 

prospect of higher fiber is disconcerting to pork producers, because it means potentially lower available energy 

and either an increase in the cost of feed and slower pig growth.  

Understanding and characterizing the nature and the constituents of the fibrous part of corn co-products, 

as well as the site of digestion of fiber, will have a significant impact on their nutritional and energetic value, 

and utilization in pig diets.  Digestion of starch and some oligosaccharides in the upper gut is primarily 

enzymatic, releasing sugars that will be absorbed and used efficiently by the pig. Fiber digestion, on the other 

hand, relies on fermentation by bacteria, which depending on the physicochemical characteristics of the fiber, 

will be fermented to different degrees in the terminal ileum and in the lower gut. The majority of fiber 

digestion, however, occurs in the lower gut by microbial action. This means that energy is released and 

absorbed as volatile fatty acids, which are used less efficiently by the pig for both growth and maintenance. 
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Additionally, the increase in the utilization and inclusion of corn co-products for swine diets will have an 

impact on the way the animal digests and utilizes energy and other important nutrients. 

 

The pork, feed and ethanol industries will benefit from a better understanding of the nature of fiber in 

corn and its co-products and determining the impact of fiber on the pig’s ability to consume, digest, and utilize 

both the fiber and the non-fiber portions of the diet. This will help to understand the implications of using high 

fiber feed ingredients and how to use them more efficiently in lower cost diets fed to pigs. It may also lead to 

strategies to utilize higher fiber ingredients in pig diets more effectively. 

 

Objectives  

1. To determine the best chemical assays to characterize dietary fiber, to better predict pig performance. 

2. To determine the site of digestion of dietary fiber, to understand its potential contribution to dietary energy. 

3. To determine the impact of dietary fiber on the growth performance, digestion and utilization of nitrogen, 

energy and fat in the total diet. 

 

Materials and methods 

 

EXPERIMENT 1  

 

Title: Digestibility of dietary fiber and nutrients in nine corn co-products fed to growing pigs 

 

a) Objective 

The objective of this experiment was to measure the apparent ileal digestibility (AID) and apparent total tract 

digestibility (ATTD) of dietary fiber, energy, and N and the AID of AA, and to calculate hindgut fermentation 

of dietary fiber in nine corn co-products fed to growing pigs. 

 

Specific objectives: 

1. To determine the site and extent of digestion of dietary fiber, energy, and N from nine corn co-products fed 

to growing pigs. 

2. To determine the impact of a wide range of dietary fiber on the AID and ATTD of dietary fiber, energy, and 

N in nine corn co-products. 

 

 

b) Materials and methods:  

The protocol for this experiment was reviewed and approved by the Institutional Animal Care and Use 

Committee at Iowa State University and was conducted at Iowa State University Swine Nutrition Farm.  

 

Animals, diets and experimental design 

Twenty growing barrows (initial BW± 25.9 kg BW) of the progeny of PIC 337 sires mated to PIC C22 

or C29 dams (Pig Improvement Company, Hendersonville, TN) were surgically prepared with a T-cannula 

inserted into the distal ileum (Stein et al., 1998). After the surgery, pigs were housed individually in pens 

measuring 1.83 m x 1.93 m, equipped with a feeder, a bowl shaped waterer, and half concrete slatted floor 

surface in an environmentally controlled building. Pigs were allowed to recover from surgery for at least 7 days 

and were allowed water and a standard farm growing diet (corn-soybean meal diet) at all times.  

 

Pigs were then randomly allotted to 10 dietary treatment groups in a 4-period crossover design, for a 

total of 8 observations per treatment. Nine corn co-products were selected from a list of 20 corn co-product 

samples previously evaluated by the USDA for chemical composition, based on their total non-starch 
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polysaccharides (NSP) content to cover a broad range of dietary fiber concentration. A basal diet containing 

mainly corn and soybean meal was formulated (Table 1). Chromic oxide (0.5%) was included in the diet as an 

indigestible marker. Vitamins and micro minerals were also included in the basal diet to exceed estimated 

nutrient requirements (NRC, 1998) of growing pigs, even when fed at 90% of ad libitum.  

 

Nine additional diets were formulated by mixing 70% of the basal diet and 30% of the corn co-product. 

All diets were provided in a meal form. Pigs were allowed ad libitum access to water during the entire 

experimental period. Feed samples were collected weekly and pooled at the end of the experiment. A sample of 

each of the ingredients was also collected before diets were mixed. The pooled feed and ingredient samples 

were then stored at -20°C until analyzed. 

 

Each collection period consisted of 14 d, with 9 d adaptation to the dietary treatments. Feces were 

collected by grab sampling on d 10 and 11, and ileal digesta samples were collected for 8 h on d 12, 13, and 14 

following the procedures described by Cervantes-Pahm and Stein (2008).  All pigs were weighed at the end of 

each collection period, and feed allowance was adjusted based on BW. Daily feed allotments were split into 2 

equal meals and all pigs were provided the same daily amount of feed, at a rate of approximately 90% of the 

calculated average ad libitum intake of the basal diet. Individual daily DE intake was predicted using the 

following ecuation (NRC, 1998): 

 

 DE (kcal/d) = 13,162*(1-exp (-0.0176*BW)  

 

The predicted individual daily DE intake was converted to daily ME intake after multiplying by the 

factor 0.96 (Noblet et al., 1994), which represent an approximate ME/DE ratio. The ad libitum intake of the 

basal diet for each pig was then estimated using the calculated ME concentration of the basal diet (3,411 

kcal/kg). Individual estimations of ad libitum ME intake were averaged, and 90% of ad libitum feed intake was 

then estimated by multiplying the predicted average ad libitum feed intake by 0.9. Pigs were allowed free access 

to water at all times. 

 

Sample processing and Chemical Analysis 

At the conclusion of the experiment, feed samples were pooled and a subsample was collected for 

chemical analysis. Additionally, frozen ileal and fecal samples were allowed to thaw at room temperature and 

then mixed within animal and dietary treatment, and a subsample was collected for chemical analysis. Ileal 

samples were then lyophilized and finely ground prior to chemical analysis. Fecal samples were oven dried in a 

convection oven at 65°C until constant weight following. After drying, fecal samples were finely ground. 

 

Ingredients were analyzed for insoluble and total non-starch polysaccharide content. Ingredients, diets, 

fecal, and ileal digesta samples were analyzed for DM (method 930.15; AOAC International, 2007), CP 

(method 968.06; AOAC International, 1990), GE by bomb calorimetry (Parr 6200 calorimeter, Parr Instruments 

Co., Moline, IL), NDF (Fiber Analyzer, Ankom Technology, Macedon, NY), and TDF (985.29; AOAC 

International, 2007). Ingredient, diets, and ileal digesta samples were analyzed for AA on an a Hitachi AA 

analyzer (Hitachi High Technologies America Inc., Pleasanton, CA) using ninhydrin for postcolumn 

derivatization and norleucine as the internal standard. Samples were hydrolyzed with 6 N HCL for 24 h at 110° 

C prior to analysis (method 982. 30 E[a]; AOAC international, 2007). Methionine and Cys were determined as 

Met sulfone and cysteic acid after cold performic acid oxidation overnight before hydrolysis. Tryptophan was 

determined after NaOH hydrolysis for 22 h at 110°C (method 982.30 E [c]; AOAC International, 2007). 

Additionally, diet, ileal and fecal samples were analyzed for chromic oxide concentration. 

 

  Calculations 
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For each ingredient, the difference procedure (Pedersen et al., 2007) was used to calculate the AID of 

NDF, GE, DM, N, and AA. The ATTD of NDF, GE, DM, and N was also calculated using the difference 

procedure. 

 

The hindgut fermentation of NDF, GE, and DM, was calculated using the following equation (Hogberg 

and Lindberg, 2004): 

 

Hindgut fermentation (%) = ATTD – AID 

 

Fermentation of energy will be calculated by subtracting the amount (kcal) of ileal digested energy from 

the amount of total tract digested energy (kcal). 

 

  Statistical Analysis 

Data were analyzed using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC) with the individual 

pig as the experimental unit. Homogeneity and normality of the variance was verified using the UNIVARIATE 

procedure of SAS. The box plot and the residual versus the predicted plot procedure were used to analyze for 

outliers. 

 

Dietary treatment was the fixed effect and replicate and period the random effects in the model. The 

difference among treatments was determined using ANOVA, and the means were separated using the LS means 

statement and the PDIFF option with adjustment for the Tukey-Kramer test. An alpha-value of 0.05 was used to 

assess significance among means. 

  

EXPERIMENT 2 

 

Title: Effect of corn bran on energy, dietary fiber, and amino acid digestibility and on hindgut fermentation of 

dietary fiber in diets fed to growing pigs 

 

a) Objective 

The objective of this experiment was to measure the effect of increasing levels of dietary fiber from corn 

bran on the AID and ATTD of energy, dry mater, and dietary fiber, on the AID of AA, and on hindgut 

fermentation of fiber in growing pigs 

 

Specific objectives: 

1. To determine if increasing levels of dietary fiber from corn bran exert a negative effect on the AID of AA, 

and on the AID and ATTD of energy, dry matter and dietary fiber.  

2. To determine the site and extent of digestion and absorption of dietary fiber and energy when dietary fiber is 

increased in diets fed to growing pigs. 

 

b) Materials and methods:  

The protocol for this experiment was reviewed and approved by the Institutional Animal Care and Use 

Committee at Iowa State University and was conducted at Iowa State University Swine Nutrition Farm.  

 

Animals, diets and experimental design 

Fifteen growing barrows (initial BW = 28.7 ± 2.1 kg) were fitted with a T-cannula surgically installed in 

the distal ileum (Stein et al., 1998). After the surgery, pigs were allowed to recover for 7 days, and a standard 

farm growing diet (corn-soybean meal diet) was provided on an ad libitum basis during this period. Pigs were 
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housed individually in pens of 1.2 m x 1.2 m, equipped with a feeder, a bowl shaped waterer, and half concrete 

slatted floor surface in an environmentally controlled building. 

 

A corn:casein:vitamin:mineral basal diet was formulated to fulfill all nutrient requirements as indicated 

by the NRC (1998). The basal diet was replaced by corn bran in 5 equally spaced steps from 100% basal and 

0% corn bran to 60% basal and 40% corn bran (Table 2). Diets also contained titanium dioxide as an inert 

marker. The portion of the basal diet including the titanium dioxide marker, vitamin and trace mineral premixes, 

zinc sulfate, synthetic amino acids, limestone, monocalcium phosphate, and salt were kept constant throughout 

the experimental diets. 

