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______________________________________________________________________________________ 

Abstract 
Soybean meal (SBM) is the protein source that is used most in feeding piglets, but its high price has 

prompted a search for alternatives. One option is sesame meal (SM), a by-product of sesame oil. This study 
evaluated the effects of SM and phytase on the intestinal morphology, total trypsin activity (TTA) and specific 
trypsin activity (STA), apparent ileal digestibility (AID) of amino acids (AAs), and apparent total tract 
digestibility (ATTD) of phosphorus (P), calcium (Ca), and energy (E) in weaned piglets. Twenty piglets 
weaned at 17 days old were placed in metabolic cages in a temperature-controlled room. When the piglets 
were 21 days old, cannulas were fitted at the terminal ileum. From the fourth day after surgery, piglets 
received the experimental treatments for nine days, namely an SM or SBM diet, each with or without 
phytase. The protein source or phytase did not affect villus height, crypt depth, or TTA. However, phytase 
increased STA. The AID of dry matter (DM), E, crude protein (CP), and AA was similar among treatments, 
except for arginine, which was more digestible in the SM diets (85.8) than in the SBM ones (81.6). The ATTD 
of DM and E was higher in the SM than in the SBM diets. Phytase increased the ATTD of Ca (22.7 %) and P 
(27.9 %). The findings showed that SM can be used as a protein source for piglets and that its consumption 
increases arginine intake. The addition of phytase to the diet increases the ATTD of P and Ca. 
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Introduction 
The transition from milk to a starter diet at weaning can challenge the digestive tract of piglets 

(Montagne et al., 2004), because starter diets contains fewer digestible ingredients than milk (Gilani et al., 
2012). Piglets in particular have lower digestive enzyme activity in their immature gastrointestinal tract. 
Consequently, in the days immediately following weaning, anorexia and undernutrition are often observed, 
which makes weaning a critical phase for piglets (Reis de Souza & Mariscal-Landín, 1997). For these 
reasons, it is important to offer feeds of high nutritional quality during this period.  

Soybean meal (SBM) is the most common protein source for pigs, but its high price has prompted the 
need to find alternative sources of this nutrient. One such option is sesame meal (SM), which is a by-product 
of the growing manufacture of sesame oil for human consumption (Avilés et al., 2009). Sesame seeds 
contain 15–20% CP, 26% carbohydrates, 45–50% ether extract, and are rich in methionine, oleic and linoleic 
acids, and calcium (Ca). Pressed sesame meal CP varies between 45 and 50%, and ether extract content is 
close to 10–12% or 1–2% when a solvent is used (Sato et al., 2004; Yamuchi et al., 2006). However, SM has 
a high phytate content that chelates lipids, proteins, and minerals, forming insoluble fractions that are 
inaccessible to the animal (Ravindran et al., 1994). Adding an exogenous phytase to the diet increases the 
digestibility of P and the fractions associated with the phytate, and decreases nutrient loss through the 
faeces (Lei & Stahl, 2001).  

The objectives of this study were i) to evaluate SM as an alternative feed for weaned piglets and test 
the impact of an exogenous phytase on intestinal morphology (villus height and crypt depth), trypsin activity 
and AID of protein, AAs, E, P and Ca; and ii) to assess the ATTD of protein, E, P and Ca. 
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Materials and methods 
All experimental procedures were reviewed and approved by the Bioethics Committee of the Faculty of 

Natural Sciences of the Autonomous University of Querétaro, México. (Resolution FNV 201306). Piglets 
were handled according to guidelines described by the Mexican Official Standard for the Production, 
Protection, and Use of Laboratory Animals (Diario Oficial de la Federación, 2001) and International Guiding 
Principles for Biomedical Research Involving Animals (CIOMS, 1985). 

