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Effects of Oleic Acid Enriched Oil Supplemented Diets on

Feeding Behaviors in Cross-bred Brahman cattle
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Abstract

Two experiments were conducted to compare feeding behavior in the free choice of 3 kinds of oil
supplemented diets, and in 2 kinds of oil supplemented diets in beef cattle. Of the two groups, the first group received
approximately 6 kg/d of concentrate as a basal diet, whilst the other was a free choice group which was fed the same
quantity of basal diet as the control, but 1 kg basal diet was supplemented with 35 g per meal of corn oil (CO), palm oil
(PO), and rice bran oil (RO) respectively by top dressing. The 2nd experiment was conducted using the same animals as
in the 1st experiment with the 1st group (control) receiving approximately 3 kg of concentrate per meal as a basal diet
together with 0.5 kg of cassava pulp, while the 2nd (RO) and 34 (PO) groups being fed the same basal diet supplemented
with 100 g per meal of RO or PO, respectively. Results of the free choice test showed that the DMI of CO significantly
decreased during the final 3 weeks of feeding (p<0.05). The highest percentage of total frequency of the behaviors was
eating, followed by switches and visits. In the 2nd experiment, the oil supplemented diets affected the percentage of
visits (p<0.01) and drinking (p<0.05). Significant differences in the percentage of jaw activities of the cattle were for
eating and ruminating in period 1 (p<0.05). The highest percentage of eating and ruminating were found in the control
group and PO groups (p<0.05), respective and the control and RO groups (p<0.05). The highest percentage of idling
was shown during observation. In conclusion, the cattle preferred rice bran oil diet. The effects of the oil supplemented
diets were not obvious in the frequency of behaviors during the 13-week feeding period. The oil supplemented diets
did not affect the dry matter intake, feeding rate, spatial distribution and postures, but it could affect the feeding
behavior in the final finishing period and the jaw activities in the beginning and finishing period.
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Introduction

A choice of feeding tests provides an
opportunity to study factors influencing an animal’s
decision of what to eat and how much to eat under
widely controlled conditions (Meier et al., 2012). It gives
cattle a chance to choose their own diet so that their
rumen can develop and they can be more comfortable
(Boga et al., 2009). Vegetable oils are commonly added to
ruminant diets to enhance the proportion of desirable
unsaturated fatty acids in edible products (Raes et al.,
2004). This increases biohydrogenation intermediates
available for metabolism by a variety of ruminant animal
tissues (Hess et al., 2008). Smith et al. (2006) reviewed
that early research demonstrated that the concentration
of oleic acid (18:1n-9) in beef is positively correlated with
its overall palatability. This may be related to fat softness,
because beef lipids enriched with oleic acid have lower
melting points.

There are several oleic acid enriched oil
supplements such as corn oil, palm oil and rice bran oil
(Edem, 2002; Gunstone, 2002; Pavan et al., 2007, Aluyor
and Ori-Jesu, 2008). Corn oil supplementation increased
the efficiency of energy utilization as fat deposition and
increased carcass fat thickness and weight without
altering other carcass quality parameters (Pavan et al.,
2007). Palm oil supplemented diets can be used to feed
beef cattle in order to increase the amount of marbling
and subcutaneous adipose tissues without negatively
affecting beef fatty acid composition as was found by
Smith and Johnson (2012). Moreover, Meeprom and
Suksombeat (2013) found that oleic acid enriched rice bran
oil supplemented diets could decrease cooking loss and
increase marbling score without affecting growth
performance in a previous study.

Most of the choices of feeding tests in ruminants
(Rodriguez et al., 2007; Gorgulu et al., 2008) are given in
order to find whether the animals are able to correctly
meet their nutrient requirements by selecting a diet
corresponding to their physiological status and
environmental conditions (Gorgulu et al., 2012). If we
decide what animals would prefer to eat, we need to
consider the animals’ motivation and behavior.
Motivation is a process that describes the force and
persistence that an individual is willing to devote
towards achieving a goal, which may include
overcoming internal and external factors (Toates cited by
Zobel, 2007). Therefore, it is important to consider the
motivational state of the individual, in order to identify
individual differences in the behavior of cattle.

However, there is no research which has
focused specifically on the choice of feeding tests or
feeding behavior in cross-bred Brahman cattle in
Thailand. Therefore, the objectives of this research were
to compare free choices of feeding of three different types
of oil supplement in a three-week feeding period in beef
cattle and various feeding behavior in different oil
supplemented diet treatments in a thirteen-week feeding
period in beef cattle. We hypothesized that the feeding
choices of cattle might be different because of the
different oil flavors, therefore the frequency and
percentage of behavior of cattle in the free choice group
and in the different oil supplemented diets group might
be different from the control group.
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Materials and Methods

Free choice test: Cross-bred Brahman male cattle (n=12)
of two years of age with an initial BW of 304 + 42 kg were
used. The experiment was conducted according to a
repeated measures completely randomized design and
assigned to two indoor treatment groups. One group
(control, n=3) received approximately 6 kg of concentrate
(Table 1) per day as a basal diet, while the other (free
choice, n=9) was fed the same basal diet concentrate
(total 6 kg/d) as the control group, but 1 kg basal diet
was supplemented with 35 g per meal of corn oil (CO),
palm oil (PO) and rice bran oil (RO) by top-dressing. All
feeds were delivered at 07:30 and 15:30 h daily. The cattle
also received ad libitum rice straw, were housed in a free
stall unit, and were individually fed according to the
treatments. The study lasted for four weeks including a
week of adaptation, followed by a three-week period of
feeding. Data collection was conducted three times per
week during the feeding period. BW, body weight gain
(BWG) and ADG were measured between days 1 and 21
of the study. Animal cares followed the guidelines of the
Committee on Care and Use of Laboratory Animal
Resources, National Research Council of Thailand.
Procedure of the experiment was performed with the
advice of the Institutional Animal Care and Use
Committee, Suranaree University of Technology,
Nakhon Ratchasima, Thailand.

