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Abstract 

Fat represents a great component in milk and its products. It is the source of flavor and smooth body of the dairy product. As it 
well known; fat consists of fatty acids with different structure either short or long chain; saturated and unsaturated fatty acids.  
Milk fat has a healthy role as it contained bioactive lipids. Bioactive lipids had been defined from several points of view; as 
bioactive compounds, which are essential and non-essential compounds that occur in nature, they are part of the food chain, and 
can be shown to have an effect on human health. Besides, these lipids are involved in the regulation and maintenance of normal 
body, functions, and allowing cells to respond appropriately. The present review dealt with the fractions of bioactive lipids in 
milk as well as their definitions, their classification, the healthy benefits of each fraction and the factors affect their levels in 
milk and its products. 
Key words: Bioactive lipids, CLA, odd and branched fatty acids, trans fatty acids, phospholipids, dairy products.

Introduction 

           Milk lipids are considered one of the 

most significant constituent of milk. Their role 

in the structure, stability, flavor and mouth feel 

of dairy products or as functional ingredients 

can’t be denied. It is exclusive structure of great 

ratio of fatty acids of chain length lower than 

12-carbon atom; which makes many of its 

features unique [1].  

           The milk fat, which is presented as oil-

in-water emulsion consists of approximately 

97% triglycerides while other milk lipids are 

diacylglycerol (about 0.5-2%), cholesterol (less 

than 0.5%), phospholipids (about 1%) and free 

fatty acids (FFA) about 0.1%. In addition, there 

are trace amounts of ether lipids, hydrocarbons, 

fat-soluble-vitamins and flavor compounds [2]. 

            Fatty acids (FAs) of milk fat emerge 

from two sources: synthesis de novo in the 

mammary glands and the plasma lipids 

originating from the feed; they differ from each 

other in their structure. The fatty acids that are 

synthesized de novo are short and medium-

chain length acids, from 4:0 to 14:0 and have 

also some 16:0, whilst the C18 fatty acids and 

some of 16:0 arise from the plasma lipids. De 

novo fatty acid synthesis accounts about 40% 

(w/w) of the total fatty acids in milk fat which 

largely influenced by animal genetics, while 

lipids of dietary origin gained the rest [3,4].   

 On the same line, many researches and 

reviews detected that milk own a rare 

composition with short, medium chain, 

polyunsaturated, branched fatty acid and 

conjugated linoleic acid (CLA) that play 

principle part in regulating biological activities. 

This great awareness that milk lipid components 

accord biological activities besides health 

beneficial characteristics moreover supported 

research in the dairy industry for formulating 

the dairy products with the incorporation of 

bioactive lipid components [2]. 

 Various factors influenced fatty acid 

composition of milk fat, such as variation in 

species, breed, stage of lactation, and feed [1]. 

As well, milk quality depends on a number of 

factors, even within the same animal species 

and within the same breed; like animal feeding, 

rearing systems, and seasonal variability [5]. On 

the other hand, some components choline, 

ethanolamine, and polyunsaturated fatty acid 

(PUFA) have promising impacts on the gut 
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mucosa, an inhibitory effect on cholesterol 

absorption, and an influence on the gut micro-

biome and immune function [6]. 

Thus, this review is a trail to point out 

the bioactive lipids in milk and milk products. 

Their definition and therapeutic effects of these 

fractions and the factors that might be 

influenced on them are also indicated. 

 

Definitions of Bioactive Lipids 

Although the concept of ‘bioactive 

lipids’ broadly defined as changes in lipid levels 

that result in functional consequences has been 

decades in the making, it has only started to 

gain traction in the past 20 years, and promises 

to occupy Center-stage in cell biology research 

in the twenty-first century. This belated 

recognition has its roots in earlier preconceived 

ideas about exclusive roles for lipids in energy 

metabolism and in membrane structure, which 

have prevented wider thinking about functional 

lipids by non-lipidologists. These impediments 

primarily arise from the many inherent diffi-

culties of working with lipids, their enzymes 

and their targets [7]. 

Some authors defined the bioactive 

lipids from several points of view. Generally, 

Biesalski et al. [8] defined them as bioactive 

compounds, which are essential and non-

essential compounds (e.g., vitamins or 

polyphenols) that occur in nature, they are part 

of the food chain, and can be shown to have an 

effect on human health. Also, these lipids are 

involved in the regulation and maintenance of 

normal body, functions, and allowing cells to 

respond appropriately [9]. 

Classification of Bioactive Lipids in Milk  

Bioactive lipids in milk include mono-

glycerides, di-glycerides, triglycerides 

associated with beneficial fatty acids like short 

& medium chain, conjugated linoleic acid 

(CLA), and polyunsaturated fatty acids 

(PUFAs). The minor lipid components like 

phospholipids and ether lipids also carry 

biological and health promoting activities [2].  

1- Butyric acid, short chain fatty acids 

        Four carbon atoms, butyric acid (BA) is 

classified as a saturated short-chain Fatty acid. 

Its name comes from the Latin word (butyrum) 

for butter, the material from which BA was 

discovered. BA occurs in the form of esters in 

animal fats and plant oils. When butter becomes 

rancid, BA is released by hydrolysis from its 

triacylglycerol giving an unpleasant odor. In 

addition to originate from dietary fat, BA is also 

produced along with acetic acid and propionic 

acid in the human gut during the fermentation of 

dietary fiber by colonic bacteria [10]. 

Acetic, propionic, and butyric acids are 

the predominant forms of volatile short chain 

fatty acids in the gastrointestinal tract. They are 

produced by fermentation of water-soluble fiber 

by anaerobic bacteria normally resident in the 

large bowel [11]. The short-chain fatty acids, 

C4:0 and C6:0, are regarded as present in the 

milk fat at high level if their proportions are 

expressed as molar percentages (approximately 

10 and 4.5%, respectively). The short (C4:0 to 

C6:0) and medium-chain fatty acids (C8:0 to 

C12:0) are unique to milk fat providing flavor 

or off-flavor depending on their concentrations 

[12].  

2- Conjugated linoleic acid 

Conjugated linoleic acid (CLA) is a 

generic name of a group of positional and 

structural linoleic acid isomers which don’t 

have methylene (CH2) group in-between the 

two double bonds. Isomers with double bond in 

the positions (8 & 10; 9 & 11; 10 & 12 and 11 

& 13) every one of them  may be in the cis and 

trans geometrical structures (total of 16 isomers) 

can be prepared theoretically by the 

isomerization of linoleic acid. There are four 

geometric CLA isomers: cis-trans; tans-cis; 

trans-trans and cis-cis [13]. 

Song et al. [14] demonstrated that 

CLA which belongs to a family of geometric 

and positional isomers of linoleic acid; its 

double bonds are conjugated in the carbon 

structure. Recently, Hur et al. [15] mentioned 

that linoleic acid is the main precursor of CLA; 

thus, CLA can be synthesized via conversion of 

linoleic acid by ruminal bacteria 

(Propionibacterium) and lactic acid bacteria 

(Lactobacillus, Lactococcus, and Streptococcus) 

with bio-hydrogenation. Accordingly, it is 

possible to increase the CLA concentrations in 

milk through feeding animals on a 

polyunsaturated fatty acid-rich diet, especially 

linoleic acid. 

Therefore, ruminant’s milk is 

characterized and specific with more CLA than 

Non-ruminants milk. CLA in whole cow milk 

ranges from 4.5 to 5.5 mg/g of fat [16]. The 

content of CLA in milk and dairy products 

depends on ruminal production of CLA and 

trans-11-C18:1 (vaccenic acid) as well as the 

activity of stearoyl-coenzyme desaturase (SCD) 

in mammary tissues. Indeed, vaccenic acid 
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(VA) formed in the rumen can be desaturated by 

SCD to form rumenic acid (RA), which 

represents 65 to 97% of total CLA content [16]. 

Other individual CLA isomers found in 

ruminant fat represented a very small portion of 

total CLA and are derived from rumen output. 

These isomers are found at a low concentration 

when present, generally they account about 

0.5% of the total CLA in ruminant fat [17]. 

On the other hand, dairy products are 

considered the master source of CLA [18]. 

