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Abstract

This study aimed to evaluate and analyze the effects of a flushing diet containing Docosahexaenoic acid (DHA) and Eicos-
apentaenoic acid (EPA) from Lemuru (Sardinella sp) fish oil on the reproductive performance parameters of Garut ewes.
Forty (n=40) primiparous Garut ewes aged 12—14 months with an average body weight of 28.92 +4.94 kg were assigned
into four experimental treatment groups. The experimental diets contained roughage: concentrate (30:70%) designated as
control concentrate (CNT), flushing concentrate with 6% palm oil (PO), flushing concentrate with 3% palm oil mixed
with 3% lemuru oil as DHA and EPA sources (PFO), and flushing concentrate with the addition of 6% lemuru oil (FO).
Treatment animals were fed two weeks before and after conception and parturition (8 weeks of total flushing treatment).
The addition of fish oil at either 3% (PFO) or 6% (FO) resulted in significantly higher reproductive performance of ewes
by increasing the litter size, as reflected by the birth of multiple kids (P <0.05) compared to CNT and PO. Adding fish
oil (PFO and FO) also maintains gestation, resulting in increased lamb yield, especially in the FO treatment, which yields
the highest lamb yield (0% single lamb birth). The lamb male ratio was also higher with fish oil supplementation (PFO
and PO) (P<0.05). This research revealed a positive effect of 6% Lemuru oil on decreasing embryo loss and increasing
the proportion of twin births. These findings thus support the hypothesis that ration flushing with double the required
DHA and EPA from 6% Lemuru fish oil (FO) resulted in significantly higher reproductive performance in Garut sheep.
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Garut sheep from West Java Province, Indonesia, represent
an Indonesian sheep germplasm with excellent potential to
meet the national animal protein demand in addition to lamb
products, and this breed is relatively easy to maintain. These
sheep have a higher economic value than other local sheep
breeds in Indonesia because of their favorable traits such
as their physique, excellent reproductive performance, and
large round horns. The weight of an adult ram ranges from
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60 to 100 kg. In addition, Garut sheep have cultural func-
tions that can be leveraged to attract regional tourism; how-
ever, based on data from 2021, it has been estimated that the
national sheep population will decrease by 10.77%, from
17.52 million in 2020 to 15.62 million. This was because the
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increase in lamb consumption was not in line with popula-
tion growth. The traditional management of small ruminants
and farmers’ assumptions about sheep behavior contribute
to this decrease. Sheep are fed by letting them graze, typi-
cally without providing sufficient concentrates. This has
rendered conservation management efforts inadequate. As a
result, the potential for energy and nutrients obtained from
the sheep decreased. In addition, tropical climates tend to
contribute to a high crude-fiber content with low protein and
energy (Agus and Widi 2018). This imbalance in energy and
nutrients has led to a decrease in the reproductive perfor-
mance and has prevented adequate reproduction (Mekuriaw
2023).

Nutrient deficiency can lead to an increase in non-esteri-
fied fatty acids and blood urea nitrogen (Yildirir et al. 2022),
resulting in decreased secretion of reproductive hormones
(gonadotropin-releasing hormone [GnRH], follicle-stimu-
lating hormone, luteinizing hormone, estrogen, and testos-
terone (Sammad et al. 2022). This can also contribute to the
disruption of folliculogenesis, decreased sperm quality, and,
most importantly, decreased prophylactic ability, which
may lead to a decline in livestock populations (Nechifor et
al. 2022). One way to improve reproductive performance
is to provide a flushing diet before mating. A feeding tech-
nique known as “flush feeding” has been used to increase
the ovulation rate before mating by increasing feed intake
or switching it to a different kind of feed energy. Short feed-
ing bursts can influence reproductive performance, which
can be attained by stimulating GnRH secretion or ovarian
activities through enhanced food intake and absorption, thus
affecting the ovaries, mitogenesis, and growth (Mallmann et
al. 2020; Yildirir et al. 2022).

