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Introduction 
 

Nutrient and energy digestibility of feedstuffs in modern pigs are well established and form the 
basis of nutrient requirements expressed in digestible basis. There are some evidences that indigenous 
breeds such as Meishan (Kemp et al., 1991), Alentejano (Freire et al., 1998), Mong-Cai (Len et al., 2007) 
and Mukota (Ndindana et al., 2002) can digest and utilize feeds particularly high fiber ingredients more 
efficiently than modern crossbred pigs. This greater ability to digest high fiber diets may be due to a 
larger hindgut and probably to a more active microflora (Fevrier et al. 1988; Freire et al., 1998; Len et 
al., 2007). It is, therefore, possible that the type of dietary fiber as well as breed of the pig influence the 
degree of fermentability of dietary fiber, and consequently energy value of different feedstuffs (von 
Heimendahl et al., 2010). However, there is limited data in indigenous breeds in particular the Philippine 
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minerals was formulated. The next two diets were formulated by mixing 70% of the basal diet with 
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black Tiaong native pigs. The ability of Philippine black Tiaong native pigs to digest different nutrients, 
energy and dietary fiber compared with hybrid pigs have never been fully investigated, hence, this study 
was carried out. 
 
 
Materials and Methods 
 
Animals and Experimental Design 

 
A total of 18 Philippine black Tiaong native and 18 hybrid (PIC L337 × C24) pigs of similar 

weights were used. For each breed, each pig was randomly allotted to one (1) of four (4) dietary 
treatments arranged in a 3 × 6 (native pigs) and 2 × 9 (hybrid pigs) Latin square design. Pigs 
were individually penned in metabolism cages (0.6 × 2.2 × 1.2 m) equipped with a feeder and a 
drinker, fully slatted floors, a screen floor, and urine trays, which allowed for the total, but 
separate, collection of urine and fecal materials from each pig. 
 
Experimental Diets 

 
A corn-diet consisting of 95% corn (as-fed basis), vitamins and minerals was formulated 

(Tables 1 and 2). The next two diets were formulated by mixing 70% of the basal diet with 30% 
(as-fed basis) soybean meal and rice bran. All the experimental diets were in mash form. 
 
 
Table 1.  Analyzed chemical composition (as-fed basis) of corn, soybean meal and rice bran 
used in the experiment. 

ITEM 
INGREDIENT 

Yellow Corn SBM1 Rice Bran 
Dry Matter 86.78 87.36 87.53 
Gross Energy, kcal/kg   3,929.00   4,066.00   4,381.00 
Crude Protein (N × 6.25) 7.97 43.68 12.01 
Crude fat 4.29 1.02 13.25 
Crude fiber 1.74 2.87 3.67 
Ash 1.33 6.49 6.55 
Neutral Detergent Fiber 8.96 8.37 11.35 
Acid Detergent Fiber 2.56 6.93 4.55 
Acid Detergent Lignin 6.40 1.44 6.80 

 1SBM = soybean meal 
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Table 2.  Ingredient composition (as-fed basis) of experimental diets. 

ITEM 
DIET 

Corn 
Basal Diet SBM Rice Bran 

Ingredient, %    
Basal diet -- 70.00 70.00 
Corn, yellow  94.89 -- -- 
Soybean meal -- 30.00 -- 
Rice bran -- -- 30.00 
Copra expeller -- -- -- 
Monocalcium phosphate 2.29 -- -- 
Limestone 1.69 -- -- 
Vitamin premix1 0.43 -- -- 
Mineral premix2 0.14 -- -- 
Salt 0.57 -- -- 
Total  100.00 100.00 100.00 

 

1Provided the following quantities of vitamins per kg of complete diet: Vitamin A, 11,128 IU; 
vitamin D3, 2,204 IU; vitamin E, 66 IU; vitamin K, 1.42 mg; thiamin, 0.24 mg; riboflavin, 6.58 mg; 
pyridoxine, 0.24 mg; vitamin B12, 0.03 mg; D-pantothenic acid, 23.5 mg; niacin, 44 mg; folic acid, 
1.58 mg; biotin, 0.44 mg. 
2Provided the following quantities of micro minerals per kg of complete diet: Cu, 10 mg as copper 
sulfate; Fe, 125 mg as iron sulfate; I, 1.26 mg as potassium iodate; Mn, 60 mg as manganese 
sulfate; Se, 0.3 mg as sodium selenite; and Zn, 100 mg as zinc oxide. 

