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Abstract

Twelve crossbred Brahman steers were randomly stratified into 3 treatment groups to determine the effect of palm or
rice bran oil supplementation on the performance and fatty acid profile in beef. The steers averaged 300+38 kg live weight and
18+3 months old. All steers were fed 6 kg/d of 12% crude protein concentrate with ad libitum rice straw. The treatments were 1)
control concentrate, 2) control concentrate plus 200 g/d of palm oil (PO), and 3) control concentrate plus 200 g/d of rice bran oil
(RO). The study demonstrated that supplementation of PO or RO did not influence carcass and muscle characteristics or sensory
and physical properties. However, PO and RO significantly increased net energy intake, C16:0, C18:1n-9, monounsaturated fatty
acids, and total fatty acid intakes. Beef marbling scores also increased significantly by PO or RO supplementation. The C18:2n-6,
trans10, cis12 C18:2 CLA, and polyunsaturated fatty acids were significantly higher in cattle on RO than PO.
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1. Introduction

Previously, the aim of plant and animal oil sup-
plementation was to increase energy density in the feed and
hence the animal receives increased energy to meet the
requirements for production. However, recently the objective
of oil supplementation is to modify fatty acid composition in
animal products, i.e. increase conjugated linoleic acid (CLA)
(Suksombat & Chullanandana, 2008a,b) and omega-3 fatty
acids (FAs) (Noci et al, 2007; Raes et al., 2004; Scollan
et al., 2006; Suksombat ef al., 2013, 2014). In addition, the
recommended polyunsaturated fatty acid (PUFA)/saturated
fatty acid (SFA) (P:S) ratio should be above 0.45 which
indicates healthy food for human consumption (Department of
Health, 1994). A lower value than the recommended value
indicates less healthy food, especially in relation to
cardiovascular disease. Since some meats naturally have a P:S
ratio of around 0.1, meat has been implicated in causing the
imbalanced fatty acid intake of today's consumers. For this
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reason, ways to improve the P:S ratio during meat production
are required.

A reduction in the consumption of SFAs with an
increase in the consumption of PUFAs (fatty acids with more
than one double bond) is encouraged, while monounsaturated
fatty acids MUFAs (fatty acids with one double bond) are
generally regarded as beneficial for human health (Depart-
ment of Health, 1994). The main sources of supplementary
FAs in ruminant rations are plant oils and oilseeds. Sup-
plementation of plant oils or oilseeds rich in oleic acid could
increase oleic acid in beef fat.

The beef quality is determined by FA composition
of feedstuffs. Moreover, shelf-life, palatability, and nutritive
value of beef are affected by FA composition in the beef. For
instance, oleic acid seems to be beneficial for reducing plasma
total cholesterol and total low-density lipoprotein cholesterol
in humans (Grundy, 1989), and it contributes to better taste
panel evaluations of cooked beef (Dryden & Marchello,
1970).

Challenges in increasing oleic acid content of
ruminant tissues and products are of interest. In addition to the
issues of the effects of unsaturated fatty acids (UFAs) on the
stability and sensory acceptability of products, these FAs
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inhibit various essential anaerobic bacteria of the rumen,
especially those involved in fiber digestion, biohydrogenation
of UFAs, and methanogenesis (Palmquist & Jenkins, 1980).
Therefore, supplementation of palm oil (PO) and rice bran oil
(RO) rich in C18:1n-9 would increase C18:1n-9 in muscle
lipid. Thus, the objective of the present study was to examine
the effect of PO or RO supplementation on the performance
and beef fatty acid profile of Brahman crossbred beef steers.

2. Materials and Methods

2.1 Animals, experimental design, and treatments

Twelve Brahman crossbred fattening steers (75%
Brahman) were selected for the experiment. The average live
weight was 300+38 kg and they were approximately 18
months old. They were stratified by their live weight into 3
groups and each group was randomly assigned to three dietary
treatments. All steers were fed approximately 6 kg/d of 12%
crude protein (CP) meal concentrate with ad libitum rice straw
and had free access to clean water and were individually
housed in a free-stall unit. The treatments were 1) control
meal concentrate, 2) control meal concentrate plus 200 g/d of
PO, and 3) control meal concentrate plus 200 g/d of RO. The
chemical compositions of meal concentrate used in the
experiment are presented in Table 1. The fatty acid compo-
sitions of the feed and oils used in the present study are
presented in Table 2.

