
REGULAR ARTICLES

Effect of corn supplementation on purine derivatives and rumen
fermentation in sheep fed PKC and urea-treated rice straw

Osama Anwer Saeed1,2
& Awis Qurni Sazili1 & Henny Akit1 & Abdul Razak Alimon1

& Anjas Asmara B. Samsudin1

Received: 9 January 2018 /Accepted: 5 June 2018 /Published online: 14 June 2018
# The Author(s) 2018

Abstract
This study investigated the effect of different levels of corn supplementation as energy source into palm kernel cake–urea-treated
rice straw basal diet on urinary excretion of purine derivatives, nitrogen utilization, rumen fermentation, and rumen microorganism
populations. Twenty-seven Dorper lambs were randomly assigned to three treatment groups and kept in individual pens for a 120-
day period. The animals were subjected to the dietary treatments as follows: T1: 75.3% PKC+ 0% corn, T2: 70.3% PKC+ 5% corn,
and T3: 65.3% PKC+ 10% corn. Hypoxanthine and uric acid excretion level were recorded similarly in lambs supplemented with
corn. Themicrobial N yield and butyrate level was higher in corn-supplemented group, but fecal N excretion, T3 has the lowest level
than other groups. Lambs fed T3 had a greater rumen protozoa population while the number of R. flavefacienswas recorded highest
in T2. No significant differences were observed for total bacteria, F. succinogenes, R. albus, and methanogen population among all
treatment. Based on these results, T3 could be fed to lambs without deleterious effect on the VFA and N balance.
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Introduction

The cost of conventional feed ingredients for livestock,
coupled with global climate change, has made farmers in the
tropical countries to go for low-cost feed ingredients such as
roughages. In some tropical countries, ruminants are fed on
agricultural by-products like palm kernel cake (PKC). This
ingredient has moderate crude protein (CP) content, and utili-
zation of PKC in sheep is highly dependent on the rumen
microbial activity to produce fatty acids and microbial protein.
Like other ruminants, sheep are able to utilize lignocellulosic
materials and convert them to animal products of high nutri-
tional value, such as meat, milk, wool/fur, hide, and manure.
This is due to the presence of a dense and diverse rumen
microbial population belonging to a different group of flora
and fauna (Agrawal et al. 2014) as well as rumen microbial
protein which is important for amino acid absorption. Urinary

purine derivatives (PD) excretion is used to assume the rumen
microbial protein synthesis. The principle is that duodenal
purine bases, as a microbial indicator, are efficiently absorbed,
and their derivatives excreted mainly via kidney. The ratio of
PD in urine can be used to predict microbial N flow
(Belenguer et al. 2002).

The literature indicates an increase in energy intake and es-
sential nutrients such as amino acids could have a positive effect
on ruminal digestion that would fasten the emptying process of
the ruminal contents and create a space for more feed consump-
tion. Therefore, the present study was undertaken to determine
the utilization of nitrogen (N) and to validate the potential value
of urinary purine derivatives, rumen fermentation, and micro-
organism populations in Dorper sheep fed with corn supple-
mentation, in addition to PKC as basal diet.

Materials and methods

Experimental site

Animal experimentation was carried out at Animal Farm of
Universiti Putra Malaysia. The farm is located in Serdang,
Selangor, Malaysia (3° 2′ 0″ North, 101° 43′ 0″ East). The
animal experiment was conducted in accordance with the
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procedure of Institutional Committee on Animal Use Ethics
(Approval No. R064/2016).

Animal, housing, and diet

Twenty-sevenDorper lambs (body weight = 15 ± 0.59 kg; aged
6 months) were used. The experimental period consisted of
15 days of dietary adaptation and 120 days for sampling and
data collection. Lambs were housed in individual pens and had
free access to water. The animals were randomly allocated to
three dietary treatments as follows: T1: 75.3% PKC+ 0% corn,
T2: 70.3% PKC+ 5% corn, and T3: 65.3% PKC+ 10% corn.
All diets were approximately isonitrogenous and were formu-
lated to meet the metabolizable energy for growing require-
ments of lambs weighing 15 kg (NRC 2007) (Table 1). The
diets were offered two times daily at 0800 and 1600 h and
provided together with the roughage (urea-treated rice straw)
and concentrate (20:80).