 
 
Sample Collection 

 
Pigs were weighed at the beginning of the experiment. The quantity of feed provided per pig 

daily was calculated as three times their estimated requirement for maintenance energy (i.e., 106 
kcal/kg BW0.75; NRC, 2012) and divided into three equal meals that were provided at 0700, 1000, and 
1600 h. Water was made available at all times. The experiment lasted for 30 days for native pigs and 20 
days for modern crossbred pigs. The pigs were allowed a five-day adaptation period to their diet and a 
five-day collection period using the marker-to-marker approach (Adeola, 2001). Urine was collected 
over a preservative of 50 ml of 6N HCl. Fecal samples and 20% of the collected urine were stored at -
20°C immediately after collection.  
 
Chemical Analyses 

 
At the conclusion of the experiment, fecal and urine samples were thawed then mixed within 

animal and diet. A sub-sample was collected and used for chemical analysis. Fecal samples were dried 
to a constant weight in a hot air oven (65-70oC) and ground through a 40-mesh sieve. Samples of corn, 
soybean meal, rice bran and copra expeller and all diets were analyzed for DM by oven drying triplicate 
samples at 135oC for 2 hours (AOAC, 2007), CP (AOAC, 2007), ether extract (AOAC, 2007), crude fiber 
(AOAC, 2007), and ash (AOAC, 2007). Feed ingredients and diet samples were analyzed in triplicate for 
ADF (AOAC, 2007) and NDF (Holst, 1973). Fecal, urine, feed ingredients, and diet samples were analyzed 
in triplicate for GE using bomb calorimeter.  
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Energy Calculations 

 
The amount of energy lost in the feces and in the urine, respectively, was calculated, and the 

quantities of DE and ME in each of the diets were calculated (Adeola, 2001).  
 

DEdiet=  
GEintake-Fecal energyoutput

ADFI
 

MEdiet=
GEintake- �Fecal energyoutput+ Urine energyoutput�

ADFI
 

 
The DE and ME in the corn-diet were multiplied by 70% to calculate the contribution from the 

corn-diet to the DE and ME in diets containing soybean meal and rice bran. The DE and ME in soybean 
meal and rice bran were calculated by difference using the following equation (Widmer et al., 2007): 
 

 
 

Where DEA is the digestible energy of test ingredient (kcal/kg), DED is digestible energy of 
component in the diet based on test ingredient (kcal/kg), DEB is digestible energy of component in the 
diet based on reference ingredient (kcal/kg), SB is contribution level of component from reference 
ingredient to the diet based on the test ingredient (%), and SA is contribution level of component from 
test ingredient to the diet based on the test ingredient (%). 
 
Digestibility Calculations 

 
The apparent total tract digestibility (ATTD, %) of DM, GE, CP, crude fat, crude fiber, ash, NDF 

and ADF were calculated using the following equation:  
 

𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀 (%) =
[𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍−𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐟𝐟]

𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍
 𝐱𝐱 𝟏𝟏𝟏𝟏𝟏𝟏 

 
where ATTD is the apparent total tract digestibility, Nutrienti is the total nutrient intake (g) from d 6 to 
d 10; and Nutrientf is the total fecal output (g) of the nutrient originating from the diet fed from d 6 to 
d 10 (Almeida and Stein, 2010). 
 
