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Table 1. Summary of References used to assess the effect of linseed supplementation on performance in
fattening lambs.
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Table 2- The effect size (Hedges’s g) of linseed supplementation for ADG, FI, HCW, concentration of n3, n6

and CLA fatty acids in subcutaneous adipose tissue and longissimus thoracis muscle in fattening lambs.

* p-value "Q g p-value SE ' Hedges’s g s
Variable
Average daily gain Gl 055 L5
<0.0001 50.38 70.23 0.002 0.099 +0.314 . b e
Fixed effects models
- - - 0.024  0.167 +0.378 s Js
Random effects models
Feed intake S, G e
0.823 6.566 0 0.344 0.107 -0.101 . b Ja
Fixed effects models
- - - 0.344 0.107 -0.101 e e
Random effects models
Hot carcass weight  «3b «2¥ o35
<0.0001 55.12  72.78 <0.0001 0.100 +0.376 . b e
Fixed effects models
- - - <0001 0153 +.0502 e e
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n3 fatty acids v Kl o sladul
ool
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<0.0001 179.78 81.64 <0.0001 0.075 -0.290 . 6 e
Fixed effects models
- - - <0.0001 0.138 -0.753 e Je
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CLAfatty acid 355,85 S ad
<0.0001 199.68 83.47 0.172 0.075 +0.291 . b e
Fixed effects models
- - - 0081  0.126 -0.219 A e
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Model Group by Study name

Supplement Type
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Fixed Linseed Gil
Random Linseed Qil
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Random Overall

Berthelot et al., 2010
Berthelot et al., 2010
Berthelot et al., 2010
Berthelot et al., 2010
Berthelot t al., 2012
Gomez et al., 2014
Ponnampalam et al., 2015Exruded Linseed 10.7%
Ponnampalam et al., 2015 Extruded Linseed 10.7%+ Algae 1.8%

Ummutia et al .,
Umutia et al..
., 2015

Urmutia et al

Ummutia et al .,
., 2016

Urmutia et al

Jemonimo et al., 2009
Jeronimo et al., 2009
Jemnimo et al., 2009

2014
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2016

Extruded Linseed 10%+Com
Extruded Linseed 10%+Wheat
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Extruded Linseed 7.5%
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Extruded Linseed 5%
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Extruded Linseed 5%+ Algae 3.89%
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Figure 1- The effect of linseed supplementation on ADG forest plot (The size of the squares illustrated the