Flushing can be conducted by administering oil as a
supplementary energy source. Polyunsaturated fatty acids
(PUFA), particularly long-chain fatty acids, improve repro-
ductive performance. Linoleic acid (C18:2—6) and linole-
nic acid (C18:3-3) are the only two omega-6 fatty acids
that are generally considered necessary (Ballard and Byrd
2018). Supplementing the energy source with linoleic acid
up to threefold the basal requirement during pregnancy can
improve the reproductive performance of prolific ewes. This
can be achieved by improving steroid hormone synthesis,
the number of ovulations, pregnancies, multiple births, and
the male-to-offspring ratio (Astuti et al. 2020; Khotijah et al.
2015). In addition, a previous study found that supplemen-
tation with eicosapentaenoic acid (EPA) and docosahexae-
noic acid (DHA) from fish oil (FO) can increase the size
of the preovulatory follicle and the number of mRNA tran-
scripts of interferon-stimulated genes, which can increase
pregnancy rates (Telle-Hansen et al. 2019). The long-chain
PUFAs EPA and arachidonic acid are precursors of eico-
sanoids, including prostaglandins (PG), thromboxanes,
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leukotrienes, and prostacyclins. Eicosanoids are signal-
ing molecules associated with the production of the PG
series-3. Series-1 and series-3 PGs are less inflammatory
than series-2 (Gulliver et al. 2012). Increased plasma EPA
concentrations are associated with increased levels of per-
oxisome proliferator-activated receptors PPARs (MacLaren
et al. 2006). This may also be associated with reduced pro-
gesterone clearance (Galbreath et al. 2008).

Lemuru (Sardinella sp.) fish oil is rich in omega-3 fatty
acids and is produced locally from fish processing waste.
Lemuru FO contains a combined total of 20-26% EPA and
DHA (Kosasih et al. 2021). However, the amounts of EPA
and DHA required to improve the reproductive performance
and support the growth and health of ewes during pregnancy
remain unknown. Further studies on the effects of EPA and
DHA on the reproductive performance and productivity of
ruminants, especially in the tropics, are required. Therefore,
this study was designed to test the hypothesis that feeding
Garut ewes with flushing rations containing DHA and EPA
fatty acids from lemuru FO during the pre- and post-mat-
ing and pre- and post-partum periods would influence their
reproductive performance. The objective of this study was
to evaluate the effects of a flushing diet containing DHA
and EPA from lemuru FO on nutrient utilization, metabolic
effects, and reproductive performance in Garut ewes.

Materials and methods
Experimental site and animal

This research was conducted at the Meat and Draught Animal
Laboratory, Department of Nutrition and Feed Technology,
Faculty of Animal Science, Bogor Agricultural University
(IPB) (6°18°0”—6°47°10” S and 106°23°45”-107°13"30” E)
at an altitude of 500-600 mASL. Forty primiparous Garut
sheep (Ovis aries) aged 12—14 months with body weights of
28.92+4.94 kg and BCS 2.69 +0.10 were divided into four
treatments (n=10 replication).

Experimental treatment

The ration for the ewes consisted of Napier grass, soybean
meal, pollard, dried cassava, molasses, salt, and premix
(Table 1). Ewes were fed a total dry matter ratio of 3.5% of
body weight. The ratio of Napier grass (Pennisetum purpu-
reum) to concentrate was 30:70 based on dry matter. There-
fore, the ewe fed Napier grass 1,5 kg/h/d and concentrate
1 kg/h/d. The total concentrate and forage consumed is cal-
culated every day. Ration designed to fulfil dry matter, crude
protein, and TDN required by pregnant ewe according to
the NRC (2007). EPA and DHA contents were adjusted to
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Table 1 Composition of experimental feeds (%) by additional oil as a
feed additive in DM basis

Ingredients Treatment
CNT PO PFO FO
%
Penisetum Purpureum 30 30 30 30
Basal Concentrate 70 64 64 64
Palm Oil - 6 3 -
Lemuru oil - - 3 6

