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The experiment was conducted to determine the digestible energy (DE), metabolizable energy (ME), and 
apparent total tract digestibility (ATTD) of gross energy in ground yellow corn, rice bran, and copra meal 
when fed to Philippine native pigs. Nine barrows with an average initial bodyweight of 10 kg and ages 
ranging from 60 to 75 d old were housed individually in metabolism crates and randomly allotted to a 
triplicated incomplete 3 × 2 Latin square design with three diets and two periods. A corn-based diet 
containing 94.89% yellow corn and two diets containing 66.42% yellow corn and 30% rice bran or copra meal 
were fed to the native pigs for 10 d, which included a 5 d adaptation period and a 5 d collection period. The 
DE and ME in rice bran and copra meal were calculated using the substitution procedure with yellow corn as 
the basal ingredient. On a dry matter basis, ground yellow corn contained 3445 DE and 3314 ME kcal/kg, 
with 75.45% ATTD of gross energy (GE). Rice bran had 4137 DE and 4034 ME kcal/kg with 87.02% ATTD of 
GE, whereas copra meal contained 2914 DE and 2841 ME kcal/kg, with 64.72% ATTD of GE. These values are 
important in the establishment of feeding standards for the Philippine native pigs. 
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INTRODUCTION 

The Philippine native pig is a valuable genetic resource of 

the Philippine swine industry. Survey studies conducted 

by Maddul (1991), More et al. (1999), Lee et al. (2005), and 

Villanueva and Sulabo (2018) in different areas of the 

country show that poor nutrition is one of the major 

problems in native pig production. However, limited 

research on the nutrition of Philippine native pigs has 

been conducted and the nutrient requirements are not yet 

fully elucidated. In contrast to hybrid pigs which are fed 

commercial diets, native pigs in the Philippines are 

commonly fed household wastes or fruit-vegetable 

wastes. Although these feedstuffs are considered as low 

input, they do not provide sufficient and balanced 

nutrition for optimal growth. The initial intervention to 

address the poor performance of native pigs is to 

determine their nutrient requirements. Requirements of 

hybrid pigs are available in the Nutrient Requirements of 

Swine published by the NRC (2012), but such values may 

not be the optimum requirement for native pigs. 

Digestibility and utilization of nutrients are affected by 

the genotype (Ndindana et al. 2002; Len et al. 2007; 

Urriola and Stein 2012; Villanueva 2022) and bodyweight 

(Urriola and Stein 2012) of pigs; thus, specific nutrient 

requirements for native pigs should be determined.  

The conduct of feed ingredient evaluation through 

nutrient digestibility studies is a requisite procedure in 

the establishment of nutrient requirement for native pigs. 

Digestibility of nutrients in feed ingredients needs to be 

determined because it is recognized that swine diets are 

most precisely formulated based on the digestible content 

instead of the total nutrient content (Stein 2017). Nutrient 

requirements of swine are generally influenced by 

genotype, physiological status, performance potential, 

and environmental conditions (NRC 1998). Likewise, not 
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all nutrients contained in the diet are digested and 

absorbed; thus, it is necessary to determine the amount of 

each nutrient that is utilized by the animal (NRC 2012). 

This results in better performance of animals, higher 

returns, and lesser negative impact of animal excretions 

to the environment.  

This research was carried out to determine the 

digestibility of energy in locally available feed ingredients 

when fed to native pigs. Rice bran and copra meal are 

locally available raw materials which can be used as 

alternatives to yellow corn and soybean meal, 

respectively. Rice bran is one of the feed resources that 

local pig producers traditionally use for their native pigs. 

Rice mills are located in the country’s rural areas where 

rice bran can be procured at an affordable price. Copra 

meal is a by-product of coconut oil production. The 

Philippines is the second largest producer of coconut in 

the world (FAO 2023), and the by-products of coconut oil 

production generated are used as animal feed 

(Agriculture 2017). Native pig producers commonly feed 

these ingredients in combination with vegetable 

trimmings or rejects and other farm by-products. 

However, the digestibility of these ingredients in native 

pigs, particularly the Benguet strain, is not yet 

determined. To develop feeding programs utilizing these 

raw materials, their digestibility needs to be determined 

first; hence, the conduct of this research.  