The basal diet was formulated to meet National
Research Council (NRC, 2000) requirements. All steers were
individually housed in a free-stall unit and individually fed
according to treatments. The experiment lasted for 104 days
with the first 14 days for adjustment followed by a measure-
ment period of 90 days.

2.2 Measurements, sample collection, and chemical
analysis

Feed offered to each steer was weighed daily and
feed refused by individual steers was weighed on 2 consecu-
tive days every 2 weeks to calculate dry matter intakes (DMI).
At the end of the experiment, feed samples were pooled to
make representative samples for proximate (Association of
Official Analytical Chemists [AOAC], 1995) and detergent
analyses (Van Soest et al., 1991). The chemical analysis was
expressed on the basis of the final DM. Fatty acid composition
of concentrates and rice straw were determined by gas chro-
matography.

All animals were slaughtered and approximately 1 kg
each of Longissimus dorsi (LD) and Semimembranosus (SM)
muscles were taken from the left side of each animal for further
analyses.

The meat pH (pH meter model UB-5, Denver Instru-
ment, Germany) was determined in the LD and SM muscles at
45 min and 24 h. After dissection, the LD and SM samples were
cut into 2.5 cm thick slices, put into polyethylene bags, chilled at
4 °C for 48 h and then stored in the refrigerator outside of the
bag for 1 h (‘blooming’) before conducting color measurements
using a Hunter Lab colorimeter (Color Quest XE, Kable, United
Kingdom).

Table 1.  Chemical compositions of the experimental diets.
Items Concentrate Pa?m Rlce'bran Rice
oil oil straw
Dry matter 93.3 91.1
—————————————————————— % Of DM-mmmmmmmmmmeeeee
Ash 6.6 15.9
Crude protein 11.8 1.3
Ether extract 4.5 100 100 1.5
Crude fiber 13.5 349
Neutral detergent 473 73.6
fiber
Acid detergent fiber 322 59.2
Neutral detergent in 0.1 0.1
soluble N
Acid detergent 0.2 0.2
insoluble N
Acid detergent lignin 3.6 10.4
TDNx (%)’ 68.6 184.2 184.2 35.9
DE;x (Mcal/kg DM)’ 3.1 7.7 7.7 1.7
ME (Mcal/kg DM)* 26 5.8 5.8 14
NE (Mcal/kg DM)’ 1.0 3.1 3.1 0.2

! kg/100 kg concentrate: 30 dried cassava chip, 4 ground corn, 10 rice
bran, 25 palm meal, 15 coconut meal, 6 dried distillers grains with
solubles, 0.5 sodium bicarbonate, 6 molasses, 1 dicalciumphosphate
(16%P), 1.5 urea, 0.5 salt and 0.5 premix. Premix: provided per kg of
concentrate including vitamin A, 5,000 IU; vitamin D3, 2,200 IU;
vitamin E, 15 IU; Ca, 8.5 g; P, 6 g; K, 9.5 g; Mg, 2.4 g; Na, 2.1 g; Cl,
34¢;S,3.2 g; Co,0.16 mg; Cu, 100 mg; I, 1.3 mg; Mn, 64 mg; Zn,
64 mg; Fe, 64 mg; Se, 0.45 mg.

? Total digestible nutrients, TDN,x (%) = tdNFC + tdCP + (tdFA x
2.25) + tdNDF — 7 (NRC, 2000)

? Digestible energy, DE,x (Mcal/kg) =
[(tdNFC/100)x4.2]+[(tdNDF/100) x 4.2]+[(tdCP/100) x
5.6]+[(FA/100) x 9.4]-0.3

* Metabolisable energy, ME = 0.82 x DE (NRC, 2000)

