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Simple Summary: The objective of this review is to highlight the importance of odd and branched chain
fatty acids and dietary factors that may affect their content in milk acids in dairy cows. The primary
source of odd and branched chain fatty acids is ruminal bacteria. In contrast to saturated fatty acids, odd
and branched chain fatty acids have health protective effects against certain diseases as cardiovascular
diseases, type II diabetes, cancers, Alzheimer’s disease and metabolic syndrome. Ruminant products
are the main source of these fatty acids in the human diet. Odd and branched chain fatty acids profile in
cow milk is mainly affected by dietary fatty acids and fatty acids metabolism in the rumen. Additionally,
lipid mobilization in the body and fatty acids metabolism in mammary glands affect the milk odd and
branched chain fatty acids profile. Understanding the origin of odd and branched chain fatty acids in
milk and manipulating the diet of dairy cows to produce odd and branched chain fatty acids-enriched
milk can be of scientific and industrial significance.

Abstract: This review highlights the importance of odd and branched chain fatty acids (OBCFAs)
and dietary factors that may affect the content of milk OBCFAs in dairy cows. Historically, OBCFAs
in cow milk had little significance due to their low concentrations compared to other milk fatty acids
(FAs). The primary source of OBCFAs is ruminal bacteria. In general, FAs and OBCFAs profile in milk
is mainly affected by dietary FAs and FAs metabolism in the rumen. Additionally, lipid mobilization
in the body and FAs metabolism in mammary glands affect the milk OBCFAs profile. In cows,
supplementation with fat rich in linoleic acid and α-linolenic acid decrease milk OBCFAs content,
whereas supplementation with marine algae or fish oil increase milk OBCFAs content. Feeding more
forage rather than concentrate increases the yield of some OBCFAs in milk. A high grass silage rate
in the diet may increase milk total OBCFAs. In contrast to saturated FAs, OBCFAs have beneficial
effects on cardiovascular diseases and type II diabetes. Furthermore, OBCFAs may have anti-cancer
properties and prevent Alzheimer’s disease and metabolic syndrome.
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1. Introduction

The main lipids in milk are fatty acids (FAs), acylglycerols, and cholesterol [1]. Milk
fat contains a small quantity of odd and branched chain fatty acids (OBCFAs). However,
OBCFAs appear to be differentially accumulated in adipose tissue and milk of cows [2],
goats [3], and sheep [4]. The content of these FAs in milk originated from metabolites
synthesized by ruminal bacterial, with a large variation in their FAs profiles [5]. Amylolytic
bacteria produce more linear odd chain and anteiso FAs than iso FAs, whereas cellulolytic
bacteria produce more iso FAs [6]. The biosynthesis of OBCFAs in the rumen is the primary
source of milk from ruminant animals [7]. The characteristic of FAs in the ruminal bacteria

Animals 2021, 11, 3210. https://doi.org/10.3390/ani11113210 https://www.mdpi.com/journal/animals

https://www.mdpi.com/journal/animals
https://www.mdpi.com
https://orcid.org/0000-0002-5256-0531
https://doi.org/10.3390/ani11113210
https://doi.org/10.3390/ani11113210
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ani11113210
https://www.mdpi.com/journal/animals
https://www.mdpi.com/article/10.3390/ani11113210?type=check_update&version=2


Animals 2021, 11, 3210 2 of 13

is largely composed by OBCFAs in the membrane lipids (C15:0; anteiso C15:0; iso C15:0;
C17:0; iso C17:0; C17:1 and anteiso C17:0) [8].

OBCFAs have been used as a marker of ruminal bacterial colonization following
consuming of fresh herbs [9,10]. Furthermore, some studies have shown that OBCFAs
could be used as markers for quantifying ruminal bacteria [11]. Linear odd chain FAs
(C15:0 and C17:0) have been used as biomarkers to identify the link between dairy product
consumption and disease outcomes [12,13].

Milk contains essential nutrients that are beneficial to human health, e.g., liposoluble
vitamins, carotenoids, calcium, bioactive peptides, essential FAs, and sphingolipids [14].
However, cholesterol, saturated FAs, and trans FAs have been associated with increased
risk of type II diabetes, obesity, and cardiovascular diseases, which has prompted health
authorities to recommend a low consumption of dairy products. As a result, the con-
sumption of OBCFAs is low [15]. Nevertheless, there is an increasing interest of milk
OBCFAs, following research reported that several OBCFAs have potential health benefits
in humans [16,17]. Recently, it has been reported that during early life Branched-chain fatty
acids (BCFAs) play a role in human gut health [18].

OBCFAs are present in small quantities in several vegetables that are incorporated in
feedstuff [19]. Some studies have reported that <100 g of OBCFAs per kg of milk can be
obtained from feeding, even though all dietary OBCFAs are transferred into milk [20]. This
review discusses the importance and origin of milk OBCFAs and the dietary factors that
affect OBCFAs biosynthesis in dairy cows.

2. Origin of Milk OBCFAs in Dairy Cows

Decades ago, OCFAs had little significance due to their low physiological concentra-
tions compared to non-OCFAs [21]. In the human body, a large part of OCFAs undergo
β-oxidation [22]. While the β-oxidation of OCFAs results in propionyl-CoA, the β-oxidation
of even-chain FAs results in cetyl-CoA [17]. Studies have reported that OCFAs formation
may occur in the human body via α-oxidation [23]. Furthermore, propionate derived from
intestinal bacteria can be used to produce OCFAs in the liver [24].

Milk fat contains a small quantity of OBCFAs. The major OBCFAs in milk are C15:0,
C17:0, iso C13:0, iso C14:0, iso C15:0, iso C16:0, iso C17:0, anteiso C15:0, and anteiso-
C17:0 [25]. Most of these OBCFAs originate from ruminal bacteria [7]. However, the profile
of OBCFAs in milk does not closely match the profile of OBCFAs in ruminal bacteria. The
difference between these profiles suggests that a small amount of OBCFAs may originate
from post ruminal synthesis [26].