This research aimed to determine the digestible 

energy (DE), metabolizable energy (ME), and apparent 

total tract digestibility (ATTD) in ground yellow corn, 

rice bran, and copra meal fed to Philippine native pigs.  

MATERIALS AND METHODS  

All protocols in this experiment were approved by the 

Institutional Animal Care and Use Committee (IACUC) 

of Benguet State University, La Trinidad, Benguet, with 

reference number AR-2020-090. Philippine native pigs 

from the Benguet strain were used as experimental 

animals (Fig. 1). The Benguet strain is also called the 

Benguet native pig, which is the common group of 

indigenous pigs raised by backyard swine pig producers 

in the province of Benguet.  

Animal, Diets, and Experimental Design  

This experiment was designed to measure the 

concentration of DE and ME in ground yellow corn, rice 

bran, and copra meal fed to growing Philippine native 

pigs. Nine barrows with an average initial bodyweight of 

10 kg were randomly distributed to a triplicated 

incomplete 3 × 2 Latin square design with three diets and 

two periods. Pigs were individually penned in metabolic 

cages (0.6 × 2.2 × 1.2 m) with a fully slatted floor and 

installed with feeders and drinkers, fecal trays, and urine 

buckets. Metabolism crates were designed for total but 

separate collection of feces and urine from each pig.  

Three experimental diets (Table 1) were formulated 

for the digestibility trial. The basal diet contained 94.89% 

ground yellow corn, whereas the treatment diets 

contained 66.42% ground yellow corn and 30% (as-fed 

basis) rice bran or copra meal. The amount of micro-

ingredients in the test diets, such as vitamins and 

minerals, were included at the same rates.  

Mary Arnel D. Garcia  Digestible and Metabolizable Energy Fed to Philippine Native Pigs  

Fig. 1.  Philippine native pig (Benguet Strain; 10 kg BW). 

Table 1. Ingredient composition of the experimental diets (as-
fed basis).1,2,3,4 

Item 
Diet 

Yellow Corn Rice Bran Copra Meal 

Ingredient, %    

Ground yellow corn                       94.89                       66.42                    66.42  

Rice bran  --                       30.00   --  

Copra meal  --   --                    30.00  

Monocalcium   
phosphate 

                        2.29                         1.60                      1.60  

Limestone                         1.69                         1.18                      1.18  

Vitamin premix                         0.43                         0.30                      0.30  

Mineral premix                         0.14                         0.10                      0.10  

Salt                         0.57                         0.40                      0.40  

Total 
                     

100.00  
                    100.00                   100.00  

Analyzed Diet 
Composition 

   

     DM, % 93.03 92.38 93.18 

     GE kcal/kg 
                  

4,003.00  
                 4,280.00                3,873.00  

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. 

3DM = dry matter 
4GE = gross energy 
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Feeding and Sample Collection  

Pigs were weighed at the start of the experiment. Feed 

allowance per day was calculated three times their 

estimated requirement for maintenance energy (i.e. 106 

kcal/kg BW0.75; NRC 1998). The daily feed allowance was 

equally divided into two meals and was fed at 0800 and 

1600 h. Clean water was provided throughout the 

experiment. Feed offered per day were recorded and 

leftovers were collected and weighed before feeding the 

next day.  

Each period lasted 10 d, with a five-day adaptation 

period and 5 d collection period following the marker-to

-marker approach by Kong and Adeola (2014). Chromic 

oxide was used as an indigestible marker to signal the 

start and end of collection of feces and urine. On day 6, 

the marker, at a rate of 4 g per 100 g of feeds, was fed to 

each pig. Once the mixture of feed and marker was 

consumed, the remainder of the feed allowance for that 

meal was provided. Feces and urine were collected 

when the marker first appeared in the feces after the 

administration of the start marker. The feces containing 

the marker had a visibly dark green color. On day 11, the 

stop marker was given following the same procedure in 

day 6. Collection ended when the marker first appeared 

in the feces after the administration of the stop marker. 

Feces were collected from the trays twice daily and 

stored at -20°C until the end of the collection period. 

Urine was collected twice daily using urine buckets with 

50 ml 6 N HCl (Kim et al. 2023) as a preservative and 

were placed under the metabolism cages. A 20% 

subsample of each sample was stored at -20°C for 

analysis. 

