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Abstract
This study was conducted to evaluate the effects of brown rice (Japonica) on growth performance, nutrient digestibility, and blood parameters of weanling pigs. A total of 60 weanling
pigs (28-day-old, 30 barrows and 30 gilts, 6.73 ± 0.77 kg body weight [BW]) were randomly
allotted to 2 dietary treatments (6 pigs per pen; 5 replicates per treatment) in a randomized
complete block design with the initial BW and sex as blocks. The dietary treatments were a
typical nursery diet based on corn and soybean meal (CON) and the CON replaced 50% of
corn with brown rice (BR). Pigs were fed respective dietary treatments for 5 weeks. For the
last week of experiment period, pigs were fed respective dietary treatments containing 0.2%
chromic oxide as an indigestible marker. Fecal samples were collected from randomly selected
1 pig in each pen daily for the last 3 d after the 4-d adjustment period. Blood was collected
from randomly selected 1 pig in each pen on d 0, 3, 7, and 14 after weaning. Compared with
pig fed CON diet, pigs fed the BR diet were found to have higher (p < 0.05) final BW, overall
average daily gain, and apparent ileal digestibility (AID) and apparent total tract digestibility
(ATTD) of dry matter and energy. However, there were no significant differences between
the groups with respect to average daily feed intake, gain to feed ratio, frequency of diarrhea,
and the AID and ATTD of crude protein during overall experimental period. Similarly, there
were no significant differences on blood parameters between the groups. Thus, the findings
of this study indicate that brown rice (Japonica) can be used to replace 50% of corn in the
diet of pigs during the nursery period without negatively affecting growth performance, nutrient
digestibility, or blood parameters.
Keywords: Alternatives, Brown rice, Growth performance, Nutrient digestibility, Weanling pigs

INTRODUCTION
Given its widespread production and nutritional availability, corn is the main ingredient used as an
energy source in swine diet. However, recently corn prices and supply have been fluctuating owing to
demand for corn as a raw material for the production of biofuel. Thus, there have been many attempts
and efforts to look for alternative ingredients to stable supply and cost-efficiency. Similar to corn, rice is
a major source of dietary carbohydrates. However, although rice has a higher starch content compared
with other types of cereal [1], given that it tends to be more expensive than corn [2], the use of rice
grain as a constituent in animal feed is generally limited, with only certain rice by-products, including
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broken rice, rice bran, and rice hull, being routinely used as feedstuffs [3,4].
Although the content of nutrients and bioactive substances varies depending on the degree of
the milling, milled rice contains more starch than corn. Furthermore, a previous study has reported
that milled rice contains fewer anti-nutritional factors such as non-starch polysaccharides and
resistant starch compared to corn, making it easier to digest and reducing the occurrence of diseases
such as dysentery [5]. In addition, the endosperm and bran of brown rice are rich in phytochemicals
with various physiological activities such as anthocyanins, tocopherols, and polyphenols, so they
have high nutritional and physiological value, so they are considered a good substitute for corn in
animal feeding [6,7,8]. In several countries, including China and the US, previous studies that have
assessed the utility of brown rice (Indica) as an effective alternative to corn in animal feed, have
indicated that the complete replacement of corn with brown rice in animal diets for weanling and
growing pigs does not negatively affect growth performance or the apparent fecal digestibility of
nutrients [7,9,10]. However, the nutritional composition of rice is dependent on several factors,
notably rice subspecies (including Indica and Japonica), climate, soil, and cultivation methods [11].
For example, Indica varieties tend to be less viscous than Japonica, owing to the higher amylose
contents of Indica (25%–30%) rice compared with those of Japonica (15%–22%) [12]. In the present
study, we investigated the effects of replacing 50% of dietary corn with brown rice (Japonica) on
growth performance, nutrient digestibility, and blood parameters of weanling pigs.