5 Net energy, NE = 1.42ME — 0.174ME? + 0.0122ME’ — 1.65 (NRC,
2000)

Table2.  Fatty acid compositions (g/100 g fat) of concentrate, rice
straw and oils used in the experiment.
Fatty acids ~ Concentrate Rice straw Palm oil lece.
ran oil
C12:0 22.76 6.44 0.19 ND
C14:0 7.84 8.15 0.96 0.23
C16:0 16.76 45.67 3829 14.35
C18:0 2.49 ND 442 127
C18:1 n-9 29.42 24.92 40.61 41.17
C18:2 n-6 17.07 11.75 13.66 39.73
C18:3 n-3 0.29 ND 0.26 1.50
Others 337 3.07 1.61 1.75
SFA' 5322 63.33 4547 17.60
MUFA? 29.42 24.92 40.61 41.17
PUFA’ 17.36 11.75 13.92 41.23
total n3* 0.29 ND 0.26 1.50
total n6® 17.07 11.75 13.66 39.73
PUFA:SFA 0.33 0.19 0.31 2.34
n6/n3 58.86 - 52.54 26.49

! SFA = Sum of saturated fatty acid from C12:0 — C18:0

2 MUFA = Monounsaturated fatty acid from C18:1

* PUFA = Sum of polyunsaturated fatty acid from C18:2—C18:3
* Sum of né6 fatty acid C18:2 n-6 — C18:3 n-6

% n3 fatty acid from C18:3 n-3

ND = Not detected.
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Water-holding capacity was assessed via substance
losses occurring during different procedures. Thawing and
cooking losses were determined from the 2.5 cm thick slices of
LD and SM frozen in polyethylene bags at -20 °C. Thawing was
performed over 24 h at 4 °C. Before weighing, the sample
surfaces were dried with soft paper. Afterwards, samples were
sealed in heat-resistant plastic bags to be boiled in a water bath
(WNE 29, Memmert, Germany) at 80 °C until an internal
temperature of 70 °C was reached. For the determination of the
grilling loss, 2.5 cm thick slices were grilled in a convection
oven (model 720, Mara, Taipei, Taiwan) at 150 °C until an
internal temperature of 70 °C was reached. In the LD, additional
drip loss was determined. In the boiled samples, the shear forces
were measured after cooling and drying. A steel hollow-core
device with a diameter of 1.27 cm was punched parallel to the
muscle fibers to obtain six pieces from each muscle sample.
Measurements were carried out on a material testing machine by
a TA-TX2 Texture Analyzer (Stable Micro Systems Ltd., UK)
using a Warner-Bratzler shear. A crosshead speed of 200
mm/min and a 5 kN load cell calibrated to read over a range of
0x100 N were applied.

Samples of the LD and SM were minced and analyzed
in duplicate for moisture, fat, ash, and protein contents according
to AOAC (1995). Total lipids in feed and beef samples were
extracted using a modified method used by Folch et al. (1957).
Feed and beef samples were thawed and samples were chopped
coarsely and blended in a blending machine. Fifteen grams of
each sample were homogenized for 2 min with 90 ml of
chloroform-methanol (2:1) (Nissel AM-8 Homogenizer, Nihon-
seikikaisha, LTD., Japan). Samples were then further homo-
genized for 2 min with 30 ml of chloroform. Samples were then
separated in a separating funnel and 30 ml of deionized water
and 5 ml of 0.58% NaCl were added. Fatty acid methyl esters
(FAME) were prepared by the procedure described by
Ostrowska et al. (2000), briefly, placing 30 mg of the extract into
a 15 ml reaction tube fitted with a teflon-lined screw cap. One
and a half ml of 0.5 M sodium hydroxide in methanol was
added. The tubes were flushed with nitrogen, capped, heated at
100 °C for 5 min with occasional shaking and then cooled to
room temperature. One ml of C17:0 internal standard (2.00
mg/ml in hexane) and 2 ml of boron trifluoride in methanol were
added and heated at 100 °C for 5 min with occasional shaking
and 10 ml of deionized water were added. The solution was
transferred to a 40 ml centrifuge tube and 5 ml of hexane were
added for FAME extraction. The solution was centrifuged at
2,000 g at 10 °C for 20 min and then the hexane layer was dried
over sodium sulfate and transferred into a vial for analyzing by
gas chromatography (7890A GC System, Agilent Technology,
USA) equipped with a 100 mx 0.25 mm, 0.2 pm film thickness
fused silica capillary column (SP1233, Supelco Inc, Bellefonte,
PA, USA). The injector and detector temperatures were 250 °C.
The column temperature was kept at 70 °C for 4 min, then
increased at 13 °C/min to 175 °C and held at 175 °C for 27 min,
then increased at 4 °C/min to 215 °C and held at 215 °C for 17
min, then increased at 4 °C/min to 240°C and held at 240°C for
10 min.