Processing and Analysis of Samples  

At the end of the collection period, fecal and urine 

samples were thawed and pooled within pig, and sub-

samples were collected for analysis. Fecal samples were 

oven-dried at 70°C to a constant weight and were finely 

ground before analysis. The dry matter (DM) and gross 

energy (GE) of ingredients, diets, urine, and feces were 

determined following the AOAC (2007) procedures and 

through bomb calorimetry (Model L6400, Parr 

Instruments Co., Moline, IL), respectively. The 

procedures of Kim et al. (2009) in the preparation and 

analysis of urine samples were followed. 

Determination of DE and ME  

Fecal and urine energy were determined and DE and 

ME of the diets were calculated according to Kong and 

Adeola (2014), as follows:  

DE diet = (GE intake – Fecal Energy output)/Feed Intake  

ME diet = (GE intake – (Fecal Energy output + Urine Energy output))/

Feed Intake  

The DE and ME in the corn-diet were multiplied by 

66.42% to calculate the contribution from the corn-diet to 

the DE and ME in diets containing rice bran and copra 

meal. The DE and ME in copra meal and rice bran were 

calculated by difference (Widmer et al. 2007) as follows:  

DEA = DED – (SB × DEB)  

              SA  

where DEA = digestible energy of the test ingredient 

(kcal/kg), DED = digestible energy of component in the 

diet based on the test ingredient (kcal/kg), DEB = 

digestible energy of the component in the diet based on 

the reference ingredient (kcal/kg), SB  = contribution level 

of component from reference ingredient to the diet based 

on the test ingredient (%), and SA = contribution level of 

component from test ingredient to the diet based on the 

test ingredient (%).  

Statistical Analysis  

Data were analyzed using the MIXED procedure of SAS 

(SAS Inst. Inc., Cary, NC), with pig as the experimental 

unit. The model included diet as the fixed effect and pig 

and period as random effects. Least square means were 

calculated for each independent variable. Least square 

means were separated using the PDIFF option of SAS 

and adjusted using the Tukey-Kramer test when diet was 

a significant source of variation. Statistical differences 

between means were determined at an α-level of 0.05. 

RESULTS  

The analyzed DM and GE of the test diets were presented 

in Table 1, whereas the pigs’ energy balance values were 

shown in Table 2. The DM intake of the pigs across 

treatments did not differ; however, there was a difference 

in their energy intake. Pigs fed rice bran diet had greater 

(p < 0.05) energy intake compared to the pigs fed the 

copra meal diet, whereas the energy intake of pigs fed 

the yellow corn diet did not differ from the other two 

diets. The fecal and urine output as well as the amount of 

energy analyzed from the urine and fecal samples were 

not different. The rice bran diet had greater (p < 0.001) DE 

and ME compared to the yellow corn diet and copra meal 

diet, with DE and ME values that were not different.  

Table 3 presents the digestibility values of the 

ingredients evaluated. The DE and ME values in rice 

bran were greater (p < 0.05) than in copra meal. The 

values calculated for yellow corn were not different from 

those obtained for rice bran or copra meal.  

https://pas.cafs.uplb.edu.ph    |   Philipp Agric Scientist (2023)106(3):273-280 

Mary Arnel D. Garcia  Digestible and Metabolizable Energy Fed to Philippine Native Pigs  



276  

 

DISCUSSION  

Comparisons of digestibility values obtained in this 

study versus other studies were based on DM values 

because there were variations in the DM contents of 

ingredients used in this study.  

The GE (4438.35 kcal/kg) analyzed from the ground 

yellow corn used was close to the values by NRC (2012) 

at 4453.28 kcal/kg. The DE and ME obtained were 3344.90 

kcal/kg and 3313.85 kcal/kg, respectively. These values 

are lower than the values by NRC (2012), which are 

3907.83 and 3844.41 kcal/kg, respectively. Consequently, 

the yellow corn had an ATTD of GE of only 75.45%, 

which is notably lower than the ATTD of GE of 87.74% 

by NRC (2012). The yellow corn used in this study had a 

particle size of about 1.5 mm, which is the common size 

in local markets. During the conduct of this study, 

remarkable amounts of undigested corn particles were 

observed in the pigs’ feces, which could have contributed 

to the low DE in corn. Particle size is one of the factors 

that affects energy digestibility. As reported by Rojas and 

Stein (2015), ME linearly increased when particle size 

was decreased. Another possible factor is the amount of 

ether extract in the yellow corn used. According to Lyu et 

al. (2019), there is a wide variation of EE in yellow dent 

corn, which has a direct correlation with the DE and ME 

values. The amount of energy provided by EE is 2.25 

times greater than the energy from carbohydrates per kg 

of feed (NRC 2012); however, EE was not determined in 

this current study.  

