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Summary

Rice bran is not only a source of energy for pigs, it also contains significant amounts of phosphorus (P). 
However, about 75% of this P is not digested by the pig, unless phytase is added to the diet. Once excreted, 
P may end up contaminating water bodies and thus causing eutrophication. The objectives of this study 
were to determine the digestibility of P and other nutrients in a diet supplemented with increasing levels of 
rice bran (0, 7.5, 15, and 30%), and to evaluate the effects of phytase inclusion on the nutrient digestibility 
of rice bran. Pigs (n= 24, 87.5 ± 2.51kg) were confined in individual metabolic crates to determine total 
tract apparent digestibility and retention of nutrients. The digestibility coefficients found for dry matter, 
energy, fat, N, and P in the rice bran product used were: 72, 79, 84, 74, and 15%, respectively. Phytase 
supplementation increased P digestibility (p<0.01) but it did not increase N digestibility (p>0.1); the 
increase in fecal P excretion that occurred when rice bran was added to the diet was reduced by 26% with 
phytase supplementation. 
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Resumen 

El salvado de arroz no sólo es una interesante fuente de energía para cerdos, sino que contiene 
bastante fósforo (P). Sin embargo, cerca del 75% de ese P no es utilizable por los cerdos, a menos que 
se adicione alguna fitasa a la dieta de estos animales. Al no utilizarse, dicho P es excretado, pudiendo 
contaminar fuentes de agua y generando eutroficación del recurso hídrico. El objetivo del presente trabajo 
fue establecer la digestibilidad del P y otros nutrientes en una dieta suplementada con niveles crecientes de 
salvado de arroz (0, 7.5, 15, y 30%), así como evaluar el efecto de la inclusión de fitasa en la digestibilidad de 
nutrientes del salvado. Para esto se utilizaron 24 cerdos (87.5 ± 2.51kg), confinados en jaulas metabólicas 
individuales, a los que se les calculó digestibilidad total aparente y retención de nutrientes por el método de 
Colección Total. Los coeficientes de digestibilidad encontrados fueron: 72, 79, 84, 74, y 15% para materia 
seca, energía, grasa, N y P, respectivamente. La suplementación con fitasa incrementó la digestibilidad del 
P (p<0.01), pero no incrementó la digestibilidad del N (p>0.1). El incremento observado en la excreción 
fecal de P al adicionar salvado de arroz a la dieta fue disminuido en 26% con la adición de fitasa.

Palabras clave: cerdos en crecimiento, fitasa, fósforo, salvado de arroz.

Resumo 

O farelo de arroz não é apenas uma fonte de energia interessante para os suínos, ele contém suficiente 
fósforo (P). No entanto, perto do 75% de P não é usado pelos suínos, a menos que adicione-se alguma 
fitase na dieta desses animais. Quando não for utilizado, o P é excretado e podem contaminar fontes de 
água e eutrofização dos recursos hídricos. O objectivo deste estudo foi determinar a digestibilidade do P e 
outros nutrientes de uma dieta suplementada com níveis crescentes de farelo de arroz (0, 7.5, 15 e 30%), 
e para avaliar o efeito da fitase sobre a digestibilidade de nutrientes de farelo. Para isso, 24 animais (87.5 
± 2.51 kg), foram confinados em gaiolas metabólicas individuais. Foi calculada a digestibilidade total e 
retenção de nutrientes pelo método de colheita total. Os coeficientes de digestibilidade encontrados foram: 
72, 79, 84, 74 e 15% de matéria seca, energia, gordura, N e P, respectivamente. A suplementação de fitase 
aumentou o P digestível (p<0.01), porém, aumentou a digestibilidade do N (p>0.1). O aumento observado 
na excreção fecal de P pela adição de farelo de arroz à dieta foi reduzida em 26% com a adição de fitase.

Palavras chave: farelo de arroz, fitase, fósforo, suínos em crescimento.

Introduction

Rice bran is a non-traditional, widely available 
feed ingredient regarded as a source of energy 
(Agudelo, 2009). It has been reported that up to 
30% inclusion of rice bran in diets of growing-
finishing pigs does not depress growth performance 
and increases profit margin (Lekule et al., 2001). 
The energy content of rice bran is equivalent to 
about 85% of the net energy in corn (2,040 vs. 
2,395 kcal/kg, respectively; NRC, 1998). Rice bran 
also has high levels of P. Among the commonly 
used feedstuffs for swine listed by the NRC (1998), 
rice bran has the highest level of total P (1.61%), 
equivalent to almost six times the amount present 
in corn (0.28%). Nevertheless, 75% of the P in rice 
bran is bound as phytic acid, which makes that P 
unavailable and, thus, it is excreted in pig feces. For 
this reason, this feedstuff has greater P-polluting 
potential than corn.

Phosphorus can potentially become an 
environmental pollutant where inadequate manure 
fertilization practices are used (Sweeten, 1991; 
DeLaune et al., 2000; Hollis and Curtis, 2001; 
Strak, 2003; Cheeke, 2004). Swine diets can be 
supplemented with exogenous phytases in order 
to improve phytate P utilization, thus reducing 
P excretion. Most studies using phytase have 
evaluated the effects of the enzyme on traditional 
feed ingredients such as corn and soybean meal 
(SBM). However, there is little research on its 
effects on nutrient utilization in pigs fed alternative 
feedstuffs. Concerns regarding pollution of water 
ecosystems with P from animal manure justify a 
determination of the nutrient digestibilities in rice 
bran and of studying the effects of phytase on P 
utilization in pigs fed rice bran.
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This experiment was intended to establish 
the digestibility of P and other nutrients in a 
commercial rice bran product, and to evaluate 
the effects of increasing levels of inclusion of 
the product in a P-deficient corn-SBM basal diet 
on nutrient utilization in growing pigs. Another 
objective was to evaluate the effects of phytase 
on nutrient utilization with rice bran at the highest 
inclusion level in the diet.