Urine collection

Urine samples were collected on days 3 and 7 from individual
animals and were filtered using four layers of cheesecloth
following the method described by Balcells et al. (1992).
Approximately 10% of H2SO4 was dropped (pH of the urine
< 3) to avoid volatilization of ammonia, and the urine samples
were stored at − 20 °C until analysis.

Chemical analysis

Samples of feeds and fecal were analyzed according to the
AOAC (1990). Nitrogen content was calculated as crude pro-
tein (CP) ÷ 6.25. Nitrogen retention was computed from die-
tary N intake (NI) less total nitrogen output (fecal N [FN] and
urinary N [UN] losses) by Katsande et al. (2016).

Nitrogen retention gd−1
� � ¼ NI– FNþ UNð Þ

Apparent digestibility %ð Þ ¼ NI– FNþ UNð Þ NI� 100

Purine derivatives, such as allantoin, uric acid, xanthine,
and hypoxanthine concentrations in urine samples, were mea-
sured according to Balcells et al. (1992). The samples were
examined using high-performance liquid chromatography
(HPLC) (Agilent 1100 Series HPLC System Agilent
Technologies, USA) by two 4.6 mm × 250 mm C-18 re-
verse-phase column (Spherisorb), and the effluent was moni-
tored at 205 nm.

Determination of volatile fatty acids (VFA) in ruminal fluid
was as described previously (Cottyn and Boucque 1968). The
pH of the rumen fluid was assessed with the aid of a Mettler-
Toledo pH meter (Mettler-Toledo, Ltd. England). Ammonia
nitrogen (NH3-N) in ruminal fluid was determined in accor-
dance with Parsons et al. (1984).

Microbial population assay

Rumen fluid samples were collected from animals after
slaughter. Then, the samples were squeezed through four
layers of cheesecloth and kept frozen (− 20 °C) for further
analysis. Total bacterial DNA was extracted using the
QIAamp® DNA mini stool kit (Qiagen, Hilden, GmbH) ac-
cording to the manufacturer’s protocol. DNA was quantified
using a Nanodrop ND-1000 spectrophotometer (Thermo
Fisher, Waltham, MA) and used as a template for setting up
all polymerase chain reactions (PCRs).

Bacteria populations were quantified using the real-time
PCRmachine (BioRad, USA), primers were chosen from pre-
viously published sequences that demonstrated species-
specific amplification. The nucleotide sequences of the
primers used in this study are shown in Table 1. The different
microbial groups, such as total bacteria, methanogens,
Fibrobacter succinogenes , Ruminococcus albus ,

Table 1 Ingredients and chemical compositions of different levels of
corn into PKC–urea-treated rice straw (DM basis)

Item Levels of corn (%)

