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Abstract
A total of 60 crossbred pigs (Yorkshire × Duroc, initially 56.5 kg) were used
in a 42-day trial to evaluate the effect of replacing a commercial high protein
supplement with soybean meal and/or a base mix in rice bran-based diets on
pig growth performance. Pigs were allotted to pens by body weight and pens
were randomly assigned to dietary treatments in completely randomized design. There were 4 dietary treatments with 3 or 4 replicate pens per treatment
and 4 pigs per pen. Dietary treatments were: 1) 80% rice bran with 20% high
protein supplement (RBS20), 2) 95% rice bran with 5% high protein supplement (RBS5), 3) 97.5% rice bran with 2.5% base mix (RBB2.5), and 4) 92.5%
rice bran with 5% soybean meal and 2.5% base mix (RBSBB). The base mix
included vitamins, macro and trace minerals, L-Lysine, L-Threonine, and
DL-Methionine. Overall (d 0 to 42) average daily gain was greater (P < 0.001)
for pigs fed RBSBB and RBS20 diets than pigs fed the RBS5 or RBB2.5 diets.
Pigs fed the RBS5 diet had reduced (P < 0.004) average daily feed intake
compared to all other treatments. Similarly, feed efficiency (feed/gain) was
improved (P < 0.004) for pigs fed RBSBB and RBS20 diets compared with
pigs fed RBS5 or RBB2.5. For economics, income over feed cost was the
greatest (P < 0.01) for the diet containing soybean meal and base mix compared to pigs fed the RBS20 diet, SBS5, and RBB2.5. In conclusion, feeding
pigs a rice bran diet with base mix and soybean meal had similar growth performance and increased economic return compared to feeding a rice bran diet with high protein supplement. Use of soybean meal and base mix provides
an opportunity for increased economic return for pig farmers.

DOI: 10.4236/ojas.2020.103034 Jul. 16, 2020

535

Open Journal of Animal Sciences

S. Sreng et al.

Keywords
Base Mix, Growing Pigs, Growth Performance, Rice Bran, Soybean Meal

1. Introduction
Feed quality is often a major limiting factor for most smallholder pig farmers in
Cambodia. In fact, feed costs contribute up to 60% to 70% of the total cost of pig
production in the country [1]. Animal feeds are commonly imported from surrounding countries (i.e. Thailand or Vietnam); which contributes to the high
cost of feed within the country [2]. With this, smallholder farmers often cannot
afford complete feeds. Therefore, many smallholder farmers utilize local feed
materials and/or left-over food as feed. Commonly, Cambodia farmers will purchase a low-cost ingredient, such as rice bran, to feed to pigs. Rice bran contains
8.7% to 14% protein [3] [4] [5], 11.9% to 21.5% crude fiber [5] [6] [7], and 13 to
18.8% fat [4] [5]. The quality of rice bran can vary, but generally it is a medium
energy and protein source with basal levels of vitamins and minerals [8] [9].
Unfortunately, rice bran is insufficient in protein and/or vitamins and minerals
to meet the daily nutrient needs of swine, but many farmers do not supplement
diets with these essential nutrients. Therefore, rice bran must be supplemented
with a source of amino acids, vitamins, and minerals to meet pig’s requirements.
While nutrient requirements of amino acids, macro and micro minerals and
vitamins for growing pig performance have been reported [10], pigs in developing counties are not often fed these levels. Vitamins and minerals are often included in high protein commercial supplements, but these products are expensive and the concentration of amino acids, vitamins, and minerals included in
them is often unknown. A base mix or premix is often used to provide vitamins
and minerals, but does not contain adequate protein to be supplemented alone
with rice bran. However, some small-scale farmers use this approach in an attempt to provide some nutrients without knowledge of the impact on pig performance. Soybean meal is a consistent and high-quality protein source has been
used across the world as a protein source for pigs. Soybean meal is higher in
concentration of amino acids such as lysine, which is the first limiting amino
acid in the most grain-based diets [11]. The objective of this current study was to
evaluate the effect of replacing a high protein supplement with soybean meal
and/or base mix in rice bran diets on growing-finishing pigs’ performance and
economic return.

