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Abstract

Background: Conjugated linoleic acid (CLA) is an unsaturated fatty acid that after the discovery of its anti-cancerous properties
numerous researches conducted to increase its concentration in the food products. The current study aimed to review researches
in the field of milk enrichment with CLA to identify the main actors and highlight the achievements in the field; therefore, the
effectiveness of these researches for producing anti-cancer milk was surveyed.
Methods: The journal of dairy science was selected for data extraction and related papers were identified via review of all published
papers during years 2003 - 2013 and then were subjected into content analysis. Statistical analysis was done with the MEANS proce-
dure of SAS software (Version 9.1).
Results: Among all collected papers, only 72 were eligible. Data analysis showed that the USA, Canada and France were the most
productive countries in the field of milk enrichment with CLA. Surprisingly, Iran did not have any paper in this field in the journal
of dairy science. The supplements that were added to the animal diets were enriched by linoleic or linolenic acids. Enhancing the
milk cis-9, and trans-11 CLA content were the main objectives of researches. More than 70% of treatments led to the supply of the
minimum amount of CLA to prevent cancer with serving milk twice a day.
Conclusions: Considerably, milk enrichment with CLA mostly has being attracted by developed countries. Enriching milk with CLA
is a suitable scientific strategy to fight against cancer. It is important to increase researches in increasing trans- 10, and cis- 12 CLA.
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1. Introduction

Cancer is a major risk for human health in today’s
world. As the international agency for research on cancer
(IARC) has reported, in 2012, the global burden of cancer
raised to 14 million new cases annually, a number expected
to increase to 22 million per year in the next two decades.
At the same time, cancer deaths were predicted to increase
from 8.2 million cases to 13 million per year. In 2010, the
total annual economic cost of cancer was estimated to rise
about US$ 1.16 trillion. Improving the diet is an effective
method for prevention and controlling the cancer. Conju-
gated linoleic acid (CLA) is an unsaturated fatty acid that
naturally exists in ruminant milk and meat products. CLA
is produced during the rumen bacterial biohydrogenation
process when linolenic acid is converted to stearic acid (1,
2). After the discovery of the anti-cancer properties of CLA
in 1987 (3), numerous researches have examined the effects
of fatty acid on cancer in animal models and cell culture.
Many of the these researches were focused on cis-9, trans-
11 CLA and trans- 10-, cis-12 CLA isomers and used a mixture
or single form of these isomers. Based on the results of re-

searches, CLA affects different stages of cancer; CLA inhibit
proliferation and can induce apoptosis in breast, prostate,
colon, gastric, liver, endometrial and osteosarcomas can-
cer cells and also prevent metastasis (4-11). Furthermore,
a study on mice showed that at least 0.5% CLA in the daily
diet can reduce incidence of cancer (12). It can be con-
cluded that CLA might be effective to control and prevent
cancer.

The optimal intake of CLA for significant reduction of
cancer risk in humans has not been established yet, but
with the generalization of the studies on rats, a daily in-
take between 95 - 3500 mg of cis-9, trans-11 CLA is needed.
According to the estimates, cis-9, trans-11 CLA intake among
human population is about 15 to 1,500 mg per day, which is
much less than the amount that is necessary to reduce the
risk of cancer (13).

Producing foods with origin of ruminant that have
high CLA content is a suitable way to increase the amount
of CLA intake, especially cis-9, trans-11 CLAwithout any need
to change eating habits. Milk and dairy products consist
66 to 80 percent of human’s CLA intake (14) and their con-
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sumption is more common in developed countries and
seems to be increased in developing countries (15). There-
fore, increasing the amount of CLA in milk can be a worthy
way to control and prevent cancer. Nemours researches
have been conducted to enhance milk CLA content. The
majority of researches have changed animal diet composi-
tion to increase milk CLA content, because this method had
a major effect on milk composition (16) and can be done
by the farmers. Review of these researches could establish:
the measures taken in milk enrichment with CLA, and the
achievements that were accomplished in the field. There-
fore, the present study aimed to do the content analysis on
published papers in the field of enrichment of dairy cattle
milk with CLA during years 2003 - 2013 in order to deter-
mine: 1- productive authors, organizations and countries;
2- the enriched levels, the amount and type of supplements
that were added to dairy cattle rations for enrichment, and
3- the progresses of the researches to provide the optimal
amount of needed CLA for controlling and preventing the
cancer.