Rice Bran. The GE (4754.28 kcal/kg) value obtained in 

rice bran is lower than the values reported by NRC (2012) 

(5209.61 kcal/kg), but the DE and ME values (4137.39 

Mary Arnel D. Garcia  Digestible and Metabolizable Energy Fed to Philippine Native Pigs  

Table 2. Energy balance (DM basis) of Philippine native pigs fed with diets containing yellow corn, rice bran, or copra 
meal.1,2,3,4 

Item 
Diet 

SEM P-value 
Yellow Corn Rice Bran Copra Meal 

DM intake, g 1,987.49 1,981.60 1,728.28            181.46  0.213 

GE intake, kcal/kg 7,955.93 ab 8,481.27 a 6,693.72 b            722.47  0.037 

Fecal output, g 1,365.38 1,316.67 1,317.03            110.18  0.898 

Fecal GE output, kcal/kg 4,550.17 a 4,216.83 b 4,480.00 a             65.10  0.001 

Urine output, g 2,620.83 2,976.83 3,489.17            497.70  0.294 

Urine GE output, kcal/kg                   85.30                         111.34  
                                       

89.80  
            15.29  0.021 

ATTD of GE, % 81.72 84.35 79.33               3.09                      0.100  

DE of diet, kcal/kg AF 3,043.06 b        3,334.97 a        2,862.88 b            115.95  < 0.001 

ME of diet, kcal/kg AF 3,003.34 b        3,283.25 a        2,812.41 b            114.70  < 0.001 

DE of diet, kcal/kg DM 3,271.07 b        3,610.14 a        3,072.26 b            293.24  < 0.001 

ME of diet, kcal/kg DM 3,228.37 b        3,554.15 a        3,018.10 b            123.46  < 0.001 

1Data are least square means of 6 observations for all treatments. 
2Means without a common superscript letter differ (p < 0.05) 
3Intake and output values are based on the data gathered for the 5-day collection period 
4 ATTD = apparent total tract digestibility, AF = as fed, DM = dry matter, GE = gross energy, DE = digestible energy, ME = metabolizable energy. 

Table 3. Digestible and metabolizable energy in yellow corn, rice bran, or copra meal fed to Philippine native pigs.1,2,3 

Item 
Ingredient 

SEM P-value 
Yellow Corn Rice Bran Copra Meal 

DM Content, % 93.03 94.46 91.61   --    --  

AF basis      

   GE, kcal/kg 4,129.00 4,392.00 4,196.00   --    --  

   DE, kcal/kg    3,110.33 ab 3,908.24 a 2,671.33 b 270.93 0.013 

   ME, kcal/kg    3,081.37 ab 3,811.35 a 2,604.21 b 277.94 0.012 

DM basis      

   GE, kcal/kg 4,438.35 4,754.28 4,503.11   --  -- 

   DE, kcal/kg    3,344.90 ab 4,137.39 a 2,914.31 b 293.24 0.021 

   ME, kcal/kg    3,313.85 ab 4,034.20 a 2,841.04 b 301.52 0.03 

   ATTD of GE, % 75.45 87.02 64.72 -- -- 

1Data are least square means of 6 observations for all treatments 
2Means without a common superscript letter differ (p < 0.05) 
3ATTD = apparent total tract digestibility, AF = as fed, DM = dry matter, GE = gross energy, DE = digestible energy, ME = metabolizable energy. 
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kcal/kg and 4034.20 kcal/kg, respectively) were 

remarkably higher than the values reported by NRC 

(2012) (3384.28 kcal/kg and 3271.83 kcal/kg, respectively). 

On as fed basis, the values determined by Robles and 

Ewan (1982) — 3880 DE kcal/kg and 3710 ME kcal/kg — 

were close to the results of this study. The ATTD of GE 

(87.02%) obtained in this study is higher than the values 

reported by NRC (2012), Casas and Stein (2017), Lee et al. 