Visual observations were made (using a video
camera) over 24 h to collect and store the animal behavior
data. The feeding behavior of the animals was analyzed
as previously described by Moya et al. (2011). The feed
offered was recorded daily (total DMI) for each pen
during the entire experiment. Time to measure feed

Table 1 Chemical composition of the feeds used in the
experiment (Mean * SD)

Composition Concentrate Rice straw  Cassava pulp
Dry matter (%) 93.33 92.08 +0.01 91.14
---------- % Dry matter----------

Crude protein 11.80 £ 0.07 1.32 £0.02 1.87£0.10
Crude fat 4.51£0.15 1.52 £0.11 0.22+0.03
Ash 6.59+0.08 15.86 +0.24 410 + 0.21
Crude fiber 1345+£052 3494 £021 1856 + 042
NDF 4734 £ 1.89 7358+ 028 3329 + 0.23
ADF 3216 £156. 5915 +0.15  23.15 + 0.18
ADL 3.58 +0.05 1041 +£0.03 3.79 £ 0.20
NDIN 0.12£0.01 0.14+0.01 0.10 £ 0.05
NDICP 0.75+0.01 0.88£0.01 0.63 + 0.01
ADIN 0.17 £0.02 0.16 £0.01 0.93 £ 0.04
ADICP 1.06 +0.02 1.00 £0.01 5.81 + 0.01
dgDM 4830 17.80 46.30
dgCP 45.00 - 4230

NDF = Neutral detergent fiber, NDIN = Neutral detergent
insoluble nitrogen, NDICP = Neutral detergent insoluble crude
protein, ADF = Acid detergent fiber, ADIN = Acid detergent
insoluble nitrogen, ADICP = Acid detergent insoluble crude
protein, ADL = Acid detergent lignin
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feed intake of each oil supplemented diet in the free
choice test was limited to 30 min/meal, and then the orts
of three feeding buckets were weighed for DM
determination. Therefore, DMI was determined for each
diet per pen as DM offered minus DM refused within 30
min. After the measurement of DMI, the orts were
returned to the cattle to continue feeding.

Frequency of switches between the feeds on
offer was recorded (Ginane et al., 2002). Frequency of
visits was calculated as the number of feeding visits per
meal within 30 min. Frequency of eating, self-grooming,
drinking, and disturbance from neighbors was recorded
within 30 min/meal per day. An observation was
defined as eating when the cattle ate from the feed
buckets with their muzzles in the feed buckets or chewed
or swallowed feed with their heads over the buckets.
Self-grooming was self-licking any part of the body or
scratching the body against fixtures of the stall. An
observation was recorded as drinking when the cattle

held their muzzles in the water bowl or swallowed water.

Disturbance from neighbors was when at least one of the
neighbors had its muzzle inside the stall of the
experimental cattle (Herskin and Munksgaard, 2000;
Robles et al, 2007). All data were expressed by
percentages. Total behavioral frequency was summed by
the data in the morning and afternoon.

Feeding test: Two-year-old Cross-bred Brahman steers
(n=12) with an initial BW of 322 + 12 kg were used. The
experiment was conducted according to a repeated
measures Latin-square design, and assigned to three
indoor treatment groups. The 1st group (control, n=4)
received approximately 3 kg of concentrate (Table 1) per
meal as a basal diet and 0.5 kg of cassava was added per
meal. The 2nd group (rice bran oil (RO), n=4) and 3
group (palm oil (PO), n=4) were fed the same basal diet
(3 kg) as the control, but the basal diet was supplemented
with 100 g per meal each of RO and PO, respectively. All
feeds were delivered at 07:30 and 15:30 h daily. The cattle
also received ad libitum rice straw, had free stall units and
were individually fed according to the treatments. The
study lasted for 14 wk including a week as an adaptation
period, followed by a 13 wk period for feeding.

The method of measuring DMI was the same as
in the 1st experiment. The authors conducted data
collection three times during the 13 wk feeding period,
was divided into three periods, namely, period 1 (days
26, 27), period 2 (days 54, 55), and period 3 (days 89, 90)
of study. The feeding rate of each oil supplemented diet
was determined as DMI divided by feeding time (g of
DM/ 30 min).

The method for the feeding test within 30 min
was the same as the 1st experiment. Total behavioral
frequency was summed by the data in the morning and
afternoon. The data were collected at period 1 (days 26,
27), period 2 (days 54, 55) and period 3 of the study (days
89, 90).

