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Abstract: It has been shown that n-3 long chain fatty acids (n-3 LCFA) are involved in energy/lipid metabolisms, reproductive parameters, and molecular regu-
lations leading to maintained homeostasis. We hypothesized that supplementation of peripartal diets with fish oil (FO), as a source of n-3 LCFA, could improve 
energy balance and modulate metabolic pressure in a sheep model. Prepartum ewes (n = 24) were fed control (CON) or  calcium soap of fish oil (FO) supplemented-
diet from four weeks before until three weeks after parturation. Feed intake, body weight (BW) change, plasma metabolites, colostrums/milk composition, and 
fatty acids profile of milk along with the expression of core microRNAs in glucose and lipid metabolism were evaluated. Prepartal feed intake decreased in FO 
group (1674 ± 33.26 vs. 1812 ± 35.56) though post-partal intake was similar. Differences in BW were not also significant (55.47 ± 2.07 in CON vs. 53.69 ± 1.94 
in FO). No differences were observed in plasma metabolites except for cholesterol that was lower in FO group (56.25 ± 0.71 vs. 53.09 ± 0.61). Milk fat percentage 
was reduced (8.82 ± 0.49 vs. 7.03 ± 0.45) while the percentage of milk total n-3 LCFA increased in FO group. In accordance, the relative transcript abundance of 
miR-101 (0.215 ± 0.08) and miR-103 (0.37 ± 0.15) decreased by FO supplementation. Results showed that FO supplementation during peripartal period decreased 
milk fat, feed intake, plasma cholesterol, milk n-6:n-3 ratio and the expression of miR-101. Although the trend indicated that FO could alter lipid metabolism during 
transition period, further studies are needed to fully address its effect on energy balance and homeorhetic processes.
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Introduction

Sheep experience some degree of negative energy 
balance especially in the case of twin pregnancy during 
late gestation to early lactation (1, 2). Adipose tissue 
mobilization in order to meet extra energy demands in 
ruminants transitioning from a pregnant non-lactating 
to non-pregnant lactating state is commonly associated 
with excessive triglyceride (TG) accumulation in the 
liver (3, 4). These physiologic conditions are associa-
ted with increased risk of metabolic- and production-
related diseases (5). Therefore, managing pre- and 
postpartum diets by increasing the nutrient intake (6) or 
net energy density (7) suggested to improve transition 
success. In a review (8), dietary fat was hypothesized 
to contribute in lowering fatty acid mobilization and 
sparing glucose by decreasing the synthesis of NADPH 
that is required for milk fat synthesis. Generally, fats 
have received considerable attention for  meeting the 
elevated energy demands of pregnant ewes carrying 
multiple fetuses during the last stage of pregnancy and 
early phase of lactation (9). However, specific polyun-
saturated fatty acids (PUFA) have been shown to have 
different effects on adipose tissue metabolism that is 
beyond their energetic role. For example, n-3 long chain 
fatty acids (LCFA) could modify milk fat composition 
and maintain immune system function (10, 11). While 
postpartal supplementation of the diet with fatty acids 
has been the subject of many studies, data on prepartal 

PUFA supplementation is limited. A study reported that 
feeding a source of n-3 LCFA in transition period de-
creased TG accumulation and prevented fatty liver (12). 
Prepartal fish oil (FO) supplementation, a rich source 
of n-3 LCFA, was shown to decrease plasma concen-
tration of β-hydroxybutyrate (BHB) and NEFA during 
the postpartum period and was highly correlated with 
energy status (13). Moreover, n-3 LCFAs has recently 
been shown to modulate metabolic pathways related to 
the energy and lipid metabolism thorough a group of 
non-coding RNAs called microRNAs (14, 15). MicroR-
NAs directly affect post-transcriptional regulation of 
gene expression through binding to the 3′ untranslated 
regions (UTRs) of messenger RNAs (mRNA) and inhi-
bit their translation (16).  Recently, it has been shown 
that microRNAs including miR-101, 103 and 27b and 
their downstream genes are involved in cholesterol and 
lipid metabolism that could be used as a marker of post-
partal energy status in ruminants (14, 17). Therefore, the 
objectives of the present study were to determine effects 
of feeding FO in peripartal ewes on feed intake, plasma 
metabolites concentrations, colostrum and milk compo-
sition, and relative expression of microRNAs related to 
adipogenesis.