Materials and methods

Animals and housing conditions

A total of 24 crossbred (Yorkshire x Landrace) 
x Hampshire barrows (87.5 ± 2.51 kg) were used 
in the experiment. Pigs were individually confined 
in metabolism crates. Two groups of 12 pigs were 
used. Half-sibling pigs (i.e., a common sire) of 
similar weight within a replicate were allocated to 
treatments and randomly assigned to crates. The 
experiment was conducted in environmentally 
controlled facilities at the University of Kentucky.

Dietary treatments

Six dietary treatments were used. A basal 
(B) corn-SBM diet not supplemented with any 
inorganic source of P was prepared. To prepare 
the experimental diets, 0, 7.5, 15, and 30% of the 
basal was replaced with a rice bran product called 
Ricex-1000™ (RX; Ricex Company, El Dorado 
Hills, CA, USA) resulting in Diets 1, 2, 3, and 4, 
respectively. Then, fractions of Diets 1 (0% RX) 
and 4 (30% RX) were blended with 750 phytase 
units (PU)/kg diet from Natuphos® 1200G (BASF 
Corp., Mount Olive, NJ, USA) to obtain Diets 5 and 
6, respectively.

Ricex-1000™ consists of a mix of stable whole 
rice bran and germ. The product includes energy 
in the form of vegetable fat (5.500 kcal/kg) plus 
soluble and insoluble fiber and is guaranteed to have 
one year of shelf life, based on its high content of 
natural vitamin E.

Diets 1, 2, 3, and 4 were used to evaluate the 
effects of increasing levels of RX additions on 
digestibility, retention and excretion of nutrients 
in order to calculate the specific RX nutrient 

digestibility by regression. In addition, Diets 1, 4, 5, 
and 6 were used to test the effects of phytase (PHY) 
on the diets containing 0 and 30% RX, having Diets 
1 and 4 as controls.

Samples of the experimental diets were analyzed 
for phytase concentration by BASF Corp. Tables 1, 
2 and 3 present the composition of the ingredients 
and diets.

Table 1. Basal diet composition.

Ingredient %

Corn, ground 76.925

Soybean meal (48% CP) 21.00

UK vitamin mixa 0.100

UK trace mineral mixb 0.075

Limestone 1.400

Phosphate source 0.0

Salt 0.500

Total: 100.000

NRC (1998) 
requirement 

estimates

Calculated composition 50 to 80 
kg

80 to 120 
kg

Crude protein (%) 16.36 15.5 13.2

Lysine (%) 0.83 0.75 0.60

ME (kcal/kg)c 3,341 3,265 3,265

Calcium (%) 0.60 0.50 0.45

Phosphorus, total (%) 0.36 0.45 0.40

Phosphorus, available (%) 0.06 0.19 0.15

a Supplied per kg of diet: 6,608 IU vitamin A, 881 IU vitamin D3, 22.03 IU 
vitamin E, 19.76 mg vitamin K, 22.03 mg pantothenic acid, 44.05 mg niacin, 
4.00 mg thiamin, 8.81 mg riboflavin, 6.00 mg vitamin B6, 22.03 mcg vitamin 
B12, 1.10 mg folic acid,  and 0.22 mg biotin.
b  Supplied per kg of diet: 135 mg Fe (iron sulfate monohydrate), 135 mg 
Zn (zinc oxide), 45 mg Mn (manganous oxide), 13 mg Cu (copper sulfate 
pentahydrate), 1.5 mg I (calcium iodate), 0.3 mg Se (sodium selenite), and 
0.23 mg Co (cobalt sulfate monohydrate).
c  Metabolizable energy.
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Table 2. Calculated composition of the experimental dietsa. 

Trt: 1 2 3 4 5 6
Rice bran, %: 0 7.5 15 30 0 30

PHY, U/kg:b - - - - 750 750
Item
CP, %c 16.36 16.22 16.08 15.80 16.35 15.80

Lysine, % 0.83 0.81 0.79 0.75 0.83 0.75

ME, kcal/kgd 3.340 3.303 3.266 3.193 3.338 3.191

EE, %e 3.63 4.89 6.16 8.69 3.63 8.69

CF, %f 3.39 5.31 7.23 11.07 3.38 11.07

tCa, %g 0.60 0.56 0.51 0.43 0.60 0.43

aCa, %h 0.50 0.46 0.43 0.35 0.50 0.35

tP, %i 0.36 0.45 0.54 0.73 0.36 0.73

aP, %j 0.06 0.09 0.11 0.17 0.06 0.17

tCa : tP 1.66 1.23 0.94 0.59 1.66 0.59

aCa : aP 7.90 5.22 3.73 2.13 7.91 2.13

a Based on rice bran calculated composition (NRC, 1998).
b  PHY: Phytase from Natuphos® 1200G.
c  CP: Crude protein.
d  ME: Metabolizable energy.
e  EE: Ether extract.
f  CF: Crude fiber.
g  tCa: Total Ca.
h  aCa: Available Ca.
i  tP: Total P.
j  aP: Available P.

Table 3. Analyzed nutrient composition of the experimental diets, the basal diet, and the feedstuffs used. 