2. Methods

The current study is a meta-analysis, which used con-
tent analysis of papers. The Journal of dairy science was
selected for data extraction. Based on journal citation re-
ports, this journal has ranked second among agriculture,
dairy and animal science journals in terms of impact factor
(17). All volumes of the journal of dairy science, which were
published during years 2003 - 2013 (11 volumes, 32 Num-
bers, 7 supplements) were reviewed. Only research papers
went under content analysis. The results showed that the
level of cis-9, trans-11 CLA, trans- 10-, cis-12 CLA isomers and
total CLA were significantly (P < 0.05) increased in dairy
cattle milk through the manipulation of the animal diet.
Statistical analysis was done with the MEANS procedure of
SAS software (Version 9.1). To determine the amount of cis-
9, trans-11 CLA supplied by CLA-enriched milk in daily con-
sumption of milk, the amount of cis-9, trans-11 CLA was cal-
culated in 227 mL milk.

3. Results

A total of 72 papers met the inclusion criteria of the
study. Figure 1 shows the number of papers in the field of
milk enrichment with CLA during years 2003 - 2013. It il-
lustrates that the number of papers published during the
period of study increased and decreased narrowly; only in
2010 there was a significant decline so that the number of
papers decreased from 7 papers in 2009 to 3 papers in 2010.

A total of 275 authors from 17 countries involved in pub-
lishing the papers in the field of milk enrichment with CLA.

Table 1 shows 10 productive countries and their organiza-
tions list. The USA was the leading country by contribution
of about 51.43% of papers, followed by Canada and France.
Surprisingly, Iran did not have any papers in the field and
China was the only Asian country which contributed a pa-
per. 10 prolific authors and their countries of origin are
shown in Table 2. AbuGhazaleh A. A. was the most prolific
author by participating in the production of 11.43% of pa-
pers, followed by D. E. Bauman and K. J. Shingfield (each
with 10% of papers). As shown in Table 2, six prolific au-
thors are from the USA. The number of participant organi-
zations in publishing papers in this field was 78, of which 13
organizations involved in at least 3 papers (Table 3). Cornell
University and National Institute for agricultural research,
each sharing 11.43% of papers were leading organizations.
The following was agriculture and agri-food Canada.

Based on extracted data, the total number of experi-
ments was 75 which consisted of 171 dietary treatments that
significantly increased the content of CLA in the dairy cat-
tle milk. The Milk contain cis-9, trans-11 CLA was signifi-
cantly enriched via 147 treatments and 61 treatments had
significantly increased the milk trans- 10-, cis-12 CLA content
and the milk total CLA content was considerably increased
by 71 treatments. Dietary supplements which were added
to dairy cattle rations in order to raise the level of CLA in
milk were included as oilseeds, oils (plant and animal oils),
marine oils and feeds, forages, mixed dietary and other
feed. Based on the result of the experiments the amount
of total fatty acids of CLA-enriched milk was between 1.44%
- 5.21%. CLA-enriched milk cis-9, trans-11 CLA, trans- 10-, cis-12
CLAand total CLA content were reported as 0.06% - 6.05% of
FA, 0.0097 - 1.82% of FA and 0.35% - 5.22% of FA, respectively.

Oil seeds: Table 4 shows oil seeds which were used
to proliferate the milk content CLA and their amount in
dairy cattle rations. Oilseeds include wild flaxseed, sun-
flower, cotton seeds, linseed, Solin (high linoleic flaxseed),
corn, canola and rapeseed, which are rich in linoleic or
linolenic acids. The total number of oilseed treatments
was 43. Flaxseed was used in 58.14% of treatments. Oilseeds
proliferated the milk cis-9, trans-11 CLA content, about 0.33%
- 1.484% of FA, the content of trans- 10-, cis-12 CLA about 0.01%
- 0.2% of FA and the content of total CLA about 0.57% - 1.9%
of FA. The maximum level of cis-9, trans-11 CLA in milk was
proliferated by 5.9% flaxseed; the maximum level of trans-
10-, cis-12 CLA and total CLA were proliferated by 21% corn
and 12.6% linseed, respectively.

