
Patron:		Her	Majesty	The	Queen	 	 Rothamsted	Research	
Harpenden,	Herts,	AL5	2JQ	
	
Telephone:	+44	(0)1582	763133	
Web:	http://www.rothamsted.ac.uk/	

	
	 	

	
	

Rothamsted Research is a Company Limited by Guarantee 
Registered Office: as above.  Registered in England No. 2393175. 
Registered Charity No. 802038.  VAT No. 197 4201 51. 
Founded in 1843 by John Bennet Lawes.	

	

Rothamsted Repository Download
A - Papers appearing in refereed journals

Mahdavi, A., Mahdavi, A., Darabighane, B., Mead, A. and Lee, M. R. F. 

2019. Effects of soybean oil supplements to diets of lactating dairy cows, 

on productive performance, and milk fat acids profile: a meta-analysis. 

Italian Journal of Animal Science.

The publisher's version can be accessed at:

• https://dx.doi.org/10.1080/1828051X.2019.1585211

The output can be accessed at: https://repository.rothamsted.ac.uk/item/8wq56.

© 25 March 2019, Rothamsted Research. Licensed under the Creative Commons CC 

BY.

25/03/2019 13:01 repository.rothamsted.ac.uk library@rothamsted.ac.uk

https://dx.doi.org/10.1080/1828051X.2019.1585211
https://repository.rothamsted.ac.uk/item/8wq56
repository.rothamsted.ac.uk
mailto:library@rothamsted.ac.uk


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tjas20

Italian Journal of Animal Science

ISSN: (Print) 1828-051X (Online) Journal homepage: https://www.tandfonline.com/loi/tjas20

Effects of soybean oil supplement to diets of
lactating dairy cows, on productive performance,
and milk fat acids profile: a meta-analysis

Ali Mahdavi, Ata Mahdavi, Babak Darabighane, Andrew Mead & Michael R. F.
Lee

To cite this article: Ali Mahdavi, Ata Mahdavi, Babak Darabighane, Andrew Mead & Michael R.
F. Lee (2019): Effects of soybean oil supplement to diets of lactating dairy cows, on productive
performance, and milk fat acids profile: a meta-analysis, Italian Journal of Animal Science

To link to this article:  https://doi.org/10.1080/1828051X.2019.1585211

© 2019 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 25 Mar 2019.

Submit your article to this journal 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=tjas20
https://www.tandfonline.com/loi/tjas20
https://doi.org/10.1080/1828051X.2019.1585211
https://www.tandfonline.com/action/authorSubmission?journalCode=tjas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tjas20&show=instructions
http://crossmark.crossref.org/dialog/?doi=10.1080/1828051X.2019.1585211&domain=pdf&date_stamp=2019-03-25
http://crossmark.crossref.org/dialog/?doi=10.1080/1828051X.2019.1585211&domain=pdf&date_stamp=2019-03-25


PAPER

Effects of soybean oil supplement to diets of lactating dairy cows, on
productive performance, and milk fat acids profile: a meta-analysis

Ali Mahdavia, Ata Mahdavib, Babak Darabighanec, Andrew Meadd and Michael R. F. Leee,f

aFaculty of Veterinary Medicine, Semnan University, Iran; bFaculty College of Agriculture and Natural Resources, University of Tehran,
Iran; cDepartment of Animal Science, University of Mohaghegh Ardabili, Ardabil, Iran; dDepartment of Computational and Analytical
Science, Rothamsted Research, Hertfordshire, UK; eDepartment of Sustainable Agriculture Sciences, Rothamsted Research, Devon, UK;
fUniversity of Bristol, Bristol Veterinary School, Langford, Somerset, UK

ABSTRACT
The aim of this paper was to investigate the effects of soybean oil, an oilseed rich in the poly-
unsaturated fatty acid C18:2, on dry matter intake (DMI), milk yield (MY) and milk composition
(including fatty acid profile) of dairy cows by using a meta-analysis approach. In the meta-ana-
lysis, effect size for all outcomes was reported as standardised means difference with 95% confi-
dence intervals. Q test and I2 were calculated to detect the heterogeneity, with a meta-
regression also used to investigate sources of heterogeneity. Results of the meta-analysis indi-
cated that adding soybean oil to the diet of dairy cows decreased DMI, milk fat percentage
(MFP), milk fat yield (MFY) and milk protein percentage (MPP), whilst significantly increasing MY.
Unsaturated fatty acids C18:2, C18:1 trans-11 and C18:2 cis-9 trans-11 conjugated linoleic acid
(CLA) all significantly increased with soybean oil inclusion in the diet, whereas C18:3 was numer-
ically higher but not significantly different. Milk composition, including MFP, MFY, MPP, short-
chain and medium-chain fatty acids (C4–C20) and unsaturated fatty acids showed a significant
percentage of heterogeneity. Results of the meta-regression indicated that dose of soybean oil,
total fatty acids in the diet, and the concentration of C18:2 between groups receiving soybean
oil and control are the most important factors affecting this heterogeneity. By performing meta-
analysis and meta-regression it can be concluded that dietary supplementation of soybean oil
to lactating dairy cows decreased DMI, and increased MY and the amount of unsaturated fatty
acids in milk.

