
DOI: 10.62649/v7.i03.2019.pp29-36 Carvalho, Grunewald and Valdivieso, 2019  |  Vol 7, Issue 3  |  pp 29-36

Indo-American Journal of Agricultural and Veterinary Sciences

ISSN: 2321-9602

https://iajavs.org/index.php/iajavs/index

Unicorn Publishers

29

Effect of Bypass Fat Supplementation on
Post-Partum Reproductive Performance of
Crossbred Cows
Tiago Carvalho1 ●, Jonas Grunewald2 ●, Ainhoa Valdivieso3 ●

1 Scientist, Department of Livestock Production Management, Alentejo Institute of Agrarian Sciences, Beja, Portugal. Email:
t.carvalho@aias.pt | ORCID: 0000-0001-3394-2764

2 Associate Professor, Department of Poultry Science, Allgaeu Institute of Livestock Science, Kempten, Germany. Email:
j.grunewald@ails-k.de | ORCID: 0000-0001-0020-1791

3 Assistant Professor, Department of Animal Nutrition, Ebro Valley Institute of Crop Sciences, Tudela, Spain. Email:
a.valdivieso@evics.es | ORCID: 0000-0001-3726-1683

ABSTRACT

Rumen-protected, or bypass, fat is widely sold to dairy farmers as a way of helping cows return to cyclicity and conceive

sooner after calving, and crossbred cows in warm production systems are often named as likely beneficiaries. This

narrative review asks how sound that expectation is. It draws on published work on the chemistry and digestion of

protected fats, on energy balance and ovarian activity in early lactation, on the fatty acids proposed to act on follicles, the

corpus luteum and the uterus, and on the design and interpretation of supplementation trials, and it reports no new data.

Fat supplements can raise the energy density of a ration and may deliver specific fatty acids to reproductive tissues, so a

benefit is biologically plausible. Reported fertility responses are nevertheless inconsistent. They seem to depend on the

body condition and energy status of the cow, on the fatty acid profile and the timing of supplementation, and on whether

intake is protected, and they are measured in trials that are usually small, short and rarely designed around reproductive

outcomes. Evidence from crossbred cows specifically is thin, and cost is seldom set against the gain. The review

concludes that a modest and conditional benefit is plausible, that its size in crossbred cows is not established, and it sets

out what a decisive trial would contain.
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1. Introduction
The weeks after calving decide a good deal of what
a dairy cow will earn. Milk production climbs
quickly while appetite lags behind, the cow draws
on her own body reserves, and in many animals
the ovaries stay quiet for longer than the farmer
would like [1, 2]. Every extra week before she
conceives again lengthens the calving interval and
adds to the cost of keeping her. For smallholders

with crossbred cows, who work in warm climates
on rations that are often short of energy, the
problem is familiar and the margin for error is thin
[3, 4].

Bypass fat, also called rumen-protected or
rumen-inert fat, is one of the feeding tools offered
in response. The idea is straightforward. A fat that
survives the rumen adds energy to the ration
without upsetting fermentation, and some of the
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fatty acids it delivers may act directly on the ovary
and uterus [5, 6]. Supplements are marketed on
that promise, and advisory leaflets often say that
cows given them return to heat sooner and
conceive more easily.

What the leaflets rarely say is how uneven the
evidence is. Some trials report better fertility after
fat supplementation and others report nothing,
and a few report something worse [7, 8]. This
narrative review asks why, draws on published
work only and reports no new data. The aim is a
fair account of what is known and what is merely
repeated.

2. Literature Review

2.1 What Bypass Fat Is and How It Behaves

Dietary fat can disturb the rumen. Free
unsaturated fatty acids coat feed particles and can
inhibit the fibre-digesting microbes, so
fermentation and intake suffer when too much is
fed in an unprotected form [9, 10]. Protected
products were designed to avoid this. Calcium
salts of fatty acids, prilled and hydrogenated fats
and some treated oilseeds stay largely inert in the
rumen and release their lipid further down the
tract (Table 1). Protection is rarely complete, and
the fatty acids that are released in the rumen are
subject to biohydrogenation, which turns
unsaturated acids into more saturated ones and
generates intermediates with effects of their own
[11].

