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ABSTRACT
The aim of this study was to compare feed intake, nutrients digestibility, protein fractions entering into the duodenum, and
ruminal fermentation parameters of sheep fed Medicago sativa (alfalfa) and Prangos pabularia, locally called kerkol hays.
In the study three ruminally and duodenally cannulated Morkaraman sheep were used. It was carried out as two periods
within a 2x3 crossover experimental design. Daily intake of crude protein (CP) was higher (P<0.05) in sheep fed alfalfa
than those fed kerkol hay. Digestibility of NDF and ADF were lower (P<0.05) in sheep fed alfalfa hay than those fed kerkol
hay (P<0.05). The percentage of protein escaping ruminal degradation was higher (P<0.05) in sheep fed kerkol hay (30.73%)
than those fed alfalfa hay (15.05%). Ruminal fermentation parameters were similar between groups, except ruminal NH3-
N concentration. It is concluded that kerkol hay can be used as forage for sheep feeding.
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INTRODUCTION
Utilization of locally available feed resources is one

of the important strategy to reduce the increasing cost of
livestock production. Prangos pabularia forage which is
locally known as kerkol is available at low cost, provides
good quality forage for sheep reared at high altitude of Indian,
Russia, Iran, and Turkey (Razavi, 2012). It is a perennial
plant which grows between 780-3000 m altitude on land with
rocky and calcareous slopes. The entire plant is consumed
by ruminants, especially sheep, during the winter as hay
(Hakan et al., 2009). The stem and leaves of Prangos
pabularia are green and have an aromatic odor. The plant
stems can reach up to one meter, and its leaves grow to 30-
45 centimeters (Sharma et al., 2013).

Therefore the present experiment conducted to
study the comparative feeding value, nutrient digestibility,
protein fractions entering into the duodenum and ruminal
fermentation parameter of kerkol and alfalfa hay in sheep.
MATERIALS AND METHODS

Animal research procedures were conducted with
the approval of the Local Animal Ethics Committee of
Yuzuncu Yil University in Van, Turkey (Decision No.
2010/11). A rubber cannula in the rumen and a closed t-type
cannula in the proximal duodenum of three Morkaraman
sheep were fitted by surgical methods as described by
Dougherty, (1981) and Komarek, (1981). The experiment
was carried out as a 2x3 crossover experimental design.
During the experiments, the sheep were placed in individual

cages and were housed in an animal house with free access
to clean water, vitamin and mineral blocks. Sheep were also
treated for internal and external parasite just before the
experiment started. Alfalfa and Prangos pabularia hays were
obtained from forage market at Van city center.

Experiment completed in two phases each of 16
duration including ten days adaptation and six days sampling.
Animals were fed twice a day at twelve-hour intervals (at
08:00 am and 20:00 hr) ad libitum level.

The amount of left-over fodder was collected at
the end of 5th day of experiment to determine feed intake.
Daily feed intake was calculated by subtracting the amount
left-over (orts) from the amount of feed consumed at the
end of the fifth day of sample collection. Forage consumed
and left-over for each animal was weighed at the end of each
period, sub-samples were collected afterward, and chemical
composition of forage sample and leftover samples was
determined to calculate daily nutrient intake.

Chromium mordanted fiber was used to determine
duodenal and fecal DM flow (Russell et al., 1993). One gram
of chromium-mordanted fiber containing approximately 2%
Cr was inserted into the rumen at 08:00 am and 20:00 hr
from days 3 to 16 of each period. Duodenal digesta and rectal
fecal samples were collected four times daily from days 14
to 16 to determine forage digestibility and microbial protein
synthesis. Each animal was weighed at the beginning and
end of each period to detect live weight changes.
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Rumen fluid was collected at 0 2, 4, 6, 8 and 10 hours post-
feeding at the last day of each period to determine ruminal
ammonia nitrogen (NH3-N) levels and pH measurements.
pH values of the rumen were immediately measured with a
pH-meter. Approximately, 10 ml rumen fluid was sub-
sampled into a tube containing 1 ml solution of HCl (v/v)
and then stored at -20 °C in the freezer until analysis
(Markham, 1942).

