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Abstract

Vegetable oil have long been studied and added to concentrates rations in order to improve the energetic
value of the diet and enhance dairy cows to express their productive potential. This study was conducted to
examine if vegetable oil supplemented would affect milk production. Sixteen cows were obtained for an experiment
and received 20 kg corn silage and 7.5 kg concentrate, on dry matter basis containing 6.2% palm oil, for 4 weeks.
Subsequently, the animals were assigned into three experimental groups, which were given different oil rich
diets; palm oil served as control (PO; n=4), soybean oil (SB; n=6), and sunflower oil (SF; n=6). During 4 weeks of
receiving the experimental diets, milking data was recorded daily and milk samples were collected on days 0, 7,
14, 21 and 28. Supplementation with all vegetable oils did not alter milk production but decreased 3.5% fat
corrected milk at week 1 in SF compared to PO (P = 0.042). The percentages of milk fat were significantly lower
in cow fed diet rich in SB and SF at week 1 (P = 0.029 and P = 0.001, respectively) and week 2(P = 0.025 and
P = 0.015, respectively) compared to cow fed PO with far more significant lower in cow fed SF compared to SB
(P = 0.048). Moreover, lower milk fat yield was also observed in cows fed SF rich diet at week 1 (P = 0.003).
Furthermore, dietary SB caused lower in milk protein yield at week 3 (P = 0.028), and supplemented SF caused
higher in the percentages of SNF in milk at week 4 (P = 0.038). However, all treatments did not affect the
content and yield of lactose in milk. It is concluded that the supplementation of diet with vegetable oils could
alter milk performance and production, however, these effects tended to occur during a rather short period of

time.
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Introduction

At present, many consumers are concerned about
their health and are more selective for health enhancing
products. Previous studies have revealed that milk fats
play an important role in human health. The increasing
consumption of milk and butter has significantly increase
the risk of developing cardiovascular diseases. Saturated
fatty acids (e.g. myristic acid; C14:0 and palmitic acid,;
C16:0) elevate the concentration of cholesterol in the

blood circulation (Ashes et al., 1997; Maijala, 2000)

leading to vascular diseases as well as contributing to
obesity in humans.

Richer polyunsaturated fatty acids (PUFA) in milk
fat could meet consumer demands for healthier dairy
products. PUFAs have been studied and added to
concentrates ration in order to improve the energy value
of the diet, especially during negative energy balance
(NEB) period of highly productive or postpartum cows,
and enhance dairy cows to express their productive

potential such as the positive effects on reproductive



Journal of Applied Animal Science Vol. 1 No. 2-3 May-December 2008 21

(Robinson, et al., 2002; Petit, et al., 2004; Zheng, et al.,
2005; Ambrose, et al., 2006) and immune regulation
Lessard et al., 2004); (Thanasak et al., 2004; Thanasak
et al., 2005. Moreover, there was a report indicated that
n-3 fatty acids play dramatically importance role in
health as they are not only essential nutrients but also may
favorably modulate many diseases (Connor, 2000). The
production of health-enhancing dairy products could be
achieved in different ways. One particular method is to
feed unsaturated fatty acid supplemented rations (e.g. grain,
grain extracts and vegetable oils) to lactating dairy cows
to gain unsaturated fatty acids in milk fat (Calder, 1997,
Harbige, 1998; James et al., 2000; Lock and Bauman,
2004). In addition, supplementation with vegetable oils
(e.g., soybean oil, corn oil and sunflower oil) to a
concentrate diet has been shown that long chain fatty
acid concentration (e.g., steric acid; C18:0 and oleic acid;
18:1) increases while short chain fatty acid (e.g., myristic
acid; C14:0 and palmitic acid; C16:0) decreases in milk
(AbuGhazaleh et al., 2002; Bett et al., 2004; Rego et al.,
2005). Soybean and sunflower oils would be good choices
as both are rich in polyunsaturated fatty acids, with
soybean oil being a source of linolenic acid (n-3), while
sunflower oil is rich in linoleic acid (n-6).

