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Introduction

ABSTRACT. This study was carried out to compare the effects of flushing diets
with different levels of extruded flaxseed (EFS) and rumen undegradable protein
(RUP) on reproductive performance and blood metabolites in Baluchi ewes.
Forty-eight ewes (2-3 years old) were fed one of four different treatment diets:
1) no EFS + 20% RUP, 2) no EFS + 40% RUP, 3) 10% EFS + 20% RUP and
4) 10% EFS + 40% RUP. Blood concentrations of glucose (24 h after removing
controlled internal drug release (CIDR) containing 0.3 g of progesterone) and
cholesterol (24 h before removing CIDR) were different among the dietary
treatments (P < 0.05). Blood urea-N (24 h after removing CIDR and 9 days after
mating) was also impacted by the dietary treatments (P < 0.05). Higher blood
estrogen levels occurred in response to EFS supplementation plus 40% RUP
in comparison to non-EFS diets both 24 h before and after removing CIDR.
Blood progesterone in ewes fed 10% EFS and 40% RUP diet was increased
9 days after mating in comparison to ewes fed non-EFS diets (P < 0.05). 10%
EFS and 40% RUP in the diets of ewes improved the fecundity rate (P < 0.05).
Follicle and corpus diameter (24 h after CIDR removal and 9 days after mating,
respectively) were higher in EFS diets than the other groups (P < 0.05). So,
the use of 10% EFS as a source of omega-3 fatty acids with 40% RUP in the
flushing diet can improve ewe reproduction performance, which is important in
the sheep industry, especially in developing countries.

constitutes 16% of the total fats in flax oil), and has
been found to improve production and reproduc-

The profitability of the sheep industry depends
chiefly on conception and fecundity rates and can be
increased by nutritional flushing of the ewes before
mating. Flushing diets act via the hypothalamus-
pituitary-gonadal axis affecting the secretion of
hormone including insulin, progesterone and estro-
gen (Scaramuzzi et al., 2006). Flaxseed is a good
source of plant unsaturated fatty acids (FA) like
a-linolenic acid (ALA; C18:3n-3, an omega-3 FA
that constitutes 57% of the total fats in flax oil) and
linoleic acid (LA: C18:2n-6, an omega-6 FA that

tion performance of animals in addition to enhanc-
ing the quality of animal products. Adding flaxseed
to dairy cows’ diet changed the FA composition of
blood plasma, follicular fluid and reproductive tis-
sues (Zachut et al., 2010) as well as improved the
metabolic and physiological status of the uterus, oo-
cyte and embryo (Marei et al., 2009; Zachut et al.,
2010). Wonnacott et al. (2010) reported that diets
contrasting in n-3 and n-6 polyunsaturated fatty acids
(PUFAs) were effective in altering the FA composi-
tion of both granulosa cells and oocytes and led to
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differences in progesterone concentrations in ovarian
follicular fluid.

Intake of rumen degradable protein (RDP)
in excess of microbial utilization subjected to pre
duodenal N losses, increases animal energy re-
quirements and reduces embryo survival in sheep.
In addition, the excretion of urea N contributes to
environmental pollutants such as atmospheric am-
monia (NH,) and nitrates in groundwater (Mikola-
yunas et al., 2011). Also, elevated dietary protein
has been associated with depressed reproductive ef-
ficiency in dairy cattle. Excess crude protein (CP)
is degraded to NH, by ruminal microbes, absorbed
into the portal blood and rapidly converted into urea
by the liver. High concentrations of plasma urea ni-
trogen (PUN) have been associated with lowered
pregnancy rates in dairy cows. Supplementing diets
with rumen undegradable protein (RUP) sources has
been shown to lower PUN and improve reproduc-
tive indices (McCormick et al., 1999). Furthermore,
Berardinelli et al. (2001) reported that the effects of
excess degradable intake protein on embryonic sur-
vival in sheep may occur early (from day 4 to 11)
during embryonic development. However, these ef-
fects may occur sooner, during the initial stages of
development in the oviduct. The effects on the early
developing embryo may be carried over into later
stages of development or cause a change in the abil-
ity of the embryo to synchronize its development
with uterine changes necessary to sustain it.