Approximately, 2 L of rumen fluid was
simultaneously collected from each animal during rumen
fluid collection hours to isolate ruminal bacteria. Collected
rumen fluids were composited for each animal/each period
in glass jars to isolate rumen microbes using the differential
centrifugation technique as described by Adamu et al. (1989)
for microbial purine analysis and stored at -20 °C until
analysis (Zinn and Owens, 1986). Oven dried samples of
hays, orts, feces, and duodenum were ground to pass through
a 1mm screen and then, analyzed for dry matter (DM), ash,
organic matter, crude protein (AOAC, 1990), neutral
detergent fibers (NDF) and acid detergent fiber (ADF) using
ANKOM® fiber analyzer according to the method of Van
Soest and Robertson (1985).

Duodenal digesta and isolated ruminal bacterial
samples were assayed to determine purine concentration,
according to Zinn and Owens (1986). Ammonia-N levels in
rumen fluid and wet duodenum samples were determined
using the distillation method (Nursoy, 2000). To determine
amounts of chromium in fecal, duodenal and mordanted fiber
samples, chromium was first extracted from samples, then
analyzed by atomic absorption spectrophotometry as
described by Williams et al. (1962).

Volatile fatty acid (VFA) concentration of rumen
fluid was analyzed using a Schimadzu liquid
chromatographic chain equipped with a UV detector and
auto sampler/injector as described by Peu et al. (2004).

Amounts and co-efficiencies of apparent and true
ruminal digestion, total tract digestion of nutrients and
amount of total and fractions of CP passing into the
duodenum were calculated according to Karsli (1998).

The amounts and percentages of nitrogen (CP) and
OM truly digested  in the rumen were calculated by

correcting the amounts of nitrogen and OM apparently
digested in the rumen for microbial nitrogen and OM as
determined by the ratio of two components with purines in
rumen bacterial pellet. Tota tract digestibility were calculated
as total amounts and perentages of nutrient digested in both
rumen and intestines of animals. 

The data were subjected to independent sample t-
tests that compared the difference in the means of the two
groups. The analysis was performed using the PROC TTEST
option in SAS (Version 9.4) packaged software (SAS, 2014).
RESULTS AND DISCUSSION

The chemical composition of the alfalfa and kerkol
hay used in the study are given in Table 1. There was a
significant (P<0.05) difference between alfalfa and kerkol
hay in terms of OM, Ash, CP, and ADF concentrations, except
for DM and NDF (P<0.05). The OM and CP contents were
higher whereas ash and ADF contents of alfalfa were lower
than those of kerkol and the results were in agreement to the
values reported by Karsli and Russell (2000) and Kalamak
et al. (2005). The ADF content of kerkol in the study was
higher than values reported by Hakan et al. (2009) and be
due to different harvested time of the hays.

Daily nutrient intake data revealed (Table 2) similar
DM, OM, ADF and NDF intake between two groups whereas
daily CP intake was significantly higher (P<0.05) in sheep
fed alfalfa hay than in sheep fed kerkol hay. The difference
in CP consumption is due to higher CP content and higher
intake of alfalfa hay than kerkol hay. Similar values has been
reported by Yildiz (2001) in sheep fed alfalfa hay.

Digestibility of NDF and ADF were significantly
higher (P<0.05) in the sheep fed kerkol hay than in the alfalfa
hay (Table 3). Whereas digestibility of other nutrient were
similar in both the groups. Present results of DM digestion
were lower than those of Al-Saiady et al. (2010), Karsli and
Russell (1999) and in agreement with the study of Ramos et
al. (2009). Crude Protein digestibility of feedstuffs in the
rumen and total tract greatly differs depanding on many
factors such as protein structure of feedstuff, exsisting of
anti-nutritional factor in the feedstuff and composition of
diet etc. This low ruminal CP digestibility in kerkol hay may
have resulted from its protein structure (NRC, 1985).