Twenty piglets (Genetiporc, Fertilis 25 x G Performance 8), weaned at 17 ± 1 days old and weighing 
7.1 ± 1.31 kg, were used in the experiment. The piglets were placed in individual metabolic cages in a 
temperature controlled room (26 ± 3 °C) and provided with self-feeders and low-pressure drinking nipples. To 
minimally modify the enzymatic profile of suckling animals, piglets were fed a mixture of dry whole milk (80%) 
and maize starch (20%) from 18 to 20 days old. Feedings were provided at 08:00, 13:00, and 18:00, and 
piglet feed intake was 30 g/kg bodyweight. When the piglets were 21 days old, a T-cannula was placed at 
the terminal ileum, according to the method of Reis de Souza et al. (2000). After surgery, antibiotics were 
administered for three days (penicillin 600,000 IU, streptomycin 750 mg, and oxytetracycline 500 mg).  

From the day after surgery and for the next four days, the piglets received a milk diet that was mixed 
with the experimental diets in the following ratios (milk diet : experimental): 100 : 0, 75 : 25, 50 : 50, and 0 : 
100. From the fourth day after surgery, the piglets received one of four experimental diets during a nine-day 
study period. The diets consisted of SM or SBM, both with or without phytase (Ronozyme

®
, HiPhos, DSM 

Nutritional Products
®
) (Table 1). All experimental diets contained 200 g/kg protein source (SM or SBM). To 

optimize Ca and P utilization, the dietary ratio was adjusted between 1.2 : 1 and 1 : 1, as recommended by 
Braña et al. (2006). Salt, vitamins, and mineral premixes were supplemented at levels that met or exceeded 
NRC nutritional requirements (NRC, 2012). Titanium oxide was added at a rate of 3 g/kg feed as an inert 
marker. 

Experimental diets were provided during the study period (13 days), according to the above schedules 
(Table 1). The piglets had free access to water. The experimental period consisted of nine days for 
adaptation, two days for faeces collection, and two days for sampling ileal digesta. The faeces were frozen 
and stored at -20 °C. At the end of the experimental period, the faeces were defrosted and homogenized, 
and one aliquot of 10% of the weight was taken as the final sample. Ileal digesta was collected in plastic 
bags (5 cm × 3 cm) containing 2 mL of a 0.2 mol/L HCl solution to inhibit bacterial activity. Bags were 
attached to the barrel of the cannula with a rubber band. Ileal digesta was collected continuously over 12 
hours (08:00 to 20:00) on days 12 and 13 after surgery. When the bags were filled with ileal digesta, they 
were transferred to a container and frozen at -20 °C until lyophilization.  

At the end of the experiment, CO2 inhalation was used to induce narcosis in the piglets, and they were 
euthanized by exsanguination. A midline incision was made in the abdomen to expose the digestive tract. 
The small intestine was removed from the abdominal cavity and divided into the duodenum, jejunum, and 
ileum. Each part was emptied and weighed, and an approximately 10 cm portion was taken (Reis de Souza 
et al., 2005). These segments were washed with saline solution and perfused with 10% neutralized formalin. 
Forty-eight hours after collection, the intestinal samples were embedded in paraffin and cut to five microns 
thick. The cuts were stained with haematoxylin-eosin and observed under a microscope. Ten measurements 
per sheet were made to determine the average villus height (apex to base) and crypt depth (the base of the 
villi to the bottom of the crypt). The pancreas was then excised, dissected from connective tissue, weighed, 
frozen immediately in liquid nitrogen (N) and stored at -80 °C.  

The faeces were partially dried at 55 °C using an oven with circulating air and the digesta were 
lyophilized. All samples (raw materials, experimental diets, ileal digesta, and faeces) were ground in a 
laboratory mill with a 0.5-mm mesh (Arthur H. Thomas Co. Philadelphia, Pa). Raw materials, experimental 
diets, ileal digesta, and faeces were analysed for DM and CP, according to AOAC methods 934.01 and 
976.05 (AOAC, 2000), respectively. Titanium oxide was measured according to the method reported by 
Myers et al. (2004). Sample preparation for AA analysis was performed following method 994.12 of AOAC 
(2000). Samples were hydrolysed in 6 M HCl at 110 °C for 24 hours. Amino acid analysis was carried out 
according to the method reported by Henderson et al. (2000). Methionine, cystine, and tryptophan were not 
analysed. Ca and P concentrations were determined in duplicate with inductively coupled plasma atomic 
emission spectroscopy using the Application Note: 40755 (Harper) on Thermo Scientific (iCAP 6000 Series 
ICP) apparatus. The ashes had previously beendigested with a solution of nitric and per chloric acids 
according the method reported by (Harper). The wavelengths used were 178.284 nm for P and 317.933 nm 
for Ca. 
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Table 1 Formulation and nutrient composition of experimental diets (g/kg, as-fed basis). 
 