Materials and Methods

Animals and Treatments
The study was conducted at the experimental research 
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facility of the University of Tehran (College of Aburai-
han, Pakdasht, Iran). Twenty-four healthy Zandi ewes 
were estrus-synchronized with CIDR and introduced to 
rams for natural breeding. Rams were with the ewes for 
15 days after which the ewes were separated and kept in 
group pens before they were moved to individual 1.5 × 
2.5 m pens approximately four weeks before anticipated 
lambing date. Time of movement to individual pens was 
chosen based on the median day of the breeding season 
(i.e. day 7 after rams introduced to ewes). This ensured 
that all ewes in the experimental groups received the 
corresponding diets for at least three weeks. Following 
moving to individual pens, ewes were randomly assig-
ned to either control (CON) or FO (as calcium soap of 
FO at 2% of diet dry matter)supplemented group until 
three weeks after parturition. Ingredients and chemical 
composition of the diets are shown in Table 1. The fatty 
acids profile of basal pre and postpartal diet are pres-
ented in Table 2.  Also, chemical composition of FO, as 
provided by the manufacturer (Virtus Nutrition LLC., 
CA, USA), is shown in Table 3.

Data recordings and samplings
Feed intake was recorded daily and body weight 

weekly. Also, colostrum and milk samples were taken 
before lamb’s first suckling and twice on d 7, respecti-
vely.

Colostrum and milk Composition
Colostrum and milk samples were analyzed for fat, 

protein, lactose, and SNF by infrared spectroscopy 
(AOAC International, 2002; method 972.16; MilkoS-
can COMBIFOSS 5000, HillerØd, Denmark). Milk fat-
ty acid profile was determined as follows: fatty acids in 

diet and plasma samples were converted into fatty acid 
methyl ester (FAME) and then profiled using gas chro-
matography as described previously (18). Briefly, 1 ml 
of milk sample was mixed with 1ml of C13:0 internal 
standard (0.5 mg of C13:0/ml of MeOH), 0.7 ml of 10 
M KOH in dH2O, and 5.3 ml of MeOH. The tube was 
incubated in a 55 °C water bath for 1.5 h with vigorous 
hand-shaking every 20 min. After cooling below room 
temperature, 0.58 ml of 12 M of H2SO4 in dH2O was ad-
ded. The tube content was mixed by inversion, and with 
precipitated K2SO4, incubated again in a 55 °C water 
bath for 1.5 h with hand-shaking every 20 min. After 
FAME formed, the tube was cooled and 3 ml of hexane 
was added; the tube was vortex-mixed for 5 min and 
centrifuged in a tabletop centrifuge again for 5 min and 
then the hexane layer containing FAME was transferred 
into a gas chromatography vial.

The fatty acid profile of the FAME was analyzed 
by gas chromatography on a SP-2560, 100 m × 0.25 
mm × 0.20 mm Supelco capillary column installed on 
a Hewlett Packard 5890 gas chromatograph equipped 
with a Hewlett Packard 3396 Series II integrator and 
7673 controller, a flame ionization detector, and split 

Diet ingredient (% dry matter) Prepartum Postpartum
Alfalfa  hay 30 35
Barley straw 33 -
Corn silage - 7
 Whole grain barley 27 20
Whole grain corn - 16.5
Wheat bran - 11
Soybean meal, solvent extracted - 8
Canola meal 9.7 -
Vitamin and mineral premix 0.3 0.7
Sodium chloride - 0.2
Sodium bentonite - 1
Magnesium oxide - 0.3
Calcium carbonate - 0.3
Chemical analysis 
Fat (%) 3.15 6.05
Crude Protein (%) 12.50 14.20
Ash (%) 8.28 7.82
Calcium (%) 0.52 0.85
Phosphorus (%) 0.35 0.45
NDF (%) 34.4 35.5
ME (Mcal/kg dry matter)1 2.13 2.66

Table 1. Ingredients and chemical composition of the experimental 
diets fed to peripartal ewes.

1Calculated from NRC (2007).

Fatty acid (gr/100 gr of total 
fatty acids)

Before 
lambing

After 
lambing

C4:0 3.62 5.21
C6:0 0.60 0.86
C8:0 0.05 0.03
C10:0 0.03 0.03
C14:0 0.08 0.21
C14:1 ND1 0.02
C16:0 8.08 7.62
C16:1 1.82 1.67
C17:0 0.70 0.61
C18:0 1.84 1.52
Trans C18:1 0.54 0.44
C18:1 20.9 ND
C18:2 15.25 11.75
C18:3 2.11 1.74

1ND = not detected.

Table 2. Fatty acid profiles of the basal diet.

Fat (%) 80
Calcium (min, %) 9.3
Calcium (max, %) 11.1
Moisture (max, %) 5
Lipid (max unbound with calcium salt, %) 5
Fatty acids profile (%)

C16:0 33
C18:0 15
C18:1 25
C18:2 5
C18:3 2
C22:6 n-3 (DHA) and C20:5 n-3 (EPA) 16

Net energy (MCal /kg) 6.36
1As provided by the manufacturer (Virtus nutrition LLC., CA, USA).

