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Abstract. This study aimed to determine the effects of whole and steam-flaked corn supplementation on the feed
intake, serum parameters, and reproductive performance of dairy ewes. A total of 48 ewes (at the end of their
lactation period; 57± 1.3 kg body weight, BW; 2.69± 0.19 body condition score, BCS) were divided into three
treatment groups (16 animals per group): the control group (C), which was fed with alfalfa hay and corn silage;
the whole-corn group (WC), which was fed with alfalfa hay, corn silage, and whole corn; and the steam-flaked
corn group (FC), which was fed with alfalfa hay, corn silage, and steam-flaked corn. The study was conducted
for 15 d before ram introduction and for 30 d during the mating in the breeding season. The WC group had higher
dry matter (DM), metabolizable energy (ME), and starch intake values than the FC group (P<0.0001). The BW
and BCS values were increased in the groups supplemented with whole corn and steam-flaked corn (P ≤ 0.05).
The lambing rate was higher in ewes from the WC and FC groups (P ≤ 0.05). Whole and steam-flaked corn
supplementation did not affect the non-return ratio or litter size (P>0.05). The serum glucose concentration was
similar among the groups, whereas the serum urea concentration increased with either whole or steam-flaked
corn supplementation (P ≤ 0.05). In conclusion, whole and steam-flaked corn supplementation increased the
BW, BCS, and lambing rate values in dairy ewes.

1 Introduction

Nutrition plays a critical role in animal health, especially
with respect to regulating the reproductive performance of
small ruminants (Martin et al., 2010; Ding et al., 2024). Flush
feeding is a supplementary feeding method that is used dur-
ing the breeding period to stimulate oestrus synchronization
and increase the ovulation and gestation rate in ewes. More-
over, it has been determined that the use of feed rations con-
taining high energy and/or protein contents for flush feed-
ing may increase the ovulation rate in ewes (Koyuncu and
Canbolat, 2009; Habibizad et al., 2015; Kebede et al., 2019;
Tesfaye et al., 2023). The development of follicles in ewes
can be improved by elevating their glucose, leptin, and in-

sulin levels, which are linked to ovarian activity (Boland et
al., 2001). Glucose determines the ovulation rate, as glucose
uptake increases the blood insulin concentration and, in turn,
leads to increased secretion of follicle-stimulating hormone
(FSH) and luteinizing hormone (LH) (Landau et al., 1995;
Haruna et al., 2009; Wang et al., 2023).

When the feed ration contains no bypass glucose, the glu-
cose production rate in ruminants mainly depends on en-
ergy intake and gluconeogenesis (Landau et al., 1992). Ru-
minants have a limited ability to produce glucose from pro-
pionic acid, which is created during the absorption of a feed
ration containing carbohydrates from the rumen. Providing
glucose as a bypass, which moves digestion away from the
rumen to the small intestine, may result in more efficient
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energy intake for the animal (Rigout et al., 2003; Moran et
al., 2014). The main glucose sources in the ruminant diet are
wheat, corn, barley, oat, and sorghum grains (Huntington et
al., 1997). These grain feeds contain higher starch levels than
other feeds, but their starch content, structure, and ruminal
degradability characteristics are different (Huntington et al.,
1997; Philippeau et al., 1999; Swan et al., 2006). Wheat and
corn have the highest starch content (76.0 %), followed by
sorghum (71.3 %), barley (64.3 %), and oat (58.1 %) (Gomez
et al., 2016). Although the degradability of starch in the ru-
men varies according to the grain type, the starch of wheat
and barley is more degradable in the rumen than sorghum and
corn (Van Barneveld, 1999). Not only the type of starch but
also the processing technique can affect starch degradability
in the rumen; for instance, corn grain is partially degraded in
the rumen, whereas steam-flaked corn is highly degraded in
the rumen (Landau et al., 1992, 1995). It has also been de-
termined that steam flaking increased the level of fermented
starch in the rumen compared with extruded corn (Palizdar et
al., 2014). Flaking was the most effective method to increase
intraruminal degradability in corn processed using different
processing techniques, such as extruded, steam-flaked, and
rolled and roasted corn, according to a study conducted by
Karami et al. (2018). However, there is limited existing re-
search in the literature evaluating the effects of different pro-
cessing techniques on the reproductive performance of ewes
(Landau et al., 1992, 1995).

Therefore, this study hypothesized that supplementary
feeding of whole corn to ewes during the breeding season
would increase the lambing ratio by increasing the ovula-
tion rate, as it would provide more glucose support to the
small intestine compared with steam-flaked corn. The present
study aimed to evaluate the effect of whole and steam-flaked
corn supplementation on performance, some serum parame-
ters, and the reproductive characteristics of dairy ewes.

