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Abstract: Dietary fats serve a multitude of purposes in
both humans and animals. They are a component of mem-
branes and support the regulation of cellular influx and
egress. They aid in the production of hormones, milk,
embryonic, and foetal development, movement, and storage
of energy, as well as absorption of fat-soluble vitamins. The
objective of this review is to describe how dietary fats con-
tribute to improved livestock reproductive performance. Data
for this review study were acquired from recently published
works in different journals. Databases were accessed using
electronic data sources such as Google Scholar, PubMed,
Science Direct, Research Gate, Web of Science, and the
Directory of Open Access Journals. It is believed that dietary
fats added to animal diets enhance animal reproduction by
boosting the quantity and size of ovarian follicles and con-
centration of hormone progesterone plasma, declining the
production of prostaglandin metabolites and increasing the
lifespan of corpus luteum, which is also crucial for semen
maturation, motility, and acrosomal reactions in addition to
reproductive hormones. Therefore, it is important to employ
dietary fats effectively to boost livestock reproduction and
maximise animal output, which will achieve the relevant
Sustainable Development Goals and food security.

Keywords: vitamin absorption, reproductive hormones,
animal reproduction, food security

1 Introduction

An animal’s capacity to reproduce depends on a variety of
factors, including its geneticmakeup, age, on-farmmanagement

methods, and endocrine system [1]. Furthermore, nutritional
energy helps increase animal fertility for higher reproduc-
tive performance [2,3]. Fats are therefore a major source of
essential fatty acids, fat-soluble vitamins, and concentrated
energy twice the quantity of carbohydrates or proteins and
are present in many feeds. As a result, these dietary fats
are of great importance in overall animal performance
[4]. Historically, the amount of fat in cattle feed has been
low. This was more evident in herbivore species, which
received around 5% of the energy needed for digestion [5].
High-fat rations reduce feed intake as well as overall animal
production due to less nutrient absorption [6]. By supple-
menting with fats, feed loses some of its powderiness and
the absorption of vitamins improves [7]. As a result, an
animal’s reproductive system is regulated by fatty acid
intake [8]. Furthermore, fertility is a significant issue when
feeding high-yielding animals [9]. The precise nutrients neces-
sary must be provided for the development of oocytes and
spermatozoa, ovulation, fertilisation, embryo survival, and
the establishment of pregnancy [10,11]. Moreover, one of
the key nutrients that creates energy required for fertility
and improves animal reproduction is dietary fat [12]. It indir-
ectly affects fertility by affecting the levels of hormones and
other nutrient-sensitive metabolites needed for the success of
these processes [11]. Cholesterol, for example, is produced
from dietary fats and is an antecedent for the production
of steroid hormones, which control the oestrus cycle, ovula-
tion, implantation, and pregnancymaintenance [13,14]. This is
typically seen when mature animals consume low-calorie
feed for extended periods, affecting libido and testosterone
levels negatively [15]. Concerning reproductive function,
several fatty acid sources have been investigated [16]. The
frequent production of dietary fats is sourced mainly from
oilseeds of various edible crops [17–19]. Even though fats
are important nutrients that constitute fatty acids, which
improve both human and animal reproduction [20,21], evi-
dence of the effect of fats on farm animals’ reproductive
performance is lacking. This review is therefore aimed at
(1) summarising the sources of fats and their importance; (2)
outlining the health and nutritional benefits of fats in live-
stock production; and (3) describing the effects of fats in
animal reproduction.
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2 Source of data

The data for this review were collected from articles pub-
lished between 2011 and 2023 in various journals. Electronic
data sources including Google Scholar, PubMed, Science
Direct, Research Gate, Web of Science, and the Directory
of Open Access Journals were used to access databases.
Additionally, searches for other pertinent papers were con-
ducted using the citations found in the database articles.
The keywords “dietary fats; reproductive hormones; animal
reproduction; food security”were used in the search engine.

3 Description and sources of
dietary fats

Dietary fats are distinguished by their varied functions in
both animal and human bodies. Fats aid in controlling
what goes in and out of the cells by being part of the cell
membranes [22]. These compounds aid the body’s func-
tions, and therefore move and store energy, absorb vita-
mins (A, B, and E) and produce varied hormones [23].
Ingestion of some of the lipids in copious quantities is toxic
to both animal and human health [24]. Dietary fats are the
primary source of energy in both animal and human diets
and therefore aid in maximum cell activities and body
energy [25]. In addition, dietary fats aid in protecting the
internal organs of the animals, thus warming up their
bodies [26]. Fats have varied structures which contain
organically soluble chemicals. Their significant chemical
structure is built from hydrocarbon rings, primarily vola-
tile fatty acids and steroids [27]. Fats are composed pri-
marily of saturated and unsaturated fatty acids, coupled
with a glycerol backbone in their natural state [28]. The
eventual structure of fats is, however, affected by factors
that include temperature, behaviour, oxygen exposure,
level saturation, transition metals, H2O, undissociated salts,
and some of the non-lipid structures [27,29]. Furthermore,
lipids are vital ingredients of triglycerides; nevertheless,
some lipid structures may tamper with the qualities of
their chemical and physical nature, including energy levels
for animals [27,30,31].

Fats also have sources in the form of commercial and
natural fats which are made up of animal-based and plant-
based fats. Commercial fats are specialised formulations
manufactured with either plant or animal fats [32]. Natural
fats are mostly sourced naturally from various plant mate-
rials and less from animals. Oilseeds form the major source
of fats in plants through the likes of cottonseed, soybeans,

sunflower, and canola seeds [33]. Cottonseed is easy to
work with due to its physical characteristics and is there-
fore included in a fully mixed diet. It is rich in essential
nutrients including crude proteins, crude fibre, and crude
energy, and therefore makes a well-balanced feed, espe-
cially for dairy cattle [34]. Soybean’s raw seed is said to
contain the enzyme urease and should remain ungrounded
yet mixed with urea [35,36]. Moreover, this seed stands a
chance to be added to a fully mixed diet or grain mixtures
[37] but should not be roasted as it will have a denatured
enzyme urease, trypsin inhibitor, and lipoxygenase, which
lowers the degradability of proteins in the rumen [38,39].
As a result, other oilseeds can be fed to dairy cattle [40].
Because they contain more oil than cottonseed and soy-
beans and because their oil content is higher, it is advised
to feed these oilseeds at lower levels due to their highly
unsaturated nature [18]. The primary animal fat contains
prominent levels of saturated fatty acids compared to oil-
seeds, but due to its form at room temperature, it is diffi-
cult to handle [41]. Yellow grease is a waste grease from
food-producing industries’ animal and vegetable fat mix-
tures and is used for animal feeding [42]. This is mostly
seen in dairy cattle feeding where most animal-vegetable
fat blends are used [43]. This kind of fat is categorised as
calcium salts and processed tallow [44]. Other feeds con-
tain a small amount of fats including fishmeal [45]. Fats
such as sterols represent a moderate amount of natural
fats, and thus have a high melting point [46,47]. Cholesterol
is one main component of sterols in animal fat and fish oil
which are the unsaponifiable constituents available in
lipids [46]. This type of fat is also present in vegetable
oils but in an exceedingly small quantity [48,49]. The types
of fatty acids, their importance, and their functions are all
displayed in Table 1.

4 Health and nutritional benefits of
dietary fats in livestock
production

Since fats contribute to different components of health,
there is a rising interest in characterising a fatty acid pro-
file and other advantageous healthy minor components
[50]. The relevance of fats as a source of triacylglycerols,
which are necessary for the synthesis of energy, as well as
other minor nutrients such as phospholipids, sterols, and
polyphenols, is therefore emphasised [51]. Phospholipids
have been shown in several studies to have a significant
influence on a variety of illnesses, including liver ailments,
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neurological conditions, and hepatic and colon malignan-
cies [30]. Additionally, they include immunological func-
tionality for the bodily systems, improving physical and
mental performance [67]. A high-fat diet boosts animal
output while lowering methane emissions into the atmo-
sphere [68]. Free and esterified sterols are the two distinct
types of sterols. Free sterols can generate sterol ester by
esterifying with fatty acids, glycosides, and ferulic acid
[69]. As a result, sterol esters have unique nutritional prop-
erties including antioxidants and hypolipidemia, which
may be used to increase development and hypothalamic
activity [70,71]. In studies utilising sterols, phytosterols
have demonstrated the ability to inhibit the development
of cancer cells, preventing colon, prostate, and breast can-
cers [72]. Through their antibacterial and antioxidant char-
acteristics, polyphenols can counteract the consequences
of heat stress [73]. Additionally, they enable the body’s
system to manufacture radical scavengers, which help
fight cancer and some cardiovascular disorders [74].

