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ABSTRACT The objective of this study was to com-
pare the digestibility of energy and fatty acids (FA) in
rice bran oil (RBO) and palm oil (PO) fed to growing
Arbor Acre (AA) broilers. A corn-soybean meal basal
diet and the basal diet supplemented with 8% RBO or
PO were evaluated. A total of 72 AA male broilers (ini-
tial BW = 1,173 § 6 g; age = 22 d) were randomly
divided to 3 dietary treatments with 6 replicates of 4
broilers in each. The growth performance and the ME
and FA digestibility in oils were compared with a bal-
ance experiment of broilers from d 22 to 28. The ME of
the RBO diet was greater (P < 0.05) than PO diet and
basal diet, and the ME of the PO diet was greater (P <
0.05) than basal diet. However, no statistical difference
was observed in the ME intake of broilers fed basal,
RBO, and PO diets. To maintain daily ME intake,
broilers ingested more basal diet relative to other diets,
resulting in increased CP intake (P < 0.01) and
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retention (P < 0.01) than broilers fed diets supple-
mented with RBO and PO. This finding resulted in
greater (P < 0.01) BWG and ADG from d 22 to 28 for
broilers fed the basal diet relative to other diets, but
there was no difference for BWG and ADG across oil
sources. However, broilers fed RBO had numerically
greater BWD and ADG than those fed PO, likely
because the RBO provided greater AME, AMEn,
AME/GE, AMEn/GE (P < 0.01) as well as ether
extract (EE) digestibility (P = 0.0536) relative to
PO. The digestibility of palmitic (C16:0), stearic
(C18:0), oleic (C18:1), and linoleic (C18:2) were
greater (P < 0.01) in RBO than PO, which positively
influenced the energy values for RBO. These results
indicate RBO has greater ME and digestibility of EE
and FA, which positively influenced the growth per-
formance of AA broilers. Therefore, RBO can be used
to replace PO in broiler diets.
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INTRODUCTION

Modern broilers are faster growing than their histori-
cal counterparts but have similar feed intake; conse-
quently, diets must be formulated with greater ME to
maintain daily energy intakes. Musigwa et al. (2021)
reported dietary energy accounted for approximately
75% of costs in broiler diets. Therefore, it is very impor-
tant to screen low-cost lipids to reduce the production
costs of broilers and compare lipid sources on a cost per
unit of ME. Relative to other sources, palm oil (PO) is
the most cost-effective lipid in the market and exten-
sively used in poultry industry (Benzertiha et al., 2019;
Saminathan et al., 2020). However, its price in the
Chinese market has increased by about 40% since 2018
(Cao, 2020). Von Schaumburg et al. (2019) reported
that the ME of PO was 82.5% of soybean oil (SO) in
adult Single Comb White Leghorn roosters. However,
others reported the ME of PO ranged from 5,302 to
7,231 kcal/kg for broilers (NRC, 1994; CVB, 2021),
which indicates there is substantial variation of ME in
PO across sources. In recent years, rice bran oil (RBO)
has become more common in commercial diets in Brazil
and China (Moraes et al., 2009; Sbardella et al., 2012;
Su et al., 2015), because of increased production of low-
fat rice bran (Punia et al., 2021) and reduced price than
PO. The ME value of semi-refined RBO was 82.24% of
purified SO for weaning pigs (Sbardella et al., 2012), but
few studies have evaluated the ME of RBO for broilers.
Concentration of mono unsaturated fatty acid
(MUFA) such as oleic (C18:1) (Moraes et al., 2009)
are greater for RBO relative to PO, but RBO has greater
viscosity than PO (Punia et al., 2021). A high concen-
tration of unsaturated fatty acid (UFA) is generally
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Table 1. Chemical characteristics and prevalent fatty acid com-
position of oils.