Experimental diets Basala Feedstuffs
Trt: 1 2 3 4 5 6 diet Corn SBM RX

RX, %:b 0 7.5 15 30 0 30 - - - -
PHY:c - - - - + + - - - -

Item
DM, %d 87.9 88.3 88.9 90.2 87.8 90.3 87.9 86.5 89.2 95.0
Gross energy, kcal/kg 3.915 3.988 4.082 4.237 3.926 4.269 3.920 3.916 4.162 5.051
Fat, % 2.5 4.0 5.4 8.3 2.7 8.7 2.6 3.2 0.7 21.0
N, % 2.9 2.8 2.7 2.7 2.9 2.8 2.9 1.5 8.4 2.5
NDF, %e 9.2 9.9 10.7 12.6 8.6 13.0 8.9 12.4 15.4 19.2
ADF, %f 2.7 3.2 3.8 4.6 2.6 4.7 2.7 3.1 6.1 8.3
ADL, %g 0.3 0.4 0.5 0.8 0.3 0.8 0.3 1.3 4.7 5.0
P, % 0.38 0.48 0.56 0.80 0.38 0.83 0.38 0.29 0.69 1.75
Ca, % 0.64 0.62 0.57 0.52 0.64 0.53 0.64 0.01 1.09 0.05

a Calculated as the average between Diets 1 and 5.
b  RX: Ricex-1000™.
c  PHY: Calculated phytase level supplemented was 750 PU/kg diet.
d  DM: Dry matter.
e  NDF: Neutral detergent fiber.
f  ADF: Acid detergent fiber.
g  ADL: Acid detergent lignin.
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Adaptation and collection procedures

Nutrient digestibility was assessed by the total 
collection method, consisting of a 7-day adaptation 
period, followed by a 5-day collection period. 
During the trial pigs were provided feed at 3% of 
body weight, in a gruel form (1lt water / kg diet), 
divided in two daily meals. Water was supplied ad 
libitum between meals. Indigo carmine (Aldrich 
Chemical Company Inc, Milwaukee, WI, USA) 
was mixed with the experimental diets at a 0.5% 
inclusion rate to mark the beginning and end of 
the collection periods. The feces produced during 
the period between excretion of the initial and final 
marker were collected daily and kept frozen in 
labeled plastic bags. Feed intake during the 5-day 
collection periods was recorded as feed allowance 
minus feed rejection. The total amount of urine 
excreted per pig was measured daily and individual 
urine samples were collected. 

Sample preparation

To obtain representative samples of urine for 
nutrient analysis, the daily samples were thawed at 
room temperature and proportionally composited by 
weight for each pig according to the daily excretion. 
Composited samples were kept frozen at all times. 
Frozen feces were dried in a forced-air oven (Tru-
Temp, Hotpack Corp., Philadelphia, PA, USA) at 
55 oC for one week, then air equilibrated, weighed, 
and ground using a Wiley Laboratory Mill (Model 
3, Arthur H. Thomas Co., Philadelphia, PA, USA) 
to pass a 1-mm screen. Ground feces were then 
thoroughly mixed to obtain a sample which was 
then re-ground with a high speed grinder (Braun, 
Type 4041. Model KSM 2(4), Braun Inc., Woburn, 
MA, USA) and kept in a cold room at 4 to 8 °C until 
chemical analysis.

Laboratory analysis

Feces, experimental diets and feedstuffs (corn, 
SBM, and RX) were analyzed for DM, energy, fat, 
N, neutral detergent fiber (NDF), acid detergent 
fiber (ADF), acid detergent lignin (ADL), P, and 
Ca. Urine was analyzed for the concentration of 
energy, N, P, and Ca. Samples were analyzed in 
duplicate, and analysis was repeated when abnormal 
variation was observed. Dry matter in feed and 
feces was assessed according to an adaptation of 

the AOAC (1995a) method involving overnight 
drying (105 ºC) the samples in a convection oven 
(Precision Scientific Co., Chicago, IL, USA) and 
then calculating moisture contents as the difference 
between two weights. Gross energy content was 
assessed by bomb calorimetry (adaptation of the 
method by the AOAC, 1995a), using a Parr 1261 
Isoperibol Bomb Calorimeter (Parr Instruments 
Company, Moline, IL, USA). Feed and feces 
samples were assessed in duplicate by a procedure 
adapted from AOAC (1995a). To measure urine 
energy, samples were oven dried for two days 
at 55 ºC in polyethylene bags (Jeb Plastics Inc., 
Wilmington, DE, USA) prior to combustion. 

The known heat of combustion per gram of 
bag material was subtracted from the total heat 
observed to obtain the sample energy content. 
Nitrogen was measured using Dumas methodology 
in an automatic N analyzer (Model FP-2000, LECO 
Corp., Saint Joseph, MI, USA). Phosphorus in feed 
and feces was assessed by gravimetry (modification 
of method 968.08 from AOAC, 1990). Phosphorus 
concentration in urine was assessed as inorganic 
P, initially by a colorimetric procedure using a 
commercial kit (Procedure No. 360-UVP; Sigma 
Diagnostics, St. Louis, MO) and then by a modified 
microscale method for soluble P developed at the 
University of Kentucky by D’Angelo et al. (2001). 
Calcium was assessed by Flame Atomic Absorption 
Spectrophotometry (AA, Thermoelemental 
SOLAAR M5, Thermo Electron Corp., Verona, WI, 
USA) according to a modification of the procedure 
from AOAC (1995b; method 927.02). Fiber 
fractions (NDF, ADF, and ADL) were sequentially 
analyzed using gravimetric procedures for detergent 
fiber described by Harmon (2003). A fiber digester 
(Ankom 200 Fiber Analyzer, Ankom Techonology 
Corp., Fairport, NY, USA) was used to separate the 
NDF and ADF fractions from defatted samples. 