5 Effect of dietary fats on animal
reproductive performance

It has long been understood that adding fats to an animal’s
diet improves its ability to produce, particularly in cattle,
poultry, and pigs. Consequently, there is a close connection
between fatty acids and reproduction processes [75]. Ani-
mals enjoy feed with high-fat content. Moreover, fat not
only specifically stores energy, but also helps temperature
regulation in the body as well as the production of hor-
mones [76,77], specifically to meet psychological demands.
Higher fat content in animal diets would therefore result in
better feed conversion efficiency and quicker develop-
ment, particularly in cattle, pigs, and poultry [78]. Fats
improve the odour, texture, and palatability of feed, which
enhances high intake by animals [79]. Dietary fats are
made up of fatty acids, which are formed when fats are
broken down and absorbed into the bloodstream. Omega-6
(linoleic acid) and omega-3 fatty acids (alpha-linolenic acid)
are the essential ones responsible for improving reproduc-
tion in various farm animals and are naturally found in
dairy, beef, and vegetable oils [80,81]. Vitamins and their
concentrations, as well as cholesterol, are essential in addi-
tion to fatty acids [82]. Moreover, the inclusion of fats in a
diet is thought to enhance the production of ovarian folli-
cles, progesterone concentrations, the release of prosta-
glandin chemicals and the longevity of the corpus luteum
[83,84]. However, excess fats can induce obesity in animals

as well as human beings and therefore have an impact on
reproduction where ovulatory disorders are more commonly
identified as a primary initiator of infertility, especially in
women [85]. Dairy cow fat improves the reproductive effi-
ciency non-dependent on any influence of the cow’s energy
balance. As a result, there is greater interest in providing fats
from natural sources which are high in linoleic fatty acid
mainly through calcium salts [86].

Fats contribute largely to the construction and func-
tion of animal cells. The membrane of mammalian sper-
matozoa is made up of fatty acids, which consist of about
30–50% polyunsaturated fatty acids [87,88]. Additionally,
polyunsaturated fatty acids are crucial and responsible
for semen maturation, motility, and acrosomal reactions;
this is observed mainly in mammalian testes during pub-
erty. These are integrated into developing germ cells by
lysophosphatidic acid acyltransferase 3 [12]. The effective-
ness of fat usage on the reproductive performance of var-
ious animal species is shown in Table 2, along with various
study findings and conclusions.

5.1 Effect of dietary fats on the development
of reproductive organs, fertility, and
hormones

Typically, reproductive organs and hormones signify the
animal’s fertility and ability to reproduce [89]. Nutrition
plays a critical role in this regard through the development
of reproductive organs, the activation of reproductive hor-
mones, and overall animal fertility [90]. Dietary fats have
been recognised as necessary for both male and female
reproductive organ growth and maintenance [91]. These
chemicals are thought to aid in the formation and func-
tioning of the reproductive organs, which include the ovaries,
testes, uterus, and mammary glands. Limiting an animal’s
dietary fat intake may result in decreased organ development
and diminished reproductive function [92,93]. Reduced ferti-
lity and pregnancy rates in farm animals are indicators of
poor reproductive performance [94]. Some fatty acids, which
include omega-3 and omega-6, are linked to increased fertility
and reproductive efficiency. They regulate reproductive hor-
mones as well as the integrity of reproductive cells (sperm
and oocytes) [95]. It has been reported by Zachut et al. [96]
that the inclusion of dietary fats in animal diets influences the
size of the pre-ovulatory follicle positively and therefore
increases its ability to produce oestradiol, mainly by introdu-
cing higher concentrations of cholesterol in follicular fluid
and plasma. This further influences the size of follicles which

4  Tlou Christopher Kujoana et al.



Table 2: Effect of fats on the reproduction performance of various animal species

Animal species Sex Findings/conclusions References

Rats Females Female rats exposed to a high-fat diet (22% fat) for 4 weeks had an anovulation with a decreased
fertility rate

[97]

Female rats on a high-fat diet (both diet-induced obese and diet-resistant rats) for 6 weeks had an
altered oestrus cycle, which was more prominent in diet-induced obese rats, but with low oestradiol
levels

[98]

Sheep Ewes Ewes had abortions when linoleic acid was added to their food during the late stages of pregnancy [99]
The results observed in the study demonstrated that nuclear maturation and cumulus cell expansion
were adversely affected by the inclusion of 200 μM of omega-3 α-linolenic acid (ALA) to the in vitro
maturation medium of prepubertal sheep oocytes. At ALA doses of 50 and 100 μM, this detrimental
effect was not present. Oocytes developed with ALA produced better male pronuclei and better-
quality blastocysts but showed no difference in cleavage and blastocyst rates

[100]

Rams Dietary fish oil supplementation in rams’ diet successfully changed the plasma n-6:n-3 ratio, although
it had only a small impact on the sperm fatty acid composition. Supplementation did not affect the
quality of the liquid-stored semen, even though it raised semen concentration

[101]

Rabbits Bucks The findings suggested that the rabbits are an appropriate model for the study of the spermatogenic
process since dietary inclusion of n-3 polyunsaturated fatty acids led to an enrichment of DHA and
eicosapentaenoic in rabbit sperm and testes

[25]

Results showed improved serum testosterone, follicle-stimulating hormone (FSH), luteinising
hormone in buck administered with3 ml of different sources of refined vegetable oil/buck/day for 7
weeks; also, the results showed higher prostaglandin (PGF2α) in bucks including the ones under
control treatment

[102]

Does The major conclusions were that the inclusion of dietary n-3 fatty acids, either as a precursor or
derivative, impacted rabbit does’ fatty acid metabolism and enhanced their reproductive capacity

[103]

Supplementing 35% of total fatty acids as polyunsaturated fatty acids n-3 enhanced progesterone
levels of the rabbit does to a larger extent. Furthermore, these does with boosted diets had greater
kid birth weights

[104]

Humans Males DHA supplementation in asthenozoospermic males raises DHA levels in serum and perhaps seminal
plasma but has minimal effect on sperm DHA levels and no impact on sperm motility

[105]

Cattle Bulls Adding flaxseed oil (FSO) to the diet had a substantial good impact on the in vitro semen quality
profiles, antioxidant level, oxidative stress profile, and percentage of apoptotic sperm in Bos frontalis
(Mithun). FSO supplementation also reduced blood cortisol levels while increasing FSH, luteinizing
hormone, testosterone, and thyroxin concentrations

[106]

According to the study, n-3 long-chain polyunsaturated fatty acids from fish oil was successfully
transferred to bulls’ sperm, which could improve both fresh and post-thawed semen quality

[107]

Cows Algae is one of the sources of fatty acids, and studies have shown that supplementing with 10 g of
DHA per dairy cow per day from an algae product improves reproductive performance by increasing
the proportion of oestrus cyclicity and pregnancy

[108]

Results showed that cows fed fat-based diets exhibited little effects on follicle development of cows.
Furthermore, cows fed n-3 fatty acids had lower plasma progesterone and smaller corpora lutea than
those fed control/conjugated linoleic acid (CLA)

[109]

Birds Roosters Altering the levels of fatty acids in the sperm cells of old roosters by the addition of FSO and vitamin E
increased the quality of sperm and overall production performance in aged broiler breeder roosters

[95]

Layers According to the findings of a study looking at how dietary lipids affected layer fertility and
hatchability, fish oil treatment resulted in the highest hatchability (76%) and highest egg fertility
(84.6%). Additionally, the findings of the sunflower oil treatment showed the lowest hatchability
(58.2%) and highest egg fertility (89.6%). This indicates that to reduce the number of embryos that die
during incubation, breeder diets must take into account the dietary fatty acid content, particularly the
levels of n-3 and n-6, in terms of concentration and ratio

[110]

Pigs Sow A study that looked at the relationship between back fat and reproductive success in distinct pig herds
(A, B, and C) discovered that sows that had a greater number of stillborn piglets had less backfat
density after the pregnancy period. This also shows that back fats can be used to track and enhance
the production and capability of high-producing pig herds

[111]

The meta-analysis results showed the supplementation of fats in a sow’s diet in the late pregnancy
and lactation intervals may be of great benefit to sow reproductive effectiveness

[112]

Role of dietary fats in farm animals: A review  5



may have a pronounced effect on and be beneficial for the
quality of oocytes and the function of the corpus luteum
[113]. The introduction of higher cholesterol concentrations
is therefore seen to increase the production of the hormone
progesterone [114,115].