The profile of OBCFAs in ruminal bacteria is primarily determined through the en-
zymes that catalyze FAs’ synthesis in microorganisms, rather than the availability of the
precursors [27]. As a result, iso-FAs are abundant in the solid phase of cellulolytic bacteria,
while anteiso C15:0 is abundant in the liquid phase of bacteria involved in sugar and pectin
fermentation [28]. Bacterial membrane lipids are the main source of OBCFAs in the ru-
men [29]. In bacteria, de novo synthesis of OBCFAs can proceed systematically. OCFAs can
be synthesized via the valerate or propionate elongation pathways [6], with propionyl-CoA
rather of acetyl-CoA as the precursor [8]. In addition, contents of OCFAs are higher in milk
than in plasma [30], indicating that some OCFAs and anteiso FAs are produced in mam-
mary glands [31]. Even though de novo synthesis of linear OCFAs in mammary glands
are not significant in milk [32], several studies have reported that some linear OCFAs such
as C15:0 and C17:0 are synthesized from propionate in mammary glands and adipose
tissue [33,34]. Propionyl-CoA can serve as the precursor for the synthesis of OCFAs [35].
Precursors of BCFAs are valine, leucine, and isoleucine, which are branched chain amino
acids such as 2-methyl butyric, isobutyric, and isovaleric acids [6]. Propionate may be
indirectly used in the synthesis of some BCFAs by incorporating methylmalonyl-CoA into
the carboxylation product [36]. As a result, a single change in the production of BCFAs or
linear-chain FAs is at the specific precursor or product level [8].
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When cows are supplemented with calcium soap and mixed animal/vegetable fats,
70% of dietary FAs are recovered in the small intestine, of which 106 g/d is derived from
the rumen regardless of diet. These FAs are largely OBCFAs, and more than 90% of FA
with <14 carbons disappear [37]. Some FAs that are not present in the diet appear in the
duodenal digesta, and they are either branched (e.g., C15:0 and C16:0) or odd-numbered
carbon chains (C15:0 and C17:0); therefore, they are unique to the ruminal bacteria [38].

Milk OBCFAs may originate from (1) ruminal bacteria that produce OBCFAs, which
are subsequently transferred to milk or (2) de novo synthesis in mammary glands.

Figure 1 provides an illustration of the origin of milk OBCFAs in dairy cows.

Figure 1. Origin of milk odd and branched chain fatty acids.

3. Dietary Factors Influencing Milk OBCFAs

The nutritional quality of feed influences milk yield and quality in dairy cows [39].
The profile of milk FAs is largely affected by dietary lipid composition and FAs metabolism
in rumen [40,41] and mammary glands [42].

Seed, vegetable, and fish oils contribute to an optimal milk composition [43,44]. When
cows are fed linseed or flaxseed oil, the ruminal biohydrogenation of cis-9, cis-12, cis-15
C18:3 generates a high amount of FAs isomers [45]. For example, dietary supplements
containing flaxseed increase the content of C18:0, C18:1 9c, C18:1 9t, and C18:2 9c 12c in the
rumen without significant changes in the content of cis-9, cis-12, cis-15 18:3 and induce the
disappearance of the corresponding OCFAs and anteiso FAs [46]. In lactating cows, ground
linseed does not affect milk yield or composition, but increases n-3 FAs and decreases
OCFAs with ≤16 carbons [47]. The quantity of ground flaxseed in the supplement is
negatively associated with OBCFAs in milk and butyrate and acetate in the rumen and
positively associated with propionate in the rumen [48]. Dietary FAs composition may
affect FAs metabolism in the rumen. Supplementing fat rich in saturated FAs increases the
content of (Saturated Fatty Acids) SFAs in milk [49].

Even though they affect ruminal microbial growth and reduce de novo synthesis of
microbial FAs, dietary lipids increase FAs uptake in mammary glands [50,51]. Dietary
lipids affect the uptake of individual FAs by ruminal bacteria, resulting in a reduction in
FAs de novo synthesis by bacteria, which alters the profile of milk FAs [52]. In addition,
lipids may inhibit lipogenesis in the mammary glands, likely mediated via the (Conjugated
linoleic acids) CLA isomer 18:2 tans 10, cis-12 that is synthesized in the rumen [53].

Derived metabolites of volatile FAs (VFAs), such as butyrate, propionate, and acetate,
may be used for FAs de novo synthesis by ruminal bacteria. Therefore, these primary end
products of ruminal fermentation can affect FAs metabolism in the rumen and mammary
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glands. Infusing propionate into the rumen increases concentrations of propionate in blood
and C15:0 and C17:0 in milk, but not in the rumen [54]. According to Bauman et al. [50] milk
C17:0 and cis-9 C17:1 concentrations and acetate-to-propionate ratios are not associated
with propionate concentrations in the rumen due to the presence of C17:0 and cis-9 C17:1
in the diet. Fievez et al. [5] reported that there is a positive association between iso FAs
and linear OCFAs in milk and acetate and propionate in the rumen. The authors observed
that some OBCFAs in milk were associated with the enrichment and relative activities
of ruminal bacteria that synthesize OBCFAs. This means that OCFAs content in milk
may provide information on specific ruminal conditions [25]. Therefore, the profile of
milk OBCFAs might be used as a potential non-invasive method to reveal characteristics
of ruminal function [5]. According to Cívico et al. [55] OBCFAs from dairy goats are
associated with dietary composition of FAs and may be explored as potential biomarkers
in the rumen fermentation. Due to the post-ruminal modifications of OBCFAs, caution
should be exercised when using milk OBCFAs to assess ruminal VFAs [26].

Even though yield of C15:0, C17:0, iso C15:0, iso C17:0, anteiso-C15:0, and anteiso-
C17:0 in milk is related to their duodenal content [56], yield is higher in milk than in the
duodenum [20].

The modification of milk BCFAs by manipulating dietary fats is not conclusive [50–57].
In general, fat supplementation affects ruminal microbial populations [58] and FAs in
milk [50]. For example, addition of unsaturated FAs to the diet reduces saturated FAs
in bovine milk, whereas increased unsaturated FAs in dairy cow milk and increased
concentrations of dietary 18:3n-3 and 18:2n-6 could effectively increase milk content of cis-9,
trans-11 CLA in dairy cow [59–63] while lowering OBCFAs proportions in milk [25–64].
In contrast, fish oil or microalgae supplementation increases milk OBCFAs concentrations
in dairy cows [65,66]. Infusion of branched chain VFAs in the rumen did not affect linear
odd-chain FAs, odd anteiso FAs or odd iso FAs in ruminal liquid, ruminal solid, or milk
fat. Nevertheless, milk OBCFAs, particularly C13:0, iso C15:0, C17:1 and iso C17:0, varied
slightly [54].