Defatting of the samples prior to fiber analysis 
was conducted to avoid clogging of the filtration 
device (polymer filter bags) during the detergent 
procedures. Total fat was assessed by a gravimetric 
method using a Soxtec Tekator fat extractor (Soxtec 
System HT 1043 Extraction Unit, Tecator Inc., 
Herndon, VA, USA). Apparent total tract digestibility 
and retention were calculated using the formulae:
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Apparent digestibility, % =

Amount of component consumed – 
Amount of component in feces x 100

Amount of component consumed

	 Apparent retention per day, g =
	 Nutrient intake/d – Total nutrient excretion 	
(fecal + urinary)/d

Retention as a percent of intake, % =

Nutrient retained per day
x 100

Nutrient intake per day

Retention as a percent of absorption, % =

Nutrient retained per day
x 100

Nutrient intake per day – 
Nutrient in feces per day

Experimental design and statistical analysis 

Two sets of treatments were separately analyzed 
according to the objectives. Each set consisted of 
four diets. The first set consisted of treatments 1, 
2, 3, and 4, which had increasing levels of RX (0, 
7.5, 15, and 30%, respectively) and was used to 
indirectly calculate the digestibility of nutrients in 
the RX product. For each nutrient, the estimation 
of digestibility in RX was done by regressing the 
percent of digestibility in these experimental diets 
on the percent of the nutrient provided by RX to 
each diet. The formula used to calculate the percent 
of the nutrient provided by RX was:

Nutrient provided by RX to each experimental diet, 
% =

100
(%Nut. BD x %BD)

x 100
(%Nut. BD x %BD) +  
(%Nut. RX x %RX)

%Nut. BD: percent nutrient in the basal diet.
%BD: percent basal diet included in the 

experimental diet.
%Nut. RX: percent nutrient in RX.
%RX: percent RX included in the experimental diet.

The nutrient contents in the basal diet as well 
as in RX were analyzed values. The numbers 
obtained with this formula were plotted against the 
coefficients of digestibility observed in each diet, 
in order to obtain regression equations to calculate 
digestibility in the 100% RX product itself.

The digestibility responses observed in Diets 
1, 2, 3, and 4, and the corresponding fraction of 
nutrients provided by RX in those diets, were also 
tested for linearity (linear and quadratic trends) 
using the GLM regression procedure of SAS (SAS, 
1990). As the fractions of nutrients provided were 
not in a regular scale across the diets (Table 5), 
procedure IML of SAS was used to generate the set 
of contrast coefficients to be used in the regression 
of each nutrient.

The second set of treatments was: 1) Basal; 4) 
Basal + 30% RX; 5) Basal + PHY; and 6) Basal + 
30% RX + PHY. This group was analyzed as a 2 x 
2 factorial arrangement for the main effects of RX 
(0 or 30%), PHY (0 or 750 PU/kg diet), and the 
interaction between RX and PHY. The analysis of 
variance was obtained using the GLM procedure of 
SAS (SAS, 1998).

Results 

All pigs gained weight during collections, 
suggesting that all were in a positive nutrient 
balance during the experiment. According to 
the lab assay, PHY was not detected in diets not 
amended with the enzyme (Diets 1, 2, 3, and 
4). The analyzed PHY concentration of Diets 
5 and 6 was close to the calculated 750 PU/kg 
target (614 vs. 738 PU/kg, respectively). 

Increasing levels of inclusion of Ricex-1000™ in 
the diet

The increasing levels of several nutrients in 
Diets 1 through 4 (i.e., gross energy, fat, fiber, and 
P) were the result of the increasing levels of added 
RX. As expected, Diets 1 and 5 had a very similar 
composition. Similarly, Diets 4 and 6 were very 
close in composition (Table 3).
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Table 4 presents the calculated nutrient 
contribution of RX to Diets 1, 2, 3, and 4. 
According to the laboratory analysis, RX contains 
21.0% fat, 2.46% N (15.4% CP), 19.2% NDF, 
and 1.75% P. The NRC (1998) estimates that rice 
bran contains 13.0% fat, 2.13% N (13.3% CP), 
23.7% NDF, and 1.61% P. Comparing the RX 
product with the NRC (1998) estimate, the major 
difference is that the RX product that was used 
contained more fat, while the levels of fiber, N and 
P were somewhat similar. The primary reason for 
the difference is that RX contains some of the rice 
germ. Because nutrient levels vary in any feedstuff, 
the contribution of nutrients to the total diet will 
vary. From Table 4, it was calculated that at 30% 
inclusion of RX (Diet 4), this product contributes 
about 78% of the total fat, 66% of the total P, and 
about half of the fiber in the diet.

Table 4. Nutrients (%) contributed by RX to each experimental dieta. 

Trt: 1 2 3 4
RX, %:b 0 7.5 15 30

Item
DMc 0 8.1 16.0 31.7

Energy 0 9.5 18.5 35.6

Fat 0 39.5 58.7 77.6

N 0 6.5 13.1 26.8

NDFd 0 14.9 27.5 48.0

ADFe 0 20.1 35.4 57.1

ADLf 0 61.2 77.5 89.3

P 0 27.3 44.9 66.5

Ca 0 0.7 1.4 3.3

aThese values were used with PROC IML of SAS to calculate regression 
coefficients used in Table 5 to find the individual nutrient digestibilities in 
the RX product itself.
b  RX: Ricex-1000™.
c  DM: Dry matter.
d  NDF: Neutral detergent fiber.
e  ADF: Acid detergent fiber.
f  ADL: Acid detergent lignin.

Table 5 presents the digestibility coefficients obtained for Diets 1, 2, 3, and 4. The digestibility of several 
dietary components, including DM, energy, N, fiber, Ca, and P decreased as the proportion of RX in the diet 
increased from 0 to 30%. The degree of depression in digestibility was much more marked for DM, energy, 
N, fiber, and Ca (p< 0.001). Phosphorus digestibility also decreased linearly with increasing amounts of RX 
(p< 0.05). The quadratic response for this nutrient was non significant (p = 0.80).

Table 5. Apparent (%) digestibility of nutrients at increasing levels of RX and apparent digestibility in the RX product. 