Evidence suggests that feed containing high quantities
of fish oil (n-3 polyunsaturated fatty acid) has strong poten-
tial to reduce the development of endometrial cyclooxy-
genase-2, an important enzyme involved in prostaglandin
manufacturing [116]. Fish oil has been shown to suppress
progesterone synthesis in luteal cells cultivated in vitro.
This was also validated in an in vivo investigation in which
animals were fed a linseed-rich diet, which resulted in
considerably lower plasma progesterone concentrations
[117]. Furthermore, diets high in n-6 fatty acids boost pros-
taglandin (PGF2-) synthesis, which enhances an animal’s
uterine health [118]. As a result, it is critical to determine
the precise sort of dietary fat supplement to maximise
animal reproductive performance.

5.2 Effect of dietary fats on embryonic and
foetal development and milk production

Dietary fats offer the necessary fatty acids required for
effective cell divisions, organ development, and placental
function, and therefore contribute considerably to embryo
and foetal development and growth [11]. In recent times, it
has been shown that supplementation of rumen-protected
fats in dairy feed influences the energy intake during the
early post-partum stage and therefore enhances fertility
[119]. Moreover, the production of a high concentration
of cholesterol in the follicular fluid not only influences
the increase in follicular size and high production of pro-
gesterone, but it also supports the competent development
of an embryo at an early growth stage [114,115]. As a result,
nutrition appears to play a critical role, as the nutritional
requirements during the early post-partum period, the
restart of ovarian activity, and follicular growth differ
from the maximal nutritional needs necessary for preg-
nancy and early embryo growth [120]. Several studies
have shown that the deliberate addition of dietary fat to
animal diets throughout the breeding process can force-
fully reduce insulin levels while not overstimulating oocyte
and zygote development [121]. Aside from introducing
insignificant amounts of saturated or monounsaturated
fatty acids in a diet to stimulate energy intake, it is
becoming more customary for polyunsaturated fatty acids
to be supplemented in animal feed to specifically enhance
the levels of milk omega-3 (n-3) fatty acids. This can

successfully disguise the release of prostaglandin through
the endometrium, increasing the corpus luteum longevity
and considerably benefiting embryo survival [115,122].

The incorporation of sunflower and linseed oils, which
contain linoleic and linolenic acids, was shown to have a
minor effect on in vitro maturation, subsequent oocyte
quality, and embryo development [123]. Also, feed highly
concentrated within n-3/n-6 can impact follicle linolenic
acid and oestradiol concentrations and improve embryo
cleavage rate [96]. CLA, on the other hand, slows embryo
development by suppressing the production of stearoyl-CoA
desaturase-1, the enzyme that transforms stearic acid into
oleic acid [124]. Furthermore, additional dietary fat supple-
mentation in animal diet influences milk production,
which is most noticeable during lactation periods [125,126].
This is corroborated by a study using pigs (sows), which
found that adding dietary lipids to a sow’s diet during late
gestation and lactation improved milk production and colos-
trum and milk fat levels, increasing piglet survival chances
[127,128]. However, research on the effects of dietary lipids
on foetal development is limited. More experiments in this
area are encouraged.

6 Conclusion

Since livestock fertility is the key component of animal
production, a variety of factors are crucial in this respect.
One is the supplementation of dietary fats containing various
fatty acids, which have a direct impact on an animal’s ability
to reproduce. Fatty acids might therefore be employed in the
control of reproductive processes. Even while seeds from
various fat sources such as sunflower, safflower, cottonseed,
rice bran, soybeans, and fishmeal have been employed in the
past and recent times as sources of proteins, they are some-
times disregarded as important sources of fatty acid supple-
ments, which are obtained mostly through the oil generated.
It is critical to understand that the kind and quality of dietary
lipids can have a substantial impact on animal reproductive
performance. For optimal results, a balanced and adequate
ratio of different types of fatty acids is required. Specific
requirements may differ depending on the species, breed,
reproductive cycle stage, and other factors. It is necessary
to consult with a veterinarian or animal nutritionist to estab-
lish an appropriate diet that matches the specific demands of
farm animals for optimal reproductive function. However,
knowledge of the function of dietary fatty acids in some ani-
mals is not sufficient. Additional studies are needed to deter-
mine the function and significance of dietary fats in livestock
reproduction as well as their effects on health and nutrition.

6  Tlou Christopher Kujoana et al.



Funding information: The authors state no funding involved.

Author contributions: T.C.K.: conceptualisation of the
manuscript, visualisation, writing – original draft, and
writing – review and editing; M.M.: visualisation and
supervision; N.A.S.: supervision, visualisation, valida-
tion, and writing – review and editing.

Conflict of interest: The authors state no conflict of interest.

Data availability statement: Data sharing does not apply
to this article as no datasets were generated or analysed
during the current study.

References

[1] Kgari RD, Muller CJ, Dzama K, Makgahlela ML. Evaluation of
female fertility in dairy cattle enterprises – A review. S Afr J Anim
Sci. 2020;50(6):819–29. doi: 10.4314/sajas.v50i6.8.

[2] Smith OB, Akinbamijo OO. Micronutrients and reproduction in
farm animals. Anim Reprod Sci. 2000;60:549–60. doi: 10.1016/
S0378-4320(00)00114-7.

[3] Endris M, Feki E. Review on the effect of stress on animal pro-
ductivity and the response of animal to stressors. J Anim Vet Adv.
2021;20(1):1–4. doi: 10.36478/javaa.2021.1.14.

[4] Hadrová S, Sedláková K, Křížová L, Malyugina S. Alternative and
unconventional feeds in dairy diets and their effect on fatty acid
profile and health properties of milk fat. Animals. 2021;11(6):1817.
doi: 10.3390/ani11061817.

[5] Lin MF, Chang CY, Yang CW, Dierenfeld ES. Aspects of digestive
anatomy, feed intake and digestion in the Chinese pangolin
(Manis pentadactyla) at Taipei Zoo. Zoo Biol. 2015;34(3):262–70.
doi: 10.1002/zoo.21212.

[6] De Sousa SV, de Araújo MJ, e Silva TP, Marques CA, da Costa
Torreão JN, Bezerra, LR, et al. Dietary supplementation for Santa
Inês hair ewes on pasture at pre- and postpartum periods: dry
matter intake, digestibility, milk production, and mineral meta-
bolism. Trop Anim Health Prod. 2018;50:1903–12. doi: 10.1007/
s11250-018-1643-2.

[7] Vilchez Athanasopulos AC. Adsorptive precipitation of vitamin D3
and vitamin E on gum arabic and sodium alginate using super-
critical carbon dioxide. M.Sc. Thesis. The University of Aberta;
2020. doi: 10.7939/r3-w8tt-q150.

[8] Amabebe E, Anumba DO. Female gut and genital tract micro-
biota-induced crosstalk and differential effects of short-chain
fatty acids on immune sequelae. Front Immunol. 2020;11:2184.
doi: 10.3389/fimmu.2020.02184.

[9] Garverick HA, Harris MN, Vogel-Bluel R, Sampson JD, Bader J,
Lamberson WR, et al. Concentrations of nonesterified fatty acids
and glucose in the blood of periparturient dairy cows are indi-
cative of pregnancy success at first insemination. J Dairy Sci.
2013;96(1):181–8. doi: 10.3168/jds.2012-5619.

[10] Csöbönyeiová M, Varga I, Lapides L, Pavlíková L, Feitscherová C,
Klein M. From a passive conduit to highly dynamic organ. what

are the roles of uterine tube epithelium in reproduction. Physiol
Res. 2022;71(1):S11–20. doi: 10.33549/physiolres.934954.

[11] Zeng X, Li S, Liu L, Cai S, Ye Q, Xue B, et al. Role of functional
fatty acids in modulation of reproductive potential in livestock.
J Anim Sci Biotechnol. 2023;14(1):24. doi: 10.1186/s40104-022-
00818-9.

[12] Rato L, Sousa AC. The impact of endocrine-disrupting chemicals in
male fertility: focus on the action of obesogens. J Xenobiot.
2021;11(4):163–96. doi: 10.3390/jox11040012.