General behavioral observation was carried out
for approximately 24 h during which a video was
recorded. The observation periods were from 07:00 to
19:00 h at period 1 (days 25, 26, 27), period 2 (days 53, 54,
55), and period 3 of the study (days 88, 89, 90). Every
hour in integral point the following data were recorded
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for each cattle (modified from Charlton et al., 2011): 1)
Spatial distribution of cattle in each pen. The space of
each pen was divided into three areas, namely, the
feeding area, the center area and the drinking area; 2)
Posture of cattle: lying, standing or walking; 3) Jaw
activity: eating, ruminating, drinking or idling (i.e.
neither eating, drinking nor ruminating); 4) Other: self-
grooming and social interaction (non self-grooming).

The experimental unit considered was the pen.
Data analysis was performed using SPSS, version 16.0
(SPSS). The period (or week) and treatments were
considered to fixed effects. The data were subjected to
the independent sample T-test and the General Linear
Model (GLM) repeated measures procedure was used.
Means were compared using Duncan’s multiple-range
test and significance was determined at p<0.05.

Results

Free choice test: There was no significant difference in
BW, BWG, and ADG of cattle between the control and
the free choice group (Table 2). The results showed that
there was no significant difference among DMI of PO
and RO from wk 1 to wk 3. The DMI of CO was
significantly decreased whilst the feeding lasted three
weeks (p<0.05), but the DMI of CO between wk 1 and wk
2 was similar (Table 3). According to the results of 30 min
DMI in wk 1, the cattle preferred the feed supplemented
with RO and CO rather than PO (p<0.05). Therefore, for
the last three weeks of the feeding test, the DMI of RO
was higher than that of CO (p<0.05), but there was no
statistically significant difference between the DMI of PO
and RO.

According to the behavioral observation, the
highest percentage of total frequency of behavior was
eating, followed by switches and visits. The percentage
of self-grooming, drinking, and disturbance from
neighbors was quite low during observation (Table 4).
Moreover, there was no significant difference between
those percentages of behavioral frequencies between the
control and the free choice group.

Table 2 Body weight and body weight gain of cattle

Group BWdl (ky) BWd1(kg) BWG(kg) ADG(g)
Control 206331129 30633:1583 1967273  70240:9744
Freechoice 316.00:13.86  32400£1505  17.67:267  63100:95.05

Values are presented as Mean + Standard error (SE).

Table 3 Dry matter intake (g) of three kinds of oil supplemented
diets in 30 min free choice test from week 1 to week 3

. Treatment!
Week PO RO CcO
1 1049.30 £ 96.39: 147530 £5412°  1462.90 £ 57.28%8
2 178760 +11619 148650 £ 98.46 129430 + 93,778
3 110360 +15621° 149380+ 114.6%  1056.50 £ 1432224

1Values are presented as Mean + SE;

PO: Palm oil; RO: rice bran oil; CO: corn oil;

a bsjgnificant difference within the same row (p<0.05)

A B significant difference within the same column (p<0.05)
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Table 4 Percentage of total frequency of behavior patterns of
cattle during feeding periods

Week?2
Item Group! 1 2 3
Switching C 2084 £354 1850x457 1632 x446
FC 1896 +189 1578+199 1226+159
Visits C 1340 £1.02 5.30+0.92 7.98+0.45
FC 1442 #1688 1186 %156 11.70x119
Eating C 5383 +£341 6306012197 6077 2077
FC 5627 +274 6135+328 61351328
Self-grooming cC 6.33+2.39 5.55+1.585 595+471
FC 724415 915+1.88 1114 +£255
Drinking cC 3.06+1.58 1.56 £0.46 317+£1.78
FC 227077 0.97 £0.23 2.02+0.72
Disturbance C 1.93+£1.13 3.03+1.63 279+240
from neighbors FC 0.854+0.39 211+1.03 1.54+0.97

1C: Control; FC: Free choice
2Values are presented as Mean * SE.

Table 5 Dry matter intake (kg) of oil supplemented diets in 30

min
. Treatment!
Period
Control RO PO
1 M 1.91+0.14> 2.27+£0.32 1.77 £0.37
A 2621022 2.37£0.39 2.64+0.21
2 M  246+0.36 2.02 £ 0.30° 240+0.21
A 3.07 £0.00 292 +0.122 2.64 +£0.26
3 M 237+0.24b 240+0.28 2.61+0.26
A 294+0.072 254 +£0.32 254 +£0.31

Values are presented as Mean * SE; PO: Palm oil; RO: rice
bran oil; CO: corn oil; M: morning; A: afternoon

abmeans within the same column and within the same period
with different superscripts were significantly different at
p<0.05

Table 6 Feeding rate (g/min) of cattle in feeding test

. Treatment!
Period Meal Control RO PO

1 M 63.81 +4.60 75.81 +£10.62 59.05+12.43
A 87.40+7.19 78.85+13.15 87.84£7.03

2 M 82.00 £ 11.86P 67.24 +9.96 80.14 £7.07
A 102.28 £ 0.002 97.24 +3.92 87.89 £ 8.69

3 M 79.14 + 8.06P 80.11 £9.45 87.03 £ 8.68
A 97.92 +2.18 84.53+10.80 84.82+10.37

Values are presented as Mean + SE; PO: Palm oil; RO: rice
bran oil; CO: corn oil; M: morning; A: afternoon

abmeans within the same column and within the same period
with different superscripts were significantly different at
p<0.05

Feeding test: The results for the DMI are reported in
Table 5. There was no significant difference among the
DMI of the control group, the RO group or the PO group
within period 1, 2 and 3, respectively. It was found that
the DMI of the control group in periods 1 and 3 (p<0.05)
and RO group in period 2 (p<0.05) in the afternoon was
significantly higher than that in the morning. The results
for the feeding rate of cattle are reported in Table 6. There
was no significant difference among treatments within
periods 1, 2 and 3. The feeding rate of cattle in the
morning was significantly higher than that in the
afternoon, especially in the control group in periods 2
and 3 (p<0.05).