weight of each study relative to the mean effect size, which is indicated by the diamond at the bottom).
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Funnel Plot of Standard Error by Hedges's g
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Figure 2- The effect of linseed supplementation on ADG funnel plot (Empty circles indicate observed values,
and full circles possible missing values).
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Figure 3- The effect of linseed supplementation on HCW forest plot (The size of the squares illustrated the
weight of each study relative to the mean effect size, which is indicated by the diamond at the bottom).
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Funnel Plot of Standard Error by Hedges's g
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Figure 4- The effect of linseed supplementation on HCW funnel plot (Empty circles indicate observed values,
and full circles possible missing values).
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Figure 5- The effect of linseed supplementation on FI forest plot (The size of the squares illustrated the weight
of each study relative to the mean effect size, which is indicated by the diamond at the bottom).
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Funnel Plot of Standard Error by Hedges's g
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Figure 6- The effect of linseed supplementation on FI funnel plot (Empty circles indicate observed values, and
full circles possible missing values).
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Model  Group by Study name Sub within s tudy Outcome Hedges's g and 85%E1
Supplement Type
Extuded Linseed Andres etal 2014 Longissimus Thoracis Muscle  Extuded Linseed B5g
Extuded Linseed Andres etal 2014 Longissimus Thoracis Muscle  Extuded Linseed B5g+0CT 20
Extudad Linsesd Berhalotelsl 2012 Lengisimus Thoracis Mutch  Extuded ingsed 6.5%
ExtudedLinsesd Berhelstetal 2012 Subcutsneous Adipose Tissue  Exruded linseed 6.5% —
Extuded Linseed Erbelotetal 2010 Longissimus Thoracis Muscle  Exruded Linseed 10%+Corn ——
Extuded Linseed Erbelotetal 2010 Longissimus Thoracis Muscle  Extuded Linseed 10%+ Wheat ——
Extudad Linsesd Brielolstal 2010 Lengisimus Thoracis Musche  Extuded Linseed 7% ——
Extudad Linsesd Brielolstal 2010 Lengisimus Thoracis Mutele  Extuded Linseed 75% ——
Extuded Linseed Erbelotetal 2010 Subcutaneous Adipose Tissue  Exruded Linseed 10%+Corn ——
Extuded Linseed Erbelotetal 2010 Subcutaneous Adipose Tissue  Extuded Linseed 10% Wheat ——
Extuded Linseed Brieloletal 2010 Subicutaneous Adipose Tissue  Exvuded Linseed T% —8—
Extudad Linsesd Brielolstal 2010 Subeutsneous Afipose Tissue  Extuded Linseed 75% ——
Extudad Linsesd Gomez elal 2014 Lengisimus Thoracis Musche  Extuded Linseed 0%
Extuded Linseed Gomez elal 2014 Subeutsneous Adipose Tissue  Extuded Linseed 9%
Extuded Linseed Ponnampalametal, 2045 Longissimus Thoracis Muscle  Exruded Linseed 107% ——
Extudad Linsesd Parnampalam elal, 2015 Lengisimus Thoracis Mutele  Exfruded Linseed 10.7%s Algse 18% —_—
Extudad Linsesd Realini slal 2016 Lengisimus Thoracis Mutcle  Extuded Linseed B3%
Extuded Linseed Urrufia etal, 2014 Lengissimus Thoracis Muscle  Extuded Linseed 105%
Extuded Linseed Urrufia etal, 2014 Subeutsneous Afipose Tissue  Extuded Linseed 105%
Extuded Linseed Urrufia etal, 2015 Lengissimus Thoracis Muscle  Extuded Linseed 10%
Extudad Linsesd Urrufia etal, 2015 Lengisimus Thoracis Musche  Extuded Linseed 5%
Extudad Linsesd Urrufia etal, 2015 Subeutsneous Adipose Tissue  Extuded Linseed 10%
Extuded Linseed Urruia etal, 2015 Subeutsneous Adipose Tissue  Extuded Linseed 5%
Extuded Linseed UrruSia etal, 2016 Lengissimus Thoracis Musele  Extuded Linseed 10% ——
Extuded Linseed Urrusia etal, 2016 Lengissimus Thoracis Muscle  Extuded Linseed 5%+ Algas 389% —
Extuded Linseed Urrusia etal, 2016 Subcutaneous Adipose Tissue  Extuded Linseed 10%
Extuded Linseed UrruSia etal, 2016 Subeutsneous Afipose Tissue  Extuded Linseed 5%+ Algas 389%
Fixed ExtudedLinseed %
Random ExtrudedLinseed 4
Linseed OF brahimietal, 2013 Subcutaneous Afipose Tissue  Linssed oil 0 4% L
Linseed O brahimietal, 2013 Subcutaneous Adipose Tissue  Linseed oil 1.3% L
Linseed O brahimietal, 2014 Lengissimus Thoracis Muscle  Linssed oil 0.4% i
Linseed O rahimietal, 2014 Lengissimus Thoracis Musele  Linseed ol 1.3% =
Linseed OF Jeronimo etal, 2009 Lengissimus Thoracis Muscle  Linseed oil 100% —_—
Linseed OF Jeronimo etal, 2009 Lengissimus Thoracis Muscle  Linseed oil 33.3% —_—t—
Linseed O Jeronima etal, 2009 Lengissimus Thoracis Muscle  Linseed oil 5E6% —
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Random Linseed 0@ il
Ficed Overal &
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Figure 7- The effect of linseed supplementation on n3 FA forest plot (The size of the squares illustrated the
weight of each study relative to the mean effect size, which is indicated by the diamond at the bottom).
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Figure 8- The effect of linseed supplementation on n3 FA funnel plot (Empty circles indicate observed values,
and full circles possible missing values).
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Group by Study name
Supplement Type

