
not of GAA. Sows were allocated to one of the four treatments represented by a control diet and

diet supplemented with 0.1 % of GAA during the lactation phase. Each treatment consisted of 45

repetitions (30 multiparous and I 5 gilts), being each animal considered as an experimental unit.

The sows were weaned on d 24 of lactation. Data were submitted to nonnality tests and analysed

using a mixed linear model (R Mixed procedure; Shapiro-Wilk test; and Pearson's Chi-squared test),

considering the effects of treatment and their interactions on perfonnance of sows, litters and milk

analyses during gestation and lactation phases.

Results and discussion 

The treatments tended (P=0.059) to improve total number of born alive of gilts, whereas GAA 
fed animals showed a higher number of total born and piglets born alive (15.74 vs 16.65; 13.85 vs 
14.86; respectively for control and GAA). No differences were observed for number of born dead or 
mummies. Average piglet birth weight was not influenced by treatments. Within litter birth weight 
variation was not influenced (P>0. l 0) by treatments. We can hypothesize that young sows are still 
under development and have higher nutritional demands, among them functional nutrients such as 
arginine or even a higher energy demand (i.e. creatine) which when available improved blood flow 
and as a secondary result increased creatine transport to muscle tissues and enhanced energy supply 
allowing the gestating sows to improve perfonnance. The lactation BW loss and chemical composition 
of BW losses were not influenced (P>0. l 0) by treatments. There was an effect of treatments (P<O.O I) 
on litter daily gain, average litter and piglet weaning weight and estimated daily milk production on 
sows fed GAA during gestation and lactation. The weaning-to-oestrus interval did not differ among 
treatments and averaged 5.3 d (P>0. 10). The use ofGAA during lactation also influenced (P<0.05) 

milk amino acid profile on d 7 of lactation, whereas amino acids such as lysine, methionine, arginine, 
valine and glutamine showed higher levels. Improving amino acids and creatine availability via 
milk or even improving mammary gland energy efficiency could have contributed to the observed 
improvements in mammary gland growth and increased milk production capacity, allowing piglets 
to benefit from this increased potential. Based on our findings we can conclude that the use ofGAA 
during gestation is highly effective for gilts, improving total number of piglets born and born alive 
without impacting negatively on within litter birth weight variation. As for the lactation findings, 
the supplementation ofGAA improved both multiparous and gilt perfonnance and increased piglet 
growth rates. Our findings also indicated the benefits of feeding GAA during both gestation and 
lactation phases by improving significantly both sow and litter performance. 
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Abstract 

Two experiments were conducted to detennine effects of extrusion on energy and nutrient digestibility 
in cereal grains fed to growing pigs. One source of yellow dent com, wheat, and sorghum, were ground 
and divided into 2 batches. One batch of each grain was extruded, whereas the other batch was used 
without further processing. Ilea! digestibility of starch and AA in each grain was detennined using 

7 ilea! cannulated barrows that were allotted to a 7x7 Latin square. Results indicated that extruded 
grains had greater (P<0.00 I) apparent ilea! digestibility {AID) of starch than non-extruded grains. 
Extrusion increased standardized ilea! digestibility (SID) of CP and all AA except Pro in corn, but 
that was not the case for wheat and sorghum. Exp. 2, 48 barrows were allotted to a randomized 
complete block design. Apparent total tract digestibility (ATTD) of GE was increased by extrusion of 
com or sorghum, but not of wheat (interaction, P<0.00 I). The ATTD ofNDF in wheat was reduced 

by extrusion, but not for com and sorghum (interaction, P<0.00 I), but extrusion reduced {P<0.05) 
the ATTD of ADF in all grains. Extrusion increased the digestible energy (DE) and metabolizable 
energy (ME) in com and sorghum, but there was no increase for wheat (interaction, P<0.001 ). In 
conclusion, extrusion increased the AID of starch and the ATTD of energy in all grains increased by 
extrusion. SID of AA in com and ME of com and sorghum also increased after extrusion. 