Table 1. Common forms of fat offered to dairy
cows and how each is handled by the rumen.

Form of fat How it is protected Points to note

Calcium salts
of fatty acids

Poorly soluble at
rumen pH, dissociate
lower in the tract [9,
10]

Widely used;
dissociation is
incomplete under some
conditions

Prilled
saturated fat

Melting point and
saturation limit
interaction with
microbes [9]

Mostly saturated, so
offers little of the
unsaturated acids
proposed for
reproduction

Whole
oilseeds

Seed coat slows
release; protection is
partial [13]

Unsaturated acids partly
hydrogenated in the
rumen [11]

Free
vegetable or
fish oil

None

Can disturb
fermentation and fibre
digestion at higher
levels [9, 10]

Chemically
treated fat or
oilseed

Heat or aldehyde
treatment of the
carrier

Regulatory and quality
questions; check local
rules

Note: Qualitative summary of the cited reviews. Products
differ between manufacturers, so label claims should be
checked against independent data.

These intermediates matter beyond the cow’s
reproductive tract. Some trans fatty acids formed
during incomplete biohydrogenation are known to
depress milk fat synthesis [12], which is a
reminder that the label on the bag does not
describe what reaches the animal. Reviews of the
effect of added fat on milk production and
composition find that responses depend on the fat
source and on the diet it joins [13]. A farmer
comparing two products is therefore comparing
two different delivery systems, not two names for
the same thing. This is one reason the same
supplement can look excellent in one report and
unremarkable in the next.

2.2 Energy Balance and the Quiet Ovary
The best-supported reason for expecting a benefit
from fat is energy. A fresh cow cannot eat enough
to match the energy she exports in milk, and the
deficit is made up from body fat [2, 14]. The depth
and length of that negative energy balance have
long been linked to the delay before the first
post-partum ovulation, because the pulsatile
hormone signals that drive follicle growth are
suppressed when the cow is short of energy [1,
15]. Metabolic hormones appear to carry the
message from the body to the ovary [16, 17].

Body condition is the visible record of this story.
Cows that lose too much condition after calving
tend to resume cycles later, and body condition
score at calving and at breeding is related to
reproductive performance [18, 19]. At the other
end, cows that are over-conditioned at drying off
often eat poorly after calving and suffer more
metabolic trouble [20]. A feed supplement is only
one of many overlapping risk factors for late
resumption of cycles [21, 22].

If energy is the limiting step, then fat is a sensible
tool, since it is the most energy-dense ingredient a
farmer can add. The weakness of the argument is
that it works only if the cow actually eats the extra
energy. High levels of supplemental fat can reduce
intake, and a gain in energy density can be
cancelled by a fall in the amount eaten [10]. Work
with prilled fat in early post-partum dairy cows
measured energy balance and follicle development
side by side, a design that helps separate an
energy effect from a more specific one [23].

2.3 Fatty Acids as Signals
Fatty acids do more than burn. Cholesterol and its
precursors supply material for steroid hormone
synthesis, and some fatty acids influence the
release of prostaglandin from the uterus and the
growth of follicles [5, 6]. Work in beef cows found
that the lipid composition of the diet changed
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luteal activity and follicular growth, and that fats
differing in fatty acid composition can act
differently even when energy intake is matched
[24, 25]. The idea that type matters as much as
amount has shaped much of the later research
(Table 2).

Table 2. Proposed routes by which dietary fat
may influence post-partum reproduction.

Route Proposed mechanism Support in
cattle

Energy
supply

More energy per kilogram of
feed may soften the
early-lactation energy deficit
[1, 15]

Plausible;
depends on
intake

Steroid
precursors

Cholesterol and fatty acids
supply material for steroid
hormone synthesis [5, 6]

Plausible;
indirect

Follicle
growth

Fatty acid type may change
follicle size and number [24,
25]

Mixed

Uterine
signalling

Specific acids may alter
prostaglandin release and the
uterine environment [5, 34]

Mixed

Oocyte and
embryo

Fatty acids in follicular fluid
may affect oocyte quality [26,
28]

Early; mostly
mechanistic

Note: The last column is the authors’ qualitative reading
of how well each route is supported in cattle, not a count
of studies.