Baluchi ewes are usually kept in different regions
including drought and semi-drought areas of south-
west Pakistan, eastern Iran and southern Afghanistan
with a notable influence on rural livelihood. Baluchi
sheep is a seasonal breed that usually delivers one
lamb during mating season but its reproductive func-
tion might be enhanced by nutritional flushing prior
to breeding. Supplementing the flushing diets with
some energy (e.g., unsaturated FA, n-3) or protein
sources has been already shown to improve fertility
parameters but in dairy cows (Staples and Thatcher,
2005; Cerri et al., 2009; Aboozar et al., 2012). How-
ever, to authors’ knowledge, no reports are available
considering the combined effects of n-3 PUFAs and
protein source on sheep reproductive function. So, we
hypothesized that the combined effects of feeding ex-
truded flaxseed and different levels of RUP would be
more effective in enhancing ewes fertility than feed-
ing high RUP alone. Hence, this study investigated the
alterations in reproductive characteristics and blood
metabolites in Baluchi ewes in response to feeding
different levels of extruded flaxseed (0 and 10%) and
RUP (20 and 40%) during the flushing stage.

Material and methods

Animals, diets and experimental design

Forty-eight multiparous Baluchi ewes (48.7 +
2.8 kg of body weight (BW), 3.2 £ 0.2 of body con-
dition score (BCS) and 2-3 years old at the begin-
ning of the experiment) were randomly allocated
to four groups (12 ewes in each group) in a 2 x 2
factorial arrangement in a completely randomized
design. The study was conducted from August to
September 2018 at the Torbat-e-Jam sheep breed-
ing centre (Iran) (latitude: 35°14'38.40"N and
longitude: 60°3721.00"E). To adapt animals to the
housing conditions and standardize their dietary
background, the ewes were placed in individual
pens (1 x 1.76 m) and fed a maintenance diet for
two weeks prior to application of the treatments.
From day 15, the ewes were fed twice daily (at 8:00
and 16:00) with equal meals of one of the four iso-
nitrogenous and iso-caloric diets formulated accord-
ing to the National Research Council (NRC, 2007)
(Table 1). Water and feed were freely available to all
experimental animals. The experiment procedures
(including feeding the flushing diets, oestrous and

Table 1. The ingredients and chemical composition of diets fed to
ewes during the flushing period

Dietary treatments'
T T2 T3 T4

Indices

Ingredients, % DM

maize silage 665 665 665 66.5
wheat straw 6.0 6.0 6.0 6.0
barley grain 140 140 4.0 4.0
beet pulp 6.0 3.0 6.0 3.0
wheat bran 6.0 3.0 6.0 3.0
extruded flaxseed 0.0 00 100 100
urea 1.0 0.0 1.0 0.0
Yasminomax? 0.0 7.0 0.0 7.0
calcium carbonate 022 022 022 022
minerals-vitamins® 014 014 014 014
salt 014 014 014 014
Chemical composition, %
metabolizable energy, Mcal’lkg 227 229 231 236
crude protein 123 121 123 122
neutral detergent fibre 497 489 496 491
acid detergent fibre 266 257 269 258

ether extract 3.0 3.1 55 55

rumen undegradable protein 204 398 203  39.7
rumen degradable protein 796 602 797 603
calcium 055 052 061 058
phosphorus 032 035 03 0.34