Keywords: extrusion, gelatini:ation, grains, starch, swine 

Introduction 

Extrusion as a feed technology commonly used in cereal grains can improve, growth perfonnance 
of weanling pigs (Hancock and Behnke, 200 I) because of the effects of heat, moisture, and pressure 
that is applied during extrusion. This process may increase starch digestibility in field peas and 
mixed diets due to starch gelatinization and improves digestibility of starch and amino acids 
(AA) (Rojas et al., 2016; Stein and Bohlke, 2007). Extrusion of mixed diets may also increase the 
concentration of digestible energy (DE) and of metabolizable energy (ME) and the response seems 
to be more pronounced in high fiber diets than in low fiber diets indicating that extrusion may 
increase the solubility of dietary fiber (Rojas et al., 2016). Although cereal grains generally have 
low concentrations of dietary fiber, it is possible that if extrusion results in increased digestibility of 
starch or AA, the digestibility of energy may also increase, but data to verify this hypothesis have 
not been published. Therefore, the objective of these experiments was to test the hypothesis that the 
ilea! digestibility of AA and starch, and the apparent total tract digestibility {ATTD) of ADF, NDF, 
and GE as well as the DE and ME in com, wheat, and sorghum may be increased by extrusion. 

Materials and methods 

Yellow dent corn, wheat, and sorghum were ground to approximately 500 microns and divided into 
2 batches. One batch of each grain was used without further processing, whereas the other batch 
was extruded. Two experiments were conducted. In Exp. I, 7 diets were fonnulated to contain one 
of each non-extruded or extruded cereal grain and a N-free diet was also formulated to determine 
endogenous losses of AA in pigs. Seven cannulated barrows (initial BW=\4.2±0.9 kg) were allotted 
to a 7x7 Latin square design; therefore, there were 7 observations per treatment. Diets were fed for 7 
d. The initial 5 d of each period was the adaptation period to the diet, and ilea! digesta were collected
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on d 6th and 7th using standard procedures. In Exp. 2, 6 diets were formulated to contain one of each
non-extruded or extruded cereal grain. Forty eight growing barrows (initial BW=l 5.1±3.7 kg) were 
allotted to a completely randomized block design. Pigs were fed experimental diets for 12 d. The 
initial 5 d were considered an adaptation to the diet. Subsequently, urine and fecal materials were 
collected using the marker to marker approach (Adeola, 200 I). 

Results and discussions 

There was no interaction between source of grain and processing for the AID of starch. However, 
the extruded grains had greater (P<0.00 I) AID of starch than non-extruded grains. This increase is 
most likely as a result of the observed increase in starch gelatinization because gelatinized starch is 
more available for intestinal enzymes (Rojas et al., 2016). The AID and SID ofCP and AA in wheat 
and sorghum were not affected by extrusion, but extruded com had greater AID of CP and all AA 
except Pro than non-extruded com (interaction, P<0.05). The SID ofCP in com was increased by 
extrusion, but that was not the case for wheat and sorghum (interaction, P<0.0 1 ). This observation 
is in agreement with previous data when field peas and mixed diets were extruded. The reason for 
this increase may be that heat from extrusion changes the 3-dimensional structure of protein, and 
thus, increases access of digestive enzymes to the peptide bonds (Rojas et al., 20 I 6; Stein and 
Bohlke, 2007). The ATTD ofNDF in diets containing wheat was reduced by extrusion, but the 
ATTD ofNDF in com and sorghum was not affected by extrusion (interaction, P<0.00 I). Extrusion 
reduced (P<0.05) the ATTD of ADF in all grains. This is most likely a result of the most fermentable 
parts of the fiber in the grains being solubilized during extrusion because it was observed that the 
concentrations of ADF and NDF were reduced in the extruded grains. This solubilization likely 
led to a high concentration of insoluble fiber remaining in the extruded grains, resulting in reduced 
fermentation by the pigs. The ATTD of GE was increased by extrusion of com or sorghum, but 
that was not the case for wheat (interaction, P<0.00 I). Extrusion also increased the DE and ME 
in com and sorghum compared with non-extruded grains, but there was no increase in DE or ME 
by extruding wheat (interaction, P<0.00 I). This increase is likely a result of the increased AID of 
starch and AA observed in Exp. I. In conclusion, extrusion increased AID of starch and the SID of 
AA in cereal grains fed to growing pigs, and as a result, the ATTD of energy was also increased. 
The ME of com and sorghum was also increased by extrusion, but that was not the case for wheat. 
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Abstract 