HIGHLIGHTS

� Soybean oil dietary supplementation to dairy cows increased milk yield but reduced milk
fat content.

� Milk fat in soybean oil dietary supplemented cows has a lower content of short-chain fatty
acids, associated with de novo synthesis.

� Milk fat in soybean oil dietary supplemented cows has a higher content of C18:1 trans-11,
C18:2 and CLA.
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Introduction

Nutrition plays an important role in human health
with significant interest shown towards the compos-
ition of animal-based products, including dairy, in cer-
tain diseases such as: cancer, cardiovascular disease
and diabetes (Cont�o et al. 2017). Studies have shown
that the presence of saturated fatty acids C14 and
C16, as well as certain trans fatty acids (trans isomers
of C18:1) increase the risk of cardiovascular disease.
However, Siri-Tarino et al. (2010) reported in a meta-

analysis study that there is no significant evidence for
concluding that dietary saturated fat is associated with
an increased risk of cardiovascular disease. Conversely,
other fatty acids have been shown to have beneficial
effects for human health, e.g. mono- and polyunsatur-
ated fatty acids and certain trans fatty acids such as
conjugated linoleic acid (CLA cis-9 trans-11, Givens
2010; Shingfield et al. 2013). CLA refers to the local
and geometric isomers of linoleic fatty acids, which
within milk 82% are the isomer cis-9 trans-11 (Dhiman
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et al. 2000). Therefore, increasing the composition of
these beneficial fatty acids (unsaturated fatty acids
and CLA) in dairy products would be advantageous to
improve product quality (Dhiman et al. 2000). Changes
in the fatty acid profile of milk to improve its thera-
peutic properties have been highly researched over
the last few decades. It has been proven that nutri-
tional manipulations can increase the content of CLA
in meat and milk, including certain forages, fish oil
and oilseeds (Kliem and Shingfield 2016). Oilseeds,
such as: soybean (Glycine max), flaxseed (Linum usita-
tissimum) and safflower (Carthamus tinctorius, (Hiller
2014)), are rich in unsaturated fatty acids and have
been supplemented in the basal ration of dairy cows
in many different forms, e.g. whole grains, extruded
grains, free oil or protected oil (Kliem and Shingfield
2016). Among the oils, the use of soybean oil rich in
C18:2 (linoleic acid) has received much attention with
variable results across studies.

Soybean oil has been shown to reduce DMI in sev-
eral studies (Abel-Caines et al. 1998; Bu et al. 2007;
AlZahal et al. 2008; Barletta et al. 2016), whereas
Dhiman et al. (2000) reported that up to 2% soybean
oil does not reduce DMI in dairy cows. Milk yield has
been shown to be increased with the addition of soy-
bean oil in dairy cows (Bu et al. 2007; AlZahal et al.
2008; Fatahnia et al. 2008; Ye et al. 2009), whereas
Huang et al. (2008) and Barletta et al. (2016) reported
a decline in milk yield with supplementation. The
results with respect to milk fat have shown that sup-
plementation with soybean oil caused a significant
reduction in milk fat percentage compared to the
control group in the studies of Dhiman et al. (2000),
Jenkins et al. (1996), Ye et al. (2009) and Zheng et al.
(2005), whereas in other studies the differences were
not significant compared to the control group (Abel-
Caines et al. 1998; Bu et al. 2007; AlZahal et al. 2008).
For other milk components, such as proteins and lac-
tose, the results of the experiments have also been
inconsistent (Dhiman et al. 2000; Zheng et al. 2005;
Bu et al. 2007; Ye et al. 2009). The profile of fatty
acids in milk in these studies have also shown incon-
sistent results, for example Abel-Caines et al. (1998)
and Ye et al. (2009) show a reduced level of linoleic
acid (C18:2), whereas AlZahal et al. (2008), Bu et al.
(2007), Huang et al. (2008) and Jenkins et al. (1996)
show an increase and Vargas-Bello-P�erez et al. (2015)
and Fatahnia et al. (2008) reported no difference.
Finally, Dhiman et al. (2000) found an increase in
C18:2 only with levels of soybean oil above 4% DM.
In relation to the effect of soybean oil on C18:3
(Linolenic acid) Abel-Caines et al. (1998), Barletta et al.

(2016), Bu et al. (2007) and Dhiman et al. (2000)
showed no change, whereas Huang et al. (2008)
showed a decrease and AlZahal et al. (2008) observed
an increase in milk content. The cis-9 trans-11 isomer
of CLA was shown to increase in the studies of Bu
et al. (2007), Zheng et al. (2005) and Ye et al. (2009),
whereas Barletta et al. (2016) observed no change
when supplementation soybean oil into the ration of
dairy cows.