MATERIALS AND METHODS
The protocol used in this experiment was reviewed and approved by Institutional Animal Care
and Use Committee of the Chungnam National University, Daejeon, Korea (approval no. CNU00780). The experiment was conducted at the Animal Research Center of Chungnam National
University, Cheongyang, Korea.
Experimental design, animals, and housing
A total of 60 weanling pigs (Landrace × Yorkshire × Duroc; 6.73 ± 0.77 kg of average initial
body weight [BW]; 4 weeks of age) were used in this experiment. These pigs were randomly
allotted to two dietary treatments (5 pens per treatment and 6 pigs per pen; 3 barrows and 3
gilts) based on a randomized complete block design with BW and sex as blocks. All pigs were
housed in an environmentally controlled room, in which each pen was provided with a stainlesssteel feeder and nipple waterers mounted on one side. Room temperature was maintained at 28℃
for the day of weaning, and then gradually reduced by 2℃ each week until reaching 22℃, and
therefore maintained at this temperature for remainder of the experiment. Relative humidity was
approximately 60%. The lighting program was regulated on a 12-h light/dark cycle. Throughout the
entire experimental period, pigs had ad libitum access to feed and water.
Dietary treatments
We evaluated the effects of two dietary treatments: (1) a typical weaner pig diet based on corn and
soybean meal (CON); and (2) a brown rice diet formulated by replacing 50% of corn in CON
with Japonica brown rice (BR). The replacement level of brown rice was determined based on
recommendations made in previous literature [7] and also took into consideration the metabolizable
energy (ME) content (Table 1). The pigs were fed the respective diets for 5 weeks.
The experimental diets were formulated to meet or exceed the nutrient requirements of weaner
pigs based on the Nutrient Requirements of Swine [13], and had similar crude protein (CP),
calcium, and phosphorus levels, although differed with respect to ME. Both diets were provided
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Table 1. Composition of experimental diet for weaner pigs (as-fed basis)
Item1)
Ingredient (%)
Corn
Brown rice

CON

BR2)

100.00

100.00

49.86

24.93

-

24.93

Whey powder

12.50

12.50

Soybean meal (44%)

25.00

25.00

Soy protein concentrate

6.25

6.25

Soybean oil

3.00

3.00

Limestone

1.14

1.14

Monocalcium phosphate

1.05

1.05

Vitamin premix3)

0.20

0.20

4)

Mineral premix

0.20

0.20

L-Lys∙HCl

0.45

0.45

DL-Met

0.16

0.16

L-Thr

0.13

0.13

L-Val

0.06

0.06

Dry matter (%)

95.93

95.42

Crude protein (%)

22.04

22.53

Gross energy (kcal/kg)

3,988

4,112

Analyzed value

Calculated energy and nutrient
Metabolizable energy (kcal/kg)

3,465

3,574

Crude protein (%)

21.26

21.52

Ca (%)

0.81

0.81

P (%)

0.65

0.67

Lys (%)

1.53

1.57

Met (%)

0.47

0.48

TSAA (%)

0.83

0.82

Thr (%)

0.95

0.97

Trp (%)

0.25

0.31

1)

CON control diet based on corn and soybean meal, BR replacing corn with 50% of brown rice.

2)

Brown rice used in the experiment was Japonica subspecies and had the following analysis values; dry matter 85.5%, crude
protein 9.13%, crude fat 2.71%, and ash 1.38%.

3)

Vitamin premix provided the following quantities of vitamin per kilogram of complete diet: vitamin A, 12,000 IU; vitamin D3, 2,500
IU; vitamin E, 30 IU; vitamin K3, 3 mg; D-pantothenic acid, 15 mg; nicotinic acid, 40 mg; choline, 400 mg; and vitamin B12, 12 μg.

4)

Mineral premix provided the following quantities of mineral per kilogram of complete diet: Fe, 90 mg from iron sulfate; Cu, 8.8
mg from copper sulfate; Zn, 100 mg from zinc oxide; Mn, 54 mg from manganese oxide; I, 0.35 mg from potassium iodide; Se,
0.30 mg from sodium selenite.

Lys, lysine; Met, methionine; Thr, threonine; Val, Valine; TSAA, total sulfur amino acids; Trp, tryptophan.

