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Introduction

Bovine milk’s lipid fraction contains conjugated 
linoleic acid (CLA), a fatty acid (FA) known for its 
protective effects against the development of cer-
tain chronic diseases (Castro et al., 2019). Likewise, 
the consumption of bovine milk and its derivatives 
contributes to a reduction in the incidence of cardio-
vascular diseases, with a 13% decrease in the risk 
of overweight or obesity (Gagliostro et al., 2018; 
Sánchez et al., 2020). CLA is formed in the pro-
cess of biohydrogenation that occurs in the rumen.  
During this process, the bacterium Butyrivibrio  

fibrisolvens transforms linoleic acid (C18:2) and 
α-linolenic acid (C18:3) into C18:2 cis-9 trans-11 
isomers. Simultaneously, the enzyme ∆-9 desaturase 
eliminates hydrogen atoms via desaturation (Purba 
et al., 2020), primarily utilising stearic acid (C18:0) 
as its substrate to convert it into oleic acid (C18:1) 
(Gómez-Cortés et al., 2019). As a result, this process 
accounts for the production of 70–95% of C18:2  
cis-9 trans-11 present in milk (Purba et al., 2020).

The CLA content in milk is influenced by  
intrinsic factors related to the animal, such as breed, 
number of lactations and lactation period (Flores et al., 
2011; Roca-Fernández et al., 2014; Acosta-Balcazar
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et al., 2022). According to Prieto-Manrique et al. 
(2016), the quantity of CLA in milk tend to increase 
as the days in lactation progress. In contrast, Kliem 
and Shingfield (2016) have argued that the highest 
production of CLA occurs in the first third of the 
lactation period. However, Mojica-Rodríguez et al. 
(2019) have reported that CLA production in milk is 
not influenced by the lactation status, contradicting 
the findings of Acosta-Balcazar et al. (2022).

Furthermore, CLA levels can be affected by 
external factors associated with the animal. In this 
regard, feed is the primary factor influencing milk 
FA composition (Granados-Rivera et al., 2017). The 
source of nutrition (forage species, preserved forages, 
concentrate-based diets, oilseeds, vegetable oils and 
fish oil) provides the dietary supply of polyunsaturated 
FAs, which modify the rate and completeness of the 
biohydrogenation process (Castro-Hernández et al., 
2014; Muruz and Çetinkaya, 2019).

Due to the protective effects of CLA, extensive 
research efforts have been dedicated over the years 
to increase its content in milk. This has been attempt-
ed through the incorporation of lipid supplements 
like oilseeds, vegetable oils and marine-derived fats 
such as fish oil into the diets of dairy animals, there-
by elevating the intake of CLA precursors (Prieto- 
Manrique et al., 2016). Oilseeds and vegetable oils 
are added to the cows’ diets not only to increase their 
energy intake but also to improve the efficiency of 
milk fat synthesis. The extent to which these supple-
ments increase CLA levels in milk depends on fac-
tors such as the species, form of treatment, amount 
and interaction with the type of basal diet (Sterk 
et al., 2012; Prieto-Manrique et al., 2016).

On the other hand, the use of fish oil enhanc-
es reproductive performance and can improve the 
nutritional value of milk fat (Juchem et al., 2008). 
Fish oil has demonstrated the ability to increase 
trans vaccenic acid (TVA) production by more than 
100%, despite its low linoleic and α-linolenic con-
tents (<3%). Simultaneously, the oil has been shown 
to stimulate CLA production from linoleic acid and 
α-linolenic acid contained in other ingredients in-
corporated into various diets used in milk produc-
tion (AbuGhazaleh et al., 2002).

Similarly, the consumption of fresh forage can 
increase CLA levels in milk, because it provides 
a higher quantity of linoleic and α-linolenic acid to 
the cows’ diet (Walker et al., 2004; Aguilar et al., 
2009; Ortega-Pérez et al., 2013). In fact, these fatty 
acids make up approximately 95% of the lipid frac-
tion found in pasture forage (Acosta-Balcazar et al., 
2022). The content of these precursors is affected 

by various factors, such as plant species and variety, 
climate, light intensity, precipitation, fertilisation or 
growth stage (Kalač and Samková, 2010).

Nevertheless, the extent to which the FA profile, 
especially the concentration of precursors, in the 
diet affects CLA concentration in milk remains 
uncertain. Therefore, the objective of the present 
work was to analyse the results of different studies 
that have employed supplements in dairy cow diets, 
including oilseeds, fish oil and grazing to ascertain 
the relationship between the FA profile of these diets 
and the concentration of CLA in milk. Additionally, 
this study aimed to determine the requisite amount 
of precursors needed to enhance CLA levels, 
employing a meta-analysis approach.

Material and methods

Search strategy
Scientific articles were searched, focusing on 

evaluating the effects of oilseeds, fish oil, and grass 
consumption as a strategy to improve the fatty acid 
profile of milk and increase its CLA content.

The platforms Google Scholar, Web of Science 
and ScienceDirect were used for this search. Key-
words used for article retrieval included: ‘oilseeds’, 
‘fish oil’. ‘grazing’, ‘diet’, ‘CLA’, ‘fatty acids’, and 
‘cow milk’.