Items Rice bran oil Palm oil

Viscosity, mPa¢s 193.3 233.7
Moisture, % 0.11 0.07
Insoluble impurities, % 0.06 0.01
Unsaponifiable matter, % 7.35 0.12
GE, kcal/kg 9,529 9,384
FFA, % 0.53 1.30
AV, mg/g 0.62 1.31
Fatty acid contents, %

Myristic (C14:0) 0.30 0.96
Palmitic (C16:0) 17.61 48.53
Palmitoleic (C16:1) 0.15 0.12
Stearic (C18:0) 2.13 5.09
Oleic (C18:1) 34.54 33.32
Linoleic (C18:2) 28.26 6.49
Linolenic (C18:3) 1.05 0.14
Other 3.12 1.14

UFA 64.65 40.18
SFA 22.51 55.61
U:S 2.87 0.72
Iodine value1 81.54 40.38

1Iodine value = (C16:1) £ 0.95 + (C18:1) £ 0.86 + (C18:2) £ 1.732 +
(C18:3) £ 2.616, which was described by Shurson et al. (2015).
AV: acid value; FFA: free fatty acids; GE: gross energy; SFA: satu-
rated fatty acids; UFA: unsaturated fatty acids; U:S: the ratio of
UFA to SFA.
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beneficial to the dissolution and absorption of lipids
in the digestive tract positively influencing the digest-
ibility of fatty acids (FA) and ME (Ravindran et al.,
2016; Rodriguez-Sanchez et al., 2019), but an ele-
vated viscosity could reduce the FA digestibility and
ME of RBO. Therefore, the objective of this study
was to compare ME between RBO and PO and inves-
tigate whether RBO could be an alternative to PO
for broilers.
MATERIALS AND METHODS

All experimental procedures related to the use of
live broilers were approved by the animal care and
welfare committee of the Institute of Animal
Sciences, Chinese Academy of Agricultural Sciences
(Beijing, China). The code of ethical inspection was
IAS 2021-221.
Oils and Experimental Diets

The RBO and PO were sampled from Sunner Devel-
opment Inc. (Fujian, China). At 41°C, RBO was a
brownish viscous liquid and PO (grade 3) was a yellow
opaque liquid, and the PO has a higher viscosity than
RBO (Table 1). Other chemical properties and FA com-
position of the RBO and PO are presented in Table 1. In
the balance experiment, a corn-soybean meal diet was
used as basal diet and the other two experimental diets
were 92% of basal diet with 8% of RBO or PO, respec-
tively (Table 2).
Birds Management and Experimental Design

A total of 100, one-day-old Arbor Acre (AA) male
broiler were obtained from the hatchery and housed in
3-tier cages. From d 1 to 21, broilers were provided a
corn-soybean meal diet formulated to meet the require-
ments of Arbor Acres Broiler Nutrition Specifications
(2019), which exceeds the recommendation of nutrient
requirements of broilers in China (NY/T 33-2004).
Broilers had ad libitum access to feed and water
throughout the experiment. A total of 72 AA male
broiler (initial BW=1,173 § 6 g; age = 22 d) were ran-
domly divided to 3 treatments with 6 replicates of
4 broilers in each to compare the growth performance
of broilers and to determine the ME and FA digestibil-
ity in oil.
Growth Performance and ME Bioassay

Broilers were fed diets until d 28 and subsequently
weighed to calculate body weight gain (BWG), average
daily gain (ADG). The AME, AMEn, and FA digest-
ibility in test oils were determined by total collection of
excreta according to the technical protocol for the deter-
mination of metabolizable energy in feed for broilers rec-
ommended by Ministry of Agriculture and Rural Affairs
of P. R. China. Procedures were outlined as follows: an
adaption period from 09:00 on d 22 to 16:00 on d 24 (fed
ad libitum experimental diets), a fast of 17 h from 16:00
on d 24 to 09:00 on d 25 to enables the complete empty-
ing of the bird’s digestive tract of feed, experimental
diets were fed ad libitum starting at 09:00 on d 25 to
16:00 on d 27, and finally another fast (17 h) was started
at 16:00 on d 27 to 09:00 on d 28 to collection total
excreta (Bourdillon et al., 1990). Excreta from each rep-
licated cage were collected 3 times per day through plas-
tic trays from 09:00 on d 25 to 09:00 on d 28, and stored
in an aluminum foil box at �20°C. After the collection,
the excreta were transferred to an air-force drying oven
at 65°C for drying.
Chemical Analysis

Samples were ground finely with a laboratory mill
(model BJ-150, Deqing Baijie Electrical Co., Ltd., Zhe-
jiang, China) and passed through a 0.42 mmmesh screen
prior to chemical analysis. The DM content was deter-
mined according to the method of AOAC (2007); the
gross energy (GE) was measured according to the
method of AOAC (2007) using a Parr 6400 automatic
adiabatic oximeter (Parr instrument company, Moline,
IL); the crude protein (CP) content was determined by
the method of AOAC (2007) using a Kjeldahl nitrogen
analyzer (model KDY-9820, Shandong Haineng Scien-
tific Instruments Co., Ltd., Dezhou, China); the ether
extract (EE) content was determined according to the
method of AOAC (2007) using an automatic fat ana-
lyzer (model SOX-406, Shandong Haineng Scientific



Table 2. Ingredients and chemical composition of experimental diets (air-dry basis, %).