Quantitative descriptive analysis was used for sensory
evaluation (Stone et al., 1974), 10 panelists who had undergone
sensory evaluation training were selected for sensory evaluation.
Grilled 2.5-cm slices of LD and SM were cut into pieces of 1.3 x
1.3 x 1.9 cm and served warm. Panelists were asked to grade

samples for tenderness, juiciness, flavor, and overall
acceptability. Assessments were given individually using a
structured line graph and determined on a straight line. Thus,
each point was on a linear scale to represent the quantity that can
be measured with a ruler. Samples were served subsequently in a
randomized order with respect to group and animal. The 24
samples (from 12 animals and two muscles) were tested by 8
persons.

2.3 Statistical analysis

All measured data were analysed by ANOVA for
complete randomized design using the Statistical Analysis
System (SAS, 2001). Significant differences among
treatments were assessed by Duncan’s new multiple range
test. A significant level of P<0.05 was used (Steel & Torrie,
1980).

3. Results and Discussion

3.1 Feed composition and performance

The chemical compositions of the feeds are presented
in Table 1 and the concentrate was formulated to meet the
requirement of the steers. RO had the highest proportion of
PUFA (41.23 g/100 g fat) while PO had the highest proportion of
SFA (45.70 g/100 g fat). In the concentrate, the main SFA was
C12:0 (22.76 g/100 g fat) and C16:0 (16.76 g/100 g fat), whereas
Cl18:1n-9 was the main MUFA in PO (40.61 g/100 g fat),
C18:2n-6 was the main PUFA in 12% CP concentrate (17.07
¢/100 g fat), and C18:2n-6 was the main PUFA in RO (39.73
2/100 g fat) (Table 2). The supplementation of RO was chosen to
reduce SFA (17.60) and to increase C18:1n-9 and C18:2n-6
(41.17 and 39.73, respectively) (Table 2).

No significant differences were found for the DM and
CP intakes among the groups; however, the animals
supplemented with PO and RO had greater NE intakes than
those fed the control diets (P=0.002). The higher NE intakes of
the PO and RO steers were caused by the addition of the oils.
Palmquist and Jenkins (1980) concluded that fat at 5 to 10% of
the diet reduced intake and digestion. Rule er al. (1989) also
reported that DMI is often depressed when diets contain more
than 8% fat. With diets containing lower levels of added fat,
Huerta-Leidenz ef al. (1991) reported no influence on daily gain,
intake or feed conversion ratio when dietary whole cotton seed
of 15 or 30% (3.3 and 6.6% additional fat) was supplemented. In
the present trial, since the fat contents of the experimental diets
were between 3.3% (control) and 5.4% (supplemented diets), it
is unlikely that these levels of fat affected feed intake. When
individual FA intake was calculated (Table 3), cattle on PO or
RO diets consumed more C16:0, C18:1n-9, SFA, MUFA, and
total FA than those cattle on the control diet. When a comparison
was made between the PO and RO groups, cattle on the PO diet
ate more C14:0 but less c18:3n-3 than cattle on the RO diet.