Concerning to the productivity, however, the
obtained reports of vegetable oil supplementation
indicate that the changes of milk production and milk
composition are inconsistence and remain discussed.
Vegetable oil supplementation increases the total energy
in diet, which may result in lower feed intake (Ashes
et al., 1997). If more than 7% is supplemented, the milk
yield and milk composition may decrease (Mansbridge
and Blake, 1997). Supplementation with sunflower and
soybean oils decreases milk fat yield and its content
(Betet al., 2004). High vegetable oil diets, which is rich in
long chain fatty acids, have showed evidence of milk
production increased but the percentage of milk fat
decreased (Leonardi et al., 2005). Another report
revealed that supplemental fat increased milk production,
4% FCM, milk fat content, yields of milk fat and protein,
however, milk percentages of protein, lactose, casein,
cholesterol and urea nitrogen were not affected (Salado
et al., 2004). In contrast, there were reports showed
identical results that feeding vegetable oil had no effect

on milk production (Zheng et all., 2005; Ponter et al.,

2006). Thus, the objective of this study is to evaluate
the effects of supplementation vegetable oil on milk
production and milk composition in order to improve

milk quality.

Materials and Methods

Animals and Experimental design

Eighteen multiparous 75% Holstein Friesian
cows, 2-4 year of age, average body weight 350-400 kg,
mid to late lactation (70-210 days postpartum) were
obtained. The animals were used in completely
randomized design (CRD) to evaluate responses to
supplementary vegetable oils. The study was performed
with the approval of the Faculty of Veterinary
Science-Animals Care and Use Committee (FVS-ACUC)
of the Faculty of Veterinary Science, Mahidol University,
Thailand.

Diets and Treatments

During the pre-experimental period (4 weeks), all
cow (n=18) were fed a basal diet rich in palm oil, to allow
cows to adapt to oil-supplemented diets and adjusted
nutritional status. This diet consisted of 20 kg of corn
silage and 7.5 kg of a concentrate containing palm oil
(PO), which was fed daily (Table 1). Subsequently, during
the experimental period (4 weeks), cows were assigned
to three groups receiving diets rich in palm oil (PO; n=6)
or soybean oil (SB; n=6) or sunflower oil (SF; n=6).
The ingredients of the concentrate are presented in
Table 1. The amounts of component supplied and the
analyzed composition of the whole diets is shown in
Table 2. The rations were fed four times a day at 8.00,
10.00, 16.00 and 20.00 h. Feed were restricted and
refusals were checked.

Milk recording and sampling

Cow were milked and milk yield were recorded
twice daily at 06.00 and 15.00 h. Milk sampling took place
at the last day of the pre-experimental period (day 0) and
subsequently at day 7, 14, 21 and 28 of the experimental
period. Milk from individual cow was sampled
approximately 60 ml per day, 30 ml of each time, and

store at 4°C before an analysis of milk composition.
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Analysis of milk compositions

Milk samples were homogenized at 40°C then
the compositions - fat, protein, lactose and solid not fat
(SNF) - were measured using automated infrared
analysis; MilkoScanTM Minor4 (IDF and AOAC
approved IR-technology).

Table 1  Composition of the experiment concentrates.

Statistical analyses

Data for milk production and milk compositions
are reported as least squares means. Data were analyzed
as a completely randomized using ANCOVA procedure
of SAS; 1997. Overall differences between treatment
means were considered significant when P < 0.05. All

P values are presented in tables.

Ingredients (kg dry matter)

Pre-experimental

Experimental concentrate

concentrate
PO PO SB SF
Constant component * 938 938 938 938
Palm oil 62 62 - -
Soybean oil - - 62 -
Sunflower oil - - - 62
Total 1,000 1,000 1,000 1,000

“The constant components consisted of the following (kg dry matter) : Cassava, 231; soybean meal,179; Palm meal,

192; Copra meal,192; Wheat bran,51; Grinded bone, 15; Cotton seed,38; Sodium chloride,17; Premix,9; Urea, 17.