[13] Parker JN, Parker PM. Testosterone. Health Publications; 2004.
[14] Kadir ER. Bisphenol-a and melatonin exposure altered histo-

morphological and reproductive genetic biomarkers of hypotha-
lamo-pituitary-ovarian axis in Wistar rats. Doctoral dissertation,
University of Ilorin; 2021.

[15] Bentley C, Mond J, Rodgers B. Sex differences in psychosocial
impairment associated with eating-disordered behavior: What if
there aren’t any? Eat Behav. 2014;15(4):609–14. doi: 10.1016/j.
eatbeh.2014.08.015.

[16] Salas-Huetos A, James ER, Aston KI, Jenkins TG, Carrell DT. Diet
and sperm quality: Nutrients, foods and dietary patterns. Reprod
Biol. 2019;19(3):219–24. doi: 10.1016/j.repbio.2019.07.005.

[17] Mallick P, Muduli K, Biswal JN, Pumwa J. Broiler poultry feed cost
optimization using linear programming technique. J Oper
Strategic Plan. 2020;3(1):31–57. doi: 10.1177/2516600X19896910.

[18] Sharma A, Baddela VS, Becker F, Dannenberger D, Viergutz T,
Vanselow J. Elevated free fatty acids affect bovine granulosa cell
function: a molecular cue for compromised reproduction during
negative energy balance. Endocr Connect. 2019;8(5):493. doi: 10.
1530/EC-19-0011.

[19] Adeleke BS, Babalola OO. Oilseed crop sunflower (Helianthus
annuus) as a source of food: Nutritional and health benefits. Food
Sci Nutr. 2020;8(9):4666–84. doi: 10.1002/fsn3.1783.

[20] Zhang F, Nan X, Wang H, Zhao Y, Guo Y, Xiong B. Effects of
propylene glycol on negative energy balance of postpartum dairy
cows. Animals. 2020;10(9):1526. doi: 10.3390/ani10091526.

[21] Satir G, Akturk KU, Yavuz M, Koknaroglu H. Effects of adding
rumen-protected palm oil in diet on milk fatty acid profile and
lipid health indices in Kivircik ewes. Trop Anim Health Prod.
2023;55(3):159. doi: 10.1007/s11250-023-03580-w.

[22] De Carvalho CC, Caramujo MJ. The various roles of fatty acids.
Molecules. 2018;23(10):2583. doi: 10.3390/molecules23102583.

[23] Thomas DT, Erdman KA, Burke LM. Nutrition and athletic per-
formance. Med Sci Sports Exerc. 2016;48(3):543–68. doi: 10.1249/
MSS.0000000000000852.

[24] Wu H, Tatiyaborworntham N, Hajimohammadi M, Decker EA,
Richards MP, Undeland I. Model systems for studying lipid oxi-
dation associated with muscle foods: Methods, challenges, and
prospects. Crit Rev Food Sci Nutr. 2022;64(1):153–71. doi: 10.1080/
10408398.2022.2105302.

[25] Castellini C, Mattioli S, Signorini C, Cotozzolo E, Noto D, Moretti E,
et al. Effect of dietary source on rabbit male reproduction. Oxid
Med Cell Longev. 2019;2019:1–13. doi: 10.1155/2019/3279670.

[26] Prendeville H, Lynch L. Diet, lipids, and antitumor immunity. Cell
Mol Immunol. 2022;19(3):432–44. doi: 10.1038/s41423-021-00781-x.

[27] Kerr BJ, Kellner TA, Shurson GC. Characteristics of lipids and their
feeding value in swine diets. J Anim Sci Biotechnol. 2015;6(1):1–23.
doi: 10.1186/s40104-015-0028-x.

[28] Mensink RP, World Health Organization. Effects of saturated fatty
acids on serum lipids and lipoproteins: A systematic review and

Role of dietary fats in farm animals: A review  7

https://doi.org/10.4314/sajas.v50i6.8
https://doi.org/10.1016/S0378-4320(00)00114-7
https://doi.org/10.1016/S0378-4320(00)00114-7
https://doi.org/10.36478/javaa.2021.1.14
https://doi.org/10.3390/ani11061817
https://doi.org/10.1002/zoo.21212
https://doi.org/10.1007/s11250-018-1643-2
https://doi.org/10.1007/s11250-018-1643-2
https://doi.org/10.7939/r3-w8tt-q150
https://doi.org/10.3389/fimmu.2020.02184
https://doi.org/10.3168/jds.2012-5619
https://doi.org/10.33549/physiolres.934954
https://doi.org/10.1186/s40104-022-00818-9
https://doi.org/10.1186/s40104-022-00818-9
https://doi.org/10.3390/jox11040012
https://doi.org/10.1016/j.eatbeh.2014.08.015
https://doi.org/10.1016/j.eatbeh.2014.08.015
https://doi.org/10.1016/j.repbio.2019.07.005
https://doi.org/10.1177/2516600X19896910
https://doi.org/10.1530/EC-19-0011
https://doi.org/10.1530/EC-19-0011
https://doi.org/10.1002/fsn3.1783
https://doi.org/10.3390/ani10091526
https://doi.org/10.1007/s11250-023-03580-w
https://doi.org/10.3390/molecules23102583
https://doi.org/10.1249/MSS.0000000000000852
https://doi.org/10.1249/MSS.0000000000000852
https://doi.org/10.1080/10408398.2022.2105302
https://doi.org/10.1080/10408398.2022.2105302
https://doi.org/10.1155/2019/3279670
https://doi.org/10.1038/s41423-021-00781-x
https://doi.org/10.1186/s40104-015-0028-x


regression analysis. Geneva, Switzerland; 2016. p. 1–63. http://
www.who.int//nutrition.

[29] Bacou E, Walk C, Rider S, Litta G, Perez-Calvo E. Dietary oxidative
distress: A review of nutritional challenges as models for poultry,
swine and fish. Antioxidants. 2021;10(4):525. doi: 10.3390/
antiox10040525.

[30] Dias FF, Augusto-Obara TR, Hennebelle M, Chantieng S, Ozturk G,
Taha AY, et al. Effects of industrial heat treatments on bovine milk
oxylipins and conventional markers of lipid oxidation.
Prostaglandins Leukotrienes Essent Fat Acids. 2020;152:102040.
doi: 10.1016/j.plefa.2019.102040.

[31] Wang TY, Liu M, Portincasa P, Wang DQ. New insights into the
molecular mechanism of intestinal fatty acid absorption. Eur J Clin
Invest. 2013;43(11):1203–23. doi: 10.1111/eci.12161.

[32] Fan L, Eskin NM. The use of antioxidants in the preservation of
edible oils. Handb Antioxid Food Preservation. 2015;276:373–88.
doi: 10.1016/B978-1-78242-089-7.00015-4.

[33] Ogori AF. Source, extraction and constituents of fats and oils.
J Food Sci. 2020;6(2):100060. doi: 10.24966/FSN-1076/100060.

[34] Wadhwa M, Bakshi MP. Application of waste-derived proteins in
the animal feed industry. In Protein byproducts. Amsterdam:
Elsevier; 2016 Jan. p. 161–92. doi: 10.1016/B978-0-12-802391-4.
00010-0.

[35] Tian F, Woo SY, Lee SY, Park SB, Im JH, Chun HS. Mycotoxins in
soybean‐based foods fermented with filamentous fungi:
Occurrence and preventive strategies. Compr Rev Food Sci Food
Saf. 2022;21(6):5131–52. doi: 10.1111/1541-4337.13032.

[36] Garg MR, Sherasia PL, Bhanderi BM. Quality control manual for
cattle feed plants. Animal Nutrition Group. Gujarat: NDDB,
Anand; 2013.

[37] Ayyat MS, Al-Sagheer A, Noreldin AE, Abd El-Hack ME, Khafaga AF,
Abdel-Latif MA, et al. Beneficial effects of rumen-protected
methionine on nitrogen-use efficiency, histological parameters,
productivity and reproductive performance of ruminants. Anim
Biotechnol. 2021;32(1):51–66. doi: 10.1080/10495398.2019.
1653314.

[38] Janocha A, Milczarek A, Pietrusiak D, Łaski K, Saleh M. Efficiency of
soybean products in broiler chicken nutrition. Animals.
2022;12(3):294. doi: 10.3390/ani12030294.

[39] Bakr MH, Abd Elazeim MG, Abd El Rahman M, Olafadehan OA,
Kholif AE. The enrichment of chocolate byproducts and protected
fats with zinc to partially replace corn in diets of early lactation
t;pylhju. Ann Anim Sci. 2023;23(3):789–98. doi: 10.2478/aoas-
2023-0012.