 

Pigs were then allotted to 5 treatments in a 3-period crossover design, for a total of 9 observations per 

treatment. Daily feed allotments were split into 2 equal meals and all pigs were provided the same daily amount 

of feed, at a rate of approximately 90% of the calculated average ad libitum intake of the basal diet. For each 

collection period pigs were fed 9 d of adaptation to the dietary treatment followed by 2 d of feces collection and 

3 days of ileal digesta collection. Feces were collected by grab sampling on d 10 and 11, and ileal digesta 

samples were collected for 8 h on d 12, 13, and 14 following the procedures described by Cervantes-Pahm and 

Stein (2008).  All pigs were weighed at the end of each collection period, and feed allowance was adjusted 

based on BW. 

 

Sample processing and Chemical Analyses 

Samples of corn bran, diets, fecal, and ileal digesta samples were analyzed for DM (method 930.15; 

AOAC International, 2007), CP (method 968.06; AOAC International, 1990), GE by bomb calorimetry (Parr 

6200 calorimeter, Parr Instruments Co., Moline, IL), titanium dioxide (Leone, 1973), NDF (Fiber Analyzer, 

Ankom Technology, Macedon, NY), and TDF (985.29; AOAC International, 2007). Corn bran, diets, and ileal 

digesta samples were analyzed for AA on an a Hitachi AA analyzer (Hitachi High Technologies America Inc., 

Pleasanton, CA) using ninhydrin for postcolumn derivatization and norleucine as the internal standard. Samples 

were hydrolyzed with 6 N HCL for 24 h at 110° C prior to analysis (method 982. 30 E[a]; AOAC international, 

2007). Methionine and Cys were determined as Met sulfone and cysteic acid after cold performic acid oxidation 

overnight before hydrolysis. Tryptophan was determined after NaOH hydrolysis for 22 h at 110°C (method 

982.30 E [c]; AOAC International, 2007). 

 

Calculations 

The AID of energy, DM, N, AA, NDF, and TDF were calculated for each diet (Stein et al., 2007). The 

dietary ATTD of energy, DM, N, NDF, and TDF was also calculated using the same procedure.  The hindgut 

fermentation of energy, DM, N, NDF and TDF was calculated using the following equation (Hogberg and 

Lindberg, 2004): 

 

 Hindgut fermentation (%) = ATTD – AID 

 

Fermentation of energy will be calculated by subtracting the amount (kcal) of ileal digested energy from 

the amount of total tract digested energy (kcal). 

 

Statistical Analysis 

Data were analyzed using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC) with the individual 

pig as the experimental unit. Homogeneity of the variances was verified using the UNIVARIATE procedure of 

SAS. The box plot and the residual versus the predicted plot procedure were used to analyze for outliers. The 

dietary treatment was the fixed effect and replicate and period were used as random effects in the model. The 

differences among treatments were determined using ANOVA, and the means were separated using the LS 
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means statement and the PDIFF option with adjustment for the Tukey-Kramer test. An alpha-value of 0.05 was 

used to assess significance among means. 

 

EXPERIMENTS 3  -  4 

 

Title: Effect of dietary fiber from corn bran on growth performance and apparent total tract digestibility of 

dietary energy, N, and DM in growing and finishing pigs 

 

a) Objective 

The overall objective of this experiment is to evaluate the effects of increasing levels of dietary fiber from corn 

bran on growth performance and ATTD of dietary nutrients in growing and finishing pigs. 

Specific objectives: 

1. To determine if increasing the dietary fiber from corn bran has a negative impact on feed intake, BW, ADG, 

and G:F in growing and finishing pigs when diets are formulated on a NE basis. 

2. To determine the impact of increasing dietary fiber on ATTD of dietary energy, N, and DM in growing and 

finishing pigs. 

3. To compare ATTD of dietary energy, N and DM values with the ATTD values obtained previously in the 

metabolism trial. 

4. To evaluate the effect of added fat on the digestibility of dietary nutrients. 

5. To characterize the possible confounding effects of fat on ATTD of nutrients. 

 

b) Materials and methods:  

The protocol for this experiment was reviewed and approved by the Institutional Animal Care and Use 

Committee at Iowa State University and was conducted at Iowa State University Swine Nutrition Farm.  

 

Animals, diets and experimental design 

Two growth performance studies were conducted in growing and finishing pigs at Iowa State 

University. In a 4 week growth performance assay, for both the growing and the finishing phases, a total of 70 

pigs (35 barrows and 35 gilts) with an initial BW of 31.2 ± 1.4 kg and 85.5 ± 4.6 kg respectively were allotted 

to 7 dietary treatments and 10 replicates in a randomized complete block design based on BW and sex. For both 

growth stages, pigs were individually housed in pens equipped with a dry feeder, a single nipple drinker, and 

slatted floor surface in an environmentally controlled building. Feed and water were provided on an ad libitum 

basis. 

 

For each stage of growth, a regular corn-SBM control diet and 6 experimental diets were formulated 

(Table 3; Table 4). The corn:SBM:vitamin:mineral basal diet was formulated to fulfill all nutrient requirements 

as recommended by the NRC (1998). Additionally, three experimental diets were formulated by including corn 

bran in 3 equally spaced steps, 7.5, 15, and 22.5% for growing pigs, and 8, 16, and 24% for finishing pigs. Fat 

was added to maintain the same NE density across dietary treatments. Lysine to NE ratio and ideal protein 

ratios were kept constant for all dietary treatments including the control diet.  For each stage of growth, another 

3 experimental diets were formulated by including corn bran in the same 3 equally spaced steps, but fat was not 

added. The dietary NE density was, therefore, different across dietary treatments. Lysine to NE ratio and ideal 

protein ratios were kept constant. All diets contained an inert marker (titanium dioxide) at 0.5% which is 

commonly used in digestibility experiments. Vitamins, macro minerals, and trace minerals were included in all 

diets to meet or exceed nutrient requirements estimates (NRC, 1998). 

 

Individual BW and feed disappearance were recorded on d 0, 7, 14, 21, and at the conclusion of the 

experiment on d 28, and ADG, ADFI, and G:F were calculated. Individual fecal samples were collected weekly 
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prior to weighing by grab sampling and stored at -20 C.  Feed samples were collected weekly, stored at -20 C, 

pooled and sub sampled at the end of the trial. 

 

Corn bran, diets, and fecal samples were analyzed for DM (method 930.15; AOAC International, 2007), 

CP (method 968.06; AOAC International, 1990), GE by bomb calorimetry (Parr 6200 calorimeter, Parr 

Instruments Co., Moline, IL) and titanium dioxide (Leone, 1973).  

 

Statistical Analyses 

Data was analyzed using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC) with the individual 

pig as the experimental unit. Homogeneity of the variances was verified using the UNIVARIATE procedure of 

SAS. The box plot and the residual versus the predicted plot procedure were used to identify outliers.  

 

Dietary treatment was used as fixed effect.  Replicate and sex were used as random effects in the model. 

The differences among treatments were determined using ANOVA, and the means were separated using the LS 

means statement and the PDIFF option with adjustment for the Tukey-Kramer test. An alpha-value of 0.05 was 

used to assess significance among means. 

 

Results 

Objective: To determine the best chemical assays to characterize dietary fiber, to better predict pig 

performance. 

Before starting Experiment 1, we determined the sugar and NSP content of 17 different samples of corn 

co-products. Nine co-products were selected from this pool of samples and were used in Experiment 1. Because 

of the very low content of soluble fiber in corn, and expected similarities of NDF and TDF analysis for 

insoluble feedstuffs, and because of the complexity of NSP analysis and determination, the part envisioned to 

determine the best chemical assay to characterize dietary fiber was dropped. The digestibility of dietary fiber, 

energy, and AA was, however, characterized for 9 corn co-products in Experiment 1. 

 

In Experiment 1, the concentration of NDF varied greatly among the 9 different corn co-products 

ranging from 3.77% to 46.21% and the GE content between 3,682 and 5,085 kcal/kg (Table 5). In all DDGS 

samples, HP-DDG and DDC, glucose was the sugar in greater concentration (Table 6). Xylose was the most 

prevalent in CBsolubles and CB, while arabinose and galactose content was greater in germ meal and gluten meal 

respectively. Insoluble NSP accounted for most of the total NSP concentration in the 9 corn co-products, 

ranging from 3.23 to 36.76%. As a result, the total NSP concentration varied widely from 5.22 to 44.42 % 

among the 9 corn co-products. The concentration of CP varied from 7.49 to 36.51%, and lysine was also highly 

variable, ranging from 0.15 to 1.28% among the 9 different corn co-products. 

 

The AID of GE (30.6 to 85.6%), DM (23.5 to 89.9%), and NDF (19.4 to 60.6%) as well as the ATTD of 

GE (40.5 to 99.5%), DM (40.2 to 101.6%), and NDF (6 to 144.1) were different (P < 0.01) among the 9 corn 

co-products (Table 7). The AID and ATTD of GE, DM, and NDF were, as a result, greater in ingredients with 

lower concentration of NDF. The HGF, however, had no clear pattern and was different (P < 0.01) among the 9 

corn-co-products for GE (-6.3 to 32.8%), DM (-1.5 to 37.5%), and NDF (-17.7 to 42.7%). 

 

Results showed that the AID of CP and all indispensable AA was different (P < 0.01) among the 9 corn 

co-products (Table 10). With the exception of Gly (P = 0.06) and Pro (P = 0.10), the AID of dispensable AA 

was different (P < 0.01) among ingredients. 

 

Objective: To determine the site of digestion of dietary fiber, to understand its potential contribution to dietary 

energy. 
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Experiment 2 was designed to meet this goal. In Experiment 2, all pigs were successfully cannulated at 

the distal ileum and recovered from surgery without complications. The NDF, TDF, and EE contents of the CB 

used in this study were 22.7%, 25.2%, and 9.7 %, respectively. The addition of CB increased the content of 

NDF (6.76, 8.56, 10.79, 11.32, and 14.7% for diets with 0, 10, 20, 30, and 40% added CB, respectively) and 

TDF (7.27, 8.69, 9.11, 11.41, and 14.73%) among diets (Table 2). Although GE increased (3,853, 3,884, 3,969, 

4,081, and 4,140 kcal/kg), the calculated ME decreased (3,411, 3,229, 3,046, 2,864 and 2,681 kcal/kg) among 

diets as CB was systematically included in the diets. 

