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The purpose of this paper is to evaluate nutritional strategies that will increase the
concentration of the conjugated linoleic acid in milk to produce functional milk with regard to
health benefits in dairy cow. Conjugated linoleic acid isomers are naturel fatty acids in foods
obtained from ruminants.The main substrates for biohydrogenation are linoleic acid and
linolenic acid, an essential fatty acid. It has been identified 54 different conjugated linoleic
acid isomers that have beneficial biological activity. cis-9, trans-11 18:2 and trans-10, cis-
12 18: are most bioactive isomers of CLA. In milk fat, the cis-9, trans-11 conjugated linoleic
acid is found in major amounts more than trans-10, cis-12 conjugated linoleic acid.
Conjugated linoleic acid is first produced as an intermediate product during the
biohydrogention in the rumen of dietary linoleic acid and linolenic acid. Another major
pathway of conjugated linoleic acid synthesis in dairy cows is endogenous synthesis in the
mammary gland. Dietary cis-9, trans-11 conjugated linoleic acid is of great interest due to its
health benefits known to a cancer chemopreventive and antiatherogenic. Therefore, many
researchers have looked for ways of increasing the amount of conjugated linoleic acid in cow
milk. For this pupurpose, researchers have adopted two approaches. The first approach is to
make dietary changes to increased the natural conjugated linoleic acid production of cow. The
second approach is to feed with mixtures of conjugated linoleic acid isomers protected against
microbial biological hydrogenation in the rumen. As a result, as consumers continue to be
aware of the relationship between diet and health, increased conjugated linoleic acid level of
milk may provide new market opportunities for milk and milk products as functional food.

© 2019, Advanced Researches and Engineering Journal (IAREJ) and the Author(s).

1. Introduction immune  function and  inflammatory
antihypertensive, antiatherosclerotic [3].
The term CLA refers to a group mixture of positional

and geometric isomers (cis, trans) of linoleic acid or

response,

Dairy products from ruminants are the most important
sources of nutrient quality protein, energy, minerals and

vitamins. Recent studies have shown that dairy products
have many bioactive compounds with associated health
effects for the consumer beyond simple nutrition [1]. The
Conjugated linoleic acid (CLA), which cannot be
synthesized by the human body, is mostly found in the
raw milk derived from cows. The discovery of a
“functional food” role for CLA occurred over the past
decade. CLA is considered an essential nutrient for
human. Therefore, this fatty acid, human can only obtain
from ruminant products [2]. Data from several studies in
both animal and human models suggest that CLA has
several the physiological properties such as
anticarcinogenic, antilipogenic, antidiabetic, modulate
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linolenic acid that have conjugated double bonds. It has
been determined that great numbers of isomers of CLA
found in milk and meat products [4], but cis-9, trans-11
18:2 (c9, t11 CLA), also called rumenic acid, and trans-
10, cis-12 18:2 (t10, cl12 CLA) are most bioactive
isomers of CLA [5]. It reported that physiological effect
of ¢9, t11 CLA is principal anticarcinogenic, while t10,
cl2 CLA isomer is antidiabetic, antiobese and
anticarcinogenic [6].

A portion of CLA is produced uncompleted ruminal
biohydrogenation of linoleic acid and another portion

derives from A-9 desaturase on vaccenic acid (C18:1

trans-11) (occurs during biohydrogenation linoleic acid,
linolenic acid and oleic acid) within mammary gland and
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in the other body tissues [7,8]. McCrorie et al. [9]
demonstrated that the CLA contentent in milk fat ranged
from 2 to 37 mg/g fat due to breed, species, lactation
period, age, feeding strategy and the fatty acid
composition of diet [10]. However, among these factor,
diet plays central role on CLA composition in milk fat
[11].

In this review, dietary change to increased the natural
CLA production in dairy cows was be discussed here.