Table 3. Chemical compositions of calcium soap of fish oil used in 
the experiment1.
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Experiment 2: Effect of FO on plasma metabolites
Blood samples were taken from each ewe 1 week 

before and 1 week after lambing. Plasma was then sepa-
rated and stored at -70 °C. Plasma metabolites including 
glucose, protein, urea, triglyceride, VLDL and albumin 
were measured using commercial kits as mentioned 
above.  

Experiment 3: Effect of FO on colostrum and milk 
composition and milk fatty acid profile

In order to investigate the effect of FO on colostrum 
and milk composition, samples were taken on d 0 and 7 
of lambing. Samples compositions (lactose, fat, protein, 
and SNF) were analyzed using MILKOSCAN (COM-
BIFOSS 5000, HillerØd, Denmark). Milk samples col-
lected on d 7 were used to determine fatty acids profile 
using gas chromatography.  

Experiment 4: Effect of FO on microRNA expression 
As mentioned, microRNAs are a class of small 

molecules regulating some metabolic pathways. To 
investigate the effect of FO on lipid related microR-
NAs containing miR-101 (5’-CGA CCG TAC AGT 
ACT GTG ATA-3’, global R: GAG CAG GGT CCG 
AGG T), miR-103 (F: 5’-CAA  GAG  CAG  CAT  GGT  
ACA  G-3’, global R: GAG CAG GGT CCG AGG T), 
and miR-27b (5’-CCG  TTC  ACA  GTG  GCT  AAG-
3’, global R: GAG CAG GGT CCG AGG T), plasma 
samples (n = 3) of each groups on d 7 after lambing 
were used. 

Statistical Analysis
Data for which recordings and analyses were repea-

ted in time were subjected to analysis of variance using 
REPEATED statement in MIXED procedure of SAS 
(version 9.1, SAS Institute Inc., Cary, NC) in a com-
pletely randomized design with two treatments. Means 
of other variables with single time measurements were 
compared using students T-test and the results were 
expressed as mean ± standard error. For microRNA 
expression the data were normalized to β2m; then the 
2−ΔΔCt methodology was used for relative quantification. 
P<0.05 was considered as significant and 0.05 < P ≤ 
0.10 was declared as a trend for significant effect.

Results

Experiment 1: Effect of FO on feed intake and body 
weight 

Average prepartum feed intake was significantly 
decreased from 1812 ± 35.56 g/d in CON to 1674 ± 
33.26 g/d in FO; however, postpartum feed intake was 
not significantly different (2626 ± 95 vs. 2488 ± 89 g /d 
in CON and FO groups, respectively, Table 4). FO sup-
plementation also did not significantly affect BW, either 
before (59.6 ± 1.71 kg in CON vs. 59.4 ± 1.59 kg in FO) 
or after (55.5 ± 2.07 kg in CON vs. 53.7 ± 1.94 kg in 
FO) lambing. 

Experiment 2: Effect of FO on plasma metabolites 
Among plasma metabolites, only the concentration 

of cholesterol was significantly affected by treatments 
(56.2 ± 0.71 mg /dl vs. 53.1 ± 0.61 mg /dl in CON and 
FO groups, respectively). No significant difference was 

injection (Agilent Technologies Inc., Santa Clara, CA). 
After injection of sample to  gas chromatography the 
initial oven temperature was 140 °C, held for 5 min sub-
sequently increased to 240 °C at a rate of 4 °C/min, and 
then held for 20 min. Helium was supplied as the carrier 
gas at a flow rate of 0.5 ml/min, and the column head 
pressure was 280 kPa. Both the injector and the detector 
were set at 260 °C. The split ratio was 30:1. Fatty acids 
were identified by comparing their retention times with 
the FAME standards.

Blood sampling and metabolites analyses 
Blood samples were withdrawn immediately before 

the a.m. feeding from the jugular vein into EDTA-eva-
cuated tubes (10.5 mg, Monoject, Sherwood Medical, 
St. Louis, MO). Samples were shacked and maintained 
on an ice pack until plasma was separated by centri-
fugation at 1500 × g for 15 min at room temperature. 
Plasma was harvested and stored at −70 °C for further 
analysis. Plasma concentrations of glucose, albumin, 
total protein, triglycerides, cholesterol and urea nitrogen 
(PUN), were measured using enzymatic procedures and 
commercial kits (Pars Azmon Co., Tehran, Iran) using 
a spectrophotometer (Shimadzu 2100, Kyoto, Japan). 
VLDL-cholesterol was estimated as one fifth of the 
concentration of triglycerides (19). 

RNA extraction, reverse transcription, and real-time 
PCR

Total RNA was extracted from plasma samples using 
TRI-reagent. Synthesis of cDNA was carried out with 
M-MuLV reverse transcriptase specific microRNA pri-
mers, according to the manufacturer’s instructions (Fer-
mentas; St. Leon-Rot, Germany). PCR amplification 
was performed using a standard procedure with Taq 
DNA polymerase with denaturation at 94 °C for 15 s, 
annealing at 55–60 °C for 30 s according to the melting 
temperature of each primer, and extending at 72 °C for 
45 s in 40 cycles. 