Meta-analysis is a statistical tool to combine the
results of different studies and compile them statistic-
ally (Sutton and Higgins 2008). The purpose of this
study was to use a meta-analysis approach to deter-
mine the effect of soybean oil supplementation on
MY, DMI, milk composition and fatty acid profile in
lactating dairy cows and then further examine the rea-
sons for the heterogeneity of responses observed
using meta-regression.

Materials and methods

Literature search

Literature searches were performed through data-
bases of Google Scholar (http://scholar.google.com)
and ISI Web of Knowledge (http://wokinfo.com). The
publication period of studies was from January 1990
to December 2016. The keywords used to search rele-
vant studies included: soybean oil and milk and fatty
acid profile and dairy cow. To ensure collection of all
the relevant articles for the meta-analysis, references
of articles collected were evaluated and inter library
loans or correspondence directly with authors used to
access literature not found within the database
search. The total number of identified articles was
137, with all articles initially screened for acceptability
by determining if the research conducted studied
effects of soybean oil in dairy cow nutrition and
included the impact on milk production and compos-
ition. After discarding papers that did not match the
research area, an initial data set of 31 papers
was achieved.

Inclusion and exclusion criteria item

After collecting 31 screened papers, articles were
excluded automatically if they were not published in
English (n¼ 3) or if they were published as reviews
(n¼ 2). Inclusion required studies to have a control
group with no soybean oil and a treatment group
feeding only free oil. Studies which involved the feed-
ing of soybean oil during a transition period (n¼ 5), or
in combination with other additives (n¼ 1) or if the
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dairy cows were challenged with metabolic disease
were excluded (n¼ 1). Inclusion also required cow’s
intake to be recorded individually and for at least one
of the main parameters to be reported [DMI, MY, milk
composition (protein, lactose, fat) or profile of milk
fatty acids] otherwise studies were excluded (n¼ 3).
Studies where dairy cows were in a grazing system
(n¼ 2), were also removed. Finally, studies that had
not reported the standard deviation or standard error
of the mean for parameters were also removed from
the meta-analysis (n¼ 2).

Data extraction

Data were screened and extracted independently by
two investigators to identify and determine if a paper
was included in the meta-analysis. Data extracted
from each study (Table 1) included: authors, year of
publication, the DMI (kg per day), MY (kg per day),
milk fat (percentage and kg per day), milk protein
(percentage and kg per day) and milk lactose (per-
centage and kg per day). In addition, other informa-
tion such as saturated and unsaturated fatty acid
profile of the milk, number of animals per experimen-
tal group, standard deviation or standard error of the
mean for all variables were also extracted where avail-
able. Given the heterogeneity found within these
parameters across studies, a meta-regression was also
performed to help determine cause. The meta-regres-
sion included such causative factors as the: number of
milking and feeding periods, basal diet and basal diet
composition (e.g. total amount of fatty acids, C18:2
and neutral detergent fibre (NDF)).

Statistical analysis

Effect size and Forest plots:

Statistical analysis was performed by using
Comprehensive Meta-Analysis (CMA) software version
2.2 (Biostat, USA) and the effect size for: DMI, MY, milk
composition (fat, protein and lactose) and milk fatty
acids calculated as standardised means difference
(SMD) with confidence interval at 95%. The SMD is the
difference between treatment and control groups that
has been standardised based on the standard devi-
ation of treatment and control groups. The SMD pro-
vides the possibility to compare differences caused by
different variables (Borenstein et al. 2009). In addition
to calculating SMD, the means difference with 95%
confidence intervals were also calculated for each par-
ameter. It should be noted that the model used in this
meta-analysis was for random effects. Random-effects

models have an underlying assumption that a distribu-
tion of effects exists, resulting in heterogeneity among
study results (Borenstein et al. 2009).

Forest plots are one of the most common plots in
meta-analysis that show information of individual
studies and the combined assessment of the meta-
analysis (Sutton and Higgins 2008). Effect size for for-
est plots SMD with 95% confidence intervals also used
a random model.

Heterogeneity

Q test and I2 statistic were used to detect heterogen-
eity (Borenstein et al. 2009). Statistical heterogeneity
refers to the true effects in each study not being iden-
tical (Sutton and Higgins 2008). The existence of het-
erogeneity reflects underlying differences in clinical
diversity of the herds, differences in study design
and statistical variation (Lean et al. 2009). Variations
among the study level were assessed using a Q test
(Formula 1).

Formula 1 : Q ¼
Xk

i¼1
wi Yi �Mð Þ2

where, Wi is the study weight, Yi is the study effect
size, M is the summary effect and k is the number
of studies.