[40] Muñoz C, Sánchez R, Peralta AM, Espíndola S, Yan T, Morales R,
et al. Effects of feeding unprocessed oilseeds on methane emis-
sion, nitrogen utilization efficiency and milk fatty acid profile of
lactating dairy cows. Anim Feed Sci Technol. 2019;249:18–30.
doi: 10.1016/j.anifeedsci.2019.01.015.

[41] Sharma SK, Barthwal R, Saini D, Rawat N. Chemistry of food fats,
oils, and other Lipids. Food components, processing and pre-
servation. In Advances in food chemistry. Singapore: Springer
Nature Singapore; 2022. p. 209–54. doi: 10.1007/978-981-19-4796-
4_6.

[42] Gligorescu A, Fischer CH, Larsen PF, Nørgaard JV, Heckman LH.
Production and optimization of Hermetia illucens (L.) larvae reared
on food waste and utilized as feed ingredient. Sustainability.
2020;12(23):9864. doi: 10.3390/su12239864.

[43] Freitas TB, Felix TL, Shriver W, Fluharty FL, Relling AE. Effect of
corn processing on growth performance, carcass characteristics,

and plasma glucose-dependent insulinotropic polypeptide and
metabolite concentrations in feedlot cattle. Transl Anim Sci.
2020;4(2):822–30. doi: 10.1093/tas/txaa009.

[44] Raczyk M, Brys J, Brzezinska R, Ostrowska-Ligeza E, Wirkowska-
Wojdyła M, Górska A. Quality assessment of cold-pressed straw-
berry, raspberry and blackberry seed oils intended for cosmetic
purposes. Acta Sci Pol Technol Aliment. 2021;20:127–33. doi: 10.
17306/j.afs.0884.

[45] Kamati MI. Identification, quantification and nutritional charac-
terization of agro-industrial by-products in Namibia as potential
supplements of the bush-based feeds. PhD Thesis. The University
of Namibia; 2019. http://hdl.handle.net/11070/2653.

[46] Rios RV, Pessanha MD, Almeida PF, Viana CL, Lannes SC.
Application of fats in some food products. Food Sci Technol.
2014;34:3–15. doi: 10.1590/S0101-20612014000100001.

[47] Rad AH, Ebrahimi B, Homayoonpour F, Tabrizi A, SalmasI DA,
Baharbanafshe M. Formulation of stable frying oil for food
industry by using various edible oils and antioxidants. Curr Nutr
Food Sci. 2019;15(7):672–7. doi: 10.2174/
1573401315666181204112903.

[48] Nestola M, Schmidt TC. Fully automated determination of the
sterol composition and total content in edible oils and fats by
online liquid chromatography–gas chromatography–flame ioni-
zation detection. J Chromatogr A. 2016;1463:136–43. doi: 10.1016/
j.chroma.2016.08.019.

[49] Sripalakit P, Saraphanchotiwitthaya A. Utilization of phytosterol-
containing vegetable oils as a substrate for production of
androst-4-ene-3, 17-dione and androsta-1, 4-diene-3, 17-dione by
using Mycobacterium sp. Biocatal Agric Biotechnol. 2016;8:18–23.
doi: 10.1016/j.bcab.2016.07.006.

[50] Gómez-Estaca J, Herrero AM, Herranz B, Álvarez MD, Jiménez-
Colmenero F, Cofrades S. Characterization of ethyl cellulose and
beeswax oleogels and their suitability as fat replacers in healthier
lipid pâtés development. Food Hydrocoll. 2019;87:960–9. doi: 10.
1016/j.foodhyd.2018.09.029.

[51] Villeneuve P, Bourlieu-Lacanal C, Durand E, Lecomte J,
McClements DJ, Decker EA. Lipid oxidation in emulsions and bulk
oils: A review of the importance of micelles. Crit Rev Food Sci
Nutr. 2023;63(20):4687–727. doi: 10.1080/10408398.2021.
2006138.

[52] Hassan SM. Soybean, nutrition and health. In Soybean – Bio-
active compounds. London, UK: IntechOpen; 2013.

[53] Kubala J, Ajmera R. 6 benefits of soybean oil and some potential
downsides; 2020 Jun. https://www.healthline.com/nutrition/
soybean-oil.

[54] Martinchik AN, Baturin AK, Zubtsov VV, VIu M. Nutritional value
and functional properties of flaxseed. Voprosy pitaniia.
2012;81(3):4–10.

[55] Ajmera R. 6 Benefits of flaxseed oil – plus how to use it and Some
Potential Downsides; 2017 Sep. https://www.healthline.com/
nutrition/soybean-oil.

[56] Yang A, Qi M, Wang X, Wang S, Sun L, Qi D, et al. Refined cot-
tonseed oil as a replacement for soybean oil in broiler diet. Food
Sci Nutr. 2019;7(3):1027–34. doi: 10.1002/fsn3.933.

[57] Yubero-Serrano EM, Lopez-Moreno J, Gomez-Delgado F, Lopez-
Miranda J. Extra virgin olive oil: More than a healthy fat. Eur J Clin
Nutr. 2019;72(1):8–17. doi: 10.1038/s41430-018-0304-x.

[58] Marengo K, Santos-Longhurst A. Is cottonseed oil good or bad for
you?; 2022 Nov. https://www.healthline.com/health/
cottonseed-oil.

8  Tlou Christopher Kujoana et al.

http://www.who.int//nutrition
http://www.who.int//nutrition
https://doi.org/10.3390/antiox10040525
https://doi.org/10.3390/antiox10040525
https://doi.org/10.1016/j.plefa.2019.102040
https://doi.org/10.1111/eci.12161
https://doi.org/10.1016/B978-1-78242-089-7.00015-4
https://doi.org/10.24966/FSN-1076/100060
https://doi.org/10.1016/B978-0-12-802391-4.00010-0
https://doi.org/10.1016/B978-0-12-802391-4.00010-0
https://doi.org/10.1111/1541-4337.13032
https://doi.org/10.1080/10495398.2019.1653314
https://doi.org/10.1080/10495398.2019.1653314
https://doi.org/10.3390/ani12030294
https://doi.org/10.2478/aoas-2023-0012
https://doi.org/10.2478/aoas-2023-0012
https://doi.org/10.1016/j.anifeedsci.2019.01.015
https://doi.org/10.1007/978-981-19-4796-4_6
https://doi.org/10.1007/978-981-19-4796-4_6
https://doi.org/10.3390/su12239864
https://doi.org/10.1093/tas/txaa009
https://doi.org/10.17306/j.afs.0884
https://doi.org/10.17306/j.afs.0884
http://hdl.handle.net/11070/2653
https://doi.org/10.1590/S0101-20612014000100001
https://doi.org/10.2174/1573401315666181204112903
https://doi.org/10.2174/1573401315666181204112903
https://doi.org/10.1016/j.chroma.2016.08.019
https://doi.org/10.1016/j.chroma.2016.08.019
https://doi.org/10.1016/j.bcab.2016.07.006
https://doi.org/10.1016/j.foodhyd.2018.09.029
https://doi.org/10.1016/j.foodhyd.2018.09.029
https://doi.org/10.1080/10408398.2021.2006138
https://doi.org/10.1080/10408398.2021.2006138
https://www.healthline.com/nutrition/soybean-oil
https://www.healthline.com/nutrition/soybean-oil
https://www.healthline.com/nutrition/soybean-oil
https://www.healthline.com/nutrition/soybean-oil
https://doi.org/10.1002/fsn3.933
https://doi.org/10.1038/s41430-018-0304-x
https://www.healthline.com/health/cottonseed-oil
https://www.healthline.com/health/cottonseed-oil


[59] Kujoana TC, Weeks WJ, Van der Westhuizen MM, Mabelebele M,
Sebola NA. Potential significance of kenaf (Hibiscus cannabinus L.)
to global food and feed industries. Cogent Food Agric.
2023;9(1):2184014. doi: 10.1080/23311932.2023.2184014.

[60] Cheng WY, Akanda JM, Nyam KL. Kenaf seed oil: A potential new
source of edible oil. Trends Food Sci Technol. 2016;52:57–65.
doi: 10.1016/j.tifs.2016.03.014.