2 Materials and methods

The experiment was carried out at the Animal Produc-
tion Research, Production and Practise Unit of the Fac-
ulty of Agriculture at Çanakkale Onsekiz Mart Univer-
sity in Çanakkale, northwestern Türkiye (40°07′38.82′′ N,
26°26′24.66′′ E; 38 m altitude).

2.1 Animals and diets

During the breeding season (August–September 2017), 48
Tahirova (East Friesian×Kıvırcık) ewes (57± 1.3 kg body
weight, BW; 2.69± 0.19 body condition score, BCS; 1–4
years of age) at the end of their lactational period were
housed in group barns with wheat straw bedding and free
access to water. These animals were randomly allocated into
three experimental groups for this work.

The alfalfa hay and corn silage used as roughage sources
in the experiment were purchased from Rasyonel Agriculture

(Ind., Kırklareli, Türkiye), while whole corn and flaked corn
were supplied from Atılım Feed Factory (Bursa, Türkiye).
In the study, an experimental ration was offered for 15 d be-
fore the ram was released into the groups and for 30 d dur-
ing mating, followed by a 5 d adaptation period to the ex-
perimental diet. The ewes were divided into three groups ac-
cording to their nutrition type: the first group was the control
(C, n= 16), which was only fed with roughage sources (al-
falfa hay and corn silage); the second group was the whole-
corn group, which was fed with whole corn in addition to
roughage sources (WC, n= 16); and the third group was the
steam-flaked corn group (FC, n= 16), which was fed with
steam-flaked corn as well as roughage sources. The daily ra-
tion of ewes in the C group was calculated to be 1.2 times
higher than the recommended energy requirements of a 60 kg
adult ewe for the breeding season (2.21 ME Mcal d−1, where
ME denotes metabolizable energy), as per NRC (2007). The
WC and FC groups’ rations were calculated so that they had
an ME content that was 1.5 times higher than the C group’s
ration.

In the experiment, the feed was divided into two equal
meals that were offered at 09:30 LT (local time) and at
17:30 LT, respectively. The roughage sources (alfalfa hay
and corn silage) were given to the ewes in a group setting,
whereas the grain sources (whole corn or steam-flaked corn)
were given to the animals individually in a milking stall barn
during milking. Alfalfa hay was offered first; after all of the
alfalfa hay was eaten (15 min later), corn silage was offered.
The corn silage remaining (corn silage refusal) from the pre-
vious day was collected and weighed daily before morning
feeding. The daily roughage intake per animal was calcu-
lated by subtracting the feed refusal from the feed allocated
and then dividing the consumption per day by the number
of animals in a group. The daily grain intake of the ewes
was recorded individually in a milking stall barn twice a day.
The ewes’ dry matter (DM), crude protein (CP), and metab-
olizable energy (ME) intake values were calculated from the
daily feed intake and the results of the chemical analyses
of feeds that were used in the experiment. As the roughage
sources were given in a group setting in the study, the data
obtained from the ewes’ roughage intake were not subjected
to statistical analysis, and the groups’ roughage intake results
are presented as the mean± the standard deviation. In the ex-
periment, the ewes’ corn grain and steam-flaked corn intake
values were monitored individually, and these data were sub-
jected to statistical analyses.

2.2 Feeds chemical analysis and in vitro gas production

Feed samples were collected at 15 d intervals during the
study, oven-dried at 50 °C (Memmert GmbH+Co. KG,
Germany), and ground in a mill with a sieve diame-
ter of 1 mm (model HD-703, Şimşek Laborteknik Ltd.,
Türkiye). The feed DM content (method 930.15), CP
(method 990.03), ether extract value (EE; method 920.39),
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and ash content (method, 942.05) were determined accord-
ing to AOAC (2000). The neutral detergent fibre (NDF), acid
detergent fibre (ADF), and acid detergent lignin (ADL) con-
tents of the feed were analysed according to Van Soest et
al. (1991) using an ANKOM 200 Fiber Analyzer (ANKOM
Technology, Macedon, USA). The starch content of grains
was determined according to the enzymatic–colorimetric
method of Hall (2015). The daily rations given to the ewes
and the ME contents of feeds were adopted from NRC (2007)
(Table 1).