Studies of omega-3 fatty acids add a further layer.
Feeding fats of differing n-6 to n-3 ratio changed
the fatty acid composition of the ovarian
compartments, the follicles and the oocyte in dairy
cows [26], and reviews of n-3 acids describe
effects on the reproductive and immune systems
that are not yet fully worked out [27]. The
environment in the follicle seems to link the cow’s
metabolism with the quality of the oocyte [28], so a
feed that alters what circulates may also alter the
egg. How far a protected supplement can do this
in a cow that is not otherwise in trouble remains
open.

2.4 What Beef and Dairy Trials Have Shown

Beef cows supplied many of the earlier trials.
Reviews of fat supplementation in beef females
and of the nutritional control of beef cow
reproduction conclude that responses vary, and
that the type of fat and the condition of the cows
are part of the explanation [29, 30]. A decade-long
review of fat research in beef cattle and sheep
likewise treats the fat source and the animal’s
nutritional state as part of the answer [31].
Calcium-soap trials in post-partum beef cows
examined the return to reproductive function [32],
and work in Bos indicus beef cows tested
protected polyunsaturated acids directly [33].

Dairy studies tell a mixed story too. An early
review of dietary fat in dairy cattle considered
metabolic disorders and reproductive performance
together and did not arrive at a simple verdict [8].
Trials that varied the fatty acids fed in the
peripartum and breeding periods measured
uterine and metabolic responses along with
reproduction, which allows the routes to be
examined together [34]. Meta-analytic work has
since pooled many dairy trials in an effort to
explain their differences, and reports that the
fertility response depends on the outcome
examined, the type of fat and the animals studied
[7, 35]. This is a sound reason for caution before
promising any single outcome.

2.5 Crossbred Cows and the Environment

Crossbred cows, typically a taurine dairy breed
crossed with zebu stock, combine higher milk yield
with better tolerance of heat than purebred
taurines, but they sit uneasily between two bodies
of research. Follicular dynamics in Bos indicus
cattle differ in several ways from those of Bos
taurus [3], and most of the fat trials in dairy cattle
were done on Holsteins in temperate settings.
Whether a response seen in one carries over to the
other is a reasonable question and not a settled
one.

Heat adds its own difficulty. Hot weather
depresses intake, impairs follicle and oocyte
function and reduces fertility in dairy cows [4, 36],
and lactating cows with high feed intake also clear
steroid hormones faster, which lowers their
circulating levels [37]. A supplement that raises
energy density might help a heat-stressed cow, but
the heat that limits her appetite may also limit her
response, so a trial that ignores season can
mislead in either direction. Small differences of
this kind matter little in a single cow but add up
across a herd and a year.

3. Materials and Methods

3.1 Scope and Question

The review asks one question in two parts: does
supplementing post-partum crossbred cows with
bypass fat plausibly improve reproductive
performance, and under what conditions would it
be expected to? The question was divided into the
points a trial would have to settle: what the cows
were fed, how the supplement was made and
described, how reproductive outcomes were
defined, how body condition and season were
handled, and how cost was counted. None of these
steps is difficult, but each one is easy to skip.
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3.2 Literature Assembly

The review draws on peer-reviewed work from
four areas: the chemistry and digestion of
protected fats; energy balance and ovarian
function in early lactation; the action of fatty acids
on follicles, the corpus luteum and the uterus; and
the design and statistics of supplementation trials.
Work on beef cattle and on purebred dairy cows is
used for the mechanisms and the pattern of
results, not as direct evidence of what happens in
crossbred cows.

We did not run a formal systematic search and we
do not claim one. This is a narrative synthesis, and
the choice of sources reflects the authors’
judgement. The review is therefore a better guide
to what a good trial should contain than to the size
of any particular effect, and it avoids quoting
numerical results from individual trials that could
not be checked against the primary papers for this
article.

3.3 Appraisal Framework

To judge how far a report can be trusted we asked
four questions. Were the cows described in terms
of body condition, parity and stage? Was the
supplement described fully, including the fatty
acid profile and the intake achieved? Was the trial
large enough for a reproductive outcome, bearing
in mind how unreliable small studies are [38, 39]?
And was the experimental unit the cow or the
group, and did the analysis match [40, 41]? Table
3 lists the sources of variation we looked for.