Real-time PCR reactions of 25 µl were conducted 
in a Rotor Gene 6000 (Corbett Life Science, Sydney, 
Australia), by adding 12.5 µl 2× SYBR Premix Ex 
Taq, 0.4 µM of final concentration for each primer, 2 
µl template, and distilled water to reach the volume of 
25 µl. Real-time PCR was performed in two steps with 
the following thermal setting: 3 min at 95 °C for initial 
enzyme activation, followed by 40 amplification cycles 
(each 5 s at 95 °C, and 20 s at 60 °C with fluorescence 
detection) and a final step of melting curve analysis. All 
samples were analyzed in duplicate, and the average 
value of the duplicate was used for quantification. Data 
were normalized to β2m and 2−ΔΔCt methodology was 
used for relative quantification. Expression of miR-181 
was used as an internal control.

Experimental design
Experiment 1: Effect of FO on feed intake and body 
weight change

In order to measure the effect of FO on feed intake, 
amount of food offered and of refusal were measured 
daily. For determining the effect of FO on body weight 
ewes were weighed before starting the trial, 2 d before 
expected date of lambing, 24 h after lambing, and 3 
weeks after lambing. 
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detected in total protein, albumin, triglyceride, urea, glu-
cose and VLDL between treatments (Table 5, P>0.05). 

Experiment 3: Effect of FO on colostrum and milk 
composition and milk fatty acid profile

 The FO treatment significantly reduced the percen-
tage of fat in colostrum (10.3 ± 0.50 vs. 8.5 ± 0.47, Table 
6). However, concentrations of protein (CON: 14.0 ± 
1.03 vs. FO: 12.3 ± 0.97), lactose (CON: 7.5 ± 0.48 vs. 
FO: 7.1 ± 0.45) and SNF (CON: 22.1 ± 1.01 vs. FO: 
20.4 ± 0.95) were unaffected by FO treatments. The 
same results were observed for milk components where 
FO significantly reduced milk fat percentage, while 
milk protein, lactose and SNF concentrations remained 
unaffected (Table 6, P>0.05). 

Supplemental FO had substantial effects on milk 
fatty acids profile where concentrations (g/ 100 g total 
fatty acids) of EPA (0.17 vs. 1.83), DHA (0.07 vs. 0.14), 
C22:5n-3 (0.16 vs. 0.24), C20:3 n-3 (0.35 vs. 0.98) and 
CLA c9t11 (0.34 vs. 1.99) significantly increased by FO 
(Table 6). 

Experiment 4: Effect of FO on microRNA expression 
Relative transcript abundance of adipogenic rela-

ted microRNAs showed that miR-101 significantly de-
creased (0.215 ± 0.08) in FO group. The relative expres-
sion of miR-27b did not show any difference (0.98 ± 0.3 
in FO group) between groups, while the relative trans-
cript abundance of miR-103 tended to show a signifi-
cant decrease [0.37 ± 0.15 in FO group, (P< 0.1)]. The 
relative transcript abundances of miR-101, miR-103, 
and miR-27b are presented in Figure 1.

Discussion

The hypothesis tested here was that FO supple-
mentation during ewes' transition from pregnant non-

lactating to non-pregnant lactating state could affect 
milk and plasma metabolites and modulate energy-re-
lated pathways. Results indicated that following FO 
supplementation, prepartum feed intake significantly 
decreased (p<0.05) while postpartum feed intake and 
pre and postpartum BW remained unchanged. In this 
regard, some studies using FO or fish meal in diets of 
ewes (20) or lactating cattle (21-24) reported feed intake 
and milk yield depressions, whereas others reported that 
fish meal supplementation increased milk yield and feed 
intake with no changes in milk composition of early lac-
tation cows (25). In a study, FO supplementation (140 
g /cow /day) during transition period had no effect on 
feed intake, milk yield, protein yield and percentage 
while postpartum milk fat percentage and yield were 
decreased (26). Although the use of protected PUFA is 
expected to increase passage of fatty acids to abomasum 
and reduce the risk of ruminal toxicity, there are studies 
that reported substantial biohydrogenation of calcium 
salt of fatty acids in the rumen indicative of incomplete 
ruminal protection (27). Therefore, the negative effect 
of FO on prepartal feed intake observed in our study 
could partially be justified by its toxic effect on rumen 
microflora (28), which likely reduced  fiber diges-
tion and passage (29) ultimately reducing feed intake. 
Moreover, it has been demonstrated that Ca-salt of fish 
oil is particularly unpalatable (29) potentially decrea-
sing intake. We postulate that ewes were adapted to and 
the extent of intake depression was narrowed with time 
making the postpartum difference between treatments 
non-significant. 