[61] Karim R, Noh NA, Ibadullah WZ, Zawawi N, Saari N. Kenaf (Hibiscus
cannabinus L.) seed extract as a new plant-based milk alternative
and its potential food uses. In Milk substitutes-selected aspects.
London, UK: IntechOpen; 2020. doi: 10.5772/intechopen.94067.

[62] Leone A, Spada A, Battezzati A, Schiraldi A, Aristil J, Bertoli S.
Moringa oleifera seeds and oil: Characteristics and uses for
human health. Int J Mol Sci. 2016;17(12):2141. doi: 10.3390/
ijms17122141.

[63] Nadeem M, Imran M. Promising features of Moringa oleifera oil:
recent updates and perspectives. Lipids Health Dis. 2016;15:1–8.
doi: 10.1186/s12944-016-0379-0.

[64] Mirihagalla MK, Fernando KM. Medicinal plants use for home
remedies in Sri Lanka: A review. Int J Minor Fruits Medicinal
Aromatic Plants. 2021;7(2):29–39, http://ir.lib.ruh.ac.lk/xmlui/
handle/iruor/8809.

[65] Benzertiha A, Kierończyk B, Rawski M, Mikołajczak Z, Urbański A,
et al. Insect fat in animal nutrition – A review. Ann Anim Sci.
2020;20(4):1217–40. doi: 10.2478/aoas-2020-0076.

[66] Lorrette B, Sanchez L. New lipid sources in the insect industry,
regulatory aspects and applications. OCL. 2022;29:22. doi: 10.
1051/ocl/2022017.

[67] Khalili Tilami S, Sampels S. Nutritional value of fish: lipids, pro-
teins, vitamins, and minerals. Rev Fish Sci Aquac.
2018;26(2):243–53. doi: 10.1080/23308249.2017.1399104.

[68] Patra AK. The effect of dietary fats on methane emissions, and its
other effects on digestibility, rumen fermentation and lactation
performance in cattle: A meta-analysis. Livest Sci.
2013;155(2–3):244–54. doi: 10.1016/j.livsci.2013.05.023.

[69] Bao X, Zhang Y, Zhang H, Xia L. Molecular mechanism of β-
sitosterol and its derivatives in tumor progression. Front Oncol.
2022 Jun;12:926975. doi: 10.3389/fonc.2022.926975.

[70] Karuna MS, Prasad RB. Vegetable oil-based nutraceuticals. Plant
Biol Biotechnol: Volume I: Plant Diversity Organ Funct Improv.
2015;1:793–812. doi: 10.1007/978-81-322-2286-6_33.

[71] Minatel IO, Francisqueti FV, Corrêa CR, Lima GP. Antioxidant
activity of γ-oryzanol: a complex network of interactions. Int J Mol
Sci. 2016;17(8):1107. doi: 10.3390/ijms17081107.

[72] Grattan Jr BJ. Plant sterols as anticancer nutrients: evidence for
their role in breast cancer. Nutrients. 2013;5(2):359–87. doi: 10.
3390/nu5020359.

[73] Saracila M, Panaite TD, Papuc CP, Criste RD. Heat stress in broiler
chickens and the effect of dietary polyphenols, with special
reference to willow (Salix spp.) bark supplements – A review.
Antioxidants. 2021;10(5):686. doi: 10.3390/antiox10050686.

[74] Ighodaro OM, Akinloye OA. First line defence antioxidants-
superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPX): Their fundamental role in the entire antioxi-
dant defence grid. Alex J Med. 2018;54(4):287–93. doi: 10.1016/j.
ajme.2017.09.001.

[75] Castro T, Martinez D, Isabel B, Cabezas A, Jimeno V. Vegetable oils
rich in polyunsaturated fatty acids supplementation of dairy
cows’ diets: Effects on productive and reproductive performance.
Animals. 2019;9(5):205. doi: 10.3390/ani9050205.

[76] Van Kempen TATG, Zijlstra RT. Eat like a Pig to combat
obesity. Metabolites. 2023;13(3):420. doi: 10.3390/
metabo13030420.

[77] Fernández-Peña C, Reimúndez A, Viana F, Arce VM, Señarís R. Sex
differences in thermoregulation in mammals: Implications for
energy homeostasis. Front Endocrinol. 2023;14:1–14. doi: 10.
3389%2Ffendo.2023.1093376.

[78] Oonincx DG, Van Broekhoven S, Van Huis A, van Loon JJ. Feed
conversion, survival and development, and composition of four
insect species on diets composed of food by-products. PLOS one.
2015;10(12):014460. doi: 10.1371/journal.pone.0144601.

[79] Hossain MS, Small BC, Hardy R. Insect lipid in fish nutrition:
Recent knowledge and future application in aquaculture. Rev
Aquaculture. 2023;15(4):1664–85. doi: 10.1111/raq.12810.

[80] Egalini F, Guardamagna O, Gaggero G, Varaldo E, Giannone B,
Beccuti G, et al. The effects of Omega 3 and Omega 6 Fatty Acids
on Glucose Metabolism: An updated review. Nutrients.
2023;15(12):2672. doi: 10.3390/nu15122672.

[81] Zohoori FV. Nutrition and diet. Impact Nutr Diet Oral Health.
2020;28:1–3.

[82] Batkowska J, Drabik K, Brodacki A, Czech A, Adamczuk A. Fatty
acids profile, cholesterol level and quality of table eggs from hens
fed with the addition of linseed and soybean oil. Food chem.
2021;334:127612. doi: 10.1016/j.foodchem.2020.127612.

[83] Kumar S, Sihag S, Sihag ZS, Patil CS, Dhaka SS, Pandey AK. Effect
of dietary enrichment with omega 3 and 6 fatty acids on blood
metabolites, hormone concentration and ovarian function in
sahiwal heifers. Indian J Anim Sci. 2022;56(9):1084–9. doi: 10.
18805/IJAR.B-3939.

[84] Cunha TO, Statz LR, Domingues RR, Andrade JP, Wiltbank MC,
Martins JP. Accessory corpus luteum induced by human chorionic
gonadotropin on day 7 or days 7 and 13 of the estrous cycle
affected follicular and luteal dynamics and luteolysis in lactating
Holstein cows. Int J Dairy Sci. 2022;105(3):2631–50. doi: 10.3168/
jds.2021-20619.

[85] Mintziori G, Nigdelis MP, Mathew H, Mousiolis A, Goulis DG,
Mantzoros CS. The effect of excess body fat on female and male
reproduction. Metabolism. 2020;107:154193. doi: 10.1016/j.
metabol.2020.154193.

[86] Carneiro LC, Williams EJ, Saut JP, Santos RM, Celeghini EC. The
effect of n-3 polyunsaturated fatty acid supplementation on
immune and reproductive parameters in dairy cows: a review.
Braz J Vet Res Anim Sci. 2021;58:1–3, https://orcid.org/0000-0002-
5324-010X.

[87] Collodel G, Castellini C, Lee JC, Signorini C. Relevance of fatty acids
to sperm maturation and quality. Oxid Med Cell Longev.
2020;2020:1–14. doi: 10.1155/2020/7038124.

[88] Ofosu J, Nartey MA, Mo X, Ye J, Zhang Y, Zeng C, et al. Ram sperm
cryopreservation disrupts metabolism of unsaturated fatty acids.
Theriogenology. 2023;204:8–17. doi: 10.1016/j.theriogenology.
2023.03.023.

[89] Diskin MG, Kenny DA. Optimising reproductive performance of
beef cows and replacement heifers. Animal. 2014;8(1):27–39. doi:
10.1017/S175173111400086X.

[90] Chen X, Jia X, Qiao J, Guan Y, Kang J. Adipokines in reproductive
function: a link between obesity and polycystic ovary syndrome.
J Mol Endocrinol. 2013;50(2):21–37, http://jme.endocrinology-
journals.org/.