Various dairy products which contain different 

CLA isomers include rumenic acid (C18:2, cis-

9 trans-11) ranging from 6 to 16 mg/g of fat. In 

addition, Collomb et al. [19] mentioned that 

cis-9, trans-11 CLA contents were 51.5 and 53.7 

mg/g of total FAs, respectively. 

3- Odd and Branched- chain fatty acids 

Milk fat consists of a diverse range of 

odd and branched-chain fatty acids (OBCFAs), 

with 56 specific isomers being reported, with 

chain lengths varying from 4 to 26 carbon atoms 

[20]. Odd and branched-chain fatty acids (iso 

and anteiso) in milk fat largely derive from 

rumen bacteria, which in turn show large 

differences in their OBCFAs profile [21, 22]. 

Vlaeminck et al. [22] classified the 

major branch-chain fatty acids in milk fat to 

three main classes; even-chain iso acids, odd-

chain iso acids, and odd-chain anteiso. The 

terms iso and anteiso designate the position of 

the branch chain in the fatty acid moiety. For 

iso-methyl fatty acids, the position of the branch 

chain is located at the penultimate carbon atom; 

whereas the branch point is lay on the carbon 

atom number two from the end in anteiso-

methyl fatty acids. 

The branched chain fatty acid is not 

routinely recorded in food due to their low 

concentrations (1–3%) of total lipid content 

[23]. Because their quantitation is sterious by 

more abundant straight chain saturated fatty 

acid (SFAs) and monounsaturated fatty acid 

(MUFAs) peaks in gas chromatography 

analyses [24]. Prior studies noticed that 

OBCFAs concentrations in the diet derive 

predominantly from dairy products with small 

amounts detected in fermented food [25]. 

Devle et al. [26] mentioned that the 

contents of odd and branched chain fatty acids 

may vary in the range of 2.0–3.1% and 1.4–

2.4%, respectively. The American diet delivers 

~170 and 317 mg BCFAs/d consumed from 

dairy and beef products, in order. There are 

seven major OBCFAs in food products, which 

include iso-14:0, iso-15:0, anteiso-15:0, iso-

16:0, iso-17:0, anteiso-17:0, and iso-18:0.  

On the other front, Dingess et al. [27] 

concluded that total OBCFAs in milk differed 

by site, with the highest concentration in 

Cincinnati City (7.90) followed by Mexico City 

(6.10) and Shanghai (4.27 mg/100 ml of milk), 

respectively. 

4- Phospholipids 

In phospholipids, the sn-1 and sn-2 

position of the glycerol backbone are esterified 

with fatty acids of varying length and degree of 

saturation. The remaining sn-3 position is 

esterified with phosphoric acid, which, in turn, 

is esterified with an alcohol. Depending on the 

structure of this alcohol, different types and 

ratios of phospholipids comprise, for example, 

phosphatidylcholine (PC) 35%, 

phosphatidylethanolamine (PE) 30%, 

sphingomyelin (SM) 25%, phosphatidylglycerol 

(PG), phosphatidylinositol (PI) 5%, or 

phosphatidylserine (PS) 3%.  Depending on the 

structure of the polar head group and pH of the 

surrounding medium, PE and PC are zwitter 

ionic and have a neutral charge at pH 7, whereas 

PG, PI, and PS are negatively charged at this pH 

value [28]. 

Glycerophospholipids and 

sphingolipids are two principle groups of 

phospholipids (PLs). Glycerophospholipids are 

consisting of glycerol, phosphoric acid, fatty 

acids and a hydroxy compound (e.g., choline, 

ethanolamine, serine, inositol) whilst, 

sphingolipids are compounds formed by a long 

chain base, sphingosine, fatty acids and sugars 

or phosphoric acid or alcohols [29]. 

Cerebrosides belong to the simple 

glycosphingolipids which have a hexose on the 

C1 atom such as glucosyl and galactosyl 

ceramide [30]. While, gangliosides are complex 

glycosphingolipids, where the head groups 

consist of oligosaccharides linked to one or 

more sialic acids (N-acetyl neuraminic acids). 

Due to the large head group, the number of 

different gangliosides is correspondingly large 

and they are sub-divided by structure into GM, 

GD and GT [31]. 

From another view, the milk fat 

globule membrane (MFGM) contains great 

attributions of sphingomyelin, 

phosphatidylcholine, and 

phosphatidylethanolamine, and some 

phosphatidylserine, phosphatidylinositol, and 

glycosphingolipids [6]. It is tri-laminar, with a 

surface-active layer, mainly consisting of 

proteins, surrounding the intracellular neutral 

lipids. This inner part is covered by a bilayer 
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membrane deriving from the secretory cell 

apical plasma membrane. As it well known; 

phospholipids are mainly located in the milk fat 

globule membrane and the outer leaflet of 

membrane is rich in sphingomyelin and 

cholesterol [32, 33, 34]. 

Gallier et al. [35] displayed that 

MFGM contains approximately 60–70% of total 

PLs in milk and phospholipids represent 0.5–

1% of the total lipids in milk. The majority of 

milk lipids are sphingolipids and 

glycerophospholipids, which show polar 

properties, as they are amphiphilic molecules 

with hydrophobic fatty acyl chains and a 

hydrophilic organophosphate (choline, serine, 

ethanolamine or inositol) head group. 

Ribar et al. [36] and Lopez et al. [37] 

mentioned that sphingomyelin is the most 

amount in milk sphingolipids followed by 

lactosylceramide (Lac Cer), glucosylceramide 

(Glu Cer), gangliosides and then less amounts 

of sphingoid bases. The content of 

sphingomyelin in milk fat varies between 0.65–

1.27 mg/g of fat, with the concentrations in 

whole milk typically ranging between 26.4–119 

mg/100g fat [38]. 

           Further, Kosmerl et al. [39] established 

that there was a meaningful attention recently 

for the bioactive activities of the MFGM-

derived milk PL (MPL), notably sphingomyelin 

(SM), and numerous benefits to human health. 

These include their roles in neurodevelopment, 

gut health, cholesterol absorption, lipid 

metabolism, and inflammation, deepening the 

link between dietary lipids and human health. 

5- Trans fatty acids 

Generally, Trans fatty acids (TFAs) are 

unsaturated fatty acids with at least a double 

bond in trans configuration or geometry, i.e., 

the two hydrogen atoms of the carbons 

adjacent to the double bond point to opposite 

directions. The double bonds can be located 

anywhere along the molecule, so that many 

positional isomers may exist. The double-bond 

angle of the trans fatty acids is smaller than the 

cis isomeric configuration and the acyl chain is 

more linear, resulting in a more rigid molecule 

[40]. 

 In 2003; The U.S. Food and Drug 

Administration [41] defined TFAs as "all 

unsaturated fatty acids that contain one or more 

isolated double bonds in a trans configuration". 

It added that trans fatty acids occur naturally in 

dairy and other animal fats by biological 

hydrogenation in the rumen, but approximately 

80% of dietary TFAs are derived from partially 

hydrogenated plant oils, with the remainder 

being supplied by ruminant products. Goudjil 

et al. [42] and Lock et al. [43] reported that the 

major trans isomers in the diet are the trans-

C18:1 which found in hydrogenated vegetable 

oil and ruminant fats, while trans- C18:2 appear 

only in trace amounts. The most prevalent trans 

fatty acid in milk is trans11-C18:1. 

Factors Affecting the Level and Type of Bioactive 

Lipids in Milk 

There are some factors affecting the level of the 

bioactive lipids such as: 

a- Dietary factors and seasonal variations 

It had been observed that synthesis of 

short chain fatty acids is susceptible to 

inhibition when increasing dietary levels of 

certain long-chain fatty acids (LCFAs) in the 

form of vegetable oils [13].  Feeding cows with 

flaxseed reduced the concentrations of short and 

medium chain fatty acids and increased the 

long-chain fatty acids in milk fat [44]. 

Shingfield et al. [45] compared between dietary 

supplementation with fish and sunflower oils in 

the diet and control one, the results with 

supplementation diet had clear alterations in 

milk fatty acid profile. A significant reduction 

(from 4.29 to 3.01 g/100g of total FAs) in 

butyric acid content was observed in Holstein-

British Friesian animal fed fish and sunflower 

oils. 