Items
Starter and grower
diet (d 1 to 21)

Balance experiment (d 22 to 28)

Basal diet Rice bran oil diet Palm oil diet

Corn 53.40 69.78 64.20 64.20
Soybean meal 35.38 25.74 23.68 23.68
Rice bran oil − − 8.00
Palm oil − − − 8.00
Soybean oil 4.51 − − −
Corn gluten meal 2.00 − − −
Dicalcium phosphate 1.73 1.75 1.61 1.61
Limestone 1.07 1.14 1.05 1.05
Premix1 0.50 0.50 0.46 0.46
Sodium chloride 0.30 0.30 0.28 0.28
L-lysine 0.50 0.35 0.32 0.32
DL-methionine 0.23 0.21 0.19 0.19
L-threonine 0.19 0.15 0.14 0.14
L-valine 0.14 0.08 0.07 0.07
Broiler complex enzyme 0.03 − − −
Phytase 0.02 − − −
Total, % 100.00 100.00 100.00 100.00
Nutrient content, %

DM2 91.75 91.39 91.37 91.54
GE2, kcal/kg 4,714 4,309 4,765 4,751
CP2 24.57 19.62 17.76 18.02
EE2 8.21 3.44 11.96 11.96
Calcium 0.96 0.96 0.96 0.96
Total phosphorus 0.42 0.42 0.42 0.42

Abbreviation: CP, crude protein; DM, dry matter; EE, ether extract; GE, gross energy.
1Supplied per kilogram of diet: vitamin A, 8,000 IU; vitamin D3, 1,000 IU; vitamin E, 20.0 IU; vitamin K3, 0.80 mg; thiamine, 3.0 mg; riboflavin, 8.0 mg;

vitamin B6, 5.0 mg; vitamin B12, 20.0 mg; pantothenic acid, 10.0 mg; nicotinic acid, 40.0 mg; folic acid, 0.60 mg; biotin, 0.20 mg; Cu (as copper sulfate), 8.0
mg; Fe (as ferrous sulfate), 100 mg; Mn (as manganese sulfate), 120 mg; Zn (as zinc sulfate), 100 mg; I (as calcium iodate), 0.70 mg; Se (as sodium selenite),
0.30 mg.

2Values were determined values (DM basis), others were calculated values (air-dry basis) according to China Feed Database (2020).
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Instruments Co., Ltd., Dezhou, Shandong); the viscosity
was determined according to the method of
Furukawa et al. (2020). Moisture, insoluble impurities,
unsaponifiable matter, free fatty acids (FFA) and acid
value (AV) in lipids was carried out according to stan-
dard AOCS methods (Ca 2c-25, Ca 3a-46, Ca 6a-40, Ca
5a-40, and Cd 3d-63). The FA composition in lipids,
diets and excreta was evaluated by gas chromatography
(7890B series, Agilent Technologies, Wilmington, DE)
with reference to the standard AOAC (2007).
Calculation and Statistical Analysis

Dietary ME values were calculated according to the
following formula:

AME kcal=kgDMð Þ ¼ GEd �GEeð Þ=FI;

AMEn kcal=kgDMð Þ ¼ AME� RN� 8:22ð Þ=FI;
in which GEd and GEe are the GE intake (kcal DM)
from the diet and the GE output from excreta (kcal
DM), respectively; FI is the feed intake (kg DM); RN is
the retained nitrogen (kg DM); 8.22 is the nitrogen cor-
rection factor (kcal/g).