T1 T2 T3

Urea-treated rice straw 20 20 20

PKC 75.3 70.3 65.3

Protected fat (Megalac) 3 3 3

Corn 0 5 10

CaCO3 1 1 1

NaCl 0.5 0.5 0.5

Vitamin premix 0.2 0.2 0.2

Total 100 100 100

Chemical composition

DM 91.78 91.66 91.55

Ash 13.80 12.72 12.74

OM 86.19 87.27 87.26

CP 15.42 14.88 14.09

EE 5.3 5.1 4.33

CF 26.6 24.50 20.83

NDF 62.36 60.06 55.66

ADF 45.60 40.96 37.30

ADL 6.56 6.10 5.43

Hemicellulose 16.76 19.10 18.36

Cellulose 39.03 34.86 31.86

NFE 40.44 41.11 48.39

ME MJ/kg DM 7.36 8.23 8.92

Vitamin premix; vitamin A 10,000,000 IU; vitamin E 70,000 IU; vitamin
D 1,600,000 IU. DM dry matter, OM organic matter, CP crude protein,
EE ether extract, CF crude fiber, NDF neutral detergent fiber, ADF acid
detergent fiber, ADL acid detergent lignin, NFE nitrogen-free extract,ME
metabolizable energy
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Ruminococcus flavefaciens, and protozoa were determined in
the samples using quantitative real-time PCR according to
Ahmed et al. (2017).

Statistical analysis

Data were analyzed with a completely randomized design
using the general linear model procedure of SAS 9.4 (SAS
Inst. Inc., Cary, NC, USA). All the multiple comparisons
amongmeans were determined using Duncan’s multiple range
test (P < 0.05).

Results

Purine derivatives

There were highly significant differences (P < 0.001) in the
purine derivatives in sheep. Diet influenced (P < 0.05) micro-
bial N yield, true microbial protein, digestible microbial true
protein, and digestible organic matter (DOM) in rumen of the
sheep fed on T2 and T3 (Table 2). However, the excretion of
uric acid, hypoxanthine, and the efficiency of microbial pro-
tein supply were similar among dietary treatments.

Nitrogen balance

Nitrogen intake was recorded the highest for lambs fed with
T3 diet (Table 3). The highest (P < 0.05) fecal N excretion was
observed in T2 diet (10.9 g/day) showing that N that passed to
the lower gut was not efficiently digested than another treat-
ment group. Lambs fed with T2 and T3 had higher (P < 0.05)
urine N excretion than T1. Nitrogen apparent absorption and
N retention did not differ among T1 and T2, but T3 had a
higher (P < 0.001) of the two parameters.

Rumen fermentation and microbial population

The supplementation of corn in diets did not affect the ruminal
fluid concentrations of NH3-N and pH. There were significant
differences of VFA for the lambs in this study (Table 4). The
isopropionate and isobutyrate levels were similar across treat-
ments. Acetate was higher (P < 0.05) while propionate was
lower (P < 0.05) for the lambs fed with T2 diet. Butyrate
was higher (P < 0.05) in lambs fed with corn-supplemented
diet. The acetate:propionate ratio of the lambs in this study
differed among dietary treatments with T2 and T3 being
higher (P < 0.05) compared to T1. No significant differences
were observed for total bacteria, F. succinogenes, R. albus and
methanogen population among all treatment (Table 5). T3 had
a greater protozoa population (P < 0.05) while the number of
R. flavefaciens was recorded highest in T2.

Table 2 Urinary purine
derivatives excretion at different
levels of feed intake of corn

Parameter T1 T2 T3 SEM P value

Allantoin excreted (mmol/W−0.75) 4.89b 5.26b 7.37a 0.27 0.001

Uric acid excreted (mmol/W−0.75) 1.42 1.61 1.75 0.09 0.36

Hypoxanthine excreted (mmol/W−0.75) 1.93 1.57 1.73 0.07 0.11

Xanthine excreted (mmol/W−0.75) 0.38c 1.03b 1.16a 0.07 0.001

Purine derivative excreted (mmol/W−0.75) 8.5b 9.2b 11.4a 0.35 0.001

Microbial N yield (MNY; g day−1) 6.89b 8.83a 9.07a 0.35 0.05

Microbial true protein (MTY; g day−1) 34.5b 44.2a 45.4a 1.75 0.05

Digestible microbial true protein (g day−1) 29.3b 37.5a 38.6a 1.49 0.05

Digestible organic matter in rumen (g day−1) 0.23b 0.23b 0.31a 0.003 0.05

Emns (g day
−1 DOMR) 32.3 32.3 31.8 0.35 0.81

T1: (75.3% PKC+ 0% corn), T2: (70.3% PKC + 5% corn), T3: (65.3% PKC + 10% corn). a,b,cMeans in the same
row with different superscripts are significantly different