'treatments: T1 — no extruded flaxseed (EFS) + 20% RUP (rumen
undegradable protein), T2 - no EFS + 40% RUP, T3 — 10% EFS +
20% RUP, T4 — 10% EFS + 40% RUP; 2 Yasminomax contained
46% CP, 70% RUP, 7% ash, 4% fat (DM basis); 3 mineral and vitamin
mix contained per kg: g: Ca 200, P 98, Mg 21, Na 44, Cu 0.3, Mn 2,
Fe 3,Zn3,10.1,Co 0.1, Se 0.001, IU: vitamin A 500 000, vitamin D,
100 000, mg: vitamin E 100, antioxidant 400; DM — dry matter
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Figure 1. Schematic depiction of the experimental plan (including oestrous and mating synchronization, blood sampling, ovaries scanning and

collection of reproductive data)
CIDR - controlled internal drug release

mating synchronization, blood sampling, ovaries
scanning and collection of reproductive data) were
carried out as indicated in Figure 1.

The experimental diets were: 1) no extruded
flaxseed (EFS) diet + 20% RUP, 2) no EFS diet +
40% RUP, 3) 10% EFS + 20% RUP, and 4) 10%
EFS + 40% RUP. Flaxseed was extruded at 150 °C
for 15 s and Yasminomax (46% CP and 70% RUP)
(Sanadam Pars Company, Tehran, Iran) was used
as the source of RUP. The chemical composition
and FA profile of flaxseed used in flushing diets are
shown in Table 2.

Table 2. The chemical composition and fatty acids profile of flaxseed
used in the flushing diets

Indices Content

Chemical composition, % dry matter (DM)
DM, % fresh weight 94.62
crude protein 18.70
ether extract 41.05
neutral detergent fibre 22.21
acid detergent fibre 18.73
ash 2.95

Fatty acids profile (g/100 g of total fatty acids)
C12:0 -
C14:0 0.038
C16:0 5.02
C16:1 0.048
C17:0 0.06
C17:1 0.04
C18:0 427
C18:1-cis9 20.02
C18:2-¢is9,12 17.11
C18:3-cis9,12,15 52.83
C20:0 0.13
C20:1 0.12
C22:0 0.09
C24:0 0.06

Oestrous cycles were synchronized by insertion
of vaginal insert (CIDR; EAZL-BREED CIDR Sheep
Insert, Pfizer New Zealand Ltd, Auckland, New Zea-
land) constructed with a silicone elastomer impreg-
nated with 0.3 g natural progesterone (P4) from day
16 to day 30 of the experimental period. Fertile and
healthy rams (three per treatment) were introduced
24 h after CIDR removal (oestrous day) (Figure 1).
No gonadotropin was injected after removal of the
CIDR in order to evaluate the influence of dietary
treatments on follicle and corpus luteum conditions.

All procedures of animal handling were approved
by the Animal Care and Use Committee of Shahid
Bahonar University of Kerman (Iran) in accordance
with EU standards (Directive 2010/63).

Measurements and analytical methods

Over the period of flushing, individual dry mat-
ter intake (DMI) was measured daily, and the ewes
were weighed weekly before the morning meal.
Blood samples were obtained from the jugular vein
24 h prior to CIDR withdrawal, 24 h after CIDR
withdrawal and 9 days after CIDR withdrawal.
Blood samples were collected in non-heparinised
Vacutainer tubes and placed into icy water immedi-
ately following the collection. Then the serum was
obtained after centrifugation at 3000 g for 15 min.
The obtained serum was stored at —20 °C until sub-
sequent analyses. Serum glucose (No. 017-500-
1, Pars Azmon Co., Karaj, Iran), cholesterol (No.
010-500-1, Pars Azmon Co., Karaj, Iran) and urea
(No. 1-400-030, Pars Azmon Co., Karaj, Iran) con-
centrations were analysed by auto-analyzer (Abbott
Alcyon 300, Abbott Laboratories, Inc. Irving, TX,
USA). Serum concentrations of hormones including
insulin (No. 2425-300, Monobind Inc, Lake For-
est, CA, USA), estradiol (No. 4925-300, Monobind
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Inc., Lake Forest, CA, USA) and progesterone (No.
4825-300, Monobind Inc., Lake Forest, CA, USA)
were analyzed with the use of ELISA reader (Stat
Fax 3200 Microplate Reader, Awareness Technol-
ogy Inc., Palm City, FL, USA). All assays for analy-
ses of blood parameters were done in accordance
with the manufacturers’ guidelines.