The type of dietary fat may affect the FAs profile in milk. Substitution of fat abundant
in C16:0 FAs with fat abundant in C18:2n-6 FAs at 30 g/kg of DM (Dry Matter) feed
in low forage diet reduced the yield of anteiso 13:0 FAs and anteiso 15:0 FAs in milk;
however, mixing both types of fat at equal proportions (each at 15 g/kg of DM feed)
increased C14:0 iso and C16:0 iso FAs yield in milk [16]. In addition, long-chain PUFAs
(Polyunsaturated fatty acids), such as cis-9, cis-12 C18:2, have a toxic effect on ruminal
cellulolytic bacteria [67]. Replacing prilled palm fat with sunflower oil linearly reduced
the concentration and yield of C13:0 anteiso with non-significant effects on the yield of
C15:0 anteiso and total anteiso FAs in milk [16]. These results are probably attributed to
the reduction of amylolytic bacteria in the rumen, which are enriched with anteiso FAs
according to [5]. Therefore, supplementation with PUFAs may reduce the amount of milk
FAs of bacterial origin.

Dietary type and green feeds influence FAs in milk. In grass silage diet, inclusion of
vegetable oils abundant in 18:2n-6 decreased the proportions of numerous iso and anteiso
FAs in milk [68]. However, those results were not observed when corn silage and grass
silage were mixed in the diet [69]. BCFAs, particularly iso FAs in milk, can be enriched by
increasing dietary forage in the diet [16,60,70]. Increasing high-quality grass silage in the diet
from 50% to 85% resulted in an increase in linear OCFAs, iso C15:0, and total OBCFAs in
milk [70]. A substitution of grass silage with corn silage in the diet increases starch and reduces
neutral detergent fiber (NDF), resulting in changes in ruminal pH, microbial populations, VFAs
production [71,72], and possibly FAs in the rumen. Patel et al. [70] demonstrated that milk
OBCFAs are positively associated with NDF amount in the diet. Morales-Almaráz et al. [73]
reported that forage and pasture in the diet increase FAs content in milk. However, an
increase in dietary concentrate reduces the efficiency of transit of iso- and anteiso-C15:0 from
the duodenal digest to milk. Replacing wheat with corn in the diet reduces bacterial BCFAs
content and even-chain saturated FAs in the rumen [46]. According to Bougouin et al. [74]
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diets containing starch from wheat and maize grain increases milk concentration of various
OBCFAs (e.g., C5:0, C7:0, iso C15:0, anteiso C15:0, and anteiso C17:0) to a greater extent
than diets containing saturated FAs, extruded rapeseeds, and extruded sunflower seeds.
The red clover silage incorporation in dairy cows’ diets increases the amounts of OBCFAs
in milk fat [75]. Therefore, OBCFAs in the rumen and milk can be affected by the amount
and type of lipids in the diet, forage-to-concentrate ratio, and forage type and proportion
in the diet (Tables 1–3).

Table 1. Summary of the effects of lipid supplements and forage proportions on OBCFAs synthesis in the rumen of dairy cows.

References Amounts of Lipid Supplements or
Forage Ratio Animal Breed Observed Effects on Rumen OBCFAs

[46]
10% of DM of LW(extruded linseed
and wheat) or LC (extruded linseed

and corn)
Holstein cows LW: OCFAs↓, iso FA↑, anteiso FA↓.

LC: OBCFAs ↓.

[76] 4% RSO (rubber seed oil), 4% FSO or
RFO (rubber seed oil + flaxseed oil) Holstein cows

RSO: C15:0↓, C17:0↓.
FSO: C15:0↓, C17:0↓.
RFO: C15:0↓, C17:0↓.

[77] 30:70, 50:50 and 70:30 forage:
concentrate ratio (F:C) Holstein cows

70:30: C11:0↑, C13:0↑, iso C15:0↑, iso C16:0↑,
iso C17:0↑ and C17:0↑

70:30: anteiso C15:0↓, C15:0↓and
total OBCFAs↓

[54]
Infusion of 18.8 mol of AC (acetate),

PR (propionate), IV (isovalerate) and
AIV (anteisovalerate)

Holstein cows

AIV: iso C15:0↑ and C17:0↑ in rumen liquid
AIV: anteiso C15:0↑ and anteiso C17:0↑ in

rumen solid
IV: iso C15:0↑ in rumen solids

AC: acetate; AIV: anteisovalerate; Decrease: (↓); DM: Dry matter; FA: fatty acids; F:C: forage: concentrate ratio; FSO: flaxseed oil; Increase: (↑);
IV: isovalerate; LC: extruded linseed and corn; LW: extruded linseed and wheat; LW: OCFAs↓ = LW decrease OCFAs; No effect: (↔);
OCFAs: odd chain fatty acids; PR: propionate; RFO: rubber seed oil + flaxseed oil; RSO: rubber seed oil.

Table 2. Summary of the effects of lipid supplements on milk OBCFAs in dairy cows.

References Concentrationsor Amounts of
Lipid Supplement Animal Breeds Observed Effects on Milk OBCFAs

[47] GFS (Ground flaxseed) 10% of TMR
(total mixed ration) Jersey cows

11:0↓, 13:0↓, 15:0↓, 17:0↓, iso 14:0↓, iso 15:0↓,
anteiso15:0↓, iso 16:0↓, iso 17:0↑, anteiso

17:0↓ (ΣOBCFAs↓).

[78] 2.9% sodium AC (acetate) and 2.5%
calcium BU (butyrate) in a diet. Holstein cows Acetate: ΣOBCFAs↓.

Butyrate: ΣOBCFAs (↔).

[79]

22 g oil/kg diet DM (Dry matter) of
EL (Extruded linseed), CPLO

(calcium salts of palm and linseed) or
MR (milled rapeseed)

Holstein Friesian cows

EL: 13:0↓, iso13:0↔, anteiso13:0↓, iso14:0↓,
15:0↓, anteiso15:0↓, iso16:0↓, 17:0↓, iso17:0↑,

iso18:0↑.
CPLO: 13:0↓, iso13:0↔, anteiso13:0↓,

iso14:0↓, 15:0↓, anteiso15:0↓, iso16:0↓, 17:0↓,
iso17:0↓, iso18:0↑.