The ME of oils and digestibility of EE (DEE) and FA
were calculated according to the formula of Kong and
Adeola (2014):

AMEoil kcal=kgDMð Þ ¼ AMEod � AMEbd � Pbdð Þ=Poil

DC %ð Þ ¼ DCod �DCbd � 1� Ptið Þð Þ=Pti
in which AMEbd is the AME (kcal/kg DM) of the basal
diet; AMEod is the AME (kcal/kg DM) of the diet added
test oil; Pbd is the proportion (%) of the basal diet in the
experimental diet; Poil is the proportion (%) of test oil in
the experimental diet; DCbd, DCod, and DC are the
digestibility (%) of EE or FA in the basal diet, experi-
mental diet added test oil, and test oil, respectively; the
Pti is the proportional contribution (%) of EE or FA by
the test oil to the experiment diet added test oil.
Summary statistics were calculated with the MEANS

procedure of SAS 9.4 (SAS Inst. Inc., Cary, NC). The
GLM procedure of SAS 9.4 (SAS Inst. Inc., Cary, NC)
was used to analyze the differences in BWG, dietary
intake, nutrient excretion and retention, nutrient digest-
ibility, AME and AMEn among dietary treatments.
Duncan’s multiple comparison was used for mean sepa-
ration. The AME, AMEn, AME/GE, AMEn/GE and
digestibility of EE and FA in RBO and PO were com-
pared by the TTEST procedure of SAS 9.4 (SAS Inst.
Inc., Cary, NC). Significance was set at P < 0.05,
whereas 0.05 < P ≤ 0.1 was considered a trend.
RESULTS AND DISCUSSION

Feed intake was no different for broilers fed RBO diet
vs PO diet, but broilers fed RBO or PO had lower
(P = 0.0116) FI than those fed the basal diet (Table 3).
The ME of the RBO diet (3,653 and 3,497 kcal/kg for
AME and AMEn, respectively) was greater (P < 0.05)
than that of PO diet (3,538 and 3,379 kcal/kg for AME
and AMEn, respectively) and basal diet (3,333 and



Table 3. Nutrient balance and growth performance of AA broilers fed with basal, rice bran oil or palm oil diets.

Items Basal diet Rice bran oil diet Palm oil diet SEM P value

Balance experiment (d 25 to 28)
Feed intake, g 359.1a 336.2b 325.7b 7.1 0.0116
Excreta, g 91.5 85.0 86.0 2.2 0.1326
DM metabolizability, % 74.54a 74.69a 73.43b 0.34 0.0388
GE of diet, kcal/kg DM 4,309 4,765 4,751 − −
GE of intake, kcal 1,547 1,602 1,543 32 0.3756
GE of excreta, kcal/kg DM 3,832c 4,396b 4,565a 20 <0.0001
AME, kcal/kg DM 3,333c 3,653a 3,538b 18 <0.0001
AMEn, kcal/kg DM 3,165c 3,497a 3,379b 17 <0.0001
AME of intake, kcal 1,197 1,228 1,148 25 0.1010
AMEn of intake, kcal 1,137 1,176 1,097 23 0.0865
AME/GE, % 77.35a 76.65a 74.47b 0.39 0.0002
AMEn/GE, % 73.46a 73.39a 71.12b 0.36 0.0005
CP intake, g 70.46a 59.72b 58.51b 1.32 <0.0001
Retention of CP, g 45.74a 39.71b 39.28b 0.99 0.0005
CP metabolizability, % 64.96 66.44 67.13 0.72 0.1289
EE intake, g 12.36b 40.20a 38.84a 0.67 <0.0001
Retention of EE, g 11.15c 30.97a 28.31b 0.70 <0.0001
EE digestibility, % 90.22a 77.01b 72.90c 1.14 <0.0001

Growth performance (d 22 to 28)
BW on d 22, g 1,172 1,173 1,173 3 0.9960
BW on d 28, g 1,488a 1,454ab 1,436b 12 0.0221
BWG, g 316a 282b 263b 10 0.0067
ADG, g 53a 47b 44b 2 0.0050
a-cWithin a row, means without a common superscript differ (P<0.05).Abbreviation: ADG, average daily gain; AME, apparent metabolizable energy;

AMEn, nitrogen-corrected apparent metabolizable energy; BW, body weight; BWG, body weight gain; CP, crude protein; DM, dry matter; EE, ether
extract; GE, gross energy.
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3,165 kcal/kg for AME and AMEn, respectively). Also,
the ME of the PO diet were 6.15% for AME and 6.76%
for AMEn greater (P < 0.05) than basal diet. The ME
intake did not differ across diets, but the CP concentra-
tion of basal diet was higher than that in 2 oil diets.
Other researchers have also observed that feed intake of
broilers decreased with increasing dietary ME concen-
trations (Chrystal et al., 2020). Musigwa et al. (2020)
reported no difference in ME intake of broilers fed isoca-
loric diets with varying levels of CP, which means ME
intake is independent of dietary CP. Others have estab-
lished that broilers can maintain ME intake by altering
feed intake to match the ME concentration within the
diet within the limits of their digestive tract capacity
(NRC, 1994; Musigwa et al., 2021).