Selection criteria
The selection criteria for articles were as fol-

lows: (i) the study had to exclusively concern bovine 
milk; (ii) the work had to report the lipid profile of 
experimental diets (treatments) and milk; (iii) the re-
ported FAs in the diets had to include C18:0, C18:2 
and C18:3 (stearic acid, linoleic acid and α-linolenic 
acid); (iv) the unit of measurement for the lipid pro-
files of the diet and milk had to be in g/100 g FAs; and 
(v) in the milk lipid profile, the reported CLA con-
tent had to include C18:2 cis-9 trans-11 isomer. If the 
article reported total CLA instead of the C18:2 cis-9 
trans-11 isomer, it was determined that 92% of the to-
tal CLA was the C18:2 cis-9 trans-11 isomer, follow-
ing the procedure of Siurana and Calsamiglia (2016).

Database
A total of 63 articles published from 2000 to 2020 

were selected, covering 139 experiments. Among 
these studies experiments, 35 articles involved the use 
of oilseeds, 13 – utilised fish oil, and 15 – mentioned 
grazing as the exclusive feeding source. The collected 
experimental data included the number of animals, 
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days in lactation, experiment duration (days), basal diet 
(for oilseeds and fish oil), the content of C18:0, C18:2 
and C18:3 (stearic acid, linoleic acid and α-linolenic 
acid) in the diet or pasture, and C18:2 cis-9 trans-11 
isomer (CLA) content in milk. For studies involving 
oilseeds, their type and form were also considered, 
and the type of pasture for grazing experiments. The 
selection process is presented in PRISMA in Figure 1, 
and the studies included in this meta-analysis are listed  
in Table 1.

Data encoding
The 35 articles that focused on oilseeds com-

prised a total of 90 experiments involving 605 ani-
mals, which were categorised in two ways: A) type 

of oilseed (1. flaxseed n = 161, 2. soybean n = 178, 
3. sunflower n = 106, 4. canola n = 44, 5. rapeseed 
n = 45, 6. cotton n = 31, and 7. peanut n = 40); B) 
presentation (1. oil n = 397, 2. pressed seed n = 57, 
3. raw or whole seed n = 49, and 4. processed seed 
n = 102; including ground, roasted, paste and flour 
forms). For fish oil, the 13 studies included 23 ex-
periments with a total of 123 animals, categorised 
based on the basal diet (1. maize silage or alfalfa 
hay n = 64, 2. processed maize n = 33, and 3. oat, 
soy, and barley n = 26). The 15 articles related to 
grazing included 26 experiments with a total of  
312 animals and were categorised solely by pas-
ture type (1. grasses n = 194, and 2. combination of 
grasses and legumes n = 118).

Table 1. Studies selected for meta-analysis

No. Ingredient and presentation Study No. Ingredient  
and presentation Study

1 Extruded soybeans AbuGhazaleh et al., 2002 33 Roasted sunflower seed Sarrazin et al., 2004
2 Extruded soybeans, soybean oil Allred et al., 2006 34 Canola oil Vafa et al., 2012
3 Extruded soybeans Bailoni et al., 2004 35 Canola oil Welter et al., 2016
4 Soybean oil, whole raw soybean Barletta et al., 2016 36 Fish oil AbuGhazaleh et al., 2002
5 Linseed oil Benchaar et al., 2012 37 Fish oil AbuGhazaleh et al., 2007
6 Whole flaxseed Caroprese et al., 2010 38 Fish oil Allred et al., 2006
7 Whole cottonseed Castaño et al., 2014 39 Fish oil Bharathan et al., 2008
8 Linseed oil, soybean oil Castro et al., 2019 40 Fish oil Brown et al., 2008
9 Extruded soybeans, canola seed, whole cottonseed Chen et al., 2008 41 Fish oil Caroprese et al., 2010

10 Canola seed Chichlowski et al., 2005 42 Fish oil Donovan et al., 2000
11 Extruded linseed, linseed oil, whole crude linseed Chilliard et al., 2009 43 Fish oil Gulatti et al., 2003
12 Sunflower oil Cruz-Hernández et al., 

2007
44 Fish oil Pirondini et al., 2015

13 Raw soybeans, roasted soybeans, soybean oil, 
linseed oil

Dhiman et al., 2000 45 Fish oil Rego et al., 2005b

14 Ground rapeseed, extruded linseed Egger et al., 2007 46 Fish oil Toth et al., 2019
15 Roasted soybean, extruded soybean Fatahnia et al., 2018 47 Fish oil Vafa et al., 2012
16 Linseed oil Flowers et al., 2008 48 Fish oil Whitlock et al., 2006
17 Whole roasted flaxseed, cracked roasted soybean Gao et al., 2009 49 Grasses Bargo et al., 2006
18 Peanut cake Giacomazza-Cerutti et al., 

2016
50 Grasses Corazzin et al., 2019

19 Rapeseed oil, sunflower-seed oil, camelina-seed oil, 
camelina expeller

Halmemies-Beauchet-
Filleau et al., 2011

51 Grasses and legumes Flores et al., 2011

20 Rapeseed meal, rapeseed crushed, rapeseed oil Hoffmann et al., 2016 52 Grasses and legumes Kay et al., 2004
21 Rapeseed oil, soybean oil, linseed oil Jacobs et al., 2011 53 Grasses and legumes Kay et al., 2005
22 Sunflower oil Kay et al., 2004 54 Grasses and legumes Kay et al., 2006
23 Rapeseed cake, extruded soyabean Kudrna and Marounek, 

2006
55 Grasses and legumes Kay et al., 2007

24 Whole sunflower seed, extruded linseed Kudrna and Marounek, 
2008

56 Grasses and legumes Khanal et al., 2007

25 Canola oil and soybean oil Loor and Herbein, 2003 57 Grasses and legumes Mackle et al., 2003
26 Whole rapeseed, whole cottonseed, whole linseed Muñoz et al., 2019 58 Grasses and legumes Nantapo et al., 2014
27 Extruded canola Neves et al., 2009 59 Grasses Plata-Reyes et al., 2018
28 Rubber seed oil, flaxseed oil Pi et al., 2016 60 Grasses Prieto-Manrique et al., 