Table 3. Why supplementation trials disagree
and what would help.

Source of
variation Consequence What to report

Body condition
at calving

A thin cow and a fat
cow may respond
differently [18, 19]

Score at calving and
at breeding

Fatty acid
profile

Saturated and
unsaturated fats act
differently [6, 27]

Full profile of the
supplement

Intake not
recorded

Reduced intake can
cancel the energy
gain [10]

Dry matter intake by
group

Small numbers Unstable, exaggerated
effects [38, 39] Interval estimates

Pen as unit Overstated precision
[40] Analyse at the unit fed

Heat and
season

Stress can mask a
response [4, 36] Season and housing

Note: Sources of variation are those discussed in the
cited literature and are not attributed to any single
study.

4. Results

4.1 Where a Protected Fat Acts

A protected fat has several places to succeed or
fail, and the literature is easiest to read layer by
layer (Figure 1). In the rumen the question is
whether protection holds [9, 11]. In the intestine it
is whether the cow digests and absorbs what
reaches it. In the blood and tissues it is which fatty
acids arrive and whether they alter follicle growth,
steroid production or uterine function [5, 6]. A trial
that reports only conception cannot say which
layer failed.

Figure 1. Where a protected fat acts, layer by layer,
and what can interfere (schematic, not data).

Intake sits across all three layers: a high dose that
depresses appetite undermines the energy
argument entirely [10], and reports that give the
amount offered but not the amount eaten leave the
reader guessing. Read this way, the absence of an
effect in a small trial is not evidence of absence.

4.2 Timing: When in the Post-Partum Period

Timing is the second thing the results turn on. The
sequence runs from calving through uterine
recovery, the first follicular wave, the first
ovulation and the first service to conception
(Figure 2). Energy deficit bites hardest early, in
the weeks when the first dominant follicle is
selected [15, 23], so a supplement started late may
arrive after the damage is done. A supplement
given before calving, as in studies of the
peripartum period, may influence the uterus as
well as the ovary [34]. Fat started after that
window cannot undo the delay.
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Figure 2. Early post-partum timeline and where fat is
proposed to act (schematic, not data).

Many trials start supplementation, and report
outcomes, at a convenient point. A null result then
cannot say whether fat did nothing or was simply
offered at the wrong time. Time to first ovulation,
first-service conception and calving interval each
reflect a different part of the sequence, so one
should not stand in for another [21, 22].

4.3 Who Responds: Body Condition and
Energy Status
The most consistent theme across the reviews is
that response depends on the cow. Thin cows in
deep energy deficit have the most to gain from
extra energy, while fat cows may respond poorly
or eat less of everything [18, 20]. Figure 3 sets out
this reasoning as a matrix. It is a statement of
hypotheses to be tested, not a summary of results.

Figure 3. Qualitative matrix of cow state against
expected response (hypothesis, not data).

The pattern would explain why pooled results are
heterogeneous. If a trial enrols mostly
well-conditioned cows on generous rations, a null
result is to be expected. If it enrols thin cows on
poor rations, a benefit may appear, but the result
then says little about herds that are better fed [7,
31]. Reports that give only a herd-level mean hide
this, and the same supplement can look effective
or useless depending on whom it was tested on.

The point is not that a trial is poor, only that its
result travels less far than its abstract suggests.

4.4 Cost and Practical Fit
Economic evidence is sparse. Protected fats are
generally more expensive per unit of energy than
ordinary energy feeds, so a supplement is worth
buying only if the fertility gain is large enough,
and valuable enough, to pay for it. A gain in
fertility that does not cover the price of the
supplement is not a gain a farmer would see in the
accounts.

A fair cost analysis would record the supplement’s
price per cow, the length of feeding, the effect on
milk and the change in reproductive outcomes at
local prices. Trials that report only conception
rates cannot answer the farmer’s actual question,
which is whether the money is better spent here or
on better forage, improved shelter in hot weather
or closer heat detection [4, 36].

4.5 Quality of the Evidence
The trials share a set of design limitations (Table
3). Conception is a binary outcome that needs
large numbers to detect modest differences, yet
trials commonly enrol few cows. Small studies
produce unstable estimates and tend to overstate
effects when they reach significance [38, 39].
Cows housed together share feed and
environment, and treating each cow as an
independent replicate then inflates the apparent
precision [40]. Methods that combine many trials
treat the variation between studies as something
to be explained, not averaged away [41].