2. The Fatty Acids in Cow Milk Fat

Whole cow’s milk contents 3.2-4.7% fat depending on
particularly feeding strategies (generally increased with
increasing  fiber content) and lactation stage.
Approximately 98% of the total milk fat consist of
triglycerides. Other milk lipids include: diacylglycerides
(0.25-0.48%); monoacylglycerides (0.02-0.04%);
phospholipids  (0.6-1.0%); cholesterol  (0.2-0.4%);
glycolipids (0.006%); and FAs in milk (0.1-0.4%). Milk
fat contains saturated FA (SFA), monounsaturated FA
(MUFA), and polyunsaturated FA  (PUFA),
approximately 70% , 25 and 5, respecitively, but this can
be modified bu changing the animal diet [12]. PUFA
includes linolenic acid (C18:3 n-3) and rumenic acid
(C18:2 cis-9, trans-11). Milk MUFA consist mainly
of oleic acid (C18:1 cis-9) and also trans vaccenic
acid (C18:1 trans-11). Both rumenic and vaccenic acid
are trans-11 FA produced by rumen microorganisms.
There are approximately 400 different types of FA
[13].The milk FAs, which range from 4 to 20C chain
length, are derived from the feed and the microbial
biohydrogenation in the rumen. The FAs in ruminant
milk are synthesized either mammary gland (carbon
chains: <C15 and a portion of C16) from acetate and to a
lesser extent from PB-hydroxybutyrate or approximately
one half of the FAs (a portion of C16 and >C17) from
dietary lipids and adipose tissue reserves [14].

CLA, which is unsaturated FAs and constitute up to 5%
of all FAs [15]. Up to now, total of 54 different isomers
of CLA was identified [16]. Within this group, c9, t11
CLA and t10, c12 CLA are believed to be the most
common natural two isoforms of the group of CLAs [17].
It has been shown that CLAs are formed both during the
biohydrogenation of PUFA originated from the diet in the
rumen and mammary synthesis from vaccenic acid [18].
The c9, t11 CLA isomer is found in more abundant (72 to
94% of total CLA) than the t10, c12 CLA in milk and
meat products [19, 20].

3. The Fatty Acid Composition of Plants

Unlike short and medium-chain FA, long chain C18 FA
can not be endogenously synthesized by ruminants
desired in meat and milk. For this reason, these FA have
to be ingested by feed ruminant.

The main substrates for ruminal biohydrogenation is
C18 linoleic acid and linolenic acid. The lipids in the
ruminant feeds are mainly trigliserides as well as in lower
proportion phospholipids and galactolipids. The lipid
composition of forage is amply composed of glycolipids
and phospholipids, and the main FA is linolenic acid
which is unsaturated fatty acids, while seed oils is largely
triglycerides containing linoleic and [21]. It has been

shown that the lipid fraction ranged from 30-100 g kg
DM in the leaves of grasses and grasses. [22]. However,
the lipids present in plants are not static structures, but
are constantly expose to turnover due to the lipid
degradation in living plant by normally present lipases
[22].

As shown in Table 1 [23], the FA profile of lipids in
feeds is highly variable. Linolenic acid levels generally
depen on plant and environmental factors such as wilting
prior to ensiling, hay and haylage making, stage of
maturity and light intensity. The pre-wilting process of
ensiling causes about 40% reduction in total fatty acid
level, 40% loss even for linolenic acid. An ensiling
process and silage additives (formic acid) led to smaller
losses. In contrast, the use of hay and haylage reduced
total FA by 50% and 70%, respectively. [22]. It reported
that nitrogen fertilization was significantly increased of
palmitic acid (18%), linoleic acid (12%) and linolenic
acid (40%) in the herbage [24].

Many of the oils seeds are rich in linoleic, accounting
for 53 to 69% of total FA, and but its composition is
considerably variable. For example, in ground nuts, rape
seed and sesame seed: high in oleic acid; cotton seed,
soybeans and sunflower seeds: high in linoleic acid and
linseed: high in linolenic acid. Fish oil, the richest source
FA of 20 or 22 C, contains relatively low amounts of
linoleic and linolenic [25].