2016
29 Sunflower oil, soybean oil Rego et al., 2005a 61 Grasses and legumes Rego et al., 2004
30 Rapeseed oil, sunflower oil, linseed oil Rego et al., 2009 62 Grasses Vibart et al., 2017
31 Whole cottonseed Reveneau et al., 2005 63 Grasses Ward et al., 2003
32 Sunflower oil, linseed oil Roy et al., 2006
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Data processing
A general linear model was generated to explore 

the relationships between milk CLA level and varia-
bles of interest collected from the experiments. This 
model includes several parameters (β0–21), which 
represent the effects of the following variables: case 
study (i), days in lactation (d), time of diet inclu-
sion (t), stearic acid (C18:0), linoleic acid (C18:2), 
α-linolenic acid (C18:3), interactions between them 
and random error (ɛ). Additionally, presentation (j), 
type (k) and diet (l) were used as factors.

For each component (fish oil, oilseeds, and pas-
ture), less significant effects were removed from the 
general linear model (Equation 1). Subsequently, 
the CLA function with respect to each fatty acid 
(C18:0, C18:2 and C18:3) was derived. The deriva-
tives were set to zero, and each equation was solved 
by defining the fatty acids as variables (Equation 2). 
This procedure was carried out for each of the in-
gredients.

Using Equation 2, the optimum value of each 
fatty acid (C18:i, i = 0, 2, 3) was obtained and the 
second derivative criterion (Larsson and Edwards, 
2014) was applied to determine whether optimum 

value corresponded to a minimum value (Equa-
tion 3) or a maximum value (Equation 4).

When the second derivative was greater than 
zero, a minimum CLA concentration was obtained 
by setting the concentration of C18:i, to C18:i , 
i = 0, 2, 3, of FA.

Conversely, when the second derivative was 
lower than zero, a maximum CLA concentra-
tion was obtained by setting the concentration of  
C18:i, to C18:i , i = 0, 2, 3 of the FA.

If the optimal value of the precursor C18:i, to 
C18:i , i = 0, 2, 3 corresponded to a minimum value 
(Equation 3), then the concentration of the precur-
sor that increased CLA level in milk was the one 
that deviated the farthest from C18:i (Figure 2). 
Three different scenarios could be presented:  
C18:i fell within the range of the sample data  
(x1, ...., xn); in this case, Equation 1 was evaluated 
using the lowest (x(1)) and highest (x(n)) concentra-
tion values of the precursor in the sample, and the 
one that favours the higher concentration of CLA 

Figure 1. Flowchart of systematic review (PRISMA) from initial search to selection of articles included in this meta-analysis
 
 
 

  

Records identified from: 
database (n = 1259) 

Records screened 
(n = 1040) 

Reports assessed for eligibility 
(n = 602) 

New studies included in review 
(n = 63) 

Records removed before screening: 
database records (n = 219) 

Records excluded 
(n = 438) 

 Records excluded: 
thesis (n = 446) 

abstract only (n = 25) 
reviews of meta-analysis (n = 17) 

without dietary lipid profile (n = 43) 
utilization of conjugated linoleic acid 

isomer in diet (n = 8) 
 

  (1)

∂ʺ CLA
 > 0, i = 0, 2, 3∂ʺ C18:i*

∂ʺ CLA
 < 0, i = 0, 2, 3∂ʺ C18:i*

  (3)

  (4)

∂CLA  = 0, i = 0, 2, 3∂C18:i
  (2)

*

*

*

*

*

CLAijkl  =  β0jkl + β1di + β2ti + β3ti2 + β4C18:0i + β5C18:2i + β6C18:3i + β7C18:0i
2 + β8C18:2i

2 + β9C18:3i
2 + β10tiC18:0i + β11tiC18:2i + β12tiC18:3i + β13ti2C18:0i + β14ti2C18:2i + β15ti2C18:3i + β16tiC18:0i

2 + β17tiC18:2i
2 + β18tiC18:3i

2 + β19ti2C18:0i
2 + β20ti2C18:2i

2 + β21ti2C18:3i
2 + εijkl  

i = 1, 2, …, n;  j =1, 2, 3; k = 1, 2, …, 4; l = 1, 2, …, 7 
 

CLAijkl  =  β0jkl + β1di + β2ti + β3ti2 + β4C18:0i + β5C18:2i + β6C18:3i + β7C18:0i
2 + β8C18:2i

2 + β9C18:3i
2 + β10tiC18:0i + β11tiC18:2i + β12tiC18:3i + β13ti2C18:0i + β14ti2C18:2i + β15ti2C18:3i + β16tiC18:0i

2 + β17tiC18:2i
2 + β18tiC18:3i

2 + β19ti2C18:0i
2 + β20ti2C18:2i

2 + β21ti2C18:3i
2 + εijkl  

i = 1, 2, …, n;  j =1, 2, 3; k = 1, 2, …, 4; l = 1, 2, …, 7 
 

CLAijkl  =  β0jkl + β1di + β2ti + β3ti2 + β4C18:0i + β5C18:2i + β6C18:3i + β7C18:0i
2 + β8C18:2i

2 + β9C18:3i
2 + β10tiC18:0i + β11tiC18:2i + β12tiC18:3i + β13ti2C18:0i + β14ti2C18:2i + β15ti2C18:3i + β16tiC18:0i