Table 7 shows the percentage of total frequency
of behavior of the cattle during the feeding periods of 30
min from periods 1 to 3. The highest frequency of
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behavior was eating during the feeding test, and the
cattle showed other sorts of behavior such as visits, self-
grooming, drinking, disturbing neighbors and social
interaction as well, although these sorts of behavior were
rare events.

With an increase in the age of cattle, an increase
in the tendency of the total percentage of frequency of
visits of the cattle was found (p<0.01). The lowest
percentage of visits was found in period 1, while the
highest was in period 3. There was a similar percentage
of visits between period 2 and period 1, and period 2 and
period 3. Moreover, the different oil supplemented diets
affected the behavior of the cattle, for example, the
percentage of visits (p<0.01) and drinking (p<0.05). The
percentage of visits of those cattle fed on RO was higher
than those in the control and PO groups (p<0.05).
However, the percentage of visits of cattle in the control
group was similar to that of the PO group.

With an increase in the age of the cattle, an
increase in the drinking of the cattle was found (p<0.05).
The lowest percentage of drinking was found in period
1, while the highest was in period 2 (p<0.05). There were
similar percentages of visits between period 3 and period
1, and period 3 and period 2. It was found that the
percentage of drinking of the cattle fed on RO was higher
than that of those fed on PO (p<0.05). However, the
percentage of drinking of cattle in the control group was
similar to that in the RO and PO groups.

With an increase in the age of cattle, no
significant difference was found in the percentage of
eating. The percentage of eating in the control group was
significantly higher than that in the RO group (p<0.05) in
period 3. No difference was found between the control
and PO groups, or the RO and PO groups in period 3.

The percentage of disturbance from neighbors
increased from period 1 to period 3 (p<0.01). No
difference was found between this behavior in period 1
and 2. The oil supplemented diets did not affect the
percentage of disturbance from neighbors. The
percentage of the cattle that showed social interaction
decreased from period 1 to period 3 (p<0.05). The cattle
did not show social interaction during the observation of
period 3. No difference was found between social
interaction in period 1 and 2. The oil supplemented diets
did not affect this behavior.

Table 8 shows all results on spatial distribution.
There was no significant difference among the groups in
the feeding, center, and drinking area distribution in
periods 1, 2 and 3, except that significant results were
found in the percentage of spatial distribution in the
drinking area in period 1. The highest percentage of
spatial distribution in the drinking area was found in the
RO group (p<0.05) compared to the control and PO
groups. No difference was detected between the control
and PO groups.

With an increase in the age of cattle, the linear
tendency of spatial distribution was found in the feeding
and center areas. The percentage of spatial distribution
in the feeding area decreased (p<0.05), and it was
significantly different among the periods (p<0.05). The
percentage of spatial distribution in the center area
increased (p<0.05), with the highest in period 3, but there
was no difference between in periods 1 and 2.
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Table 7 The percentage of total frequency of behavior patterns of cattle during feeding periods (Values are presented as Mean + SE.)