No remarkable changes were found for final live weight
and live weight change among the treatments (Table 3). The
amount of dietary fat did not affect live weight of the steers over
the course of the trial; however, live weight increased at 0.91,
0.90, and 0.89 kg/d in the animals fed the control, PO, and RO
diets, respectively (Table 3). This is partially because total NE
(Mcal/d) consumption was balanced by treatment.
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Table3. DM, CP, NE and FA intakes; and performances of Brahman
crossbred cattle fed palm or rice bran oil (n=4).
Items Control 2019 Og/ d 201(2)Og/ d SEM P-value
DM intake (kg/d)
Concentrate 5.6 5.6 5.6 - -
Rice straw 38 3.6 34 0.22 0.510
Oil - 0.2 0.2
Total 9.4 9.4 9.2 0.22 0.350
CP intake (g/d)
Concentrate 666 666 666 - -
Rice straw 50 47 45 32 0.560
Total 716 713 711 2.9 0.722
NE intake (Mcal/d)
Concentrate 9.8 9.8 9.8 - -
Rice straw 2.7 2.7 23 0.15 0.440
Oil - 6.3 6.3
Total 125 18.8" 184" 0.35 0.002
FA intake (g/d)
C12:0 28.7 35.1 28.9 2.15 0.103
C14:0 9.9° 18.1° 10.9° 1.04 0.031
C16:0 25.2° 70.7* 63.1* 4.95 0.001
C18:0 3.5° 3.5° 79 0.56 0.036
C18:1n-9 48.8° 73.2* 88.2° 425 0.004
C18:2n-6 32.8 44.0 453 4.58 0.293
C18:3n-3 0.8 0.8° 1.0* 0.04 0.003
Others 4.7 78" 6.3 0.61 0.043
SFA 72.1° 135.1° 117.0° 6.60 0.001
MUFA 48.8° 73.1* 88.2° 4.62 0.003
PUFA 33.6 44.8 46.3 5.13 0.428
Total FA intake 309.0° 506.0" 503.0° 18.97 0.002
Initial weight(kg) 330 320 310 21.0 0.807
Final weight (kg) 412 400 390 18.6 0.711
Live weight 091 0.90 0.89 0.05 0.951
change (kg/d)
Slaughter weight 400 388 378 18.6 0.792
(kg)
Warm carcass 220 226 217 15.0 0.925
weight (kg)
% warm carcass 55.0 58.2 574 1.82 0.524
Cold carcass 216 221 213 12.8 0.678
weight (kg)
% cold carcass 539 57.1 56.2 0.73 0.935
Marbling score' 2.14° 2.65" 2.55% 0.13 0.015
Loin eye area 71.02 69.72 79.01 5.92 0.224
()
Back fat 0.47 0.46 0.42 0.04 0.742

thickness (cm)

PO = palm oil; RO =rice bran oil; SEM = standard error of the mean
1= very scarce, 12 = very abundant (Japanese Meat Grading Association)

3.2 Carcass Quality

Slaughter weight, warm carcass weight, % warm
carcass, cold carcass weight, and % cold carcass were not
significantly different among the treatments (Table 3). However,
beef marbling scores of steers fed PO or RO diets were
significantly higher (P=0.015) than steers fed the control diet.
Loin eye area and 12™ rib back fat thicknesses were not
significantly different among the treatments (Table 3). The eye
muscle area can be used as a representative measure of the
quantity, quality, and distribution of muscle mass. Late-maturing
muscles were used to represent the muscle tissue development
rate. Thus, the longissimus is the most suitable muscle for
analysis because, in addition to its late maturation, it is easy to
measure. The similar eye muscle area for all treatments was
possible because the animals received over-requirements of
energy and protein from the rations. Zinn et al. (2000) did not
observe effects on eye muscle area and fat thickness cover using
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Holstein steers fed diets containing protected fat or animal fat as
a lipid source up to 60.0 g/kg.

3.3 Beef quality

The initial (45 min post slaughter) and final pH (24 h post
slaughter) values were not different among the treatments (Table 4).
The initial pH was considered ideal and final pH values were also
found in the interval considered to be normal (5.4 to 5.8) for beef
(Mach et al., 2008). The final pH corresponds to the accumulation of
lactic acid resulting from the production of adenosine triphosphate
(ATP) from glucose encountered in the form of glycogen reserves. In
general, cattle supplemented with grains possess a greater availability
of glycogen at the time of slaughter and a lower final pH in the beef
(Neath et al., 2007). The final pH values suggested that there was no
elevated stress prior to slaughter, because acidification of the muscle
occurred as expected, and that the level of substitution of oil
supplement evaluated did not affect the final pH. Drip loss, thawing
loss, grilled and moisture cooking losses both in the LD and SM
muscles were unaffected by oil addition to the diets.

The chemical compositions of beef composed of
moisture, protein, fat, and ash were not significantly different among
the treatments (Table 4). The amounts of fat in the muscle typically
result from a balance between dietary energy and metabolic
requirements of the animal (Oliveira ef al.,, 2012). If energy intake is
higher than its metabolic demands, this excess will be stored as fat.
In the present study, the greater supply of lipids in the diet was not
enough to increase the deposition of fat in the muscle and back fat.
The literature suggests that the total protein content is less variable in
bovine meat, with values of approximately 20% observed in the
longissimus dorsi muscle without the fat cover, and this is
independent of food, breed, the genetic group, and the physiological
condition (Marques et al., 2006).