(2022), and Kim et al. (2022) with 64.96%, 81.34%, 81.70%, 

and 72.80%, respectively, using exotic breeds (Duroc, 

Landrace, and Large White). Better digestibility of rice 

bran in this study can be attributed to the genotype of the 

pigs used (Lindberg 2014). Results of this study confirm 

the ability of indigenous breeds of pigs such as Meishan 

pigs (Kemp et al. 1991; Urriola and Stein 2012), 

Zimbabwean Mukota pigs (Kanengoni et al. 2002; 

Ndindana et al. 2002), Vietnamese Mon Cai pigs (Borin et 

al. 2005; Len et al. 2007), and Philippine Black Tiaong 

pigs (Villanueva 2022) to utilize fiber more efficiently 

compared to hybrid pigs. These native pigs were not 

subjected to intensive breeding and selection programs 

which could have enabled them to retain the digestive 

physiology of their wild ancestor pigs which survived on 

diets with high fiber contents. In the metagenomics study 

of Cheng et al. (2018), results showed that Lantang pigs 

— native pigs from China — have inherent 

microbiological adaptations to high-fiber diets, which 

enable them to utilize fiber better compared to Duroc 

pigs from the United States. About 42 genera of fecal 

microbiome were identified in Lantang pigs, which were 

associated with fiber utilization. Moreover, the number 

of genes responsible for encoding debranching and 

degrading non-starch polysaccharides were higher in 

Lantang pigs than in Duroc pigs.  

Copra Meal. The GE (4503.11 kcal/kg) value of the 

copra meal is almost the same as the reported value by 

NRC (2012) (4564.13 kcal/kg). However, the DE and ME 

values in this current study is lower (2914.31 and 2841.04 

kcal/kg, respectively) than the values reported by NRC 

(2012) (3271.74 and 3109.78 kcal/kg, respectively); Sulabo 

et al. (2013) (3430 and 3248 kcal/kg, respectively); and 

Son et al. (2012) (3440 and 3340 kcal/kg, respectively). 

The ATTD of 64.72% is also lower compared to the value 

of 71.68% by NRC (2012). Conversely, the ATTD of GE 

obtained by Son et al. (2017) is lower at 54% (2413 DE 

and 2306 ME kcal/kg). Variations in the energy content of 

copra meal and copra expellers are mainly due to the 

differences in residual oil concentration (Stein et al. 2015). 

The GE in copra meal is greater than that in yellow corn; 

however, the DE and ME values are lower due to the 

high fiber content (Stein et al. 2015) with a total dietary 

fiber of about 46.9% (Jaworski et al. 2014). Increased 

concentration of dietary fiber reduces energy digestibility 

(Yin et al. 2000; Noblet and Le Goff 2001).  

Rice bran and copra meal are both considered high-

fiber ingredients; however, results of this study indicate 

that rice bran has a better ATTD of GE compared to 

copra meal. This can be attributed to the solubility of 

their fiber contents. Soluble fiber has a relatively higher 

digestibility compared to insoluble fibers (Noblet and Le 

Goff 2001; Gutierrez et al. 2016). Rice bran contains about 

20% to 24% total dietary fiber (USDA 2018; Singh et al. 

2020), with a lesser amount of insoluble fiber ranging 

from 6.10 to 6.44 % (Singh et al. 2020). On the other hand, 

copra meal contains about 41.4% insoluble fiber 

(Jaworski et al. 2014), which is remarkably higher than 

that in rice bran.  

CONCLUSION  

To determine the digestible energy (DE), metabolizable 

energy (ME), and apparent total tract digestibility 

(ATTD) of gross energy (GE) in particular feed 

ingredients when fed to Philippine native pigs (Benguet 

strain), nine 10 – 15 kg barrows were fed ground yellow 

corn, rice bran, and copra meal. The digestibility values 

(on dry matter basis) of the feed ingredients used in this 

study are as follows: ground yellow corn with 344.90 DE 

and 3313.85 ME kcal/kg with 75.45% ATTD of gross 

energy GE; rice bran with 4137.39 DE and 4034.20 ME 

kcal/kg with 87.02% ATTD of GE; and copra meal with 

2914.31 DE and 2841.04 ME kcal/kg with 64.72% ATTD of 

GE. These digestibility values can be used in the 

formulation of rations for 10 – 15 kg Philippine native 

pigs in the conduct of feeding trials for the establishment 

feeding standards specific for Philippine native pigs. 