CNT =control concentrate; PO =flushing concentrate with palm oil;
PFO=flushing concentrate with palm and DHA EPA by addition
fish lemuru oil as needed; FO =flushing concentrate with DHA EPA
twice as required by addition lemuru oils

the omega-3 fatty acid requirements necessary for optimal
reproduction as determined by Pudelkewicz et al. (1968)
during the flushing time. The EPA and DHA content in the
PO ration was 0%, in the PFO ration 0.47%, and in the FO
ration 0.94%, depending on the percentage of lemuru oil fed
with an addition of 6% palm oil (PO), 3% each of palm and
lemuru fish oil (PFO), and 6% of fish oil (FO) to meet these
requirements. The composition ratio data are described in

Table 1. The treatment of the flushing concentrate with the
addition of oil is as follows: CNT=control concentrate;
PO =flushing concentrate with palm oil; PFO=flushing
concentrate with palm mixture DHA EPA by addition of fish
lemuru oil as needed; FO =flushing concentrate with DHA
EPA twice as required by adding lemuru oils (Table 1). Total
flush concentrate during pregnancy was supplemented two
weeks before mating, two weeks at the beginning of preg-
nancy (early gestation), two weeks before parturition (last
gestation), and two weeks after lambing (Fig. 1). Excluding
the flushing time, all ewes were given the same feed as the
control. Table 2 shows the proximate analysis for each feed
ingredient used in this study.

Estrus synchronization, mating procedures, and
monitoring of pregnancy

At two weeks after flushing, prostaglandin PGF2a
(Lutalyse®, Zoetis, US) was injected intramuscularly at
2 mg dinoprost per animal for synchronization (Fig. 1). To
confirm each ewe’s estrus, the injections were repeated 11
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Fig. 1 Experimental procedures
Table 2 Nutrient composition in each treatment feed based on the dry weight
Nutrient Contents CNT PO PFO FO Penisetum purpureum
%

DM Basis 82.93 83.67 83.60 84.00 22.54
Crude Protein 14.39 17.50 17.87 17.49 9.01
Crude Fat 1.22 7.84 7.61 7.42 2.11
EPA and DHA - - 0.67 1.34 -
Palmintat acid - 2.61 1.30 - -
Linoleat - 0.69 0.73 0.08 -
Linolenat - 0.01 0.02 0.01 -
Laurat - 0.01 0.01 0.01 -
Crude fiber 9.92 9.47 9.12 9.25 32.57
NDF 63.33 54.15 54.22 54.44 45.03
TDN® 71.34 73.16 73.24 72.93 49.48
Ca 0.73 0.82 0.82 0.82 0.46
P 0.65 0.56 0.56 0.56 1.1

Test results in the laboratory of Feed Science and Technology, IPB University (2019) CNT = control concentrate; PO =flushing concentrate with
palm oil; PFO =flushing concentrate with palm and DHA EPA by addition fish lemuru oil as needed; FO =flushing concentrate with DHA EPA
twice as required by addition lemuru oils. "TDN = total digestible nutrient; calculated by Wardeh formula. (1981) TDN =2,6407 + (0,6964 x

%CP) + (1,2159 x %CF) — (0,1043 x %CF) + (0,9194 x %NFE)
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days after the first injection. The occurrence, duration, and
response to estrus were observed in ewes’ behavior for three
days. In communal cages, rams mated ewes at a 5:1 ratio for
four days. An ALOKA ultrasonic device model SSD-500
(ALOKA Co. Ltd., Japan) with a 7.5 GHz linear probe was
used to monitor pregnancy on day 28.

Blood metabolites

Blood samples were collected in day 25, 75, and 135 after
mating. Blood taken from the jugular vein in the morning
before feeding time using a 3-ml syringe with 21-G Veno-
ject needle (BD Vacuntainer, USA) and collected in sterile
tubes containing EDTA anticoagulant. Blood samples were
collected to measure blood metabolites and hematology
using a hematology and UV Vis KIT assay.

Progesterone assay

Blood samples for progesterone measurement were col-
lected every three days in two weeks before, during, and
two weeks after lambing. Hormone analysis was performed
to determine the concentration of the hormone progesterone
in blood plasma using the ELISA Kit Progesterone (DRG,
Germany) (Sitaresmi et al. 2017). The absorbance was mea-
sured using an ELISA microplate reader (Thermo Fisher
Scientific, USA).