Table 2 Ingredient composition and analyzed macronutrient composition of experimental diets.
Daily intake per cow* Macronutrients (%dy matter)
(kg dry matter) Crude fat Crude fiber Crude protein

Corn silage* 4.02 1.45 28.52 6.07
Concentrate®

PO 7.48 10.74 8.08 23.06

SB 7.48 10.24 8.20 21.27

SF 7.48 10.44 8.08 19.36

“The corn silage contained 201g dry matter/kg

°All vegetable oil supplement concentrate (PO, SB and SF) contained 997 g dry matter/kg

‘R:C ratio = 35:65

Results
Animals
During the pre-experimental period, two cows
suffered from mastitis. Therefore, they were rejected
from the study. Subsequently, the number of animal were
adjusted for PO treatment (n=4). During the experimental
period, cows were housed in a free range barn. They showed

no feed refusal as all diets were taken completely. No

clinical sign of the remaining experimental animals was
observed throughout the period of the study.
Milk production

Milk production recorded at weeks 1, 2, 3 and 4
was not different significantly among groups of cows
receiving different oil rich diets. Subsequently, calculated
for 3.5% fat corrected milk (FCM) (Dunlap et al., 1990)
value showed that milk production was lower significantly
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in cow received SF rich diet (P = 0.042) compared to PO
fed cows at the first week. However, there was no
difference of 3.5% FCM production among PO, SB and
SF fed cows in the following weeks (Table 3).
Milk composition

The percentages of milk fat were significantly
lower in cows fed diets rich in SB and SF at week 1
(P =0.029 and P = 0.001 respectively) compared to cow
fed PO with far more significant lower in cows fed
SF compared to cows fed SB (P = 0.048). At week 2, the
percentages of milk fat were significantly lower in
cows fed diet rich in SB and SF (P = 0.025 and P = 0.015
respectively) compared to cows fed PO rich diet. No
differences in milk fat percentages were found among
the different vegetable oils supplemented in the next
two weeks (Table 4).

The amount of milk fat (kg per day) was
significantly lower in cows fed SF rich diet (P = 0.003)
compared to cows fed PO rich diet without any

differences in SB supplemented cows at the first week.

No difference in milk fat yield was found among the
difference vegetable oils supplemented in the following
weeks (Table 5).

The percentages of milk protein and lactose were
within the normal range and did not differ significantly
among groups of vegetable oil supplements in all weeks
(Table 4). The amount of protein in milk (kg per day)
was significant lower in cows fed SB rich diet (P = 0.028)
compared to cows fed PO diet without any change in SF
supplemented cows at the third week. No difference in
milk protein yield was shown among diets in other weeks
(Table 5).

There was no significant difference among the
three sources of vegetable oils on the percentages of SNF
from week 1 to week 3. The percentages of SNF in milk
were significantly higher in cows supplemented with
SF at week 4 (P = 0.038) (Table 4). The amounts of SNF
and lactose (kg per day) were not different among the

different diets in all weeks of the experiment (Table 5).

Table 3  Milk production (least square mean of kg per day) of cows fed diets supplemented with palm oil (PO; n =4),

soybean oil (SB; n = 6) and sunflower oil (SF; n = 6)

Measurement Week Supplement Pooled S.D. P
PO SB SF

Milk production 1 14.38 15.66 15.84 2.02 0.55
2 14.82 14.45 14.90 2.70 0.96
3 14.86 12.64 14.35 2.70 0.41
4 14.68 13.95 15.29 2.16 0.58

Milk production 1 16.53¢ 14.99% 13.06° 2.36 0.11

(3.5% fat corrected 2 16.20 13.10 12.71 4.17 0.43

milk) 3 15.06 12.30 12.25 3.33 0.39
4 15.94 14.28 14.62 3.40 0.75

abeMeans within row with different superscript differ (P < 0.05)