Experimental diets were 92% basal diet with 8% RBO
or PO. The digestibility of CP was not statistically dif-
ferent across diets. Broilers consumed more basal diet
with greater CP, which increased the CP intake
(70.46 vs. 59.72 and 58.51 g for basal, RBO and PO
diets, respectively, P < 0.01) and retention (45.74 vs.
39.71 and 39.28 g for basal, RBO and PO diet, respec-
tively, P < 0.01) relative to broilers fed diets with RBO
and PO. These findings resulted in greater (P < 0.01)
BWG and ADG from d 22 to 28 for broilers fed basal
diet compared to those fed diets with RBO and PO.
Accordingly, others have reported that BWG and ADG
of broilers were positively correlated with the CP intake
when the ME intake was identical (Musigwa et al., 2020;
Sharma et al., 2021). The BWG and ADG were not dif-
ferent in broilers fed diets with RBO compared to PO,
but higher numerical values were observed in broilers
fed RBO diet relative to PO diet. This finding may
relate to greater digestible fat for diet with RBO com-
pared to PO (30.97 vs. 28.31 g, P < 0.05). When the
AME intake was similar (P = 0.1010) for the 2 diets, but
a greater digestible fat intake may supply more net
energy. Therefore, the BWG and ADG of broilers
increased with net energy intake when protein intake
was similar (Zhao and Kim, 2017). The GE content of
excreta in broilers fed basal diet was less (P < 0.05) than
that of broilers fed RBO and PO diets. The GE content
of excreta in broilers fed RBO diet was less (P < 0.05)
than that of broilers fed PO diets, indicating greater
undigested fat in the excreta of broilers fed PO diets.
Accordingly, the EE digestibility of basal diet was
greater (P < 0.01) than that of RBO and PO diets, and
the EE digestibility of RBO diet was greater (P < 0.05)
than that of PO diet. The RBO contains greater UFA
than PO, which facilitates the absorption of FA in
broilers (Rodriguez-Sanchez et al., 2019).
In the determination of ME in lipids, Aardsma and

Parsons (2017) suggested that a high inclusion rate of
lipid in the experimental diet may reduce its ME value
by substitution. However, Vieira et al. (2015) and
Von Schaumburg et al. (2019) found that up to 10% die-
tary PO did not affect the ME of oil. Additionally, a
high inclusion of lipid would reduce the variability of
ME calculated by substitution method, which is benefi-
cial to compare the ME of lipids from different sources
(Von Schaumburg et al., 2019). Thus, the inclusion rate
of 8% for oils in the experimental diets is appropriate in
the current study. The AME (6,908 vs. 5,628 kcal/kg,
P = 0.0020), AMEn (6,879 vs. 5,556 kcal/kg,
P = 0.0012), AME/GE (72.50 vs. 59.98%, P = 0.0033),
AMEn/GE (72.19 vs. 59.21%, P = 0.0021) and DEE



Table 4. Energetic values and digestibility of fatty acid of rice
bran oil and palm oil fed to AA broilers.

Items Rice bran oil Palm oil SEM P value

AME, kcal/kg 6,908 5,628 308 0.0020
AMEn, kcal/kg 6,879 5,556 297 0.0012
AME/GE, % 72.50 59.98 3.27 0.0033
AMEn/GE, % 72.19 59.21 3.15 0.0021
EE digestibility, % 72.38 66.82 2.54 0.0536
Digestibility of fatty acid, %

Myristic (C14:0) 88.50 71.30 1.40 <0.0001
Palmitic (C16:0) 79.55 54.58 3.56 <0.0001
Palmitoleic (C16:1) 90.91 81.65 2.14 0.0015
Stearic (C18:0) 68.76 44.49 4.55 0.0003
Oleic (C18:1) 88.60 82.84 2.17 0.0242
Linoleic (C18:2) 88.00 70.69 3.86 0.0012
Linolenic (C18:3) 89.14 64.24 5.02 0.0026