Bilby et al. [46]  reported that butyric 

acid content was 2.99, 2.27 and 2.21 g/100 g of 

total FAs in milk from Holstein cows fed a 

high-concentrate diet supplemented with fish 

(2.5%), linseed (5%), whole cottonseed (4.36 

%) and sunflower oils (5%), in the same order. 

Furthermore, Glasser et al. [47] 

presented that a significant decrease in C4:0 

content in milk fat of cows fed linseeds in diet. 

The butyric acid content in milk fat was reached 

to 2.58, 2.2 and 2.9 g/100g fat for diet 

supplemented with linseeds, protected linseeds 

and linseed oil, respectively, as compared to 

control (3.3 g/100g fat). Talpur et al. [48] 

studied the seasonal variations in fatty acid 

composition of milk from ruminants during the 

four periods of the year. A significant effect of 

season was observed on the C4:0 content of cow 

as well as buffalo milk fat. Generally, the 

concentration of short chain fatty acids 

(<C14:0) in milk were higher in winter than 

summer. 
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 However, Larsen et al. [49] displayed 

milk quality as affected by feeding regimens in 

a country with climatic variation. Milk from 

Central Sweden differed from milk from 

southern Sweden that it had a higher content of 

SCFAs (C4–C14). In addition, it was found that 

butyric acid content in winter and summer 

seasons was 4.3 and 4.7 g/100g of total FAs, in 

order. Where Bharwade et al. [1] found that 

butyric acid content in summer season was 

higher (2.46 g/100g of total FAs) than winter 

season (1.50 g/100g of total FAs) in Kankrej 

Cows, where the green fodder is in summer. 

Moreover, Abbas et al. [50] mentioned 

that buffalo milk had higher contents of butyric 

acids in summer and winter season than goat 

milk whereas the last one had much higher 

amounts of the rest of short chain fatty acids 

than buffalo milk. This is attributed to the use of 

goat milk in blue-veined cheese production. 

Concerning CLA, diet is the most 

significant factor that affecting on CLA content 

of milk fat, which can be naturally enhanced by 

fresh pasture feeding [51] or through the use of 

specific dietary formulations including seeds, 

vegetable oil or fish oil [52]. Mustard oil is one 

of the cheapest fat supplements being used 

traditionally in India for feeding of lactating 

animals. It contains about 45% linoleic and 9% 

linolenic acid content [53]. In that study, CLA 

content in milk was increased 12 fold after their 

feeding on mustard cake and mustard oil, 

respectively [54]. 

Lock and Garnsworthy [55] 
compared between feeding diets rich with 

linolenic and linoleic acids and they observed 

an increase in CLA content of milk when 

feeding on the first acid. Also, Kay et al. [56] 

notified that high CLA content (1.34 and 3.28 

g/100g of total FAs) on diet of pasture and 

supplementation with 150 g of fish oil, in order. 

Tyagi et al. [57] showed that Indian 

traditional feeding practices of 13 buffaloes did 

not influence on CLA content in milk. 

However, high levels of CLA can be achieved 

by feeding on a green fodder based ration. It 

was observed that cows that fed on a high 

concentrate diet supplemented with linseed, 

flaxseed, soybean and rich in linoleic acid gain 

increasing contents of CLA and total conjugated 

C18:2 fatty acids than supplemented without 

oils [58]. 

Dhiman et al. [59] reported that cows 

which feed grazing pasture; give 500% higher 

CLA content in milk fat (2.21% of total FAs) 

compared to cows fed a diet containing 50 % 

conserved forage (hay and silages) and 50% 

grain (0.38% of total FAs). As well, Marín et 

al. [60] clarified that cows feed grazing and low 

concentrate (1–2 kg/cow/day) give higher levels 

of CLA and omega-3 (n-3) fatty acids than cows 

that feed less grazing and greater concentrate 

(6–8 kg/cow/day). 

On the other side, plenty of fresh 

pastures give the greatest content of CLA, while 

it decreases throughout the growing season. The 

reason for this observation remains unclear. The 

CLA content of buffalo and cow milk was 

substantially higher during winter season (Feb) 

when the animals received plenty of greens 

especially mustard, oat green and berseem. 

During winter season, the CLA content of 

buffalo milk was about 50% higher than cow 

milk. The milk of crossbred cow contained 

higher levels of CLA than the milk of 

indigenous Zebu cattle during winter season. 

The CLA content increased two fold in milk fat 

from cows grazing on summer pasture 

compared to total mixed ration (TMR) fed in 

winter. There was a decrease in CLA content in 

August followed by an increase in September. 

The decrease in August was associated with a 

shortage of grass at this time of year. More 

grass was available in September due to the use 

of secondary growths of grass following the 

ensiling of grass for winter feed [61]. 

Similarly, Precht and Molkentin [62] 

had observed higher CLA content in European 

milk in comparison with Nordic countries (0.89 

vs. 0.58% of total FAs). This variation can be 

explained by the different feeding system in 

winter and summer, as it is well known that 

pasture feeding (summer) increases the content 

of CLA in milk fat compared to high 

concentrate allocations in winter due to the high 

concentrations of n-3 fatty acids in summer 

grasses, which are a source of CLA. 

Lock and Garnsworthy [61] found 

that CLA concentration of milk fat varied 

throughout the year, with the highest values 

being found in summer months (May, June and 

July). The CLA content was observed as high as 

twice in the summer (15 mg/g of fat) than in 

winter (7.7 mg/g of fat). Besides, Ledoux et al. 

[63] reported that summer season have the 

highest butter CLA contents (0.80 g/100g 

butter) when compared to winter (0.45 g/100g 

butter) and spring (0.58g/100g butter). These 

variations could be due to the animal diet. Rego 

et al. [64] mentioned that the CLA (cis-9, trans-

11) content of Holstein cow in spring and winter 

season was 1.43 and 0.96 g/100g of total FAs, 

respectively. 
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Salama et al. [65] observed that the 

buffalo milk was higher than goat milk in 

conjugated diene and triene fatty acids during 

winter and summer season. Moreover, it is 

found that the contents of conjugated fatty acids 

were higher in winter season when compared to 

summer season for both types of milk, 

respectively. These differences attributed to the 

breed and feeding system that reflects mainly 

the seasonal variations and their effect on milk 

composition. 

Abbas et al. [50] found that total 

contents of CLA were higher (0.62 and 1.0 %) 

in goat milk than buffalo milk (0.43 and 0.66 

%) during summer and winter season, in the 

same order. 

Increment the forage: concentrate (F: 

C) ratio in the diet resulted in a higher content 

of milk odd and branched chain fatty acids 

(OBCFAs). In addition, excess of iso C14:0 and 

iso C15:0 in total OBCFAs were higher than 

with anteiso C15:0, which decreased in some 

studies. These changes in milk concentrations of 

iso-fatty acids and anteiso C15:0 might reflect 

the differences in the rumen bacterial 

fermentation induced by variation in the dietary 

F: C ratio [66]. 

Supplementation with linoleic acid 

(C18:2 n-6) and linolenic acid (C18:3 n-3) had 

small effects on even-chain iso- fatty acids. 

Addendum of fish oil or marine algae 

minimized these fatty acids to 60% versus the 

control diet. The odd-chain iso-fatty acids 

increased with an excess degree of unsaturation 

of the supplemented fatty acids. When fish oil 

or marine algae were supplemented to the diet, 

the boost of odd-chain iso-fatty acids was 

mainly due to iso C17:0. Compared with the 

control diet; iso C17:0 increased by 95% when 

fish oil and sunflower oil or marine algae were 

supplemented [67, 68]. 

Bernard et al. [69] found that the 

supplementation with linseed oil in dairy goat 

diets decreased the contents of most iso fatty 

acids in milk fat with a concomitant increase in 

the proportion of total trans C18:1 and total 

CLA. 

Dingess et al. [27] studied the 

influence of diet from different sites on total 

OBCFAs content in human milk, where the 

highest concentration was in Cincinnati 

followed by Mexico City and Shanghai (7.90, 

6.10, and 4.27 mg/100 ml of milk), respectively. 

On the other side, Rego et al. [64] 

studied the impact of seasonal variation on odd 

and branched chain fatty acid in Azorean dairy 

herds. They found that the odd- and branched-

chain fatty acid were higher in spring, while 

odd-chain fatty acid (C15:0) were higher in 

winter. 