24 Journal of Applied Animal Science Vol. 1 No. 2-3 May-December 2008

Table 4  Milk composition (least square mean of percentage) of cows fed diets supplemented with palm oil (PO; n=4),

soybean oil (SB; n = 6) or sunflower oil (SF; n = 6)

Measurement Week Supplement Pooled S.D. P
PO SB SF

Fat 1 4.00 3.26° 2.67¢ 0.46 0.00
2 3.548 2.85° 2.80" 0.40 0.03
3 3.23 3.27 2.76 0.66 0.39
4 3.67 3.53 332 0.57 0.63

Protein 1 2.80 2.68 2.88 0.16 0.16
2 2.66 2.92 2.89 0.36 0.52
3 3.03 2.79 2.86 0.25 0.36
4 2.66 2.83 2.96 0.21 0.14

Lactose 1 4.22 4.26 4.30 0.06 0.18
2 4.28 3.69 433 0.63 0.23
3 4.28 4.19 4.27 0.08 0.23
4 4.17 4.29 4.28 0.09 0.15

SNF 1 8.06 8.04 8.24 0.16 0.13
2 7.92 7.87 8.24 0.31 0.14
3 8.29 8.10 8.19 0.23 0.45
4 7.93° 8.19% 8.30° 0.24 0.10

*b¢ Means within row with different superscript differ (P < 0.05)

Table 5  Milk composition (least square mean of kg per day) of cows fed diets supplemented with palm oil (PO; n=4),
soybean oil (SB; n = 6), or sunflower oil (SF; n = 6)

Measurement Week Supplement Pooled S.D. P
PO SB SF

Fat 1 0.62¢ 0.50* 0.40° 0.09 0.01
2 0.59 0.41 0.40 0.17 0.25
3 0.53 0.42 0.38 0.15 0.34
4 0.59 0.50 0.50 0.16 0.68

Protein 1 0.40 0.41 0.45 0.06 0.46
2 0.39 0.41 0.42 0.07 0.86
3 0.45° 0.35° 0.40* 0.06 0.07
4 0.39 0.39 0.44 0.06 0.30

Lactose 1 0.60 0.67 0.68 0.09 0.43
2 0.63 0.55 0.64 0.17 0.64
3 0.64 0.53 0.61 0.11 0.35
4 0.62 0.60 0.65 0.10 0.64

SNF 1 1.15 1.25 1.30 0.16 0.45
2 1.18 1.13 1.21 0.23 0.82
3 1.24 1.01 1.16 0.21 0.28
4 1.22 1.13 1.24 0.17 0.50

abeMeans within row with different superscript differ (P < 0.05)
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Discussions

There was no significant difference in milk
production throughout the experiment but 3.5% fat
corrected milk (FCM) of SF decreased in week 1
compared to PO. Supplementation of SB and SF lowered
the percentages of milk fat compared to PO in week 1 and
week 2, with SF decrease milk fat yield compared to
PO in week 1. In addition, the percentage of milk fat
production of SB was higher than SF in the first week of
the experiment. At week 3, the inclusion of SB in diets
decreased milk protein yield compared to PO. Dietary
supplemented with SF increased the percentage of SNF in
milk compared to PO in week 4. No significant difference
was observed as a change in lactose in milk during the
experiment.

All treatments had no effect on milk production
throughout the experiment. This phenomenon was
similar to data previously reported in cows fed cottonseed
oil (CS), linseed oil (LO) and soybean oil (SB) at a
duration of 3 week experiment (Zheng, et al., 2005). The
lack of change in milk production is consistent with
previous research in feeding prepubertal heifers with
20% SB supplemented observed from week 4 to 18 of
lactation (Thibault et al., 2003). There was an interesting
result when infused 500g of LO into the duodenum
shown neither significantly changes in milk production
nor 4% FCM when samples were collected from day 15
to 35 of the study (Petit et al., 2002). Considering milk
production of 3.5% FCM, they were significantly lower in
animals fed SF compared to PO in the first week (P = 0.042)
but not in the following weeks of the experiment. It is in
agreement with literature study showing that there was
no effect when corn oil (CO) was supplemented in cow,
and milk samplings were taken from week 2 to 4 during
a period of 4 weeks (Whitlock et al., 2003). In contrast,
milk productions as well as 4% FCM were higher for
cows fed supplemented fat using extruded soybeans
and sunflower seeds (Schingoethe et al., 1996).