AME: apparent metabolizable energy; AMEn: nitrogen-corrected
apparent metabolizable energy; EE: ether extract; GE: gross energy.
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(72.38 vs. 66.82%, P = 0.0536) were greater for RBO
compared to PO (Table 4). The AME of the diet with
RBO was 103.2% that of PO. This finding agreed with
results reported by Ruan et al. (2013), who found that
the G/F of RBO diet was 101.03% of PO diet when oils
were supplemented at 2.5 and 4% of inclusion rate in
diets fed broilers from d 0 to 21 and d 22 to 42, respec-
tively. Similar to the observation of Ruan et al. (2013),
the current RBO contained less stearic (C18:0) but
more linoleic (C18:2) than PO, which led to the ener-
getic values of RBO was greater than PO. High ratio of
UFA to saturated fatty acids (SFA) increases the
digestibility of lipid (Wiseman and Salvador, 1991).
Therefore, the ME of RBO and its efficacy on the growth
of broilers was greater than PO.

The digestibilities of palmitic (C16:0) (79.55 vs.
54.58%, P < 0.01), C18:0 (68.76 vs. 44.49%, P = 0.0003),
C18:1 (88.60 vs. 82.84%, P = 0.0242) and C18:2
(88.00 vs. 70.69%, P = 0.0012) were greater in RBO than
PO (Table 4), which contributed to the greater energetic
value for RBO than PO. In the current study, broilers fed
RBO diet consumed more UFA than PO diet, which may
lead to the higher digestibility of SFA in RBO than PO.
Others have reported that the digestibility of SFA is
increased with higher concentration of UFA (Crespo and
Esteve-Garcia, 2002). The AME (5,628 kcal/kg) and
DEE (66.82%) of the current PO were less than that or
PO described by Tancharoenrat et al. (2013)
(8,281 kcal/kg and 83.6% for DEE) and Vieira
et al. (2015) (8,884 kcal/kg for AME and 80.11% for
DEE), but similar to the AME of PO in the Chinese feed
database (5,800 kcal/kg for AME; Xiong et al., 2020).
These divergent findings may relate to greater C16:0 and
reduced C18:1 content for the current PO relative to that
used in the studies by Tancharoenrat et al. (2013) and
Vieira et al. (2015). However, the current PO was rela-
tively similar in content of C16:0 and C18:1 compared to
PO described in the Chinese feed database (Xiong et al.,
2020). The digestibility of SFA is generally less than
UFA (Ravindran et al., 2016). Therefore, the SFA con-
tent in the current PO relative to others reported in the
literature resulted in a relatively low ME. Those findings
indicate that it is important to understand the content of
prevailing FAs such as C16:0 and C18:1, when establish-
ing ME values of dietary lipids.
CONCLUSIONS

This experiment showed that RBO had greater AME/
GE, AMEn/GE, and digestibility of EE and FAs, AME,
AMEn than that of PO in AA broilers. Therefore, RBO
can be used to replace PO in broiler diet. Additionally,
when assessing the AME of lipid sources, the concentra-
tion of UFA should be considered. Prediction equations
for the AME of RBO and PO from FA composition
should be established.
ACKNOWLEDGMENTS

This work was financially supported by the System for
Poultry Production Technology, Beijing Innovation
Research Team of Modern Agriculture，and the Inno-
vation Team of the Chinese Academy of Agricultural
Sciences (ASTIP-IAS07) (Beijing, China).
DISCLOSURES

The authors declare no conflict of interest in this
study.
REFERENCES

Aardsma, M. P., and C. M. Parsons. 2017. A slope-ratio precision-fed
rooster assay for determination of relative metabolizable energy
values for fats and oils. Poult. Sci. 96:108–117.

AOAC International. 2007. Offcial Methods of Analysis. Hortwitz W.
and G. W. Latimer, Jr, eds. 18th ed. AOAC International, Gai-
thersburg, MD.

Arbor Acres. 2019. Arbor Acres Broiler Nutrition Specifications.
Aviagen, Huntsville, AL.

Benzertiha, A., B. Kiero�nczyk, M. Rawski, P. Ko»odziejski,
M. Bryszak, and D. J�ozefiak. 2019. Insect oil as an alternative to
palm oil and poultry fat in broiler chicken nutrition. Animals
9:116.