Faba bean is a protein-rich feed ingredient for pig nutrition that could replace partially or totally 
traditional protein sources such as soybean meal. However, faba bean contains secondary metabolites 
that restrict bioavailability of proteins contained in seed. Technological processes such as dehulling 
and extrusion may reduce concentration and/or biological activity of antinutritional factors contained 
in faba bean. Apparent faecal and ilea! digestibility of nutrients from whole (W) or dehulled (D) 
fabatbean, without (E0) or with extrusion at two temperatures - 140 °C (El )  or at 160 °C (E2) 
- were detennined in growing pigs. Dehulling increased faecal digestibility of faba bean for dry
matter (DM), organic matter (OM) and gross energy (GE). The best amino acid (AA) digestibility
coefficients were obtained for diets containing whole faba bean extruded at 140 °C and dehulled
faba bean extruded at 160 °C.

Keywor,ls: ilea/ digestibility, fecal digestibility 

Introduction 

Faba bean is a protein-rich legume seed and represents a valuable ingredient as a protein source for 
pig. However, faba bean contain antinutritional factors, such as tannins and protease inhibitors that 
restrict bioavailability of proteins contained in seed (Jeziemy et al., 2010). Technological processes 
such as dehulling and extrusion may reduce concentration or biological activity of antinutritional 
factors contained in faba bean (Mariscal-Landin et al., 2002). Furthennore, extrusion may enhance 
nutrient digestibility through changes in the constituants' structure. The aim of the experiment was to 
detennine the nutritional value of whole and dehulled faba bean with or without the application of an 
extrusion process. 

Materials and methods 

Two trials were conducted to evaluate faecal and ilea! digestibility of faba beans under different 
process conditions. Faba beans were either tested in its whole seed form (W) or dehulled (D) and 
submitted to three extrusion conditions: non-extruded (E0) or extruded with mild specific mechanical 
energy (SME) at 140 °C (El )  or with high SME at 160 °C (E2). All faba bean forms tested were 
a blend of 90% faba bean and 10% soybean. In the first trial, 45 growing pigs (54.2±3.6 kg BW) 
were allocated to a Control diet (81 % wheat and 15% soybean meal) or to the Control diet where 
wheat and soybean meal were replaced with 35% W-E0, W-E I, W-E2, D-E0, D-E I or D-E2. After 
an adaptation period to experimental diets, pigs were raised for 7 days in digestibility cages for feed 
intake measurement and total collection of faeces separated from urine. Diets were daily sampled 
and pooled for the 7-day period. Faeces were pooled, weighed and homogenized. Dry matter (OM) 
was determined in diets and faeces samples after drying at 103 °C for 24 h and 48 h, respectively. 
GE, OM and CP content were determined in diets and freeze-dried faeces samples after grinding. 
Digestibility coefficients for OM, OM, GE and protein of the diets were calculated according to 
standard procedures. In the second trial, 8 growing pigs were surgically prepared with an end­
to-end ileorectal anastomosis as described by Laplace et al.( 1985). After a 3-week post-surgical 
recovery period, pigs were housed in digestibility cages equipped with plastic trays for feed intake 
measurement and collection of ilea! digesta. Each pig was raised for 6 periods of one-week each (3 
days adaptation and 4 days for digesta collection) and received successively according a Youden 
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