  

Results showed that the AID of GE, DM, and N decreased (linear, P < 0.001) as dietary fiber levels 

increased (Table 12). The AID of NDF (P = 0.76) and TDF (P = 0.15), however, were not affected by the 

dietary fiber level. Similarly, a linear decrease (P < 0.001) in the ATTD of GE, DM, N, NDF, and TDF was 

observed when the dietary fiber level increased. 

 

The hindgut fermentation of NDF (19.6, 16.5, 17.8, 6.4, and 5.9%) and TDF (21.9, 16.4, 16.8, 10.8, and 

9.7%) showed a linear decline (P < 0.001) as dietary fiber content increased. The dietary fiber level, however, 

had no effect on hindgut fermentation of GE, DM, and N. Recall from Experiment 1 that the HGF among the 9 

corn co-products showed no clear pattern and was different (P < 0.01) for GE (-6.3 to 32.8%), DM (-1.5 to 

37.5%), and NDF (-17.7 to 42.7%). 

 

Values of ileal and total tract flow of DM, N, NDF, and TDF showed a linear response (P < 0.001) to 

increased dietary fiber concentrations (Table 13). Values for ileal flow (939, 1,103, 1,140, 1,246, and 1,278 

kcal/kg of DMI) and total tract flow (645, 741, 872, 990, and 1,061 kcal/kg of DMI) of GE also increased 

(linear, P < 0.001) as the dietary inclusion of fiber increased. 

 

Objective: To determine the impact of dietary fiber on the growth performance, digestion and utilization of 

nitrogen, energy and fat in the total diet. 

Experiment 1, 2, 3, and 4 were all designed to meet this objective. As mentioned above, the metabolism 

trial of Experiment 2 was completed with the objective of determining if increasing levels of dietary fiber from 

corn bran have a negative impact on AID and ATTD of fiber and nutrients of the diet. This information was 

also matched with ATTD values obtained from the growth Experiments 3 and 4. 

 

Recall that in Experiment 1 results showed that the AID of CP and all indispensable AA was different (P 

< 0.01) among the 9 corn co-products (Table 10). With the exception of Gly (P = 0.058) and Pro (P = 0.102), 

the AID of dispensable AA was different (P < 0.01) among ingredients. 

 

In Experiment 2, with the exception of Arg, which showed a quadratic decrease (quadratic, P  = 0.03), 

the AID of all indispensable AA decreased linearly (linear, P < 0.001) from pigs fed the basal diet to pigs fed 

the 10, 20, 30, and 40% CB diet (Table 11). Similarly, a decrease in AID of dispensable Asp, Glu, and Tyr 

(linear, P < 0.001) was observed. A trend for a quadratic decrease in the AID of His (quadratic, P = 0.07), Gly 

(quadratic, P = 0.06), and Pro (quadratic, P = 0.08) was also observed. The mean AID of indispensable AA 

decreased (linear, P < 0.001) while the mean AID of dispensable AA showed a tendency to decrease (quadratic, 

P = 0.06) as dietary fiber increased. 

 

In Experiment 3 and 4, for both growing and finishing pigs, the dietary NDF and TDF content increased 

with the addition of CB (Tables 3, and 4). The basal diet offered to growing and finishing pigs also had less GE 

than diets containing CB, and GE increased as CB was added to the diet. The calculated ME among diets, 

however, decreased as CB increased in the diet. 
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The growth performance results for growing and finishing pigs are presented in Tables 14 and 15, 

respectively. In growing and finishing pigs, no differences in final BW, ADG, and ADFI were observed among 

treatments when SBO was present in the diet. In growing pigs, however, a trend for a decline in ADFI (linear, P 

= 0.06) was observed as levels of dietary fiber increased. As a result, for diets containing SBO, G:F increased 

(linear, P < 0.001) with CB level in growing pigs, but was not affected in finishing pigs. 

  

In growing and finishing pigs fed diets containing no SBO, values for final BW, ADG, and G:F 

decreased (linear, P < 0.05) as the dietary fiber content increased. However, no difference in ADFI was 

observed among treatments for CB in both growing and finishing pigs when SBO was not present in the diet. 

 

The ATTD values of the experimental diets used in growing and finishing pigs are presented in tables 16 

and 17, respectively. The ATTD of GE, DM, and N in growing and finishing pigs declined linearly (P < 0.001) 

with increased levels of CB, in diets with and without SBO. Additionally, in growing pigs fed diets containing 

no SBO, the ATTD of GE and N quadratically declined (P < 0.05) and there was a tendency for ATTD of DM 

to decrease (quadratic, P = 0.07) as the dietary level of fiber increased. Finishing pigs fed the SBO containing 

diets also showed a quadratic decline in the ATTD of GE (P < 0.05) and DM (P < 0.05) as CB levels increased 

in the diet.   

 

Discussion 

Sugar analysis showed that dietary fiber of corn co-products is mainly insoluble and is composed of 

polymers of glucose, xylans, and arabinoxylans that are resistant to enzymatic and bacterial fermentation. These 

findings agree with previously reported sugar analysis of corn (Bach Knudsen, 1997) and dietary fiber solubility 

in DDGS (Urriola and Stein, 2010).  The inclusion of most corn co-products in a commercial corn-soybean diet 

will likely increase the fiber concentration of the diet. As a consequence, most of the fiber present in the 

resulting diet is insoluble. The physicochemical characteristics of the corn dietary fiber will in turn influence the 

digestibility of dietary fiber, energy, and nutrients. 

 

Dietary fiber in corn co-products is divided between a fast and a slow fermentable fraction. The fast 

fermentable fraction is fermented before the end of the ileum and the slow fermentable fraction is fermented in 

the hindgut. The fast fermentable fraction is prevalent in those corn co-products with greater AID values for 

dietary fiber, whereas the slow fermentable fraction is prevalent in co-products with greater ATTD values of 

dietary fiber (Urriola et al., 2010). The physicochemical characteristics of the dietary fiber dictate which 

fraction of the dietary fiber is fast or slow fermentable. The HGF can also give an indication of the prevalence 

of the slow fermentable fraction. The HGF of corn ethanol distillation co-products like DDGS-HK, DDGS-

BPX, and HP-DDG (25.8, 21.0, 28.6%, respectively) averaged 25.1%, while the HGF of DDC, germ meal, and 

gluten meal was 104.0, 42.7, and 33.6%, respectively. For these corn ethanol distillation products an important 

portion of the fiber was fermented before the terminal ileum, but the slow soluble fraction was lower than for 

DDG, germ meal and gluten meal which were highly fermentable in the hindgut and showed a greater ATTD of 

NDF. The low HGF of RO-DDGS (9.2%) meant that fast fermentable fiber is prevalent in this feedstuff because 

fermentation before the terminal ileum was greater than hindgut fermentation of NDF. Similarly, both corn bran 

sources showed negative HGF, meaning that AID was greater than the ATTD of NDF. These rather surprising 

values can be the consequence of a combination of analytical errors, a relatively high variability of results, and 

the contamination with endogenous and microbial matter which can contribute to the increase in the 

polysaccharide content of the sample (Wilfart et al., 2007). 

 

Urriola et al., (2010) outlined a number of possible reasons that may explain the differences in ATTD of 

dietary fiber among sources of corn co-products. They included differences in the digestibility of nutrients of 

the corn sources used to produce the feedstuff, the postharvest processing of the corn source, and to a major 
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extent the processing of the corn during ethanol production, which may modify the structure of dietary fiber, 

making it more digestible than in corn grain fiber. 

 

Results also indicated that the digestibility of GE and DM also vary among corn co-products. The 

differences in AID and ATTD of NDF among corn co-products can probably explain the differences in the AID 

and ATTD of GE and DM. Urriola et al., (2010) reported a greater AID and ATTD of the small fraction of 

soluble dietary fiber in DDGS when compared with the insoluble fraction. These findings indicate that 

processes like extrusion, leading to increase the soluble dietary fiber content of corn co-products (Gualberto et 

al., 1997), may have a positive impact in the fermentability of NDF and TDF and in turn increase the AID and 

ATTD of GE of corn co-products.  

 

Digestible and metabolizable energy for corn gluten meal published in the NRC (1998) is 4,694 and 

4,255 kcal/kg DM, respectively and compares favorably to our determined DE and ME values of 5,034 and 

4,369 kcal/kg DM, respectively (Table 9).  Likewise, the four corn distillers co-products used in this study 

varied substantially in composition and processing technique.  Digestible energy for DDGS was 3,644 in 

DDGS-BPX and 4,013 kcal/kg DM in DDGS-HK. Metabolizable energy values for DDGS were 3,445 in 

DDGS-BPX and 3,784 kcal/kg DM in DDGS-HK. These results compared favorably to Pedersen et al. (2007) 

where the energy for 10 sources of DDGS in growing pigs ranged from 3,947 to 4,593 kcal/g DM with an 

average of 4,140 kcal/kg DM for DE and ranged from 3,674 to 4,336 kcal/kg DM with an average of 3,897 

kcal/kg DM for ME.  Moeser et al. (2002) determined DE and ME for DDC in growing pigs to be 3,564 and 

3,517 kcal/kg respectively, which was lower than our values of 4,259 and 4,196 kcal/kg DM (SE = 413), 

respectively.  Differences in these obtained values may be due to experimental design (Kerr et al., 2009).  

Anderson and Kerr (2009) used gilts to determine DE and ME in DDC and reported values of 4,401 and 4,316 

kcal/kg, respectively, which agree with our findings. Dehulled, degermed corn is a highly digestible product 

generated from flaking grits in the dry milling process and it has been suggested that products of a highly 

digestible nature are little affected by BW (Noblet and Perez, 1993). Digestible and metabolizable energy in 

CBsolubles and CB agree with values reported by Sauvant et al. (2004), who also found that the energy content of 

these highly fibrous feedstuffs increases with BW, because the ability of the pig to digest fiber increases with 

maturity. This characteristic is more important for insoluble and slow degradable fiber, as in corn and its co-

products. 