We used an a level of 0.10 because of the relatively
poor power of the Q test to detect heterogeneity
among the relatively small number of trials (Lean et al.
2009). Although Q test helps to detect heterogeneity,
the I2 is used to calculate a quantitative value (as a
percentage; Higgins and Thompson 2002).

An I2 statistic greater than 50% indicates consider-
able heterogeneity (Duffield et al. 2008). Parameters in
which I2 are greater than 50%, were set as the parame-
ters that have significant heterogeneity (Lean
et al. 2009).

Meta-regression

Meta-regression analysis was performed for the evalu-
ation of heterogeneous resources for parameters that
showed an I2 greater than 50% (Borenstein et al.
2009). Meta-regression can be used to explore sources
of heterogeneity even if an initial over all test for het-
erogeneity is not significant (Higgins and Thompson
2002). Given the accuracy of meta-regression is heavily
influenced by degree of replication, analysis was only
performed for variables which were reported in at
least 10 studies (Littell et al. 2008). Meta-regression
was estimated through the method of moments
(DerSimonian and Laird method). This method of
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estimating the variance between studies is well estab-
lished (Borenstein et al. 2009).

Publication bias

If a search strategy for a meta-analysis focuses only on
published studies there is a tendency, across many
disciplines, for the overall effect size to be biased
toward statistically significant effects; thus over-esti-
mating the true difference between the treatment and
control group or the strength of the association
between two measures. Existing publication bias was
examined using the funnel plot, a simple scatter plot
of the intervention effect estimates from individual
studies (horizontal axis) plotted against study precision
(vertical axis, Lean et al. 2009). Large studies appear
toward the top of the plot and generally cluster
around the mean effect size. Smaller studies appear
towards the bottom of the plot (Borenstein et al.
2009). As with meta-regression, funnel plot analysis
was only performed on variables which were reported
in at least 10 studies.

Results

Review of the data

Table 1 identified the papers selected and the data
extracted for the meta-analysis. For the meta-ana-
lysis, 12 papers were included, however as Dhiman
et al. (2000) reported two studies (experiment 1 and
2) 13 studies were used in total. Most studies per-
formed 1 comparison between soybean oil and the
control (one level of soybean oil vs. control),
whereas AlZahal et al. (2008) and Dhiman et al.
(2000; Exp2) reported 2 and 4 comparisons (based
on level of soybean oil), respectively. Most studies
reported the use of multiparous Holsteins other than
Loor et al. (2002) who used Jerseys and Dhiman
et al. (2000) who used primiparous cows. In all stud-
ies diets were mixed thoroughly and there was no
change in ratio of forage to concentrate between
groups receiving soybean oil or control. Some of the
milk unsaturated fatty acids such as: C14:1 cis-9,
C16:1 cis-9 and C18:1 trans-9 were reported in just 2
studies, whereas C18:1 trans-10 was reported in a

Table 1. Summary of papers used for meta-analysis.
Author NCa Breed Dose (g/kg) Parameters

Abel-caines et al. 1998 1 Holstein 22.5 DMI, MY, MFP , MFY, MPP, MPY, MLP, MLY, C4,
C6, C8, C10, C12, C14, C16, C18, C18:1
trans11, C18:2, C18:3

AlZahal et al. 2008 2 Holstein 17,34 DMI, MY, MFP , MFY, MPP, MPY, C6, C8, C10,
C12, C14, C15, C16, C17, C18, C20,
C18:2, C18:3

Barletta et al. 2016 1 Holstein 30 DMI, MY, MFP , MFY, MPP, MPY, MLP, MLY, C4,
C6, C8, C10, C12, C14, C15, C16, C17, C18,
C20, C18:1 cis9, C18:1 trans11, C18:2,
C18:33, cis9 trans11 CLA

Bu et al. 2007 1 Holstein 40 DMI, MY, MFP, MFY, MPP, MPY, MLP, C8, C10,
C12, C14, C16, C18, C18:1 cis9, C18:1
trans11, C18:2, C18:33, cis9 trans11 CLA,
trans 10 cis12 CLA

Dhiman et al. 2000 Exp1 1 Holstein 36 DMI, MY, MFP, MFY, MPY, MLP
Dhiman et al. 2000 Exp2 4 Holstein 5, 10, 20, 40 DMI, MY, MFP, MFY, MPP, MPY, MLP, C16, C18,

C18:2, C18:3
Fatahnia et al. 2008 1 Holstein 30 DMI, MY, MFP, MFY, MPP, MPY, MLP, MLY,

C10, C12, C14, C15, C16, C17, C18, C20,
C18:1 cis9, C18:1 trans11, C18:2, C18:3, trans
10 cis12 CLA

Huang et al. 2008 1 Holstein 50 DMI, MY, MFP, MFY, MPP, MPY, MLP, MLY, C4,
C6, C8, C10, C12, C14, C15, C16, C17, C18,
C20, C18:2, C18:3