Reproductive performance

The number of embryos was determined using an ultrasound
machine (USG; ALOKA model SSD-500; ALOKACo. Ltd.,
Japan; Fig. 1). Embryo loss was determined based on the
difference between the number of embryos detected using
the USG and the number of lambs born. The litter size was
calculated as the number of lambs born to one ewe. The
ratio of twins to single-type lambs and the ratio of males to
females were observed at birth.

Statistical analysis

The animals were distributed in a completely randomized
design with four treatment groups and ten individual repli-
cates. Statistical analyses were performed using SPSS soft-
ware (SPSS ver. 25). Differences among treatments were
tested using one-way ANOVA. Duncan’s post-hoc test was
performed to compare treatment means. Statistical signifi-
cance is reported at P < 0.05. Lamb sex ratio (male: female)
and birth type ratio (twins: singletons) were tested using a
chi-square (x2) test.
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Results
Nutrient utilization and metabolic effects

Nutrient intake of ewes during pregnancy is presented in
Table 3. The experimental treatments had no significant
effect on the total dry matter, crude protein, crude fiber,
neutral detergent fiber, or total digestible nutrients. The
treatment influenced crude fat consumption only in the last
stages of pregnancy (P < 0.05), which was related to the fact
that the flushing concentrate was fed at the beginning and
end of the gestation period. Crude fat intake was greater
(P<0.05) in the palm oil (PO) treatment compared to that
of PFO and FO (77,46 +£10,01 g/h/d vs. 60,22+ 11,01 g/h/d
vs. 59,50+9,98 g/h/d, respectively). Fat intake was lowest
(P<0.05) in the control (17,33 +£5,50 g/h/d).

The results of blood metabolite tests in ewes during ges-
tation are shown in Table 4. In general, flushing and supple-
mentation with 3—6% lemuru FO had no significant effect
on the blood profile of ewes (P> 0.05). Only the triglyceride
concentration was significantly different at mid-gestation
(P<0.05). Triglyceride levels were higher (P <0.05) in the
control (CNT) compared to those in FO (50.13 +£6.71 mg/
dL vs. 37.59 +5.70 mg/dL, respectively). Triglycerides lev-
els in the PO and PFO treatments did not differ from those in
the CNT and FO treatments. The triglyceride levels in ewes
flushed with lemuru FO were much lower than those in the
other treatments. In addition, flushing with PO or lemuru
FO resulted in significantly lower triglyceride levels than
those in the control. Flushing with PO resulted in relatively
higher levels of all blood biochemical parameters, although
these were not significantly higher than those of the CNT
and lemuru FO (PFO and FO; P> 0.05).

Reproductive performance outcomes

The progesterone hormone levels in the flush-treated ewes
did not differ from those in the control from 15 days before
lambing to 6 days after lambing (Table 5).

The effects of flushing ewes with fatty acid supplements
(DHA and EPA) on reproductive performance are shown
in Table 6. Lemuru FO supplementation resulted in sig-
nificantly lower embryo loss than in the CNT (P <0.05).
Embryo loss was highest in the PO treatment (40.00%, fol-
lowed by C (14.29%), PFO (8.32%), and FO (0.00%). No
lambs in the PFO and FO groups were born as singletons.
Moreover, FO group ewes produced quadruplets. The PFO
and FO treatments resulted in 100% of the births being
twins. Interestingly, the PO, PFO, and FO treatments signif-
icantly increased the number of male lambs born compared
to that of female lambs. The treatments had no significant
effect on lamb birth weight or gestation length.
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Table 3 Effects of flushing with fatty acids (DHA and EPA) of lemuru oil origin on nutrient consumption of ewes

Nutrients Pregnancy stages Treatment

(g/head/day) CNT PO PFO FO

Dry matter Early 984.76 +187.91 1023.35+129.72 916.76 +£98.18 934.88 +129.83
Middle 928.25+191.40 979.99 +115.85 879.57+99.17 911.48+175.00
Last 1225.3 +£352.87 1177.5+159.96 931.24+164.25 1008.9+170.99