2. Material and Methods
2.1. The Site of Study and Climate Condition
The experiment was conducted in a commercial pig barn facility in the district of
S’ang, Kandal province, Cambodia. The trial was conducted in the rainy season
(May to October) with the average daily temperature of 29˚C and 80% in huDOI: 10.4236/ojas.2020.103034
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midity. A thermometer sensor measured the daily temperature and humidity inside the pig barn in which the minimum and maximum temperature of 23˚C
and 35˚C, respectively. Relative humidity ranged from 70% to 90% during the
experiment.

2.2. Pigs and Experimental Design
A total of 60 crossbred pigs (Yorkshire × Duroc) were purchased from a large
commercial farm with an initial body weight of 56.5 kg and used in a 42-day experiment. Pigs were housed in 2 × 3 m pens with a nipple drinker to supply ad
libitum access to fresh water. Pigs were allotted to pens by body weight and pens
were randomly assigned to dietary treatments in completely randomized design.
There were 4 dietary treatments with 3 or 4 replicate pens per treatment and 4
pigs/pen. Dietary treatments were: 1) 80% rice bran with 20% high protein supplement (RBS20), 2) 95% rice bran with 5% high protein supplement (RBS5), 3)
97.5% rice bran with 2.5% base mix (RBB2.5), and 4) 92.5% rice bran with 5%
soybean meal and 2.5% base mix (RBSBB). The 20% inclusion rate for the high
protein supplement was according to the manufacturer recommendations. The
second treatment included the high protein supplement at a reduced rate (5%)
to mimic a typical approach of local farmers where the supplement is used at a
reduced inclusion rate to lower cost. The third treatment was used to determine
the benefit of vitamin and mineral addition to rice bran without protein supplementation. For the last treatment, 5% soybean meal was added to the third
treatment as an amino acid source to meet all requirements of the pigs.

2.3. Diets and Feeding
Feed ingredients, including rice bran, soybean meal, and supplement (Deheus
3401) were purchased from local feed supplier in Kandal province, Cambodia.
The base mix was manufactured by Provimi Company, in Vietnam. The experimental diets are shown in Table 1. Each experimental diet was thoroughly
mixed every two days and stored in a clean bag (total 50 kg of feed in each bag)
until feeding. Feed was offered ad libitum to pigs and provide three times per
day at 07:00, 12:00, and 18:00. Every morning prior to the feeding, the trough in
each pen was cleaned and new feed was added. The collected residual feed from
each pen was weighed using an electronic scale and recorded.

2.4. Data Collection
Feed offered and residual of each pen were recorded daily and pigs were individually weighed and recorded on d 0, 21, and 42 day of the study to calculate average daily gain (ADG), average daily feed intake (ADFI) and feed efficiency
(F/G).

2.5. Sample Collection and Analytical Analysis
Sub-samples of rice bran, soybean meal, supplement and complete feed were
DOI: 10.4236/ojas.2020.103034
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Table 1. Composition of basal diet used in the experiment (as-fed basis).
Experimental Diet

Items,%

RBS20

RBS5

RBB2.5

RBSBB

Rice bran

80

95

97.5

92.5

Supplement

20

5

-

-

Soybean meal

-

-

-

5

Base mix

-

-

2.5

2.5

100

100

100

100

Dry matter, %

90.07

89.07

89.50

89.38

Crude protein, %

19.00

13.54

12.17

13.62

Ether extract, %

9.78

8.68

10.34

10.34

Ash, %

10.61

9.08

10.87

10.04

Crude fiber, %

11.00

11.84

11.61

10.42

Acid detergent fiber, %

15.61

17.03

20.63

15.09

Neutral detergent fiber, %

24.31

22.88

23.40

21.08

a

Total (%)
Nutrients analysis (DM basis)

Base mix component per kg: Lysine HCl 3.3%; L-Threonine 3.3%; DL-Methionine 0.95%; vitamin A
206,250 IU; vitamin D 42,200 IU; vitamin E 1690 IU; vitamin K 84 mg; vitamin B12 0.85 mg; Niacin 1.240
mg; Pantothenic acid 685 mg; Riboflavin 206 mg; Choline 13,700 mg; Biotin 5.6 mg; Folic acid 56 mg; Pyridoxine 28 mg, Copper 415 ppm; Iodine 7.40 ppm; Manganese oxide 825 ppm; Selenium 7.4 ppm; Calcium
(min) 20%; digestible phosphorus 5.6%; NaCl (min) 12.5%.
a