Table1. Chemical compositions of alfalfa and kerkol hay (DM %)

Nutrition matter                                  Alfalfa hay                                            Kerkol (Prangos ssp.) hay P value

                                             Mean SEM                                  Mean SEM
DM 90.34 0.36 90.50 0.38 0.78
OM 92.09 0.05 91.48 0.06 0.01
Ash 7.91 0.05 8.52 0.06 0.01
CP 14.81 0.52 10.13 0.23 0.01
NDF 44.77 1.30 48.93 0.99 0.06
ADF 27.87 0.95 30.87 0.29 0.04

DM: dry matter; OM: organic matter; Ash: crude ash; CP: crude protein; NDF: neutral detergent fibre; ADF: acid detergent fibre
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Table 2: Daily nutrient intakes of sheep fed alfalfa hay and kerkol

g/d Alfalfa hay Kerkol P value
(Prangos ssp.) hay

DM 996.80±67.44 874.62±30.56 0.17
OM 822.19±55.52 718.16±27.81 0.17
CP 134.72±9.70 80.78±4.38 0.01
NDF 441.51±34.83 425.27±26.15 0.73
ADF 274.16±22.65 268.05±13.87 0.83
% of body weight
DM 2.56±0.23 2.22±0.22 0.36
OM 2.11±0.20 1.82±1.19 0.36
DM: dry matter; OM: organic matter; CP: crude protein; NDF: neutral
detergent fibre; ADF: acid detergent fibre

The amounts of total CP, total microbial CP, total
NH3-N, and by-pass protein in sheep fed with alfalfa and
kerkol hay were similar (Table 4). The percentage of
microbial CP passing into the duodenum was lower (P<0.05)
in sheep fed kerkol hay than alfalfa hay, whereas the

percentages by-pass protein entering into the duodenum was
higher (P<0.05) for kerkol than alfalfa hay.

This was thought to be caused by the difference
between the rumen passage rate of feed, as well as by better
usage of N produced by rumen microbe in sheep consumed
alfalfa hay because the amount of DM and CP consumed
in alfalfa hay was higher than in kerkol hay. NH3-N
flowing into duodenum in alfalfa hay fed sheep was similar
to the values reported by Karsli and Russell (1999).
Microbial protein synthesis in the rumen was affected by
the amount and source of protein and carbohydrate
consumed and their rate of degradation in the rumen (Karsli,
1998).

The values obtained for MPSE for alfalfa hay was
similar to that reported by Karsli and Russell (1999). It has
been reported that the efficiency of microbial protein
synthesis was related to true OM digested in the rumen
(Karsli and Russell, 1999).

Table 3: Nutrient digestibilities (%) of alfalfa and kerkol hays fed to sheep

Item                                                       Alfalfa hay                      SEM Kerkol                         SEM                 P value
(Prangos ssp.) hay

Dry matter
Apparent ruminal 50.41 3.90 57.17 0.51 0.92
True ruminal 77.10 1.05 78.61 2.03 0.55
Apparent total tract 55.47 3.96 62.86 1.59 0.16
Digestion coefficient, % of intake
Organic matter
True ruminal 81.12 0.76 83.78 1.92 0.27
Apparent total tract 50.82 4.42 60.82 2.17 0.11
% CP digestion of intake
Apparent ruminal 28.92 9.40 10.80 0.47 0.13
True ruminal 87.60 5.82 66.88 1.08 0.03
Apparent total tract 60.98 2.60 55.19 0.47 0.09
% NDF digestion of intake
Apparent ruminal 31.59 7.42 54.33 2.22 0.06
% ADF digestion of intake
Apparent ruminal 27.55 7.84 56.35 2.31 0.09
Apparent total tract 48.99 7.87 69.46 5.08 0.02

Table 4: Duodenal N flow and efficiency of microbial protein synthesis in sheep fed alfalfa and kerkol hays

Item                                                                     Alfalfa                    SEM                   Kerkol                     SEM                 P value
              (Prangos ssp.) hay