Supplementary SB and SF significantly lowered
the percentages of milk fat at week 1 and 2 compared
to PO (P < 0.05) by mean of percentage of milk fat in
week 1 is significantly lower in SF compared to SB
supplemented (P = 0.048). In addition, SF supplemented
significantly lower milk fat yield compared to PO
(P = 0.003) in week 1 of the experiment. These results

were similar to a report of three weeks trial, which
sample collection began in week 2, and feeding
multiportions of fish meal and soybean meal caused
lower in the percentages of milk fat (AbuGhazaleh,
et al., 2001). In the same report, milk fat yields were
decreased as the proportion of fish meal in diet
increased. There was a study showed the similar effect
when fed supplementation with SF and SB as percentages
of milk fat and milk fat yield decreased in a period of
7 days (Rego, et al., 2005). Another study, by three
weeks supplemented with cotton seed oil (CS), soybean
oil (SB) and corn oil (CO), the result showed that the
decreasing of milk fat percentages were influenced by
SB and CO supplemented while milk fat yield were not
altered (Zheng et al., 2005). In contrast, there was
another report that sunflower oil (SF), linseed oil (LO)
and fish oil (FO) had no effect on the percentages of
milk fat and milk fat yield, however, the data were
collected in week 4 of the experiment (Loor et al.,
2005). Moreover, feeding formaldehyde treated
flaxseed and sunflower seed were not differ the
percentages of fat in milk but treating seed with
formaldehyde increased production of milk fat (Petit,
2003). Another evidence occurred when supplemented
1 kg of sunflower oilseeds to cows in three lactation
phases (0 to 60: 61 to 90: and 91 to 120 days in milk)
caused no effect of such treatment to the percentages of
fat in milk (Bett et al., 2004). Decreasing in milk fat
contents and milk fat yield in this experiment might be
explained by exogenous fatty acids, which compete for
esterification with newly synthesized short-chain fatty
acids in mammary cells leading to feedback inhibition of
lipogenic enzymes (Palmquist et al., 1993). There are
reports suggested that alterations in rumen fermentation
result in an inadequate rumen production of acetate and
butyrate to support milk fat synthesis or increased rumen
production of propionate and enhanced hepatic rates of
gluconeogenesis cause an increase in circulating insulin,
thereby resulting in an insulin-induced shortage of
precursors for mammary synthesis of milk fat (Zheng
et al., 2005). Another interesting theory had been
discussed in previous study is that mammary synthesis of
milk fat is inhibited by unique fatty acids (trans fatty acid
theory) that are produced as a result of the alterations

in rumen biohydrogenation (Bauman and Griinari., 2003).
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Inconclusive to others reports, SF may influence in a
more pronounced decrease in new fatty acid synthesis
resulting in lower milk fat concentration (Loor et al.,
2005).