Jenkins et al. 1996 1 Holstein 35 DMI, MY, MFP, MFY, MPP, MPY, C4, C6, C8,
C10, C12, C14, C16, C18, C18:2

Loor et al. 2002 1 Jersey 35 DMI
Vargas-Bello-P�erez

et al. 2015
1 Holstein 26 C4, C6, C8, C10, C12, C14, C15, C16, C17, C18,

C20, C18:1 cis9, C18:1 trans11, C18:2, C18:3,
cis9 trans11 CLA

Ye et al. 2009 1 Holstein 20 DMI, MY, MFP, MPP, MLP, C8, C10, C12, C14,
C15, C16, C18, C20, C18:2, C18:33, cis9
trans11 CLA, trans 10 cis12 CLA

Zheng et al. 2005 1 Holstein 20 DMI, MY, MFP, MFY, MPP, MPY, MLP, MLY,
C14, C16, C18, C18:1 cis9, C18:1 trans11,
C18:23, cis9 trans11 CLA, trans 10 cis12 CLA

DMI: Dry Matter Intake; MY: Milk Yield; MFP: Milk Fat Percentage; MFY: Milk Fat Yield; MPP: Milk Protein Percentage; MPY: Milk Protein Yield; MLP: Milk
Lactose Percentage; MLY: Milk Lactose Yield; CLA: Conjugated Linoleic Acid.
aNo. of comparisons.
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single study and so these were not included in the
statistical analysis.

Dry matter intake and milk production

The use of soybean oil in the diet of dairy cows
decreased the DMI (p¼ .013), but increased MY
(p¼ .005; Table 2; Figures S1 and 1). The heterogeneity
for DMI and MY was not significant (Q and I2; Table 2).
The funnel plots (Figure S4) for DMI and MY (Figure 2)
showed that there is no publication bias. Small studies
with less replication have less precision and are repre-
sented at the bottom of the funnel plots.

Milk composition

Milk fat percentage (p¼ .001) and MFY (p¼ .011) are
reduced through the addition of soybean oil and het-
erogeneity results are high (Table 2, Figures 3 and S2).
Table 4 reports the meta-regression analysis for heter-
ogenous variables in the meta-analysis with differen-
ces between the control and the soybean oil
treatment in: oil dose rate (Dose), total fatty acids
(DTFA), C18:2 (D18:2) and diet NDF (DNDF). All varia-
bles showed a significant regression for MFP (Dose:
p< .003; DTFA: p< .024; D18:2: p< .011; DNDF: p< .
027). For MFY all variable except DTFA showed a sig-
nificant regression (Dose: p< .037; D18:2: p< .047;
DNDF: p< .031). No publication bias was found for
MFP and MFY (Figure 4 and S5).

The meta-analysis shows that MPP decreases
(p¼ .069) whereas milk protein yield (MPY) increases
(p¼ .665) in response to soybean oil inclusion in the
diet. MPP was also shown to be heterogenous and
was further assessed by meta-regression in Table 4,
although none of the variables were found to be sig-
nificant and thus causative. To examine the bias in
publication, funnel plot (Figure S6) shows that for

MPP there are 2 studies on the right side of the plot
suggesting publication bias.

No difference was reported for milk lactose percent-
age (MLP; p¼ .794) or yield (MLY; p¼ .933) between
control and soybean oil inclusion, with subsequently
no heterogeneity in the response (Table 2). No publi-
cation bias was found for either MLP (Figure S8).

Milk fatty acid profile

The results of the meta-analysis and meta-regression
for the effect of supplementing soybean oil to the
diets of dairy cows on the composition of milk fatty
acids are reported in Tables 3 and 4, respectively.
Soybean oil decreased the short-chain fatty acids
(C6:0–C16:0), except for C4:0 (p¼ .069), of milk. The

Table 2. Effect size and heterogeneity for the effect of soybean oil on dry matter intake, milk production and milk composition
in dairy cows.
Outcomea NCb SMDc 95% confidence intervals p- value DMd 95% confidence intervals Q p- value I2

DMI 16 �0.305 �0.544, �0.065 .013 �0.269 �0.542, 0.005 9.297 .861 0
MY 15 0.362 0.111, 0.612 .005 0.634 �0.072, 1.339 14.393 .421 2.734
MFP 15 �1.015 �1.483, �0.547 <.001 �0.376 �0.500, �0.253 40.279 <.001 65.242
MFY 14 �0.565 �1.000, �0.129 .011 �0.091 �0.149, �0.033 32.349 .002 59.814
MPP 14 �0.369 �0.767, 0.029 .069 �0.075 �0.122, �0.029 28.334 .008 54.118
MPY 14 0.058 �0.205, 0.322 .665 �0.002 �0.024, 0.021 13.535 .407 3.953
MLP 11 �0.038 �0.324, 0.248 .794 �0.009 �0.063, 0.046 4.407 .927 0
MLY 5 �0.018 �0.426, 0.391 .933 �0.019 �0.063, 0.025 3.536 .472 0
aDMI: Dry Matter Intake; MY: Milk Yield; MFP: Milk Fat Percentage; MFY: Milk Fat Yield; MPP: Milk Protein Percentage; MPY: Milk Protein Yield; MLP: Milk
Lactose Percentage; MLY: Milk Lactose Yield.
bNC: No. of comparisons.
cSMD: Standardised Mean Difference.
dDM: Difference in Means.