Ultrasonography assessments

The size and number of follicles at 24 h before
and after CIDR withdrawal and size of corpus lute-
um 9 days after mating (Figure 1) were determined
by a ultrasonography (Wed3100 ultrasound scan-
ner with 7.5 MHz probe, Shenzhen, China). The
reproductive data collected were: fecundity rate
(number of lambs born / number of bred ewes in
the group X 100); twinning rate (number of ewes
delivering twin / number of ewes delivering in the
group x100); fertility rate (number of delivered
ewes / number of bred ewes x 100); male lamb rate
(number of born male lamb / whole number of born
lambs x 100); and female lamb rate (number of fe-
male lambs born / number of lambs born x 100).

Statistical analyses

This experiment was carried out in a 2 x 2
factorial arrangement in a completely randomized
design. Data on DMI, BW, blood hormone levels,
metabolite concentrations, the number and the size of
follicles, and the size of corpora lutea were statistically
analysed by the PROC MIXED of SAS (2003, SAS
Institute Inc., Cary, NC, USA). The model used was:

Y =pn+Ai+B;+ (AB); + Ci + Ep,

where: Y — dependent variable, p — overall mean,
A; — fixed effect of flaxseed, B, — fixed effect
of RUP, (AB); — flaxseed and RUP interaction,

Cr — random effect of animal £ and €;x — residual
error. Categorical variables or variables expressed
as percentages, including fecundity rate, fertility
rate, twinning rate, female lamb rate and male lamb
rate, were analysed by the Chi-square test. The test
of Tukey (P < 0.05) was used to compare the mean
values of dietary treatments. Unless otherwise
stated, the differences were considered statistically
significant at P <0.05. A tendency was declared when
the P-value was in the range of 0.05 < P <0.10.

Results

Dry matter and nutrients intake, body weight

The DMI and BW of the ewes were not affected
by the use of different levels of EFS and RUP dur-
ing the stage of flushing (Table 3). The intake of all
nutrients was affected by experimental diets as well
as by the use of 10% EFS, as the intakes of metab-
olizable energy (ME), CP, NDF (neutral detergent
fibre), ether extract (EE) and RUP were greater
(Table 3, P < 0.01) for ewes fed diets with 10%
EFS than for ewes fed diets with no flaxseed addi-
tion. Also, the intakes of ME and RUP were greater
(P <0.05) for ewes fed diets with 40% RUP than for
ewes fed diets with 20% RUP, and the intake of RDP
was greater (P < 0.01) for ewes fed diets with 20%
RUP than for ewes fed diets with 40% RUP.

Blood metabolites and hormones

Blood glucose concentration in the ewes fed
10% EFS and 40% RUP diet, was higher 24 h

after CIDR withdrawal in comparison to the
group fed with no flaxseed (Table 4, P < 0.05).
Blood cholesterol concentrations increased with
the addition of extruded flaxseed before CIDR

Table 3. Effects of extruded flaxseed (EFS) and rumen undegradable protein (RUP) levels in the flushing diets on dry matter intake (DMI), body

weight (BW) and the intake of nutrients of the ewes

) Dietary treatment' P-value
Indices T1 T2 T3 T4 SEM EFS RUP EFSARUP
DMI, kg/day 1.12 1.14 1.18 1.17 0.02 0.35 0.08 0.24
BW, kg 50.04 50.51 50.83 50.96 1.12 0.54 0.87 0.83
Intake of nutrients
ME, Mcal 2500 2.57° 2.68° 2,74 0.019 <0.0001 0.012 0.79
CP g 136° 136° 1422 1422 0.001 0.0007 0.89 0.68
NDF, g 5490 5490 575° 5702 0.004 0.0005 0.59 0.49
ADF, g 294¢e 289° 3122 299° 0.002 0.0002 0.005 0.14
EE, g 33 35 642 642 0.0004 <0.0001 0.17 0.17
RUP, g 28° 540 29° 56° 0.0004 0.0012 <0.0001 0.22
RDP, g 108° 82° 1142 85° 0.0007 0.0003 <0.0001 0.16