Crude protein Early 126.73 +23.57 131.89+17.21 118.36+12.53 120.25+17.34
Middle 120.29 +24.17 127.33+14.92 114.15+13.21 117.62+23.71
Last 161.91+43.59 184.05+24.17 149.27+26.88 151.92+25.47

Crude Fat Early 14.49+2.86 15.03+1.87 13.43+1.47 13.76 +1.81
Middle 13.52+2.90 14.21+1.70 12.78 +1.45 13.36+2.38
Last 17.33+5.50 ¢ 77.46+10.01° 60.22+11.01° 59.50+9.98

Crude Fiber Early 160.75+33.27 166.35+19.25 148.06+17.18 152.84+18.83
Middle 148.01+£33.58 154.82+18.96 139.52+16.99 147.43 +£23.85
Last 182.21 +65.83 171.40 +26.64 130.30+23.17 160.78 +£29.82

NFE Early 272.70+107.22 595.82+77.20 534.44+56.73 543.51+77.66
Middle 542.67+109.72 574.05+67.42 514.80+59.20 531.18+£105.81
Last 726.95+199.01 613.97+82.42 487.14 +86.39 522.01+88.02

Total digestable nutrient Early 641.67+119.98 6676.62 +86.63 598.90 +63.54 608.95+87.18
Middle 608.24 +122.83 643.49 +75.54 577.04+66.43 592.22 +118.86
Last 815.56+222.52 800.06 +£106.25 636.07+113.53 667.94+£112.24

CNT =control concentrate; PO =flushing concentrate with palm oil; PFO =flushing concentrate with palm and DHA EPA by addition of fish
lemuru oil as needed; FO=flushing concentrate with DHA EPA twice as required by addition lemuru oils ®* significant different in each
column or the treatment (P <0.05). Early : 0-2 weeks in the beginning of pregnancy (flushing period); Middle : 4—-16 weeks in the middle of

pregnancy (nonflushing period); Early : 19th week until the end of pregnancy (flushing period);

Table 4 Effect flushing using supplementation fatty acids (DHA Dan EPA) from Lemuru oil during pregnancy in ewes

Nutrients Pregnancy stages Treatment
CNT PO PFO FO

Glucose Early 60.70 +8.67 60.41+5.47 57.26+7.64 55.15+4.01
(mg/dL)

Middle 58.17+1.73 64.57+10.19 50.77+5.23 54.56+2.32

Last 61.30+3.08 62.94+5.76 50.95+17.92 60.55+6.70
Triglycerides Early 56.67+2.09 63.97+16.80 51.03+2.71 51.92+6.54
(mg/dL)

Middle 50.13+6.71* 42.32+4.64°° 42.04+7.58% 37.59+5.70°

Last 64.90+5.70 82.73+14.65 71.22+6.69 75.31+7.81
Cholesterol Early 29.60+7.14 30.61 +13.26 28.88+2.50 31.04+3.77
(mg/dL)

Middle 19.00 +4.67 29.09+6.57 21.76 +5.05 21.07+12.75

Last 33.65+12.23 31.92+20.07 36.85+15.80 37.50+10.92

CNT =control concentrate; PO =flushing concentrate with palm oil; PFO =flushing concentrate with palm and DHA EPA by addition of fish

lemuru oil as needed; FO=flushing concentrate with DHA EPA twice as required by addition lemuru oils

3¢ sjgnificant different in each

column or the treatment (P <0.05) Early : 0-2 weeks in the beginning of pregnancy (flushing period); Middle : 4—-16 weeks in the middle of
pregnancy (nonflushing period); Early : 19th week until the end of pregnancy (flushing period);

Discussion

The sheep were fed fat sources to enhance the energy den-
sity of their diets. Many aspects of sheep production, par-
ticularly reproductive performance, are affected by dietary
fat supplementation (Hervas et al. 2021; Mirzaei-Alamouti
et al. 2018). The total dry matter intake in this study met the
recommendations of the NRC (NRC 2007), which is 970 g/
head/day for pregnant ewes weighing 20 kg. The fact that

the rate of dry matter consumption did not differ from that
of the control group suggests that the addition of PO and
lemuru FO as sources of EPA and DHA to the concentrate
did not affect palatability, even though the PFO and FO of
lemuru FO are waste products of marine biomass and tend
to have a fishy odor. Interestingly, these results also sug-
gest that increasing energy density using oil supplementa-
tion through concentrate flushing does not reduce the rate of
ration consumption. The addition of oil only affected crude
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Table 5 Effects of flushing on maternal progesterone during pre- and post-lambing days (lambing day =day 0)