 
Sesame Meal Soybean Meal 

Without With Without With 

     

Ingredients     

Yellow corn 555.5 555.4 518.1 518.0 

Sesame meal 200.0 200.0   

Soybean meal   200.0 200.0 

Soybean concentrate 22.2 22.2 49.1 49.1 

Whey milk 178.3 178.3 178.3 178.3 

Corn mil 6.2 6.2 16.5 16.5 

Fibre
1
 8.0 8.0 8.0 8.0 

L-Lysine HCL 9.4 9.4 4.2 4.2 

L Threonine 1.6 1.6 1.2 1.2 

L Tryptophan 0.2 0.2 0.4 0.4 

DL Methionine   0.7 0.7 

Salt 7.0 7.0 7.0 7.0 

Dicalcium phosphate 3.2 3.2 4.4 4.4 

Calcium carbonate   3.7 3.7 

Enzyme
2
  0.1  0.1 

Flavoring
3
 2.0 2.0 2.0 2.0 

Vitamins
4
 2.2 2.2 2.2 2.2 

Minerals
5
 1.2 1.2 1.2 1.2 

Titanium oxide 3.0 3.0 3.0 3.0 

Chemical analysed composition     

Dry matter % 88.8 90.3 90.1 90.2 

Crude protein % 21.2 21.0 20.7 19.2 

ME Kcal/kg
6
 3238 3264 3220 3248 

NDF % 11.4 10.5 8.5 8.7 

ADF % 2.5 2.2 1.7 1.7 

Calcium  0.60 0.60 0.63 0.63 

Phosphorus 0.63 0.63 0.51 0.51 

     
1
Arbocel® crude fibre concentrate, J. Rettenmaier & Söhne Group  

2
Ronozyme Hyphos GT® DS (this amount provides 1000 FTU/kg feed)  

3
Gustor®, sodium butyrate, NOREL Animal Nutrition  

4
Vitamin premix per kg of feed: vit a, 10,200 iu; vit e, 60 iu; vit d, 1980 iu; vit k, 1.2 mg; biotin, 0.08 mg; folacin, 0.75 mg; 

niacin, 36 mg; pantothenic acid, 16.55 mg; riboflavin, 7.2 mg; thiamin, 0.30 mg; b6, 0.31 mg; b12, 0.04 mg;  
5
Mineral premix per kg of feed: cobalt, 0.72 mg; copper, 14.40 mg; iodine, 0.96 mg; iron, 120 mg; manganese, 36 mg; 

selenium, 0.30 mg; zinc, 144 mg 
6
Estimated from INRA tables (INRA, 2002) 

 

 
Protein determination in pancreatic tissue was undertaken using the technique by Lowry et al. (1951). 

Specific activity (substrate μmol released per minute per mg of protein) and total activity (substrate μmol 
released per minute per g of tissue or digesta) of trypsin were determined following the method of Reboud et 
al. (1962).  

AID and ATT) were estimated using the following equation (Fan et al., 1994): 

             [  [(      ) (      )⁄ ]]      (1) 
Where: AID or ATTD = apparent digestibility (ileal or total tract) of a nutrient in the diet  

ID = concentration of the marker in the diet (mg/kg DM)  
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AF = concentration of the nutrient in ileal digesta or faeces (mg/kg DM)  
AD = concentration of the nutrient in the diet (mg/kg DM) 
IF = concentration of the marker in the ileal digesta or faeces (mg/kg DM) 

 
Homogeneity of variance for all data was tested using Levene’s test with the HOVTEST of SAS 

software (SAS version 9.2, 2008). The data from all variables (AID, ATTD, villus height, crypts depth, STA, 
and TTA) were analysed as a completely randomized block design with a 2 × 2 factorial arrangement, using 
the GLM procedure of SAS software (SAS version 9.2, 2008). The piglets were the experimental units for all 
the variables. Treatment means were compared using the Duncan method, and an α-value of 0.05 was used 
to assess significance (Steel & Torrie, 1980). 