Extuded Linseed Andres elal 2014
Extruded Linseed Andres elal, 2014
Extruded Linseed Berhelolelal, 2010
Extruded Linsesd Berfhelolelal, 2010
Extruded Linsesd Berfhelolelal, 2010
Extruded Linseed Barhelolelal, 2010
Extruded Linseed Barhelolelal, 2010
Extruded Linseed Barhelolelal, 2010
Extruded Linseed Barheloletlal 2010
Extruded Linseed Barheloletal 2012
Extruded Linseed Berhelodetal 2012
Extruded Linseed Barhelolelal, 2012
Extruded Linseed Gomez elal 2014
Extruded Linseed Gomez elal 2014
Extruded Linseed Ponnampalam etal, 2015
Extruded Linseed Ponnampalam etal, 2015
Extruded Linseed Realini etal, 2018
Extruded Linsesd Urruia etal, 2014
Extruded Linsesd Urruia etal, 2014
Extruded Linsead Urruia etal, 2015
Extruded Linsead Urruia etal, 2015
Extruded Linseed Urrutia etal, 2015
Extruded Linseed Urrutia etal, 2015
Extruded Linseed Urruia etal, 2016
Extruded Linseed Urruia etal, 2016
Extruded Linseed Urruia etal, 2016
Extruded Linsesd Urruia etal, 2016
Extruded Linsesd

Extruded Linsesd

Linseed Ofl brahimietal, 2013
Linseed Ofl brahimietal, 2013
Linseed Ofl brahimietal, 2014
Lins eed Ol brahimietal, 2014
Lins eed Ol Jeranimo etal 2009
Linseed O Jeranimo etal, 2009
Linseed O Jeranimo etal, 2009
Linseed Ofl

Linseed Ofl

Dwerall

Owerall

Subgroup wikhin study

Outcome

Longssimus Thoracis Muscle
Longissimus Thoracis Muscle
Longissimus Thoracis Muscle
Longissimus Thoracis Muscle
Longissimus Thoracis Muscle
Lengissimus Thoracis Muscle
Subcubaneous Adipose Tissue
Subcubaneous Adipose Tissue
Subcubaneous Adipose Tissue
Lengissimus Thoracis Muscle
Subcutaneous Adipose Tisse
Subcutaneous Adipose Tiss e
Longssimus Thoracis Mescle
Subcutaneous Adipose Tiss e
Longissimus Thoracis Muscle
Longissimus Thoracis Muscle
Lengissimus Thoracis Muscle
Longissimus Thoracis Muscle
Subculsnecus Adipose Tissws
Longm&imus Thoracis Muscle
Longm&imus Thoracis Muscle
Subcutaneous Adipose Tiss e
Subcutaneous Adipose Tiss e
Longssimus Thoracis Muscle
Longissimus Thoracis Muscle
Subculaneous Adipose TiSse
Subculsnecus Adipose Tissws

Subcubaneous Adipose Tissue
Subcubaneous Adipose Tissue
Lengissimus Thoracis Muscle
Lengissimus Thoracis Muscle
Lengissimus Thoracis Muscle
Longssimus Thoracis Muscle
Longissimus Thoracis Muscle

Exfruded Linseed B5g

Exfuded Linseed B5g+0CT 2g
Extruded Linsesd 10%+Corn
Exruded Linseed 10%+ Wheal
Exruded Linseed T%