collected every two weeks for chemical analysis. Chemical analysis was performed at the Chemical Analysis Laboratory, Royal University of Agriculture,
Phnom Penh. Experimental diets and feed ingredient samples were collected,
subsampled, and analyzed for dry matter by using analysis official method [12].
Ash was ignited in a muffle furnace at 600˚C during 2 h due to the description of
[12]. Crude protein was determined by Leco FP-528 (LECO Corporation,
ISO-9001:2008, USA, 2014), and estimated a calculation of crude protein factor
(N × 6.25). Ether Extract (EE) was determined by ST243 SoxtecTM Extraction
Unit (Foss Analytical Co., Ltd, China, 2014). Neutral detergent fiber (NDF), acid
detergent fiber (ADF) and crude fiber were determined by ANKOM 200i, approved procedure by AOCS (ANKOM Technology, USA).

2.6. Statistical Analysis
All data were statistically analyzed by using the software of Statistical Package
for the Social Sciences (SPSS) version 18.0 (2015) for Windows. The analytical
procedure was processed with one-way of analysis of variance (ANOVA-test) to
compare the variable means and determined the statistically significant different
of means at the probability level (P < 0.05). Duncan test was used to evaluate the
difference between means.

3. Results
Nutrient analysis of experimental diets is shown in Table 1. The DM content of
DOI: 10.4236/ojas.2020.103034
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all diets was similar. The CP content was highest for the RBS20 diet indicating
the high inclusion of high protein supplement. The RBS5 and RBSBB diets were
similar in CP content, but being higher than RBB2.5 diet. The ether extract,
crude fiber, ash, and NDF content were similar among diets. The RBB2.5 diet,
which contained only rice bran and base mix supplement, had higher ADF content than RBS20, RBS5, and RBSBB diets.
Chemical composition of feed ingredients is shown in Table 2. Rice bran in
this experiment had 11.81% CP and 12.23% ether extract on a dry matter basis,
but also was high in fiber with almost 11% crude fiber, 20% NDF, and 17% ADF.
Soybean meal was 50.5% CP and low in fiber and ether extract. The commercial
supplement analysis showed that it had a high CP content (46.43%) and contained high mineral levels (18.1% ash).
From day 0 to 21, ADG was greater (P < 0.024) for pigs fed RBS20 compared
to pig fed RBB2.5 and RBS5, with pigs fed RBSBB intermediate (Table 3). There
was no difference between treatments for ADFI (P > 0.063). Feed efficiency was
improved (P < 0.047) for pigs fed the diet containing 20% supplement compared
to pigs fed RBB2.5 with those fed RBS5 and RBSBB intermediate. From day 21 to
42, ADG was higher (P < 0.004) for pigs fed diet containing 5% soybean meal
and 2.5% base mix compared to those fed RBS5 and RBB2.5 with pigs fed RBS20
intermediate. The ADFI was higher (P < 0.002) for pigs fed RBS20, RBB2.5, and
RBSBB compared with pigs fed the RBS5 diet. However, for F/G, there was no
significant differences (P = 0.055) between dietary treatments.
Overall (d 0 to 42), there was highly significant difference on ADG among diets (P < 0.001). Pigs fed the RBSBB and RBS20 diets had greater ADG than pigs
fed the RBS5 or RBB2.5 diets. This led to a significant improvement in final body
weight (P < 0.010) for pigs fed RBSBB and RBS20 compared with pigs fed the
RBS5 and RBB2.5 diets. For ADFI there were significant differences between
treatments (P < 0.004). Pigs fed the RBS5 diet had reduced ADFI compared to
other three diets. Similarly, F/G was improved (P < 0.004) for pigs fed the diets
RBSBB or RBS20 compared with pigs fed RBS5 or RBB2.5.
For economics, all diets were significantly different from each other (P <
0.001) for feed cost per pig, with the highest to lowest cost being pigs fed RBS20,
Table 2. Chemical composition of complete feed and morning glory used for the experiment (% as DM)a.

DOI: 10.4236/ojas.2020.103034

Items

Rice bran

Soybean meal

Supplement

Dry matter

90.51

89.48

93.10

Crude protein

11.81

50.45

46.43

Crude fiber

10.96

3.46

3.67

Ether extract

12.23

1.19

4.44

Ash

8.92

7.87

18.06

Acid detergent fiber

16.85

6.64

6.84

Neutral detergent fiber

20.65

7.32

16.68
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Table 3. Effect of dietary supplementation, base mix and soybean meal on growing pig
performanced,e.