Progesterone Treatment

(ng/ml) CNT PO PFO FO

-15d 49.9+16.24 48.01+2.84 44.89+41.97 40.54+31.57
—12d 31.61+£1545 27.07+£16.49 69.30+£15.20 35.66+£21.69
-9d 39.12+7.55 27.07+16.49 11.50+4.35 35.66+21.69
-6d 25.09+8.63 29.16+17.24 20.02+9.88 67.85+21.77
-3d 35.06+5.22 4.70+6.62 41.51+35.01 39.44+14.45
0 1.66+1.86 0.64+0.32 1.10+£0.39 220+1.83
3d 0.12+0.14 0.88+1.41 0.70+1.01 0.34+0.26
6d 0.89+0.52 0.22+0.05 0.20+0.06 0.42+0.31

CNT =control concentrate; PO =flushing concentrate with palm oil; PFO =flushing concentrate with palm and DHA EPA by addition of fish
lemuru oil as needed; FO =flushing concentrate with DHA EPA twice as required by the addition of lemuru oils

Table 6 Effects of flushing with fatty acid supplementation (DHA and EPA) of lemuru oil on reproductive performance of Garut ewes

Parameters Treatment
C PO PFO FO

Gestations days 147.5+2.12 145.25+4.99 144.5+4.20 145.00+10.23
Litter size 1.6+1.34 2.00+1.00 2.50+0.58 2.80+0.83
Embryo loss (%) 14.29% 40.00* 8.32¢ 0.00¢
Birth type (%)

Single 40 30 0 0

Twin 40 60 50 40

Triplet 20 30 50 40

Quadruplet 0 0 0 20
Birth Ratio * 60:40 80:20 100:0 100:0
(twins: singletons)
Lambs sex ratio 50:50 83:17 83:17 68:32
(male: female) *
Birth weight (kg) 2.70+0.75 2.29+0.71 2.16+0.50 2.41+0.41

CNT =control concentrate; PO =flushing concentrate with palm oil; PFO =flushing concentrate with palm and DHA EPA by addition of fish
lemuru oil as needed; FO =flushing concentrate with DHA EPA twice as required by addition lemuru oils

¢ gjonificant different in each treatment P < 0.05. The data showed significant differences in reproductive performance with PFO and FO (con-
taining supplementation fish oils) elevated almost all parameters, increasing litter size and maintaining the pregnancy, which showed in highest
twin and triplet kid yield means had the highest kid yields, especially in FO treatment

*significant differences in each column using chi-square analysis

fat consumption. These data are similar to those of previ-
ous studies on sheep, in which an oil-fat treatment was also
used (Behan et al. 2019; Candyrine et al. 2016; Nufiez De
Gonzalez et al., 2020); however, these findings differ from
those of Dauber et al. (2022) who found that the addition of
oils such as rice, canola, linseed, and safflower oil caused
significant differences in dry matter intake. The reason for
this discrepancy remains unclear. Although previous studies
noted that adding oil in the range of 3—3.5% does not affect
palatability, the results of this study showed that a higher
rate of fat consumption in late pregnancy can be attributed
to the crude fat concentration during this period. Flushed
concentrate had a crude fat content of 7%, whereas the con-
trol concentrate was 1.22%. Crude fat consumption in early
to mid-pregnancy was not affected by concentrate flush-
ing because the animals received the same initial crude fat
concentration. Protein consumption by ewes is considered

@ Springer

sufficient to meet their nutritional needs during pregnancy
if it meets the NRC (2007) recommendation of 103 g/day.
Crude protein is essential for supporting the amino acid
requirements for organogenesis and fetal muscle growth.
High crude protein consumption before parturition is also
required to support milk production.