In the present study, FO significantly decreased co-
lostrum and milk fat percentage, while concentrations 

Item Diet P value
Control Fish oil1 Diet Time Diet*time

Feed intake
Prepartum dry matter intake (kg/d)2 1812 ± 35 1674 ± 33 0.01 0.00 0.51
Postpartum dry matter intake (kg/d)3 2626 ± 95 2488 ± 89 0.31 0.00 0.83

Body weight (kg)
145 d of pregnancy 59.6 ± 1.71 59.4 ± 1.59 0.91 0.00 0.11
21 d  post-lambing 55.5 ± 2.07 53.7 ± 1.94 0.54 0.00 0.30

1Calcium soap of fish oil supplemented at 2% of diet dry matter, 2From 28 d prior to anticipated lambing date until 
lambing, 3From d 1 to 21 after parturition.

Table 4. Feed intake and body weight of the ewes fed the experimental diets.

Trait Diet P 
valueControl Fish oil1

Total Protein (mg/dl) 5.3 ± 0.16 5.1 ± 0.13 0.19
Cholesterol (mg/dl) 56.2 ± 0.66 53.9 ± 0.69 0.02

Albumin (g/dl) 3.7 ± 0.04 3.8 ± 0.13 0.46
Triglyceride (mg/dl) 53.6 ± 1.37 54.3 ± 1.18 0.69

Urea (mg/dl) 32.6 ± 0.73 32.9 ± 0.69 0.84
Glucose (mg/dl) 61.2 ± 1.11 61.5 ± 0.96 0.83
VLDL (mg/dl) 10.7 ± 0.27 10.8 ± 0.29 0.72

Table 5. Postpartal plasma metabolites of ewes fed the experimental 
diets.

1 Calcium soap of fish oil supplemented at 2% of the diet.

Figure 1. Relative mRNA expression of mir-101, mir-103, and 
mir-27b in plasma of fish oil supplemented animals compared with 
the control plasma. Bars with asterisks represent differing groups 
(P<0.05).
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of protein, lactose and SNF were not affected by FO 
supplementation. The same results were reported when 
lactating ruminants fed FO supplemented diets (23, 30-
33). In contrast, Badiei et al., (2014) reported that sup-
plementation of prepartum cows’ diet with n-3 LCFA 
had no effect on milk composition (34). Discrepancies 
between these studies could be due in part to the diffe-
rences in the amount, form, and palatability of fat sup-
plements and the duration of the experiments. Feeding 
FO has been shown to change the bacterial metabolism 
of lipids and subsequently increase the duodenal flow 
of PUFA and trans-11 C18:1 and decrease C18:0 (35). 
It has been fully discussed that specific fatty acids pro-
duced as intermediates during ruminal biohydrogena-
tion, including trans-10, cis-12 C18:2 and trans-9, cis-
11 CLA, possess inhibitory effects on mammary lipoge-
nesis (33, 36), thereby reducing milk fat concentration. 
In this regard Carreño et al., (2016) observed that milk 
fat depression in ewes supplemented with FO was cor-
related with increases in C18:2 t10c12 and t9c11, and 
C18:1 c11 (37). This might explain milk fat depression 
in response to FO supplementation in this study where 

the amount of  c-9,t-11 CLA was significantly increased 
in milk. Furthermore, FO has a great impact on regula-
tion of lipogenic genes involved in the synthesis of milk 
fat. Recently, it has been shown that lipogenic genes 
containing acetyl-CoA carboxylase alpha (ACACA), 
acyl–CoA synthetase short-chain family member-1 
(ACSS1), and 1-acylglycerol-3-phosphate O-acyltrans-
ferase 6 (AGPAT6), and the transcription factor sterol 
regulatory element-binding factor 1 (SREBF1) were 
down-regulated in the mammary tissue of ewes fed 
FO (37). Milk fatty acid profile also indicated that the 
n6:n3 ratio decreased as a result of significant increase 
in the amount of n-3 LCFA especially EPA and DHA. 
The results are in agreement with a previous study that 
reported a significant increase in the proportion of EPA 
and DHA in ewes' milk fed FO (37). 