Figure 1. Forest plot of the influence of soybean oil on milk
production of dairy cows based on Standardised Mean
Differences (SMD). The mean effect size, calculated according
to a random effects model, is indicated by the diamond at the
bottom. The size of the squares illustrates the weight of each
study relative to the mean effect size. Smaller squares repre-
sent less weight.
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effect on odd chain fatty acids was similar, although
not significant for C17:0 (p¼ .317). Adding dietary soy-
bean oil significantly increased C18:0 (p< .001) but
had no influence on C20:0 (p¼ .859) in milk.
Heterogeneity of short-chain and medium-chain
(C4:0–C16:0), odd-chain (C15:0 and C17:0) and long-
chain (C18:0 and C20:0) fatty acids was significant.
C12:0, C14:0 and C16:0 showed that Dose, DTFA and
D18:2 were significant causes of heterogeneity
between studies, whereas for C10:0 DTFA was not

significant and for C18:0 none of the variables were
causative for the heterogeneity observed. Soybean oil
had no effect on C18:1 cis-9, whilst C18:1 trans-11 in
milk was shown to increase. Adding soybean oil led to
an increase in the concentration of C18:2 (p¼ .007;
Figure 5), cis-9 trans-11 CLA (p¼ .018) and trans-10
cis-12 CLA (p¼ .042) in milk, whereas the increase in
C18:3 (p¼ .401) was not significant. Unsaturated fatty
acids, other than C18:3 and trans-10 cis-12 CLA,
showed significant heterogeneity. Meta-regression per-
formed on milk C18:2 (with 15 comparisons) showed
that Dose was the only variable affecting the hetero-
geneity observed. By examining funnel plots for publi-
cation bias, no bias in the publication for milk fatty
acids was observed except for C18:0 (Figure S13) and
C18:2 (Figure 6).

Discussion

Dry matter intake

Our meta-analysis showed DMI was decreased follow-
ing dietary supplementation with soybean oil to lac-
tating dairy cows. The effect of unsaturated fatty acid
supplementation on DMI has been previously reported
(Allen 2000; Harvatine and Allen 2005). This reduction
has been associated with the negative effects of
unsaturated fatty acids on rumen microorganisms
reducing fibre digestibility and subsequently flow
rate and fibre digestion from the rumen (Jenkins
and Harvatine 2014). Some studies have also reported
that unsaturated fatty acids increase the CCK
(Cholecystokinin) and GLP-1 (glucagon-like peptide 1)
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Figure 2. Funnel plot for analysing publication bias of milk production. Empty circles indicate observed values.

Figure 3. Forest plot of the influence of soybean oil on milk
fat percentage in milk of dairy cows based on Standardised
Mean Differences (SMD). The mean effect size, calculated
according to a random effects model, is indicated by the dia-
mond at the bottom. The size of the squares illustrates the
weight of each study relative to the mean effect size. Smaller
squares represent less weight.
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activities reducing DMI (Harvatine and Allen 2005;
Litherland et al. 2005; Bradford et al. 2008).

Milk yield and composition

Increased MY shown by the meta-analysis, was prob-
ably related to rising energy concentration of the diet
through supplementation with soybean oil in compari-
son with the control group. The MFP and MFY
decreased by adding soybean oil. Reduction of milk fat
because of fat supplements rich in unsaturated fatty
acids are well known and have been reviewed previ-
ously (Shingfield et al. 2013; Jenkins and Harvatine
2014). In the study of Dhiman et al. (2000) they

reported that higher levels (2% and 4%) of soybean oil
inclusion reduced MFP associated with a limitation in
the capacity of rumen microorganisms to hydrogenate
polyunsaturated fatty acids. In the meta-regression per-
formed to explain the heterogeneity of the MFP
response to soybean oil Dose and D18:2 were found to
be important explanatory factors, although DNDF was
also causative. This suggests a reduction in fibre
digestibility and consequently reduction in MFP associ-
ated with lower acetate formation in the rumen may
also have an effect (Urrutia and Harvatine 2017).

Changes in the biohydrogenation of polyunsatur-
ated fatty acids through soybean oil supplementation
have been implicated in reducing MFP through
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Figure 4. Funnel plot for analysing publication bias of milk fat percentage. Empty circles indicate observed values.