'treatments: T1 —no EFS +20% RUP, T2 —no EFS + 40% RUP, T3 - 10% EFS + 20% RUP, T4 — 10% EFS + 40% RUP; SEM - standard error
of the mean, ME — metabolizable energy, CP — crude protein, NDF — neutral detergent fibre, ADF — acid detergent fibre, EE — ether extract,
RDP - rumen degradable protein; ¢ — means within the same row with different superscripts are significantly different at P < 0.05
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Table 4. Effects of extruded flaxseed (EFS) and rumen undegradable protein (RUP) levels in the flushing diets on blood metabolites concentrations

of the ewes, mg/d|

. Dietary treatment' P-value
Indices T1 T2 T3 T4 SEM EFS RUP EFS*RUP
24 h before CIDR removal
glucose 69.30 68.20 74.20 75.60 3.68 0.07 0.37 0.89
cholesterol 64.27° 63.34° 72.312 74.407 3.72 0.01 0.26 0.04
urea-N 15.03 14.11 14.24 13.09 1.29 0.32 0.24 0.31
24 h after CIDR removal
glucose 72.80° 74.60% 76.50% 79.802 1.81 0.04 0.06 0.03
cholesterol 67.35 68.22 74.18 75.47 3.91 0.17 0.92 0.39
urea-N 15.472 14.60° 14,532 12.36° 0.83 0.04 0.05 0.08
9 days after mating
glucose 68.38 71.51 69.20 73.41 2.55 0.65 0.1 0.09
cholesterol 59.40 57.14 60.69 66.80 3.39 0.08 0.07 0.12
urea-N 20.92° 17.95° 18.26° 15.21° 0.78 0.12 0.03 0.01

'treatments: T1—no EFS + 20% RUP, T2 —no EFS +40% RUP, T3 - 10% EFS + 20% RUP, T4 - 10% EFS + 40% RUP; SEM - standard error of
the mean, CIDR - controlled internal drug release; = — means within the same row with different superscripts are significantly different at P < 0.05

Table 5. Effects of extruded flaxseed (EFS) and rumen undegradable protein (RUP) levels in the flushing diets on blood hormones concentrations

of the ewes
. Dietary treatment! P-value
Indices T T2 T3 T4 SEM EFS RUP EFS*RUP
24 h before CIDR removal
insulin, U/ml 9.86 9.97 10.76 10.43 2.01 0.19 0.62 0.67
estradiol, pg/ml 20.90° 21.61° 26.64% 27.83 2.24 0.02 0.07 <0.001
progesterone, ng/ml 243 2.56 2.76 2.84 0.61 0.84 0.37 0.65
24 h after CIDR removal
insulin, IU/ml 9.96 10.08 12.56 13.12 217 0.89 0.64 0.78
estradiol, pg/ml 30.51° 32.90° 56.31° 55.762 213 0.01 0.09 <0.001
progesterone, ng/ml 1.24 1.16 1.45 1.96 0.45 0.25 0.12 0.07
9 days after mating
insulin, U/ml 10.31 10.58 12.89 13.67 1.73 0.97 0.09 0.08
estradiol, pg/ml 20.24 20.35 21.27 21.49 245 0.39 0.45 0.21
progesterone, ng/ml 4.86% 5.18° 6.942 7.35 0.53 0.02 0.11 0.03