 

Results also showed that when dietary fiber from corn bran was increased in a corn-casein diet, the AID 

of GE and DM decreased as a consequence of the substitution of a highly digestible starch from corn with a 

lower digestible and fiber rich bran. Schulze et al. (1994) reported similar results of AID of DM by replacing 

starch with purified NDF. Urriola and Stein (2010), however, reported no effect with the addition of DDGS 

(insoluble fiber) to a corn-soybean diet on ileal digestibility of energy and nutrients. Additionally, an average of 

24% and 17% of the ingested NDF and TDF, respectively, was digested before dietary fiber reached the 

hindgut. Since pigs do not possess the enzymatic machinery to digest NDF or TDF, this is the result of bacterial 

fermentation at the terminal ileum. Due to the fact that values of AID of dietary NDF and TDF were not 

affected by the level of NDF and TDF in the diet, these growing pigs seemed to have enough bacterial activity 

at all inclusion levels of NDF and TDF. The dietary values of AID of NDF agree with values of AID of purified 

NDF by Schulze et al. (1994) of diets with increasing levels of purified NDF. Wilfart et al. (2006) reported that 

the degree of fermentation of TDF at the terminal ileum can vary depending on the source of dietary fiber. 

 

The AID of Lys of the diet decreased as dietary fiber increased, which agrees with the observation that 

AID of Lys decreased when DDGS was added to a commercial corn-soybean diet (Urriola and Stein, 2010). 

However, the reduction of the AID of Lys in a DDGS containing diet is mostly associated with the heat 

treatment applied during the ethanol distillation procedure (Stein et al., 2006). A linear reduction in the AID of 
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total indispensable AA as well as some dispensable AA was also observed. This results contrast with previous 

studies where no difference in the AID of most AA and energy were reported when insoluble dietary fiber 

increased in the diet (Wang et al., 2002; Serena et al., 2008; Urriola and Stein, 2010). The possible reason is that 

increasing levels of insoluble dietary fiber does not affect ileal N endogenous losses (De Lange et al.,1989; 

Leterme et al., 1996) and that insoluble fiber exert a only minor effect on the digestibility of dietary AA (Zhu et 

al., 2005). In the present study, however, the observed decrease in AID of AA and the increased N flow into the 

hindgut may be the consequence of a combination of an increased amount of endogenous N and a decreased 

absorption of exogenous N when insoluble dietary fiber was increased. When purified NDF was increased in 

the diet, Schulze et al. (1994) reported a reduction in N digestibility and an increase in the ileal output of N. It 

was suggested that the increased flow of N was originated from partially digested N that escaped enzymatic 

degradation bound or enclosed into the cell wall components, or additional endogenous N from increased 

endogenous secretions and a decreased reabsorption of endogenous N in the small intestine motivated by the 

physicochemical structure of the dietary fiber (Shulze et al., 1994). 

 

Results suggested that the decrease in ATTD of GE, DM, N, NDF, and TDF in diets with greater 

insoluble dietary fiber concentration is mainly due to the low ATTD of NDF and TDF of dietary fiber from 

corn. Urriola and Stein (2010) reported that the ATTD of NDF and TDF of a DDGS containing diet was lower 

than a basal corn-soybean meal based diet.  The insoluble nature of dietary fiber from corn, due to the high 

cellulose and arabinoxylans content, makes it partially resistant to hindgut fermentation. As a consequence, in 

this study, the hindgut disappearance of NDF and TDF decreased as dietary fiber from corn increased. As more 

dietary fiber reaches the hindgut, it is likely that the animal losses the capacity to utilize it, probably due to the 

low capacity of the microbiota or because of increased passage rate. 

 

In conclusion, the fiber in corn co-products is composed of polymers that are mainly insoluble and 

resistant to microbial fermentation. The AID and ATTD of dietary fiber is also variable among corn co-

products, which in turn may affect the digestibility of energy and nutrients. The ATTD of fiber in most corn co-

products is rather low, meaning that most of the fiber escapes fermentation in the digestive tract of the pig. 

Industrial processes leading to the improvement of fiber digestibility are, therefore, required. The increase of 

dietary fiber from corn in a diet reduced the dietary AID of energy, Lys, and most AA. The total tract 

digestibility of energy and fiber is also reduced with the increase of dietary fiber from corn because dietary fiber 

from corn is partially resistant to hindgut fermentation. As a consequence, the flow through the gastro intestinal 

tract of energy, dietary fiber and N increase with the addition of dietary fiber from corn.  

 

Conclusions 

 The fiber in corn is largely insoluble in nature.  This means that it is more resistant to fermentation in the 

hindgut of the pig than other types of fiber.  It also means that the fiber in corn will have different effects 

compared to fiber from other ingredients, such as soybean meal or wheat midds, which have a balance 

of both soluble and insoluble fiber. 

 The fiber in corn is made up primarily of lignin, cellulose and hemicellulose, and has almost no pectins 

gums or B-glucan.  Thus, the NDF (neutral detergent fiber) content of corn is very similar to the TDF 

(total dietary fiber) content. 

 The fiber in corn DDGS is more digestible than the fiber in corn, suggesting that the fermentation or 

other processes involved in ethanol production assist with the breakdown of complex structural 

components in fiber. 

 There is considerable difference between corn bran and corn bran with solubles.  For example, the 

energy is much more digestible, resulting in ME values that differ by more than 1,000 kcal.kg. 
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 Corn bran with solubles can be a very effective ingredient in pig diets.  When oil is added to the diet to 

maintain energy levels, pig growth rate was unaffected at levels up to 22.5% of the diet in growing pigs 

and 24% in finishing pigs. 

 DE and ME values are presented for 9 different corn processing co-products.  They represent a diversity 

of nutrient profiles, but all represent potential ingredients for use in practical pig diets, if they are not 

already being used. 

 The DE and ME content of corn co-products may be heavily influenced by age of the pig.  Other 

researchers show a differential in the digestibility of energy between growing pigs and adult pigs.  Our 

data would support this conclusion, meaning that highly fibrous co-products from corn will be utilized 

by finishing pigs than growing pigs. 

 The inclusion of corn fiber in the diet may decrease the digestibility of energy, fiber and nutrients of the 

diet, including Lysine and most of the indispensable AA. This is because the fiber content in DDGS is 

greater than in corn and despite the fact that fiber from DDGS is better utilized, only about 50% of the 

fiber is fermented.  The other half is lost at the end of the tract, resulting in a decrease in the energy 

content of the diet. 
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Table 1. Ingredient composition of experimental diets containing corn co-products, as fed basis 

  Diet
1
 

Item   

Basal CBsolubles CB 

DDGS-

HK 

RO-

DDGS 

DDGS-

BPX 

HP-

DDG DDC 

Germ 

meal 

Gluten 

meal 

Ingredient, %            

Ground corn  65.15 45.61 45.61 45.61 45.61 45.61 45.61 45.61 45.61 45.61 

Soybean meal, 46.5%  29.00 20.30 20.30 20.30 20.30 20.30 20.30 20.30 20.30 20.30 

CBsolubles  - 30.00 - - - - - - - - 

CB  - - 30.00 - - - - - - - 

DDGS-HK  - - - 30.00 - - - - - - 

RO-DDGS  - - - - 30.00 - - - - - 

DDGS-BPX  - - - - - 30.00 - - - - 

HP – DDG  - - - - - - 30.00 - - - 

DDC  - - - - - - - 30.00 - - 

Germ meal  - - - - - - - - 30.00 - 

Gluten meal  - - - - - - - - - 30.00 

Soybean oil  2.00 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 

Limestone  1.10 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 

Monocalcium 

phosphate 

 1.20 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 

Titanium dioxide  0.55 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 

Vitamin premix
2
  0.20 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 

Trace mineral 

premix
3
 

 0.20 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 

Salt  0.6 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 
1
Basal = basal diet; CBsolubles = diet containing 70% of basal diet and 30% of corn bran with solubles (Poet Nutrition, Glenville, 

MN); CB = diet containing 70% of basal diet and 30% of corn bran (Lifeline Foods, St. Joseph, MO); DDGS-HK = diet containing 

70% of basal diet and 30% of conventional distillers dried grains with solubles (Hawkeye Renewables, Iowa Falls, IA); RO-DDGS = 
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diet containing 70% of basal diet and 30% of reduced oil distillers dried grains with solubles (Hawkeye Renewables, Iowa Falls, IA); 

DDGS-BPX = diet containing 70% of basal diet and 30% of distillers dried grains with solubles Dakota Gold BPX® (Poet Nutrition, 

Hanlontown, IA); HP-DDG = diet containing 70% of basal diet and 30% of high protein distillers dried grains (Poet Nutrition, 

Glenville, MN); DDC = diet containing 70% of basal diet and 30% of dehulled degermed corn (Bunge North America, Atchison, KS); 

Germ meal = diet containing 70% of basal diet and 30% of corn germ meal (Cargill, Eddyville, IA); Gluten meal = diet containing 

70% of basal diet and 30% of corn gluten meal (Cargill, Eddyville, IA).  
2
Provided per kilogram of complete diet:  6,614 IU of vitamin A; 827 IU of vitamin D; 26 IU of vitamin E; 2.6 mg of vitamin K; 

29.8 mg of niacin; 16.5 mg of pantothenic acid; 5.0 mg of riboflavin; 0.023 mg of vitamin B12. 
3
Provided per kilogram of complete diet:  Zn, 165 mg as ZnSO4; Fe, 165 mg as FeSO4; Mn, 39 mg as MnSO4; Cu, 17 mg as 

CuSO4; I, 0.3 mg as Ca(IO3)2; and Se, 0.3 mg as Na2SeO3. 
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Table 2. Composition (as fed basis) of experimental diets containing corn bran as 0, 10, 20, 30, and 40% of the diet 