in the form of a mash and were devoid of animal plasma, antibiotics, zinc oxide, and additives
to minimize the potential of any adverse physiological or antibacterial effects. Table 1 shows the
ingredients and analyzed nutrient compositions of the diets used in this experiment.
Sample and data collection
Weaner pigs were weighed on day 1 (the first day of the study), and on days 14 and 35 during
the experimental period. In order to assess growth performance, we recorded the amounts of
feed intake and refusals in each pen to calculate average daily gain (ADG), average daily feed
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intake (ADFI), and the gain to feed ratio (G:F). During the 20 days post-weaning, the amount
of diarrhea produced by each pig was monitored daily and the excrement produced was visually
assessed by two independent evaluators to provide qualitative scores ranging on a scale from 1 to 5
(1 = normal feces, 2 = moist feces, 3 = mild diarrhea, 4 = severe diarrhea, and 5 = watery diarrhea).
The frequency of diarrhea was calculated by counting pig days with a diarrhea score of 3 or higher
[14,15]. On days 1, 3, 7, and 14 after weaning, we also collected blood samples from the jugular vein
of a single pig selected from each pen for each treatment using vacutainer tubes (Becton Dickinson
Vacutainer Systems, Franklin Lakes, NJ, USA) with or without ethylenediaminetetraacetic acid as
an anticoagulant [16]. The serum samples were left to clot at room temperature for 2 h, maintained
at 4℃ overnight, and then stored at –80℃ after centrifuging for 15 min at 3,000 × g at room
temperature. At the beginning of the final week of the experimental period, 0.2% chromic oxide
was mixed into each diet as an indigestible marker and the pigs received these modified diets for
the duration of the final week of the experimental period [17]. In order to determine the apparent
total tract digestibility (ATTD) of nutrients, fecal samples of a randomly selected pig within each
pen for each treatment were collected using the anal massage method for three consecutive days
after an initial 4-day adaptation period and stored at –80℃ until used for analysis. At the end of
the experimental period, the selected pigs were euthanized by exposure to CO2 gas subsequent to
anesthesia using an intramuscular injection of 50 mL/kg BW xylazine [18]. For determinations of
the apparent ileal digestibility (AID) of nutrients, digesta samples were immediately collected from
the distal ileum anterior to the ileocecal junction and stored at –80℃ until used for analysis [19].
Sample analysis
Frozen fecal and ileal digesta samples were oven-dried at 135℃ for 2 h and then finely ground
prior to chemical analysis. Samples of the prepared diets, feces, and ileal digesta were analyzed
for dry matter (DM; method 930.15), nitrogen (method 988.05) [20], and gross energy (using a
bomb calorimeter: Parr 1281 Bomb Calorimeter, Parr Instrument, Moline, IL, USA) contents,
and the concentration of Cr (using an absorption spectrophotometer: Hitachi Z-5000 Absorption
Spectrophotometer, Hitachi High-Technologies, Tokyo, Japan) [21]. The AID and ATTD of DM,
energy, and CP were calculated for each sample according to Stein et al. [22]. White blood cell and
hematocrit counts were performed using an automated hematology analyzer calibrated for porcine
blood (Scil Vet abc hematology analyzer, Scil Animal Care, Altorf, France).
The collected serum was analyzed for total cholesterol, triglycerides, total protein, albumin, blood
urea nitrogen, creatinine, calcium, inorganic phosphorus, and magnesium using kits purchased
from Wako Pure Chemical Industries (Osaka, Japan) and a clinical auto analyzer (Toshiba Acute
Biochemical Analyzer-TBA-40FR, Toshiba Medical Instruments, Tokyo, Japan) [23].
Statistical analysis
Data were analyzed using the GLM procedure of SAS (SAS Inst, Cary, NC, USA), with pens
considered as the experimental unit. The statistical model used for analyses of growth performance,
AID and ATTD of nutrients, and blood parameters included the effect of dietary treatments as a
fixed effect and initial BW and sex as random effects. The chi-squared test was used for analyzing
the frequency of diarrhea production. Normality of data was verified, and outliers were identified
for all data. However, no outliers were detected and removed from the dataset. Results are expressed
as the mean ± SEM. Statistical significance and tendency were considered at p < 0.05 and 0.05 ≤ p
< 0.10, respectively.
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RESULTS AND DISCUSSION
Growth performance and nutrient digestibility
The results obtained for growth performance and nutrient digestibility revealed differences between
the two dietary treatments throughout the duration of the experiment (Tables 2 and 3). The current
study results showed that compared with weanling pigs fed the CON diet, pigs fed BR diet had
higher ADG (487.08 g/d vs. 432.87 g/d; p < 0.01) and final BW (23.35 kg vs. 22.04 kg; p < 0.05).
According to Li et al. [7], from week 3 to 4 post-weaning, pigs fed a diet in which corn has either
been partially or completely replaced with brown rice tended to be characterized by an increase
in ADG and improved feed efficiency compared with those fed an unmodified corn-based diet.
Moreover, He et al. [24] mentioned that brown rice would be less palatable compared to corn to
piglets during the early weaning stage, but the results of this study agree with Che et al. [25]. and
Li et al. [7], who previously reported that there was no difference in feed intake regardless of the
diet treatments over the experimental period. Previous studies have reported that when heat-treated
rice is fed to young pigs in the gelatinized form, it is more effective in preventing and reducing the
incidence of diarrhea after weaning by reducing the fermented substrate of bacteria compared to
heat-treated corn [5]. However, since raw rice was used in this study, it was shown that there was
no significant difference in dietary treatment for the incidence of diarrhea in weanling pigs fed the
CON or BR diets during the first 20 days after weaning (Table 2).
The results of nutrient digestibility shown in Table 3 revealed that, compared with weanling
pigs fed the CON diet, those received the BR diet had higher (p < 0.05) AID of DM (86.89% vs.
84.46%) and energy (79.93% vs. 77.05%). Moreover, weanling pigs fed the BR diet were found to
have higher (p < 0.05) ATTD of both DM (88.51% vs. 86.23%) and energy (86.73% vs. 84.48%)
than those fed the CON diet. However, no significant differences were between weaner pigs fed the
two experimental diets with respect to the AID and ATTD of CP. The digestibility results obtained