2 + β17tiC18:2i
2 + β18tiC18:3i

2 + β19ti2C18:0i
2 + β20ti2C18:2i

2 + β21ti2C18:3i
2 + εijkl  

i = 1, 2, …, n;  j =1, 2, 3; k = 1, 2, …, 4; l = 1, 2, …, 7 
 

CLAijkl  =  β0jkl + β1di + β2ti + β3ti2 + β4C18:0i + β5C18:2i + β6C18:3i + β7C18:0i
2 + β8C18:2i

2 + β9C18:3i
2 + β10tiC18:0i + β11tiC18:2i + β12tiC18:3i + β13ti2C18:0i + β14ti2C18:2i + β15ti2C18:3i + β16tiC18:0i

2 + β17tiC18:2i
2 + β18tiC18:3i

2 + β19ti2C18:0i
2 + β20ti2C18:2i

2 + β21ti2C18:3i
2 + εijkl  

i = 1, 2, …, n;  j =1, 2, 3; k = 1, 2, …, 4; l = 1, 2, …, 7 
 

CLAijkl  =  β0jkl + β1di + β2ti + β3ti2 + β4C18:0i + β5C18:2i + β6C18:3i + β7C18:0i
2 + β8C18:2i

2 + β9C18:3i
2 + β10tiC18:0i + β11tiC18:2i + β12tiC18:3i + β13ti2C18:0i + β14ti2C18:2i + β15ti2C18:3i + β16tiC18:0i

2 + β17tiC18:2i
2 + β18tiC18:3i

2 + β19ti2C18:0i
2 + β20ti2C18:2i

2 + β21ti2C18:3i
2 + εijkl  

i = 1, 2, …, n;  j =1, 2, 3; k = 1, 2, …, 4; l = 1, 2, …, 7 
 



I.C. Acosta-Balcazar et al. 17

was selected. For Figure 2a, this was (x(1)). If C18:i 
was located to the right or left of the sample data  
(x1, ...., xn), the precursor concentration contributing 
to the highest CLA concentration was furthest from 
C18:i, which in the case of Figures 2b and 2c was 
(x(1)) and (x(n)), respectively.

If the optimal value of the precursor (C18:i ,  
i = 0, 2, 3 was the maximum value (Equation 4), then 
precursor concentration that increased CLA concen-
tration in milk was the closest to C18:i  (Figure 3). 
Three distinct scenarios could be outlined: C18:i    

was present within the sample data (x1, ...., xn); in 
this case Equation 1 was evaluated at the precursor 
concentration closest to the left (x1) and to the right 
(x2) of C18:i. The concentration that resulted in the 
highest CLA concentration was selected, which in 
Figure 3a was (x2). If  C18:i was to the right or left 
of the sample data (x1, ...., xn), the precursor concen-

tration favouring the highest CLA level was closest 
to C18:i, which in the case of Figures 3b and 3c was  
(x(n)) and (x(1)), respectively. 

Finally, Equation 1 was assessed using the pre-
cursor concentrations that led to the highest CLA 
concentration in each ingredient.

Statistical analysis
For each of the components (oilseeds, fish oil 

and pasture), the relationship between precursor 
concentrations in the diets, presentation effect (in 
oilseeds and pasture), type (in oilseeds), and basal 
diet (in fish oil) on the CLA content in milk was 
evaluated using analysis of covariance. Subse-
quently, the Tukey test (P = 0.05) was conducted to 
compare means between effects that showed statis-
tical significance. Additionally, the linear relation-
ship between total daily precursor concentration in 

*

*

*

Figure 2. Scenarios for identifying the precursor concentration that favours the highest conjugated linoleic acid (CLA) concentration in milk, when 
the optimal value of the precursor (C18: i) is associated with the minimum value x(1). Data for the lowest precursor concentration in the sample 
x(n); data for the highest precursor concentration in the sample.

*

Figure 3.   Scenarios for identifying the precursor concentration that favours the highest conjugated linoleic acid (CLA) concentration in milk when 
the optimal value of the precursor (C18: i) is associated with the maximum value x 1; nearest precursor concentration to the left of the optimum 
value; x2; nearest precursor concentration to the right of the optimum value x(1). Data for the lowest precursor concentration in the sample x(n); 
data for the highest precursor concentration in the sample
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the diet and CLA levels in milk was assessed. The 
analyses were carried out using the GLM procedure 
implemented in SAS 9.0 (2002) statistical software. 
Finally, Equation 1 was evaluated using precursor 
concentrations that resulted in the highest CLA con-
centration in each component.

Results

The model for each ingredient demonstrated 
that CLA concentration in milk depended on the 
quadratic effects of the three precursors, C18:0, 
C18:2, and C18:3 (Table 2). For oilseeds, the 
quadratic effects, except for C18:2, were dependent 
on the quadratic effect of days of dietary inclusion 
(t2). As regards fish oil, the quadratic effect of the 
precursor C18:3 was influenced by the linear effect 
of days of dietary inclusion (t). In the grazing 
model, the quadratic effects of all three precursors 
depended on the quadratic effect of days of dietary 
inclusion, t2 (Table 2).

In each of the three ingredients, the optimal 
values of the three precursors (C18:0*, C18:2*, 
C18:3*) are functions that depend on days of 
dietary inclusion (Table 3). In oilseeds, with the 
optimal value C18:0*, the maximum CLA values 
were obtained between days 56.3 and 79.6, while 
the minimum values were obtained for days 0 to 
56.3 and 79.6 to 98 days. For fish oil, the optimum 
values were minimum values, while for grazing, the 
maximum value occurred from day 21.3 to 65, while 
the minimum values occurred for the period from 
day 0 to 21.3.