 
Statistical Analysis 

 
Data were analyzed using the MIXED procedure of SAS with pig as the experimental unit. The 

model included breed, diet, and breed × diet as fixed effects and pig as the random effect. If significant 
(P≤0.05) differences exist, the PDIFF option of SAS was used to separate means and adjusted using the 
Tukey-Kramer test. The α-level used to determine significance and tendencies between means were 
≤0.05 and ≤0.10, respectively. 
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Results 
 
Daily Energy Balance  

 
There were no significant breed × diet interaction for DM intake, GE intake, ATTD of GE, fecal 

output, fecal GE output, urinary GE output, DE and ME of the diet (Table 3). This implies that the effect 
of breed on daily energy balance is independent of the diet. There was no main effect of diet on daily 
energy balance (Table 4). However, Philippine black Tiaong native pigs had greater (P<0.03) DM and GE 
intake and tended (P<0.10) to have greater fecal output than hybrid pigs. Fecal GE output, however, 
was similar between the breeds. As a result, ATTD of GE and DE of the diet were greater (P<0.001) for 
Philippine black Tiaong native pigs compared with hybrid pigs. Urinary output and urinary GE output 
was also greater (P<0.001) in Philippine black Tiaong native pigs compared with those of hybrid pigs; 
however, ME of the diet was also greater (P<0.001) for Philippine black Tiaong native pigs.  
 
Energy Concentration 

 
There were no significant breed × diet interaction for energy concentration (Table 5); therefore, 

only main effects of diet and breed were discussed. There was no diet effect observed for both DE and 
ME of corn, soybean meal, and rice bran (Table 6). However, the DE and ME of corn, soybean meal and 
rice bran in Philippine black Tiaong native pigs were greater (P<0.001) compared with the DE and ME of 
the same ingredients measured in hybrid pigs. 
 
Apparent Total Tract Digestibility of Nutrients 

 
There were no significant breed × diet interactions for ATTD of nutrients, except for CP (Table 

7).  In modern crossbred pigs, ATTD of CP of SBM was greater than both rice bran and yellow corn, and 
rice bran was greater than in yellow corn.   In Philippine black Tiaong native pigs, ATTD of CP of SBM 
was also greater while rice bran and yellow corn have similar ATTD of CP.  

For the main effect of diet, SBM had greater (P = 0.02) ATTD of fat than both rice bran and 
yellow corn, and rice bran had similar ATTD of fat with yellow corn (Table 8). There were no significant 
differences in ATTD of crude fiber and NDF among the ingredients, but SBM had greater (P = 0.02) ATTD 
of ADF than yellow corn, with rice bran being intermediate. The ATTD of ash in SBM was similar to those 
of rice bran but both were greater (P=0.002) than yellow corn.  

For the main effect of breed, Philippine black Tiaong native pigs had greater (P<0.03) ATTD of 
CP, crude fiber, NDF, ADF, and ash and tended (P=0.08) to have greater ATTD of fat compared with 
hybrid pigs. This indicates that Philippine black Tiaong native pigs are more efficient in digesting 
nutrients than hybrid pigs, including their ability to ferment dietary fiber. 
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Discussion 
 

Differences in nutrient digestibility, particularly with dietary fiber, may be a result of both 
population and variety of microflora residing in the gut of native pigs. The swine microflora contains 
highly active ruminal cellulolytic and hemicellulolytic bacterial species. These microorganisms are 
known to increase in response to the ingestion of diets high in plant material (Varel and Yen, 1997). 
Varel (1987) reported that the cellulolytic organisms in the pig, like Bacteroides succinogenes and 
Ruminococcus flavefaciens, are similar to those in the rumen and this explains why pigs can maintain 
themselves by merely grazing on forage. A larger number of cellulolytic bacteria were found in the fecal 
samples from pigs fed the high fiber diet. These significantly affect the intestinal bacterial metabolism 
and number, and activity of the cellulolytic population (Varel et al., 1984; Varel et al., 1988). Wenk et 
al. (2001) also revealed that increases in the microbial growth in the GIT can lead to an increased 
excretion of nutrients in feces and DF beneficially influences the well-being and health of the pigs. The 
most dominant bacteria are: Prevotella ruminicola, Selenomonas ruminantium, Butyrivibrio fibrisolvens, 
Lactobacillus acidophilus, Peptostreptococcus productus, and six Eubacterium aerofaciens. These 
bacteria and microorganisms ferment undigested feed components and endogenous secretions in the 
LI (Mosenthin, 1998). 