Table 2. Effects of replacing corn with brown rice (Japonica) on growth performance of weaner pigs1)
Item2)

CON

Initial BW (kg)

6.89

6.89

0.47

0.993

Final BW (kg)

22.04

23.35

0.56

< 0.05

ADG (g/d)

150.40

208.80

25.54

0.145

ADFI (g/d)

292.31

349.57

18.19

0.057

0.50

0.59

0.07

0.363

ADG (g/d)

621.20

672.80

19.31

0.096

ADFI (g/d)

915.11

929.71

37.11

0.788

0.68

0.73

0.01

0.052

ADG (g/d)

432.87

487.08

9.41

< 0.01

ADFI (g/d)

665.99

697.65

19.17

0.277

0.65

0.70

0.02

0.106

3.85

3.87

0.22

0.874

BR

SEM

p-value

D 1 to 14

G:F (g/g)
D 15 to 35

G:F (g/g)
D 1 to 35

G:F (g/g)
Fecal score (%)
1)

Each value is the mean of 5 replicates.

2)

CON, control diet based on corn and soybean meal; BR, replacing corn with 50% of brown rice.

BW, body weight; ADG, average daily gain; ADFI, average daily feed intake; G:F, gain to feed ratio.
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Table 3. Effects of replacing corn with brown rice (Japonica) on apparent ileal digestibility and apparent
total tract digestibility of weaner pigs1)
Item2)

CON

BR

SEM

p-value

Dry matter

84.46

86.89

0.83

< 0.05

Energy

77.05

79.93

0.96

< 0.05

Crude protein

77.23

79.41

1.03

0.312

Dry matter

86.23

88.51

0.77

< 0.05

Energy

84.48

86.73

0.76

< 0.05

Crude protein

83.47

84.65

0.91

0.714

Apparent ileal digestibility (%)

Apparent total tract digestibility (%)

1)

Each value is the mean of 5 replicates.

2)

CON, control diet based on corn and soybean meal; BR, replacing corn with 50% of brown rice.

in the present study indicate that weanling pigs digest brown rice more easily than corn which
is consistent with the findings of previously published research [7,9]. These observations could
be attributable to a number of factors. For example, brown rice has a lower fiber content (1.87%)
than corn (2.86%), and in this regard, it was reported that fiber could form a physical barrier,
thereby limiting the access of amylase to starch granules, and thus inhibiting starch hydrolysis
[26]. A high-fiber diet would thus negatively affect the digestible energy value in weaned pigs
[27]. However, fiber is not the only factor affecting digestibility. Starch granule size, for example,
can also potentially affect the digestibility of energy [28]. The larger the size of starch granules, the
smaller is the surface area ratio to volume, which leads to lower enzyme binding, and consequently
a reduction in the potential for hydrolysis [29]. Given that the size of starch granules in rice is
smaller than that of corn [30]. Pigs fed a diet containing rice might therefore be expected to show
a superior digestibility performance compared with those fed a predominantly corn-based diet
[2]. Furthermore, Japonica rice has a higher content of amylopectin, which is closely related to the
digestibility of grains in pigs [31], and a relatively lower content of amylose than other species. This
is because the side chain (α 1-6 glycosidic bond) constituting amylopectin becomes a weak point
for hydrolysis by digestive enzymes and induces it to become a short chain [32].
Hematological and biochemical parameters
During the initial 2 weeks post-weaning, there were no significant differences between the weanling
pigs received the CON and BR diets in terms of white blood cell counts, hematocrit, hemoglobin,
platelet counts, or mean platelet cell volume (Table 4). The frequency of diarrhea was found to be
correlated with the values obtained for hematocrit, also referred to as packed cell volume, which is
used as a measure of the mass of red blood cells, and as this can imply dehydration, it is often used
as an indicator of animal health [33].
In addition to hematocrit, serum hematological and biochemical parameters are associated
with diagnosing pig disease, stress and health status [34]. Furthermore, it was reported that certain
hematological parameters, such as hemoglobin, are correlated with the growth rate of pig [35]. In
the present study, however, no significant differences were observed between the diets regarding the
certain hematological parameters mentioned above. The data from this study were consistent with
the normal range for the hematology characteristics in weaned pigs reported by Estienne et al. [36].
Similarly, with the exception of albumin, no significant differences were observed between
treatments with respect to any of the assessed serum biochemical parameters (Table 5). These
findings are consistent with those of weaned piglets reported by Tumbleson et al. [37] and Cooper
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Table 4. Effects of replacing corn with brown rice (Japonica) on hematological parameters of weaner pigs1)
Item2)