Table 1. Fatty acid content of common dairy cow feeds [25]

Oleic  Linoleic Linolenic ~ Other
Feed -fatty acid, % of total reported FAs-
Pasture
Grass 2.2 20.4 55.9 0.0
Clover 3.6 21.1 48.2 0.0
Grasstlegume 4.2 18.9 51.6 0.0
Silage
Grass 6.3 145 46.2 0.0
Corn 18.9 40.9 6.1 13.8
Hay alfalfa 4.9 18.1 235 25.0
Concentrates
Barley 20.5 43.3 4.3 1.9
Corn 30.9 47.8 2.3 0.0
Oats 38.1 34.9 2.1 0.5
Wheat 17.5 55.8 45 0.2
Byproduct
Gluten meal 26.7 53.0 14 0.0
Distillers grains  24.2 545 18 1.2
Plantseed/oils
Soybean 23.3 54.5 5.9 15
Extruded 19.5 53.2 9.1 0.0
soybean
Extruded 16.5 57.4 0.0 0.0
cottonseed
Sunflower 21.2 69.4 0.0 0.0
Peanut 51.5 30.2 0.0 2.8
Linseed 22.7 154 51.4 0.0
Fish oil 21.0 2.0 1.0 32.0
Animal tallow 45.9 5.9 0.3 0.0

4. Synthesis of CLA in the Dairy Cows

In the ruminal biohydrogenation of lipid, ruminal
bacteria are play a key role and the formation lipid in the
rumen occurs in two important step: The initial step is
lipolysis, relaesing free FAs with bacterial lipases of
dietary lipids entering the rumen [26]. Another step is
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biohydrogenation of FAs by rumen bacteria to produce
saturated [1]. The main substrates for biohydrogenation
are linoleic acid and linolenic acid. The first linoleic is
rapidly converted to c9, t11 CLA in the rumen, except for
linolenic acid, afterwards c9, t11 is converted to C18:1,
t11 wvaccenic acid during biohydrogenation process.
C18:1, t11 vaccenic acid is then reduced to stearic acid as
the end product. As for linolenic acid, this is transformed
to C18:2 t11, c15 after that C18:2 t11, c15 is converted to
C18:1, t11 vaccenic acid. Similarly, vaccenic acid is
reduced to stearic acid (Figure 1). Both linoleic acid and
linolenic acid are converted to vaccenic acid which is the
common intermediate product in the rumen during
biohydrogenation. Generated vaccenic acid is leaving the
rumen and is absorbed across the small intestine, and
incorporated into milk fat. In the mamary gland, vaccenic
acid is converted to cis-9, trans-11CLA by action of the
A-9 desaturase enzyme [27]. According to Corl et al.
[28], endogenously synthesized CLA in mammary gland
is about 78% of the CLA in milk fat. Therefore, the key
to increasing CLA concentration in milk is to increase
vaccenic acid production in the rumen [1].
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Figure 1. Simplified scheme of biohydrogenation and

desutaration pathways of C18 fatty acids in rumen and udder of
dairy cow [27]

5. The Feeding Regime to Increase the Content of
CLA in Milk

A number of of factors are known to affect the level of
milk fat CLA; these are presented in Table 2. However,
the dietary factors affecting the content of CLA in milk
could be grouped into two categories [29]. (a) The first
approach is to make dietary changes: the use of lipid
sources as pasture (rich in linoleic) and and vegetable
fats (rich in linoleic and linolenic acid). (b) The secund
approach is to feed with mixtures of CLA isomers in the
rumen protected. In Table 2 are shown the nutritional
factors that affect CLA amount in milk fat. Dietary
supplementation of plant oils (sunflower, soybean, corn,
canola, linseed, and peanut) have been shown to increase
CLA in milk fat due to give the greatest response plant
oils high in linoleic acid [31], and this response is a dose-
dependent.