The in vitro gas production of whole and steam-flaked
corn was also determined in the study. Fresh rumen inocu-
lum was collected from three 7- to 8-month-old male goat
kids at a local slaughterhouse (Pomet Company, Çanakkale,
Türkiye). The rumen fluid samples were mixed in equal vol-
umes, filtered through three-layered cheesecloth, and mixed
with buffer solution; they were then placed on a magnetic
stirrer at 39 °C under CO2 flux. Triplicate 200± 10 mg whole
and steam-flaked corn samples were weighed into calibrated
glass syringes (Fortuna, Germany), mixed with rumen fluid
buffer (30 mL) solution (1 : 2 v/v), and then incubated in a
39 °C water bath (Menke and Steingass, 1988). Gas produc-
tion was recorded at 0, 3, 6, 9, 12, 24, and 48 h of incubation.
Cumulative gas production data were fitted to the exponential
equation reported by Orskov and McDonald (1979). ME and
organic matter digestibility (OMD) of the whole corn and
steam-flaked corn were calculated from the gas production
according to Menke et al. (1979), as follows:

ME (MJ per kg DM)= 2.20+ 0.136GP+ 0.057CP,
OMD (%)= 14.88+ 0.889GP+ 0.45CP+ 0.0651A,

where GP is the 24 h gas production (mL), CP is the crude
protein content (%), and A is the ash content (%).

2.3 Body weight (BW), body condition score (BCS), and
milk yield

The ewes’ BW was measured before the morning meal at
15 d intervals using an electronic bascule (± 20 g). BCS val-
ues were recorded at 15 d intervals by hand palpation of the
lumbar region using a scale of 1 to 5 (where 1 denotes thin
and 5 denotes obese) according to Russel (1984). BCS mea-
surements were made by the same person in each measure-
ment period. The milk yield of individual ewes was measured
at 15 d intervals (at 08:30 and 16:30 LT) using a milking ma-
chine. During the experiment, milk yield measurement con-
tinued until the milk yield decreased by 50 mL d−1, and the
milk yield measurement was carried out three times through-
out the experiment. Milk samples were taken individually
from the ewes during morning and evening milking (a total
of 50 mL) to determine the fat-free solid content, fat content,
protein content, and lactose content; this analysis was under-
taken with an ultrasonic milk analyser (Milk-Lab Minor®,
UK Ltd.).

2.4 Blood samplings and biochemical analysis

Blood samples of individual ewes were taken from the be-
ginning of the experiment (Day 0), before ram introduction to
ewes (at Day 15), and at the end of the study (Day 45). Blood
samples were taken from the jugular vein using a Vacu-
tainer tube (Becton and Dickinson, USA) 2 h after the morn-
ing meal. The blood samples were centrifuged for 10 min
at 3500 rpm to separate the serum samples and then stored
at −20 °C until analysis. Serum glucose, urea, and choles-
terol levels were analysed using a spectrophotometer (Shi-
madzu UV-1200, Kyoto, Japan) with commercial clinical
chemistry test kits (ImproGen Diagnostic, Istanbul, Türkiye).

2.5 Oestrus detection and mating

In the animal production unit, rams were kept isolated from
the ewes. As the “ram effect” was used to induce oestrus
synchronization in this work, rams were brought close to the
ewes’ barns at the beginning of the experiment. For this pur-
pose five Tahirova rams aged between 1 and 5 years were
used for oestrus detection and mating. The rams were treated
with REGULIN implants containing 54 mg melatonin (three
pellets of REGULIN implants) that were placed subcuta-
neously near the ear a total of 45 d before the experiment.
Oestrus detection was carried out twice a day (08:00 and
18:00 LT) using aproned rams. Ewes in oestrus were mated
using the hand-mating method. If oestrus was observed in the
morning, ewes were mated in the afternoon; if oestrus was
detected in the afternoon, ewes were mated the next morning.
Conception was determined as the time of the last oestrus and
was finally confirmed with lambing. In the experiment, fertil-
ity was measured using the duration from ram introduction to
the first oestrus (DRIE), the duration from ram introduction
to conception (DRIC), the duration from ram introduction to
lambing (DRIL), the non-return rate, the rate of mated ewes
giving birth (lambing rate), and the lambs born per ewe lamb-
ing (litter size).

2.6 Statistical analyses

The in vitro gas production, OMD, and ME content of whole
corn and steam-flaked corn were analysed by variance analy-
sis. Ewes’ BW values, BCS values, grain intake, serum anal-
ysis, milk yield, and milk composition data were analysed
using repeated-measures variance analyses with the follow-
ing statistical model:

yijkl = µ+αi +βj +Eik + eijkl . (1)

Here, yijkl is an observed variable, µ is the general mean,
αi is the fixed group effect (i =C, WC, or FC), βj is the
fixed effect of observation day (j = 1, . . . , 3; for grain intake
j = 1, . . . , 6), Eik is the random repeated effect (k = 1, . . . ,
48), and eijkl is the random error term. A Tukey test was used
in the post hoc analysis.

https://doi.org/10.5194/aab-67-583-2024 Arch. Anim. Breed., 67, 583–594, 2024
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Table 1. Ewes’ daily ration (kg d−1) and the chemical composition of the ingredients.