The results of the present study confirm that Philippine black Tiaong native pigs have the same 
ability as other indigenous swine breeds in digesting nutrients, energy and dietary fiber compared with 
modern crossbred pigs. Urriola and Stein (2012) also observed that Meishan pigs have greater ATTD of 
DM, GE, and some nutrients in corn-soybean meal diets than Yorkshire pigs. Likewise, Len et al. (2009) 
also reported that Mong Cai pigs had higher ATTD of OM, GE, crude fiber, NDF, EE, and CP than Landrace 
× Yorkshire pigs, but had significantly lower ADG and poorer F/G. As was observed in the present study, 
the ATTD of fat was also better in Mong Cai pigs (Samkol and Ly, 2008). Len et al. (2009) showed that 
Mong Cai pigs had longer intestines fed on fibrous diets than Landrace × Yorkshire pigs. These indicate 
that the gastrointestinal tract of Mong Cai pigs developed more rapidly than Landrace × Yorkshire pigs, 
which may partly explain the observed differences in digestibility.  

In contrast, Yen et al. (2004) observed no differences between Duroc × White composite 
crossbred and Meishan pigs in total viable bacteria and cellulolytic bacteria from fecal samples, in vitro 
digestibility of alfalfa NDF fractions by fecal inocula, whole-body oxygen consumption, net portal 
absorption of VFA, total energy of absorbed VFA, and the potential of absorbed VFA for meeting the 
energy needs for whole-body heat production. These results indicate that, in contrast to other studies, 
the ability of Meishan growing pigs to utilize a high-fiber diet is not superior to that of Duroc × White 
composite crossbred growing pigs. Furthermore, Ly et al. (1998) also observed that the crude fiber and 
NDF contents of the diet was higher in improved pigs (CC21) than in Cuban Creole pigs and daily fecal 
output of water and SCFA was significantly greater in Creole pigs than in CC21 pigs. These imply that 
digestion of a diet very high in fiber does not appear to be greater in Creole pigs and that improved pigs 
digested most of the diet components better than the Creole pigs.  
 
 
Conclusion 
 

In conclusion, Philippine black Tiaong native pigs have greater ability to digest energy, CP, fat, 
fiber and minerals compared with hybrid pigs. Therefore, energy and nutrient digestibility values for 
feed ingredients determined in modern hybrid pigs are underestimated, and may not be used to 
formulate diets for Philippine black Tiaong native pigs. Nutritional value of feed ingredients must be 
determined for Philippine black Tiaong native pigs to develop effective and sustainable feeding 
programs. 

 
 
 

 



 Comparative Digestibility of Nutrients, Energy and Dietary Fiber in Feed Ingredients Fed to 
Philippine Black Tiaong Native (Sus scrofa domesticus) and Hybrid Pigs 

 

    
Vol. 6 No. 2 (September 2022) ISSN: 2507-9638 DOI: https://doi.org/10.22137/ijst.2022.v6n2.01      13 

Acknowledgements 
 
This research would not have been possible without the financial support of the Department of 

Science and Technology’s Accelerated Science and Technology Human Resource Development Program 
– National Science Consortium; Philippine Council for Agriculture, Forestry and Natural Resources 
Research and Development’s Thesis/Dissertation Assistance Program; Department of Agriculture’s 
Bureau Agricultural Research; and Commission on Higher Education’s Office of Planning, Research, and 
Knowledge Management. 
 
References 
 
Adeola, O. (2001). Digestion and balance techniques in pigs. Swine Nutrition. 2nd edition. 
 