Except for the cholesterol that significantly reduced 
in FO group, other plasma metabolites were not affected 
by feeding FO. Recent studies showed that prepartum 
supplementation of ewes' diet with FO had no effect 
on albumin and total protein but significantly increased 
urea concentration (20, 38). In contrast, Janhani-mo-

Item Diet
Control Fish oil1 P value

Colostrum composition
Fat (%) 10.3 ± 0.50 8.5 ± 0.47 0.02
Protein (%) 14.1 ± 1.03 12.3 ± 0.97 0.2
Lactose (%) 7.5 ± 0.48 7.1 ± 0.45 0.5
SNF (%)2 22.1 ± 1.01 20.4 ± 0.95 0.25
Milk composition
Fat (%) 8.8 ± 0.49 7.0 ± 0.45 0.02
Protein (%) 4.4 ± 0.27 4.3 ± 0.23 0.78
Lactose (%) 5.1 ± 0.18 5.1 ± 0.16 0.95
SNF (%) 10.4 ± 0.36 10.9 ± 0.3 0.56
Milk fatty acids (g/100g)
C4:0 0.76 ± 0.2 0.45 ± 0.09 0.23
C6:0 0.62 ± 0.14 0.33 ± 0.09 0.15
C8:0 0.62 ± 0.16 0.37 ± 0.1 0.28
C10:0 1.73 ± 0.43 1.46 ± 0.36 0.65
C16:0 31.15 ± 6.11 28.35 ± 5.02 0.73
C16:1 3.04 ± 0.43 3.44 ± 0.81 0.68
C18:0 6.19 ± 1.18 4.0 ± 1.2 0.2
trans-10 C18:1 1.13 ± 0.2 2.19 ± 0.55 0.14
cis-9 trans-12 C18:2 0.05 ± 0.01 0.06 ± 0.01 0.51
C18:3n3 0.30 ± 0.06 0.23 ± 0.06 0.455
C22:1 0.08 ± 0.01 0.08 ± 0.03 1
C20:3n3 0.35 ± 0.08 0.98 ± 0.18 0.03
C20:4n6 0.09 ± 0.02 0.06 ± 0.01 0.25
C22:2 0.03 ± 0.006 0.47 ± 0.4 <0.001
C24:0 0.31 ± 0.08 0.19 ± 0.03 0.232
C20:5n3 (EPA) 0.17 ± 0.04 0.83 ± 0.21 0.001
C24:1 1.06 ± 0.28 0.05 ± 0.1 0.022
C22:5n3 0.16 ± 0.03 0.24 ± 0.07 0.044
C22:6n3 (DHA) 0.07 ± 0.01 0.14 ± 0.04 0.014
cis-9 trans 11 CLA 0.34 ± 0.01 1.99 ± 0.13 <0.001

Table 6. Colostrum and milk compositions and milk fatty acids profile in control and fish oil supplemented ewes.

1 Calcium soap of fish oil supplemented at 2% of the diet, 2SNF: solid non-fat.
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ghadam et al., (2015) reported that postpartum linseed 
supplementation increased the concentration plasma 
glucose (39). A reason for decreased cholesterol might 
be related to increase in concentration of other lipo-
proteins like HDL and increased reverse transport of 
cholesterol in hepato-peripheral lipid circulation. This 
might increase supply of cholesterol from the tissues to 
the liver, thereby increasing cholesterol metabolization 
in the liver and decreasing its circulation.

As mentioned, it has been shown that diet could 
modulate adipogenesis and lipid metabolism through 
regulatory microRNAs. To the best of our knowledge, 
this is the first study using plasma MicroRNAs as a pre-
dictor marker of metabolic alteration following FO sup-
plementation. In this aspect, our results indicated that 
the transcript abundance of miR-101 was affected by 
FO supplementation. The relative expression of miR-
103 also showed a downward trend, although it was not 
significant. A previous study in this area reported that 
a high fat diet decrease the expression of miR-101, but 
not miR-103, in bovine subcutaneous and visceral fat 
(14). In another study, ewes fed algae (a rich source of 
DHA) did not show significant difference in expression 
of miR-101 in subcutaneous and visceral fat depots 
(15). As mentioned miR-101 controls lipid metabolism 
and adipogenesis (14). Hence, it could be inferred that 
FO changed lipid metabolism in favor of adipogenesis 
in this study, which might consequently prevent adipose 
lipolysis and triglyceride accumulation in the liver, a 
process that might help the liver to supply the mamma-
ry gland and the gravid uterus with substantial nutrient 
demand while avoiding fatty liver.  

Feeding of moderate amounts of Ca-soup of  FO 
during peripartal period in comparison to a control diet 
resulted in prepartal feed intake reduction, milk fat de-
pression, and increases in milk trans fatty acids and  n-3 
LCFA and altered patterns of microRNA expression. 
However, postpartal feed intake, plasma metabolites 
and milk fat and protein remained unaffected. Future 
research should investigate whether these changes in 
molecular patterns affect lambs future performance and 
metabolism.

Acknowledgements
This work was supported by a grant from the University 
of Tehran, Tehran, Iran. The authors thank the members 
of their own laboratories for their helps.

Declaration of interests
The authors declare no potential conflicts of interest 
with respect to the authorship and publication of the 
article.