Abbas et al. [50] demonstrated that the 

seasonal variation is a very important factor of 

the contents of OBCFAs, where the goat milk in 

winter contains higher content of OBCFAs than 

summer. On contrary, buffalo milk contained 

small amounts in winter when compared to 

summer season. 

As the effective influence of feeding or 

seasonal variations on fatty acids profile; the 

minor components such as phospholipids; also 

have influenced by these factors. Lopez et al. 

[70] discovered that a PUFA rich diet produced 

fat globules with a Foods 2021, 10, 607 7 of 32 

larger proportion of phospholipids compared to 

milk fat derived from a diet with a higher SFA 

content. This was accredited to the smaller fat 

globules produced by the PUFA rich diet, 

resulting in fat globules with a larger surface 

area/volume ratio, where phospholipids are 

more abundant due to their presence in the 

MFGM layer at the surface of the fat globule. 

The phospholipids derived from the PUFA diet 

in this study consisted of a larger proportion of 

long chain and very long chain SFA, reduced 

C16:0 and increased fractions of C18:0. 

Research from Walker et al. [71] recognized 

higher phospholipid content in milk derived 

during late lactation than during any other stage, 

and again, this was linked to a reduced MFG 

size. In late lactation, there were peak 

phospholipid contents despite variation between 

the individual animals sampled. While lactation 

progressed, a decline in phospholipid and 

cholesterol concentrations was observed, 

however, samples for this study were only 

collected until the 180th day postpartum (mid 

lactation) [72]. 

However, supplementation of the diet 

with 4% soybean oil had no significant effect on 

sphingomyelin concentrations in milk fat 

[control diet (1.1 mg/g of fat) vs. supplemented 

diet (1.3 mg/g of fat)] or in whole milk. 

Although milk fat composition was altered, the 

lack of changes in milk fat content and fat 

globule size likely resulted in the unaltered 

sphingomyelin concentrations in milk fat 

between the control cows and those with 

soybean oil supplemented diets [71]. Graves et 

al. [73] also mentioned that sphingomyelin 
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concentration in milk fat was greatest during the 

summer (1.1 mg/g of fat) and least during the 

winter (0.95 mg/g of fat); while the 

concentrations in the spring was intermediate 

(0.99 mg/g of fat). This confirmed by Hofi et al. 

[74] in the past decade that the seasonal 

variation in the phospholipid content of 

Egyptian buffalo’s milk was higher in summer 

(29.60 mg/100ml of milk) than in winter (24.69 

mg/100ml of milk).  

Abbas et al. [50] indicated that total 

polar lipids of buffalo milk in summer and 

winter season (0.27 and 0.33 g/100g fat) were 

higher than goat milk (0.20 and 0.26 g/100g 

fat), respectively. 

Trans fatty acids as all fatty acids; 

highly affect by feeding system and seasonal 

variation. In an early study had been done by 

Chilliard et al. [3] concluded that the 

supplementation of dairy rations with 

capsulated vegetable or fish oils increase 

trans11-C18:1 (vaccenic acid) content, where 

there is a linear relationship between milk CLA 

and vaccenic acid content.    

Lock and Garnsworthy [55] reported 

that trans-C18:1 content was 3.28 g/100g fat 

when feeding cows on a diet rich in linoleic and 

linolenic acids, while it was 2.87 g/100g fat 

when feeding on grass silage (basal diet), 

respectively. Besides, Loor et al. [17] 

mentioned that total trans-C18:1 content were 

5.0 g/100g of total FAs when feeding cows on a 

high concentrate diet whilst they were 12.1 

g/100g of total FAs when feeding on a high 

concentrate diet with supplemented at 3% 

linseed oil, in the same order. 

Cívico et al. [29] indicated that total 

trans-C18:1 content were 3.61 g/100g of total 

fatty acid methyl esters (FAME) when feeding 

goats on a basal diet, while they were 5.72 

g/100g of total FAME when feeding on a  basal 

diet supplemented with linseed oil, respectively.  

On the other side, numerous studies 

have shown that trans fatty acids contents of 

milk varies significantly with seasons. Ledoux 

et al. [63] mentioned that summer season have 

the highest butter TFAs contents (2.87 g/100g 

butter) when compared to winter (1.96 g/100g 

butter) and spring (2.42 g/100g butter). These 

variations could be due to the feeding system. 

Also, Rego et al. [64] presented that trans11-

C18:1 and trans11 trans15- C18:2 contents of 

Holstein cows in spring were 3.2 and 0.37 

g/100g of total FAs, while in winter season 

were 2.2 and 0.22 g/100g of total FAs, in the 

same order. Talpur et al. [48] found that total 

TFAs contents of buffalo and goat milk samples 

in summer were 3.39 and 3.15 g/100g fat, while 

in winter were 2.17 and 2.52 g/100g fat, 

respectively. 

b- Effect of breed and species 

Kay et al. [75] clarified the fatty acid 

profile in Holstein and Brown Swiss cows and 

observed that higher C4:0 content in Brown 

Swiss (25.5 mg/g of fat) as compared to 23.6 

mg/g of fat in Holstein. While, Ferlay et al. 

[76] reported that high amount of C4:0 in 

Montbeliarde cows (4.07 g/ 100g fat) as 

compared to Tarentaise cows (3.78 g/ 100g fat). 

The butyric acid content in milk fat of 

Pakistani Water Buffalo Kundi was 3.72 and for 

Nili-Ravi breeds it was 4.20 g/100g fat, 

respectively [77]. Also, Palladino et al. [78] 

observed a non-significant difference was 

observed with 64.5, 60.4 and 61.7 mg BA/g of 

FAs in Holstein-Friesian, Jersey × Holstein and 

Jersey breed, in the same order.  

On the same side, Maurice-Van 

Eijndhoven et al. [79] displayed influence 

breed on fatty acid profile of milk fat. They 

noticed that butyric acid content varied between 

3.59 - 3.82 g/100g of total FAs for Dutch 

Friesian, Meuse-Rhine-Yssel, Groningen White 

Headed and Jersey.  

Saroha et al. [80] studied the butyric 

acid content of Indian goat milk and other 

livestock and they found that short chain fatty 

acid was 13.51g/100g of total FAME and 

butyric acid represented 1.34g/100g of total 

FAME in Indian goat milk. In the same year, 

Abbas et al. [81] mentioned that butyric acid in 

goat milk varied between 2.3-3 g/100g fat, 

while in cow milk varied between 2.5-6.2 

g/100g fat. While, Teng et al. [30] estimated the 

fatty acids composition of different milk types. 

They found that butyric acid content in goat 

milk was 0.93 g/100 g fat, while in buffalo milk 

was 1.62 g/100 g fat. 

On the same trend, it is a realistic 

concept that animal breed and species mainly 

affected all milk composition especially fat 

content and its individual components. Lowless 

et al. [82] compared four breeds of cows i.e. 

Irish Holstein/ Friesian, Dutch Holstein/ 

Friesian, Montbeliardes, and Normandes that 

were grazing pasture. They reported that breed 

had a clear effect with Montbeliardes, averaging 

about 13 % greater CLA content in milk fat than 

the other three breeds. 

While, White et al. [83] made a 

comparison study on Holstein and Jersey cows 

that were either fed a TMR confinement or 

grazing pasture: they found that Holstein cows 
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had slightly higher milk fat concentrations of 

CLA (18% greater overall). However, Kelsey et 

al. [84] reported that breed accounted for < 

0.1% of total variation in CLA concentration in 

milk fat, when compared CLA content of 

Brown Swiss and Holstein cows (CLA content 

4.1 vs. 4.4 mg /g of fat) fed identical TMR. 

Nudda et al. [85] mentioned that the 

range of CLA content in goat milk was 6.4 to 

7.9 mg /g of fat, while Gonzalez et al. [86] had 

noticed that low CLA proportions (0.48 g/100g 

fat) in river buffaloes from Argentina. Another 

trail was conducted by Kumar [87] who stated 

that Murrah buffalo milk contained the highest 

amount of CLA (15.54 mg/g of fat) as 

compared to Alpine goat (10.33 mg/g of fat) as 

well Saanen goat milk (9.32 mg/g of fat). 