MR: 13:0↓, iso13:0↔, anteiso13:0↓, iso14:0↔,
15:0↓, anteiso15:0↓, iso16:0↓, 17:0↓, iso17:0↓,

iso18:0↑.

[16] 30 g/kg of Prilled palm fat (PPF)/
+ Sunflower oil (SO) Holstein cows

SO: anteiso13:0↓, anteiso15:0↓, 15:0↓, 17:0↓,
cis-9 15:1↓, and cis917:1↓;

PPF+SO: iso14:0↑ and iso16:0↑
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Table 2. Cont.

References Concentrationsor Amounts of
Lipid Supplement Animal Breeds Observed Effects on Milk OBCFAs

[80]

30 g/day of LO: linseed oil
(S/LO: high starch plus linseed oil

and F/LO: high non-forage plus
linseed oil treatments).

Malagueña goats S/LO: Total odd↑, Total iso↓, Total anteiso↑.
F/LO: Total odd↓, Total iso↓, Total anteiso↓.

[69] 2% of Soybean oil (SBO) Holstein cows

iso 13:0↑, 11:0↓, anteiso 13:0↔, 13:0↓, iso
14:0↓, iso 15:0↓, anteiso 15:0↓, 15:0↓, iso 16:0↑,

iso 17:0↑, anteiso 17:0↓, 17:0↓, cis-7 17:0↓,
cis-8 17:1↓, cis-9 17:1↓, iso 18:0↓, 19:0↓.

[69] 2% SBO (Soybean oil) +1.5%
Potassium carbonate (K2CO3) Holstein cows

iso 13:0↑, 11:0↓, anteiso 13:0↓, 13:0↓, iso 14:0↓,
iso 15:0↓, anteiso 15:0↓, 15:0↓, iso 16:0↓, iso
17:0↓, anteiso 17:0↑, 17:0↓, cis-7 17:0↓, cis-8

17:1↓, cis-9 17:1↓, iso 18:0↓, 19:0↑.

[50]

450 g/d of CTL (lipid free emulsion
medium injected into the rumen),
RSO (lipid free emulsion medium

injected into the rumen), RSF
(saturated fatty acids injected into the

rumen), ASF (saturated fatty acids
injected into the abomasum)

Holstein cows
RSO: OCFAs↓, ECisoFAs↔

RSF: 17:0+cis-9 17:1↑
RSF and ASF: OBCFAs↔

[48] 0, 5, 10 and 15% of GFS
(Ground flaxseed) Jersey cows GFS: OBCFAs↓ linearly

[54]

An Infusion of 18.8 mol of AC
(acetate), PR (propionate), IV

(isovalerate) and AIV
(anteisovalerate)

Holstein cows
PR: C15:0↑ and C17:0↑;

IV: iso C15:0↑;
AIV: C15:0↑

[68] 29g/kg of Plant oils Ayrshire cows OBCFAs↓

AC: acetate (e.g.: Acetate: ΣOBCFAs↓ = Acetate decrease the sum of OBCFAs); AIV: anteisovalerate; ASF: saturated fatty acids in-
jected into the abomasum; BU: butyrate; CTL: lipid free emulsion medium injected into the rumen; Decrease: (↓); DM: dry matter;
ECFAs: even chain fatty acids; EL: Extruded linseed; F/LO: high non-forage plus linseed oil; GFS: Ground flaxseed; Increase: (↑);
IV: isovalerate; limited effect or no effect: (↔); LO: linseed oil; PPF: Prilled palm fat; PR: propionate; RSF: saturated fatty acids injected
into the rumen; RSO: soybean oil injected into the rumen; S/LO: high starch plus linseed oil; SBO: Soybean oil); SO: Sunflower oil;
TMR: Total mixed ration; Vegetable oils: sunflower seed oil, rapeseed oil, camelina seed oil or camelina expeller.

Table 3. Summary of the effects of proportion, type of forage, and forage-to-concentrate ratio on milk OBCFAs in ruminants.

Reference Type or Amount of Forage in g/Kg or % Species or Breed of
Animal Observed Effects on Milk OBCFAs

[81]
IA (incremental amount) of FMH

(Flemingia macrophylla hay): 0, 80, 160, 240
and 320 g kg−1 DM (dry matter)

Saanen × Boer goats

80: Σ OBCFAs↓
160: Σ OBCFAs↑,
240: Σ OBCFAs↓,
320: ΣOBCFAs↑

[16] F:C (forage: concentrate ratio) 39:61, 44:56,
or 48:52 Holstein cows Forage: OBCFAs↑

[82] A 0.5 ha paddock of CSP and two
0.25 ha paddocks 22.4 kg/ha with PM Holstein cows PM: OBCFAs↑

[70] With incremental amount of grass silage:
50, 70 and 85%

The Swedish Red
Breed of cows

C15:0↑, C17:0↑, iso C15:0↑
and total OBCFAs↑

CSP: cool season pasture; Decrease: (↓); DM: dry matter; F:C: forage: concentrate ratio; FMH: Flemingia macrophylla hay; IA: incremental
amount; Increase: (↑); No effect: (↔); PM: warm-season monoculture of pearl millet.
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4. Milk OBCFAs and Human Health

Ruminant products are the main source of OBCFAs in the human diet. OBCFAs are
produced by ruminal bacteria [8]. The first scientific findings on the negative effects of
animal fats on human health generated considerable interest on the chemical composition
of these fats. Additionally, it prompted health authorities to recommend a low consumption
of dairy products [83].

More than 150 different diseases are associated with high dietary lipids, including
type II diabetes [84,85], high blood pressure and artery plaque formation [86], obesity [87],
neurological disturbances [88], and certain cancers [89,90]. There is a positive association
between dairy fat consumption and plasma saturated FAs; therefore, high consumption of
dairy fat might be associated with increased risk of cardiovascular diseases. Further studies
have shown that these are the ECFAs (Even Chain Fatty Acids) which are related to type
2 diabetes, inflammation and heart disease [91–93]. However, Kim and Je [94] reported that
dairy intake was negatively correlated with metabolic syndrome, and numerous research
showed that there is an association between higher dietary consumption of full-fat dairy
and lessen the incidence of cardiovascular disease and type 2 diabetes [95–97]. Even
though, some previous studies oppose this hypothesis [98].