Groups Feed stuff

Alfalfa hay Corn silage Corn grain Steam-flaked corn

C 0.5 2.2 – –
WC 0.4 1.7 0.6 –
FC 0.4 1.7 – 0.6

Item Chemical composition

DM (%) 90.48 30.42 90.25 90.12
CP (% DM) 20.90 8.59 8.59 8.88
EE (% DM) 1.90 1.83 3.56 2.83
NDF (% DM) 45.43 55.79 10.39 10.36
ADF (% DM) 33.87 40.90 4.68 5.48
ADL (% DM) 10.59 4.64 1.58 1.65
Ash (% DM) 10.72 3.83 2.68 1.73
Starch (% DM) – 30.13 70.61 69.92
ME (Mcal ME per kilogram of DM) 2.1 2.6 3.2 3.4

The abbreviations used in the table are as follows: C – control; WC – whole corn; FC – steam-flaked corn; DM – dry matter; CP –
crude protein; EE – ether extract; NDF – neutral detergent fibre; ADF – acid detergent fibre; ADL – acid detergent lignin; ME –
metabolizable energy.

Data on the DRIE, DRIC, DRIL, birth weight, and litter
weight were analysed using the same procedure with the fol-
lowing statistical model:

yijkl = µ+αi +βj +Eik + eijkl . (2)

Here, yijkl is an observed variable, µ is the general mean, αi
is the fixed group effect (i =C, WC, or FC), βj is the fixed
effect of ewe age (j = 1, . . . , 4), Eik is a random repeated
effect (k = 1, . . . , 48), and eijk is the random error term. A
Tukey test was used in the post hoc analysis.

The litter size was analysed using the generalized estimat-
ing equation method (SAS, 1999) with the following statisti-
cal model:

yijkl =2
(
αi ++0j +1jk

)
. (3)

Here, yijklm is an observed variable, 2 is a function of the
standard normal distribution, αi is the fixed group effect
(i =C, WC, or FC), 0j is the fixed effect of maternal age
(k = 1, . . . , 4), and 1jk is the random repeated effect (l = 1,
. . . , 48). A Wald chi-square test was used in the post hoc
analysis. All analyses were performed with SAS (2004).

3 Results

3.1 In vitro gas production of corn grain and
steam-flaked corn

The cumulative gas production of corn grain and steam-
flaked corn is presented in Fig. 1. During the 96 h incubation
period, the cumulative gas production values for corn grain
and steam-flaked corn were determined to be 78.00 mL and
88.75 mL, respectively (P = 0.1144). The ME (P = 0.0122)

Figure 1. In vitro gas production of corn grain and steam-flaked
corn.

and OMD (P = 0.0158) values of corn grain and steam–
flaked corn were 14.34–16.52 MJ per kilogram of DM and
66.26 %–79.49 %, respectively. The ME level and OMD of
grain corn were found to be lower compared with steam-
flaked corn.

3.2 Feed intake, BW, and BCS

The ewes’ daily roughage dry matter intake (DMI) values
varied between 0.90 and 1.16 kg d−1, whereas their CP intake
varied between 115.83 and 147.82 g per kilogram of DM per
day. The animals’ daily roughage ME intakes in the C group
were higher (2.78 Mcal ME) than in the WC and FC groups
(Table 2). The daily change in the grain feed intake in the
WC and FC groups is presented in Fig. 2.
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Table 2. The mean± the standard deviation of the daily roughage
nutrient intake for the three experimental groups.

Parameters C WC FC

DMI 1.16± 0.006 0.91± 0.002 0.90± 0.004
CPI 147.82± 0.269 116.70± 0.162 115.83± 0.191
MEI 2.78± 0.012 2.18± 0.018 2.13± 0.006

The abbreviations used in the table are as follows: C – control; WC – whole corn; FC –
steam-flaked corn; DMI – dry matter intake (kg d−1); CPI – crude protein intake (grams
per kilogram of DM); MEI – metabolizable energy intake (Mcal ME per kilogram of DM).

Figure 2. Changes in ewes’ daily grain intake in the WC and FC
groups.

The DM, ME, and starch intake from grain feed were dif-
ferent among the experimental groups (P<0.0001). The WC
group had a higher, DM, ME, and starch intake than the FC
group (Table 3).