In India, the CLA content in Kundi 

was significantly higher (0.80 vs. 0.71g/100g 

fat) than Nili-Ravi buffaloes. Similar values 

(0.77 g/100g fat) of cis-9, trans-11 were 

represented for Murrah buffaloes fed on green 

fodder [87]. 

Sheep and goat milk are richer in CLA 

than cow’s milk. At the same time, the findings 

found that sheep milk has higher content of 

CLA than goat milk, the reason was the 

differences in mRNA of their mammary 

adipocytes [88]. As well, Teng et al. [30] 

estimated the fatty acids composition of 

different milk types and they found that CLA 

content (cis-9, trans-11) in goat milk was 0.72 

g/100g fat, while in buffalo milk was 0.32 

g/100g fat. 

The odd and branched chain fatty 

acids, as all fatty acids; highly affect by breed 

and species. Little work was conducted with 

OBCFAs contents; Devle et al. [26] mentioned 

that minor amounts of OBCFAs were detected 

in the ruminant milk such as bovine, caprine, 

and ovine milk. They found that the values of 

odd-chain fatty acids (OCFAs) varied between 

2.0-3.1% in milk fat from these species, whilst 

the concentrations of branched-chain fatty acids 

(BCFAs) were between 1.4–2.4% of total FAs. 

Ma et al. [28] indicated that there were 

significant differences in milk OBCFAs 

composition of different species were observed. 

In cow, yak, buffalo and Jersey cattle milk, the 

highest composition of OBCFAs were iso-

C15:0 and C15:0. In goat milk were C15:0 and 

anteiso-C17:0, while in horse and camel milk 

were iso-C15:0 and anteiso-C17:0, in the same 

order. 

On the other hand, total OBCFAs in 

human milk differed by site, with the highest 

concentration in Cincinnati followed by Mexico 

City and Shanghai (7.90, 6.10, and 4.27 mg/100 

ml of milk), respectively. The individual 

concentrations of iso-C14:0, iso-C16:0, iso-

C18:0, anteiso- C15:0 and anteiso-C17:0 also 

differed between sites. Milk concentrations of 

iso-C14:0, anteiso-C15:0 and iso-C16:0 were 

associated with maternal intake of dairy [27]. 

Cívico et al. [29] studied the range of 

total OBCFAs contents in goat milk fat. They 

were 2.4–3.0 g/100 g of total FAs whereas Teng 

et al. [30] estimated the fatty acids composition 

of different milk types and they found that 

OBCFAs content in goat milk was 1.12 g/100g 

fat, while in buffalo milk was 1.53 g/100g fat. 

Regarding phospholipids, in an early 

study had been done by Kuchroo and 

Narayanan [89] data revealed that buffalo milk 

had higher PLs content (0.39 g/100g fat) than 

cow milk (0.36 g/100g fat). 

Avalli and Contarini [90] showed that 

sphingomyelin content of cow milk fat was 0.74 

mg/g of fat, and Rombaut et al. [91] found else 

contents of 1.27 mg/g of fat. The well-known 

fact that milk fat globule size (MFGS) is smaller 

for Holsteins than for Jerseys may be 

responsible for the greater sphingomyelin 

contents in Holstein milk fat. 

At least part of the breed effect in milk 

fat globule size is related to milk fat yield; 

because fat globule size increases with greater 

milk fat production. The smaller size of the milk 

fat globule for Holsteins means a greater milk 

fat globule membrane surface area is present 

relative to the core lipid volume. Consequently, 

increase membrane surface, a great content of 

sphingomyelin is found in Holstein milk fat 

[92]. 

Graves et al. [73] reported that 

Holstein milk fat contained greater contents of 

sphingomyelin (1.0 mg/g of fat) than Jersey 

milk fat (0.84 mg/g of fat). However, 

sphingomyelin content did not differ 

significantly in whole milk of Holstein and 

Jersey cows (0.0350 and 0.0349 mg/g of milk), 

respectively. While, Garcia et al. [93] analyzed 

human milk and found that a lower percentage 

of phosphatidylethanolamine and a higher 

percentage of sphingomyelin with respect to the 

milk of the other species. 

Abbas et al. [50] found that 

phospholipids classes content of buffalo and 

https://scialert.net/fulltext/?doi=ajft.2012.176.179#880271_ja
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goat milk in winter season were higher than 

summer season. 

Concerning trans fatty acids, animal 

breed and species mainly affected trans fatty 

acids contents. In an early study by Alonso et 

al. [94] who mentioned that total trans-C16:1 

and trans-C18:1 content of goat milk samples 

were 0.16 and 2.12 g/100g of total FAME, in 

the same order. While, Lock and Garnsworthy 

[55] found that the contents of trans-C18:1 in 

Friesian cow milk fat varied between 2.87-3.28 

g/100g of total FAME. 

On the same line, Loor et al. [17] 

mentioned that total trans-C18:1 content of 

Holstein cow milk fat was 5.0 g/100g of total 

FAs when feeding on a high concentrate diet 

whilst it was 12.1 g/100g of total FAs when 

feeding on a high concentrate diet with 

supplemented oil. As determine by Talpur et 

al. [77] trans11-C18:1 content in milk fat of 

Pakistani Water Buffalo Kundi and Nili-Ravi 

breeds. Their contents were 1.7 and 2.7 g/100g 

of FAME, respectively. 

Devle et al. [26] notified that TFAs 

content of cow milk fat was 0.69 g/100g of total 

FAs, while in goat milk fat was 0.87 g/100g of 

total FAs as well as in ewe milk fat was 1.0 

g/100g of total FAs, in the same order. Cívico et 

al. [29] published the range of total trans-C18:1 

contents of goats fed with different diets; they 

were 3.61–5.68 g/100 g of total FAME. 

 Teng et al. [30] estimated the fatty 

acids composition of different milk types. They 

found that total trans-C16:1 and trans-C18:1 

content of goat milk was 2.36 g/100g fat, while 

in buffalo milk was 1.16 g/100g fat as well in 

cow milk was 1.71 g/100g fat.  

Abbas et al. [50] mentioned that total 

trans fatty acids content of buffalo milk in 

summer and winter season (4.24 and 5.15 %) 

were higher than goat milk (4.14 and 5.5 %), 

respectively. Meanwhile, the same authors 

concluded that the species of animal as well as 

seasonal variations possess an important 

influence on the levels of bioactive lipids as 

shown in Table 1. 

Table 1. Bioactive lipids contents (as % of total fatty acids) of buffalo and goat milk samples during summer and 

winter seasons [50]. 