Almeida, F. N., & Stein, H. H. (2010). Performance and phosphorus balance of pigs fed diets formulated 

on the basis of values for standardized total tract digestibility of phosphorus. Journal of animal 
science, 88(9), 2968-2977. 

 
Association of Analytical Chemists (AOAC): Official Methods of Analysis. (2007). 18th edition. 

Washington, D.C: AOAC. 
 
Freire, J. P. B., Peiniau, J., Cunha, L. F., Almeida, J. A. A., & Aumaitre, A. (1998). Comparative effects of 

dietary fat and fiber in Alentejano and Large White piglets: digestibility, digestive enzymes and 
metabolic data. Livestock Production Science, 53(1), 37-47. 

 
Fevrier, C., Bourdon, D., & Aumaitre, A. (1992). Effects of level of dietary fiber from wheat bran on 

digestibility of nutrients, digestive enzymes and performance in the European Large White and 
Chinese Mei Shan pig. Journal of Animal Physiology and Animal Nutrition, 68(2), 60-72. 

 
Guo, X., Xia, X., Tang, R., Zhou, J., Zhao, H., & Wang, K. (2008). Development of a real-time PCR method 

for Firmicutes and Bacteroidetes in feces and its application to quantify intestinal population of 
obese and lean pigs. Letters in applied microbiology, 47(5), 367-373. 

 
Holst, D. O. (1973). Holst filtration apparatus for Van Soest detergent fiber analyses. Journal of the 

Association of Official Analytical Chemists, 56(6), 1352-1356. 
 
Jin, L., Reynolds, L. P., Redmer, D. A., Caton, J. S., & Crenshaw, J. D. (1994). Effects of dietary fiber on 

intestinal growth, cell proliferation, and morphology in growing pigs. Journal of Animal 
Science, 72(9), 2270-2278. 

 
Kemp, B., Den Hartog, L. A., Klok, J. J., & Zandstra, T. (1991). The digestibility of nutrients, energy and 

nitrogen in the Meishan and Dutch Landrace pig. Journal of Animal Physiology and Animal 
Nutrition, 65(1-5), 263-266. 

 
Len, N., Lindberg, J. E., & Ogle, B. (2007). Digestibility and nitrogen retention of diets containing different 

levels of fiber in local (Mong Cai), F1 (Mong Cai× Yorkshire) and exotic (Landrace× Yorkshire) 
growing pigs in Vietnam. Journal of Animal Physiology and Animal Nutrition, 91(7-8), 297-303. 

 
Len, N. T., Hong, T. T. T., Ogle, B., & Lindberg, J. E. (2009). Comparison of total tract digestibility, 

development of visceral organs and digestive tract of Mong cai and Yorkshire× Landrace piglets 
fed diets with different fiber sources. Journal of Animal Physiology and Animal Nutrition, 93(2), 
181-191. 



Villanueva, 2022 

     
Vol. 6 No. 2 (September 2022) ISSN: 2507-9638 DOI: https://doi.org/10.22137/ijst.2022.v6n2.01  14 

 
Low, A. G. (1989). Secretory response of the pig gut to non-starch polysaccharides. Animal Feed Science 

and Technology, 23(1-3), 55-65. 
 
Ly, J., Diéguez, F. J., Martinez, R. M., & Garcıa, A. (1998). Digestion of a diet very high in fiber in Cuban 

Creole pigs. Animal Feed Science and Technology, 72(3-4), 397-402. 
 
Mosenthin, R. (1998). Physiology of small and large intestine of swine-Review. Asian-Australasian 

Journal of Animal Sciences, 11(5), 608-619. 
 
Ndindana, W., Dzama, K., Ndiweni, P. N. B., Maswaure, S. M., & Chimonyo, M. (2002). Digestibility of 

high fiber diets and performance of growing Zimbabwean indigenous Mukota pigs and exotic 
Large White pigs fed maize based diets with graded levels of maize cobs. Animal Feed Science 
and Technology, 97(3-4), 199-208. 