The percentage of milk protein remained
unchanged for all treatments. However, they were
relatively higher at week 4 (P = 0.531) in cows received
SF compared to PO. Interestingly, milk protein yield of
SB is significantly lower compared to PO in week 3
(P = 0.028). The unchanged of protein in milk observed
in this study was similar to results obtained when fed
20% supplemented SB in diet to heifers and collected
data from week 4 to 18 of lactation (Thibault et al.,
2003). In other studies reported similar effects of fat
supplemented in diet regarding on percentage of milk
protein and protein yield. Diet inclusion of 5% SB, 5%
LO or 2.5% FO in periods of 4 weeks and sample took
place during the last 5 days of the final week had no
effect on the percentages of milk protein and milk
protien yield (Loor et al., 2005). Literature reviewed
showed no effects on milk protein yield and content
when cows were supplemented with 0.5 kg of SB and 0.5
kg of SF in periods of 28 days and data was obtained in
the last 7 days of the experiment (Rego et al., 2005).
An inclusion of 6% unsaturated fat either from
extruded soybean or sunflower seed had no effect on the
percentages of milk protein and protein yield when
observed from week 3 to 5 of an experiment (Schingoethe
et al., 1996). In contrast, there is evidence that feeding
formaldehyde flaxseed and sunflower seed for 4 weeks
could increase the production of milk protein (Petit, et al.,
2003). In other experiment, the report suggested that diet
supplemented with 0.7 kg hydrogenated vegetable oils dry
matter per cow per day could increase milk protein
production, without any effect on milk protein percentage
(Salado et al., 2004). Interestingly, however, diet
supplemented with 1 kg of sunflower oilseeds to cows in
3 lactating phases had been presented a reduction in the
concentration of milk protein (Bett, et al., 2004).
Concerning the results, the temporary reduction of protein
yield in milk observed in this study may be directly related
to an inhibition of ruminal microbial protein synthesis,
resulting in a reduced flow of amino acids to the small
intestine and mammary gland and a consequent fall in

milk protein concentration.

In current study, the percentage of lactose in milk
did not differ among treatments although they were
relatively higher in cows fed SF compared to PO at week 1
(P =0.072) and in cows fed SB compared to PO at week 4
(P = 0.075). These results looked similar to previous
reports that supplementation of 1 kg sunflower oilseed
to cows in 3 lactating phases did not affect the content
of lactose in milk (Bett, et al., 2004). Another result
showed no difference in the percentages of lactose
among groups of the study conducted with 20% of SB
added in a conventional concentrate and the samples
were collected from week 4 to 18 of lactation (Thibault
et al., 2003). In addition, cows fed diet supplemented
with formaldehyde-treated whole flaxseed, formaldehyde-
treated whole sunflower seed, whole flaxseed, and
sunflower seed showed neither influence to the concen-
tration of lactose in milk (Petit., 2003). In contrast,
feeding concentrate to late gestation cows resulted in
higher percentages of lactose has been reported (Keady
et al., 2001)

The results of this study showed that the effects
of SF supplementation significantly increased the
percentage of SNF at week 4 (P < 0.05) of the experiment
without any influence on SNF yield. Interestingly, a
previous study reported that the SNF yield was higher
when supplemented 6% of fat from extrude soybeans or
sunflower seeds in 5 weeks duration of the study,
however, the percentage of SNF in milk was not
altered (Schingoethe et al., 1996). Although there was
only significant finding in week 4, however, the
percentage of SNF showed a relative higher in week 1
and week 2 when those animals received a diet rich in
SF (P = 0.061 and P = 0.063, respectively). It might be
indicated that supplementation of SF had positive
influenced on milk SNF in this experiment. However,
the data obtained in current study is considerably

limited and these findings remain to be discussed.

Conclusions
The supplementation of dairy lactating cows
with rations including vegetable oils, both soybean oil and
sunflower oil, has the capacity to lower milk fat contents,
milk fat yield and 3.5% FCM. However, this effect is
found in the first few weeks after receiving supplemental

diets. Despite the fact that the changes of milk protein
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and solid not fat in milk were observed in this experiment,
these findings were rather small and might be due to the
general side effects of high fat diet. These findings
suggested that supplementation of vegetable oils to
promote high energy diet to dairy cows or to obtain high
proportion of polyunsaturated fatty acids in milk does
not interfere with either performance or production of
milk in lactating cows. Further study needs to be conducted
to clarify the relationship between fatty acids metabolism

and milk production in dairy cows.
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