Trt:a 1 2 3 4  P-value
RX, %:b 0 7.5 15 30 RX Dig.c SEMd (Linear)

Response

DMe 90.12 89.23 87.28 84.58 72.25 0.29 < 0.0001

Energy 89.81 89.33 87.73 86.01 78.79 0.28 < 0.0001

Fat 78.51 78.83 81.07 83.72 84.12 0.93 0.003

N 89.72 89.28 87.28 85.81 74.38 0.37 < 0.0001

NDFf 68.16 67.69 64.00 56.92 45.30 1.90 0.0014

ADFg 72.81 70.22 65.24 52.32 39.35 1.62 < 0.0001

ADLh 68.45 56.81 38.47 37.29 35.07 3.67 < 0.0001

P 25.49 27.05 16.24 20.43 14.94 2.3 0.028

Ca 46.78 48.17 38.93 32.73 -420 1.80 < 0.0001

a  Each mean represents 4 individually penned pigs.
b  Ricex-1000™.
c  RX Dig: Regressed digestibility of Ricex-1000™.
d  SEM: Standard error of the mean.
e  DM: Dry matter.
f  NDF: Neutral detergent fiber.
g  ADF: Acid detergent fiber.
h  ADL: Acid detergent lignin.
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Table 6 presents retention data (as a % of absorption) for all nutrients assayed. Calcium and Mg were the 
only nutrients that exhibited increased retention (p< 0.01) as the proportion of RX increased in the diet.

Table 6. Retention of nutrients (as a % of absorption) at increasing levels of RX inclusion. 

Trt:a 1 2 3 4 P-value
RX, %:b 0 7.5 15 30 SEMc (Linear)

Response
Energy 96.22 96.57 96.67 96.67 0.15 0.07

N 66.46 62.60 66.33 64.70 2.78 0.90

P 96.00 99.29 97.87 97.78 1.21 0.41

Ca 63.94 65.82 67.26 84.95 2.78 < 0.001

a  Each mean represents 4 individually penned pigs.
b  RX: Ricex-1000™.
c  SEM: Standard error of the mean.

Complete balance data are provided in Table 7 for N and P, the two nutrient elements of primary interest 
from an environmental stand point.

Table 7. Phosphorus and nitrogen balance at increasing levels of RX inclusion. 

Trt:a 1 2 3 4 P-value
RX, %:b 0 7.5 15 30 SEMc (Linear)

Response
 P            

Intake, g/d 9.84 11.77 14.38 20.18 0.31 < 0.01

Excreted (feces), g/d 7.36 8.57 12.05 16.05 0.19 < 0.01

Excreted (urine), g/d 0.09 0.02 0.05 0.09 0.03 0.97

Absorption, g/d 2.49 3.20 2.33 4.12 0.30 < 0.05

Retention, g/d 2.39 3.18 2.28 4.03 0.30 < 0.05

Digestibility (apparent), % 25.49 27.05 16.24 20.43 2.10 < 0.05

Retention (as a % of intake) 24.53 26.87 15.88 19.97 2.14 < 0.05

Retention (as a % of absorption) 96.00 99.29 97.87 97.78 1.21 0.41

 N

Intake, g/d 74.47 68.72 70.03 67.22 1.68 < 0.05

Excreted (feces), g/d 7.69 7.39 8.91 9.54 0.30 < 0.01

Excreted (urine), g/d 22.53 23.04 20.63 20.36 2.02 0.36

Absorption, g/d 66.78 61.33 61.12 57.68 1.52 < 0.01

Retention, g/d 44.25 38.29 40.49 37.32 1.61 < 0.05

Digestibility (apparent), % 89.72 89.28 87.28 85.81 0.37 < 0.01

Retention (as a % of intake) 59.66 55.90 57.88 55.50 2.35 0.34

Retention (as a % of absorption) 66.46 62.60 66.33 64.70 2.78 0.90

a  Each mean represents 4 individually penned pigs.
b  RX: Ricex-1000™.
c  SEM: Standard error of the mean.
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Nutrient digestibility in Ricex-1000™

Table 5 also presents the estimated digestibility 
coefficients for nutrients contained in RX. 
Compared to the basal diet, RX was estimated to 
have lower digestibility values for most nutrients, 
including P. Digestibility of Ca and Na in RX 
were estimated to be negative. Several methods of 
excluding portions of the data were attempted (in 
the event that these results were dependent on a 
single treatment or individual pig), but both values 
were negative for all combinations of data from the 
four diets used to calculate digestibility in the RX 
product. It is noted that these two nutrients from rice 
bran constituted less than 4% of the total dietary 
nutrient (Table 4). 

Digestible and metabolizable energy (DE, and 
ME, respectively) in the RX product were estimated 
by regressing the energy contents (DE or ME, in 
kcal/kg) on the percent of RX substituted in each of 
the first four diets (Diets 1, 2, 3, and 4). The linear 
regression estimates were 3.967 and 3.869 kcal/kg of 
RX for DE and ME, respectively (on ‘as fed’ basis).

Phytase amendment of the diet containing 30% 
Ricex-1000™ 

Table 8 presents the digestibility coefficients for 
the lowest and highest levels of RX substitution (0 
and 30%), amended with 0 and 750 PU, and the 
corresponding main effects of RX and PHY. Phytase 
amendment increased the digestibility of P, Ca, and 
fat. The PHY main effect was strongly significant  
(p <0.01) for P and fat digestibility, and moderately 
significant (p<0.05) for Ca digestibility. The 
relative increase in P digestibility due to the PHY 
amendment of the 0% RX diet was 87% (from 25.5 
to 47.4), and was 81% (from 20.4 to 37.0) in the 
30% RX diet.

The magnitude of increase in Ca digestibility 
due to PHY amendment was 4.1 percentage units 
for the 0% RX diet, and 10.9 percentage units 
for the 30% RX diet. The magnitude of increase 
in fat digestibility due to PHY amendment was 
6.3 percentage units for the 0% RX diet, and 3.3 
percentage units for the 30% RX diet.