Exiruded Linseed 75%

Exiruded Linseed 0%+ Wheat
Exiruded Linseed T%

Exiruded Linseed 7 5%

Exiruded Linseed 6 5%

Extruded Linsesd 10%+Corn
Exfruded Linseed 6.5%

Exfruded Linseed 9%

Exiruded Linseed 8%

Exiruded Linseed 107%

Exiruded Linseed 107%* Algae 18%
Exiruded Linseed B.3%

Exruded Linseed 105%

Exruded Linseed 105%

Exfruded Lindeed 10%

Exruded Lindeed 5%

Exfruded Linseed 10%

Exfruded Linseed 5%

Exruded Linseed 10%

Exfruded Linseed 5%+ Algae 389%
Exruded Linseed 10%

Exruded Linseed 5%+ Algas 389%

Limseed oil 0.4%
Linseed oil 1.3%
Limseed oil 0.4%
Linseed oil 1.3%
Linseed oil 100%
Linseed oil 33.3%
Linseed oil 66.6%
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Figure 9- The effect of linseed supplementation on n6 FA forest plot (The size of the squares illustrated the
weight of each study relative to the mean effect size, which is indicated by the diamond at the bottom).
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Figure 10- The effect of linseed supplementation on n6 FA funnel plot (Empty circles indicate
observed values, and full circles possible missing values).
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Model Growpby Study name Suibeg within study Gutcoms Hedges's gand $5% Ci
upplement Type
Exruded Linseed Andres etal, 2014 Longissimus Thoracis Muscle  Extuded Linseed 85g i
Exruded Linseed Andres etal 2014 Longissimus Tharacie Muscle  Extuded Linssed 85g40CT 2g +———
ExkudedLinseed Berthelotetal, 2010 Longissimus Tharacs Muscle  Extuded Linseed 10%Carn
ExrudedLinsesd Berheiotetal 2010 Longissimus Tharacis Muscle  Exruded Linseed 10%+Wheat
Extuded Linseed Berthelotetal, 2010 Lengissimus Tharacs Muscle  Extruded Linseed 7% =t
Extuded Linseed Berhelotetal 2010 Longissimus Tharacs Muscle  Exruded Linseed 7.5% —|—8—
Exruded Linseed Bertheintetal 2010 Subcutinsaus Adipose Tiszsue  Exruded Lingsed 10%+Corn
Exruded Linseed Berheiotetal 2010 Subcutineaus Adipose Tissue  Exvuded Linseed 10%-Wheat
Exruded Linsesd Berheiotetal 2010 Subcutaneaus Adipose Tissue  Extuded Linseed 7%
Exruded Linseed Bertelotetal 2010 Subcutineaus Adipose Tissue  Extuded Linseed 7.5%
Extuded Linseed Berhelotetal 2012 Longissimus Tharacs Muscle  Exruded Linseed 6.5% 18—
Exruded Linseed Bertelotetal, 2012 Subcutaneaus Adipose Tissue  Extuded Linseed 6.5%
Exruded Linsesd Gomez etal, 2014 Longissimus Thoraci Muscle  Extuded Linseed 8%
ExkudedLinseed Gomez etal, 2014 Subcutineaus Adipese Tissue  Extuded Linseed 8%
ExrudedLinsesd Ponnampalametal 2015 Longissimus Thoracis Muscle  Exruded Linseed 107% —a—
Exruded Linseed Ponnar L2015  Longisimus Tharac Muscle  Exruded Linseed 10.7%+ Agas 15% —a—
Extuded Linseed Realini etal 2016 Longissimus Tharacs Muscle  Exruded Linseed 83% +—a—
Exruded Linseed Urrutia etal 2014 Longissimus Tharaci Muscle  Extuded Linssed 10.5% —1
Extruded Linseed Urruia etal, 2014 Subcuianeous Adipose Tissue  Exruded Linseed 10.5% 1
ExrudedLinsesd Urrufia etal 2015 Longissimus Thorac Muscle  Extuded Linseed 10%
Exruded Linseed Urrufia etal 2015 Longissimus Thoracis Muscle  Extuded Linsesd 5%
ExrudedLinsesd Urrufia etal 2015 Subcutaneaus Adipose Tissue  Extuded Linseed 10%
ExkudedLinseed Urruka etal 2015 Subcutaneaus Adipese Tissue  Extuded Linseed 5%
ExrudedLinsesd Urrutia etal 2016 Longissimus Thorac Muscle  Extuded Linseed 10%
ExkudedLinseed Urruka etal 2018 Longissimus Tharacs Muscle  Extuded Linseed 5%+ Aigae 380%
Extuded Linseed Urrufia etal 2016 Subcutaneaus Adipose Tissue  Extuded Linseed 10% .
Exruded Linseed Urruta etal 2016 Subcutansaus Adipose Tiszue  Extuded Linsssd 5%+ Algas 350%
Fixed ExrudedLinseed E 3
Random Exruded Linzeed e
Linseed O brahimietal, 2013 Subcutineaus Adipose Tissue  Linseed ol 04%
Linseed O Brahimietal 2013 Subcutaneaus Adipose Tissue  Linseed ol 13%
Linseed O brahimietal, 2014 Longissimus Tharacis Muscle  Linseed ol 04% —a—t
Linsesd Ol Brahimietal 2014 Longissimus Thoracs Muscle  Linseed ol 13% ——T