There were no differences in the BW (P = 0.8116) or
BCS (P = 0.7696) among the groups at the beginning of
the experiment (Day 0). The BW of the C group was
lower than that of the WC and FC groups (P = 0.0031).
The BW (P = 0.0031) and BCS (P<0.0001) values of the
WC and FC groups were significantly higher than those of
the C group (Table 4). The BW was affected by the mea-
surement day (P = 0.0378) but was not affected by the
group×measurement day interaction (P = 0.4306). On the
contrary, the BCS was not affected by the measurement day
(P = 0.1559) but was affected by the group×measurement
day interaction (P = 0.0335). Ewes in the C group lost
0.58 kg of BW, whereas ewes in the WC and FC groups
gained 1.35 and 3.9 kg, respectively, during the experiment
(Fig. 3). The change in the BCS is shown in Fig. 4. As seen
in Fig. 4, the BCS of ewes in the C group did not change dur-
ing the experiment, whereas the BCS of ewes in the WC and
FC groups increased by 0.13 and 0.27 points, respectively.

3.3 Milk yield and composition

Milk yield was not affected by the nutritional treatments or
the group× sampling period interaction (P>0.05), but it was
affected by the sampling period (P = 0.0009; Fig. 5). The

Table 3. The least-squares mean± the standard error of the mean
and the P values for the daily grain nutrient intake for the three
experimental groups.

Parameters WC FC P value

DMI 0.54± 0.002 0.42± 0.002 <0.0001
MEI 1.73± 0.002 1.43± 0.005 <0.0001
SI 383.94± 1.218 290.25± 1.22 <0.0001

The abbreviations used in the table are as follows: WC – whole corn; FC –
steam-flaked corn; DMI – dry matter intake (kg); MEI – metabolizable energy
intake (Mcal ME per kilogram of DM); SI – starch intake (grams per kilogram
of DM).

Figure 3. Changes in body weight among the three experimen-
tal groups. Letters indicate significant differences between groups
(P ≤ 0.05).

milk yield of ewes in the FC group decreased as the experi-
ment progressed.

The milk composition (fat, non-fat solid, protein, and lac-
tose) changed significantly as a function of the sampling pe-
riod (P<0.0001). However, the milk nutrient composition
was not affected by the group× sampling period interaction
(P>0.05). The milk fat and non-fat solid content values of
ewes in the WC group were significantly lower than those
of ewes in the C and FC groups (Table 5). The milk protein
(P = 0.1532) and lactose content values were found to be
similar in all groups (P = 0.2657).

3.4 Serum parameters

Serum glucose (P = 0.6786) and cholesterol (P = 0.4244)
concentrations were found to be similar in the groups (Ta-
ble 6). However, the serum urea concentrations differed sig-
nificantly among the groups (P = 0.0450). It was determined
that the C group had a significantly lower serum urea concen-
tration compared with the other groups (P ≤ 0.05).

The changes in the blood glucose, urea, and cholesterol
concentrations of the ewes are presented in Figs. 6, 7, and
8, respectively. The serum glucose (P<0.0001) and urea
(P = 0.0021) concentration were significantly affected by
the sampling period. The serum parameters were not af-
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Table 4. The least-squares mean± the standard error of the mean and the P values for the BW and BCS values of the three experimental
groups.

Groups C WC FC P value

BW 56.58b
± 0.729 58.82a

± 0.735 60.10a
± 0.720 0.0031

BCS 2.64 b
± 0.036 2.89a

± 0.036 2.96a
± 0.036 <0.0001

a,b Means with different superscripts in the same row are significantly different (P ≤ 0.05). The
abbreviations used in the table are as follows: C – control; WC – whole corn; FC – steam-flaked
corn; BW – body weight (kg); BCS – body condition score.

Table 5. The least-squares mean± the standard error of the mean and the P values for the milk nutrient composition (%) of the three
experimental groups.

Item C WC FC P value

Fat 9.49a
± 0.597 7.71b

± 0.324 8.13a
± 0.438 0.0375

Non-fat solid 9.99a
± 0.240 9.45b

± 0.131 9.90a
± 0.176 0.0468

Protein 4.72± 0.157 4.47± 0.086 4.63± 0.116 0.1532
Lactose 4.50± 0.117 4.26± 0.064 4.48± 0.086 0.2657

a,b Means with different superscripts in the same row are significantly different (P ≤ 0.05). The
abbreviations used in the table are as follows: C – control; WC – whole corn; FC – steam-flaked corn.

Figure 4. Changes in the BCS among the three experimental
groups. Letters indicate significant differences between groups
(P ≤ 0.05).

Figure 5. Changes in the milk yield among the three experimental
groups.

Figure 6. Change in the serum glucose concentration in the three
experimental groups according to the sampling period.

fected by the group× sampling period interaction, age, sam-
pling period× age interaction, group× age interaction, or
group× sampling period× age interaction (P>0.05).