Table 8. Apparent (%) digestibility of nutrients when supplementing phytase (PHY) to low and high RX diets. 

Experimental diets
Trt:a 1 4 5 6

RX, %:b 0 30 0 30 P-valuec

PHY:d - - + + SEMe PHY RX
Response
DMf 90.12 84.58 90.70 85.00 0.36 0.20 < 0.01

Energy 89.81 86.01 90.00 85.76 0.33 0.92 < 0.01

Fat 78.51 83.72 84.83 87.00 1.14 < 0.01 0.01

N 89.72 85.81 90.12 86.01 0.38 0.44 < 0.01

NDFg 68.16 56.92 70.29 56.74 2.35 0.69 < 0.01

ADFh 72.81 52.32 74.95 51.82 2.27 0.73 < 0.01

ADLi 68.45 37.29 69.26 26.59 4.06 0.25 < 0.01

P 25.49 20.43 47.44 37.03 2.12 < 0.01 < 0.01

Ca 46.78 32.73 50.86 43.65 3.07 < 0.05 < 0.01

a  Each mean represents 4 individually penned pigs.
b  RX: Ricex-1000™.
c  The P-values for the PHY x RX interaction were all P > 0.10
d  PHY: Calculated phytase (PHY) level supplemented was 750 PU/kg diet.
e  SEM: Standard error of the mean.
f  DM: Dry matter.
g  NDF: Neutral detergent fiber. 
h  ADF: Acid detergent fiber.
i  ADL: Acid detergent lignin.
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Table 9 presents the nutrient retention results. 
Only Ca retention was increased by the addition of 
PHY to the diets.

Table 10 shows the P and N balance results, 
comparing the effect of PHY and RX. Phosphorus 
absorption and retention (as a percent of intake) was 

higher (p<0.01) in the PHY supplemented diets. 
Fecal excretion of P for the RX-added diet more 
than doubled the excretion observed in the 0% RX 
diet (7.36 vs. 16.05 g/d, respectively). Part of this 
increase in P excretion was then counterbalanced 
with PHY supplementation (16.05 vs. 13.79 g/d, 
respectively).

Table 9. Retention of nutrients (as a % of absorption) when supplementing phytase (PHY) to low and high RX diets. 

Experimental diets
Trt:a 1 4 5 6

RX, %:b 0 30 0 30 P-values
PHY:c - - + + SEMd PHY RX

Response
Energy 96.22 96.67 96.57 96.78 0.16 0.18 0.07
N 66.46 64.70 68.19 69.03 3.45 0.40 0.89
Pe 96.00 97.78 98.74 90.64 1.46 0.17 0.06
Ca 63.94 84.95 78.41 89.18 2.78 < 0.01 < 0.01

a  Each mean represents 4 individually penned pigs.
b  RX: Ricex-1000™.
c  PHY: Calculated phytase level supplemented was 750 PU/kg diet.
d  SEM: Standard error of the mean.
e  The P-value for the PHY x RX interaction was P < 0.01

Table 10. Phosphorus and nitrogen balance when supplementing phytase (PHY) to low and high RX diets. 

Trt:a 1 4 5 6
RX, %:b 0 30 0 30 P-values

PHY:c - - + + SEMd PHY Ricex PHYxRX
Response
P
Intake, g/d 9.84 20.18 10.03 21.82 0.34 < 0.05 < 0.01 < 0.10
Excreted (feces), g/d 7.36 16.05 5.30 13.79 0.38 < 0.01 < 0.01 0.78
Excreted (urine), g/d 0.09 0.09 0.06 0.76 0.09 < 0.01 < 0.01 < 0.01
Total excreted, g/d 7.45 16.15 5.36 14.55 0.30 < 0.01 < 0.01 0.44
Absorption, g/d 2.49 4.12 4.73 8.04 0.27 < 0.01 < 0.01 0.01
Retention, g/d 2.39 4.03 4.67 7.28 0.26 < 0.01 < 0.01 < 0.10
Digestibility (apparent), % 25.49 20.43 47.44 37.03 2.12 < 0.01 < 0.01 0.24
Retention (as a % of intake) 24.53 19.97 46.88 33.48 2.08 < 0.01 < 0.01 0.06
Retention (as a % of absorption) 96.00 97.78 98.74 90.64 1.46 0.17 0.06 < 0.01

N
Intake, g/d 74.47 67.22 75.89 72.70 1.76 < 0.10 < 0.05 0.28
Excreted (feces), g/d 7.69 9.54 7.52 10.15 0.35 0.55 < 0.01 0.29
Excreted (urine), g/d 22.53 20.36 22.06 19.59 2.41 0.80 0.36 0.95
Total excreted, g/d 30.22 29.89 29.58 29.74 2.45 0.88 0.97 0.92
Absorption, g/d 66.78 57.68 68.37 62.55 1.52 < 0.10 < 0.01 0.30
Retention, g/d 44.25 37.32 46.31 42.96 1.98 < 0.10 < 0.05 0.39
Digestibility (apparent), % 89.72 85.81 90.12 86.01 0.38 0.44 < 0.01 0.80
Retention (as a % of intake) 59.66 55.50 61.46 59.34 2.99 0.37 0.32 0.74
Retention (as a % of absorption) 66.46 64.70 68.19 69.03 3.45 0.40 0.89 0.71

a  Each mean represents 4 individually penned pigs.
b  RX: Ricex-1000™.
c  PHY: Calculated phytase level supplemented was 750 PU/kg diet.
d  SEM: Standard error of the mean.
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Discussion

The decreasing digestibility values observed 
as RX inclusion level increased agree with those 
of Campabadal et al. (1976) who reported an 
almost linear reduction in DM and CP digestibility 
when increasing levels of rice bran (0, 20, 25, 30, 
35, 40, and 45%) were included in a corn-SBM 
diet for finishing pigs. These results are in general 
agreement with most research, which demonstrated 
an inverse relationship between the level of dietary 
crude fiber and digestibility coefficients for various 
nutrients in growing pigs (Schulze et al., 1994; 
Lenis et al., 1996; Phuc et al., 2000; Le Goff and 
Noblet, 2001; Souffrant, 2001; Wenk, 2001). 