There is not enough evidence on the link between odd chain FAs (OCFAs) and heart
disease and metabolic syndrome. The evidence suggests that OCFAs might have protective
effects. Yu and Hu [99] reported a non-significant correlation between C15:0 consump-
tion and heart disease and metabolic disorders. Similar results have been reported by
Yakoob et al. [100] and Santaren et al. [101]. The evidence shows non-significant inverse
associations OCFAs consumption and atherosclerosis [102,103] and between C15:0 and
C17:0 consumption and diabetes [99]. The intake of C15:0 as an active fatty acid diet
reduced in vivo anemia, inflammation, fibrosis and dyslipidemia, by mending the func-
tion of mitochondria [104]. OCFAs in diet were related to decrease the risk of chronic
inflammation, adiposity, cardiovascular disease, type 2 diabetes, metabolic syndrome,
nonalcoholic steatohepatitis (NASH), pancreatic cancer and chronic obstructive pulmonary
disease in human [91–113]. A meta-analysis of 29 studies discussed the protective effects
of OCFAs and of very-long even chain saturated FAs on type II diabetes [106]. OCFAs
(C15:0 and C17:0) are significantly and inversely correlated with arterial stiffness and may
be negatively correlated with atherosclerosis [114,115]. Tissue levels of OCFAs are lower
in patients with Alzheimer’s than in healthy controls [116]. Furthermore, OCFAs might
have anti-carcinogenic properties [6]. There are inverse associations between OCFAs con-
sumption and prediabetes and type II diabetes [117,118], cardiovascular disease [119], and
insulin resistance [120]. OCFAs increase biotin levels in deficient cases [121] and in cases
of peroxisomal disorders [122] and improves cell membrane fluidity [123]. In addition,
OCFAs may be used in the treatment of disorders linked to propionate, methylmalonic,
and biotin [124].

More than 4% of the total FAs in milk are branched chain FAs (BCFAs) [6]. Dairy
and meat from ruminants are the main sources of BCFAs [125]. The importance of BCFAs
is attributed to its anticancer activity [6], including on breast cancer cells [126]. Iso C15
has anti-tumor effects on lymphomatoid tumors [66], decreases intestinal necrosis in
neonates [127], plays a role in cancer cell death [128], and enhances pancreatic β-cell
function [129]. In addition, BCFAs prevent FAs synthesis in tumor cells [130], which rely
more on FAs biosynthesis than healthy cells [131].

The recent evidence of large and well-controlled research, meta-analyses and reviews
showed that dairy full-fat do not increase cardiometabolic disease risk and may have
protective effect against type 2 diabetes and cardiovascular disease [132,133].

5. Conclusions

The milk profile of OBCFAs is affected by dietary FAs intake, FAs metabolism in the
rumen and mammary glands, and lipid mobilization in the body. Forage and silage in dairy
cows’ diets are important in an increasing the amounts of milk OBCFAs. Ruminant products
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are the main source of OBCFAs in the human diet. OBCFAs have a protective effect on
diabetes, Alzheimer’s disease, certain cancers, cardiovascular disease, and atherosclerosis.
Understanding the origin of OBCFAs in milk and manipulating the diet of dairy cows to
produce OBCFAs-enriched milk can be of scientific and industrial significance.
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83. Samková, E.; Špička, J.; Pešek, M.; Pelikánová, T.; Hanuš, O. Animal factors affecting fatty acid composition of cow milk fat: A
review. S. Afr. J. Anim. Sci. 2012, 42, 83–100.

84. Alberti, K.G.M.M.; Eckel, R.H.; Grundy, S.M.; Zimmet, P.Z.; Cleeman, J.I.; Donato, K.A.; Fruchart, J.-C.; James, W.P.T.; Loria,
C.M.; Smith, S.C., Jr. Harmonizing the metabolic syndrome: A joint interim statement of the international diabetes federation
task force on epidemiology and prevention; national heart, lung, and blood institute; American heart association; world heart
federation; international atherosclerosis society; and international association for the study of obesity. Circulation 2009, 120,
1640–1645. [PubMed]

85. Esposito, K.; Chiodini, P.; Colao, A.; Lenzi, A.; Giugliano, D. Metabolic syndrome and risk of cancer: A systematic review and
meta-analysis. Diabetes Care 2012, 35, 2402–2411. [CrossRef]

86. Miettinen, T.A.; Railo, M.; Lepäntalo, M.; Gylling, H. Plant sterols in serum and in atherosclerotic plaques of patients undergoing
carotid endarterectomy. J. Am. Coll. Cardiol. 2005, 45, 1794–1801. [CrossRef]

87. Manninen, V.; Tenkanen, L.; Koskinen, P.; Huttunen, J.K.; Mänttäri, M.; Heinonen, O.P.; Frick, M.H. Joint effects of serum
triglyceride and LDL cholesterol and HDL cholesterol concentrations on coronary heart disease risk in the Helsinki Heart Study.
Implications for treatment. Circulation 1992, 85, 37–45. [CrossRef]

88. Reitz, C.; Tang, M.-X.; Luchsinger, J.; Mayeux, R. Relation of plasma lipids to Alzheimer disease and vascular dementia. Arch.
Neurol. 2004, 61, 705–714. [CrossRef] [PubMed]

89. Cho, E.; Spiegelman, D.; Hunter, D.J.; Chen, W.Y.; Stampfer, M.J.; Colditz, G.A.; Willett, W.C. Premenopausal fat intake and risk of
breast cancer. J. Natl. Cancer Inst. 2003, 95, 1079–1085. [CrossRef]

90. Kroenke, C.H.; Kwan, M.L.; Sweeney, C.; Castillo, A.; Caan, B.J. High-and low-fat dairy intake, recurrence, and mortality after
breast cancer diagnosis. J. Natl. Cancer Inst. 2013, 105, 616–623. [CrossRef]