3.5 Reproductive performance

The DRIE (P = 0.5313), DRIC (P = 0.7413), DRIL
(P = 0.3936), birth weight (P = 0.6746), and litter weight
(P = 0.5120) were found to be similar among the exper-
imental groups (Table 7). Although the non-return ratio
(P = 0.0996) and litter size (P = 0.1136) were found to be
similar in the groups, the lambing ratio of the FC group was
higher than the C group (P = 0.0311).
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H. I. Akbağ et al.: Effects of whole and steam-flaked corn supplementation on dairy ewes 589

Table 6. The least-squares mean± the standard error of the mean of the serum metabolites in the three experimental groups (in mg dL−1).

Serum parameters Groups P value

C WC FC

Glucose 44.70± 0.809 43.32± 0.806 42.64± 0.808 0.6786
Urea 8.76b

± 0.086 9.09a
± 0.086 8.95a

± 0.086 0.0450
Cholesterol 59.98± 1.922 60.56± 1.833 57.36± 1.833 0.4244

a,b Means with different superscripts in the same row are significantly different (P ≤ 0.05). The
abbreviations used in the table are as follows: C – control; WC – whole corn; FC – steam-flaked corn.

Table 7. Mean± the standard error of the mean of the reproductive performance of the three experimental groups.

Traits C WC FC P value

DRIE (d) 10.1± 2.28 12.3± 1.73 10.6± 1.99 0.5313
DRIC (d) 12.6± 2.44 13.3± 1.95 10.6± 1.99 0.7413
DRIL (d) 149.4± 2.27 151.3± 4.33 146.0± 0.46 0.3936
Non-return rate (%) 81.2± 10.07 93.7± 6.25 100± 0.0 0.0996
Lambing rate (%) 75.0b

± 11.18b 93.7ab
± 6.25ab 100.0a

± 0.00 0.0311
Litter size 1.42± 0.13 1.73± 0.15 1.62± 0.12 0.1136
Birth weight (kg) 4.37± 0.25 4.26± 0.19 4.54± 0.21 0.6746
Litter weight (kg) 6.38± 0.61 7.39± 0.53 7.38± 0.55 0.5120

a,b Means with different superscripts in the same row are significantly different (P ≤ 0.05). The abbreviations used
in the table are as follows: C – control; WC – whole corn; FC – steam-flaked corn; DRIE – duration from ram
introduction to the first oestrus; DRIC – duration from ram introduction to conception; DRIL – duration from ram
introduction to lambing.

4 Discussion

The ruminal starch degradability of corn grain can be altered
by the processing technique, such as cracking, grinding, or
steam-flaking (Firkins et al., 2001). The steam-flaking pro-
cess increases the degradability of starch from grains in the
rumen (Huntington, 1997), as observed in this study. It has
been reported that the ruminal digestibility of corn is 61.5 %
when the grain is given whole, 78.3 % when it is ground, and
91.3 % when it is extruded (Landau et al., 1992). Hunting-
ton (1997) reported that the ruminal digestibility of steam-
flaked corn was 84.8 %.

The respective OMD values of corn grain and steam-flaked
corn were found to be 66.26 % and 79.49 % in our study.
The OMD value in this work was similar to that reported by
Landau et al. (1992) but lower than that reported by Karami
et al. (2018), who reported that the OMD values of corn
grain and steam-flaked corn were 83.15 % and 80.41 %, re-
spectively. The difference in digestibility value between corn
grain and steam-flaked corn found in different studies could
be explained by the physical and chemical properties of grain
cultivars (Yang et al., 2014), along with growing conditions
and agronomic properties (Dehghan-banadaky et al., 2007;
Nikkhah, 2012).

The DMI from whole corn was higher than that from
steam-flaked corn in this study. Steam-flaked corn supple-
mentation decreased the DMI by 0.12 kg d−1 compared with

the WC group (0.42 vs. 0.54 kg d−1). This reduction in the
DMI could be attributed to the greater ruminal fermenta-
tion of steam-flaked corn; this could lead to an increase
in propionate production in the rumen, resulting in higher
hypophagic effects, compared with acetate (Sheperd and
Combs, 1998). It has been reported that the use of starch
sources with high ruminal digestibility reduces the DMI in
dairy cows (Yang et al., 2000; Oba and Allen, 2003). Al-
though the WC group consumed more starch and energy than
the FC group, there were no differences between the WC and
FC groups in terms of the BW and BCS; in contrast, the C
group had a significantly lower BW and BCS than the other
groups. Scaramuzzi et al. (2006) reported that feed flushing
positively affects the BW and BCS of ewes. Similarly, it has
been reported that the supplementation of concentrate at a
level of 1.5 % of the animal’s BW in ewes significantly in-
creased BW gain (Naqvi et al., 2013). Cirne et al. (2016),
who evaluated the reproductive performance of Île-de-France
ewes under grazing conditions, stated that 0.5 kg d−1 concen-
trate supplementation significantly increased animals’ BW
and BCS.