Period
Item Group
1 2 3
Control 9.26 +0.84 10.86+2.33 12.56+2.52°
Visits RO 9.97 £1.224 16.28+3.1348 21.87+5.7428
PO 8.01 £1.08 9.55£1.52 12.36+1.64°
Control 70.49 £4.95 71.15+7.13 78.96+2.490
Eating RO 78.59 £2.50 60.56+5.54 57.57+5.812
PO 76.97 £ 6.76 73.75£5.99 72.1145.29ab
Control 7.01+£1.83 8.67+2.51 2.14+1.23
Self grooming RO 3.87+1.10 9.49+2.77 5.81£3.16
PO 12.09 £5.32 10.93+4.49 7.93+3.91
Control 248 +1.75 5.72+2.14 1.97+1.072b
Drinking RO 3.33 £0.948 6.5412.27A 6.680.71bA
PO 0.89 +£0.89 3.40£1.11 1.12+0.612
Control 5.15+2.58 0 4.37+2.09
Disturbance from neighbors RO 0.46 + 0.468 0B 8.08+3.734
PO 0.75 + 0.50 0.20+0.19 6.47+3.71
Control 5.60 £2.19 3.61+£2.92 0
Social interaction RO 3.78 £1.478 7.1441.924 0B
PO 1.28 +0.67 2.18+1.26 0
RO: rice bran oil; PO: palm oil.
»bmeans within the same column with different superscripts were significantly different at p<0.05;
A Bmeans within the same row with different superscripts were significantly different at p<0.05.
Table 8 The percentage of spatial distribution of cattle (Values are presented as Mean + SE.)
Period
Item Group 1 2 3
Control 60.26 + 4.424 44.87 +3.998 23.72 +4.18¢
Feeding area RO 50.00 + 3.85 42.95+6.73 23.08 £3.41
PO 51.92 +5.45 41.03+6.16 26.28 +5.05
Control 31.41+4.17° 37.18 £4.42° 56.41 £ 6.014
Center area RO 30.13 £3.96 4487 £6.27 64.10+£3.71
PO 37.82+5.14 30.13 +5.80 56.41 +4.37
Control 8.33 £1.76P 17.95+3.83 19.87 +£4.07
Drinking area RO 19.87 £3.832 1218 £2.41 12.82+1.73
PO 10.26 £ 2.19° 20.51 +£6.09 17.31+£4.93
RO: rice bran oil; PO: palm oil.
abmeans within the same column with different superscripts were significantly different at p<0.05;
AB Cmeans within the same row with different superscripts were significantly different at p<0.05.
Table 9 The percentage of postures of cattle (Values are presented as Mean + SE.)
Period
Item Group 1 2 3
Control 46.15 £ 3.41° 48.72 +3.198 58.33 +£4.874
Lying RO 51.92 +3.30 46.79 +3.60 53.85+2.84
PO 43.59 +£5.04 42.95+5.39 53.21+£3.21
Control 53.85 +3.414 50.64 + 3.0648 41.03 +4.778
Standing RO 48.08 +3.30 52.56 +3.52 46.15+2.84
PO 56.41 +5.04 48.72 £5.39 45.51+£2.92
Control 0 6.64 +0.64 0.64 +0.64
Walking RO 0 0.64 +0.64 0
PO 0 0 1.28 +0.86

RO: rice bran oil; PO: palm oil.
A Bmeans within the same row with different superscripts were significant difference at p<0.05.

With an increase in the age of cattle, there was a
linear tendency for the percentage of postures of cattle
that were found lying or standing (Table 9). However, no
significant difference was found among each group. The
highest percentage of lying was in period 3 (p<0.05), but
there was no difference between periods 1 and 2. The
percentage of standing in period 1 was significantly
higher than that in period 3 (p<0.05). Similar results were
found between those in periods 1 and 2, and those in
periods 2 and 3. However, walking behavior was a rare

event found during the observation.

Significant differences in the percentage of jaw
activities of cattle among the treatment groups were in
eating and ruminating in period 1 (p<0.05) (Table 10).
The highest percentage of eating was in the control and
PO groups (p<0.05) compared with the RO group.
Similar results were found between the control and PO
groups. The highest percentage of ruminating was found
in the control and RO groups (p<0.05) compared with the
PO group. Similar results were found between the
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Table 10 The percentage of jaw activities of cattle (Values are presented as Mean + SE.)

Period
Item Group 1 2 3
Control 35.90 £ 3.5924 24.36 £3.12° 15.38 £2.848
Eating RO 25.00 £2.700 20.51 £2.89 18.59 +3.34
PO 34.62 +3.352 19.23£3.21 20.51£3.71
Control 13.46 + 3.8028 26.28 +4.28~ 12.82 +2.38B
Ruminating RO 21.79 £4.222 33.97 £3.60 13.46 £3.92
PO 10.26 + 3.04b 30.13 +4.39 13.46 +3.80
Control 1.92 +1.00 0.64 £ 0.64 0
Drinking RO 0 0 1.92+1.04
PO 1.28 + 0.86 0.64 + 0.64 0.64 £ 0.64
Control 48.72 £5.228 48.72 £5.478 71.79 £3.71»
Idling RO 52.56 + 5.34 45.51 £4.68 66.03 +£3.47
PO 53.85£3.14 41.67 £6.10 64.74 +4.28

RO: rice bran oil; PO: palm oil.

abmeans within the same column with different superscripts were significantly different at p<0.05;
A Bmeans within the same row with different superscripts were significantly different at p<0.05.

control and RO groups. Drinking behavior was a rare
event. The highest percentage of ruminating was in
period 2 (p<0.05), the highest percentage of idling was
found during the observation in period 3 (p<0.05). With
an increase in the age of cattle, a linear tendency for the
percentage of jaw activities of the cattle was found.

Discussion

In general, beef cattle diets should not exceed 6 %
fat on a dry matter basis (NRC, 2001), feeding a higher
concentration of oils than this level could result in
reduced rumen microbial activities, accompanied by
reduced nutrient digestibility and dry matter intake
(Shingfield et al., cited by Lunsin et al., 2012). In this
study, the supplemented oil was lower than the
recommended standard. The results which were in
accordance with the supplemental lipid to feedlot cattle
diets did not affect animal performance (Gillis et al.,
2004).