Fatty Acids 
Summer Winter 

Buffalo Goat Buffalo Goat 

C4:0  2.54b±0.12 2.04d±0.04 2.97a±0.13 2.26c±0.07 

C6:0  0.50d±0.04 1.66b±0.02 0.77c±0.10 1.96a±0.06 

C8:0  0.66c±0.07 1.94b±0.01 0.70c±0.06 2.23a±0.16 

C10:0  1.55c±0.06 6.30b±0.01 1.70c±0.11 7.68a±0.43 

Cis9 trans11-C18:2 0.29b±0.04 0.33b±0.07 0.43a±0.07 0.51a±0.03 

Cis10 cis12-C18:2 0.11b±0.02 0.15b±0.01 0.16a±0.09 0.17a±0.02 

Trans10 cis12-C18:2 0.01b±0.02 0.08b±0.07 0.04b±0.03 0.20a±0.09 

Trans9 trans11-C18:2 0.02b±0.01 0.06b±0.03 0.03b±0.01 0.12a±0.06 

C11:0 0.03ab±0.01 0.05a±0.03 0.02b±0.01 0.04ab±0.01 

C12:0 iso 0.04a±0.008 0.03a±0.005 0.08b±0.02 0.02a±0.07 

C12:0 anteiso 0.06b±0.008 0.02a±0.005 0.03a±0.008 0.05ab±0.02 

C13:0 0.13a±0.005 0.09b±0.03 0.07c±0.009 0.12ab±0.01 

C13:0 iso 0.40a±0.03 0.18c±0.01 0.23cb±0.009 0.30b±0.05 

C14:0 anteiso 1.30a±0.06 0.80c±0.07 0.84c±0.08 1.14b±0.03 

C14:0 iso 0.72a±0.04 0.54c±0.001 0.41c±0.03 0.60b±0.05 

C15:0 2.24a±0.02 1.25c±0.48 1.84b±0.20 2.02ab±0.05 

Cis9-C15:1 0.03a±0.01 0.04a±0.01 0.03a±0.01 0.04a±0.01 

Cis11-C15:1 0.03b±0.01 0.16a±0.003 0.06b±0.02 0.14a±0.02 

C18:0 iso 0.16a±0.01 0.14b±0.01 0.08c±0.01 0.13b±0.02 

C18:0 anteiso 0.56a±0.03 0.51a±0.02 0.23c±0.03 0.33b±0.04 

C16:0 iso 0.78a±0.05 0.48c±0.07 0.41d±0.03 0.64b±0.04 

C17:0 1.79a±0.16 1.48b±0.04 1.22c±0.11 1.87a±0.07 

Cis9-C17:1 0.72a±0.04 0.65ab±0.02 0.50b±0.15 0.60ab±0.05 

C17:0 iso 1.03b±0.03 1.32a±0.18 0.69c±0.06 0.92b±0.04 

C17:0 anteiso 0.03c±0.01 0.09b±0.04 0.05cb±0.008 1.04a±0.05 

Trans9-C16:1 0.36b±0.04 0.51a±0.03 0.16d±0.01 0.22c±0.06 

Trans9-C18:1 3.04b±0.79 2.06c±0.07 3.83a±0.24 3.08b±0.24 

Trans11-C18:1 0.77d±0.04 1.48c±0.03 1.09b±0.04 2.06a±0.03 

Trans11-C20:1 0.07a±0.04 0.09a±0.04 0.07a±0.01 0.14a±0.05 
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c- Effect of technological steps of dairy 

products: 

The influence of manufacturing 

conditions or technological steps on the content 

of fatty acids or CLA and their distribution in 

milk and its products has been established by 

little studies.  

Shantha et al. [95, 96] showed that an 

increase in processing temperature could 

slightly raise CLA concentration during the 

preparation of processed cheese. While the 

studies of Luna et al. [97] and Van 

Nieuwenhove et al. [98] support that heating at 

a high temperature does not increase CLA 

levels in milk fat. 

In the dairy products, Shantha et al. 

[96] studied the influence of stagnate on the 

CLA content in butter and cream and they found 

no change in CLA content as well as yogurt and 

cheese such as Mozzarella, Gouda and Cheddar. 

Gnädig et al. [99] and Nudda et al. [85] 

observed no significant effect of cheese 

processing on the CLA content, including Blue, 

Edam, Swedish and Swiss cheese types as well 

as French Emmental and Ricotta cheese made 

from the corresponding sheep’s milk. 

Ryhänen et al. [100] mentioned that 

CLA content in milk had been increased by 

feeding cows a diet with 0.5 kg rapeseed oil per 

day, and then manufactured butter of this CLA 

enriched milk. During manufacture of the butter 

there were no changes in the concentrations of 

CLA in milk fat. The CLA content in butter was 

0.9 to 1.1% of total FAs. 

Bisig et al. [101] concluded that the 

CLA content was stable during butter-making 

out of CLA-enriched milk and no changes in the 

CLA content during manufacturing or ripening 

of cheese as well as effect of heating steps 

showed no changes in CLA content or isomer 

profiles, with the exception of microwaving, 

where CLA was decreased by up to 53%. 

On the other side, O’Shea et al. [102] 

investigated the effect of dry fractionation of 

bovine milk fat on CLA content in the resulting 

fractions. They found that the CLA content had 

been increased from 1.36 to 2.22 g/100 g of 

total FAME represented 63.2% in the soft 

fraction compared with the parent fat. While, 

Romero et al. [103] found that the fractionation 

by using supercritical carbon dioxide increase 

the concentration of CLA by 89% from 

anhydrous milk fat (AMF). 

Phospholipids mainly present in the 

MFGM, any treatment that produces a 

disruption of the membrane can affect the 

distribution and composition of PLs in the final 

product. Therefore, manufacturing processes 

and technological steps are the most important 

factors affecting the content of phospholipids 

and their distribution in milk and its products 

[35]. 

Avalli and Contarini [90] estimated 

the PLs fractions in cow milk and its products. 

They found that PLs fractions of milk were 

32.3, 9.3, 10.5, 27.3 and 20.5% of total PLs for 

PE, PI, PS, PC, and SM, respectively. For cream 

samples, the corresponding values were 42.7, 

6.8, 7.2, 14.6 and 28.6% of total PLs, in the 

same order. Their values for butter samples 

were 31.0, 11.9, 15.3, 24.7 and 17.1% in 

sequence. The authors added that buttermilk 

samples contained 33.5, 2.4, 10.3, 35.5 and 

18.3% of total PLs for PE, PI, PS, PC and SM, 

respectively. They concluded that buttermilk 

contained the highest amount of total PLs 

compared with cream or butter, where their 

values were 4.49 g/100g fat versus 0.54 for 

cream and 0.20 g/100g fat for butter, in order. 

Rombaut et al. [104] and 

Garczewska-Murzyn et al., [105] discussed 

the influence of milk processing such as de-

creaming, pasteurization, and churning. They 

found that the polar lipids in skimmed milk 

represented more than half of the polar lipids 

originally present in the raw milk and the polar 

lipids content in skimmed milk were 

significantly higher than the polar lipids content 

of cream. Heat treatment of cream did not 

significantly affect the polar lipids content. The 

same authors found that during the churning, 

there was a preferential flow of polar lipids 

towards the buttermilk phase: 42.4 % of the 

cream polar lipids migrated to the buttermilk. 

Significantly, higher amounts of sphingolipids 

were found in butter compared with cream and 

buttermilk. They concluded that the polar lipids 

are mainly enriched in aqueous phases like 

skimmed milk, butter milk and butter serum.  

Buttermilk and its content of MFGM 

contain up to 40 (w/w) of phospholipids, where 

31% is PC, 30 % is PE, 20 % is SM, 7 % is PI, 

and 5 % is PS [105]. Gallier et al. [35] 

mentioned that the milk processing (churning, 

centrifuging, homogenization, spray drying) 

affected the profile of milk phospholipids, 

leading to a loss of sphingomyelin and 

phosphatidylcholine after centrifugation for 

cream separation. 
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On the same trend, Abd El-Hamid et 

al. [106] studied the distribution of bioactive 

lipids in buffalo fatty products as shown in 

Table 2. They reported that buffalo cream 

contained higher amounts of butyric acid than 

skim milk. Moreover, buttermilk had higher 

values of butyric than butter samples. On the 

other trend, the findings manifested that cream 

sample had higher values of conjugated diene 

and triene acids than skim milk, respectively. 

Meanwhile, butter contained higher amounts of 

total OBCFAs than buttermilk. Regarding 

phospholipids, it was found that cream samples 

contained higher contents of phospholipid 

classes such as PE, SM and PG than skim milk. 

On contrary, skim milk had higher values of PC, 

PS and PI than cream. Moreover, authors 

observed that buttermilk was higher in PC, PE, 

and SM as compared to butter samples. 

Recently, Abbas et al. [107] used a new 

technique (Dry fractionation) to fractionate milk 

fat. Afterward, authors tracked the distribution 

of bioactive lipids in buffalo butter oil and its 

fractions prepared by the new technique as 

presented in Table 3. They found that liquid 

fraction at 15°C (L15) had a higher content of 

CLA as well conjugated diene and triene fatty 

acids, while solid fraction at 25°C (S25) 

contained higher content of total OBCFAs as 

compared to the rest fractions. Eventually, 

authors concluded that dry fractionation led to 

marked differences in the distribution of 

bioactive lipids in buffalo butter oil and its 

fractions. Moreover, each fraction could be used 

for specific purpose in the food industries 

according to its melting properties and this 

affect its healthy benefit.

 

Table 2. Bioactive lipids contents (as % of total fatty acids) of buffalo cream, butter and their by- 

products [106]. 