91. Kurotani, K.; Sato, M.; Yasuda, K.; Kashima, K.; Tanaka, S.; Hayashi, T. Even-and odd-chain saturated fatty acids in serum
phospholipids are differentially associated with adipokines. PLoS ONE 2017, 12, e0178192. [CrossRef] [PubMed]

http://doi.org/10.3168/jds.2010-3885
http://www.ncbi.nlm.nih.gov/pubmed/21854915
http://doi.org/10.3168/jds.2017-13077
http://doi.org/10.3168/jds.2012-5441
http://doi.org/10.22358/jafs/74095/2004
http://doi.org/10.1079/ASC41820225
http://doi.org/10.1017/S1742170511000019
http://doi.org/10.1017/S1751731118003154
http://doi.org/10.3390/ani10020316
http://doi.org/10.1017/S175173111900137X
http://www.ncbi.nlm.nih.gov/pubmed/31270003
http://doi.org/10.1111/jpn.12602
http://www.ncbi.nlm.nih.gov/pubmed/27862409
http://doi.org/10.3168/jds.2018-16024
http://doi.org/10.1017/S1751731118001398
http://doi.org/10.1017/S1751731118000381
http://www.ncbi.nlm.nih.gov/pubmed/29528030
http://doi.org/10.1016/j.foodchem.2016.08.134
http://www.ncbi.nlm.nih.gov/pubmed/27664694
http://www.ncbi.nlm.nih.gov/pubmed/19805654
http://doi.org/10.2337/dc12-0336
http://doi.org/10.1016/j.jacc.2005.02.063
http://doi.org/10.1161/01.CIR.85.1.37
http://doi.org/10.1001/archneur.61.5.705
http://www.ncbi.nlm.nih.gov/pubmed/15148148
http://doi.org/10.1093/jnci/95.14.1079
http://doi.org/10.1093/jnci/djt027
http://doi.org/10.1371/journal.pone.0178192
http://www.ncbi.nlm.nih.gov/pubmed/28552966


Animals 2021, 11, 3210 12 of 13

92. Rocha, D.M.; Caldas, A.P.; Oliveira, L.L.; Bressan, J.; Hermsdorff, H.H. Saturated fatty acids trigger TLR4-mediated inflammatory
response. Atherosclerosis 2016, 244, 211–215. [CrossRef]

93. Zong, G.; Li, Y.; Wanders, A.J.; Alssema, M.; Zock, P.L.; Willett, W.C.; Sun, Q. Intake of individual saturated fatty acids and
risk of coronary heart disease in US men and women: Two prospective longitudinal cohort studies. Br. Med. J. 2016, 355, i5796.
[CrossRef]

94. Kim, Y.; Je, Y. Dairy consumption and risk of metabolic syndrome: A meta-analysis. Diabetic Med. 2016, 33, 428–440. [CrossRef]
[PubMed]

95. Bhupathi, V.; Mazariegos, M.; Rodriguez, J.B.C.; Deoker, A. Dairy intake and risk of cardiovascular disease. Curr. Cardiol. Rep.
2020, 22, 11. [CrossRef] [PubMed]

96. Mitri, J.; Yusof, B.-N.M.; Maryniuk, M.; Schrager, C.; Hamdy, O.; Salsberg, V. Dairy intake and type 2 diabetes risk factors: A
narrative review. Diabetes Metab. Syndr. Clin. Res. Rev. 2019, 13, 2879–2887. [CrossRef] [PubMed]

97. White, M.J.; Armstrong, S.C.; Kay, M.C.; Perrin, E.M.; Skinner, A. Associations between milk fat content and obesity, 1999 to 2016.
Pediatric Obes. 2020, 15, e12612. [CrossRef] [PubMed]

98. Sun, Q.; Ma, J.; Campos, H.; Hu, F.B. Plasma and erythrocyte biomarkers of dairy fat intake and risk of ischemic heart disease.
Am. J. Clin. Nutr. 2007, 86, 929–937. [CrossRef]

99. Yu, E.; Hu, F.B. Dairy products, dairy fatty acids, and the prevention of cardiometabolic disease: A review of recent evidence.
Curr. Atheroscler. Rep. 2018, 20, 1–9. [CrossRef]

100. Yakoob, M.Y.; Shi, P.; Willett, W.C.; Rexrode, K.M.; Campos, H.; Orav, E.J.; Mozaffarian, D. Circulating biomarkers of dairy fat and
risk of incident diabetes mellitus among men and women in the United States in two large prospective cohorts. Circulation 2016,
133, 1645–1654. [CrossRef]

101. Santaren, I.D.; Watkins, S.M.; Liese, A.D.; Wagenknecht, L.E.; Rewers, M.J.; Haffner, S.M.; Hanley, A.J. Serum pentadecanoic acid
(15:0), a short-term marker of dairy food intake, is inversely associated with incident type 2 diabetes and its underlying disorders.
Am. J. Clin. Nutr. 2014, 100, 1532–1540. [CrossRef]

102. Mozaffarian, D.; Cao, H.; King, I.B.; Lemaitre, R.N.; Song, X.; Siscovick, D.S.; Hotamisligil, G.S. Trans-palmitoleic acid, metabolic
risk factors, and new-onset diabetes in US adults: A cohort study. Ann. Intern. Med. 2010, 153, 790–799. [CrossRef]

103. De Oliveira Otto, M.C.; Nettleton, J.A.; Lemaitre, R.N.; Steffen, M.L.; Kromhout, D.; Rich, S.S.; Tsai, M.Y.; Jacobs, D.R.; Mozaffarian,
D. Biomarkers of dairy fatty acids and risk of cardiovascular disease in the multi-ethnic study of atherosclerosis. J. Am. Heart
Assoc. 2013, 2, e000092. [CrossRef]

104. Venn-Watson, S.; Lumpkin, R.; Dennis, E.A. Efficacy of dietary odd-chain saturated fatty acid pentadecanoic acid parallels broad
associated health benefits in humans: Could it be essential? Sci. Rep. 2020, 10, 1–14. [CrossRef]

105. Aglago, E.K.; Biessy, C.; Torres-Mejia, G.; Angeles-Llerenas, A.; Gunter, M.J.; Romieu, I.; Chajès, V. Association between serum
phospholipid fatty acid levels and adiposity in Mexican women. J. Lipid Res. 2017, 58, 1462–1470. [CrossRef] [PubMed]

106. Huang, L.; Lin, J.S.; Aris, I.M.; Yang, G.; Chen, W.Q.; Li, L.J. Circulating saturated fatty acids and incident type 2 diabetes: A
systematic review and meta-analysis. Nutrients 2019, 11, 5. [CrossRef] [PubMed]