Ranjhan et al. (1971) reported that growing 
pigs fed increasing levels of crude fiber (4.0, 6.8, 
8.6, and 11.0%) exhibited an indirect relationship 
between DM digestibility and the crude fiber 
content of the diet. The DM digestibility started to 
be negatively influenced at a dietary level of 6.8% 
crude fiber. 

Other researchers have reported similar findings 
when the dietary level of cellulose was increased. 
Farrel and Johnson (1970) reported a decrease in 
DM and energy digestibility in growing pigs fed 
diets containing 8 and 26% cellulose. Gargallo and 
Zimmerman (1981) also reported decreased DM, N, 
and cellulose digestibility with increasing levels of 
cellulose in the diet. Kornegay (1978) substituted 
a basal corn-oats-alfalfa meal-SBM diet with 15 
and 30% soybean hulls for growing pigs, finding 
that as the hulls were substituted for the basal diet, 
digestibility coefficients for DM, energy, CP, and fat 
were decreased, while ADF digestibility increased. 
Lindemann et al. (1986) also reported decreased 
DM, N, energy, ash, and fiber digestibility with 
graded levels of peanut hulls (0, 7.5, 15, and 30%) 
included in the diet of finishing pigs.

Several possible modes of action have been 
proposed to explain the decreased digestibility 
caused by fiber. Some researchers have explained 
it as a physical entrapment of the nutrient in the 
bulk of the bolus, with consequent inaccessibility 
to enzyme action (Bailey et al., 1974). It has also 
been reported that high fiber diets tend to increase 

the rate of passage through the alimentary canal, 
decreasing the opportunity for enzymatic digestion 
and absorption (Gargallo and Zimmerman, 1981; 
Wenk, 2001). While the correlation between passage 
rate and nutrient digestibility is evident (Kim et 
al., 2007), the increased rate of passage by high 
fiber content is not always observed (Lindemann 
et al., 1986). Apparently, fiber can reduce the 
digestibility of DM and energy because of its 
resistance to digestion by the endogenous enzymes 
secreted into the small intestine (Bach-Knudsen and 
Jansen, 1991), or probably because of the increased 
viscosity of the intestinal contents produced by 
certain fiber components, such as gums (Rainbird 
et al., 1984). There is conflicting evidence in the 
literature regarding the modes of action of fiber in 
the digestive tract. Bach-Knudsen (2001) explains 
some of the disagreements between experiments 
as due to several different fractions that constitute 
dietary fiber, the different proportions of these 
fractions present in the feed ingredients used, and 
the different physiological effects of these fractions.

In regards to the magnitude of the impact of fiber 
on energy digestibility, in a series of digestibility 
studies using a variety of fiber sources, including 
rice bran substituted at 25% in the diet, Le Goff and 
Noblet (2001) found that the energy digestibility in 
growing pigs is reduced by one percentage point for 
each one percent additional NDF in the diet. In this 
experiment, although depressed, energy digestibility 
was not affected by RX addition to the extent 
estimated by Le Goff and Noblet (2001).

Contrary to the trend in energy digestibility, 
fat digestibility increased linearly (p<0.01) with 
increasing levels of RX. These results agree with 
Campabadal et al. (1976), who reported increased 
digestibility of EE when increasing levels of rice 
bran were added to the diet. The effect of increased 
fat digestibility probably reflects the increasing level 
of fat intake. In a recent review of experiments with 
horses, where various feeds were tested, Kronfeld 
et al. (2004) reported an exponential increase in 
apparent digestibility of fat as fat content of the diet 
increased. They also reported a linear (p<0.001) 
relationship between fat absorbed (g/d), and fat 
intake (g/d) for 23 different feeds.
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In this experiment, the lignin content of Diets 
1 through 4 increased (Table 3), reflecting the 
RX substitution levels. The apparent digestibility 
coefficients of lignin decreased as the lignin 
contents increased, but the values were relatively 
high for all the diets, ranging from 68.5 to 37.3%. 
Although lignin is generally considered an 
indigestible material (Kotb and Luckey, 1972; 
Schneider and Flatt, 1975), other researchers have 
observed relatively high digestibility coefficients 
for lignin. Kornegay (1978) reported 44.1 to 51.2% 
digestibility coefficients for lignin in his diets 
containing 15 and 30% SBM hulls, respectively. 
Lindemann et al. (1986) reported 42.2, 32.4, 30.7, 
and 21.3% digestibility coefficients for lignin in a 
basal corn-SBM diet substituted with 0, 7.5, 15, and 
30% peanut hulls for finishing pigs.

Regarding nutrient retention, the increase in 
Ca retention was likely the response of the pig to 
the observed decrease in apparent digestibility of 
the mineral (Table 5). The intake of this mineral 
decreased linearly with increasing levels of RX 
(p< 0.01), due to the fact that the whole basal diet, 
which included the limestone supplementation, 
was substituted with RX. As a result, the level of 
Ca inclusion was reduced from 0.60% in Diet 1 to 
0.43% in Diet 4. Total Ca intake per day dropped 
linearly (p< 0.01) from 16.5 g in Diet 1 to 13.0 g 
in Diet 4. Nevertheless, this 21% difference in Ca 
intake is less than half the difference observed in 
the amount of Ca absorbed, which dropped 45%, in 
a linear manner (p< 0.01), from 7.7 to 4.2 g/d for 
Diets 1 and 4, respectively. It can be assumed that 
the decrease in absolute absorption of Ca was not 
only due to a decrease in absolute intake, but also 
to a concomitant decrease in Ca digestibility, which 
dropped linearly (p<0.01) from 46.8 to 32.7% for 
Diets 1 and 4, respectively. The decrease in Ca 
intake and absorption apparently led to an increase 
in retention, as evidenced in urinary Ca excretion, 
which decreased from 2.8 to 0.6 g/d for Diets 1 and 
4, respectively.