'treatments: T1 - no EFS + 20% RUP, T2 —no EFS+ 40% RUP, T3 -10% EFS +20% RUP, T4 — 10% EFS + 40% RUP; SEM - standard error of
the mean, CIDR - controlled internal drug release; 3°— means within the same row with different superscripts are significantly different at P < 0.05

removal, particularly when combined with higher
RUP (63.34 vs 74.40 mg/dl) (Table 4, P < 0.05).
Blood urea-N levels 24 h after CIDR removal
(12.36 vs 14.60 mg/dl) and 9 days after mating
(15.21 vs 17.95 mg/dl) were significantly decreased
in response to using 10% EFS and 40% RUP in the
diets of the ewes (Table 4, P < 0.05).
Supplementing ewes flushing diets with 10%
EFS + 40% RUP had a significant effect on blood
estrogen levels before CIDR removal (21.61 vs
27.83 pg/ml) and 24 h after CIDR removal (32.90 vs
55.76 pg/ml) (Table 5, P < 0.01). The combination of
10% EFS and 40% RUP increased blood progester-
one levels 9 days after mating (7.35 vs 5.18 ng/ml)
(Table 5, P < 0.05) but a percentage of RUP in the
diet had no direct effect. The insulin levels were not
consistently affected by the treatment diets.

Reproductive parameters and ovary function

Fecundity rate (150 vs 108.3%) was significantly
affected by the supplementation of the flushing diets
with 10% EFS + 40% RUP (Table 6, P < 0.05), be-
sides the ewes fed diets containing EFS had higher
fecundity rates in comparison to those fed non-EFS
diets. In the present study, the twinning rate was not
significantly affected, but there were higher rates
with the supplementation of 10% EFS + 40% RUP
in comparison to the group with no EFS in the diet +
20% RUP (50 vs 10%). There was no significant
effect of the experimental diet on big follicle num-
bers or diameter 24 h before CIDR removal; how-
ever, feeding ewes diets including 10% EFS did
produce larger follicles (8.23 and 8.59 mm) 24 h
after CIDR withdrawal in comparison to the ewes
fed non-EFS diets (7.12 and 7.49 mm) (Table 7,
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Table 6. Effects of extruded flaxseed (EFS) and rumen undegradable protein (RUP) levels in the flushing diets on the reproductive parameters

of the ewes, %

i Dietary treatment’
Indices 1 T2 7 T P-value
Fecundity rate 100° (11/11) 108.3° (13/12) 133.32 (16/12) 1502 (18/12) 0.024
Fertility rate 90.9 (10/11) 83.3 (10/12) 91.67 (11/12) 100 (12/12) 0.855
Twinning rate 10 (1110) 30 (3M10) 455  (5/11) 50 (6/12) 0.433
Female lamb rate 455 (5/11) 38.5 (5/13) 313 (5/16) 66.7 (12/18) 0.245
Male lamb rate 54.5 (6/11) 61.5 (8/13) 68.7 (11/16) 33.3 (6/18) 0.245

'treatments: T1—no EFS + 20% RUP, T2 - no EFS +40% RUP, T3 - 10% EFS + 20% RUP, T4 — 10% EFS + 40% RUP; & — means within the
same row with different superscripts are significantly different at P < 0.05

Table 7. Effects of extruded flaxseed (EFS) and rumen undegradable protein (RUP) levels in the flushing diets on the average number and

diameter of follicles and corpus luteum of the ewes, mm

) Dietary treatment' P-value
Indices T1 2 T3 T4 SEM EFS RUP EFSARUP
24 h before CIDR removal
follicle number 1.37 1.51 1.67 1.80 0.23 0.28 0.16 0.45
follicle diameter 6.93 7.03 7.40 7.61 0.65 0.88 0.22 0.59
24 h after CIDR removal
follicle number 1.42 1.58 1.75 1.89 0.29 0.31 0.95 0.16
follicle diameter 7.12¢ 7.49 8.23%® 8.59 0.47 0.04 0.06 0.03
9 days after mating
corpus luteum diameter 7.54° 7.67° 9.02° 9.63° 0.61 0.03 0.08 0.02

'treatments: T1-no EFS +20% RUP, T2 —no EFS +40% RUP, T3 - 10% EFS + 20% RUP, T4 - 10% EFS + 40% RUP; SEM - standard error of
the mean, CIDR - controlled internal drug release; = —means within the same row with different superscripts are significantly different at P < 0.05

P < 0.05). Feeding EFS and 20 and 40% RUP diet
led to a greater corpus luteum diameter 9 days
after mating, comparing to the other dietary treat-
ments.