 

Results 
There was no effect (P >0.10) of treatments on villi height and crypt depth in any intestinal portion 

(Table 2). The average villi height of piglets fed SM in the duodenum was 515 μm, 377 μm, in the jejunum, 
and 332 μm in the ileum; and for those fed SBM was 582, 423, and 370 μm in the duodenum, jejunum, and 
ileum respectively. The average crypt depth of piglets fed SM in the duodenum was 133 μm, 132 μm in 
jejunum, and 129 μm in ileum; and for those fed SBM was 138, 128, and 137 μm in the duodenum, jejunum 
and ileum, respectively. 

 
 
Table 2 Effect of protein source: Soybean meal or Sesame meal; or phytase enzyme: added or non-added 
on measures of intestinal villi of duodenum, jejunum, and ileum of piglets (in mm). 
 

Main Factors 
Source Enzyme  Source Enzyme 

SM
1
 SBM

2
 Without With SEM

3
 P

4
 P 

        

Duodenum        

Villi height 515 582 588 528 51.2 0.99 0.76 

Crypt depth 128 138 127 138 7.4 0.17 0.85 

Jejunum        

Villi height 377 423 407 400 26.6 0.62 0.59 

Crypt depth 134 128 131 130 10.0 0.70 0.93 

Ileum        

Villi height 332 370 329 373 35.3 0.26 0.89 

Crypt depth 120 137 130 130 8.9 0.28 0.85 

        

Treatments        

Source SM SBM SEM Interaction  

Enzyme Without With Without With  P  

Duodenum        

Villi height 493 528 636 528 39.1 0.34  

Crypt depth 126 129 128 148 5.6 0.42  

Jejunum        

Villi height 356 388 433 413 20.1 0.50  

Crypt depth 136 134 129 127 7.6 0.99  

Ileum        

Villi height 325 336 331 410 26.7 0.51  

Crypt depth 118 122 136 139 6.7 0.99  

        
1
Sesame meal  

2
Soybean meal  

3
Standard error of m meal  

4
Probability of α level 
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There was no effect (P >0.10) of treatments on TTA (Table 3). The value for piglets fed SM was 3921 

IU/g of tissue; and for those fed SBM was 3961 IU/g of tissue. The STA was affected (P <0.05) by protein 
source. The values were 66.7 and 55.4 IU/mg of tissue for animals fed the SM and SBM, diets respectively. 
However, no effect (P >0.10) was observed between the animals fed diets without phytase and those fed 
diets with phytase 64.1 and 58.1 IU/mg protein, respectively.  
 
 
Table 3 Effect of protein source: Soybean meal or Sesame meal; or phytase enzyme: added or non-added 
on Specific and Total Trypsin Activity. 
 

Main Factors 
Source Enzyme  Source Enzyme 

SM
1
 SBM

2
 Without With SEM

3
 P

4
 P 

        

Total activity
a
 3921 3961 3994 3888 168.0 0.87 0.67 

Specific activity
b
 66.7 55.4 64.1 58.1 3.8 0.05 0.28 

        

Treatments        

Source SM SBM SEM Interaction  

Enzyme Without With Without With  P  

        

Total activity 4155 3688 3833 4089 135.4 0.16  

Specific activity 74.2 59.3 54.0 56.8 3.02 0.12  

        
1
Sesame meal  

2
Soybean meal  

3
Standard error of the mean  

4
Probability of α level  

a
Total enzyme activity (IU/g of tissue)  

b
Specific enzyme activity (IU/mg of protein) 

. 