Items

Rice bran 80% Rice bran 95%
+ Supplement + Supplement
20%
5%

Rice bran
97.5% +
Base mix
2.5%

Rice bran
92.5% + Base
mix 2.5%
+ SBM 5%

SEM

P<

Body weight, kg
D0

56.72

56.51

56.49

56.24

0.578

0.995

D 21

72.92

a

69.67

b

69.55

b

70.36

0.462

0.028

D 42

88.81

a

82.58

b

83.91

b

87.94

0.789

0.010

b
a

Day 0 to 21
ADG, g

582a

439b

451b

481ab

18.59

0.023

ADFI, g

2291

2082

2215

2220

28.86

0.063

F/G

3.95

4.81

4.95

4.63

0.135

0.047

b

ab

a

ab

Day 21 to 42
ADG, g

757ab

620c

684bc

837a

26.79

0.004

ADFI, g

2,940a

2,548b

2.890a

2,843a

47.78

0.002

F/G

3.92

4.13

4.26

3.41

0.128

0.055

ADG, g

764a

621b

653b

755a

18.93

0.001

ADFI, g

2615

a

2315

b

2552

a

2531

a

36.26

0.004

F/G

3.43

b

3.74

a

3.91

a

3.36

b

0.073

0.004

Day 0 to 42

Economics, USD/pig
Feed costf

39.54a

24.31d

25.73c

28.71b

1.50

0.001

Gain valueg

68.19a

55.40b

58.25b

67.36a

1.69

0.001

IOFCh

28.65b

31.09b

32.52b

38.66a

1.23

0.010

Different superscripts are significantly different, P < 0.05. A total of 60 pigs (initially 56.49 kg body
weight) were used in a 42 days studying with 4 pigs per pen and 3 pens of treatment RBS20 and 4 pens each
for treatment RBS5, RBB2.5 and RBSBB. eRBS20 = Rice bran 80% and Supplementation 20%; RBS5 = Rice
bran 95% and Supplementation 5%; RBB2.5 = Rice bran 97.5% and Base mix 2.5%; RBSBB = Rice bran
92.5% + Soybean meal 5% and Base mix 2.5%. fAssuming diet RBS20 costs $0.36/kg, diet RBS5 costs
$0.25/kg, diet RBB2.5 costs $0.24/kg and diet RBSBB costs $0.27/kg. gAssuming a market price of $2.125/kg.
h
Income over feed cost (IOFC) = gain value − feed cost.
a,b,c

d

RBSBB, RBB2.5 and RBS5, respectively. Due to the improvements in ADG, pigs
fed diets containing base mix and soybean meal and the diet containing 20%
supplement had higher value of gain (P < 0.001) than pigs fed the RBS5 or
RBB2.5 diets. Finally, for income over feed cost, pigs fed the soybean meal with
base mix diet had improved (P < 0.01) return compared with pigs fed all other
diets.