  Corn bran,%
1
 

Item  0 10 20 30 40 

Ingredient, %       

Ground corn  84.00 75.30 66.50 57.80 49.10 

Corn bran  - 10.00 20.00 30.00 40.00 

Casein  10.00 9.00 7.90 6.90 5.80 

Soybean oil  2.20 2.00 1.70 1.50 1.30 

Limestone  1.24 1.24 1.24 1.24 1.24 

Monocalcium phosphate  1.20 1.20 1.20 1.20 1.20 

L-tryptophan  0.01 0.01 0.01 0.01 0.01 

Titanium dioxide  0.45 0.45 0.45 0.45 0.45 

Vitamin premix
2
  0.15 0.15 0.15 0.15 0.15 

Trace mineral premix
3
  0.10 0.10 0.10 0.10 0.10 

Zinc premix  0.05 0.05 0.05 0.05 0.05 

Salt  0.60 0.60 0.60 0.60 0.60 

Energy and nutrients
4
       

GE, kcal/kg  3,853 3,884 3,969 4,081 4,140 

ME, kcal/kg  3,411 3,229 3,046 2,864 2,681 

CP,%  15.8 15.7 15.6 15.5 15.3 

SID Lysine,
5
 %  0.91 0.86 0.81 0.76 0.71 

Methionine, %  0.30 0.26 0.29 0.32 0.31 

Cystine, %  0.14 0.15 0.17 0.20 0.22 

Threonine, %  0.54 0.49 0.55 0.59 0.62 

Tryptophan, %  0.16 0.16 0.16 0.17 0.15 

Methionine +Cystine, %  0.44 0.41 0.46 0.51 0.53 
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Ca, %  0.76 0.76 0.75 0.74 0.74 

P, %  0.57 0.61 0.66 0.70 0.74 

Bioavailable P, %  0.31 0.32 0.32 0.33 0.34 

ADF, %  2.35 2.64 2.93 3.22 3.51 

NDF, %  6.76 8.56 10.79 11.32 14.01 

Total dietary fiber, %  7.27 8.69 9.11 11.41 14.73 
1
Basal = basal diet; 10 = diet containing 90% of basal diet and 10% of corn bran; 20 = diet containing 80% of basal diet and 20% 

of corn bran; 30 = diet containing 70% of basal diet and 30% of corn bran; 40 = diet containing 60% of basal and 40% of corn bran. 
2
Provided per kilogram of complete diet:  6,614 IU of vitamin A; 827 IU of vitamin D; 26 IU of vitamin E; 2.6 mg of vitamin K; 

29.8 mg of niacin; 16.5 mg of pantothenic acid; 5.0 mg of riboflavin; 0.023 mg of vitamin B12. 
3
Provided per kilogram of complete diet:  Zn, 165 mg as ZnSO4; Fe, 165 mg as FeSO4; Mn, 39 mg as MnSO4; Cu, 17 mg as 

CuSO4; I, 0.3 mg as Ca(IO3)2; and Se, 0.3 mg as Na2SeO3. 
4
Values for ME, SID Lys, Ca, P, and bioavailable P were calculated from NRC (1998); all other values were analyzed. 

5
SID Lys = standardized ileal digestible lysine. 
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Table 3. Composition (as fed basis) of experimental diets for growing pigs  

    Dietary treatment
1
 

    7.5% CB  15% CB  22.5% CB 

Item  Basal  2% SBO -  4% SBO -  6% SBO - 

Ingredient, %            

Ground corn  72.24  63.24 67.02  54.29 62.06  45.50 56.5 

Corn bran  -  7.50 7.50  15.00 15.00  22.50 22.50 

Soybean meal, 46.5 %  24.00  23.50 21.75  23.00 19.30  22.29 17.54 

Soybean oil  -  2.00 -  4.00 -  6.00 - 

Limestone  1.20  1.20 1.20  1.30 1.20  1.30 1.30 

Monocalcium phosphate  1.15  1.15 1.10  1.00 1.00  1.00 0.75 

Lysine HCL  0.18  0.18 0.19  0.18 0.20  0.18 0.19 

L – Threonine  0.03  0.03 0.03  0.03 0.03  0.03 0.01 

L – Tryptophan  -  - 0.01  - 0.01  - 0.01 

Titanium dioxide  0.40  0.40 0.40  0.40 0.40  0.40 0.40 

Vitamin premix
2
  0.16  0.16 0.16  0.16 0.16  0.16 0.16 

Trace mineral premix
3
  0.14  0.14 0.14  0.14 0.14  0.14 0.14 

Salt  0.50  0.50 0.50  0.50 0.50  0.50 0.50 

Energy and nutrients
4
            

GE, kcal/kg  3,719  3,897 3,788  4,097 3,832  4,270 3,918 

ME, kcal/kg  3,282  3,254 3,156  3,228 3,033  3,201 2,912 

NE, kcal/kg  2,387  2,387 2,301  2,388 2,218  2,389 2,133 

CP, %  17.2  17.3 16.8  17.5 16.4  17.6 16.3 

SID Lysine,
5
 %  0.92  0.92 0.89  0.92 0.86  0.92 0.82 

Methionine, %  0.25  0.25 0.25  0.25 0.24  0.24 0.23 

Threonine, %  0.57  0.58 0.56  0.58 0.54  0.58 0.51 

Tryptophan, %  0.17  0.17 0.17  0.17 0.16  0.16 0.15 

Methionine + cystine, %  0.52  0.52 0.51  0.52 0.50  0.51 0.49 

Ca, %  0.75  0.75 0.74  0.76 0.71  0.76 0.71 

Bioavailable P, %  0.26  0.27 0.26  0.25 0.25  0.26 0.22 

ADF, %  3.56  3.68 3.67  3.79 3.78  3.90 3.91 
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NDF, %  9.38  10.36 10.54  11.34 11.71  12.31 12.89 

Total dietary fiber, %  10.06  10.51 10.60  12.07 11.54  12.66 13.62 
1
Basal = basal diet; 7.5% CB/2% SBO = diet containing 7.5% of corn bran and 2% of soybean oil; 7.5% CB/- = diet containing 

7.5% of corn bran and 0% of soybean oil; 15% CB/4% SBO = diet containing 15% of corn bran and 4% of soybean oil; 15% CB/- = 

diet containing 15% of corn bran and 0% soybean oil; 22.5% CB/6% SBO = diet containing 22.5% of corn bran and 6% of soybean 

oil; 22.5% CB/- = diet containing 22.5% of corn bran and 0% of soybean oil. 

2
Provided per kilogram of complete diet:  6,614 IU of vitamin A; 827 IU of vitamin D; 26 IU of vitamin E; 2.6 mg of vitamin K; 

29.8 mg of niacin; 16.5 mg of pantothenic acid; 5.0 mg of riboflavin; 0.023 mg of vitamin B12. 

3
Provided per kilogram of complete diet:  Zn, 165 mg as ZnSO4; Fe, 165 mg as FeSO4; Mn, 39 mg as MnSO4; Cu, 17 mg as 

CuSO4; I, 0.3 mg as Ca(IO3)2; and Se, 0.3 mg as Na2SeO3. 

4
Values for ME, SID Lys, Ca, P, and bioavailable P were calculated from NRC (1998); Values for NE were calculated from 

Sauvant et al. (2004); all other values were analyzed. 
5
SID Lys = standardized ileal digestible lysine. 
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Table 4. Composition (as fed basis) of experimental diets for finishing pigs  

    Dietary treatment
1
 

    8% CB  16% CB  24% CB 

Item  Basal  2% SBO -  4% SBO -  6% SBO - 

Ingredient, %            

Ground corn  86.12  76.72 79.72  67.42 73.62  58.22 67.21 

Corn bran  -  8.00 8.00  16.00 16.00  24.00 24.00 

Soybean meal, 46.5 %  11.00  10.40 9.50  9.70 7.60  9.00 6.00 

Soybean oil  -  2.00 -  4.00 -  6.00 - 

Limestone  0.80  0.80 0.80  0.90 0.90  0.90 1.00 

Monocalcium phosphate  0.80  0.80 0.70  0.70 0.60  0.60 0.50 

Lysine HCL  0.15  0.15 0.15  0.15 0.15  0.15 0.15 

 L – Tryptophan  0.01  0.01 0.01  0.01 0.01  0.01 0.02 

Titanium dioxide  0.40  0.40 0.40  0.40 0.40  0.40 0.40 

Vitamin premix
2
  0.11  0.11 0.11  0.11 0.11  0.11 0.11 

Trace mineral premix
3
  0.11  0.11 0.11  0.11 0.11  0.11 0.11 

Salt  0.50  0.50 0.50  0.50 0.50  0.50 0.50 

Energy and nutrients
4
            

GE, kcal/kg  3,633  3,874 3,793  4,053 3,825  4,206 3,896 

ME, Mcal/kg  3,317  3,281 3,185  3,245 3,050  3,212 2,914 

NE, Mcal/kg  2,499  2,492 2,403  2,487 2,307  2,484 2,209 

CP, %  12.3  12.4 12.2  12.5 12.1  12.7 12.0 

SID Lysine,
5
 %  0.58  0.58 0.56  0.58 0.54  0.58 0.52 

Methionine, %  0.20  0.19 0.19  0.19 0.19  0.19 0.18 

Threonine, %  0.38  0.38 0.37  0.38 0.36  0.38 0.36 

Tryptophan, %  0.12  0.11 0.11  0.11 0.10  0.11 0.10 

Methionine + cystine, %  0.41  0.40 0.40  0.40 0.39  0.40 0.39 

Ca, %  0.50  0.50 0.48  0.52 0.50  0.50 0.51 

Bioavailable P, %  0.19  0.20 0.18  0.19 0.17  0.18 0.17 

ADF, %  3.12  3.24 3.27  3.36 3.40  3.49 3.55 

NDF, %  9.39  10.44 10.64  11.50 11.88  12.56 13.11 

Total dietary fiber, %  9.85  10.08 10.96  10.44 10.60  12.68 11.82 
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1
Basal = basal diet; 8% CB/2% SBO = diet containing 8% of corn bran and 2% of soybean oil; 8% CB/- = diet containing 8 of 

corn bran and 0% of soybean oil; 16% CB/4% SBO = diet containing 16% of corn bran and 4% of soybean oil; 16% CB/- = diet 

containing 16% of corn bran and 0% soybean oil; 24% CB/6% SBO = diet containing 24% of corn bran and 6% of soybean oil; 24% 

CB/- = diet containing 24% of corn bran and 0% of soybean oil. 
2
Provided per kilogram of complete diet:  6,614 IU of vitamin A; 827 IU of vitamin D; 26 IU of vitamin E; 2.6 mg of vitamin K; 

29.8 mg of niacin; 16.5 mg of pantothenic acid; 5.0 mg of riboflavin; 0.023 mg of vitamin B12. 
3
Provided per kilogram of complete diet:  Zn, 165 mg as ZnSO4; Fe, 165 mg as FeSO4; Mn, 39 mg as MnSO4; Cu, 17 mg as 