Bioactive lipids Products 

Cream Skim milk Butter Butter milk 

C4:0  1.27b±0.04 1.07d±0.02 0.98de±0.02 1.03d±0.01 

C6:0  0.56d±0.02 0.75cd±0.01 0.49e±0.02 0.34f±0.01 

C8:0  0.65c±0.01 0.82b±0.02 0.51e±0.01 0.39f±0.02 

C10:0  1.89e±0.02 2.22c±0.02 2.31b±0.01 1.70h±0.02 

Cis9 trans11-C18:2 0.54d±0.12 0.26f±0.21 0.74c±0.02 0.17g±0.16 

Cis10 cis12-C18:2 0.50c±0.12 0.65a±0.16 0.44d±0.07 0.42d±0.05 

Trans10 cis12-C18:2 0.45b±0.13 0.47b±0.29 0.41b±0.06 0.39b±0.12 

Trans9 trans11-C18:2 0.07c±0.02 0.07c±0.01 0.08c±0.01 0.06c±0.01 

C11:0 1.91a±0.13 0.02b±0.01 0.04b±0.03 0.03b±0.02 

C12:0 iso 0.03bcd±0.01 0.02bcd±0.01 0.06ab±0.04 0.01cd±0.007 

C12:0 anteiso 0.02cd±0.01 0.04abc±0.01 0.02bcd±0.007 0.01cd±0.007 

C13:0 0.04d±0.02 0.10b±0.04 0.05cd±0.01 0.02d±0.02 

C13:0 iso 1.47a±0.35 0.21bcd±0.01 0.18bcd±0.04 0.08bcd±0.07 

C14:0 anteiso 0.99ab±0.07 0.86b±0.01 0.88b±0.02 0.58c±0.24 

C14:0 iso 0.49a±0.07 0.01e±0.01 0.41b±0.007 0.26cd±0.12 

C15:0 2.15ab±0.26 1.83bccd±0.18 1.97abc±0.07 1.41ed±0.51 

Cis9-C15:1 0.03b±0.02 0.02b±0.007 2.08a±0.09 0.01b±0.001 

Cis11-C15:1 0.09d±0.007 0.08d±0.01 0.05e±0.007 0.03f±0.001 

C18:0 iso 0.11b±0.007 0.12b±0.01 0.12b±0.007 0.03cd±0.03 

C18:0 anteiso 0.25c±0.01 0.21cd±0.007 0.24cd±0.01 0.10f±0.03 

C16:0 iso 0.48b±0.04 0.40b±0.07 0.40b±0.007 0.24c±0.11 

C17:0 1.46c±0.22 1.49c±0.03 1.61bc±0.26 1.44c±0.29 

Cis9-C17:1 0.49cde±0.04 0.39def±0.07 1.50b±0.11 0.23ef±0.14 

C17:0 iso 0.64c±0.09 0.55cd±0.10 0.57cd±0.02 0.50d±0.02 

C17:0 anteiso 0.78b±0.11 0.68bc±0.07 0.72b±0.12 0.55c±0.14 

Trans9-C16:1 0.17bcd±0.05 0.14cd±0.01 0.15bcd±0.007 0.10ed±0.02 

Trans9-C18:1 3.65cd±0.55 4.64bc±0.26 3.96bcd±0.21 5.07ab±1.23 

Trans11-C18:1 1.42c±0.04 1.28de±0.02 1.48bc±0.05 1.27e±0.02 

Trans11-C20:1 0.05b±0.04 0.04b±0.02 0.09ab±0.02 0.08b±0.01 
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Table 3. Bioactive lipids contents (as % of total fatty acids) of buffalo butter-oil and its fractions 

[107]. 

 

Bioactive lipids 

Samples 

Butter oil S35 S25 S15 L15 

C4:0 1.11c ±0.01 0.93e ±0.04 1.12c ±0.02 0.84f ±0.02 1.06d ±0.02 

C6:0 0.32gf ±0.02 0.57d ±0.01 0.77b ±0.02 0.28g ±0.02 0.70c ±0.02 

C8:0 0.31g ±0.01 0.32g ±0.03 0.91a ±0.02 0.58d ±0.01 0.88a ±0.02 

C10:0 2.11d ±0.02 1.82f ±0.03 2.31b ±0.01 2.22c ±0.07 2.37a ±0.02 

Cis9 trans11-C18:2 0.54d ±0.02 0.43e ±0.03 0.80b ±0.04 0.84b ±0.07 0.91a ±0.10 

Cis10 cis12-C18:2 0.60a ±0.007 0.67a ±0.07 0.54c ±0.07 0.47d ±0.04 0.63a ±0.09 

Trans10 cis12-C18:2 0.72a ±0.02 0.11d ±0.13 0.70a ±0.02 0.19c ±0.14 0.18c ±0.007 

Trans9 trans11-C18:2 0.07c ±0.02 0.03c ±0.07 0.34a ±0.03 0.26b ±0.06 0.21b ±0.04 

C11:0 0.05b ±0.001 0.02b ±0.01 0.14b ±0.02 0.03b ±0.007 0.03b ±0.007 

C12:0 iso 0.01d ±0.001 0.05abc ±0.01 0.04bcd ±0.02 0.03bcd ±0.01 0.03bcd ±0.01 

C12:0 anteiso 0.01d ±0.001 0.02cd ±0.01 0.03abcd ±0.0 0.05a ±0.007 0.05ab ±0.001 

C13:0 0.01d ±0.001 0.18a ±0.02 0.09bc ±0.02 0.10b ±0.01 0.11b ±0.01 

C13:0 iso 0.03cd ±0.001 0.01d ±0.007 0.30cb ±0.02 0.33b ±0.01 0.32b ±0.07 

C14:0 anteiso 0.41c ±0.01 0.03d ±0.007 1.06ab ±0.07 1.14a ±0.07 1.15a ±0.02 

C14:0 iso 0.17d ±0.01 0.65a ±0.02 0.56a ±0.03 0.61a ±0.04 0.61a ±0.01 

C15:0 1.04e ±0.02 0.02f ±0.001 2.16ab ±0.05 2.34a ±0.14 2.26ab ±0.04 

Cis9-C15:1 0.01b ±0.001 0.08b ±0.007 2.22a ±0.25 0.03b ±0.007 0.02b ±0.007 

Cis11-C15:1 0.03f ±0.001 0.34a ±0.02 0.12c ±0.007 0.14b ±0.007 0.14b ±0.007 

C18:0 iso 0.05d ±0.001 0.09bc ±0.001 0.20a ±0.01 0.19a ±0.01 0.19a±0.002 

C18:0 anteiso 0.08f ±0.001 0.16e ±0.02 2.15a ±0.02 0.37b ±0.04 0.34b ±0.01 

C16:0 iso 0.16c ±0.02 0.16c ±0.04 0.61a ±0.02 0.66a ±0.05 0.65a ±0.02 

C17:0 0.65e ±0.02 1.04d ±0.07 1.95ab ±0.03 2.09a ±0.19 2.01a ±0.06 

Cis9-C17:1 0.13f ±0.01 0.33def ±0.02 1.85a ±0.35 0.64cd ±0.01 0.63cd ±0.01 

C17:0 iso 0.28e ±0.007 0.54cd ±0.03 0.85ab ±0.11 0.92a ±0.08 0.89ab ±0.02 

C17:0 anteiso 0.36d ±0.007 0.04e ±0.001 0.95a ±0.02 0.99a ±0.07 0.98a ±0.01 

Trans9-C16:1 0.06e ±0.001 0.42a ±0.04 0.20bc ±0.03 0.21bc ±0.02 0.23b ±0.02 

Trans9-C18:1 5.88a ±0.07 4.80abc ±0.04 4.84abc ±0.57 4.85abc ±0.14 4.85abc ±0.34 

Trans11-C18:1 1.48bc ±0.10 1.38cde ±0.02 1.46bc ±0.06 1.57ab ±0.02 1.63a ±0.04 

Trans11-C20:1 0.02b ±0.001 0.05b ±0.001 0.09ab±0.02 0.04b ±0.007 0.16a ±0.07 

S35= Solid fraction at 35°C; S25= solid fraction at 25°C; S15= solid fraction at 15°C; L15= liquid 

fraction at 15°C. 

Health Benefits of Milk Bioactive Lipids 

Bioactive lipids have various health 

benefits related to human health as tumor 

inhibition, prevent chronic diseases, and 

enhancing brain functions are represented in 

Figure 1. 