[91] Sadagurski M, Dong XC, Myers MG, Jr, White MF. Irs2 and Irs4
synergize in non-LepRb neurons to control energy balance and

Role of dietary fats in farm animals: A review  9

https://doi.org/10.1080/23311932.2023.2184014
https://doi.org/10.1016/j.tifs.2016.03.014
https://doi.org/10.5772/intechopen.94067
https://doi.org/10.3390/ijms17122141
https://doi.org/10.3390/ijms17122141
https://doi.org/10.1186/s12944-016-0379-0
http://ir.lib.ruh.ac.lk/xmlui/handle/iruor/8809
http://ir.lib.ruh.ac.lk/xmlui/handle/iruor/8809
https://doi.org/10.2478/aoas-2020-0076
https://doi.org/10.1051/ocl/2022017
https://doi.org/10.1051/ocl/2022017
https://doi.org/10.1080/23308249.2017.1399104
https://doi.org/10.1016/j.livsci.2013.05.023
https://doi.org/10.3389/fonc.2022.926975
https://doi.org/10.1007/978-81-322-2286-6_33
https://doi.org/10.3390/ijms17081107
https://doi.org/10.3390/nu5020359
https://doi.org/10.3390/nu5020359
https://doi.org/10.3390/antiox10050686
https://doi.org/10.1016/j.ajme.2017.09.001
https://doi.org/10.1016/j.ajme.2017.09.001
https://doi.org/10.3390/ani9050205
https://doi.org/10.3390/metabo13030420
https://doi.org/10.3390/metabo13030420
https://doi.org/10.3389%2Ffendo.2023.1093376
https://doi.org/10.3389%2Ffendo.2023.1093376
https://doi.org/10.1371/journal.pone.0144601
https://doi.org/10.1111/raq.12810
https://doi.org/10.3390/nu15122672
https://doi.org/10.1016/j.foodchem.2020.127612
https://doi.org/10.18805/IJAR.B-3939
https://doi.org/10.18805/IJAR.B-3939
https://doi.org/10.3168/jds.2021-20619
https://doi.org/10.3168/jds.2021-20619
https://doi.org/10.1016/j.metabol.2020.154193
https://doi.org/10.1016/j.metabol.2020.154193
https://orcid.org/0000-0002-5324-010X
https://orcid.org/0000-0002-5324-010X
https://doi.org/10.1155/2020/7038124
https://doi.org/10.1016/j.theriogenology.2023.03.023
https://doi.org/10.1016/j.theriogenology.2023.03.023
https://doi.org/10.1017/S175173111400086X
http://jme.endocrinology-journals.org/
http://jme.endocrinology-journals.org/


glucose homeostasis. Mol Metab. 2014;3(1):55–63. doi: 10.1016/j.
molmet.2013.10.004.

[92] Somasundaram I, Kaingade P, Bhonde R. Components of Breast
Milk: An Overview. In: Stem Cell Non-stem Cell Compon Breast
Milk. Singapore: Springer; 2023.

[93] Colnot T, Kacew S, Dekant W. Mammalian toxicology and human
exposures to the flame retardant 2, 2′, 6, 6′-tetrabromo-4, 4′-iso-
propylidenediphenol (TBBPA): implications for risk assessment.
Arch Toxicol. 2014;88:553–73. doi: 10.1007/s00204-013-1180-8.

[94] Crowe AD, Lonergan P, Butler ST. Invited review: Use of assisted
reproduction techniques to accelerate genetic gain and increase
value of beef production in dairy herds. J Dairy Sci.
2021;104(12):12189–206. doi: 10.3168/jds.2021-20281.

[95] Zanussi HP, Shariatmadari F, Sharafi M, Ahmadi H. Dietary sup-
plementation with flaxseed oil as source of omega-3 fatty acids
improves seminal quality and reproductive performance in aged
broiler breeder roosters. Theriogenology. 2019;130:41–8. doi: 10.
1016/j.theriogenology.2019.02.030.

[96] Moallem U, Lehrer H, Livshits L, Zachut MJ. The effects of omega-3
α-linolenic acid from flaxseed oil supplemented to high-yielding
dairy cows on production, health, and fertility. Livest Sci.
2020;242:104302. doi: 10.1016/j.livsci.2020.104302.

[97] Spergel DJ. Modulation of gonadotropin-releasing hormone
neuron activity and secretion in mice by non-peptide neuro-
transmitters, gasotransmitters, and gliotransmitters. Front
Endocrinol. 2019;10:329. doi: 10.3389/fendo.2019.00329.

[98] Balasubramanian P, Jagannathan L, Mahaley RE, Subramanian M,
Gilbreath ET, Mohankumar PS, et al. High fat diet affects repro-
ductive functions in female diet‐induced obese and dietary
resistant rats. J Neuroendocrinol. 2012;24(5):748–55. doi: 10.1111/
j.1365-2826.2011.02276.x.

[99] Clayton EH, Wilkins JF, Friend MA. Increased proportion of female
lambs by feeding Border Leicester × Merino ewes a diet high in
omega-6 fatty acids around mating. Anim Prod Sci.
2015;56(5):824–33.

[100] Ghaffarilaleh V, Fouladi-Nashta A, Paramio MT. Effect of α-lino-
lenic acid on oocyte maturation and embryo development of
prepubertal sheep oocytes. Theriogenology. 2014;82(5):686–96.
doi: 10.1016/j.theriogenology.2014.05.027.

[101] Fair S, Doyle DN, Diskin MG, Hennessy AA, Kenny DA. The effect of
dietary n-3 polyunsaturated fatty acids supplementation of rams
on semen quality and subsequent quality of liquid stored semen.
Theriogenology. 2014;81(2):210–9. doi: 10.1016/j.theriogenology.
2013.09.002.

[102] Elsawy M, Sadaka T, Shourrap M. Effect of unsaturated fatty acids
on hormonal profile, antioxidant status, semen quality and
reproductive performance in aging buck rabbits. Egypt J Rabbit
Sci. 2018;28(2):311–32. doi: 10.21608/ejrs.2018.44118.

[103] Mattioli S, Dal Bosco A, Maranesi M, Petrucci L, Rebollar PG,
Castellini C. Dietary fish oil and flaxseed for rabbit does: fatty
acids distribution and Δ6-desaturase enzyme expression of dif-
ferent tissues. Animal. 2019;13(9):1934–42. doi: 10.1017/
S175173111900020X.

[104] Rebollar PG, García-García RM, Arias-Álvarez M, Millán P, Rey AI,
Rodríguez M, et al. Reproductive long-term effects, endocrine
response and fatty acid profile of rabbit does fed diets supple-
mented with n-3 fatty acids. Anim Reprod Sci.
2014;146(3–4):202–9. doi: 10.1016/j.anireprosci.2014.02.021.

[105] González-Ravina C, Aguirre-Lipperheide M, Pinto F, Martín-
Lozano D, Fernández-Sánchez M, et al. Effect of dietary

supplementation with a highly pure and concentrated docosa-
hexaenoic acid (DHA) supplement on human sperm function.
Reprod Biol. 2018;18(3):282–8. doi: 10.1016/j.repbio.2018.06.002.

[106] Perumal P, Chang S, Khate K, Vupru K, Bag S. Flaxseed oil mod-
ulates semen production and its quality profiles, freezability,
testicular biometrics and endocrinological profiles in mithun.
Theriogenology. 2019;136:47–59. doi: 10.1016/j.theriogenology.
2019.06.029.

[107] Khoshvaght A, Towhidi A, Zare-Shahneh A, Noruozi M, Zhandi M,
Davachi ND, et al. Dietary n-3 PUFAs improve fresh and post-thaw
semen quality in Holstein bulls via alteration of sperm fatty acid
composition. Theriogenology. 2016;85(5):807–12. doi: 10.1016/j.
theriogenology.2015.10.023.

[108] Sinedino LD, Honda PM, Souza LR, Lock AL, Boland MP,
Staples CR, et al. Effects of supplementation with docosahexae-
noic acid on reproduction of dairy cows. Reprod.
2017;153(5):707–23. doi: 10.1530/REP-16-0642.

[109] Hutchinson IA, Hennessy AA, Waters SM, Dewhurst RJ, Evans AC,
Lonergan P, et al. Effect of supplementation with different fat
sources on the mechanisms involved in reproductive perfor-
mance in lactating dairy cattle. Theriogenology. 2012;78(1):12–27.
doi: 10.1016/j.theriogenology.2011.12.031.

[110] Olubowale OS, De Witt FH, Greyling JP, Hugo A, Jooste AM,
Raito MB. The effect of dietary lipid sources on layer fertility and
hatchability. South Afr J Anim Sci. 2014;44(5):44–50. doi: 10.4314/
sajas.v44i5.10.

[111] Carrion-Lopez MJ, Madrid J, Martinez S, Hernandez F, Orengo J.
Effects of the feeding level in early gestation on body reserves
and the productive and reproductive performance of primiparous
and multiparous sows. Res Vet Sci. 2022;148:42–51. doi: 10.1016/j.
rvsc.2022.05.002.