Table 3 Daily nitrogen balance of Dorper sheep fed on different levels
of corn

Item T1 T2 T3 SEM P value

Intake (g/day) 22.9b 22.2b 28.8a 0.30 0.001

Excretion (g/day)

Fecal 10.67a 10.94a 8.70b 0.26 0.05

Urinary 0.04b 0.07ab 0.08a 0.006 0.05

Total 8.21 7.84 6.71 0.52 0.49

Apparent absorption

g/day 12.9b 11.2c 20.1a 0.32 0.001

Of intake % 52.7b 48.2c 67.9a 0.628 0.001

Retention

g/day 14.7b 14.3b 22.0a 0.31 0.001

Of intake % 61.9b 62.9b 75.2a 0.485 0.001

T1: (75.3% PKC+ 0% corn), T2: (70.3% PKC+ 5% corn), T3: (65.3%
PKC + 10% corn). a,b,cMeans in the same row with different superscripts
are significantly different
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Discussion

Purine derivatives

In ruminants, most of the PD excreted in urine comes from the
partial metabolism of microbial nucleic acid absorbed into the
duodenum. However, there was a significant difference of the
urinary PD among treatments where the PD concentration in-
creased as the level of corn supplemented in the diet increased.
In this regard, hypoxanthine and uric acid excretions were not
affected by the corn diets. Themicrobial N yield, true microbial
protein, digestible microbial protein, and DOM in rumen were
higher in sheep T2. These results are consistent with the
findings of Chanjula and Pongprayoon (2012) who hadworked
on in vivo degradability of feeding rubber seed kernel and PKC
in goats. Dietary treatment in the present study did not influ-
ence the efficiency of microbial N synthesis with the values
ranging from 31.8 to 32.3 g day−1DOMR. The lack of changes
in Emns might be due to various factors such as the
concentration and sources of nitrogen and carbohydrates.

Furthermore, Singh et al. (2007) reported that the excretion of
urinary PD was positively correlated with the level of feed
intake. A higher excretion of allantoin and xanthine clearly
indicates an enhanced microbial protein synthesis in T2 and
T3 due to the significant correlation between allantoin and
xanthine excretions and the level of nucleic acid infused into
the abomasum (Chen et al. 1990). Variation in the efficiency of
microbial N synthesis may relate to the level of feeding on the
rumen fermentation where a higher feed intake could manipu-
late the pH level in the rumen (Ribeiro et al. 2017).

The energy and protein contents in the diet seem to be
sufficient for ideal microbial growth, and the protein resis-
tance to microbial degradation may constrain the synthesis
of microbial protein. The urine samples confirmed the high
ability of cattle to oxidize absorbed purine bases to non-
reutilizable PD (Chen et al. 1990).

Since microbial protein synthesis is dependent on ferment-
able OM and NH3-N supply, it is anticipated that the efficien-
cy of synthesis will decrease with the reduction of feed intake.

Nitrogen balance

Corn supplementation has increased N intake in T3. Tedeschi
et al. (2003) explained that the increase in N retention is due to
improved N digestibility. Lambs fed on T3 reduced N excre-
tion in fecal and urine in the present experiment. This finding
conflicted with Wanapat et al. (2000) who observed a higher
NDF and ADF digestibility with the increase in N levels in the
ration. The N absorption was not similar between treatments
which tended to increase in T3 compared to the rest.
Utilization of N is always referred to N excretion and N reten-
tion which reflect the variances in N metabolism, which was
the most significant index of the protein nutrition condition of
ruminants (Firkins et al. 2007). In this study, a lower N reten-
tion was due to the excretion of excess N in the urine and fecal
matter. The high amount of protein consumed resulted in high
N retention in the bodywhich could be utilized by the animals.
Sarwar et al. (2003) proved that the ability to retain N is
dependent on N intake and the quantum of fermentable car-
bohydrate of the diet.