Table 3. Effect size and heterogeneity for the effect of soybean oil on milk fatty acid profiles in dairy cows.
Outcome NCa SMDb 95% confidence intervals p- value DMc 95% confidence intervals Q p- value I2

C4 5 �0.913 �1.896, 0.071 .069 �0.294 �0.593, 0.006 17.805 .001 77.534
C6 7 �1.597 �2.387, 0.806 <.001 �0.469 �0.675, �0.263 23.528 .001 74.499
C8 9 �1.228 �1.934, �0.522 .001 �0.358 �0.489, �0.227 36.199 .001 77.900
C10 10 �1.647 �2.410, �0.938 <.001 �0.957 �1.201, �0.713 41.015 <.001 78.057
C12 10 �1.941 �2.816, �1.066 <.001 �0.984 �1.385, �0.584 53.593 <.001 83.207
C14 11 �2.352 �3.114, �1.591 <.001 �2.771 �3.382, �2.160 45.691 <.001 78.114
C15 7 �1.353 �1.950, �0.757 <.001 �0.203 �0.294, �0.112 12.088 .060 50.363
C16 15 �2.128 �2.737, �1.519 <.001 �5.467 �6.830, �4.103 53.380 <.001 73.773
C17 5 �0.784 �2.322, 0.753 .317 �0.021 �0.095, 0.053 37.275 <.001 89.269
C18 15 1.271 0.732, 1.810 <.001 2.050 0.990, 3.110 51.635 <.001 72.887
C20 7 0.049 �0.490, 0.588 .859 0.003 �0.020, 0.027 12.184 .058 50.755
C18:1 Cis9 5 0.951 �0.053, 1.955 .063 2.058 0.012, 4.104 16.321 .003 75.491
C18:1 Trans11 5 2.606 1.118, 4.094 .001 2.435 1.145, 3.725 26.788 <.001 85.068
18:2 15 0.854 0.234, 1.475 .007 0.405 0.133, 0.678 73.794 <.001 81.028
18:3 13 0.147 �0.196, 0.491 .401 0.008 �0.014, 0.030 18.887 .091 36.464
Cis9 Trans 11 CLA 5 1.877 0.322, 3.432 .018 0.788 0.173, 1.404 35.879 <.001 88.851
Trans 10 Cis12 CLA 4 0.470 0.017, 0.923 .042 0.018 �0.006, 0.041 1.986 .575 0

CLA: Conjugated Linoleic Acid.
aNC: No. of comparisons.
bSMD: Standardised Mean Difference.
cDM: Difference in Means.
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formation of trans-10 cis-12 CLA on oil-containing or
concentrate rich diets (de Veth et al. 2004; Shingfield
et al. 2013). Trans-10 cis-12 CLA has been shown to
down regulate sterol response element binding pro-
tein (SREBP-1) which regulates de novo milk fatty acid
synthesis in the mammary gland via up regulating a

host of fat forming enzymes (Perfield et al. 2007;
Jenkins and Harvatine 2014). Due to a slight increase
in MY and high reduction in MFP it was expected that
total production of milk fat per day may also
be reduced.

In the present meta-analysis, MPP and MPY were
not affected by soybean oil. Overall, results of the indi-
vidual studies for MPP and MPY using fat supplements
are contradictory. Dhiman et al. (2000), Zheng et al.
(2005) and Huang et al. (2008) all showed no response
to soybean oil, whereas Abel-Caines et al. (1998) and
AlZahal et al. (2008) reported a reduction. Reduction
in MPP when supplementing diets with oil can be
associated with negative effects on microbial fermen-
tation in the rumen reducing microbial protein synthe-
sis and subsequent supply at the small intestine
(Harvatine and Allen 2005). Alternatively, the response
could be due to increased milk yield and subsequent,
milk protein dilution (Drackley and Elliott 1993).
However, when protein is adequate in the diet to sup-
port level of performance most studies show no nega-
tive effect of oil supplementation on milk protein as
confirmed with our meta-analysis. The meta-regression
for MPP in the current study showed that the heterogen-
eity of MPP was not affected by Dose, DTFA or D18:2.