Bourdillon, A., B. Carr�e, L. Conan, J. Duperray, G. Huyghebaert,
B. Leclercq, M. Lessire, J. Mcnab, and J. Wiseman. 1990. Euro-
pean reference method for the in vivo determination of metabolis-
able energy with adult cockerels: reproducibility, effect of food
intake and comparison with individual laboratory methods. Br.
Poult. Sci. 31:557–565.

Cao, N. 2020. Reasons for the rapid growth of palm oil import in
China. China Oils Fats 45:1–4 (Chinese).

Chrystal, P. V., A. F. Moss, A. Khoddami, V. D. Naranjo, P. H. Selle,
and S. Y. Liu. 2020. Effects of reduced crude protein levels, dietary
electrolyte balance, and energy density on the performance of
broiler chickens offered maize-based diets with evaluations of
starch, protein, and amino acid metabolism. Poult. Sci. 99:1421–
1431.

Crespo, N., and E. Esteve-Garcia. 2002. Nutrient and fatty acid depo-
sition in broilers fed different dietary fatty acid profiles. Poult. Sci.
81:1533–1542.

CVB, 2021. CVB Feed Table 2021-Chemical Composition and Nutri-
tional Values of Feedstuffs. https://www.cvbdiervoeding.nl/
bestand/10741/cvb-feed-table-2021.pdf.ashx. Accessed December
2021.

Furukawa, K., S. Shibuta, and K. Judai. 2020. Viscosity study of tert-
butyl alcohol aqueous solution by Brownian motion and gravimet-
ric capillaries. J. Mol. Liq. 319:114170.

http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0001
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0001
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0001
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0028
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0028
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0028
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0002
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0002
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0003
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0003
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0003
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0003
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0003
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0003
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0003
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0004
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0004
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0004
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0004
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0004
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0004
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0004
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0005
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0005
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0006
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0006
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0006
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0006
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0006
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0006
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0007
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0007
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0007
https://www.cvbdiervoeding.nl/bestand/10741/cvb-feed-table-2021.pdf.ashx
https://www.cvbdiervoeding.nl/bestand/10741/cvb-feed-table-2021.pdf.ashx
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0009
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0009
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0009


6 SONG ET AL.
Kong, C., and O. Adeola. 2014. Evaluation of amino acid and energy
utilization in feedstuff for swine and poultry diets. Asian Aus-
tralas. J. Anim. Sci. 27:917–925.

Moraes, M. D., A. Ribeiro, A. D. M. Kessler, M. Cort�es, V. Ledur, and
E. Cura. 2009. Comparison of the effects of semi-refined rice oil and
soybean oil on meat oxidative stability, carcass yield, metabolism,
and performance of broilers. Br. Poult. Sci. 11:161–167.

Musigwa, S., N. Morgan, R. Swick, P. Cozannet, and S. B. Wu. 2021.
Optimisation of dietary energy utilisation for poultry-a literature
review. World’s Poult. Sci. J. 77:5–27.

Musigwa, S., N. Morgan, R. A. Swick, P. Cozannet, and
S. B. Wu. 2020. Energy dynamics, nitrogen balance, and perfor-
mance in broilers fed high- and reduced-CP diets. J. Appl. Poult.
Res. 29:830–841.

NRC. 1994. Nutrient Requirements of Poultry. 9th rev. ed. Natl.
Acad. Press, Washington, DC.

NY/T 33. 2004. Nutrient requirements of Chinese feeding standard of
chicken. Ministry of Agriculture Peoples Republic of China, China,
Beijing.

Punia, S., M. Kumar, A. K. Siroha, and S. S. Purewal. 2021. Rice bran
oil: emerging trends in extraction, health benefit, and its industrial
application. Rice Sci. 28:217–232.

Ravindran, V., P. Tancharoenrat, F. Zaefarian, and G. Ravindran. 2016.
Fats in poultry nutrition: Digestive physiology and factors influenc-
ing their utilisation. Anim. Feed Sci. Technol. 213:1–21.

Rodriguez-Sanchez, R., A. Tres, R. Sala, F. Guardiola, and
A. C. Barroeta. 2019. Evolution of lipid classes and fatty acid
digestibility along the gastrointestinal tract of broiler chickens
fed different fat sources at different ages. Poult. Sci. 98:1341–
1353.

Ruan, J. J., H. L. Huan, J. S. Yan, Y. Zhao, Y. F. Du, G. H. Tian,
D. H. Jia, Y. F. Xue, and W. R. Zhou. 2013. Crude rice bran oil:
effects on meat quality, fatty acid composition and antioxidant
capacity of broilers. Chin. J. Anim. Nutr. 25:1976–1988 (Chinese).