With respect to the optimal value C18:2*, 
based on the evaluated days of dietary inclusion, 
the maximum values were obtained for oilseeds and 
fish oil. For pasture, maximum values were obtained 
between days 0 and 61.1, while the minimum values 
occurred from day 61.1 to 65.

For the optimal value C18:3*, the maximum 
values were obtained from day 73.4 to 98 for oilseeds, 
from day 45.3 to 84 for fish oil, and from day 0 to 57.5 
for pasture. The minimum values were obtained from 
day 0 to 73.4, from day 0 to 45.3, and from day 57.1 
to 65, for oilseeds, fish oil, and grazing, respectively.

Oilseeds

In diets based on oilseeds, among the three 
evaluated precursors, linoleic acid (C18:2) required 
the highest daily supplementation (37.45 g/100 g 
FA) in cow feeding to maximise CLA concentration 
in milk (Table 4). Furthermore, there was no linear 
relationship (P > 0.05) between the total precursor 
concentration in the diet and milk CLA levels. 

Moreover, increasing the quantity of the precursor in 
the diet did not guarantee a higher CLA concentration 
in milk. This was evident from the fact that the highest 
precursor amount (88.54 g/100 g FA) was provided 
on day 70, yet the highest CLA concentration was 
recorded on day 42 (2.78 g/100 g FA, Table 4).

Regarding the type of oilseed, the best CLA 
production in milk was achieved when the basal diet 
contained cottonseed (2 g/100 g FA, Table 4). In 
terms of presentation, the highest milk CLA levels 
occurred when vegetable oil was added to the basal 
diet (1.95 g/100 g FA, Table 4).
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dairy cows
Ingredient Model
Oilseeds
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Grazing

i – case study, j – base diet, k – type of seed, l – presentation of seed or grass, βp, p = 0, 1, 2, ..., 21 –  model parameters, d – days in lactation,   
t – days of ingredient inclusion, C18:0 – stearic acid,  C18:2 – linoleic acid, C18:3 – α-linolenic acid, (t2, C18:02, C18:22, C18:32) –  covariates 
squared, ε – random error
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20 Optimal values of precursors and CLA in milk

Table 4. Maximum conjugated linoleic acid (CLA) concentration in milk (g/100 g fatty acid (FA)) associated with the combination of 
optimal precursor values (g/100 g FA) as a function of time (days) when diets supplemented with seven types of seeds were offered in  
four presentations

Days of 
inclusion Optimum values Sum of 

precursors

Maximum CLA values
Flax Soybean Sunflower Canola

C18:0* C18:2* C18:3* P1 P2 P3 P4 P1 P2 P3 P4 P1 P2 P3 P4 P1 P2
10 5.25 28.65 3.50 37.40 2.63 2.36 1.93 2.18 2.93 2.66 2.23 2.48 3.13 2.86 2.43 2.68 2.64 2.37
14 4.10 54.50 5.40 64.00 1.53 1.26 0.83 1.08 1.83 1.56 1.13 1.38 2.03 1.75 1.33 1.58 1.54 1.26
21 2.10 51.87 1.53 55.50 0.76 0.49 0.06 0.31 1.06 0.79 0.36 0.61 1.26 0.99 0.56 0.81 0.77 0.50
23 3.90 46.40 30.20 80.50 1.05 0.78 0.35 0.60 1.35 1.08 0.65 0.90 1.55 1.28 0.85 1.10 1.06 0.79
30 2.40 31.40 36.90 70.70 1.11 0.84 0.41 0.66 1.41 1.14 0.71 0.96 1.61 1.33 0.91 1.16 1.12 0.84
35 4.20 38.50 24.10 66.80 1.27 1.00 0.57 0.82 1.57 1.30 0.87 1.12 1.77 1.50 1.07 1.32 1.28 1.01
42 3.80 18.40 49.00 71.20 2.76 2.49 2.06 2.31 3.06 2.79 2.36 2.61 3.26 2.98 2.56 2.81 2.77 2.50
49 3.20 26.20 40.60 70.00 2.34 2.06 1.64 1.89 2.64 2.36 1.94 2.19 2.83 2.56 2.13 2.38 2.35 2.07
57 3.90 52.43 8.58 64.91 0.94 0.67 0.24 0.49 1.24 0.97 0.54 0.79 1.44 1.17 0.74 0.99 0.95 0.68
60 5.47 14.62 1.07 21.16 1.11 0.84 0.41 0.66 1.41 1.14 0.71 0.96 1.61 1.34 0.91 1.16 1.12 0.85
63 5.23 27.12 38.59 70.94 2.57 2.30 1.87 2.12 2.87 2.60 2.17 2.42 3.07 2.80 2.37 2.62 2.58 2.31
70 14.60 48.95 24.99 88.54 1.00 0.72 0.30 0.55 1.30 1.03 0.60 0.85 1.49 1.22 0.79 1.04 1.01 0.73
84 6.65 49.69 11.38 67.72 1.93 1.66 1.23 1.48 2.23 1.96 1.53 1.78 2.43 2.15 1.72 1.97 1.94 1.66
98 4.40 35.50 5.71 45.61 0.99 0.72 0.29 0.54 1.29 1.02 0.59 0.84 1.48 1.21 0.78 1.03 1.00 0.72
Mean  
(precursors)

4.94 37.45 20.11

Mean (oilseeds) 1.21g 1.51e 1.71c 1.22f

Mean (presentation) P1 = 1.951 P2 = 1.672 P3  = 1.254 P4 = 1.503

Days of 
inclusion Optimum values

Maximum CLA values CLA per 
day of 
inclusion

Canola Rapeseed Cotton Peanut
C18:0* C18:2* C18:3* P3 P4 P1 P2 P3 P4 P1 P2 P3 P4 P1 P2 P3 P4