CuSO4; I, 0.3 mg as Ca(IO3)2; and Se, 0.3 mg as Na2SeO3. 
4
Values for ME, SID Lys, Ca, P, and bioavailable P were calculated from NRC (1998); Values for NE were calculated from 

Sauvant et al. (2004); all other values were analyzed. 
5
SID Lys = standardized ileal digestible lysine.
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Table 5. Analyzed nutrient composition of 9 corn co-products, as-fed basis
1
 

  Ingredient
2
  

Item  CBSolubles CB DDGS-HK RO-DDGS DDGS-BPX HP-DDG DDC Germ meal Gluten meal  

Dry matter, %  95.27 80.92 89.36 90.06 91.48 93.93 90.12 91.90 92.09  

Gross energy, kcal/kg  4,582 3,682 4,966 4,917 4,939 5,084 3,856 4,331 5,063  

NDF, %  30.89 40.55 34.53 38.68 30.78 31.09 3.77 46.21 12.12  

Alanine, %  0.99 0.63 1.87 2.23 1.91 3.28 0.59 1.30 5.10  

Arginine, %  0.73 0.53 1.30 1.30 1.25 1.53 0.25 1.53 2.19  

Aspartic acid, %  0.97 0.66 1.75 1.97 1.77 2.65 0.43 1.54 3.90  

Cysteine, %  0.29 0.18 0.51 0.55 0.54 0.76 0.15 0.34 0.99  

Glutamic acid, %  1.86 1.35 4.02 4.89 4.30 7.40 1.57 2.96 12.44  

Glycine, %  0.73 0.45 1.11 1.25 1.12 1.42 0.23 1.20 1.78  

Histidine, %  0.42 0.25 0.74 0.80 0.75 1.10 0.20 0.66 1.30  

Isoleucine, %  0.48 0.31 1.02 1.13 1.02 1.75 0.28 0.77 2.61  

Leucine, %  1.24 0.89 3.08 3.71 3.08 5.98 1.13 1.76 9.83  

Lysine, %  0.59 0.47 1.08 0.90 1.01 1.25 0.15 1.08 1.28  

Methionine, %  0.22 0.15 0.52 0.58 0.49 0.88 0.14 0.39 1.30  

Phenylalanine, %  0.52 0.40 1.44 1.36 1.20 2.23 0.41 0.94 3.81  

Proline, %  1.03 0.66 1.99 2.29 2.09 3.56 0.69 1.10 5.15  

Serine, %  0.62 0.43 1.18 1.42 1.19 1.90 0.35 0.92 2.68  

Threonine, %  0.58 0.40 0.98 1.13 1.00 1.51 0.23 0.81 1.95  

Tryptophan, %  0.09 0.05 0.17 0.16 0.19 0.13 0.05 0.18 0.22  

Tyrosine, %  0.39 0.30 1.05 1.10 0.96 1.66 0.23 0.65 2.91  

Valine, %  0.72 0.45 1.40 1.59 1.40 2.18 0.34 1.26 2.93  
1
BDL = below detection level. 

2 
CBsolubles = corn bran with solubles; CB = corn bran; DDGS-HK = distillers dried grains with solubles - Hawkeye Renewables; 
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RO-DDGS = reduced oil distillers dried grains with solubles; DDGS-BPX = distillers dried grains with solubles - Dakota Gold BPX®; 

HP-DDG = high protein distillers dried grains; DDC = dehulled degermed corn; Germ meal = corn germ meal; Gluten meal = corn 

gluten meal. 
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Table 6. Analyzed sugar composition and total NSP of 9 corn co-products, as fed basis 

  Sugar
1
, % 

  Arabinose  Xylose  Mannose  Glucose  Galactose    

Ingredient
2
  I S  I S  I S  I S  I S 

Total 

Insoluble 

Total 

Soluble 

Total 

NSP
3
 

CBsolubles  3.35 0.19  5.91 0.10  0.13 0.56  5.25 0.40  1.08 0.09 15.73 1.34 17.07 

CB  8.00 -0.07  14.42 -0.25  0.26 0.09  11.69 0.47  2.38 0.05 36.76 0.29 37.04 

DDGS-HK  4.68 0.24  5.85 0.02  0.55 0.31  6.85 0.55  1.28 0.02 19.21 1.14 20.36 

RO-DDGS  4.08 2.26  6.11 1.91  0.45 0.46  6.55 1.71  1.04 0.42 18.23 6.77 24.99 

DDGS-BPX  4.36 0.50  6.31 0.07  0.67 0.58  7.29 0.79  1.23 0.21 19.86 2.14 22.00 

HP–DDG  3.80 0.34  4.89 0.21  1.26 0.60  8.56 1.17  0.82 0.20 19.33 2.52 21.85 

DDC  0.49 -0.08  0.42 -0.06  0.00 0.00  20.06 13.36  0.00 0.00 20.98 13.22 34.20 

Germ meal  10.44 5.40  9.89 3.56  0.32 -0.32  10.77 1.56  2.04 0.76 33.46 10.96 44.42 

Gluten meal  0.72 0.43  0.69 0.25  0.00 0.14  1.29 0.56  0.52 0.61 3.23 1.99 5.22 
1
I = % insoluble sugar; S = % soluble sugar. Soluble fractions were obtained by difference between concentration of total sugar 

and insoluble fraction. 
2
 CBsolubles = corn bran with solubles; CB = corn bran; DDGS-HK = distillers dried grains with solubles - Hawkeye Renewables; 

RO-DDGS = reduced oil distillers dried grains with solubles; DDGS-BPX = distillers dried grains with solubles - Dakota Gold BPX®; 

HP-DDG = high protein distillers dried grains; DDC = dehulled degermed corn; Germ meal = corn germ meal; Gluten meal = corn 

gluten meal. 
3
Total NSP values are expressed as the sum of all individual sugars. 
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Table 7. Apparent ileal digestibility (AID), apparent total tract digestibility (ATTD), and hindgut fermentation (HGF) of energy, dry 

matter, and neutral detergent fiber in 9 different corn co-products 

  Ingredient
1
    

Item  CBSolubles CB 

DDGS-

HK 

RO-

DDGS 

DDGS-

BPX 

HP-

DDG DDC 

Germ 

meal 

Gluten 

meal  SEM P-value 

AID, %              

GE  53.0 46.7 52.9 47.8 52.9 52.3 85.6 30.6 77.0  4.74 <0.001 

DM  46.7 41.4 46.9 40.6 45.8 48.4 89.9 23.5 74.7  4.91 <0.001 

NDF  19.4 23.1 32.0 41.6 28.3 40.5 50.7 22.7 60.6  9.53 0.034 

ATTD, %              

GE  55.5 40.5 71.7 63.8 66.8 70.3 99.5 63.5 91.6  1.99 <0.001 

DM  52.5 40.2 68.8 61.7 64.7 72.1 101.6 61.2 91.4  1.99 <0.001 

NDF  8.7 6.0 58.4 50.6 49.8 68.4 144.1 71.5 94.6  3.60 <0.001 

HGF
2
, %              

GE  1.5 -6.3 17.2 16.1 13.8 17.8 12.9 32.3 15.9  4.68 <0.001 

DM  6.0 -1.5 21.7 21.0 19.1 23.3 11.6 37.5 17.0  4.80 <0.001 

NDF  -11.7 -17.7 25.8 9.2 21.0 28.6 104.0 42.7 33.6  11.43 <0.001 
1 

Least squares means of 8 pigs per diet. 
2
HGF = hindgut fermentability. 
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Table 8. Energy digestibility of the basal and experimental diets containing 9 different corn co-products fed to growing pigs 

   Ingredient    

Item  Basal CBSolubles CB 

DDGS-

HK 

RO-

DDGS 

DDGS-

BPX 

HP-

DDG DDC 

Germ 

meal 

Gluten 

meal  SEM P-value 

ATTD of GE, %  84.0 74.6 70.9 79.7 77.0 78.1 79.1 88.7 77.2 86.7  0.61 <0.001 

As-fed basis               

GE, kcal/kg %  3,892 4,107 3,854 4,213 4,153 4,174 4,199 3,896 3,997 4,254  - - 

Diet DE, kcal/kg  3,268 3,065 2,732 3,357 3,199 3,258 3,322 3,455 3,084 3,687  24.6 <0.001 

Diet ME
2
, kcal/kg  3,153 2,967 2,620 3,218 3,069 3,131 3,164 3,365 2,971 3,463  23.6 <0.001 

DM basis               

GE, kcal/kg %  4,307 4,456 4,383 4,637 4,574 4,534 4,521 4,208 4,327 4,599  - - 

Diet DE, kcal/kg  3,617 3,325 3,107 3,695 3,524 3,539 3,577 3,732 3,340 3,986  27.0 <0.001 

Diet ME, kcal/kg  3,474 3,209 2,961 3,525 3,365 3,387 3,393 3,626 3,206 3,723  25,8 <0.001 
1 

Least squares means of 8 pigs per diet. 
2
ME values were calculated using Noblet and Perez (1993). 
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Table 9. Concentration of energy in 9 different corn co-products fed to growing pigs 

  Ingredient    

Item  CBSolubles CB 

DDGS-

HK 

RO-

DDGS 

DDGS-

BPX 

HP-

DDG DDC 

Germ 

meal 

Gluten 

meal  SEM P-value 

ATTD of GE, %  55.5 40.5 71.7 63.8 66.8 70.3 99.5 63.5 91.6  1.99 <0.001 

As-fed basis              

GE, kcal/kg  4,582 3,682 4,966 4,917 4,939 5,084 3,856 4,331 5,063  - - 

DE, kcal/kg  2,532 1,490 3,586 3,178 3,334 3,598 3,838 2,749 4,638  83.6 <0.001 

ME
2
, kcal/kg  2,471 1,471 3,406 3,024 3,165 3,334 3,789 2,639 4,070  80.4 <0.001 

DM basis              

GE, kcal/kg  4,809 4,549 5,557 5,460 5,399 5,413 4,279 4,713 5,497  - - 

DE, kcal/kg  2,658 1,842 4,013 3,529 3,644 3,832 4,259 2,992 5,034  94.2 <0.001 

ME, kcal/kg  2,587 1,816 3,784 3,341 3,445 3,527 4,196 2,853 4,369  84.7 <0.001 
1 