Discussion

In the present study, feeding ewes diets including
EFS, as a source of unsaturated FA, had no adverse
effects on DMI and BW. This is consistent with some
previous studies (Benchaar et al., 2012; Suksombat
etal.,2014) but Johnson et al. (2002) reported higher
DMI and Fiorentini et al. (2015) reported lower DMI
in response to feeding oilseeds. According to Soliva
et al. (2004), adverse effects of feeding unsaturated
FA on ruminal digestion, and in turn DMI, might
be attributed to different factors, such as fibre
coating and toxic effects on rumen microorganisms.
It seems that the greater intakes of ME, CP, NDF,
EE and RUP in ewes fed diets with 10% EFS, is
due to higher but insignificant DMI in these groups.
Also, another reason could be the higher and
significant digestibility of nutrients such as DM,
organic matter (OM), acid detergent fibre (ADF),
NDF and CP in diets containing 10% EFS when
compared to the other diets in the current study

(data not shown). These results were consistent with
the finding of Neveu et al. (2014) who reported the
greater intakes of DM, CP and NDF for cows fed
diets with EFS than for cows fed diets without EFS.

We found that 24 h after CIDR removal (oes-
trous time), serum glucose concentrations increased
in response to the levels of EFS and RUP. Glucose
plays a vital role in reproductive performance via
the hypothalamus-pituitary-gonad axis (Hess et al.,
2005). The use of vegetable oils with high amounts
of long-chain unsaturated FA seems to stimulate glu-
coneogenesis through increasing ruminal propionate
production (Jacob et al., 2012; Pi et al., 2019). Fur-
thermore, diets with higher RUP levels could have
positive effects on serum glucose through enhanc-
ing intestinal availability and uptake. Richards et al.
(2003) stated that post-ruminal injection of casein
resulted in a faster starch breakdown in the small
intestine of steers. We found that diets containing
10% EFS increased the serum cholesterol level of
the ewes 24 h before CIDR withdrawal. Childs et al.
(2008) and Petit et al. (2002) also reported a rise
in blood concentration of cholesterol in cows fed
different kinds of oilseeds. In our study, the blood
urea nitrogen at oestrous and 9 days after mating de-
creased in the ewes fed the diets containing EFS or
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high levels of RUP. Petit et al. (2002) implied that
oilseeds such as flaxseed and rapeseed are effec-
tive in controlling the rumen protozoa population,
in addition to increasing the protein consumption
efficiency. Yoshimura et al. (2018) demonstrated
a 24% decrease in Entodinium population (the most
common protozoa species in the rumen) and a sig-
nificant increase in the concentration of bacterium
Butyrivibrio fibrisolvens (the bacterium responsible
for rumen biohydrogenation and fibre digestion) by
using 25 g/kg DM flaxseed oil in the diet of dairy
COWS.

We detected a significant increase in serum
estrogen 24 h after removing CIDR. In this
research, the ewes fed EFS diets had the highest
estrogen levels (average 56.03 pg/ml). The results
of our study are consistent with those of Mirzaei-
Alamouti et al. (2018), who reported increased
blood estrogen concentration in response to dietary
PUFA supplementation. In a study, Robinson (1990)
stated that higher blood estrogen level is usually
associated with larger follicles.