Glucose, cholesterol, and triglyceride levels are important
for reproductive health. Glucose concentration in the blood
reflects the nutritional status, which must meet the energy
requirements for the maintenance of ewes and fetal devel-
opment (Meikle et al. 2018; Soares et al. 2023). Cholesterol
is a precursor of steroid hormones, which play an important
role in livestock reproduction (Ying et al. 2013). Flushing
rations with PO or lemuru FO had significantly lower tri-
glyceride levels than those in the control group. This may
be because the addition of PUFAs to PO and lemuru FO
directly inhibits the development of blood triglycerides in
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general (Moallem 2018). The lower levels of triglycerides
found in the FO group may be because EPA and DHA are
poor substrates for the liver enzymes involved in triglycer-
ide synthesis, which prevents the production of very low-
density lipoprotein and triglycerides. Furthermore, they may
prevent the esterification of other fatty acids in the body,
which would otherwise be used to produce triglycerides
(Teama and El-Tarabany 2016). Another explanation for the
significantly higher triglyceride levels found in PO than in
the other treatments is that PO used 10% higher BETN con-
tent in the diet (Table 2). Triglycerides are formed from car-
bohydrates and fats (Sitaresmi et al. 2020). Lower plasma
triglyceride levels are associated with improved insulin sen-
sitivity (Smith et al. 2020; Toro-Huamanchumo et al. 2019).
EPA promotes PPARs (MacLaren et al. 2006), leading to
improved insulin signaling and reduced inflammation (Béck
and Hansson 2019).

Progesterone is a steroid hormone secreted by the cor-
pus luteum (CL) that is responsible for establishing and
maintaining gestation (Widayati and Suranindyah 2019).
The data of this study are comparable to those of Garut
ewes supplemented with sunflower seed oil (Khotijah et
al. 2015) or goats supplemented with PO (Tudisco et al.
2019). Contrary results were reported in Etawah goats
supplemented with flaxseed and lemuru FO, in which the
progesterone hormone level was significantly higher than
that in the control group (Astuti et al. 2020). This can be
interpreted as the addition of 3—6% lemuru FO to the con-
centrate not being in line with the hypothesis that the addi-
tion of EPA and DHA can increase progesterone hormone
levels during pregnancy (Astuti et al. 2020; Moallem 2018)
or reduce progesterone levels (Hess et al. 2008). These dif-
ferent results can be attributed to several factors, including
the animals, experimental design, fat source, type of fatty
acids used, and their concentrations (Moallem 2018). These
results indicate that lemuru FO as a source of EPA and DHA
(3—6%) and PO as a PUFA source in ewe rations did not
interfere with the plasma progesterone profile during gesta-
tion. Another interesting finding of this study was that the
PFO and FO treatments could maintain progesterone levels
in the last period of gestation, which should drop sharply
to zero immediately before delivery because of increasing
luteolysis. Conversely, up to 6 days before delivery, proges-
terone concentrations in the PFO and FO groups remained
high. This may be because lemuru FO, which is rich in DHA
and EPA, can reduce luteal responsiveness through PGF2a
activity and save 54% of CL from functional regression,
thus maintaining progesterone concentration from 0 to 48 h
before partus or act as an anti-luteolytic agent (Plewes et al.
2018).

Furthermore, data from this study showed that flushing
with PO resulted in the highest embryo loss rate. Oil flushing

increases ovulation and has the potential for multiple births
(Greco et al. 2018); however, PO flushing, in contrast to
lemuru FO supplementation, did not reduce the potential
activity of prostaglandins (plant oils did not significantly
inhibit PG in the endometrium; (Khotijah et al. 2022; Verma
et al. 2018). The formed CL was possibly smaller than those
in the FO treatment (Mahla et al. 2017), resulting in an
inability to maintain pregnancy in the PO treatment; how-
ever, in the control group, pregnancy mostly resulted in a
single embryo. Therefore, it is better to maintain pregnancy
and lower the rate of embryo loss compared with PO. FO
has a larger CL than PO and CNT, and for FO progesterone
levels tended to be higher (Verma et al. 2018). This could
have lowered embryo loss during the study. Lower embryo
loss may also be correlated with the type of prostaglandins
produced by the different fatty acids. EPA and DHA are
eicosanoid precursors. Eicosanoids are signaling molecules
associated with the production of PG series-3, which are less
inflammatory than series-2 (Gulliver et al. 2012). This helps
maintain gestation, as higher inflammatory conditions could
potentially interfere with the normal progress of gestation.
Both DHA and EPA promote normal blood flow and support
placental development. A well-functioning placenta ensures
embryonic survival. Increased plasma EPA concentrations
are associated with increased levels of PPARs (MacLaren et
al. 2006). This may also be associated with reduced proges-
terone clearance and improved maintenance of pregnancy
(Galbreath et al. 2008).