In this study, the milk yield of ewes was not affected by
whole or steam-flaked corn supplementation, whereas the
milk fat and non-fat solid content values were significantly
decreased by whole-corn supplementation. The reason for
the reduction in milk fat and non-fat solids observed in the
WC group could be that they consumed more grain feed than
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Figure 7. Change in the serum urea concentration in the three ex-
perimental groups according to the sampling period. Letters indi-
cate significant differences between sampling periods (P ≤ 0.05).

Figure 8. Change in the serum cholesterol concentration in the
three experimental groups according to the sampling period.

the FC group, while the C group had a daily feed intake
that was primarily made up of coarse forage sources. Ewes’
milk quality has been determined to be affected by the ra-
tion forage : concentrate ratio in several studies (Mele et al.,
2006; Sanz-Sampleyo et al., 2007; Martini et al., 2010). An
increase in the forage : concentrate ratio causes an increase
in acetate production by cellulolytic bacteria in the rumen.
Additionally, the mammary gland uses acetate as a precursor
for fat synthesis, leading to an increase in the milk fat content
(Chesson and Forsberg, 1997; Buccioni et al., 2012).

Whole and steam-flaked corn supplementation did not af-
fect the serum glucose concentration in the experimental
groups. In contrast, supplementation with corn grain is ex-
pected to increase the duodenal flow of glucose and in-
crease the blood glucose concentration (Landau et al., 1992;
Banchero et al., 2007). Blood glucose concentrations do not
usually increase when corn is fed to ruminants. In goats, sup-
plementation with corn at 1.5 times the maintenance require-
ments vs. 1.0 times the maintenance requirements did not
increase the blood glucose concentration (Nougeria et al.,
2017). In another study, goats supplemented with 2.5 times

their maintenance requirements showed an increased blood
glucose concentration (Haruna et al., 2009). Thus, the en-
ergy levels fed to the ewes used in our study were proba-
bly not sufficient to enhance the serum glucose concentra-
tion. In addition, the blood samples were collected 2 h af-
ter the morning feeding in our study. Due to the post-feed
intake rumen volume and weight increase, this would acti-
vate neuroendocrine pathways and, in turn, may lead to the
stimulation of insulin secretion (Zhang et al., 2004). Plasma
insulin concentrations were found to increase 2 h after feed-
ing in ewes, and the glucose concentration decreased accord-
ingly (Marie et al., 2001). Therefore, an increase in the serum
glucose concentration may not have been observed. In this
study, the serum urea concentration was higher in ewes in
the WC and FC groups than in the C group. Ruminal nitro-
gen losses usually increase due to an imbalance between the
level of degradable nitrogen and fermentable carbohydrates
in the feed ration. This leads to nitrogen in the feed not being
used effectively in the rumen, an increase in the absorption
of ammonia nitrogen from the rumen wall, and an increase
in the concentration of urea in the blood (Peyraud and Dela-
garde, 2013). This situation can be alleviated by using feed
sources that contain carbohydrates that have high intrarumi-
nal degradability (grind corn, flake corn, etc.) (Rius et al.,
2010). In this way, ammonia production can be reduced by
providing energy to microorganisms in the rumen. However,
contrary to reports in the literature, the serum urea concentra-
tions were found to be high in both the FC and WC groups
in the present study. Serum cholesterol concentration is an
indicator of energy metabolism in the body. It has been re-
ported that there is an increase in the serum cholesterol lev-
els in ewes fed a high-energy ration compared with those not
fed a high-energy ration (Senosy et al., 2013). Cholesterol
can affect the reproductive performance of ruminants, as it is
a precursor of hormones that affect reproduction. No differ-
ence was determined in terms of the serum cholesterol con-
centrations in the present study. The serum glucose (28.70–
61.2 mg dL−1), urea (8–23.9 mg dL−1), and cholesterol (45–
75.7 mg dL−1) concentrations observed in the study were
within the reported range for ewes (Macías-Cruz et al., 2017;
Yıldırır et al., 2022). Many studies in the literature have re-
ported that ovulation rates are enhanced by increasing the
energy level of the diet (Downing et al., 1995; Letelier et
al., 2008; Banchero et al., 2020). De Santiago-Miramontes
et al. (2008) reported that supplementary feeding with 290 g
corn and 140 g soybean significantly increased the ovulation
rate compared with non-supplemented feeding in goats. In
addition, the ovulation rate was increased when corn was
added to the diet and provided at 1.5 times the maintenance
metabolizable energy in goats (Nougeria et al., 2017). Lete-
lier et al. (2008) suggested that supplementing steam-flaked
corn increases the ovulation rate in ewes. In our study, corn
and steam–flaked corn were used to determine the effects
of the starch degradability levels in the rumen on the repro-
ductive performance of ewes. It is reported that corn starch