Feeding dairy cattle with a-linolenic acid sup-
plements can also increase estrogen concentrations
during the follicular phase (Robinson et al., 2002). It
seems that a high level of plasma cholesterol during
steroidogenesis may accompany a higher concentra-
tion of blood estrogen. Additionally, differences in
serum estrogen concentrations between EFS diets
and non-EFS diets might also be due to the stimulat-
ing effect of n-3 PUFA on steroid production. Blood
progesterone concentrations 9 days after natural
mating (luteal phase) in ewes fed EFS diets were
higher than in ewes fed the other diets. Castro et al.
(2019) reported elevated serum progesterone con-
centrations in dairy cows fed long-chain unsaturated
FA but Hashem and El-Zarkouny (2014) reported
that blood progesterone concentrations in ewes
were not influenced by dietary rumen-protected fat.
According to Childs et al. (2008), the rise in blood
progesterone concentration might be due to an in-
crement in the availability of total plasma choles-
terol, the main steroid biosynthesis precursor in the
corpus luteum and follicles. The increased proges-
terone secretion with fat supplementation might also
be attributed to larger ovulatory follicle size and in
turn to a larger corpus luteum (Staples and Thatcher,
2005).

In the present study, the number of follicles was
numerically higher for the ewes fed EFS diets than
those fed non-EFS diets. Zeron et al. (2002) reported
that unsaturated FA affected the fluidity of the cell
phospholipid membrane (necessary for optimal cell

function), which can increase follicular growth and
development through higher sensitivity (response)
of follicular cells to follicle-stimulating hormone
(FSH) and luteinizing hormone (LH). An increase in
membrane fluidity improves membrane exchange,
so it can improve follicular growth and development
(Zeron et al., 2002; Zachut et al., 2010), which may
partially explain the higher number of follicles on
the ewes ovary. Additionally, higher levels of serum
cholesterol concentration in the ewes fed EFS diets
might be another contributing factor for increasing
the growth of the follicles. Feeding EFS diets with
high levels of RUP to the ewes resulted in a larger
follicle diameter 24 h after CIDR removal. Similar
results were reported by Mirzaei-Alamouti et al.
(2018) and Ambrose et al. (2006). The increase in
follicle diameter might be attributed to the higher
level of plasma estradiol in the experimental ewes
since both LH secretion from the anterior pituitary
gland and the number of LH receptor granulosa
cells increase in response to blood estradiol, which
in turn can also boost the growth of the dominant
follicle (Rosenfeld et al., 2001).

The percentage of fecundity rate was greater
for the ewes fed EFS diets but there was not any
significant difference in other reproductive traits such
as fertility and twinning rate. However, Ambrose
et al. (2006) showed that n-3 PUFA contribute to
the embryo survival and corpus luteum maintenance
after breeding, due to attenuated prostaglandin F2a
(PGF2a) synthesis. Moreover, Thatcher and Staples
(2007) reported that feeding the oilseed sources rich
in n-3 PUFA also improved reproductive performance
due to their effects on increasing the growth rate and
the number of mature follicles and corpus luteum.
Besides, the level of dietary protein has a positive
effect on FSH pulses and estrogen synthesis
(Scaramuzzi et al., 2006; Castro et al., 2019) as well
as subsequent offspring number (Daghigh Kia et al.,
2012). Similarly, Hoon et al. (2000) reported that diets
containing protein supplement at 400 g/day enhanced
fertility rates, suggesting that greater absorption of
protein can elevate FSH pulses and fertility rates.

Conclusions

The addition of 10% extruded flaxseed (EFS, as
a source of polyunsaturated fatty acids) plus 40%
rumen undegradable protein (RUP) to the diets of
the ewes at the flushing stage increased the blood
levels of estrogen and progesterone with a corre-
sponding improvement in fecundity rates. Further-
more, it was shown that diets containing 10% EFS
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plus 40% RUP promoted follicle and corpus luteum
diameters. While there are several possible mecha-
nisms proposed in the literature for the influence of
the fatty acids from EFS plus RUP on ovary physi-
ology and function, none are conclusive, so more
research is needed in this regard.
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