107. Jiménez-Cepeda, A.; Dávila-Said, G.; Orea-Tejeda, A.; González-Islas, D.; Elizondo-Montes, M.; Pérez-Cortes, G. Dietary intake of
fatty acids and its relationship with FEV1/FVC in patients with chronic obstructive pulmonary disease. Clin. Nutr. ESPEN 2019,
29, 92–96. [CrossRef]

108. Liu, S.; van der Schouw, Y.T.; Soedamah-Muthu, S.S.; Spijkerman, A.M.W.; Sluijs, I. Intake of dietary saturated fatty acids and risk
of type 2 diabetes in the European Prospective Investigation into Cancer and Nutrition-Netherlands cohort: Associations by
types, sources of fatty acids and substitution by macronutrients. Eur. J. Nutr. 2019, 58, 1125–1136. [CrossRef] [PubMed]

109. Matejcic, M.; Lesueur, F.; Biessy, C.; Renault, A.L.; Mebirouk, N.; Yammine, S. Circulating plasma phospholipid fatty acids and
risk of pancreatic cancer in a large European cohort. Int. J. Cancer. 2018, 143, 2437–2448. [CrossRef] [PubMed]

110. Unger, A.L.; Torres-Gonzalez, M.; Kraft, J. Dairy fat consumption and the risk of metabolic syndrome: An examination of the
saturated fatty acids in dairy. Nutrients 2019, 11, 2200. [CrossRef] [PubMed]

111. Villamor, E.; Villar, L.A.; Lozano-Parra, A.; Herrera, V.M.; Herrán, O.F. Serum fatty acids and progression from dengue fever to
dengue haemorrhagic fever/dengue shock syndrome. Br. J. Nutr. 2018, 120, 787–796. [CrossRef]

112. Yoo, W.; Gjuka, D.; Stevenson, H.L.; Song, X.; Shen, H.; Yoo, S.Y. Fatty acids in non-alcoholic steatohepatitis: Focus on
pentadecanoic acid. PLoS ONE 2017, 12, e0189965. [CrossRef]

113. Zhu, Y.; Tsai, M.Y.; Sun, Q.; Hinkle, S.N.; Rawal, S.; Mendola, P.; Zhang, C. A prospective and longitudinal study of plasma
phospholipid saturated fatty acid profile in relation to cardiometabolic biomarkers and the risk of gestational diabetes. Am. J.
Clin. Nutr. 2018, 107, 1017–1026. [CrossRef]

114. Holman, R.T.; Johnson, S.B.; Kokmen, E. Deficiencies of polyunsaturated fatty acids and replacement by nonessential fatty acids
in plasma lipids in multiple sclerosis. Proc. Natl. Acad. Sci. USA 1989, 86, 4720–4724. [CrossRef]

115. Kurotani, K.; Karunapema, P.; Jayaratne, K.; Sato, M.; Hayashi, T.; Kajio, H. Circulating odd-chain saturated fatty acids were
associated with arteriosclerosis among patients with diabetes, dyslipidemia, or hypertension in Sri Lanka but not Japan. Nutr.
Res. 2018, 50, 82–93. [CrossRef] [PubMed]

116. Fonteh, A.N.; Cipolla, M.; Chiang, J.; Arakaki, X.; Harrington, M.G. Human cerebrospinal fluid fatty acid levels differ between
supernatant fluid and brain-derived nanoparticle fractions, and are altered in Alzheimer’s disease. PLoS ONE 2014, 9, e100519.
[CrossRef] [PubMed]

http://doi.org/10.1016/j.atherosclerosis.2015.11.015
http://doi.org/10.1136/bmj.i5796
http://doi.org/10.1111/dme.12970
http://www.ncbi.nlm.nih.gov/pubmed/26433009
http://doi.org/10.1007/s11886-020-1263-0
http://www.ncbi.nlm.nih.gov/pubmed/31997094
http://doi.org/10.1016/j.dsx.2019.07.064
http://www.ncbi.nlm.nih.gov/pubmed/31425952
http://doi.org/10.1111/ijpo.12612
http://www.ncbi.nlm.nih.gov/pubmed/31905266
http://doi.org/10.1093/ajcn/86.4.929
http://doi.org/10.1007/s11883-018-0724-z
http://doi.org/10.1161/CIRCULATIONAHA.115.018410
http://doi.org/10.3945/ajcn.114.092544
http://doi.org/10.7326/0003-4819-153-12-201012210-00005
http://doi.org/10.1161/JAHA.113.000092
http://doi.org/10.1038/s41598-020-64960-y
http://doi.org/10.1194/jlr.P073643
http://www.ncbi.nlm.nih.gov/pubmed/28465289
http://doi.org/10.3390/nu11050998
http://www.ncbi.nlm.nih.gov/pubmed/31052447
http://doi.org/10.1016/j.clnesp.2018.11.015
http://doi.org/10.1007/s00394-018-1630-4
http://www.ncbi.nlm.nih.gov/pubmed/29524001
http://doi.org/10.1002/ijc.31797
http://www.ncbi.nlm.nih.gov/pubmed/30110135
http://doi.org/10.3390/nu11092200
http://www.ncbi.nlm.nih.gov/pubmed/31547352
http://doi.org/10.1017/S0007114518002039
http://doi.org/10.1371/journal.pone.0189965
http://doi.org/10.1093/ajcn/nqy051
http://doi.org/10.1073/pnas.86.12.4720
http://doi.org/10.1016/j.nutres.2017.12.004
http://www.ncbi.nlm.nih.gov/pubmed/29540275
http://doi.org/10.1371/journal.pone.0100519
http://www.ncbi.nlm.nih.gov/pubmed/24956173


Animals 2021, 11, 3210 13 of 13

117. Hodge, A.M.; English, D.R.; O’Dea, K.; Sinclair, A.J.; Makrides, M.; Gibson, R.A.; Giles, G.G. Plasma phospholipid and dietary
fatty acids as predictors of type 2 diabetes: Interpreting the role of linoleic acid. Am. J. Clin. Nutr. 2007, 86, 189–197. [CrossRef]

118. Meikle, P.J.; Wong, G.; Barlow, C.K.; Weir, J.M.; Greeve, M.A.; MacIntosh, G.L. Plasma lipid profiling shows similar associations
with prediabetes and type 2 diabetes. PLoS ONE 2013, 8, e74341. [CrossRef] [PubMed]