4. Discussion
The composition of rice bran can vary due to the different varieties, origin, and
milling methods [4] and due to the concentration of hulls or broken rice that is
DOI: 10.4236/ojas.2020.103034
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included. The CP content of rice bran used in this experiment (11.81%) was
within the range of 8.70% to 14.64% on DM basis of other reports in the literature [3] [4] [6] [7]. The crude fiber content of rice bran in this present study was
in agreement with the expected chemical composition [6]. The ash content was
similar to the result of Shi [4], but lower than the results of Phiny [6]. The ether
extract and NDF content of rice bran in this study were 12.23% and 20.65%, respectively, which are near the lower end of all values for 17 rice bran samples
analyzed by Shi [4]. Additionally, the ADF content in the current study was almost 17%, which is greater than all values of Shi [4] indicating the rice bran was
most likely lower in energy than rice bran samples in their study.
Soybean meal (SBM) used in this study contained 50.45% CP on DM basis
and 45.1% on an as-is basis, which was similar to other reports [5] [13]. Thakur
and Hurburgh [14] describe that soybean meal collected from different origins
has different nutrient concentrations and varies in quality parameters with CP
concentration ranging from 42.7% to 51.1% of DM. The different in meal
processing condition including moisture, temperature, and drying time could be
resulted in the different quality and its nutrient composition [10] [14]. The value
of crude fiber, ether extract, and ash in this present study were 3.46%, 1.19%,
and 7.87%, which were within the ranges of 2.8% to 7.7% for crude fiber, 0.5% to
2.6% for ether extract; and 5.3% to 8.9% for ash content, respectively [14]. The
analytical results indicate that the soybean meal was high quality in this experiment with nutrient values falling near the normal range expected. Analysis of the
commercial supplement confirmed that it was a high protein supplement with
expected inclusion of minerals. Analysis of diets confirmed expectations from
the experimental design with CP and ADF changing as expected with dietary ingredient changes.
For growth performance, when reducing the supplement inclusion rate from
the manufacturer recommendation of 20% to 5% or just providing a base mix
without additional amino acids through added soybean meal, growth performance was reduced. While the rice bran basal diet was deficient in certain amino
acids, vitamin and minerals, just including the base mix was not adequate to
achieve improved growth performance. The Ca concentration of rice bran is low
[13] and amino acids are limited in rice bran [15] and thus when fed alone does
not support optimal growth of pigs. A supplement or base mix is ingredients
that can contain these in various concentrations in swine diets [16]. The base
mix in this study consisted of minor levels of indispensable amino acids lysine,
threonine, methionine, and a concentration of calcium, phosphorus, salt, vitamin and trace minerals. Since the RBB2.5 diet provided enough vitamins and
minerals for growth, a lack of addition protein or amino acids was the likely
reason for the lower performance. This theory would be supported by pigs that
were fed the base mix with 5% added soybean meal had improved performance
compared to being only provided the base mix alone.
While a common practice by small swine farms is to reduce the manufacturer
DOI: 10.4236/ojas.2020.103034
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suggested level of supplement, this practice in our study showed that pigs had
reduced performance The reduction in the protein supplement level from 20 to
5% of the diet lowered the concentration of diet protein, vitamins, and macro
and micro mineral concentration and subsequently their daily intake of those
nutrients. However, it would be theorized that the reduction in performance was
due to the decrease in protein (amino acids), not levels of vitamin and minerals
as the diet. Chemical analysis showed the diet CP content was lowered considerably when only 5% supplement was included, thus an indication of a deficient amino acid diet or an imbalance of amino acids in the remaining ration.
This would be supported by Brestenský [17] who showed that feeding pigs a deficient amino acid diet reduced body weight, and lysine intake compared to
amino acid sufficient diet for growing pigs.
As previously stated, the inclusion of soybean meal with base mix had similar
performance to that of pigs fed the high level of protein supplement. Soybean
meal is routinely used as an amino acid source across the world due to its balanced amino acid concentration for swine. According to study of Moon [18] the
inclusion of soybean meal and full-fat soybean in diet supported more rapid
growth rate and improved feed efficiency compared to feeding pigs with various
plant proteins. Also, research has shown that diets containing SBM had greater
standardized ileal digestibility (SID) of most indispensable amino acids compared to other protein ingredients [19].
For economics, pigs fed a RBS20 diet had the highest cost per pig which explains why many small swine producers do not feed this diet even though it is
the recommend protein supplement level to be used with rice barn as recommended by the manufacturer. Instead farmers often use a practice such as RBS5
which was lower in feed cost, lower in gain value (revenue), but equal in income
over fed cost per pig. Thus they can lower feed input cost yet return the same net
value to their farm. Interestingly, including only a base mix in a rice bran diet
did not improve economic return compared to feeding the low level of supplement. While both contained added vitamins and minerals, additional amino acids where lacking in the RBB2.5 diet to help improve growth rate to generate additional revenue from selling a heavier weight pig. When the base mix was combined with added soybean, pigs had increased feed cost, as expected, compared
to base mix addition alone, but they also had higher gain value (revenue) and
income over feed cost. Also, providing a high quality, lower cost source of amino
acids, vitamins and minerals such as in the RBSBB diet compared to the RBS20
diet, swine producers can decrease their feed input cost with the same pig weight
gain resulting in a higher economic return by approximately $10 per pig.

5. Conclusion
In conclusion, utilization of soybean meal and a base mix in rice bran diets for
finishing pigs provides an opportunity for increased economic return for Cambodia pig farmers over current feedings practices.
DOI: 10.4236/ojas.2020.103034
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