Although there was no related report on
whether cattle could identify the flavors of oils or not, the
palatability of RO and CO was better than PO for cattle
in the week 1 feeding test. Those results for the
palatability of the oil supplemented diets indicate that it
was probably because of the unique flavor of PO
compared with RO and CO. Due to the decreased DMI
of CO from week 1 to week 3 in the free choice test
experiment, the authors did not feed CO to the cattle in
the feeding test experiment. Preference testing is a
commonly used technique that enables animals to
choose between options for resources or environments
that are important to them (Dawkins, 1990; Fraser and
Matthew, 1997; Kirkden and Pajor, 2006). Morand-Fehr
(2003) claimed that preference tests on goats would be
more sensitive and feasible than on cows. Although the
behavioral activities did not show any differences
between the control and free choice groups from week 1
to week 3, the frequency of switches showed that the beef
cattle could choose the diets alternately during feeding
periods.

In the feeding test experiment, the feeding rates
ranged between 59.05 and 87.03 g/min in the morning
and 78.85 and 102.28 g/min in the afternoon, which was
lower than those of the finishing heifers (Kelly et al., 2010)
and steers (Moya et al., 2011; Schwartzkopf-Genswein et

al.,, 2011) fed in a group. This is possible because of the
competition for food (Forbes, 2007). A high percentage of
visits during the feeding periods in the feeding test
experiment indicated that the feeding behavior of cattle
was interrupted by other types of behavior such as
drinking, taking a break, turning around, grooming
themselves, or fighting (Marie-France Bouissou et al.,
2001), and then they visited the feeder again. The low
percentage of visits during the feeding periods indicated
that the cattle always continued to feed without any
interruption.

As a whole, the high percentage of visits in the
RO group showed that when the cattle ate the RO
supplemented diets they might need to drink more water
than the cattle in the PO group, because the percentage
of drinking was higher in the RO group than in the PO
group. In period 3, the percentage of eating in the RO
group was not lower than that in the PO group, although
the difference was not statistically significant. During the
final period, the percentage of eating clearly decreased.
As aresult, the percentage of visits increased at the same
time. Although the results of DMI within 30 min did not
show any significant difference, we found differences in
behavior; perhaps we can conclude from this that a high
percentage of visits means low palatability of feed. An
interesting phenomenon was that the cattle disturbed
their neighbors, although it was a rare event during the
feeding periods, we do not have any clear explanation
for this. The authors wondered whether it was a form of
playing during feeding; therefore, further research is
necessary.

DeVries and von Keyserlingk (2005) found that
the delivery of fresh feed could stimulate feeding
behavior. Therefore, as a result of the feeding motivation,
there was a high frequency of eating during the 30 min
feeding observation (Herskin and Munksgaard, 2000). In
this study, the cattle were fattened separately in
individual pens, and they showed increasing
percentages of lying, and decreasing percentages of
standing with an increase in feeding periods. Only
feeding and drinking in the general behavior of the cattle
were affected by the feeding of different oil
supplemented diets in the feeding test experiment.
However, the feeding periods had an effect on the
percentage of spatial distribution, postures, and jaw
activities of the cattle. During the initial period of feeding,
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the cattle preferred to stay in the feeding area. But the
cattle preferred to stay in the central center area when the
feeding time was increased.

Direct visual observation is the most traditional
and direct technique in determining animal behavior.
Therefore, by using video recording it is possible to
observe animals in groups, the individual animals can be
recognized and continued monitoring of jaw movements
is possible (Forbes, 2007). Oil supplemented diet had
effects on jaw activities only at the beginning of feeding
period 1. With an increase in the feeding periods, eating
and ruminating were replaced by idling, which might be
related to the slow digestion of cattle or its appearance of
under eating (Forbes, 2007).

In conclusion, the feeding choices of the Cross-
bred Brahman cattle tested were affected by different oil
supplements. The cattle preferred the rice bran oil
supplemented diet during the three-week feeding test.
The effects of oil supplemented diets were not obvious in
the frequency of different types of behavior in the free
choice test. The oil supplemented diets did not affect the
dry matter intake, feeding rate, spatial distribution or
postures, but it could affect the feeding behavior in the
final finishing period and the jaw activities in the
beginning and finishing period.

Acknowledgments

This work was supported by Suranaree
University of Technology and by the Higher Education
Research Promotion and National Research University
Project of Thailand, Office of the Higher Education
Commission.

References

Aluyor EO and Ori-Jesu M 2008. The use of antioxidants
in vegetable oils - A review. Afr. ]. Biotechnol. 7
(25): 4836-4842.

Boga M, Sahin A, Kilic U and Gorgulu M 2009.
Behavioural responses of dairy calves to
cafeteria feeding vs. single feeding. ] Anim Vet
Adv. 8(8): 1573-1578.

Charlton GL, Rutter SM, East M and Sinclair LA 2011.
Preference of dairy cows: Indoor cubicle
housing with access to a total mixed ration vs.
access to pasture. Appl Anim Behav Sci. 130: 1-
9.

Dawkins MS 1990. From an animal’s point of view-
motivation, fitness and animal welfare. Behav.
Brain Sci. 13: 1-9.

DeVries TJ and von Keyserlingk MAG 2005. Time of feed
delivery affects the feeding and lying patterns
of dairy cows. ] Dairy Sci. 88: 625-631.

Edem DO 2002. Palm oil: Biochemical, physiological,
nutritional, hematological and toxicological
aspects: A review. Plant Foods Hum Nutr. 57:
319-343.

Forbes JM 2007. Voluntary food intake and diet selection
in farm animals. 2nd ed. Wallingford, UK: CAB
International 453 pp.