Regarding nutrient balance, as expected, total 
P intake/day increased as RX increased. Because 
most of this P was phytate P, and no phytase was 
supplemented to these diets, a simultaneous linear 
increase in fecal excretion was also observed. Fecal 

P excretion was 118% higher for Diet 4 than for 
Diet 1 (p<0.01), raising questions on its potential 
environmental impact. Phosphorus retention (% of 
intake) decreased linearly (p<0.05) with greater RX, 
reflecting the same trend observed in the digestibility 
for this nutrient (p<0.05). The retention (% of intake) 
and digestibility data were closely related across 
these diets, which is related to the tight control of 
urinary P excretion by pigs eating P-deficient diets. 
This is further supported by the observed lack of 
increase in urinary P (p=0.97) with increasing 
RX supplementation. It is interesting to note that 
P digestibility is not always depressed with fiber 
supplementation. Kornegay et al. (1995) reported a 
linear increase in apparent P digestibility by weanling 
pigs fed increasing levels (0, 8, or 16%) of peanut 
hulls added to a corn-SBM diet.

The N intake decreased as RX supplementation 
increased (p<0.05), reflecting the lower CP 
content of RX, in comparison to the basal diet. The 
amount of fecal N linearly increased (p<0.01), but 
the urinary N did not change (p=0.36). Fecal N 
was 24% higher for Diet 4 than for Diet 1, which 
raises concerns regarding greater environmental N 
problems with high levels of RX in pig diets. The 
higher fecal N excretion observed agrees with the 
findings of Lenis et al. (1996), who reported an 
increase in N excretion in the feces of growing pigs 
fed semi-purified diets with 15% added NDF. The 
urinary excretion of N reportedly decreased with 
the NDF-added diet, which was not observed in this 
experiment.

Regarding the negative digestibility coefficients 
observed for Ca and Na in RX, a possible reason 
for this could be the low amounts provided by RX 
in these experimental diets (Table 4), which is in 
agreement with observations by Schneider and 
Flatt (1975). Additionally, the Ca:P ratio in the diets 
may have contributed to the low Ca digestibility 
observed. It is possible that osmotic imbalances in 
the gut, derived from the increased fiber intake, may 
explain the negative digestibility observed for Na 
(Lindemann et al., 1986).

It is possible that the comparatively lower 
improvement in P digestibility observed by 
the amendment with PHY of the 30% RX diet, 
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compared with the improvement for the amended 
0% RX diet was due to an insufficient level of PHY 
for cleaving all the phytic P present in this diet. 
Nevertheless, on a grams/day basis, P absorption 
in the 30% RX diet amended with PHY almost 
doubled (4.73 to 8.04 g/d) the increase observed in 
the 0% RX diet amended with the enzyme (2.49 to 
4.12 g/d) (Table 10).

Several researchers have reported increased P 
digestibility in common diets amended with PHY 
(Jongbloed et al., 1992; Cromwell et al., 1993; Lei 
et al., 1993; Mroz et al., 1994; Cromwell et al., 
1995; Yi et al., 1996; Han et al., 1997; Agudelo et 
al., 2007), but the literature is scarce on research 
using rice bran and the enzyme.

No research reports were found regarding 
apparent total tract digestibility of fat when PHY 
was supplemented to pigs. Akyurek et al. (2005) 
reported that broiler chicks fed a corn-SBM diet 
supplemented with PHY had improved ileal crude 
fat digestibility. Ravindran et al. (2001) reported 
that mineral-phytate complexes may contribute 
to the formation of insoluble metallic soaps in the 
gastrointestinal tract, which is a constraint on lipid 
utilization. By preventing the formation of mineral-
phytate complexes, PHY may reduce the degree of 
soap formation in the gut, enhancing fat utilization.

In this experiment, PHY did not have any 
effect on the apparent total tract digestibility 
of N (p=0.44) or on N retention as a percent of 
absorption (p=0.40), which agrees with several 
reports (Yi et al., 1996; Han et al., 1997). Ketaren 
et al. (1993) reported that PHY addition to diets 
of growing pigs did not have any effect on the 
apparent digestibility of protein, although they 
observed an increase in N retained as a percent of 

intake. On the other hand, other researchers have 
reported a positive effect of PHY on N digestibility 
(Mroz et al., 1994; Kemme et al., 1999; Zhang and 
Kornegay, 1999) and retention (Ketaren et al., 1993; 
Mroz et al., 1994; Li et al., 1998) in pigs.

In regard to P retention, PHY did not increase 
retention as a percent of absorption (p=0.17), 
although there was a numerical difference between 
Diets 1 and 4, favoring PHY. The enzyme amendment 
improved absolute retention of P, and decreased P 
excretion in both diets (p<0.01) (Table 10).

In summary, the estimated digestibility 
coefficients for most RX-derived nutrients in 
growing pigs were lower than those for the 
basal low-P corn-SBM diet. The exception is the 
digestibility of the fat fraction, which is expected 
to increase with increasing levels of the product in 
the diet. The amendment of a corn-SBM low P diet 
containing 30% RX with 750 PU/kg will increase P 
digestibility. Further research is required to define 
the optimum level of PHY amendment to such diets 
in order to release the maximum amount of phytic P.
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