ACKNOWLEDGMENT  

The author is grateful to the Philippine Council for 

Agriculture, Aquatic, and Natural Resources Research 

and Development (PCAARRD) of the Department of 

Science and Technology (DOST) for funding this 

research. Special thanks is due to Benguet State 

University (BSU) for providing additional facilities in the 

conduct of this research. 

REFERENCES CITED  

AGRICULTURE. 2017. The importance of copra meal as a 

feed source. https://www.magzter.com/stories/Home/

Agriculture/The-Importance-Of-Copra-Meal-As-A-

Feed-Source. 

Mary Arnel D. Garcia  Digestible and Metabolizable Energy Fed to Philippine Native Pigs  

https://pas.cafs.uplb.edu.ph    |   Philipp Agric Scientist (2023)106(3):273-280 



278  

 

[AOAC] Association of Official Analytical Chemists 

International. 2007. Official methods of analysis of 

AOAC International. 18th ed Rev 2. Hortwitz W, 

Latimer Jr. GW, editors. Gaithersburg (MD): AOAC 

International. 

BORIN K, LINDBERG JE, OGLE RB. 2005. Effect of 

variety and preservation method of cassava leaves on 

diet digestibility by indigenous and improved pigs. 

Anim Sci. 80(3):319–324. doi:10.1079/ASC41560319. 

CASAS GA, STEIN HH. 2017. Gestating sows have 

greater digestibility of energy in full fat rice bran and 

defatted rice bran than growing gilts regardless of 

level of feed intake. J Anim Sci. 95(7):3136–3142. 

doi:10.2527/jas.2017.1585. 

CHENG P, WANG Y, LIANG J, WU Y, WRIGHT A, 

LIAO X. 2018. Exploratory analysis of the 

microbiological potential for efficient utilization of 

fiber between Lantang and Duroc Pigs. Front 

Microbiol. 9:1342. doi:10.3389/fmicb.2018.01342. 

[FAO] Food and Agriculture Organization of the United 

Nations. 2023. Restoring coconut farmers’ livelihood 

in the Philippines. https://www.fao.org/in-action/

restoring-coconut-farmers-livelihoods-in-the-

philippines/en/. 

GUTIERREZ NA, SERÃO NV, PATIENCE JF. 2016. 

Effects of distillers’ dried grains with solubles and 

soybean oil on dietary lipid, fiber, and amino acid 

digestibility in corn-based diets fed to growing pigs. J 

Anim Sci. 94:1508–1519. doi:10.2527/jas.2015-9529. 

JAWORSKI NW, SHOULDERS J, GONZÁLEZ-VEGA JC, 

STEIN HH. 2014. Effects of using copra meal, palm 

kernel expellers, or palm kernel meal in diets for 

weanling pigs. Prof Anim Sci. 30(2):243–251. 

doi:10.15232/S1080-7446(15)30108-X.  

KANENGONI A, DZAMA K, CHIMONYO M, KUSINA 

J, MASWAURE S. 2002 Influence of level of maize cob 

meal on nutrient digestibility and nitrogen balance in 

Large White, Mukota and LW × M F1 crossbred pigs. 

Anim Sci. 74(1):127–134. doi:10.1017/

S1357729800052292.  

KEMP B, DEN HARTOG LA, KLOK JJ, ZANDSTRA T. 

1991. The digestibility of nutrients, energy and 

nitrogen in Meishan and Dutch Landrace pig. J Anim 

Physiol Animal Nutr. 65(1–5):263–266. doi:10.1111/

j.1439-0396.1991.tb00265.x. 

KIM BG, PETERSEN GI, HINSON RB, ALLEE GL, 

STEIN HH. 2009. Amino acid digestibility and energy 

concentration in a novel source of high-protein 

distillers dried grains and their effects on growth 

performance of pigs. J Anim Sci. 87(12):4013–4021. 

doi:10.2527/jas.2009-2060. 

KIM J, HONG B, LEE MJ, KIM BG. 2023. Demonstration 

of constant nitrogen and energy amount of urine 

under acidic conditions at room temperature and 

determination of the minimum amount of 

hydrochloric acid required for nitrogen preservation 

in pig urine. Anim Biosci. 36(3):492–497. doi:10.5713/

ab.22.0243. 