10 5.25 28.65  3.50 1.94 2.19 2.97 2.69 2.27 2.52 3.42 3.15 2.72 2.97 3.36 3.09 2.66 2.91 2.65B

14 4.10 54.50  5.40 0.84 1.09 1.86 1.59 1.16 1.41 2.32 2.04 1.62 1.87 2.26 1.99 1.56 1.81 1.55F

21 2.10 51.87  1.53 0.07 0.32 1.10 0.82 0.40 0.65 1.55 1.28 0.85 1.10 1.49 1.22 0.79 1.04 0.78M

23 3.90 46.40 30.20 0.36 0.61 1.39 1.11 0.68 0.93 1.84 1.57 1.14 1.39 1.78 1.51 1.08 1.33 1.07I

30 2.40 31.40 36.90 0.42 0.67 1.44 1.17 0.74 0.99 1.90 1.63 1.20 1.45 1.84 1.57 1.14 1.39 1.13H

35 4.20 38.50 24.10 0.58 0.83 1.61 1.33 0.90 1.16 2.06 1.79 1.36 1.61 2.00 1.73 1.30 1.55 1.29G

42 3.80 18.40 49.00 2.07 2.32 3.09 2.82 2.39 2.64 3.55 3.28 2.85 3.10 3.49 3.22 2.79 3.04 2.78A

49 3.20 26.20 40.60 1.64 1.89 2.67 2.40 1.97 2.22 3.13 2.85 2.42 2.68 3.07 2.80 2.37 2.62 2.36D

57 3.90 52.43 8.58 0.25 0.50 1.28 1.00 0.57 0.83 1.73 1.46 1.03 1.28 1.67 1.40 0.97 1.22 0.96L

60 5.47 14.62 1.07 0.42 0.67 1.45 1.17 0.75 1.00 1.90 1.63 1.20 1.45 1.85 1.57 1.14 1.39 1.13H

63 5.23 27.12 38.59 1.88 2.13 2.91 2.63 2.21 2.46 3.36 3.09 2.66 2.91 3.31 3.03 2.60 2.85 2.59C

70 14.60 48.95 24.99 0.31 0.56 1.33 1.06 0.63 0.88 1.79 1.51 1.09 1.34 1.73 1.46 1.03 1.28 1.02J

84 6.65 49.69 11.38 1.24 1.49 2.26 1.99 1.56 1.81 2.72 2.44 2.02 2.27 2.66 2.39 1.96 2.21 1.95E

98 4.40 35.50 5.71 0.30 0.55 1.32 1.05 0.62 0.87 1.78 1.50 1.08 1.33 1.72 1.45 1.02 1.27 1.01K

Mean  
(precursors) 4.94 37.45 20.11

Mean (oilseeds) 1.22f 1.54d 2.00a 2.94b

Mean (presentation) P1 = 1.951 P2 = 1.672 P3 = 1.254 P4 = 1.503

β 0.0008ns

The optimum precursor values and maximum CLA values for oilseeds were obtained by evaluating the equation in Tables 2 and 1, respectively;   
P1 – oil, P2 – pressed seed, P3 – raw or whole seed, P4 – processed seed; different letters between: A–M – inclusion days, a–f – seed types, and 
1,2,3 – presentations indicate significant statistical difference at P = 0.05; β – estimator of the linear relationship between the sum of precursors and 
the average CLA concentration per day of inclusion; ns – not significant (P > 0.05) 

  Continuation
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Fish oil
In diets supplemented with fish oil, similarly to 

oilseeds, linoleic acid (C18:2) had to be added at 
the highest dose per day (26.62 g/100 g FA) in order 
to achieve CLA concentration increments in milk 
(Table 5).

It is worth noting that, as with oilseeds, the 
CLA content in milk per inclusion day did not 
show a linear relationship (P > 0.05) with total 
precursor concentrations in the diets. The highest 
CLA concentrations were recorded on days 21 

(10.44 g/100 g FA) and 12 (9.55 g/100 g FA), with 
total precursor concentrations amounting to 69.13 
and 24.70 g/100 g FA, respectively. Thus, one would 
expect that on day 28, the third day with a higher 
CLA concentration (7.93 g/100 g FA), the sum of its 
precursors would be lower than on day 12. However, 
the total precursor concentration was higher than 
expected (31.94 g/100 g FA, Table 5). Of the three 
evaluated diets, the highest CLA concentration in 
milk was recorded when fish oil was added to the 
maize silage-based diet (5.814 g/100 g FA, Table 5). 

Table 5. Maximum conjugated linoleic acid (CLA) concentration values (g/100 g fatty acid (FA)) associated with the combination of optimal 
precursor values (g/100 g FA) as a function of time (days) when diets supplemented with fish oil were offered