Oils: At 50 dietary treatments, oils were added to the
dairy cattle rations. The oils included synthetic CLA, unsat-
urated fatty acids, animal fat and plant oil seed (sunflower
oil, flaxseed oil, cottonseed oil, corn oil, soybean oil, saf-
flower oil, rapeseed oil). In the CLA-enriched milk by oils,
range of cis-9, trans-11 CLA content were between 0.43% -
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Figure 1. The Number of Papers in the Field of Milk Enrichment with CLA in Journal of Dairy Science (2003 - 2013)

Table 1. Ten Top Productive Countries in CLA and the Number of Their Involved Organizations in Publishing Papers in the Field of Milk Enrichment with in the Journal of Dairy
Science (2003 - 2013)

Rank Country Papers Percentage Organization No

1 USA 36 51.43 28

2 Canada 14 20 13

3 France 9 12.86 2

4 Finland 7 10 2

5 Belgium 3 4.29 6

6 Brazil 3 4.29 4

7 China 3 4.29 4

8 Germany 3 4.29 1

9 England 2 2.86 2

10 Netherlands 2 2.86 5

Table 2. Ten Top Prolific Authors in Field of Milk Enrichment with CLA and Their Country and Organization in the Journal of Dairy Science (2003 - 2013)

Rank Authors Papers Percentage Country Organization

1 A. A. AbuGhazaleh 8 11.43 USA South Dakota State University; Southern Illinois University

2 D. E. Bauman 7 10 USA Cornell University

3 K. J. Shingfield 7 10 England; Finland The University of Reading; MTT Agrifood Research Finland

4 A. R. Hippen 6 8.57 USA South Dakota State University

5 D. J. Schingoethe 6 8.57 USA South Dakota State University

6 H. V. Petit 5 7.14 Canada Agriculture and Agri-Food Canada

7 K. F. Kalscheur 5 7.14 USA South Dakota State University

8 Y. Chilliard 5 7.14 France National Institute for Agricultural Research

9 A. Ferlay 4 5.71 France National Institute for Agricultural Research

10 A. L. Lock 4 5.71 USA Cornell University; University of Vermont

4.12% of FA, range of trans- 10-, cis-12 CLA and total CLA con-
tents were 0.0038% - 1.82% of FA and 0.6% - 5.44% of FA, re-
spectively. The maximum enriched level of cis-9, trans-11
CLA was resulted with 6% safflower. Using 3% linseed oil
and rumen injection of 80g/d synthetic CLA, respectively,
caused the maximum level of trans- 10-, cis-12 CLA and total
CLA in milk (Table 5).

Forages: The numbers of forage treatments for the
milk enrichment with CLA were 11 including, silages of
corn, red clover and grass, alfalfa hay and fresh forage.
The treatments only significantly increased the milk cis-9,
trans-11 CLA content. Enriched level of cis-9, trans-11 CLA was

between 0.4% - 109% of FA and 80% fresh grass had resulted
maximum level (Table 6).

Agricultural byproducts: Distillers grains plus soluble,
corn germ and mustard bran were agricultural byproducts
which were used in 6 treatments for milk enrichment with
CLA. CLA-enriched milk cis-9, trans-11 CLA content was about
0.6% - 1.11% of FA. Also 10% Distillers grain plus soluble led
to the maximum level (Table 7).

Marine oils and feeds: Treatments of marine oils and
feeds included 14 treatments of fish oil and algae. CLA-
enriched milk cis-9, trans-11 CLA content by marine was
about 0.14% - 6.05% of FA and content of trans- 10-, cis-12 CLA
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Table 3. The Most Productive Organizations in the Field of Milk Enrichment with CLA and Their Country in the Journal of Dairy Science (2003 - 2013)

Rank Organization Papers Percentage Country

1 Cornell University 8 11.43 USA

2 INRA 8 11.43 France

3 Agriculture and Agri-Food Canada 7 10 Canada

4 South Dakota State University 6 8.57 USA

5 University of Idaho 5 7.14 USA

6 MTT Agrifood Research Finland 5 7.14 Finland

7 University of Helsinki 4 5.71 Finland

8 Southern Illinois University 4 5.71 USA

9 University of Alberta 4 5.71 Canada

10 Bioproducts Inc. 3 4.28 USA

11 Ghent University 3 4.28 Belgium

12 North Carolina A&T State University 3 4.28 USA

13 US Food and Drug Administration 3 4.28 USA

and total CLA were about 0.0097% - 1.12% of FA and 0.6%
- 4.18% of FA, respectively. Injection of 16g/d fish oil into
the rumen increased cis-9, trans-11CLAcontent at maximum
level. The highest levels of trans- 10-, cis-12 CLA and total
CLA were achieved as a result of adding 0.97% fish oil and
adding 1% algae to dairy cattle rations (Table 8).