Rumen fermentation

The concentration of NH3-N is in line with Ludden et al.
(2002). The level of ruminal NH3-N in the present study
was sufficient to maintain fermentation process as shown by
the consistencies in VFA levels and fiber digestibility. Both
were within the optimal range of 2.0 to 5.0 mg/dl that would
maintain microbial to growth. The ruminal pH value has an
important function on the concentration of dry feed matter
digestibility (DMD) and on the protozoa (ciliate) survival
and development (Voia et al. 2014). In this study, ruminal
pH did not change and remained within normal range among

Table 4 Means of NH3-N, pH, and production of VFA (mmol/ml) in
vivo fermentation of different corn supplementation

Parameters T1 T2 T3 SEM P value

NH3-N (mg/100 ml) 6.59 6.24 7.00 0.43 0.79

pH 6.90 6.96 6.80 0.04 0.36

Total VFA (mmol/ml) 18.1b 14.1b 30.8a 2.47 0.01

Acetate 48.8b 52.3a 48.5b 0.73 0.05

Propionate 32.8a 20.7b 24.1b 1.72 0.01

Isopropionate 3.25 3.23 3.44 0.16 0.85

Butyrate 12.9b 16.7a 17.2a 0.76 0.05

Isobutyrate 7.75 6.98 6.85 0.25 0.38

C2:C3 1.53b 2.56a 2.16ab 0.15 0.05

T1: (75.3% PKC+ 0% corn), T2: (70.3% PKC+ 5% corn), T3: (65.3%
PKC + 10% corn). a,bMeans in the same row with different superscripts
are significantly different

Table 5 Effect of dietary treatments on microbial population (copies/
ml) in the rumen of sheep

Item Diets

Species T1 T2 T3 SEM P value

Total bacteria (× 1010) 10.1 10.1 10.0 0.08 0.88

F. succinogenes (× 109) 5.47 5.11 5.34 0.09 0.39

R. albus (× 106) 6.86 6.74 7.13 0.11 0.35

R. flavefaciens (× 107) 4.75b 5.27a 4.99ab 0.17 0.05

Methanogenic archea (× 109) 5.05 4.93 4.55 0.10 0.54

Total protozoa (× 105) 3.33b 3.37b 4.24a 0.18 0.05

T1: (75.3% PKC+ 0% corn), T2: (70.3% PKC+ 5% corn), T3: (65.3%
PKC + 10% corn). a,bMeans in the same row with different superscripts
are significantly different
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treatments. This could be the result of the presence of protozoa
in the rumen which aids the stability of the rumen pH in
animal fed diets that are rich in starch and reduced the redox
potential of rumen digesta (Nagaraja 2016).

The reduction in the molar proportion of acetate to propio-
nate ratio was consistent with the supplementation of corn in
T2 and T3 diets. In this study, the concentration of acetate was
higher in T2 and T3 and may even reach 75% of the total VFA
when the diet is composed of forage (Li et al. 2014), which is
responsible for higher energy production. The highest produc-
tion of butyrate was obtained in T2. Butyrate has been corre-
lated with protozoa abundance, and this result is in line with
Shen et al. (2017) who explained the reduction of butyrate
reflected a decline in the number of protozoa as a butyrate
producer.

Rumen microbiology

The concentration of R. flavefaciens was highest in T2. R.
flavefaciens plays a role in the digestion of CF, and the corn
supplementation encourages the breakdown of fibrolytic bac-
teria in the rumen. Furthermore, it was observed that the total
number of protozoa increased as supplementation of corn in-
creased (T3), and this is similar to what was observed by
Valente et al. (2016). The increase in R. flavefaciens popula-
tion in the rumen probably is not related to the reduction of
protozoa but is associated with the quantity of fiber content in
the diet. Fibrolytic species, such as R. albus, R. flavefaciens,
and F. succinogenes could digest fiber faster and to a greater
extent. In fact, these species even digest crystalline cellulose
more actively than ruminococcal species as reported by Koike
and Kobayashi (2001). On the other hand, it is known that the
physical disruption of forage material stimulates microbial
access, colonization, and fermentation in the rumen (Pan et
al. 2003).