119. Khaw, K.-T.; Friesen, M.D.; Riboli, E.; Luben, R.; Wareham, N. Plasma phospholipid fatty acid concentration and incident coronary
heart disease in men and women: The EPIC-Norfolk prospective study. PLoS Med. 2012, 9, e1001255. [CrossRef] [PubMed]

120. Nestel, P.J.; Straznicky, N.; Mellett, N.A.; Wong, G.; De Souza, D.P.; Tull, D.L.; Meikle, P.J. Specific plasma lipid classes and
phospholipid fatty acids indicative of dairy food consumption associate with insulin sensitivity. Am. J. Clin. Nutr. 2013, 99, 46–53.
[CrossRef] [PubMed]

121. Mock, D.M.; Johnson, S.B.; Holman, R.T. Effects of biotin deficiency on serum fatty acid composition: Evidence for abnormalities
in humans. J. Nutr. 1988, 118, 342–348. [CrossRef] [PubMed]

122. Moser, H.W.; Moser, A.B.; Frayer, K.K.; Chen, W.; Schulman, J.D.; O’Neill, B.P.; Kishimoto, Y. Adrenoleukodystrophy: Increased
plasma content of saturated very long chain fatty acids. Neurology 1981, 31, 1241. [CrossRef]

123. Holman, R.T.; Adams, C.E.; Nelson, R.A.; Grater, S.J.E.; Jaskiewicz, J.A.; Johnson, S.B.; Erdman, J.W., Jr. Patients with anorexia
nervosa demonstrate deficiencies of selected essential fatty acids, compensatory changes in nonessential fatty acids and decreased
fluidity of plasma lipids. J. Nutr. 1995, 125, 901–907. [PubMed]

124. Coker, M.; De Klerk, J.B.C.; Poll-The, B.T.; Huijmans, J.G.M.; Duran, M. Plasma total odd-chain fatty acids in the monitoring of
disorders of propionate, methylmalonate and biotin metabolism. J. Inherit. Metab. Dis. 1996, 19, 743–751. [CrossRef] [PubMed]

125. Stefanov, I.; Baeten, V.; Abbas, O.; Colman, E.; Vlaeminck, B.; De Baets, B.; Fievez, V. Analysis of milk odd-and branched-chain
fatty acids using Fourier transform (FT)-Raman spectroscopy. J. Agric. Food Chem. 2010, 58, 10804–10811. [CrossRef]

126. Yang, Z.; Liu, S.; Chen, X.; Chen, H.; Huang, M.; Zheng, J. Induction of apoptotic cell death and in vivo growth inhibition of
human cancer cells by a saturated branched-chain fatty acid, 13-methyltetradecanoic acid. Cancer Res. 2000, 60, 505–509.

127. Cai, Q.; Huang, H.; Qian, D.; Chen, K.; Luo, J.; Tian, Y.; Lin, T.; Lin, T. 13-Methyltetradecanoic acid exhibits anti-tumor activity on
T-cell lymphomas in vitro and in vivo by down-regulating p-AKT and activating caspase-3. PLoS ONE 2013, 8, e65308. [CrossRef]
[PubMed]

128. Ran-Ressler, R.R.; Khailova, L.; Arganbright, K.M.; Adkins-Rieck, C.K.; Jouni, Z.E.; Koren, O.; Dvorak, B. Branched chain fatty
acids reduce the incidence of necrotizing enterocolitis and alter gastrointestinal microbial ecology in a neonatal rat model. PLoS
ONE 2011, 6, e29032. [CrossRef]

129. Wongtangtintharn, S.; Oku, H.; Iwasaki, H.; Toda, T. Effect of branched-chain fatty acids on fatty acid biosynthesis of human
breast cancer cells. J. Nutr. Sci. Vitaminol. 2004, 50, 137–143. [CrossRef]

130. Kraft, J.; Jetton, T.; Satish, B.; Gupta, D. Dairy-derived bioactive fatty acids improve pancreatic ß-cell function. FASEB J. 2015, 29,
608–625. [CrossRef]

131. Kuhajda, F.P. Fatty-acid synthase and human cancer: New perspectives on its role in tumor biology. Nutrition 2000, 16, 202–208.
[CrossRef]

132. Astrup, A.; Geiker, N.R.W.; Magkos, F. Effects of full-fat and fermented dairy products on cardiometabolic disease: Food is more
than the sum of its parts. Adv. Nutr. 2019, 10, 924S–930S. [CrossRef] [PubMed]

133. Kratz, M.; Baars, T.; Guyenet, S. The relationship between high-fat dairy consumption and obesity, cardiovascular, and metabolic
disease. Eur. J. Nutr. 2013, 52, 1–24. [CrossRef] [PubMed]

http://doi.org/10.1093/ajcn/86.1.189
http://doi.org/10.1371/journal.pone.0074341
http://www.ncbi.nlm.nih.gov/pubmed/24086336
http://doi.org/10.1371/journal.pmed.1001255
http://www.ncbi.nlm.nih.gov/pubmed/22802735
http://doi.org/10.3945/ajcn.113.071712
http://www.ncbi.nlm.nih.gov/pubmed/24153346
http://doi.org/10.1093/jn/118.3.342
http://www.ncbi.nlm.nih.gov/pubmed/2895169
http://doi.org/10.1212/WNL.31.10.1241
http://www.ncbi.nlm.nih.gov/pubmed/7722693
http://doi.org/10.1007/BF01799166
http://www.ncbi.nlm.nih.gov/pubmed/8982947
http://doi.org/10.1021/jf102037g
http://doi.org/10.1371/journal.pone.0065308
http://www.ncbi.nlm.nih.gov/pubmed/23762338
http://doi.org/10.1371/journal.pone.0029032
http://doi.org/10.3177/jnsv.50.137
http://doi.org/10.1096/fasebj.29.1_supplement.608.25
http://doi.org/10.1016/S0899-9007(99)00266-X
http://doi.org/10.1093/advances/nmz069
http://www.ncbi.nlm.nih.gov/pubmed/31518411
http://doi.org/10.1007/s00394-012-0418-1
http://www.ncbi.nlm.nih.gov/pubmed/22810464

	Introduction 
	Origin of Milk OBCFAs in Dairy Cows 
	Dietary Factors Influencing Milk OBCFAs 
	Milk OBCFAs and Human Health 
	Conclusions 
	References