Mixed diets: Based on the data analysis, in 28 treat-
ments combinations of oilseeds, oils, oil seeds and oil were
examined. CLA-enriched milk cis-9, trans-11 CLA content
ranged from 0.52% - 4.47% of FA and the content of trans-
10-, cis-12 CLA was about 0.2% - 0.28% of FA. Mixed diets in-
creased the content of total CLA for levels 1.12% - 3.47% of
FA. Adding mixture of fish oil and algae, soybean oil and
synthetic CLA, fish oil and sunflower oil to dairy cattle ra-
tions respectively, led to the highest levels of cis-9, trans-11
CLA, trans- 10-, cis-12 CLA and total CLA in milk (Table 9).

Canola meal and concentrate were other dietary sup-
plements which were added to dairy cattle rations for en-
riching milk with CLA. Canola meal increased total CLA lev-
els to 1.17% of FA. However, concentrate increased level of
cis-9, trans-11 CLA to 1.13% of FA (Table 10).

3.1. Amount of CLA in One Serving CLA-Enriched Dairy Cattle
Milk

Data analysis showed 227 mL (one serving) of CLA-
enriched milk can provide 10 - 380 mg cis-9, trans-11 CLA.
Among all treatments, 52 treatments led to supply of 95 -
380 mg, 58 treatments let to supply of 48 - 92 mg and 30
treatments led to supply of 10 - 48 mg cis-9, trans-11 CLA in
227 mL CLA-enriched milk. (Tables 4 - 10)

4. Discussion

According to the findings, papers production had no
clear trend during the period of study. The number of pa-

pers in 2010 was lower than other years which increased
again in 2011. The majority of researches in the field of
dairy cattle milk enrichment with the CLA were done by de-
veloped countries especially the USA during the period of
study. Reviewing selected papers showed that 47.46% of pa-
pers which were published in years 2003 - 2009 were those
of the USA. By the end of 2009, the USA had an annual aver-
age of 4.12 papers and the average number of papers from
2010 to 2013 were 2.28 annually. Most productive coun-
tries like Finland and Belgium in term of paper publica-
tion were mostly active in 2011. Hence it can be concluded
that the performance of the USA and other chief produc-
tive countries could be the main reason of the falling num-
ber of papers in 2010 and rising number of papers in 2011.

Production of animal products with high nutritional
value is economically very expensive and depends on local
and seasonal conditions, and the availability of resources.
Usage of dietary supplements like plant oils or fish oil for
producing high nutritional value foods, due to its cost may
discourage farmers from this action (15). The findings of
this study showed that a large number of productive coun-
tries were the developed countries, which have high in-
comes (18). According to statistics which was provided by
FAO, the USA ranks second in terms of milk production
and per capita milk consumption in the USA is higher than
usual (150 kg/capita/year), also rank of India and Pakistan
in terms of milk production are first and fifth, respectively.
Milk consumption per capita is higher than usual in Pak-
istan (19, 20). However, India and Pakistan did not have any
paper in the field of milk enrichment with CLA, which con-
firms that the economical power of developing countries
as well as China (18) is an important factor to carry out such
researches in these countries. On the other hand, findings
of this current study indicated that 28 from 78 organiza-
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Table 4. The Oilseeds Used in Milk Enrichment with CLA, Milk CLA Content (% of Total Fatty Acids) and Content of cis-9, trans-11 CLA (mg) in 227 mL CLA-Enriched Milk

Dietary Supplement % of DM Cis-9, trans-11 CLA Trans- 10-, cis-12 CLA Total CLA Total Fatty Acid Cis-9, trans-11 CLA,mg/227 mL