Linsesd 0 Jeranimes etal, 2000 Lengissimus Tharacs Muscle  Linseed ol 100% —_— .
Linseed O Jeronimo etal, 2008 Longissimus Thoracis Muscle  Linseed ol 33.3% e
Linseead O Jeranims etal, 2009 Longissimus Tharacis Muscle  Linseed ol 66.8% —_—l
Fined LinseedOil . a2
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Figure 11- The effect of linseed supplementation on CLA forest plot (The size of the squares illustrated the
weight of each study relative to the mean effect size, which is indicated by the diamond at the bottom).
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Figure 12- The effect of linseed supplementation on CLA funnel plot (Empty circles indicate observed values,
and full circles possible missing values).
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Abstract
Background and objectives: Studies have shown that the addition of oilseeds to ruminants
diets can affect the fatty acid composition of livestock products. Linseed oil contains more than
70% poly unsaturated fatty acids with alpha-linolenic acid generally contributing over 50% of
total fatty acids. Hence, protection against rumen biohydrogenation determines the amount of
alpha-linolenic acid reach to the duodenum. The extrusion of linseed may protect unsaturated
fatty acids against ruminal biohydrogenation. However, the effects of extrusion on ruminal
degradability of linseed are inconsistent in the literature. Meta-analysis can combine the results
of studies about linseed supplementation to the fattening lamb diets for accurate and reliable
estimation.
Materials and methods: A literature search was initially conducted using PubMed, Medline,
Science Direct, and Google Scholar data bases and investigated references in the papers. It was
also based on the following key words: fatty acid, linseed supplementation, linseed oil, growth
performance, and fattening lamb. Then, 12 studies were included in this meta-analysis; and
prepared comparisons for average daily gain, feed intake and hot carcass weight and
concentration of n3, n6 and conjugated linoleic acid fatty acids in subcutaneous adipose tissue
and longissimus thoracis muscle. Meta-analyses were carried out using the Comprehensive
Meta-Analysis package, version 3. The effect sizes of across studies were calculated with fixed
and random effect models. The presence of true heterogeneity among studies was identified
with Cochran’s Q—tests and quantification of the degree of heterogeneity was done with the I
index. Possible publication bias was evaluated with funnel plot and statistical tests.
Results: The results of this meta-analysis showed that the addition of linseed in the diet, has a
positive effects on average daily body weight gain and hot carcass weight. However, linseed
supplementation had no significant effects feed intake. Additions of linseed in the diet increase
n3 fatty acids content and decrease n6 fatty acids concentration in subcutaneous adipose tissue
and longissimus thoracis muscle, respectively. Subcutaneous adipose tissue and longissimus
thoracis muscle conjugated linoleic acid concentration were not influenced by linseed
supplementation. Comparison of the effect size of type of supplements to the overall effect size
for the amount of n3 and n6 fatty acids in subcutaneous adipose tissue and longissimus thoracis
muscle showed that the addition of flaxseed oil had the most effect on the concentration of this
fatty acids.
Conclusion: The results indicate that feeding linseed increase growth parameters such as lambs’
average daily body weight gain, hot carcass weight and n3 fatty acids content in subcutaneous
adipose tissue and longissimus thoracis muscle in fattening lambs. Nevertheless, adding linseed
to diets reduced n6 fatty acids content in subcutaneous adipose tissue and longissimus thoracis
muscle of lamb.

Keywords: Fatty acid, Fattening lamb, Linseed, Meta-analysis, Performance

“Corresponding author; Eliiass378@gmail.com.
\YY