Percentage and amount of lactose in the milk was
also not affected by supplementation of soybean oil in

Table 4. Summary of meta-regression analysis.
Outcomesa Covariateb Slope p- value Intercept p- value

MFP Dose �0.050 .003 0.347 .480
DTFA �0.041 .024 �0.003 .994
D18:2 �0.084 .011 0.015 .972
DNDF 0.061 .027 �0.750 .001

MFY Dose �0.037 .037 0.448 .391
DTFA �0.028 .126 0.117 .813
D18:2 �0.066 .047 0.249 .585
DNDF 0.063 .031 �0.263 .274

MPP Dose �0.002 .872 �0.302 .551
DTFA 0.003 .825 �0.463 .307
D18:2 0.014 .652 �0.544 .206

C10 Dose �0.108 .006 1.480 .218
DTFA �0.060 .120 �0.140 .895
D18:2 �0.150 .028 �0.179 .846

C12 Dose �0.113 .034 1.330 .413
DTFA �0.100 .020 0.625 .598
D18:2 �0.272 .0001 1.399 .130

C14 Dose �0.113 .006 0.829 .490
DTFA �0.082 .034 �0.298 .775
D18:2 �0.206 .001 0.134 .872

C16 Dose �0.071 .007 �0.295 .683
DTFA �0.071 .007 �0.488 .465
D18:2 �0.158 .0008 �0.306 .602

C18 Dose 0.034 .147 0.380 .572
DTFA 0.027 .244 0.635 .302
D18:2 0.078 .072 0.347 .545

C18:2 Dose 0.053 .046 �0.541 .476
DTFA 0.034 .225 0.040 .956
D18:2 0.071 .177 0.012 .986

aMFP: Milk Fat Percentage; MFY: Milk Fat Yield; MPP: Milk Protein Percentage.
bDose: Dose of Soybean oil; DTFA: Difference of Total Fatty Acids in treatment and control diets; D18:2: Difference of C18:2 in treatment and control
diets; DNDF: Difference of Neutral Detergent Fibre in treatment and control diets.

Figure 5. Forest plot of the influence of soybean oil on C18:2
in milk of dairy cows based on Standardised Mean Differences
(SMD). The mean effect size, calculated according to a random
effects model, is indicated by the diamond at the bottom. The
size of the squares illustrates the weight of each study relative
to the mean effect size. Smaller squares represent less weight.
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the diet of dairy cows. In general, milk lactose per-
centage is one of the most consistent components
and is less affected by diet type, which agrees with
most studies associated with oil supplements
(Baumgard et al. 2002). However, some studies
reported increased percentage of milk lactose with oil
supplementation associated with an increase in glu-
cose, which is the main precursor of milk lactose
(Boerman and Lock 2014).

Milk fatty acid profile

The meta-analysis showed that dietary supplementa-
tion of soybean to lactating dairy cows reduces short
and medium chain fatty acids (C6-C16). The negative
effects of oil on the rumen microorganisms impairing
ruminal fermentation of fibre decreasing acetate for-
mation in the rumen, which is the main precursor for
de novo milk fat synthesis of short and medium chain
fatty acids in the mammary gland (Griinari and
Bauman 1999; Urrutia and Harvatine 2017). In this
meta-analysis it has also been shown that soybean oil
increases C18:1 trans-11 and trans-10, cis-12 CLA in
milk fat, which have an inhibitory effect on de novo
synthesis possibly through the action of the enzyme
Acetyl-CoA carboxylase and SREBP-1 (Baumgard et al.
2002; Peterson et al. 2003). Heterogeneity was
observed in relation to short and medium chain fatty
acids and further assessed by meta-regression for
C10:0, C12:0, C14:0 and C16:0. Dose for all fatty acids
and D18:2 for C12:0, C14:0 and C16:0 were found to
be the main reasons of heterogeneity. Increasing
doses of soybean oil and subsequently C18:2 will also

inhibit rumen fermentation and through biohydroge-
nation increase CLA isomer formation influencing de
novo synthesis. The results of the meta-analysis
showed that the concentration of C18:0, C18:1 trans-
11, C18:2, cis-9 trans-12 CLA and trans-10 cis-12
increased with supplementation of soybean oil
because of a greater intake of C18 fatty acids and sub-
sequent formation of biohydrogenation intermediates
and saturated end-product in the rumen. (Griinari and
Bauman 1999; AlZahal et al. 2008). Test results of Q
and I2 for: C18:0, C18:1 cis-9, C18:1 trans-11, C18:2, cis-
9 trans-11 CLA and trans-10 cis-12 CLA suggests the
existence of heterogeneity among the studies, unfor-
tunately there were insufficient studies to carry out a
meta-regression for these different fatty acids to deter-
mine cause. In relation to C18:3 in milk fat the results
of the meta-analysis showed that soybean oil supple-
mentation had no significant effect, which, given that
the amount of C18:3 is low in soybean oil, is not
too surprising.

Conclusions

The meta-analysis has shown that dietary supplemen-
tation of soybean oil to lactating dairy cows can
reduce DMI, increase milk production with concomi-
tant reduction in milk fat. In general, soybean oil sup-
plements reduce short-chain fatty acids and increase
the long chain unsaturated fatty acids in milk fat espe-
cially C18:1 trans-11, C18:2 and CLA. Therefore, it can
be expected that these effects are observed within
dairy products produced in this way for the industry.
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Figure 6. Funnel plot for analysing publication bias of C18:2 in milk. Empty circles indicate observed values and solid dots are
the potentially missing studies.
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