Camelina 2.9 0.927 - 1.026 2.51 53

5.9 1.484 - 1.737 1.44 50

2.9 1.02 - 1.33 3.67 85

Cottonseed 9.44 0.66 - - 3.67 55

Sunflower seed 8.7 1.43 - - 3.37 110

10.55 0.97 - - 3 66

Flaxseed

8.3 0.73 - 0.97 3.44 57

8.3 1.46 - 1.83 2.72 91

12.6 - - 1.4 - -

12.6 - - 1.4 - -

12.6 - - 1.9 - -

11.8 0.77 - - 4.45 80

9 0.98 - - 3.69 80

6.5 0.87 0.12 1 3.99 79

9.3 1.24 - - 4.24 120

9.32 0.68 - - 3.3 51

6.5 0.56 - 0.57 4.3 55

9.9 0.35 - 0.35 4.75 38

5 0.915 - 1.08 3.5 73

10 1.64 - 1.89 3.5 130

15 1.122 - 1.28 2.91 74

5 0.71 0.015 0.81 3.07 50

10 0.77 0.02 0.96 2.71 47

15 0.92 0.01 1.05 3.12 65

8.3 0.91 - - 4.31 89

11.83 1.19 - - 4.27 115

8.3 0.9 - - 4.3 88

7.9 0.43 - - 4.28 42

7.9 0.53 - - 4.36 52

9 0.8 - - 3.7 67

9 0.9 - - 2.89 59

-* 0.91 - - 3.35 70

-* 0.9 0.017 1.2 3.35 64

Solin 10 1.3 - - 3.86 114

Corn 30.8 0.39 - 0.41 3.79 34

20.9 0.33 - 0.35 4.07 30

7 0.86 0.12 - 3.72 70

14 0.97 0.13 - 3.78 80

21 1.13 0.2 - 3.3 85

Canola seed 9.32 0.61 - - 3.1 43

8.13 0.61 - 0.84 3.34 45

8.13 0.56 - 0.79 2.94 23

Rapeseed 6.9 1 - - 4.18 95

-* 0.84 - - -

-* 0.9 - - -

-* 0.744 - - -

-* 0.89 - - -

tions, and 50% of main productive organizations are lo-
cated in the USA, also 6 prolific authors are from this coun-
try; hence 52.77% of papers belonged to the USA. No paper
was published from Iran. It could be because milk produc-

tion by Iran is less than the amount of population’s need
and the per capita consumption of milk is medium or less
than normal amount (19); therefore, the amount of milk
production is considered more important than the quality
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Table 6. The Forages Used in Milk Enrichment with CLA, milk CLA Content (% of Total Fatty Acids) and Content of cis-9, trans-11 CLA (mg) in 227 mL CLA-Enriched Milk

Dietary Supplement % of DM Cis-9, trans-11 CLA Trans- 10-, cis-12 CLA Total CLA Total Fatty Acid Cis-9, trans-11 CLA,mg/227 mL

Corn silage 50.1 1.37 - - 2.45 20

77.5 1.61 - - 4.47 160

red clover silage 50 0.4 - - 3.78 34

Grass silage 50 0.45 - - 3.68 38

Alfalfa hay 49.2 0.69 - - 3.13 50

Fresh forage 50 1.57 - - 3.42 120

65 1.61 - - 3.91 143

80 1.9 - - 3.71 160

30 0.54 - - 4.39 50

60 1.21 - - 4.09 110

100 1.65 - - 4.01 150

Table 7. Agricultural Byproducts Used in Milk Enrichment with CLA, Milk CLA Content (% of Total Fatty Acids) and Content of cis-9, trans-11 CLA (mg) in 227 mL CLA-Enriched
Milk

Dietary Supplement % of DM Cis-9, trans-11 CLA Trans- 10-, cis-12 CLA Total CLA Total Fatty Acid Cis-9, trans-11 CLA (mg/227 ml)

Distillers grain plus solubles 5 0.6 - - 3.35 64

10 0.77 - - 3.33 60

15 0.83 - - 3.24 60

10 1.11 0.13 1.24 3.33 10

Corn germ 3.64 0.92 - - 3.55 70

Mustard bran 7.9 - 0.009 - - -

Table 8. The Marine Oils and Feeds Used in Milk Enrichment with CLA, Milk CLA Content (% of Total Fatty Acids) and Content of cis-9, trans-11 CLA (mg) in 227 mL CLA-Enriched
Milk

Dietary Supplement % of DM Cis-9, trans-11 CLA Trans- 10-, cis-12 CLA Total CLA Total Fatty Acid Cis-9, trans-11 CLA,mg/227 mL

Fish oil 16, g/da 6.05 - - 2.76 380

16, g/da 0.49 - - 3.56 40

0.5 0.14 1.04 - 3.4 10

2.14 3.41 - - 3.17 230

1.1 0.45 0.154 0.6 3.56 36

0.97 - 1.12 - - -

algae 8.5 1 - - 3.22 10

2.14 4.21 - - 3.43 330

11 1.36 0.0097 - 3.16 98

1 - - 3.59 - -

1 - - 4.18 - -

aHas been injected into the rumen.

of milk in Iran.