Put plainly, the literature supports a cautious
statement. Protected fat can raise the energy
density of the ration, and a benefit to post-partum
reproduction is biologically plausible, most clearly
in thin cows early in lactation. The size of any
benefit in crossbred cows is not established by
evidence we can cite with confidence, and the best
summary is that it is likely to be modest and
conditional on body condition, fat type and timing.
That is a modest claim, and it is the one the
evidence will currently bear.

5. Discussion

5.1 Interpretation and Practical Reading
The main finding is a conditional one. Bypass fat is
most likely to help a thin cow, in early lactation,
offered a supplement she actually eats, in a season
that does not suppress her appetite. It is least
likely to help a cow already in good condition on a
generous ration. That fits what is known about
energy balance and the ovary in general [15, 17],
and it implies that the question for a farmer is not
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whether bypass fat works but which of his cows
are short of what it supplies. Nothing in this
reading argues against feeding bypass fat; it
argues for measuring what happens when it is fed.

The fatty acid story adds a second conditional. If
specific acids act on the follicle or uterus, a mostly
saturated prilled fat should not be expected to
behave like a supplement rich in the unsaturated
acids discussed in the reproductive literature [6,
26]; yet the profile is seldom reported.

Three findings would change this reading. A large,
well-designed trial in crossbred cows showing a
clear benefit in well-conditioned animals would
point to a route other than energy. A trial showing
no benefit in thin cows offered a measured and
eaten dose would weaken the energy argument.
And a full cost analysis showing a net return on
typical smallholdings would settle the economic
case for those settings.

5.2 Limitations

This is a narrative review and shares the limits of
that form. The selection of sources reflects
judgement, no formal search or quality scoring
was done, and the review quotes no numerical
results from individual trials, because these could
not be checked against the primary reports for this
article. A reader who needs an effect size should
consult the original studies, applying the appraisal
questions above, or wait for a formal systematic
review. The review also leans on beef, purebred
dairy and mechanistic work, which are imperfect
proxies for crossbred cows, and it uses them to
frame hypotheses. Reviews are more useful when
they say where the evidence stops than when they
smooth the edges over.

5.3 Implications for Trial Design

A trial that could settle the matter would enrol
enough cows to detect a modest difference in a
binary outcome, balance them for parity, body
condition and yield, and stratify by body condition
at calving so that responders can be told from
non-responders. It would describe the supplement
in full, including the fatty acid profile and the
protection method, record the dry matter intake of
each group, and start feeding at a defined time
before or soon after calving. Outcomes would be
defined in advance and cover the whole sequence,
from first ovulation to calving interval, with cost
recorded alongside. Season and housing would be
reported, and the group, not the cow, would be the
unit of analysis where cows share feed [40, 41].

5.4 Directions for Future Work
Three needs stand out. First, a formal systematic
review of the trials in cattle with a transparent
search, quality appraisal and, where the data
allow, a meta-analysis that treats variation
between studies as a result [7, 35]. Second,
well-powered trials in crossbred cows stratified by
body condition and conducted across seasons.
Third, work to establish which fatty acids reach
the follicle and uterus when protected
supplements are fed to cows kept in warm
conditions [4, 28]. These points apply with equal
force to any new supplement, not only to fat.

6. Conclusion
Bypass fat is a plausible aid to the post-partum
cow, and the case for it rests on sound physiology:
it adds energy to a ration at a time of deficit, and
some of its fatty acids may act on the ovary and
uterus. The evidence, as we can responsibly
summarise it, does not yet establish how much it
improves reproductive performance in crossbred
cows. The reported responses vary with body
condition, energy status, fatty acid profile, timing
and season, and the trials behind them are usually
too small to separate these influences. Claims of
large gains deserve caution until they meet the
standards described here.

For the practitioner the message is practical
rather than discouraging: bypass fat can be tried,
preferably in thin early-lactation cows, with the
dose eaten recorded and the costs written down.
For the researcher, the opportunity is a set of
large, well-described and fully costed trials in
crossbred cows.
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