 
National Research Council (NRC). 2012. Nutrient requirements of swine. 11th rev. ed. Natl. Acad. Press, 

Washington, DC. 
 
Nyachoti, C. M., Lange, C. D., McBride, B. W., & Schulze, H. (1997). Significance of endogenous gut 

nitrogen losses in the nutrition of growing pigs: A review. Canadian Journal of Animal 
Science, 77(1), 149-163. 

 
Samkol, P., & Ly, J. (2008). BALANCE OF N OF YOUNG MONG CAI AND LARGE WHITE PIGS. HIGH FIBROUS 

DIETS BASED ON FULL-FAT RUBBER SEEDS. Revista Computadorizada de Producción Porcina 
Volumen, 15(3). 

 
Urriola, P. E., & Stein, H. H. (2012). Comparative digestibility of energy and nutrients in fibrous feed 

ingredients fed to Meishan and Yorkshire pigs. Journal of animal science, 90(3), 802-812. 
 
Van Wieren, S. E. (2000). Digestibility and voluntary intake of roughages by wild boar and Meishan 

pigs. Animal Science, 71(1), 149-156. 
 
Varel, V. H., Pond, W. G., & Yen, J. T. (1984). Influence of dietary fiber on the performance and cellulase 

activity of growing-finishing swine. Journal of Animal Science, 59(2), 388-393. 
 
Varel, V. H., Jung, H. G., & Pond, W. G. (1988). Effects of dietary fiber of young adult genetically lean, 

obese and contemporary pigs: rate of passage, digestibility and microbiological data. Journal of 
Animal Science, 66(3), 707-712. 

 
Varel, V. H. (1987). Activity of fiber-degrading microorganisms in the pig large intestine. Journal of 

animal science, 65(2), 488-496. 
 
Varel, V. H., & Yen, J. T. (1997). Microbial perspective on fiber utilization by swine. Journal of Animal 

Science, 75(10), 2715-2722. 
 
Von Heimendahl, E., Breves, G., & Abel, H. J. (2010). Fiber-related digestive processes in three different 

breeds of pigs. Journal of animal science, 88(3), 972-981. 
 
Weber, T. E., Trabue, S. L., Ziemer, C. J., & Kerr, B. J. (2010). Evaluation of elevated dietary corn fiber 

from corn germ meal in growing female pigs. Journal of animal science, 88(1), 192-201. 
Wenk, C. (2001). The role of dietary fiber in the digestive physiology of the pig. Animal Feed Science and 

Technology, 90(1-2), 21-33. 



 Comparative Digestibility of Nutrients, Energy and Dietary Fiber in Feed Ingredients Fed to 
Philippine Black Tiaong Native (Sus scrofa domesticus) and Hybrid Pigs 

 

    
Vol. 6 No. 2 (September 2022) ISSN: 2507-9638 DOI: https://doi.org/10.22137/ijst.2022.v6n2.01      15 

 
Widmer, M. R., McGinnis, L. M., & Stein, H. H. (2007). Energy, phosphorus, and amino acid digestibility 

of high-protein distillers dried grains and corn germ fed to growing pigs. Journal of animal 
science, 85(11), 2994-3003. 

 
Yen, J. T., Varel, V. H., & Nienaber, J. A. (2004). Metabolic and microbial responses in western crossbred 

and Meishan growing pigs fed a high-fiber diet. Journal of animal science, 82(6), 1740-1755. 
 
Zebrowska, T., & Low, A. G. (1987). The influence of diets based on whole wheat, wheat flour and wheat 

bran on exocrine pancreatic secretion in pigs. The Journal of nutrition, 117(7), 1212-121 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


	Comparative Digestibility of Nutrients, Energy and Dietary Fiber in Feed Ingredients Fed to Philippine Black Tiaong Native (Sus scrofa domesticus) and Hybrid Pigs
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