Fraser D and Matthew LR 1997. Preference and
motivation testing. In: Animal Welfare. MC
Appleby and BO Hughes (ed). Wallingford, UK:

249

CAB International. 159-173.

Gillis MH, Duckett SK, Sackmann JR, Realini CE, Keisler
DH and Pringle TD 2004. Effects of
supplemental rumen-protected conjugated
linoleic acid or linoleic acid on feedlot
performance, carcass quality, and leptin
concentrations in beef cattle. ] Anim Sci. 82: 851-
859.

Ginane C, Baumont R, Jassalas ] and Petit M 2002.
Feeding behaviour and intake of heifers fed on
hays of various quality, offered alone or in a
choice situation. Anim Res. 51: 177-188.

Gorgulu M, Boga M, Sahin A, Serbester U, Kutlu HR and
Sahinler S 2008. Diet selection and eating
behaviour of lactating goats subjected to time
restricted feeding in choice and single feeding
system. Small Rum Res. 78: 41-47.

Gorgulu M., Akyol MA, Boga M and Goncu S 2012. The
effects of choice feeding and season on the
feeding behaviour and growth performance of
calves. ] Anim Feed Sci. 21: 263-275.

Gunstone FD 2002. Vegetable oils in food technology:
Composition, properties and uses, 2nd ed.
Blackwell Publishing, Oxford, UK 353 pp.

Herskin MS and Munksgaard L 2000. Behavioral
reactivity of cattle toward novel food: effects of
testing time and food type of neighbors. ] Anim
Sci. 78: 2323-2328.

Hess BW, Moss GE and Rule DC 2008. A decade of
developments in the area of fat
supplementation research with beef cattle and
sheep. ] Anim Sci. 86 E: 188-204.

Kelly AK, McGee M, Crews DHJr, Sweeny T, Boland TM
and Kenny DA 2010. Repeatability of feed
efficiency, carcass ultrasound, feeding
behavior, and blood metabolic variables in
finishing heifers divergently selected for
residual feed intake. ] Anim Sci 88(10): 3214-
3225.

Kirkden RD and Pajor EA 2006. Using preference,
motivation and aversion tests to ask scientific
questions about animals’ feelings. Appl Anim
Behav Sci. 100: 29-47.

Lunsin R, Wanapat M and Rowlinson P 2012. Effect of
cassava hay and rice bran oil supplementation
on rumen fermentation, milk yield and milk
composition in lactating dairy cows. Asian
Austral ] Anim. 25 (10): 1364-1373.

Marie-France B, Boissy A, Neindre PL and Veissier I 2001.
The social behavior of cattle. In: Social
behaviour in farm animals. L] Keeling and HW
Gonyou (ed). Wallingford, UK: CAB
International. 120.

Meeprom C and Suksombat W 2013. Effects of oleic acid
enriched oils supplementation on performance
and carcass quality of Cross-bred Brahman
steers. Proceeding of International Conference
on Agriculture Science and Environment
Engineering. December 19-20, 2013, Beijing,
China.

Meier ]S, Kreuzer M and Marquardt S 2012. Design and
methodology of choice feeding experiments
with ruminant livestock. Appl Anim Behav Sci.
140: 105-120.


http://www.ncbi.nlm.nih.gov/pubmed?term=Kelly%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=20525931
http://www.ncbi.nlm.nih.gov/pubmed?term=Crews%20DH%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=20525931
http://www.ncbi.nlm.nih.gov/pubmed/20525931
http://koreascience.or.kr/article/ArticleSearchResultList.jsp?keyfield=Lunsin,%20R.%20&AdvSearchFQL=au:|Lunsin,%20R.|
http://koreascience.or.kr/article/ArticleSearchResultList.jsp?keyfield=Lunsin,%20R.%20&AdvSearchFQL=au:|Lunsin,%20R.|
http://koreascience.or.kr/article/ArticleSearchResultList.jsp?keyfield=%20Rowlinson,%20P.&AdvSearchFQL=au:|Rowlinson,%20P.|

250

Morand-Fehr P 2003. Dietary choices of goats at the
trough. Small Ruminant Res. 49(3): 231-239.

Moya D, Mazzenga A, Holtshausen L, Cozzi G, Gonzélez
LA, Calsamiglia S, Gibb DG, McAllister TA,
Beauchemin KA and Schwartzkopf-Genswein
K 2011. Feeding behavior and ruminal acidosis
in beef cattle offered a total mixed ration or
dietary components separately. ] Anim Sci. 89:
520-530.

National Research Council 2000. Nutrient requirements
of beef cattle. 7th ed. National Acadamies Press,
Washington, DC. 248 pp.

Pavan E, Duckett SK and Andrae JG 2007. Corn oil
supplementation to forage-finished steers. I.
Effects on in vivo digestibility, performance,
and carcass traits. ] Anim Sci. 85: 1330-1339 .

Raes K, De Smet S and Demeyer D 2004. Effect of dietary
fatty acids on incorporation of long chain
polyunsaturated fatty acids and conjugated
linoleic acid in lamb, beef and pork meat: a
review. Anim Feed Sci. Technol. 113: 199-221.