In generally, ruminant diets no include the plant oils
because they has potentially toxic effects on rumen
microbial growth. To minimize this effect, Ca salts of the
FAs is added to diet so as to bypass from rumen and only
a small part are exposed to biohydrogenation. Plant oils,
which is unsaturated, have been found to increase CLA in

milk fat more than saturated animal fat due to the
available lipid substrate for biohydrogenation [30].

Table 2. Dietary factors that affect content of CLAs in milk

fat [18, 23, 30]

Dietary factor Content of CLA
I. Lipid substrate
Unsaturated  Increased
Plant oils  type, level and dose-dependent

High-oil plant seeds
Raw seeds

Processed seeds
Calcium salts of plant
oils

High-oil corn grain and
silage

Animal fat by-products
Fish oil

I1.Forage:concentrate
ratio

II1.High forage diet
VI.Nonstrustural
carbohydrate level
V.Low energ diets
VI.Pasture related

Pasture versus TMR

Fresh cut pasture
Fresh/Green

Pasture+ full fat extruted
soybean

Pasture+Soy oil
Pasture+Fish oil
Diversity in plant
species

Maturity of forage

Elevation of pasture
VII.CLA supplement

increase

No effect
Increased over raw seeds
Increased with increasing
amounts

Minimal effect

Minimal effect

Increased in relation to level
fed in the diet

Increased with high forage
diet

Increased

Minor effect

Probably positive

Increased with consumption
of pasture

Higher than conserved forages
Highly positive

No effect

No effect
Increased

Increased

Increased with less mature
forage
Highland>mountain>lowland
Dose-dependent increase

As another method, fat seeds are added to diet [21].
However, the result of researches have showed that
feeding full-fed seeds have not effect on the
concentration of CLA in milk fat due to unavialable by
rumen bacteria responsible for biohydrogenation of the
PUFA in these seeds [32].

Fish oils, containing mainly FA of 20 or 22 C as the
main FA, produced to a higher CLA than an evenly of
plant oils [22, 33]. A meta-analysis of comparison of
averages of dry matter intake (DMI), milk yield and
composition, and CLA in milk of different fat sources
and pressessing method suggested that the best strategy to
enrich milk with CLA were the combination of fish oil
and vegetable fats (395 mg of cis-9, trans-11CLA/I vs.
188 mg of cis-9, trans-11 CLA/I; increase of 2.1 times)
(Table 3) [34].

Data from several studies suggest that milk CLA
content significantly increased in dairy cows feeding with
processed seeds than feeding unprocessed seeds [33], but
for extruded seeds [37]. Recent evidence suggests that
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Table 3. The effectt on milk yield and composition of dietary ingredient [34]

Treatments
Fish
Fresh Fish Oil+Vegetable pP-

Control  Pasture  Rapeseed Corn Soybean  Sunflower Linseed Qil Fats SEM  Value
Total fatty acids,
g/kg DM 30.0d 25.9d 54.1ab 44.1bc  49.0ab 59.3a 55.2ab  37.1cd  45.5abc 1.78  <0.01
DMI, Kg/d 21.3ab 19.0 21.1 21.8 20.4 19.6 20.8 21.0 20.9 051 <0.01
Milk yield, Kg/kg 31.1a 27.0c 29.6ab 32.4a 30.6ab 28.8bc 29.2b 31.0ab 3l.4ab 0.87 <0.01
Fat, g/Kg 36.1a 38.0a 34.2ab 34.4ab  33.2b 33.6b 36.5a 322b  31.2b 00.63 <0.01
Fat yield, Kg/d 1.11c 0.94ab  1.04ab 113a  1.02ab 0.94b 1.07a 1.03ab 1.0lab 0.039 <0.01
cis-9,trans-
11CLA, 0.61c 1.13ab  0.83bc 0.84bc  1.00ab 1.04ab 0.90b 0.67bc 1.34a 0.044 <0.01
cis-9,trans-
11CLAg/d 5.67¢ 8.56abc  7.78bc 8.75ab  9.24ab 10.1ab 8.50bc 5.91c 12.4a 0.399 <0.01

Menas within a row differ with treatment (p<0.05)

extrusion of oil seeds (0.57 vs. 1.11 g of CLA/100 g of
FA) and oils (0.57 vs. 1.10 g of CLA/100 g of FA) are the
best processing method to increase milk CLA, and but
extruded seeds and oils decreased milk yield (30.4 vs.
28.9 kg/d) and milk fat (36.1 vs. 33.1 g/kg), respectively
[34].