Days of inclusion
Optimum values Sum of  

precursors 

Maximum values (diets) CLA per day  
of inclusionC18:0 C18:2 C18:3 Maize silage Processed 

maize
Oats, soybeans  
or barley

12 3.55 18.41  2.74 24.70 11.74 8.53 8.39  9.55A

21 2.94 31.81 34.38 69.13 12.63 9.42 9.28 10.44A

26 2.70 39.80  6.50 49.00  4.24 1.04 0.89  2.05CD

28 2.32 26.75  2.87 31.94 10.12 6.91 6.76  7.93B

35 4.08 25.67  3.58 33.33  2.70 0.00 0.00  0.42E

42 3.53 31.06  4.25 38.84  0.65 0.00 0.00  0.90DE

60 5.44 34.48  1.46 41.38  4.82 1.61 1.46  2.63C

70 6.40 33.34 16.13 55.87  1.59 0.00 0.00  0.53DE

84 6.68 25.30  3.87 35.85  3.84 0.63 0.48  1.65CDE

Mean (precursors) 4.18 26.62  8.42
Mean (diet)  5.81a 3.12b 3.02b

β  0.022ns

The optimum precursor values and maximum CLA values for fish oil were obtained by evaluating the equation in Tables 2 and 1, respectively; 
different letters between: A–E – inclusion days, and ab – diets indicate significant statistical difference at P = 0.05; β – estimator of the linear relation-

Table 6. Maximum conjugated linoleic acid (CLA) concentration (g/100 g fatty acid (FA)) associated with the combination of optimal precursor 
values (g/100 g FA) depending on the time (days) of animal grazing

Days grazing
Optimum value Sum of  

precursors 
Maximum value CLA per day 

grazingC18:0 C18:2 C18:3 Grasses Grasses with legumes
10 6.70 12.50 48.90 68.10 2.62 2.00 2.31D

11 8.20 13.00 46.50 67.70 3.15 2.52 2.83B

14 2.20 13.30 48.70 64.20 2.25 1.62 1.93E

21 1.95 15.19 34.14 51.28 1.82 1.19 1.50I

22 1.40  6.70 48.90 57.00 2.68 2.06 2.37C

24 2.93 19.77 44.06 66.76 1.71 1.09 1.40J

28 1.58 10.54 44.96 57.08 3.56 2.94 3.25A

36 2.00  9.20 57.30 68.50 1.88 1.26 1.57H

42 1.05 19.80 55.60 76.45 1.55 0.93 1.24K

48 1.26 15.18 55.93 72.37 2.23 1.61 1.92F

60 2.00  9.20 57.30 68.50 2.17 1.55 1.86G

64 2.34 10.54 55.59 68.47 2.25 1.63 1.94E

Mean (precursors) 2.80 12.91 49.82
Mean (presentation) 2.32a 1.70b

β -0.027ns

The optimum precursor values and maximum CLA values for pasture grazing were obtained by evaluating the equation in Tables 2 and 1, 
respectively; different letters between: A–K – mean days grazing, and ab – presentations indicate significant statistical difference at P = 0.05;  
β – estimator of the linear relationship between the sum of precursors and the average CLA concentration per day of inclusion; ns – not significant 
(P > 0.05)
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Pasture
In diets based on fresh pasture, α-linolenic 

acid (C18:3) required the highest supplementation 
(49.82 g/100  g FA) to increase CLA concentration 
in milk (Table 6). Considering inclusion days, 
the highest CLA concentration (3.25 g/100 g FA) 
was observed on day 28, with a total precursor 
level of 57.08 g/100 g FA. However, there was no 
linear relationship (P > 0.05) with total precursor 
concentration, as their total concentration was 
higher on subsequent days (Table 6).

Regarding the type of pasture, it was evident that 
grasses contributed (P = 0.05) to higher CLA levels in 
milk (2.32 g/100 g FA) compared to the combination 
of grasses with legumes (1.70 g/100 g FA; Table 6).

Discussion

As the days of experimental evaluation pro-
gressed, the lactation period of the animals also 
advanced, potentially affecting CLA concentration. 
In this regard, Kliem and Shingfield (2016) have 
reported that milk contains a higher proportion of 
polyunsaturated fatty acids (PUFA) when the cow is 
in the first third of lactation. This is because longer-
chain FA are mobilised from adipose tissue and con-
tribute to a higher proportion of total FA secreted in 
milk due to the negative energy balance that typical-
ly occurs at this stage (Bilal et al., 2014). However, 
Prieto-Manrique et al. (2016) have argued that CLA 
concentrations increases with the days of lactation.

Oilseeds
Incorporating oilseeds or vegetable oils into 

dairy cow diets has been shown to lead to changes 
in the FA profile (Martínez-Marín et al., 2013) due 
to their high PUFA content (Kliem and Shingfield 
et al., 2016). Diets containing oilseeds such as 
soybean, sunflower, rapeseed and cottonseed pre-
dominantly contain linoleic acid (Roca-Fernandez 
et al., 2014); a PUFA that is transformed in the bio-
hydrogenation process that occurs in the animal’s 
rumen, resulting in CLA production (Purba et al., 
2020).

The potential of vegetable oils and oilseeds to 
increase the CLA content in milk is limited, even 
when provided in large quantities or for extended 
periods (Kliem and Shingfield, 2016). CLA con-
centration in milk not only depends on dietary ma-
nipulation but also on seasonal factors and lacta-
tion numbers (Maria-Patiño, 2011). Glasser et al. 
(2008) have emphasized that the increase in CLA 
also relies on ruminal metabolism (hydrolysis, 
isomerisation and biohydrogenation of dietary F) 

and animal metabolism (mobilisation, uptake and 
synthesis of FA in the mammary gland).

Furthermore, changes in the milk FA profile pri-
marily depend on the type or species of oilseed and 
its processing (pressed, ground, heated, whole or 
unprocessed) (Prieto-Manrique et al., 2016). In this 
study, the highest CLA concentrations in milk have 
been achieved by adding cottonseed to the diet. Cot-
tonseed is known for its high linoleic acid concen-
tration, ranging from 500 to 573 g/kg FA, depend-
ing on its form, whether whole or in oil (Besharati 
and Taghizadeh, 2014; Castaño et al., 2014).