Saminathan, M., W. N. W. Mohamed, A. M. NOH, N. A. Ibrahim,
M. A. Fuat, N. L. H. M. Dian, and S. K. Ramiah. 2020. Potential
of feeding crude palm oil and co-products of palm oil milling on
laying hens’ performance and egg quality: a review. J. Oil Palm
Res. 32:547–558.

Sbardella, M., B. Berenchtein, C. De Andrade, D. D. P. Perina,
V. V. De Almeida, and V. S. Miyada. 2012. Rice oil as a soybean
oil replacement in weanling pig diets. Livest. Sci. 145:21–27.

Sharma, N. K., Z. Ban, H. L. Classen, H. Yang, X. Yan, M. Choct,
and S. B. Wu. 2021. Net energy, energy utilization, and nitrogen
and energy balance affected by dietary pea supplementation in
broilers. Anim. Nutr. 7:506–511.

Shurson, G. C., B. J. Kerr, and A. R. Hanson. 2015. Evaluating the
quality of feed fats and oils and their effects on pig growth perfor-
mance. J. Anim. Sci. Biotechnol. 6:1–11.

Su, Y. B., X. H. Bi, X. K. Ma, Q. Huang, Z. C. Li, L. Liu, X. S. Piao,
D. F. Li, and C. H. Lai. 2015. Determination and prediction of the
digestible and metabolizable energy content of lipid sources fed to
growing pigs. Anim. Feed Sci. Technol. 209:119–127.

Tancharoenrat, P., V. Ravindran, F. Zaefarian, and G. Ravindran. 2013.
Influence of age on the apparent metabolisable energy and total tract
apparent fat digestibility of different fat sources for broiler chickens.
Anim. Feed Sci. Technol. 186:186–192.

Vieira, S. L., L. Kindlein, C. Stefanello, C. T. Simoes, G. O. Santiago,
and L. P. Machado. 2015. Energy utilization from various fat sources
by broiler chickens at different ages. Int. J. Poult. Sci. 14:257–261.

Von Schaumburg, P., P. Utterback, and C. M. Parsons. 2019. Further
evaluation of a slope-ratio precision-fed rooster assay and a limit-
fed broiler chicken growth assay for relative metabolizable energy
and relative bioavailable energy values of fats and oils. Poult. Sci.
98:1723–1731.

Wiseman, J., and F. Salvador. 1991. The influence of free fatty acid
content and degree of saturation on the apparent metabolizable
energy value of fats fed to broilers. Poult. Sci. 70:573–582.

Xiong, B. H., Q. Y. Luo, S. S. Zheng, and Y. G. Zhao. 2020. Tables of
feed composition and nutrition values in China (2020 thirty-first
edition) Chinese feed database. China Feed 21:87–97.

Zhao, P. Y., and I. H. Kim. 2017. Effect of diets with different energy
and lysophospholipids levels on performance, nutrient metabolism,
and body composition in broilers. Poult. Sci. 96:1341–1347.

http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0011
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0011
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0011
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0011
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0011
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0012
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0012
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0012
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0013
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0013
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0013
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0013
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0014
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0014
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0015
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0015
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0015
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0016
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0016
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0016
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0017
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0017
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0017
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0018
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0018
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0018
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0018
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0018
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0019
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0019
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0019
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0019
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0020
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0020
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0020
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0020
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0020
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0021
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0021
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0021
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0022
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0022
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0022
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0022
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0023
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0023
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0023
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0024
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0024
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0024
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0024
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0025
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0025
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0025
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0025
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0026
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0026
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0026
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0027
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0027
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0027
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0027
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0027
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0029
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0029
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0029
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0030
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0030
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0030
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0031
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0031
http://refhub.elsevier.com/S0032-5791(22)00246-2/sbref0031

	A comparative evaluation on the energetic values and digestibility of fatty acids in rice bran oil and palm oil for broilers
	INTRODUCTION
	MATERIALS AND METHODS
	Oils and Experimental Diets
	Birds Management and Experimental Design
	Growth Performance and ME Bioassay
	Chemical Analysis
	Calculation and Statistical Analysis

	RESULTS AND DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	DISCLOSURES

	REFERENCES