Based on the review study by TILAK R. et al. pasture

grass, plant oil seeds and oils, marine oils and feed and an-
imal fat that are rich in linoleic or linolenic acids, or are
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Table 9. The Mixed Diets Used in Milk Enrichment with CLA, Milk CLA Content (% of total Fatty Acids) and Content of cis-9, trans-11 CLA (mg) in 227 mL CLA-Enriched Milk

Dietary Supplement % of DM Cis-9, trans-11 CLA Trans- 10-, cis-12 CLA Total CLA Total Fatty Acid Cis-9, trans-11 CLA, g/227 mL

Flaxseed + flax oil - 0.53 - - 2.3 28

Flaxseed + buck wheat - 1.27 - 1.33 3.53 100

Corn + pasture 6.66 - - 1.12 - -

PUFA + pasture 15.83 - - 1.91 -

PUFA+ Ca salt of palm fatty acids 1.6 0.52 - - 3.22 40

Flax oil + DHA - 1.45 - 1.45 3.27 110

Flax oil + soybean oil - 1.81 - - 3.3 140

Soybean oil + CLA - 0.98 0.1 1.27 2.17 50

- 0.79 0.28 1.41 2.22 40

Fish oil + sunflower oil - 1.04 0.07 - 2.81 70

- 1.7 0.12 - 2.66 100

- 4.46 - - 3.54 360

- 3.04 0.075 3.47 2.9 200

- 1.64 - - 3.5 130

- 0.84 - - 2.51 48

- 1.53 - - 2.95 100

- - -

Fish oil + soy beans - 1.17 0.03 - 3.81 100

- 1.03 0.03 - 3.8 90

- 1.19 0.03 - 4.03 110

Fish oil + soybean oil - 1.16 0.04 - 3.17 80

Fish oil + stearic acid - 0.7 0.02 - 3.14 50

Fish oil + algae - 3.69 - - 3.49 290

4.47 - - 3.74 360

Fish oil + flaxseed - 1.06 0.03 - 3.08 74

Fish oil + Ca salt of palm fatty acids - 1.2 0.07 1.27 3.32 90

- 0.7 - - 3.76 60

- 1.04 - - 3.61 85

Fish oil + Ca salt of palm fatty acids + soybeans - 1.36 0.08 1.44 3.33 100

Fish oil + Ca salt of palm fatty acids + soybean oil - 1.74 0.08 1.82 2.89 110

Table 10. Other Dietary Supplements Used in Milk Enrichment with CLA, Milk CLA Content (% of Total Fatty Acids) and Content of cis-9, trans-11 CLA (mg) in 227 mL CLA-Enriched
Milk

Dietary Supplement % of DM Cis-9, trans-11 CLA Trans- 10-, cis-12 CLA Total CLA Total Fatty Acid Cis-9, trans-11 CLA,mg/227 mL

Canola meal 13 - - 1.17 - -

Concentrate 2.55 1.13 - - 3.81 100

able to change the rumen biohydrogenation process, are
effective substances to enhance the content of CLA in milk
(21). The results of this study are in accordance with their
findings and indicated that dietary supplements such as
sunflower, soybean, flaxseed and their oils which are rich
in linoleic or linolenic acids, and marine oils which are
rich in long-chain PUFA could proliferate the milk CLA con-
tent. Increasing vaccenic acid production in the rumen
is a key way to raise the milk CLA content, so supplemen-
tation of dairy cattle rations with diets which are rich
in linoleic, linolenic acids or diets containing marine oil-
rich in long-chain PUFA and by changing rumen biohydro-

genation process could inhibit vaccenic acid reduction to
stearic acid- increase the content of CLA in milk (22).

Given that cis-9, trans-11 CLA is a predominant CLA iso-
mer in ruminant milk and meat that has health benefits in
humans, increasing the content of this isomer in meat and
milk is the main objective in the field of enrichment of ru-
minant products with CLA (23, 24). The results of this study
indicated that 93.96% of treatments had significantly in-
creased the milk cis-9, trans-11CLAcontent. This could repre-
sent that increasing this isomer is the purpose of the most
researches conducted in this field.

The recommended amount of milk for daily consump-
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tion is two glasses. Based on the results of this study, more
than 70% of treatments provided the minimum amount of
cis-9, trans-11 CLA needed for preventing and reducing the
cancer risk in humans with two glasses of milk a day.