 
 

Protein source did not affect (P >0.05) the AID of any nutrient. The average AID of DM was 72.3, E 
73.6, protein 77.7 (Table 4). The least digestible AA was histidine (53.6 and 59.6 in SM and SBM, 
respectively). Arginine was the most digestible amino acid in SM (85.8). It was more digestible (P <0.001) 
than in SBM diets (81.6). The most digestible AA in the SBM diet was lysine (83.7) and its digestibility was 
similar (P >0.05) to that observed in the SM diet (82.7). The protein source did not affect (P >0.05) the Ca 
and P AID. However, the ATTD of DM and E was higher (P <0.05) in SBM diets (86.4; 86.2) than in SM diets 
(84.4; 84.0), respectively (Table 5). 

Phytase addition did not affect (P >0.05) the AID of DM, CP and E. However, it improved significantly 
(P <0.001) the AID of Ca, and P (Tables 4 and 5). At faecal level (Table 6), the enzyme did not affect (P 
>0.05) the ATTD of DM (85.4), protein (81.5), and E (85.1). There was a trend to be significant (P < 0.06) the 
interaction for the ATTD of DM, because there was an increment from 83.9 to 86.1 in Sesame Meal Dry 
Matter Apparent Total Tract Digestibility when phytase was added to the diet and a decrement from 87.1 to 
86.3 in Soybean Meal diet. Phytase increased significantly (P <0.001) the ATTD of Ca 22.7%, and P 27.9%.  
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Table 4 Effect of protein source: Soybean meal or Sesame meal; or phytase enzyme: added or non-added on Apparent Ileal Digestibility. 
 

Main Factors 
Source Enzyme  Source Enzyme Sesame Meal Soybean Meal  Interaction 

SM
1
 SBM

2
 Without With SEM

3
 P

4
 P Without With Without With SEM P 

              

Dry matter 71.1 73.4 71.0 73.4 1.37 0.20 0.21 69.4 73.1 74.6 73.6 1.82 0.17 

Protein 77.4 78.0 77.5 77.9 0.88 0.63 0.70 76.4 77.4 78.8 77.1 1.44 0.23 

Energy 72.7 74.5 73.1 74.1 1.10 0.19 0.54 72.5 73.0 75.6 75.0 1.47 0.66 

Amino acids              

Alanine 67.6 68.5 68.0 68.1 1.62 0.69 0.98 68.3 66.9 68.2 69.5 2.17 0.50 

Aspartic acid 74.4 74.5 73.4 75.5 1.61 0.98 0.37 74.4 74.0 73.7 76.0 2.16 0.49 

Arginine 85.8 81.6 83.7 83.7 0.97 0.01 0.97 86.9 85.4 82.2 81.8 1.30 0.65 

Glutamic acid 83.8 83.1 83.1 83.8 0.95 0.52 0.62 83.8 83.2 83.2 83.1 1.28 0.81 

Glycine 60.8 59.8 61.1 59.5 2.24 0.72 0.60 62.5 59.0 60.5 58.6 3.00 0.76 

Histidine 53.6 59.6 55.8 57.4 2.75 0.14 0.66 49.0 56.7 60.3 55.3 3.70 0.08 

Isoleucine 76.1 77.6 76.6 77.2 1.28 0.36 0.74 75.9 75.6 77.0 79.1 1.71 0.45 

Leucine 77.9 78.1 77.2 78.8 1.08 0.92 0.30 77.5 78.7 77.8 80.2 1.45 0.65 

Lysine 82.7 83.7 82.9 83.5 1.02 0.45 0.68 83.6 81.7 83.4 84.9 1.47 0.20 

Phenylalanine 80.7 78.5 78.5 80.7 1.22 0.18 0.22 79.6 81.8 78.4 80.1 1.63 0.85 

Proline 66.8 69.8 69.1 67.4 3.18 0.46 0.71 67.8 63.6 68.5 69.9 4.28 0.49 

Serine 74.3 74.3 73.6 74.9 1.31 0.96 0.48 74.4 74.3 74.3 75.4 1.75 0.73 

Threonine 73.8 73.5 73.4 74.0 1.33 0.87 0.74 73.5 74.6 74.7 73.7 1.77 0.54 

Tyrosine 76.0 75.2 75.0 76.7 1.47 0.69 0.28 76.5 76.5 74.5 77.6 1.96 0.40 

Valine 82.5 82.8 81.9 83.4 1.05 0.79 0.30 82.8 82.8 82.3 84.5 1.41 0.41 

              