References 

1. Schlumbohm C, Harmeyer J. Twin-pregnancy increases suscepti-
bility of ewes to hypoglycaemic stress and pregnancy toxaemia. Res 
Vet Sci. 2008;84(2):286-99.
2. Lotfollahzadeh S, Zakian A, Tehrani-Sharif M, Watson DG. As-
sessment the alterations of some biochemical parameters in Afshari 
sheep with possible metabolic disorders. Small Ruminant Research. 
2016;145:58-64.
3. Grummer RR. Nutritional and management strategies for the pre-
vention of fatty liver in dairy cattle. Vet J. 2008;176(1):10-20.

4. Brickner AE, Pires JA, Gressley TF, Grummer RR. Effects of 
abomasal lipid infusion on liver triglyceride accumulation and adi-
pose lipolysis during fatty liver induction in dairy cows. J Dairy Sci. 
2009;92(10):4954-61.
5. Friggens NC, Ingvartsen KL, Emmans GC. Prediction of body li-
pid change in pregnancy and lactation. J Dairy Sci. 2004;87(4):988-
1000.
6. Grummer RR, Mashek DG, Hayirli A. Dry matter intake and ener-
gy balance in the transition period. Vet Clin North Am Food Anim 
Pract. 2004;20(3):447-70.
7. Eastridge ML. Major advances in applied dairy cattle nutrition. J 
Dairy Sci. 2006;89(4):1311-23.
8. Grummer RR. Etiology of lipid-related metabolic disorders in 
periparturient dairy cows. J Dairy Sci. 1993;76(12):3882-96.
9. Palmquist DL, Jenkins TC. Fat in lactation rations: review. J Dairy 
Sci. 1980;63(1):1-14.
10. Mach N, van Baal J, Kruijt L, Jacobs A, Smits M. Dietary unsa-
turated fatty acids affect the mammary gland integrity and health in 
lactating dairy cows. BMC Proc. 2011;5 Suppl 4:S35.
11. Palmquist D. Omega-3 fatty acids in metabolism, health, and 
nutrition and for modified animal product foods. Prof Animal Scien-
tist. 2009;25:207-49.
12. Petit HV, Palin MF, Doepel L. Hepatic lipid metabolism in tran-
sition dairy cows fed flaxseed. J Dairy Sci. 2007;90(10):4780-92.
13. Ballou MA, Gomes RC, Juchem SO, DePeters EJ. Effects of 
dietary supplemental fish oil during the peripartum period on blood 
metabolites and hepatic fatty acid compositions and total triacyl-
glycerol concentrations of multiparous Holstein cows. J Dairy Sci. 
2009;92(2):657-69.
14. Romao JM, Jin W, He M, McAllister T, Guan LL. Altered mi-
croRNA expression in bovine subcutaneous and visceral adipose tis-
sues from cattle under different diet. PLoS One. 2012;7(7):e40605.
15. Meale SJ, Romao JM, He ML, Chaves AV, McAllister TA, Guan 
LL. Effect of diet on microRNA expression in ovine subcutaneous 
and visceral adipose tissues. J Anim Sci. 2014;92(8):3328-37.
16. Zhang Y, Wang Z, Gemeinhart RA. Progress in microRNA deli-
very. J Control Release. 2013;172(3):962-74.
17. Goedeke L, Rotllan N, Ramirez CM, Aranda JF, Canfran-Duque 
A, Araldi E, et al. miR-27b inhibits LDLR and ABCA1 expression 
but does not influence plasma and hepatic lipid levels in mice. Athe-
rosclerosis. 2015;243(2):499-509.
18. Veshkini A, Khadem AA, Mohammadi-Sangcheshmeh A, Ala-
mouti AA, Soleimani M, Gastal EL. Linolenic acid improves oocyte 
developmental competence and decreases apoptosis of in vitro-pro-
duced blastocysts in goat. Zygote. 2016;24(4):537-48.
19. Friedewald WT, Levy RI, Fredrickson DS. Estimation of 
the concentration of low-density lipoprotein cholesterol in plas-
ma, without use of the preparative ultracentrifuge. Clin Chem. 
1972;18(6):499-502.
20. Annett RW, Dawson LER, Edgar H, Carson AF. Effects of source 
and level of fish oil supplementation in late pregnancy on feed in-
take, colostrum production and lamb output of ewes. Animal Feed 
Science and Technology. 2009;154(3):169-82.
21. Mattos R, Staples CR, Arteche A, Wiltbank MC, Diaz FJ, Jen-
kins TC, et al. The effects of feeding fish oil on uterine secretion of 
PGF2alpha, milk composition, and metabolic status of periparturient 
Holstein cows. J Dairy Sci. 2004;87(4):921-32.
22. Whitlock LA, Schingoethe DJ, Hippen AR, Kalscheur KF, Baer 
RJ, Ramaswamy N, et al. Fish oil and extruded soybeans fed in com-
bination increase conjugated linoleic acids in milk of dairy cows 
more than when fed separately. J Dairy Sci. 2002;85(1):234-43.
23. Keady TW, Mayne CS, Fitzpatrick DA. Effects of supplementa-
tion of dairy cattle with fish oil on silage intake, milk yield and milk 
composition. J Dairy Res. 2000;67(2):137-53.