In general, high consumption of pasture shows a higher
effect on CLA amount in milk fat compared with diets
rich in silage, hay, concentrate feeds [14] and total mixed
rations (TMR) based on conserved forage and grain [38].

Table 4. Feeding pasture versus total mixed ration
(TMR) on the level of CLA in milk fat [30]

TMR
mg CLA/g fat

Pasture

Research Location mg CLAq fat

Penn State 5.4 10.9

Wisconsin 5.6 22.7

A study at Penn State and Wisconsin demonstrated that
a two-fold and four-fold, respectively increase in CLA
with pasture (Table 4) [30]. Previous studies have
reported that grazing has contributed to the increase in
CLA due to probably enables selection of leafy plant
parts with higher lipid concentration.
This view is supported by Dhiman et al. [25] who writes
that milk CLA content of grazing animals presented
500% greater than animals with fed with 50:50
concentrate and conserved forage diet. Previous research
comparing total mixed ration (TMR), pasture + TMR and
pasture plus concentrate has found that feeding pasture
plus TMR and pasture plus concentrate were enhanced
the CLA [30]. Similarly, a recent study by Marin et al.
[39] observed that cows with more intensive grazing and

low levels of concentrate presented higher levels of CLA
and omega-3 fatty acids than cows with low grazing and
higher concentrate. Forage maturity is also a significant
impact on CLA content. Previous research has establish
that diets containing forage at less mature forage was
increased milk fat CLA compared to late-growth [40].

Dietary supplements of CLA can also increase the
CLA content. Chouinard et al [36] suggested that
supplements of CLA isomers to dairy cow diet, mainly
consisting of cis/trans 9, 11; cis/trans 10,12, and cis/trans
11,13, were transferred to milk fat. However, these
supplements also caused a reduction in the milk fat
content [14]. Therefore, it recommended that CLA
isomers are protected from ruminal biohidrogenation. In
other hand, as plant oils increased in diets, milk fat
tended to decrease, generally so called as milk fat
depression [21]. In a study on the effect of different fatty
acids on the CLA content of milk, cis-9, trans-11 CLA
was higher in diets rich in linoleic acid compared with
control and diets rich in linolenic acid, and lower in
control compared with other diets (Table5) [34].

6. Conclusion

Cows’ milk fat is the richest natural source of CLA,
which is produced in the rumen and mammary gland.
Milk fat is naturally included many isomers of CLA, but
9, t11 is predominant. Diet is a key factor that could be
enhanced CLA content in milk fat. Allowing dairy cows
to graze pasture, vegetable fats, dietary fish oil
supplementation, feeding the fat as a calcium salt and
encapsulation of the CLA isomers is the best strategy to
increase the CLA content in milk

Table 5. The Effect on milk yield and composition of different fatty acids. [34]

Treatments
Control OI?'C Lmo_lew Lmol_enlc SEM P-Value
acid acid acid
Total fatty acids, g/kg DM 28.8 52.6 50.1 50.3 2.03 <0.01
DMI, Kg/d 21.1 21.0 20.2 20.7 0.55 <0.01
Milk yield, Kg/kg 30.0 30.1 30.1 28.8 0.92 <0.01
Fat, g/Kg 36.3 34.4 33.9 36.8 00.64 <0.01
Fat yield, Kg/d 1.11 1.06 1.02 1.05 0.040 <0.01
cis-9,trans-11CLA, g/100g fatty acids 0.62 0.82 1.00 0.83 0.044 <0.01
cis-9,trans-11CLA,g/d 5.79 7.82 9.66 7.54 0.390 <0.01
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