          Butyric acid as a very short chain fatty 

acid (C4:0), is one of the most important fatty 

acids for its potential healthy effect and 

considered as one of the effective bioactive 

lipids. Little researches studies were conducted 

on butyric acid and its estimation [10]. 

 Butyric acid, short chain fatty acids 

and lauric acid have a positive impact as 

antiviral, antibacterial, anti-carcinogenic, 

promote differentiation, inhibit cell growth, 

induce apoptosis in many human cancer cell 

lines and prevent the invasion of tumors via 

inhibitory effects on urokinase [108,109]. 

Likewise, Williams et al. [110] stated that low 

concentrations of butyric acid can inhibit 

growth of human cancer cell lines, including 

prostate and several types of breast and colon 

cancer. It is believed that butyric acid has the 

ability to inhibit histone deacetylases, which 

resulted in histone hyper acetylation and 

destabilization of 5-chromatin structure that 

facilitates transcription factor binding and 

activation of genes associated with cell growth 

[2, 111]. 
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Conjugated linoleic acid is considered 

as anti-obesitic, anti-atherogenic, anti-

carcinogenic, and anti-diabetagenic agent as 

mentioned by Kilic-Akyilmaz et al. [12] , 

Benjamin and Spener [112] and McCrorie et 

al. [113]. Also, Park and Wu [114] observed 

that CLA can reduce the body fat, prevent of 

cancer and cardiovascular diseases, modulate of 

immune and inflammatory responses, and 

improve of bone health. In addition, CLA was 

considered to act as an inhibitor of DNA 

synthesis and consequently can inhibit cancer 

cells.  

        Anti-carcinogenic effects have been 

observed in all cancer types, with doses varying 

between 55 mg and 3.5 g CLA/day. Milk and its 

products represent main source of CLA in the 

human diet, with nearly 70% of the daily 

requirement, and an average intake of 650 

mg/day. That intake value is insufficient for 

achieving beneficial effects on human health. 

Various technological alternatives in the field of 

food technology are exploring ways to produce 

milk and dairy product rich in CLA. Several 

studies on human nutrition recorded that daily 

safe requirement of CLA ranged between 3 and 

6 g, although some researches mentioned that 

administration more than 3.4 g CLA/day has no 

beneficial action [115,116].  

        Exogenous estrogen administration 

increases the risk of endometrial hyperplasia 

and breast cancer, so there is great interest in 

natural alternatives to estrogen therapy to avoid 

postmenopausal hazard on women’s health. In 

postmenopausal women, CLA can inhibit the 

estrogen receptor (ER) signaling in human 

endometrial and breast cancer cells, acting as an 

estrogen antagonist through the inhibition of ER 

alpha (ERα)-mediated responses. Amaru et al. 

[117] concluded that CLA effectively reduces 

breast cancer risk by inhibiting breast tumor 

initiation, promotion, and progression. 

Concerning colorectal cancer, CLA intake 

succeeded in achieving 30% reduction and 

showed significant role in preventing testicular 

cancer [116]. 

On the other trend, little studies dealt 

with the health benefits of odd and branched 

fatty acids. Both anteiso and iso branch-chain 

fatty acids inhibited tumor outgrowth and the 

highest activity was observed with 16:0 iso, 

while the inhibitory effects were reduced with 

an increase or decrease in carbon chain length. 

Odd and branched-chain fatty acids inhibit fatty 

acid synthesis of tumor cells through direct 

effects on fatty acid synthetize and reductions in 

fatty acid precursor supply [118]. 

From health points, phospholipids and 

their digestion products are considered as the 

most bioactive compounds. Sphingolipids have 

been implicated as modulators of physiologic 

and pathophysiologic processes such as 

inflammatory responses [119]. Sphingomyelin 

can influence cholesterol metabolism and 

coronary heart disease as well as gangliosides 

exhibit anti-infection activity and may also 

protect against mucosal damage [108]. In the 

same side, gangliosides modify the 

gastrointestinal receptor for microbial toxins, 

thereby partially preventing some digestive 

disorders [120]. Sphingolipids have an impact 

on other pathophysiologic processes such as 

angiogenesis, cell growth, migration, cell death, 

autophagy, intracellular trafficking, cell 

adhesion, differentiation, stress, and senescence 

[121]. In addition, potential health benefits may 

be related to choline, ethanolamine, and 

polyunsaturated fatty acid (PUFA) content 

effects in the gut mucosa, an inhibitory effect on 

cholesterol absorption, and an influence on the 

gut microbiome and immune function [6]. 

Moreover, phospholipids act as lipoprotein 

components for transport of fat between gut and 

liver, as source for acetylcholine (in the case of 

PC), and as source of (essential) fatty acids and 

energy [32]. 

Further, Dislich and Lichtenthaler 

[122] indicated that sphingolipids are associated 

with age-related diseases and the development 

of Alzheimer’s diseases; sphingo-lipid 

signalling may play a role in the progressive 

loss of cell function during the aging process. 

Tanaka et al. [123] cleared that sphingomyelin- 

fortified milk has a positive association with the 

neurobehavioral development of very low birth 

weight infants. Lately, Liu et al. [124] 

demonstrated that gangliosides have been 

associated with enhancing spatial learning and 

affecting brain growth and composition in 

neonatal piglets. 

         Growing evidences have confirmed the 

role of phospholipids in the synthesis and 

secretion of chylomicrons or very low-density 

lipoproteins. Additionally, the inclusion of 

dietary phospholipids can inhibit fatty acids 

synthesis, and promote fatty acids oxidation to 

alleviate hepatic lipid deposition. However, 

dietary phospholipids supplementation did not 

produce any statistical difference on hepatic 

lipid content of juvenile Japanese flounder, but 

significantly promoted hepatic lipid deposition 

in juvenile stellate sturgeon. Therefore, the 

impacts of dietary phospholipids on lipid 

metabolism should be further investigated due 

to the species-dependent characterization [125]. 
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Regarding health impact of TFAs, 

numerous studies have implicated a high 

consumption of trans fatty acids as risk factors 

for cardiovascular disease (CVD) and coronary 

heart disease (CHD). World Health 

Organization [126] recommended that intake 

of TFAs should not exceed 1% of total energy 

to reduce CVD risk, without explicitly 

discriminating between sources of TFAs in the 

human diet. While, Mensink et al. [127] and 

Mozaffarian et al. [128] announced that TFAs 

are known to raise low-density lipoprotein 

(LDL) cholesterol concentrations and plasma 

triglycerides in blood. In addition, TFAs are risk 

factors for atherosclerosis, sudden cardiac 

death, and other aspects of chronic diseases. 

 No study has yet found a significant 

positive relationship between the intake of 

ruminant-derived TFAs and CHD risk. At the 

same time, Elwood et al. [129] mentioned that 

increased milk consumption is associated with a 

reduction in CHD risk. Mozaffarian et al. [128] 

proposed that reduction in CHD risk with the 

higher intakes of TFAs from ruminant-derived 

food. Regarding the substantial risk associated 

with TFAs from industrial sources, may simply 

reflect either the lower intake of ruminant TFAs 

in the human diet or an isomer-specific 

bioactivity or due to the activity of other 

compounds in milk and dairy products that 

negate or mitigate against any adverse effects of 

TFAs. 

Figure 1. Some health benefits of bioactive 

lipids in milk and its products 

Conclusion 

Milk and its products are rich sources of 

bioactive lipids that consider as good 

compounds for human health. There are many 

factors that influence the differences between 

the bioactive lipids contents of milk such as the 

species, feeding system and seasonal variations. 

The outcome of this review is indicated that 

winter samples contained higher contents of the 

mentioned-bioactive lipids than summer season, 

where the green fodder is in winter. Meanwhile, 

the technological steps had a clear influence on 

the distribution of all bioactive lipids in milk 

products, especially CLA and phospholipids. 

Phospholipids are the most abundant in aqueous 

phase such as buttermilk and skim milk 

compared to cream and butter.  

Significant Statement 

         This review confirmed that the feeding 

system, seasonal variations, and technological 

processes had a clear influence on the 

distribution of all bioactive lipids in milk. 

Consequently, the importance of bioactive lipids 

as healthy natural ingredients must be taken a 

great consideration in the future. Meanwhile, it 

is important to pay attention to the fat of other 

types of milk such as human, camels, and 

horses. 
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