Rodriguez AB, Bodas R, Fernandez B, Lopez-Campos O,
Mantecon AR and Giraldez FJ 2007. Feed intake
and performance of growing lambs raised on
concentrate-based diets under cafeteria feeding

Huo X. et al. / Thai | Vet Med. 2014. 44(2): 243-251.

systems. Animal. 1: 459-466.

Robles V, Gonzéalez LA, Ferret A, Manteca X and
Calsamiglia S 2007. Effects of feeding frequency
on intake, ruminal fermentation, and feeding
behavior in heifers fed high-concentrate diets. ]
Anim Sci. 85: 2538-2547.

Schwartzkopf-Genswein KS, Hickman DD, Shah MA,
Krehbiel CR, Genswein BMA, Silasi R, Gibb DG,
Crews DH and McAllister TA 2011.
Relationship between feeding behavior and
performance of feedlot steers fed barley-based
diets. ] Anim Sci. 89: 1180-1192.

Smith SB, Lunt DK, Chung KY, Choi CB, Tume RK and
Zembayashi M 2006. Adiposity, fatty acid
composition, and delta-9 desaturase activity
during growth in beef cattle. Anim Sci. J. 77:
478-486.

Smith SB and Johnson BJ. 2012. Increasing marbling gene
expression in beef cattle with dietary lipids
Principal. [Online]. Available: http://www.
beefresearch.org. Accessed January 29, 2013.

Zobel G. 2007. Beef feedlot cattle use individual feeding
strategies to gain access to feed in a competitive
Environment. [Online]. Available: http://www.
landfood.ubc.ca. Accessed February 19, 2013.



Huo X. et al. / Thai | Vet Med. 2014. 44(2): 243-251. 251

UNANED

HavaInIsIETILT AN ANTIUN1TAU M TVRlARNNANUT LY

2

g2 Gu ' yowa dwiou’ AvIWT guauTa’

Ifin1snaaes 2 maveaedulauie Wewisudisunginssunisiuldegndaszvesemsildsunsasuihgu 3
¥ (spogiaan 3 dUad) uazornsildTuninasininduinedadu (sezna 13 dUa) n1smaass free choice test 14la 2
ngumnanes Miassgnelulsadou nqunimeassusnldsvommsduiiugiutuas 6 Alandu Tusaeiidnngunismnaesilldyu
pnsegedase Wuemsduiiugiu 6 Alandusefuuiieaiungumvasowusn uduvady 3 dwmas 1 Alandu wiavdiuaz
wsuthsudalnn (com oil; CO) thsfuunda (palm, oil; PO) n3etinsius1dna (rice bran oil; RO) aesay 35 nSudeie laanis
Whsuasuuemstuiivssgedlunsassonanaiin suddy daumsnanesdt 2 vhmsveaesiaglflaaieatufunismanosd
1 lnenguniamaaesii 1 1funduaivau 1dsueimstu 3 Alandudeie Wusmsitugiu uasiadufonndudends 05
Alanusieilo Tuvaiingunisvaaesdl 2 (RO) uag 3 (PO) ld¥uemsiuguduieriungunisnaans 1 udiadudaetsiui-
417 (RO) w30 hsfutdu (PO) 100 niusleile mud iy nan1sMAaes free choice feeding wandlsiiitudn nisiuldvesTnguii
voslalunguitldsuihduining (CO) annsedraildudfymisaifilurng 3 dUanigavinevosnismanes (p<0.05) Sovazuas
mnuivesnnAnssuiigefigaio 1sAueIms (eating)  sosasnldun nsiUAsunsideniuems (switches) uag n1sidAu
919113 (visits) lun13naaes feeding test mMieduthiufiunnmsiuiinanssnusedesazvasnadniuans (p<0.01) wagnisiu
1 (drinking; p<0.05) vaalanaasd ANNwANANegditsdAynsaiifvesdosarvesianssunislduinssinsveslaseninengy
nsnanesfentsiueskasmsAEnSadlutmnaesi 1 (p<0.05) fevasiigefignuesnisiuemanulunduaiuauuasngud
F¥unisiaduthifuundu (PO) (p<0.05) fevasiigeiignueaniniAsudemulunguavauuagnguildsunaiaiusitn (Ro)
(p<0.05) Sovaziigeignvaanisegiaas (iding) wuluseninagisiiviinisduna aguldinmsmeasumslilaliiuensedisdass
(feeding choice) gnnsznulasnisaiutsufiunnsreiu Tnslaseuiagiuormsfiaiudethifuninaondisnisvaaos 3
FUai dhunavesnisiasuiduluemslinuauuanaisesauivemginssalanaontaanismaass 13 §Uni n1siasy
ihifuluemslifinansznudenisiulduesinguis Snanishvemns naadeufinglunen uagniaiadoulmsnenie ud
HANIEVIURDNEANIIUNINUBIMITHALAINTIUYVBINTTINS

AdARY: N1siieniuemns  lagnranusvidliu wadAnssunsive s nsiaSuniiu

‘gwrivuneluladmswandnd anindvunaluladnisinwes uniiversemaluladgsun? uassvdun 30000
Tsunsun1sinsms AnsINgImanshacsnaluilad unIveIaes 199 )uATIIVEN UATIIVELT 30000
*g?’?uﬁmwauuwmw Email: wisitpor@sut.ac.th