Table4. Beef characteristics of Brahman crossbred cattle fed palm or
rice bran oil.
200g/d 200 g/d

Items Control PO RO SEM  P-value
No. of cattle 4 4 4
Longissimus dorsi
pH 45 min. 7.36 723 721 015 0762
pH24h 521 5.57 562 013 0723
Drip loss (%) 375 413 382 022 0455
Thawing loss (%) 435 441 437 054 0.839
Grilled cooking 36420 3732 3514 028 0015
loss (%)
Moisturecooking 5564 5538 2557 121 0772
loss (%)
?%‘S‘“re content 43 45 7323 7392 054 0963
Crude protein (%)  22.09 21.99 2188 034 0903
Ash (%) 132 1.12 1.09 008 0457
Fat (%) 3.17% 3.66" 3.11° 018  0.049
Semimembranosus
pH 45 min. 725 743 709 011 0122
pH24h 538 548 536 010  0.705
Drip loss (%) 413 4.08 422 065 0477
Thawing loss (%) 428 436 418 082  0.831
Grilled cooking 3502 3341 3553 092 0335
loss (%)
Moisture cooking 5 43 2539 2497 034 0735
loss (%)
?%‘S‘“re content 43 35 7315 7398 050 0.504
Crude protein (%)  22.03 21.68 2141 051 0761
Ash (%) 1.26 1.46 111 012 0438
Fat (%) 3.36 371 350 047 0344

PO = palm oil; RO = rice bran oil; SEM = standard error of the mean
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The sensory tenderness, juiciness, beef flavor, color
firmness, and texture were unaffected by the treatments. When
steers were fed diets that had similar base components, but the
diets differed in the amount or composition of fatty acids through
the addition of different oils, lipid and color stability were more
closely associated with fatty acid composition and greater
abnormal flavors and rancidity scores (Scollan et al., 2006).
Scheeder et al. (2001) evaluated the beef of bulls fed different
sources of fat and found that the beef of animals fed with linseed
oil tended to be juicier and possessed a more agreeable aroma.
These results may be due to the higher proportions of n-3 PUFA
in these animals, triggering odor precursors that are activated by
oxidation during heating. However, changes in PUFA
concentrations in the present experiment would not likely have
been large enough to have affected taste panel assessments.

Beef color remained unaffected by treatments (Table
5). Values encountered in the literature for L*, a*, and b* were
used to measure beef color in the CIELAB space (Lightness, L*;
redness, a*; yellowness, b*; CIE, 1978) in the following ranges
of variation: 33 to 41, 11.1 to 23.6, and 6.1 to 11.3, respectively.
Values obtained in the present study were within the ranges
given. The lack of differences in beef color can be attributable to
similar roughage source, i.e. rice straw for all treatments which
had no effect on beef color when compared to fresh grass.

Table 5.  Sensory and physical evaluations of beef from Brahman
crossbred cattle fed palm or rice bran oil.
Items Control 2019 Og/ d 201(2)0g/ d SEM P-value

No. of cattle 4 4 4
Longissimus dorsi
Tenderness 3.62 371 338 0.16 0.723
Juiciness 3.54 3.62 356 0.11 0.815
Beef flavor 541 5.29 5.53 0.17 0.894
Color 4.79 4.80 4.88 0.04 0.687
Firmness 4.16 4.14 4.19 0.05 0.721
Texture 4.14 429 4.17 0.08 0.654
L* 33.72 33.68 34.26 0.78 0.832
a* 13.19 12.65 13.45 0.65 0.685
b* 6.43 6.41 6.84 0.34 0.627
Shear force 3.53 3.88 3.96 0.35 0.159
(kg/em®)
Semimembranosus
Tenderness 3.04 3.76 3.51 0.14 0.756
Juiciness 3.59 3.66 3.63 0.12 0.623
Beef flavor 537 533 5.29 0.14 0.801
Color 4.81 4.85 4.92 0.05 0.726
Firmness 4.13 4.17 4.15 0.06 0.658
Texture 423 431 428 0.06 0.786
L* 33.66 3341 35.31 0.64 0.133
a* 12.74 13.09 13.55 0.55 0.607
b* 6.98 6.65 7.00 0.35 0.145
Shear force 3.44 3.52 391 0.37 0.646
(kg/em?)