Calcium 73.3 63.5 50.5 81.3 4.55 0.32 0.001 61.7 81.3 43.7 81.3 5.10 0.28 

Phosphorus 56.8 62.2 49.3 69.7 4.03 0.26 0.001 43.0 68.4 54.5 69.9 3.08 0.36 

              
1
Sesame meal  

2
Soybean meal  

3
Standard error of m meal  

4
Probability of α level 
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Discussion 
Because the experimental starter diets were the first feeds that were offered to the piglets after 

weaning, it was important to use ingredients that were highly digestible and then only gradually to make 
changes to conventional ingredients (Kim & Hansen, 2013). For these reasons, the contents of SM and SBM 
were limited to 20% of the experimental diet. The lack of an effect of diet on villus height and crypt depth 
could be because of the time that had elapsed between weaning and obtaining the samples obtained. This 
time corresponds to the adaptation period of the gut to the weaning diet and in this period the main factors of 
this adaptation are the re-feeding and the time, while the diet per se had little influence (Montagne et al., 
2007). Feed intake ensures the presence of nutrients at lumen level, which has a positive effect on the 
structural development of the mucosa. This lack of influence of sesame on gut disturbances has been 
observed (Aguilera et al., 2014), and could be related to the quality of SM, because it had a similar 
digestibility to SBM. 

The interactions between negatively charged phytate molecules and protein are favoured in the 
presence of basic AAs (arginine, histidine and lysine) when the pH is below to the isoelectric point of the 
protein, which prompts the formation of insoluble macromolecular aggregates (Selle et al., 2012). The α-
globulin from SM is rich in arginine and its isoelectric point is 4.5, so meets these two characteristics. The 
formation of this precipitate may have required a greater amount of trypsin to digest it, which would explain 
the greater STA observed in animals fed the SM diets (Selle et al., 2012). 

 
 
Table 5 Effect of protein source: Soybean meal or Sesame meal; or phytase enzyme: added or non-added 
on Apparent Total Tract Digestibility. 
 

Main Factors 
Source Enzyme  Source Enzyme 

SM
1
 SBM

2
 Without With SEM

3
 P

4
 P 

        

Dry matter 84.4 86.4 84.9 85.8 1.89 0.04 0.44 

Protein 80.9 82.2 81.0 82.0 2.10 0.25 0.49 

Energy 84.0 86.2 85.5 84.7 0.67 0.02 0.39 

Calcium 68.4 65.1 53.9 79.6 3.93 0.51 0.001 

Phosphorus 59.0 61.7 46.4 74.3 4.07 0.61 0.001 

        

Treatments        

Source SM SBM SEM Interaction  

Enzyme Without With Without With  P  

        

Dry matter 83.9 86.1 87.1 86.3 0.60 0.06  

Protein 80.5 81.8 82.2 82.6 0.86 0.70  

Energy 84.3 83.7 86.7 85.7 0.67 0.81  

Calcium 57.2 79.6 50.6 79.6 3.94 0.50  

Phosphorus 46.8 71.2 46.0 77.3 4.08 0.50  

        
1
Sesame meal  

2
Soybean meal  

3
Standard error of m meal  

4
Probability of α level 

 
  

A high-protein diet induces pancreatic growth and the production of pancreatic proteases (Hara et al., 
2001; Montagne et al., 2007). A possible explanation for this effect is that dietary protein in the lumen of the 
small intestine competes with endogenous Cholecystokinin (CCK)-releasing peptide factors for hydrolysis by 
pancreatic proteases, which results in the prolonged survival of CCK-releasing peptides (Hara et al., 2001). 