Least squares means of 8 pigs per diet. 
2
ME values were calculated using Noblet and Perez (1993). 
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Table 10. Apparent ileal digestibility (AID) of AA in 9 different corn co-products fed to growing pigs 

  Ingredient
1
    

Item  CBSolubles CB 

DDGS-

HK 

RO-

DDGS 

DDGS-

BPX 

HP-

DDG DDC 

Germ 

meal 

Gluten 

meal  SEM P-value 

CP, %  30.5 95.5 67.5 60.8 61.3 60.3 54.4 40.6 78.1  4.99 <0.001 

Indispensable, %               

Arg  74.0 66.5 79.8 80.9 71.4 62.2 69.0 78.4 86.6  5.09 0.002 

His  61.2 56.2 73.7 71.9 65.4 64.0 78.8 62.1 81.1  3.81 0.001 

Ile  56.7 49.6 67.7 73.2 60.4 62.9 71.6 60.9 86.6  4.15 <0.001 

Leu  56.7 49.6 67.7 73.2 60.4 62.9 71.6 60.9 86.6  4.19 <0.001 

Lys  36.1 31.9 51.8 51.6 40.5 39.4 11.4 54.1 65.9  7.30 <0.001 

Met  68.8 61.7 78.3 81.4 75.2 75.0 80.4 70.4 92.4  2.53 <0.001 

Phe  59.0 55.6 75.2 75.3 68.2 70.3 84.4 66.0 88.5  3.49 <0.001 

Thr  50.1 33.4 65.8 66.2 54.5 55.1 681 45.6 79.4  5.63 <0.001 

Trp  30.6 -7.7 54.1 53.0 52.5 30.0 39.5 58.0 76.9  10.78 <0.001 

Val  51.8 42.6 67.6 69.0 60.4 61.3 69.6 61.2 85.5  4.91 <0.001 

Mean  58.2 50.7 72.3 73.3 65.3 66.4 75.4 63.0 86.6  3.62 <0.001 

Dispensable, %              

Ala  62.4 47.9 74.6 74.2 74.2 69.3 73.5 55.5 86.3  3.86 <0.001 

Asp  49.9 47.2 59.6 61.4 49.2 51.7 83.7 48.6 78.6  5.92 <0.001 

Cys  49.6 38.7 61.1 66.3 58.3 55.9 78.3 34.7 78.7  6.02 <0.001 

Glu  69.6 72.5 71.8 74.2 71.4 69.5 101.8 61.9 85.2  4.26 <0.001 

Gly  55.0 34.4 53.5 62.9 50.9 41.2 7.1 33.0 62.6  6.72 0.058 

Pro  36.6 57.1 75.6 66.8 81.1 61.4 24.4 54.3 76.5  18.30 0.102 

Ser  61.0 51.9 74.8 73.7 66.3 65.5 85.8 51.2 81.5  3.88 <0.001 

Tyr  65.3 53.4 79.0 78.0 74.5 73.0 84.8 64.7 88.5  6.57 <0.001 
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Mean  57.1 45.0 69.7 70.1 67.8 63.6 66.1 52.1 81.6  6.80 0.002 

All AA  57.7 47.5 70.8 71.7 66.7 64.9 70.0 57.4 83.9  6.87 <0.001 
1
Least squares means of 8 pigs per diet 
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Table 11. Effects of dietary fiber from corn on apparent ileal digestibility of AA in growing pigs
1 

  Corn bran, %
2,3

   P-value
4
 

Item 0 10 20 30 40  SEM L Q 

Indispensable AA, %          

Arg 83.4 77.9 80.8 79.5 80.6  1.08 0.22 0.03 

His 87.0 80.8 82.4 79.0 80.5  1.67 <0.01 0.07 

Ile 80.9 78.4 77.3 75.9 75.4  1.10 <0.01 0.35 

Leu 88.2 86.6 85.8 84.7 84.4  0.82 <0.01 0.44 

Lys 85.2 82.5 79.5 79.8 75.8  2.18 <0.01 0.92 

Met 89.7 87.8 86.4 85.3 84.3  0.81 <0.01 0.43 

Phe 87. 6 85.7 84.6 83.3 82.6  0.88 <0.01 0.53 

Thr 73.3 70.2 69.8 66.6 68.2  1.54 <0.01 0.24 

Trp 83.4 82.7 81.1 78.6 75.9  1.32 <0.01 0.27 

Val 80.3 77.2 76.2 74.9 74.3  1.16 <0.01 0.29 

Mean 84.3 81.5 80.8 79.4 78.9  0.94 <0.01 0.28 

Dispensable AA          

Ala 76.3 74.7 75.6 74.6 76.5  1.44 0.96 0.33 

Asp 77.6 74.1 73.4 69.9 71.1  1.33 <0.01 0.19 

Cys 65.0 62.0 62.6 60.7 65.2  2.08 0.86 0.11 

Glu 86.4 83.4 83.8 81.4 82.2  0.94 <0.01 0.18 

Gly 53.9 49.5 52.2 48.2 53.5  3.12 0.41 0.06 

Pro 77.9 55.5 74.8 76. 6 76.2  4.04 0.16 0.08 

Ser 73.0 68.7 73.2 68.2 72.0  1.54 0.60 0.24 

Tyr 87.4 85.8 85.2 83.8 82.8  0.77 <0.01 0.88 

Mean 79.6 72.4 77.0 74.9 75.9  1.37 0.25 0.06 

All AA 81.8 76.6 78.7 77.0 77.3  1.11 0.02 0.90 

 
 1

Data are least squares means. n = 8. 

 
2
0 = basal diet; 10 = diet containing 90% of the basal diet and 10% of corn bran; 20 = diet 

containing 80% of the basal diet and 20% of corn bran; 30 = diet containing 70% of the basal 

diet and 30% of corn bran; 40 = diet containing 60% of the basal diet and 40% corn bran. 

 
3
Corn bran (Poet Nutrition, Sioux Falls, SD). 

 
4
P-values for linear (L) and quadratic (Q) effects. 
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Table 12. Effects of dietary fiber from corn on apparent ileal digestibility, apparent total tract 

digestibility, and hindgut fermentation of DM, energy, NDF and total dietary fiber (TDF) in 

growing pigs
1 

  Corn bran, %
2,3

   P-value
4
  

Item 0 10 20 30 40  SEM L Q  

Apparent ileal digestibility,  %           

GE 78.8 75.1 74.6 72.5 72.2  1.26 <0.01 0.19  

DM 79.8 76.1 75.7 71.9 71.2  1.07 <0.01 0.49  

N 77.9 75.5 72.4 69.2 67.9  1.49 <0.01 0.70  

NDF 23.0 25.1 24.3 23.3 25.2  2.97 0.76 0.96  

TDF 14.9 17.5 16.5 15.9 19.9  2.78 0.15 0.62  

Apparent total tract digestibility, %           

GE 85.4 83.3 80.6 78.2 76.9  0.87 <0.01 0.36  

DM 87.7 85.8 82.7 80.4 79.0  0.71 <0.01 0.33  

N 85.2 82.5 79.7 75.7 74. 0  1.42 <0.01 0.87  

NDF 42. 6 41.6 41.9 29.3 30.5  2.27 <0.01 0.28  

TDF 36.6 34.4 33.5 26.4 29.1  2.24 <0.01 0.66  

Hindgut disappearance, %           

GE 6.5 8.1 5.9 5.7 4.8  1.04 0.07 0.43  

DM 7.8 9.7 7.1 8.4 7.8  0.97 0.68 0.77  

N 7.4 7.0 7.5 6.4 5.9  1.91 0.54 0.79  

NDF 19. 6 16.5 17. 8 6.4 5.5  3.49 <0.01 0.52  

TDF 21.9 16.4 16.8 10.8 9.7  3.01 <0.01 0.81  
 1

Data are least squares means. n = 8. 

 
2
0 = basal diet; 10 = diet containing 90% of the basal diet and 10% of corn bran; 20 = diet 

containing 80% of the basal diet and 20% of corn bran; 30 = diet containing 70% of the basal 

diet and 30% of corn bran; 40 = diet containing 60% of the basal diet and 40% corn bran. 

 
3
Corn bran (Poet Nutrition, Sioux Falls, SD). 

 
4
P-values for linear (L) and quadratic (Q) effects.  
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Table 13. Effects of dietary fiber from corn on ileal and total tract flow (g or kcal/kg of DMI) of 

DM, energy, NDF and total dietary fiber (TDF) in growing pigs
1 

  Corn bran, %
2,3

   P-value
4
  

Item 0 10 20 30 40  SEM L Q  

Ileal           

GE 939 1,103 1,140 1,246 1,278  56.0 <0.01 0.27  

DM 205 248 246 281 293  11.4 <0.01 0.47  

N 40 44 49 53 55  2.6 <0.01 0.61  

NDF 71 81 94 106 115  3.6 <0.01 0.86  

TDF 79 85 102 117 127  3.3 <0.01 0.39  

Total tract           

GE 645 741 872 990 1,061  39.0 <0.01 0.54  

DM 132 151 182 203 218  6.8 <0.01 0.44  

N 27 31 36 42 44  2.5 <0.01 0.73  

NDF 53 63 72 97 107  2.7 <0.01 0.12  

TDF 59 67 81 102 113  2.8 <0.01 0.31  
 1

Data are least squares means. n = 8. 

 
2
0 = basal diet; 10 = diet containing 90% of the basal diet and 10% of corn bran; 20 = diet 

containing 80% of the basal diet and 20% of corn bran; 30 = diet containing 70% of the basal 

diet and 30% of corn bran; 40 = diet containing 60% of the basal diet and 40% corn bran. 