PO = palm oil; RO = rice bran oil; SEM = standard error of the mean

Tenderness, Juiciness, Beef flavor, Color, Firmness and texture: 1 = extremely

though, dry, bland, pink, firm and fine respectively; 8 = extremely tender,
juicy, intense, dark red, soft and coarse, respectively.

The shear forces of LD and SM muscle were
unaffected by the addition of PO and RO in the diets (Table 5).
Beef tenderness is a trait considered to be of great relevance for
consumers while shear force is an objective measure of
tenderness. Bovine meat is considered to have an acceptable
tenderness if its shear strength values are below 8 N (Swan ef al.,
1998). The beef in the report by Santana et al. (2014) was
considered tender regardless of the lipid supplementation

adopted because the average values obtained were 7.5 N. The
present trial found shear force values between 3.44 and 3.96
kg/cm2 which were considered to be tender (Table 5). These
values were closely related to the values obtained from sensory
perception of tenderness by trained panelists (3.38 to 3.76)
(Table 5). Such variations in the shear force values may be
caused by differences in the thicknesses of the blades utilized in
the analysis.

3.4 Beef Fatty Acid Profile

In LD muscle, PO significantly increased the C12:0
and C14:0 compared to the control (P<0.05) but similar to RO.
However, PO had no effect on other fatty acids including SFA,
MUFA, PUFA, total CLA, and PUFA:SFA. RO diets had no
effect on C12:0-C18:1n-9, c9,t11 CLA, SFA, UFA, MUFA, total
CLA, and UFA:SFA but significantly increased C18:2n-6,
t10,c12 CLA, and PUFA compared to the PO and control
groups.

The diets containing RO resulted in greater LD and SM
C18:2n-6, t10, c12 CLA, and PUFA that were 5.34, 5.48 and
0.14; and 7.48, 7.69, and 0.14%, respectively, of the total beef
FA. The concentration of C18:2n-6 that ranged from 5.34 to
7.48% in LD and SM muscles were slightly higher than the
4.78% reported for the subcutaneous adipose tissue of Hanwoo
steers fed linseed oil meal (Kim ez al., 2009) and higher than the
1.43% reported in heifers fed different vegetable oils (Noci et al.,
2007).

Despite higher intake of C16:0, C81:1n-9, MUFA, and
total FA, there were no significant differences in these FAs in
both the LD and SM muscles. Fatty acid elongase and stearoyl-
CoA desaturase activity in cattle occur in bovine subcutaneous
adipose tissue (St. John et al., 1991), and these enzymes work in
concert to convert C16:0 to C18:0. Choi er al. (2013) also
reported that dietary palm oil did not increase adipose tissue or
muscle concentrations of C16:0 in steer fed corn-based diets. In
contrast, Partida et al. (2007) reported an increase in C16:0 in
intramuscular fat of bulls fed hydrogenated palm oil although the
total SFA concentration was similar to control bulls.

The lack of diet effect on C81:1n-9 in LD and SM
muscles relates to microbial biohydrogenation of C81:1n-9 to not
only C18:0 but also frans C18:1 positional isomers (Mosley et
al., 2002). Jenkins (2000) fed high oleic canola oil (78% oleic
acid) to lactating Jersey cows and found a significant increase in
the frans C18:1 concentration in milk fat. The increase in trans
C18:1 content in milk fat could possibly be that the isomers were
formed during the biohydrogenation of oleic acid in the rumen.

SFA, UFA, and MUFA in LD and SM muscles were
unaffected by the dietary treatments. The percentages of trans-
10, cis-12 C18:2 CLA in LD and SM were increased by RO
treatment compared with the control and PO treatments (P<0.05)
(Tables 6 and 7). The increases in trans-10, cis-12 C18:2 CLA
may be due partly to an increase in delta-9 desaturase activity
which would have been reflected in muscle concentrations of
MUFA and SFA. Treatments had no effect on total or individual
SFA in LD and SM (Tables 6 and 7). The predominant SFA
across all diets in LD and SM was C16:0, followed by C18:0 and
C14:0. SFA relates to changes in endogenous FA synthesis that
may not have been differentially affected by diet (Mapiye et al.,
2013). Oliveira et al. 2012 fed different oils to Nellore young
bulls and reported lower percentages (about 45%) of SFA. Beef
generally has unfavorably low values for the P:S ratio
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according to the Department of Health (1994) guidelines
which recommend a value of 0.45 for the diet as a whole. The
P:S ratios found in the present study were far less than the
recommended value. However, since it is the P:S ratio in the
diet as a whole which is most significant, it can be argued that
people can readily offset deficiencies in the meat component
by varying the intakes of other significant and readily
available sources of SFA and PUFA.