KIM J, JO YY, KIM BG. 2022. Energy concentrations and 

nutrient digestibility of high-fiber ingredients for pigs 

based on in vitro and in vivo assays. Anim Feed Sci. 

Technol. 294:115507. doi:10.1016/

j.anifeedsci.2022.115507. 

KONG C, ADEOLA O. 2014. Evaluation of amino acid 

and energy utilization in feedstuff for Swine and 

poultry diets. Asian-Australas J Anim Sci 27(7):917–

925. Retrieved February 09, 2023 from https://

doi.org/10.5713/ajas.2014.r.02 

LEE JA, LAÑADA EB, MORE SJ, COTIW-AN BS, 

TAVEROS AA. 2005. A longitudinal study of growing 

pigs raised by smallholder farmers in the Philippines. 

Prev Vet Med. 70(1–2):75–93. doi:10.1016/

j.prevetmed.2005.02.016. 

LEE SA, AHN JY, KIM BG. 2022. Digestible and 

metabolizable energy concentrations in cereal grains 

and byproduct ingredients fed to growing pigs. Anim 

Feed Sci Technol. Volume 292:115408. doi:10.1016/

j.anifeedsci.2022.115408. 

LEN NT, LINDBERG JE, OGLE B. 2007. Digestibility and 

nitrogen retention of diets containing different levels 

of fiber in local (Mong Cai) F1 (Mong Cai x Yorkshire) 

and exotic (Landrace x Yorkshire) growing pigs in 

Vietnam. J Anim Physiol Anim Nutr (Berl). 91(7–

8):297–303. doi:10.1111/j.1439-0396.2006.00653.x. 

LINDBERG JE. 2014. Fiber effects in nutrition and gut 

health in pigs. J Anim Sci Biotechnol. 5:15. 

doi:10.1186/2049-1891-5-15. 

LYU Z, LI Q, ZHANG S, LAI C, HUANG C. 2019 

Available energy and amino acid digestibility of 

yellow dent corn fed to growing pigs. J Anim Sci. 97

(7): 2952–2964. doi:10.1093/jas/skz161. 

Mary Arnel D. Garcia  Digestible and Metabolizable Energy Fed to Philippine Native Pigs  

  |   Philipp Agric Scientist (2023)106(3):273-280 https://pas.cafs.uplb.edu.ph  



 279 

 

MADDUL SB. 1991. Production management and 

characteristics of native pigs in the Cordillera 

[doctorate’s thesis]. University of the Philippines, Los 

Baños, Laguna. https://agris.fao.org/agris-search/

search.do?recordID=PH9111197. 

MORE SJ, LEE JA, LAÑADA EB, TAVEROS AA, COTIW

-AN BS. 1999. Weight-for-age of growing pigs raised 

by smallholder farmers in the Philippines. Prev Vet 

Med. 41(2–3):151–169. doi:10.1016/s0167-5877(99)

00043-4. 

NDINDANA WK, DZAMA K, NDIWENI PNB, 

MASWAURE SM, 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. Anim Feed Sci Technol. 97(3–

4):199–208. doi:10.1016/S0377-8401(01)00345-5. 

[NRC] National Research Council. 1998. Nutrient 

requirements of swine. 10th rev ed. Washington (DC): 

National Academies Press. 

[NRC] National Research Council. 2012. Nutrient 

requirements of swine. 11th rev ed. Washington (DC): 

National Academies Press. 

NOBLET J, LE GOFF G. 2001. Effect of dietary fibre on 

the energy value of feeds for pigs. Anim Feed Sci 

Technol. 90(1–2):35–52. doi:10.1016/S0377-8401(01)

00195-X. 

ROBLES A, EWAN RC. 1982. Utilization of energy of rice 

and rice bran by young pigs. J Anim Sci. 55(3):572–

577. doi:10.2527/jas1982.553572x. 

ROJAS OJ, STEIN HH. 2015. Effects of reducing the 

particle size of corn grain on the concentration of 

digestible and metabolizable energy and on the 

digestibility of energy and nutrients in corn grain fed 

to growing pigs. Livest Sci. 181:187–193. doi: 10.1016/

j.livsci.2015.09.013. 