 
3
Corn bran (Poet Nutrition, Sioux Falls, SD). 

 
4
P-values for linear (L) and quadratic (Q) effects. 
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Table 14. Effects of dietary treatments on growth performance of growing pigs
1,2 

 Dietary treatment
3
   Fat added   No fat added 

   7.5% CB  15% CB  22.5% CB   P-value
4
   P-value

5
 

 Basal  2% 

SBO 

-  4% 

SBO 

-  6% 

SBO 

-  SEM L Q  SEM L Q 

BW, kg                   

d 0 31.6  30.9 31.2  31.2 31.3  31.2 31.2  0.53 0.78 0.51  0.50 0.67 0.78 

d 7 38.6  38.5 38.4  38.2 38.5  37.1 37.5  0.38 0.13 0.59  0.38 0.02 0.23 

d 14 46.1  45.6 45.5  45.8 45.1  44.9 43.6  0.66 0.29 0.68  0.61 <0.01 0.31 

d 21 52.6  53.1 52.4  52.9 51.7  52.1 49.8  0.85 0.69 0.40  0.81 <0.01 0.24 

d 28 60.5  61.2 60.0  61.2 59.7  59.9 57.0  1.16 0.76 0.37  1.13 0.03 0.29 

ADG, kg/d                   

d 0 – d 7 1.04  1.04 1.01  0.99 1.02  0.93 0.88  0.054 0.13 0.59  0.055 0.02 0.23 

d 8 – d 14 1.07  1.03 1.02  1.09 0.95  1.02 0.87  0.065 0.80 0.83  0.045 0.01 0.65 

d 15 – d 21 0.93  1.07 0.98  1.02 0.94  1.03 0.90  0.051 0.31 0.23  0.052 0.55 0.37 

d 22 – d 28 1.12  1.16 1.08  1.18 1.14  1.11 1.02  0.065 0.98 0.45  0.065 0.38 0.51 

d 0 –d 28 1.04  1.07 1.02  1.07 1.01  1.02 0.92  0.041 0.76 0.37  0.040 0.03 0.29 

ADFI, kg/d                   

d 0 – d 7 2.00  1.97 2.00  1.86 2.02  1.73 1.81  0.057 <0.01 0.42  0.056 0.02 0.05 

d 8 – d 14 2.19  2.11 2.29  2.21 2.25  2.04 2.09  0.088 0.36 0.57  0.068 0.27 0.07 

d 15 – d 21 2.33  2.40 2.47  2.29 2.34  2.30 2.24  0.089 0.21 0.40  0.087 0.30 0.18 

d 22 – d 28 2.63  2.64 2.65  2.55 2.53  2.40 2.48  0.107 0.11 0.46  0.121 0.26 0.73 

d 0 – d 28 2.29  2.28 2.35  2.28 2.21  2.09 2.15  0.075 0.06 0.41  0.069 0.11 0.13 

G:F, kg/kg                   

d 0 – d 7 0.52  0.53 0.51  0.53 0.50  0.53 0.48  0.016 0.55 0.89  0.016 0.06 0.74 

d 8 – d 14 0.49  0.48 0.44  0.49 0.42  0.50 0.41  0.017 0.61 0.87  0.012 <0.01 0.16 

d 15 – d 21 0.40  0.45 0.40  0.45 0.40  0.47 0.40  0.017 0.01 0.56  0.014 0.84 0.95 

d 22 – d 28 0.42  0.44 0.41  0.46 0.43  0.46 0.41  0.014 0.03 0.57  0.012 0.74 0.87 

d 0 – d 28 0.45  0.47 0.44  0.48 0.44  0.49 0.42  0.006 <0.01 0.50  0.006 <0.01 0.61 

 
1
Data are least squares means. 
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2
 The interaction (P > 0.05) between diet and sex was not significant.

 

3
CB = corn bran; SBO = soybean oil. 

4
P-values for linear (L) and quadratic (Q) effects are for the effects of fiber and fat levels in diets among basal, 7.5% CB/2% SBO, 

15% CB/4% SBO, and 22.5% CB/6% SBO. 
5
P-values for linear (L) and quadratic (Q) effects are for the effects of fiber levels in diets among basal, 7.5% CB/-, 15% CB/-, and 

22.5% CB/ -. 
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Table 15. Effects of dietary treatments on growth performance of finishing pigs
1,2 

 Dietary treatment
3
   Fat added   No fat added 

   8% CB  16% CB  24% CB   P-value
4
   P-value

5
 

 Basal  2% 

SBO 

-  4% 

SBO 

-  6% 

SBO 

-  SEM L Q  SEM L Q 

BW, kg                   

d 0 85.5  85.6 84.6  85.8 85.6  85.8 85.9  1.31 0.84 0.99  1.31 0.73 0.66 

d 7 91.6  92.4 91.6  91.6 91.1  91.7 90.7  0.68 0.78 0.73  0.47 0.11 0.56 

d 14 99.2  99.6 98.1  99.0 97.4  99.0 96.0  0.74 0.69 0.80  0.81 0.02 0.75 

d 21 106.7  106.4 104.3  106.1 104.2  106.5 102.5  0.91 0.68 0.58  0.99 0.01 0.74 

d 28 114.1  114.1 112.5  113.4 110.9  113.5 108.9  1.17 0.54 0.87  1.20 <0.01 0.84 

ADG, kg/d                   

d 0 – d 7 0.87  0.96 0.88  0.85 0.81  0.87 0.75  0.097 0.78 0.73  0.067 0.11 0.56 

d 8 – d 14 1.07  1.04 0.94  1.05 1.01  1.04 0.84  0.062 0.81 0.91  0.086 0.11 0.80 

d 15 – d 21 1.11  0.96 0.89  1.01 0.98  1.08 0.93  0.061 0.91 0.11  0.066 0.15 0.21 

d 22 – d 28 1.06  1.11 1.17  1.04 0.95  1.00 0.90  0.061 0.38 0.46  0.077 0.06 0.29 

d 0 – d 28 1.02  1.02 0.97  0.99 0.91  1.00 0.84  0.042 0.54 0.87  0.043 <0.01 0.84 

ADFI, kg/d                   

d 0 – d 7 2.96  2.94 2.95  2.75 2.87  2.75 2.76  0.104 0.11 0.92  0.104 0.15 0.62 

d 8 – d 14 3.03  2.84 3.01  2.90 2.98  2.91 2.78  0.097 0.43 0.31  0.129 0.18 0.48 

d 15 – d 21 3.19  3.02 3.20  2.95 3.10  3.11 3.21  0.119 0.55 0.20  0.120 0.90 0.64 

d 22 – d 28 3.17  2.93 3.06  2.99 3.07  2.96 3.11  0.119 0.31 0.39  0.124 0.78 0.52 

d 0 – d 28 3.09  2.93 3.05  2.90 2.97  2.93 2.95  0.094 0.25 0.33  0.104 0.26 0.92 

G:F, kg/kg                   

d 0 – d 7 0.29  0.34 0.30  0.30 0.28  0.31 0.27  0.030 0.95 0.45  0.020 0.34 0.68 

d 8 – d 14 0.35  0.38 0.31  0.36 0.32  0.36 0.31  0.017 0.97 0.37  0.023 0.21 0.57 

d 15 – d 21 0.34  0.32 0.28  0.34 0.31  0.35 0.29  0.014 0.65 0.24  0.018 0.10 0.30 

d 22 – d 28 0.33  0.39 0.38  0.34 0.31  0.33 0.29  0.013 0.46 0.02  0.018 0.02 0.08 

d 0 – d 28 0.33  0.36 0.32  0.34 0.31  0.34 0.28  0.009 0.99 0.16  0.007 <0.01 0.45 

 
1
Data are least squares means. 
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2
 The interaction (P > 0.05) between diet and sex was not significant.

 

3
CB = corn bran; SBO = soybean oil. 

4
P-values for linear (L) and quadratic (Q) effects are for the effects of fiber and fat levels in diets among basal, 8% CB/2% SBO, 

16% CB/4% SBO, and 24% CB/ 6% SBO. 
5
P-values for linear (L) and quadratic (Q) effects are for the effects of fiber levels in diets among basal, 8% CB/-, 16% CB/-, and 

24% CB/ -. 
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Table 16. Apparent total tract digestibility of energy, dry matter, and nitrogen of diets fed to growing pigs
1,2 

 Dietary treatment
3
   Fat added

4
   No fat added

5
 

   7.5 % CB  15% CB  22.5 % CB   P-value   P-value 

 Basal  2% 

SBO 

-  4% 

SBO 

-  6% 

SBO 

-  SEM L Q  SEM L Q 

ATTD,
6
 %                   

GE 82.2  82.7 79.6  79.7 78.3  79.4 77.7  0.53 <0.01 0.41  0.46 <0.01 0.04 

DM 84.2  84.5 81.8  80.9 80.7  80.2 79.8  0.48 <0.01 0.28  0.40 <0.01 0.07 

N 79.0  80.3 71.5  73.8 72.7  74.5 69.7  0.86 <0.01 0.71  0.72 <0.01 <0.01 

 
1
Data are least squares means. 

2
 The interaction (P > 0.05) between diet and sex was not significant.

 

3
CB = corn bran; SBO = soybean oil. 

4
P-values for linear (L) and quadratic (Q) effects are for the effects of fiber and fat levels in diets among Basal, 7.5 CB/2 SBO, 15 

CB/4 SBO, and 22.5 CB/ 6 SBO. 
5
P-values for linear (L) and quadratic (Q) effects are for the effects of fiber levels in diets among Basal, 7.5 CB/-, 15 CB/-, and 

22.5 CB/ -. 
6
ATTD = apparent total tract digestibility. 
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Table 17. Apparent total tract digestibility of energy, dry matter, and nitrogen of diets fed to finishing pigs
1,2

 

 Dietary treatment
3
   Fat added

4
   No fat added

5
 

   8% CB  16% CB  24% CB   P-value   P-value 

 Basal  2% 

SBO 

-  4% 

SBO 

-  6% 

SBO 

-  SEM L Q  SEM L Q 

ATTD,
6
 %                   

GE 87.9  86.5 86.0  86.2 83.7  83.0 81.8  0.51 <0.01 0.04  0.58 <0.01 0.93 

DM 89.9  88.3 88.0  87.5 85.9  84.2 84.2  0.43 <0.01 0.03  0.49 <0.01 0.93 

N 84.5  81.2 80.1  79.5 75.7  74.9 72.1  0.86 <0.01 0.38  0.95 <0.01 0.70 

 

 
1
Data are least squares means. 

2
 The interaction (P > 0.05) between diet and sex was not significant.

 

3
CB = corn bran; SBO = soybean oil. 

4
P-values for linear (L) and quadratic (Q) effects are for the effects of fiber and fat levels in diets among Basal, 8 CB/2 SBO, 16 

CB/4 SBO, and 24 CB/ 6 SBO. 
5
P-values for linear (L) and quadratic (Q) effects are for the effects of fiber levels in diets among Basal, 8 CB/-, 16 CB/-, and 24 

CB/ -. 
6
ATTD = apparent total tract digestibility. 

 

 

 

 