CON

BR

SEM

D1

13.4

13.4

1.5

0.979

D3

11.6

12.6

1.6

0.674

D7

16.2

19.1

0.8

< 0.05

D 14

23.0

19.9

2.4

0.392

D1

5.6

6.0

0.2

0.218

D3

5.5

6.3

0.4

0.207

D7

6.0

6.3

0.3

0.585

D 14

6.3

6.3

0.3

0.988

D1

10.2

10.6

0.45

0.603

D3

10.0

11.1

0.75

0.609

D7

11.2

11.4

0.49

0.959

D 14

10.3

10.3

0.32

0.784

D1

32.7

34.4

1.2

0.366

D3

32.6

35.9

2.8

0.436

D7

35.3

35.6

1.5

0.886

D 14

33.4

34.0

0.9

0.631

D1

453

449

30.11

0.988

D3

466

426

71.84

0.716

D7

362

375

59.38

0.792

D 14

398

447

53.95

0.596

D1

59.0

57.4

1.15

0.630

D3

58.8

57.0

1.18

0.444

D7

59.0

56.8

1.01

0.271

D 14

53.0

54.0

1.33

0.796

D1

18.4

17.8

0.4

0.342

D3

18.1

17.6

0.4

0.328

D7

18.7

18.2

0.4

0.416

D 14

16.4

16.4

0.3

0.966

D1

31.2

31.0

0.2

0.681

D3

30.8

30.9

0.2

0.861

D7

31.8

32.0

0.1

0.269

D 14

30.9

30.4

0.3

0.217

p-value

3

WBC (10 /µL)

6

RBC (10 /µL)

HGB (g/dL)

HCT (%)

PLT (103/µL)

MCV (fL)3)

MCH (pg)

MCHC (g/dL)

1)

Each value is the mean of 5 replicates.

2)

CON, control diet based on corn and soybean meal; BR, replacing corn with 50% of brown rice.

3)

fL, femtolitre (10–15 L).

WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; HCT, packed cell volume (Hematocrit); PLT, platelets; MCV,
mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration.
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Table 5. Effects of replacing corn with brown rice (Japonica) on biochemical parameters of weaner pigs1)
Item2)

CON

BR

SEM

p-value

Total cholesterol (mg/dL)

82.90

69.70

5.03

0.101

Triglyceride (mg/dL)

68.80

51.90

9.97

0.265

Total protein (g/dL)

5.59

5.01

0.18

0.053

3.55

3.22

0.11

0.070

11.09

7.97

1.42

0.159

Albumin (g/dL)
Blood urea nitrogen (mg/dL)
Creatinine (mg/dL)

0.95

0.86

0.06

0.332

Calcium (mg/dL)

9.54

10.86

0.80

0.222

Inorganic phousphorous (mg/dL)

8.46

9.52

0.52

0.188

Magnesium (mg/dL)

2.31

2.32

0.15

0.963

1)

Each value is the mean of 5 replicates.

2)

CON, control diet based on corn and soybean meal; BR, replacing corn with 50% of brown rice.

et al. [38]. And the results of serum biochemical parameters in all pigs in this study were present
within the normal range of general pigs of the same age [39].
According to Tao et al. [40], it was reported that the serum biochemical parameters of piglets
gradually decreased for one week after weaning, but as a result of this study, it is considered to
be recovered to the normal levels after 2 week of weaning. Biochemical parameters are related to
nutrient metabolism and utilization [41]. For example, cholesterol and triglycerides are indicators
of lipid metabolism [42], and urea nitrogen is an indicator of protein utilization efficiency [43].
Although biochemical parameters are influenced by various factors such as age, sex, and nutrition
[38,41], the results of this study showed that replacing corn with rice does not have a negative effect
on biochemical parameters.

CONCLUSION
The findings of the present study indicate that brown rice (Japonica) can be used to replace a
substantial proportion of corn in the feed of weanling pigs without negatively affecting growth,
digestibility, or blood parameters. Given that, on account of its high starch content, brown rice
(Japonica) is a raw material that can contribute to enhancing the rate of energy digestion, and
this feed source could provide similar or larger quantities of digestible nutrients to weanling pigs
compared with corn.
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