This mechanism could explain the STA levels in diets with and without the phytase enzyme, because 
several reports showed that phytase increases protein and AA ileal digestibility (Selle & Ravindran, 2008; 
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Gilani et al., 2012; Selle et al., 2012; Dersjant-Li et al., 2015). Additionally, this could increase the hydrolysis 
of the endogenous CCK-releasing peptide factors by diminishing their stimuli on the pancreas, even if this 
has not been reflected in AA ileal digestibility. The similar apparent ileal digestibility among diets could be 
explained by two factors: the four diets had the same ingredients (yellow corn, soybean meal concentrate, 
whey milk, and crystalline AAs); and the quality of the meals, because SBM and SM have similar digestibility 
(Aguilera et al., 2015). This characteristic highlights the potential importance of SM as a protein source for 
piglets at weaning. Weaning is characterized by low feed intake, which causes loss of mucosal integrity (Reis 
de Souza & Mariscal-Landín, 1997; Reis de Souza et al., 2005; Reis de Souza et al., 2007). This 
deterioration reduces the ability of the small intestine to export citrulline, which affects the synthesis of 
arginine in the body and prompts the need for arginine supplementation (Hernandez et al., 2009; Tan et al., 
2009; Tan et al., 2010) to improve growth performance and intestinal integrity in weaning piglets. 

The lack of difference in protein ATTD among experimental groups could be explained by the similar 
diet composition. However, the lower ATTD of DM (two percentage units) in the SM diet may be as the result 
of the greater content of SM in neutral detergent fibre (NDF) than in SBM (Aguilera et al., 2014). The higher 
E digestibility of the SBM diet compared with the SM diet could be for the same reason (richness of NDF in 
SM), and the greater content of corn oil, which is a source of highly digestible energy. Normally, pig diets 
have approximately 3 g phytic P/kg feed (Selle & Ravindran, 2008). Vegetable P represented approximately 
68% (4 g/kg) in the SM diet and 59% (3 g/kg) in the SBM diet. The higher amount of phytic P in the SM diet 
is because of its high level of phytate (Selle et al., 2012; Aguilera et al., 2014). The rate of increase of P 
ATTD in the SM (24.4 percentage units) and SBM (31.3 percentage units) diets represents 1.4 g (0.14%) of 
P released by phytase in the SM diets and 1.6 g (0.16%) of P released in the SBM diets. These values are 
similar to the amount of P that is normally diminished in diets supplemented with phytase (Selle & Ravindran, 
2008). This amount (1.5 g P released/kg feed) is equivalent to the release of 50% of phytate-bound P in diets 
containing 3.0 g/kg phytate-P. The P equivalency value of phytase then becomes 1.5 g/kg phytate-inorganic 
P (Selle & Ravindran, 2008).  

The lower amount of P released by phytase in the SM diet compared with the SBM diet could be 
because soybeans contain a smaller amount of phytic acid, although the same amount of enzyme was 
added to the two diets. Consequently, a better enzyme : substrate ratio could be attained in the SBM diet 
compared with the SM diet, which allowed the enzyme to release a higher amount of P. Another possible 
explanation is that phytase activity varies between SM and SBM because of differences in the composition, 
level, and location of phytate (Dersjant-Li et al., 2015). SM contains more fibre than SBM, and its phytic acid 
could be closely linked to fibre (Selle & Ravindran, 2008), which could hinder phytase efficiency. These 
possibilities are not mutually exclusive. 

In the SM and SBM diets, 62% of Ca (3.7 g/kg) and 21.1% of Ca (1.1 g/kg), respectively, were of 
vegetable origin. Several authors have reported an increment of Ca ATTD when the phytase enzyme has 
been added to the diet (Braña et al., 2006; Almeida et al., 2013) because Ca is chelated by phytic acid, 
regardless of its original form (Woyengo & Nyachoti, 2013). When phytase hydrolyses phytic acid, it releases 
the chelated Ca, making it available for the pigs to use. 

 

Conclusion 
The findings of this study confirm that SM could be used as an alternative protein source for weaned 

piglets and could increase the amount of digestible arginine levels in a natural and practical way. Even in 
starter diets that are characterized by low levels of phytic P, phytase increased P and Ca ATTD, allowing the 
reduction of P mineral supplementation in the diet.  
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