The resulting sex ratio of males to females was 50:50
in the control group. Interestingly, flushing treatments (PO,
PFO, and FO) changed the male-to-female ratio with a larger
number of male lambs. This may be related to the amount
of energy in the feed. Similar results have been reported in
livestock fed high PUFA diets (Conway et al. 2018; Khoti-
jah et al. 2015). The mechanism by which fatty acids affect
offspring sex remains poorly understood. Studies on deer
with oil supplementation showed a male birth ratio of 75%
compared to 46% in control groups (Wauters and Lens
1995). Similar results have been reported in mice (Dama
et al. 2011; Rosenfeld et al. 2003). High-energy feeding
such as flushing results in a higher number of births among
male lambs (Gharagozlou et al. 2016). In addition, the high
number of male offspring can be attributed to an increase in
the estrogen concentration in the plasma of ewes, which in
turn can modulate the ewes’ immune system and signaling
in the oviduct (Gharagozlou et al. 2016). This high-fat diet
is correlated with high estrogen levels (Mirzaei-Alamouti
et al. 2018). High concentrations of estradiol in the cul-
ture medium increase the number of male embryos (Chang
et al. 2022; Zhang et al. 2008). Cows with high estradiol
concentrations have also been found to have a higher pro-
portion of male calves (Emadi et al. 2014). In addition, the
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consumption of EPA and DHA has been associated with
the inhibition of PGF2a synthesis (Kraisoon et al. 2018).
Changes in the contraction rate of the fallopian tubes due to
inhibition of PGF2 production can lead to changes in the sex
ratio of the offspring (Emadi et al. 2014). Thus, a high pro-
portion of male lambs is economically beneficial. In Indo-
nesia, rams, especially Garut rams of the same body weight,
are much more expensive than Garut ewes for religious and
cultural reasons. Garut sheep are a meat-type sheep. This
differs from dairy sheep, which are expected to have more
female lambs.

The number of twin or triplet births was relatively high
when treated with both lemuru and PO. This is because
the follicle diameter and quantity increased (Nugroho et
al. 2021). The addition of lemuru FO resulted in the high-
est number of triplet and quadruplet births (P <0.05). This
result is similar to that of FO supplementation in goats
reported in previous studies (Mahla et al. 2017; Verma et al.
2018). This study showed that FO supplementation tended
to produce more large follicles (de Graaf) and a larger
number of total ovulations than PO supplementation. This
study also supports data derived from cows (Moussavi et al.
2007); however, a detailed explanation of this phenomenon
has yet to be provided. It is possible that the addition of EPA
and DHA increases insulin sensitivity (Chanda et al. 2018),
which, in turn, increases IGF-1 levels and follicular activ-
ity. The flushing ratio of the ewes had no significant effect
on lamb birth weight. The birth weights of the lambs in
this study ranged from 2.16 to 2.70 kg. These weights were
almost identical to those of lambs administered a flushing
ratio of sunflower oil (Khotijah et al. 2022).

In conclusion, this study revealed the positive effects
of 6% lemuru FO on decreasing embryo loss and boosting
the proportion of twin births. These findings support the
hypothesis that flushing rations with double the required
DHA and EPA of 6% lemuru FO significantly contribute
to the increase in the reproductive performance of Garut
sheep. However, this study had some limitations. First, it
included a relatively small number of animals. Second,
DHA and EPA levels in the blood and tissues of ewes have
not yet been measured. Therefore, future studies should be
conducted to obtain more comprehensive results.
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