N flow to duodenum, g/d
Total-N (CP) 103.37 13.93 87.14 3.82 0.32
Microbial CP 86.22 10.94 59.35 2.30 0.07
Total NH3 1.24 0.22 0.94 0.13 0.31
By-pass 15.90 6.51 26.85 2.30 0.19
Duodenal N flow and efficiency, %
Microbial CP 83.75 5.21 68.17 1.56 0.04
NH3-N 1.20 0.13 1.09 0.19 0.67
By-pass 15.05 5.08 30.73 1.73 0.04
Efficiency of microbial protein synthesis
(MOEFF), g MCP/100g OMTDR 13.54 2.61 10.32 0.59 0.30

MCP: Microbial CP; OMTDR: Organic matter truly digested in the rumen
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Rumen fermentation parameters were similar in
both the groups except NH3-N level at two hours post-feeding
(Table 5). The rumen pH values were within the
recommended physiological limits for sheep fed both hays
(Ergun et al., 2004), and the changes in rumen pH post-
feeding was similar to many other studies in the literature
(Ramos et al. 2009; Behgar et al.,2011).

Acetic, propionic and butyric acid concentrations
were low at 0 h and steadily increased after feeding. This

was due to carbohydrate digestion during the post-feeding
period. The values acquired were similar to those in other
studies conducted with forage sources (Doran et al., 2007;
Ramos et al., 2009; Ghasemi et al., 2012).

Based upon the results it can be concluded that
kerkol hay can be used in sheep feeding due to its nutrient
composition, daily nutrient intake, digestibility and rumen
fermentation characteristics.

Table 5: Post-feeding rumen fermentation parameters of sheep fed alfalfa and kerkol hays (N:18)

Rumen fermentation         Alfalfa hay                     SEM                             Kerkol SEM P value
parameter (Prangos ssp.) hay

pH
0 h 7.36 0.06 7.24 0.03 0.14
2 h 6.82 0.29 6.70 0.18 0.74
4 h 6.29 0.09 6.25 0.08 0.74
6 h 6.85 0.08 6.61 0.23 0.39
8 h 6.87 0.07 6.68 0.21 0.43
10 h 6.81 0.09 6.74 0.21 0.78
NH3-N mg/dL
0 h 12.04 0.85 13.06 0.21 0.31
2 h 18.19 0.65 10.64 0.63 0.01
4 h 10.11 1.13 7.02 0.53 0.07
6 h 6.49 0.26 6.44 0.83 0.96
8 h 6.75 0.19 7.04 1.04 0.79
10 h 9.88 1.86 6.45 1.62 0.23
NH3-N: Ammonia; AA: Acetic acid; PA: Propionic acid; BA: Butyric acid

Rumen fermentation           Alfalfa hay                       SEM                         Kerkol                          SEM                        P value
parameter                         (Prangos ssp.)hay

Acetic acid (AA), mg/ dL
0 h 33.87 5.82 36.27 4.88 0.77
2 h 47.75 2.03 43.63 6.64 0.59
4 h 42.58 0.56 50.65 5.36 0.21
6 h 45.34 3.93 51.71 2.25 0.23
8 h 38.83 1.96 47.74 7.28 0.30
10 h 45.15 5.36 48.91 8.53 0.73
Propionic acid (PA), mg/ dL
0 h 6.38 0.86 8.69 1.40 0.23
2 h 13.96 1.30 12.10 0.82 0.29
4 h 12.36 1.79 12.60 1.54 0.92
6 h 13.52 1.80 13.43 1.20 0.97
8 h 11.75 0.38 10.28 1.80 0.47
10 h 12.35 1.77 10.41 2.87 0.60
Butyric acid (BA), mg/ dL
0 h 4.92 0.86 5.22 0.61 0.79
2 h 6.93 0.10 6.05 0.63 0.24
4 h 5.67 0.47 6.23 0.79 0.57
6 h 6.52 0.82 7.23 0.50 0.50
8 h 6.50 0.29 5.79 0.28 0.16
10 h 6.50 0.67 5.97 0.52 0.56

NH3-N: Ammonia; AA: Acetic acid; PA: Propionic acid; BA: Butyric acid

Table 5 continue
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