When evaluating different presentations, the use 
of vegetable oil tend to result in a higher CLA con-
tent. This effect arises from vegetable oil’s capacity to 
inhibit ruminal microbial activity, leading to a higher 
flow of linoleic acid and CLA from feedstuffs to the 
mammary gland through the bloodstream (He and 
Armentano, 2011). For this reason, some research-
ers caution against including vegetable oils in dairy 
cow diets due to their potential toxic effect on ru-
men microbial growth (Muruz and Çetinkaya, 2019). 
Furthermore, oils with higher amounts of PUFAs 
reduce the content of short- and medium-chain FAs, 
as supplementary oils increase FA transport from the 
intestine to the mammary glands and reduce de novo 
synthesis. Adding FAs in free form to the diets of 
dairy cows increases their levels in milk and inhibits 
the synthesis of short and mediumchain FAs in the 
mammary gland (Castro et al., 2019). 

On the other hand, incorporating untreated 
seeds into the diet, such as raw or whole seeds, can 
also elevate the concentration of CLA in milk with-
out significantly impacting the fat content. This oc-
curs because there is limited interaction of PUFAs 
with rumen bacteria, thus they do not interfere with 
their function (Prieto-Manrique et al., 2016; Siurana 
and Calsamiglia, 2016).

Fish oil
Fish oil can be used in dairy cow diets to increase 

the concentration of PUFAs in milk, including 
eicosapentaenoic acid (EPA), docosahexaenoic 
acid (DHA) and CLA (Acosta-Balcazar et al., 
2022). The extent of the increase in milk CLA 
level depends on the source of marine lipids (fish, 
plankton or algae) and additions to the basal diet 
(Kairenius et al., 2015). Similar to oilseeds, an 
increase in CLA levels caused by fish oil is affected 
by ruminal biohydrogenation and the animal’s 
metabolism (Prieto-Manrique et al., 2016; Siurana 
and Calsamiglia, 2016).

Kliem and Shingfield (2016) have suggested that 
diets based on maize silage can cause a decrease in 
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ruminal pH, altering the microbial flora and 
leading to changes in PUFA biohydrogenation 
phases. Ortega-Pérez et al. (2013) have reported 
that a ruminal pH of 6.0 is conducive to CLA 
production, which can be achieved through an 
appropriate forage/concentrate ratio. Additionally, 
PUFAs present in fish oil inhibit the activity 
of ∆9-desaturase enzyme by up to 30.2%. This 
enzyme is responsible for converting trans-
vaccenic acid (TVA) to stearic acid in the final 
phase of biohydrogenation (Alizadeh et al., 2012; 
Pirondini et al., 2015; Prieto-Manrique et al., 
2016). The inhibition of ∆9-desaturase results 
in the accumulation of TVA in ruminal fluid, 
ultimately leading to higher CLA concentrations.

It should be emphasised that fish oil 
supplements (at concentrations not exceeding 7% 
dry matter) were shown to reduce FA synthesis in 
the mammary gland (Alizadeh et al., 2012) without 
altering the organoleptic properties of milk (Prieto-
Manrique et al., 2016).

Grazing
Fresh pasture grazing is known to increase the 

proportion of PUFAs in milk, and their CLA con-
tent can be up to five times higher (Ortega-Pérez 
et al., 2013). Of the lipid content of pasture feed  
(8–10% dry matter), 95% corresponds to linoleic 
and α-linolenic acids, with α-linolenic acid being 
most abundant, ranging from 50 to 75% (Toyes-
Vargas et al., 2013; Acosta-Balcazar et al., 2022). 
Of the total content of α-linolenic acid from pas-
ture forage, 74% is converted to TVA in the rumen 
and later transformed into CLA by ∆9-desaturase  
(Prieto-Manrique et al., 2016).

The effect of pasture diet depends on factors 
such as availability, allocation, grazing time, botani-
cal composition, growth stage, lipid concentration, 
type and level of supplementation, as well as con-
centrate provided to the animals (Castro-Hernández 
et al., 2014; Prieto-Manrique et al., 2016; Coraz-
zin et al., 2019). However, milk CLA levels are 
also influenced by rumen PUFA metabolism and 
animal metabolism, as in the case of oilseeds and 
fish oil (Prieto-Manrique et al., 2016; Siurana and  
Calsamiglia, 2016). 

Regarding the type of pasture, grasses can 
increase the CLA content in milk. This is because 
grasses contain α-linolenic acid in their leaf 
chloroplasts and produce high biomass, thereby 
providing more α-linolenic acid in the cows’ diet 
and increasing milk CLA levels (Morales-Almaráz 
et al., 2010). It is important to mention that the 
inclusion of pasture feeding has been found to have 

no effect on fat content, as it stimulates higher acetic 
acid production utilised in fat synthesis (Osorio and 
Vinazco, 2010).

Conclusions
There was no linear relationship between the 

total concentration of dietary precursors and the 
concentration of conjugated linoleic acid (CLA) in 
milk. However, a quadratic relationship was found 
between each of the dietary precursors and the CLA 
content. Furthermore, the concentration of precur-
sors that contributed to higher CLA concentrations 
was time-dependent.

For diets based on oilseeds and fish oil, linoleic 
acid was the precursor that required the highest sup-
plementation dose to increase CLA concentration in 
milk, while in diets based on fresh pasture grazing, 
it was α-linolenic acid.

The highest CLA concentration in milk was 
recorded within the first 21 days when diets were 
supplemented with fish oil and on day 28 if fresh 
pasture forage was consumed.
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