Arch. Anim. Breed., 67, 583–594, 2024 https://doi.org/10.5194/aab-67-583-2024
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is partly degradable in the rumen. Past studies have found
that the supplementation of corn increases the glucose sup-
ply to the small intestine and leads to an increased ovulation
rate (Landau et al., 1997; Banchero et al., 2007). In contrast,
in the current study, corn supplementation did not increase
serum glucose concentration, but the numerically highest lit-
ter size was determined in the WC group (1.73), followed by
the FC (1.62) and C (1.42) groups. In profitable ewe produc-
tion, it is desirable to obtain more lambs from each ewe. The
numerical difference observed in the rate of multiple births
in the study is not statistically significant, but it is impor-
tant from a practical point of view. It is thought that sample
size may have an impact on this situation. In this study, the
highest lambing rate was observed in the FC group (100 %),
followed by the WC (93.7 %) and C (75 %) groups. It has
been reported that the rate of conception in ewes normally
ranges from 80 % to 90 % in well-managed herds during the
breeding season (Davies, 2019). The lambing rate of the C
group was below the lower limit reported by Davies (2019),
whereas this value was above the upper limit in both the
WC and FC groups. On the other hand, according to Tesfaye
et al. (2023), the BCS of the ewes that were supplemented
exceeded 3, resulting in economic benefits via an increased
lambing rate. Similarly, the improvement in the ewes’ BCS
significantly increased the lambing rate, whereas the lamb-
ing rate significantly decreased for BCS values below 2.5
(El-Shahat and Abdel, 2011). In this study, which is in line
with literature reports, it is thought that supplementation with
whole corn and steamed corn increased the BCS to approx-
imately 3 and that this may have been effective with respect
to increasing the lambing rate in the experimental groups. It
had also been reported that the BCS may affect the return rate
and that a ewe with an average BCS of 2.5–4 has a lower re-
turn rate (Cam et al., 2018). The average non-return rates for
groups in this study were similar. In addition, for ewes, it has
been reported that feed flushing results in an increasing trend
with respect to the BCS and BW and that this effect can per-
sist throughout the lambing period. Additionally, lambs born
from feed-flushed ewes had higher birth weights (Tesfaye et
al., 2023). In a recent study, it was observed that feed flushing
had no impact on either birth weight or litter weight, which
is in agreement with the finding of Makela et al. (2022).

A total of 17–18 d is necessary for intense oestrus be-
haviour in ewes, as is commonly known (Rosa and Bryant,
2002; Maldonado et al., 2021). Dursun (2022) reported
that estrus behaviours appeared 12 d after ram introduction.
These values are similar to the values obtained from this
study: a change was noted between 10 and 12 d after ram
introduction. The duration from ram introduction to lamb-
ing includes conception, implantation, and embryonic losses
– in short, the total pregnancy process. However, there was
no difference between the DRIC and the DRIL in this study.
Flushing feeding is reported to increase the rate of concep-
tion during the breeding season (Lassoued et al., 2009; Tes-
faye et al., 2023). Differences in findings across studies may

be due to differences in feed flushing, such as the amount or
type of supplementary feed and the duration of feeding.

5 Conclusions

Feed flushing with whole corn and steam-flaked corn for 15 d
before ram introduction and for 30 d during mating increased
the BW, BCS, and lambing rate in ewes. The results of this
study show that whole corn and flake corn are important
sources of energy for ewes. When these feeds are accessible
and economical (cheap), they are important energy sources
for sheep and increase the litter size and lambing rate. In
subsequent studies, the effects of shorter-term supplemen-
tary feeding using different energy sources on reproductive
performance and hormonal profiles need to be evaluated.

Data availability. Data are available from the authors upon rea-
sonable request.

Author contributions. HIA and IYY designed the study. HIA
collected the data and performed the laboratory analysis. TS and
CT carried out the statistical data analysis. HIA wrote the draft of
the manuscript; IYY, TS, and CT reviewed the manuscript; and AK
and BC edited the manuscript. All authors contributed to the article
and approved the submitted version.

Competing interests. The contact author has declared that none
of the authors has any competing interests.

Ethical statement. This research was approved by the Institu-
tional Animal Use and Care Committee of Çanakkale Onsekiz Mart
University (approval no. 2017/06-12).

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims made in the text, pub-
lished maps, institutional affiliations, or any other geographical rep-
resentation in this paper. While Copernicus Publications makes ev-
ery effort to include appropriate place names, the final responsibility
lies with the authors.

Acknowledgements. The authors thank the İzzet Erdal Mangır
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