Based on the report of Larsson et al. long-term con-
sumption of high-fat dairy products and a high CLA intake
could reduce the risk of colon cancer (25). Although the
research on milk enrichment with CLA could not provide
the maximum amount of CLA which is necessary for reduc-
ing cancer risk, but according to success of researches on
providing the minimum amount, it can be concluded that
the milk enrichment with CLA is an effective action against
cancer.

Although milk enrichment with CLA is expensive, but
due to the high rate of cancer in Iran (26, 27), it would
be more reasonable and cost-beneficial to produce the en-
riched milk with CLA acceptably in the countries like Iran.

Results of our study revealed that studies related to the
milk trans- 10-, cis-12 CLA content were not considered ap-
propriately. Since this isomer, either directly or indirectly
through reducing obesity and as a result, obesity related
cancers is effective in reducing cancer risks (7, 28, 29). fur-
ther research to consider this isomer in milk enrichment
is recommended.
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Table 5. The Oils Used in Milk Enrichment with CLA, Milk CLA Content (% of Total Fatty Acids) and Content of cis-9, trans-11 CLA (mg) in 227 mL CLA-Enriched Milk

Dietary Supplement % of DM Cis-9, trans-11 CLA Trans- 10-, cis-12 CLA Total CLA Total Fatty Acid Cis-9, trans-11 CLA), mg/227 mL

CLA synthetic 1.13 - 0.09 0.6 - -

1.22 - 0.08 1.08 - -

2.11 - 0.16 1.7 - -

3.75 - 0.25 2.69 - -

0.43 - 0.028 0.83 - -

1 0.48 0.05 0.72 2.62 30

1 0.44 0.17 0.9 2.62 30

0.75 1.72 0.08 2.28 2.14 84

2.5 1.07 0.28 - 3.86 83

CLA synthetica 20 - - 2.56 - -

40 - - 2.98 - -

80 - - 5.44 - -

150 1.77 0.85 - 1.78 72

2 - 0.02 - - -

4 - 0.06 - - -

6 - 0.1 - - -

4 0.66 0.19 - 1.95 30

10 0.83 0.08 - 2.37 45

10 0.8 0.09 - 2.34 40

5 - 0.18 - - -

100 0.83 0.02 2.59 2.16 40

DHA 0.5 1.04 0.51 - 3.24 76

LA 2.7 1.43 - - 3.13 100

LA+DHA - 2.67 - - 3.01 180

tallow 1.67 0.71 - - 3.56 60

Sunflower oil 1.5 1.46 - 1.9 - -

3 1.85 - 2.36 3.63 150

4.5 3.28 - 3.87 3.39 250

2 1.61 0.0069 - 3.27 120

2.9 0.64 - 0.83 3.64 -

1.99 - - 1.11 - -

2.94 - - 0.976 - -

4.18 - 1.95 - -

Flaxseed oil 3 1.34 1.82 - 3.45 100

3 2.54 - - 2.22 130

4 1.6 - - 3.21 120

2.57 1.18 - - 3.44 92

5.12 1.39 - - 3.35 100

7.67 1.65 - - 3.27 120

2 1.54 - - 3.59 130

1.9 0.67 - - 1.83 28

5 2.67 0.08 - 3.07 190

1.88 0.876 - 0.95 5.21 104

2.96 1.73 - 1.82 4.52 177

4.44 2.09 - 2.22 4.68 22

3.3 0.43 - 0.45 4.67 46

Camelina oil 2.9 0.567 0.004 0.79 3.93 51

Ca salt of palm fatty acids 1.6 0.44 - - 3.34 30

Cottonseed oil 2 0.6 - - 3.34 46

Corn oil 2 0.69 - - 3.18 50

1.5 0.89 - - 3.28 66

5 3.68 0.09 - 3.05 250

Soybean oil 2 1.02 - - 3.05 70
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4 2.39 - - 3.26 180

1.7 0.65 0.009 0.75 3.59 53

3.4 0.96 0.016 1.09 3.14 70

5 0.984 0.11 1.23 2.73 60

PUFA 2.5 0.63 0.03 - 2.43 35

Safflower oil 6 3.36 0.05 . 2.83 220

6 4.12 0.04 2.97 280

5 2.16 0.09 3.06 150

5 4.09 0.12 2.83 260

Rapeseed oil 2.9 0.56 0.0038 0.77 3.86 50

a Has been injected into the rumen.
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