Table6. Fatty acid composition (g/100 g fat) of Longissimus dorsi
muscle from Brahman crossbred cattle fed palm or rice bran
oil.

Items Control 2019 Og/ d 201(2)Og/ d SEM P-value
No. of cattle 8 8 8
Longissimus dorsi
C12:0 0.09° 0.26" 0.15% 0.04 0.041
C14:0 3.72° 499 426™ 0.29 0.046
C16:0 30.31 32.78 31.00 0.89 0.203
cle:1 3.78 3.17 271 0.59 0.307
C18:0 16.05 16.41 16.97 0.64 0.483
C18:1n9 41.54 38.89 39.43 134 0.442
C18:2n-6 439" 3.40° 534" 0.46 0.049
CLA c9,t11 0.03 0.06 ND 0.01 0.052
CLAt10,c12 0.09™ 0.04° 0.14* 0.02 0.046
SFAT 50.17 54.44 52.38 2.00 0.383
UFA’ 49.83 45.56 47.62 1.28 0.061
MUFA’ 4532 42.06 42.14 1.93 0.484
PUFA* 451" 3.50° 548" 0.41 0.024
Total CLA® 0.12 0.10 0.14 0.02 0.078
UFA:SFA 0.99 0.84 091 0.05 0.081
PUFA:SFA 0.09™ 0.06° 0.10° 0.01 0.042

PO = palm oil; RO = rice bran oil; SEM = standard error of the mean
'Sum of saturated fatty acid from C12:0 — C18:0; ND = Not detectable
2 Sum of unsaturated fatty acid from MUFA and n-6 PUFA

*Sum of monounsaturated fatty acid from C16:1 — C18:1

*Sum of n-6 PUFA and total CLA

5 Sum of CLA from CLA ¢9,t11 and CLA t10,c12

Table7. Fatty acid composition (g/100 g fat) of Semimembranosus
muscle from Brahman crossbred cattle fed palm or rice bran
oil.

Items Control 20]())Og/ d 20];)Og/ d SEM P-value
No. of cattle 4 4 4

Semimembranosus

C12:0 0.21 0.22 0.24 0.03 0.752
C14:0 435 342 3.89 031 0.261
C16:0 31.08 30.84 2964 076 0.204
C16:1 3.53 3.84 348 0.49 0.343
C18:0 16.56 16.11 1628  0.69 0.501
C18:1n9 3933 40.87 3878 136 0.568
C18:2n-6 478° 4.65° 748 048 0.013
CLA ¢9,t11 0.09* ND° 007" 001 0.022
CLA t10,c12 0.07° 0.05° 0.14° 0.2 0.029
SFA' 522 50.59 5005  2.06 0.339
UFA? 478 4941 4995 126 0.162
MUFA? 42.86 447 4226 2.1 0.522
PUFA* 4.94° 470° 7.69° 052 0.017
Total CLA® 0.16* 0.05° 021° 0.2 0.011
UFA:SFA 0.92 0.98 1 0.07 0278
PUFA:SFA 0.09 0.09 0.15 0.03 0314

PO = palm oil; RO = rice bran oil; SEM = standard error of the mean
"'Sum of saturated fatty acid from C12:0— C18:0

2Sum of unsaturated fatty acid from MUFA and n-6 PUFA

* Sum of monounsaturated fatty acid from C16:1 — C18:1

*Sum of n-6 PUFA and total CLA

5 Sum of CLA from CLA ¢9,t11 and CLA t10,c12

4. Conclusions

Feeding dietary treatment that includes 200 g/d of oil
supplement comprised of PO or RO did not negatively affect any
of the performance and carcass quality of steers. The overall feed
consumption of the steers was unaffected when dietary oil was
provided. PO or RO supplement did not influence muscle
sensory or physical characteristics. Supplementation of RO in the
steer diet increased C18:2n-6, transli0, cis12 C18:22 CLA, and
PUFA compared with the PO diet. Thus, it can be concluded that
200 g/d RO can be safety supplemented to diets of steers to
enrich beef with potential health beneficial FA.
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