10

Peripartum and dietary calcium soap of fish oil.

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 10

S. Sheibani et al.

24. Donovan DC, Schingoethe DJ, Baer RJ, Ryali J, Hippen AR, 
Franklin ST. Influence of dietary fish oil on conjugated linoleic acid 
and other fatty acids in milk fat from lactating dairy cows. J Dairy 
Sci. 2000;83(11):2620-8.
25. Moussavi AR, Gilbert RO, Overton TR, Bauman DE, Butler 
WR. Effects of feeding fish meal and n-3 fatty acids on milk yield 
and metabolic responses in early lactating dairy cows. J Dairy Sci. 
2007;90(1):136-44.
26. Mendoza A, Crespi D, Hernández A, Roura N, Valentín H, La 
Manna A, et al. Effect of dietary supplementation with fish oil during 
the transition period on milk production, plasma metabolites and 
postpartum anoestrus interval in grazing dairy cows. Animal Pro-
duction Science. 2011;51(5):481-9.
27. Kitessa S, Gulati S, Ashes J, Fleck E, Scott T, Nichols P. Utilisa-
tion of fish oil in ruminants I. Fish oil metabolism in sheep. l Feed 
Science and Technology. 2001a;89:189-99.
28. Maia MR, Chaudhary LC, Figueres L, Wallace RJ. Metabolism 
of polyunsaturated fatty acids and their toxicity to the microflora of 
the rumen. Antonie Van Leeuwenhoek. 2007;91(4):303-14.
29. Schauff DJ, Clark JH. Effects of feeding diets containing calcium 
salts of long-chain fatty acids to lactating dairy cows. J Dairy Sci. 
1992;75(11):2990-3002.
30. Capper JL, Wilkinson RG, Mackenzie AM, Sinclair LA. The 
effect of fish oil supplementation of pregnant and lactating ewes on 
milk production and lamb performance. Animal. 2007;1(6):889-98.
31. Cant JP, Fredeen AH, MacIntyre T, Gunn J, Crowe N. Prognostic 
factors and survival of ALS patients from Belgrade, Serbia. Can J 
Anim Sci. 1997;77:125-31.
32. Bichi E, Hervas G, Toral PG, Loor JJ, Frutos P. Milk fat depres-
sion induced by dietary marine algae in dairy ewes: persistency of 
milk fatty acid composition and animal performance responses. J 

Dairy Sci. 2013;96(1):524-32.
33. Toral PG, Frutos P, Hervas G, Gomez-Cortes P, Juarez M, de la 
Fuente MA. Changes in milk fatty acid profile and animal perfor-
mance in response to fish oil supplementation, alone or in combina-
tion with sunflower oil, in dairy ewes. J Dairy Sci. 2010;93(4):1604-
15.
34. Badiei A, Aliverdilou A, Amanlou H, Beheshti M, Dirandeh E, 
Masoumi R, et al. Postpartum responses of dairy cows supplemented 
with n-3 fatty acids for different durations during the peripartal pe-
riod. J Dairy Sci. 2014;97(10):6391-9.
35. Kim EJ, Huws SA, Lee MR, Wood JD, Muetzel SM, Wallace RJ, 
et al. Fish oil increases the duodenal flow of long chain polyunsatu-
rated fatty acids and trans-11 18:1 and decreases 18:0 in steers via 
changes in the rumen bacterial community. J Nutr. 2008;138(5):889-
96.
36. Glasser F, Ferlay A, Doreau M, Loor JJ, Chilliard Y. t10,c12-18:2-
induced milk fat depression is less pronounced in cows fed high-
concentrate diets. Lipids. 2010;45(9):877-87.
37. Carreno D, Hervas G, Toral PG, Castro-Carrera T, Frutos P. 
Fish oil-induced milk fat depression and associated downregu-
lation of mammary lipogenic genes in dairy ewes. J Dairy Sci. 
2016;99(10):7971-81.
38. Annett M, Annett RW, Carson AF, Dawson LER. Effects of di-
gestible undegradable protein (DUP) supply and fish oil supplemen-
tation of ewes during late pregnancy on colostrum production and 
lamb output. Anim Feed Sci Technol. 2008;146:270–88.
39. Jahani-Moghadam M, Mahjoubi E, Dirandeh E. Effect of lin-
seed feeding on blood metabolites, incidence of cystic follicles, and 
productive and reproductive performance in fresh Holstein dairy 
cows. J Dairy Sci. 2015;98(3):1828-35.