[112] Wang L, Zhang S, Johnston LJ, Levesque CL, Yin J, Dong B. A
systematic review and meta-analysis of dietary fat effects on
reproductive performance of sows and growth performance of
piglets. J Anim Sci Biotechnol. 2022;13(1):12. doi: 10.1016/j.
livprodsci.2004.06.015.

[113] Pandey AK, Ghuman SP, Dhaliwal GS, Honparkhe M, Phogat JB,
Kumar S. Effects of preovulatory follicle size on estradiol con-
centrations, corpus luteum diameter, progesterone concentra-
tions and subsequent pregnancy rate in buffalo cows (Bubalus
bubalis). Theriogenology. 2018;107:57–62. doi: 10.1016/j.
theriogenology.2017.10.048.

[114] Titi HH, Awad R. Effect of dietary fat supplementation on repro-
ductive performance of goats. Anim Reprod. 2018;4(1):23–30.

[115] Weerasinghe WM, Herath HM, Mahipala MB. Effects of two levels
of dietary energy content on milk production and serum meta-
bolites in early lactation temperate crossbred dairy cows fed
guinea grass (Megathyrsus maximus) based diets. Tropical Agric
Res. 2023;34(3):200–11.

[116] Mansour MM, Zeitoun MM. Modulation of ovarian follicular
dynamics and conception rate in Buffalo cows exposed to
Ovsynch protocol combined with a recombinant bovine somato-
tropin. Sci Pap J Anim Sci Biotechnol. 2020;53(2):53–9.

[117] Cheng Z, Abayasekara DR, Ward F, Preece DM, Raheem KA,
Wathes DC. Altering n-3 to n-6 polyunsaturated fatty acid ratios
affects prostaglandin production by ovine uterine endometrium.
Anim Reprod Sci. 2013;143(1–4):38–47. doi: 10.1016/j.anireprosci.
2013.10.015.

[118] Nazir G, Ghuman SP, Honparkhe M, Dhaliwal GS, Sharma R,
Phawa B, et al. Flaxseed supplementation in buffaloes attenuates

10  Tlou Christopher Kujoana et al.

https://doi.org/10.1016/j.molmet.2013.10.004
https://doi.org/10.1016/j.molmet.2013.10.004
https://doi.org/10.1007/s00204-013-1180-8
https://doi.org/10.3168/jds.2021-20281
https://doi.org/10.1016/j.theriogenology.2019.02.030
https://doi.org/10.1016/j.theriogenology.2019.02.030
https://doi.org/10.1016/j.livsci.2020.104302
https://doi.org/10.3389/fendo.2019.00329
https://doi.org/10.1111/j.1365-2826.2011.02276.x
https://doi.org/10.1111/j.1365-2826.2011.02276.x
https://doi.org/10.1016/j.theriogenology.2014.05.027
https://doi.org/10.1016/j.theriogenology.2013.09.002
https://doi.org/10.1016/j.theriogenology.2013.09.002
https://doi.org/10.21608/ejrs.2018.44118
https://doi.org/10.1017/S175173111900020X
https://doi.org/10.1017/S175173111900020X
https://doi.org/10.1016/j.anireprosci.2014.02.021
https://doi.org/10.1016/j.repbio.2018.06.002
https://doi.org/10.1016/j.theriogenology.2019.06.029
https://doi.org/10.1016/j.theriogenology.2019.06.029
https://doi.org/10.1016/j.theriogenology.2015.10.023
https://doi.org/10.1016/j.theriogenology.2015.10.023
https://doi.org/10.1530/REP-16-0642
https://doi.org/10.1016/j.theriogenology.2011.12.031
https://doi.org/10.4314/sajas.v44i5.10
https://doi.org/10.4314/sajas.v44i5.10
https://doi.org/10.1016/j.rvsc.2022.05.002
https://doi.org/10.1016/j.rvsc.2022.05.002
https://doi.org/10.1016/j.livprodsci.2004.06.015
https://doi.org/10.1016/j.livprodsci.2004.06.015
https://doi.org/10.1016/j.theriogenology.2017.10.048
https://doi.org/10.1016/j.theriogenology.2017.10.048
https://doi.org/10.1016/j.anireprosci.2013.10.015
https://doi.org/10.1016/j.anireprosci.2013.10.015


plasma PGF2α concentrations during last quarter of oestrus cycle.
Indian J Anim Sci. 2013;83(10):1029–32.

[119] Leroy JL, Sturmey RG, Van Hoeck V, De Bie J, McKeegan PJ, Bols PE.
Dietary fat supplementation and the consequences for oocyte
and embryo quality: hype or significant benefit for dairy cow
reproduction? Reprod Domest Anim. 2014;49(3):353–61. doi: 10.
1111/rda.12308.

[120] Nigussie T. A review on the role of energy balance on reproduc-
tion of dairy cow. J Dairy Res Tech. 2018;1:101–22. doi: 10.24966/
DRT-9315/100003.

[121] Leroy JL, Sturmey RG, Van Hoeck V, De Bie J, McKeegan PJ, Bols PE.
Dietary lipid supplementation on cow reproductive performance
and oocyte and embryo viability: a real benefit? Anim Reprod.
2018;10(3):258–67.

[122] Dirandeh E, Towhidi A, Pirsaraei ZA, Saberifar T, Akhlaghi A,
Roodbari AR. The endometrial expression of prostaglandin cas-
cade components in lactating dairy cows fed different polyunsa-
turated fatty acids. Theriogenology. 2015;83(2):206–12. doi: 10.
1016/j.theriogenology.2014.09.011.

[123] Cordeiro MB, Peres MS, de Souza JM, Gaspar P, Barbiere F, Sá
Filho MF, et al. Supplementation with sunflower seed increases
circulating cholesterol concentrations and potentially impacts on

the pregnancy rates in Bos indicus beef cattle. Theriogenology.
2015;83(9):1461–8. doi: 10.1016/j.theriogenology.2015.01.022.

[124] Stinshoff H, Wilkening S, Hanstedt A, Bollwein H, Wrenzycki C.
Dimethyl sulfoxide and conjugated linoleic acids affect bovine
embryo development in vitro. Reprod Fertil Dev.
2014;26(4):502–10. doi: 10.1071/RD12372.

[125] Nawaz H, Ali M. Effect of supplemental fat on dry matter
intake, nutrient digestibility, milk yield and milk composition of
ruminants. Pak J Agric Sci. 2016;53(1). doi: 10.21162/PAKJAS/
16.4781.

[126] Quesnel H, Farmer C, Theil PK. Colostrum and milk production. In
The gestating and lactating sow. Nertherlands: Wageningen
Academic Publishers; 2015. p. 825–33. doi: 10.3920/978-90-8686-
803-2.

[127] Rosero DS, Boyd RD, Odle J, van Heugten E. Optimizing dietary
lipid use to improve essential fatty acid status and reproductive
performance of the modern lactating sow: a review. J Anim Sci
Biotechnol. 2016;7(1):1–8. doi: 10.1186/s40104-016-0092-x.

[128] Theil PK, Lauridsen C, Quesnel H. Neonatal piglet survival: impact
of sow nutrition around parturition on fetal glycogen deposition
and production and composition of colostrum and transient milk.
Animal. 2014;8(7):1021–30. doi: 10.1017/S1751731114000950.

Role of dietary fats in farm animals: A review  11

https://doi.org/10.1111/rda.12308
https://doi.org/10.1111/rda.12308
https://doi.org/10.24966/DRT-9315/100003
https://doi.org/10.24966/DRT-9315/100003
https://doi.org/10.1016/j.theriogenology.2014.09.011
https://doi.org/10.1016/j.theriogenology.2014.09.011
https://doi.org/10.1016/j.theriogenology.2015.01.022
https://doi.org/10.1071/RD12372
https://doi.org/10.21162/PAKJAS/16.4781
https://doi.org/10.21162/PAKJAS/16.4781
https://doi.org/10.3920/978-90-8686-803-2
https://doi.org/10.3920/978-90-8686-803-2
https://doi.org/10.1186/s40104-016-0092-x
https://doi.org/10.1017/S1751731114000950

	1 Introduction
	2 Source of data
	3 Description and sources of dietary fats
	4 Health and nutritional benefits of dietary fats in livestock production
	5 Effect of dietary fats on animal reproductive performance
	5.1 Effect of dietary fats on the development of reproductive organs, fertility, and hormones
	5.2 Effect of dietary fats on embryonic and foetal development and milk production

	6 Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