SINGH P, SHEORAN S, PRASAD A, TAMANNA, 

NEETU, RATH L. 2020. Nutritional composition and 

dietary fiber analysis of rice bran of selected varieties 

of rice. Int J Curr Adv Res. 9(12):23468–23471. 

doi:10.24327/ijcar.2020.23471.4648. 

SON AR, JI SY, KIM BG. 2012. Digestible and 

metabolizable energy concentrations in copra meal, 

palm kernel meal, and cassava root fed to growing 

pigs. J Anim Sci. 90(l41):140–142. doi:10.2527/

jas.53822. 

SON AR, PARK CS, KIM BG. 2017. Determination and 

prediction of digestible and metabolizable energy 

concentrations in byproduct feed ingredients fed to 

growing pigs. Asian-Australas J Anim Sci. 30(4):546–

553. doi:10.5713/ajas.16.0607. 

STEIN HH. 2017. Procedures for determining 

digestibility of amino acids, lipids, starch, fibre, 

phosphorus, and calcium in feed ingredients fed to 

pigs. Anim Prod Sci. 57:2317–2324. doi:10.1071/

AN17343. 

STEIN HH, CASAS GA, ABELILLA JJ, LIU Y, SULABO 

RC. 2015. Nutritional value of high fiber co-products 

from the copra, palm kernel, and rice industries in 

diets fed to pigs. J Anim Sci Biotechnol. 6:56. 

doi:10.1186/s40104-015-0056-6. 

SULABO RC, JU WS, STEIN HH. 2013. Amino acid 

digestibility and concentration of digestible and 

metabolizable energy in copra meal, palm kernel 

expellers, and palm kernel meal fed to growing pigs. J 

Anim Sci. 91(3):1391–1399. doi:10.2527/jas.2012-5281. 

URRIOLA PE, STEIN HH. 2012. Comparative 

digestibility of energy and nutrients in fibrous feed 

ingredients fed to Meishan and Yorkshire pigs. J 

Anim Sci. 90(3):802–812. doi:10.2527/jas.2010-3254. 

[USDA] United States Department of Agriculture. 2018. 

Rice bran, crude. US Department of Agriculture. 

https://fdc.nal.usda.gov/fdc-app.html#/food-

details/169713/nutrients. 

VILLANUEVA JJO. 2022. Comparative digestibility of 

nutrients, energy and dietary fiber in feed ingredients 

fed to Philippine Black Tiaong native (Sus scrofa 

domesticus) and hybrid pigs. CLSU International 

Journal of Science and Technology (ISSN: 2507-9638). 

6(2):1–15. https://www.clsu-ijst.org/index.php/ijst3/

article/view/v6n2_01. 

VILLANUEVA JJO, SULABO RC. 2018. Production, 

feeding, and marketing practices of native pig raisers 

in selected regions of the Philippines. Global 

Advanced Research Journal of Agricultural Science 

(ISSN: 2315-5094). 7(12):383–392. Special Anniversary 

Review Issue. http://garj.org/garjas/home. 

WIDMER MR, MCGINNIS LM, STEIN HH. 2007. 

Energy, phosphorus, and amino acid digestibility of 

high-protein distillers dried grains and corn germ fed 

to growing pigs. J Anim Sci. 85(11):2994–3003. 

doi:10.2527/jas.2006-840. 

Mary Arnel D. Garcia  Digestible and Metabolizable Energy Fed to Philippine Native Pigs  

https://pas.cafs.uplb.edu.ph    |   Philipp Agric Scientist (2023)106(3):273-280 



280  

 

YIN YL, MCEVOY JDG, SCHULZE H, HENNIG U, 

SOUFFRANT WB, MCCRACKEN KJ. 2000. Apparent 

digestibility (ileal and overall) of nutrients and 

endogenous nitrogen losses in growing pigs fed 

wheat (var. Soissons) or its byproducts without or 

with xylanase supplementation. Livest Prod Sci. 62

(2):119–132. doi:10.1016/S0301-6226(99)00129-3.  

Mary Arnel D. Garcia  Digestible and Metabolizable Energy Fed to Philippine Native Pigs  

  |   Philipp Agric Scientist (2023)106(3):273-280 https://pas.cafs.uplb.edu.ph  