A higher number of protozoa were beneficial for lambs as it
could metabolize significant amounts of lactate to propionate
thus restricted the risk of acidosis (Kongmuna et al. 2009).
Therefore, the T2 and T3 may have higher in DNA copy
number of ciliate protozoa population, but the protozoa does
not have an effect on reducing F. succinogenes, R. albus, and
R. flavefaciens or other bacteria species.

Conclusion

The results of this study indicate that the supplementation of
corn into PKC–urea-treated rice straw had no effects on uric
acid, hypoxanthine, total N excretion, NH3-N, pH, and total
bacteria. Taken together, the study concludes that an optimal
level of 5% corn and PKC levels of 70.3% in the diet can be
fed to lambs without compromising rumen metabolism.

Acknowledgements The authors extend their appreciation to Universiti
Putra Malaysia (UPM) for funding this work and the Higher Education
Ministry of Iraq and Al Anbar University for their support.

Compliance with ethical standards

The animal experiment was conducted in accordance with the procedure
of Institutional Committee on Animal Use Ethics (Approval No. R064/
2016).

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

Agrawal, A., Karim, S., Kumar, R., Sahoo, A., and John, P., 2014. Sheep
and goat production: basic differences, impact on climate and mo-
lecular tools for rumen microbiome study, International Journal of
Current Microbiology and Applied Sciences, 3, 684–706.

Ahmed, M.A., Adeyemi, K.D., Jahromi, M.F., Jusoh, S., Alimon, A.R.,
and Samsudin, A.A., 2017. Effects of dietary Kleinhovia hospita
and Leucaena leucocephala leaves on rumen fermentation and mi-
crobial population in goats fed treated rice straw, Tropical Animal
Health and Production, 49, 1749–1756.

AOAC, 1990. Association of Official Analytical Chemistry. Official
methods of analysis, (AOAC International, Arlington, VA).

Balcells, J., Guada, J., Peiró, J., and Parker, D., 1992. Simultaneous
determination of allantoin and oxypurines in biological fluids by
high-performance l iquid chromatography, Journal of
Chromatography B: Biomedical Sciences and Applications, 575,
153–157.

Belenguer, A., Yanez, D., Balcells, J., Baber, N.O., and Ronquillo, M.G.,
2002. Urinary excretion of purine derivatives and prediction of ru-
men microbial outflow in goats, Livestock Production Science, 77,
127–135.

Chanjula, P., and Pongprayoon, S., 2012. Effects of varying the levels of
rubber seed kernel on feed intake, rumen ecology and blood metab-
olites in goats. Proceedings of the 15th AAAP Animal Science
Congress, 2012,

Chen, X., Hovell, F.D., Ørskov, E., and Brown, D., 1990. Excretion of
purine derivatives by ruminants: effect of exogenous nucleic acid
supply on purine derivative excretion by sheep, British Journal of
Nutrition, 63, 131–142.

Cottyn, B.G., and Boucque, C.V., 1968. Rapid method for the gas-
chromatographic determination of volatile fatty acids in rumen fluid,
Journal of Agricultural and Food Chemistry, 16, 105–107.

Firkins, J., Yu, Z., and Morrison, M., 2007. Ruminal Nitrogen
Metabolism: Perspectives for Integration of Microbiology and
Nutrition for Dairy 1, 2 Journal of Dairy Science, 90, E1-E16.

Katsande, S., Baloyi, J.J., Nherera-Chokuda, F.V., Ngongoni, N.T.,
Matope, G., Zvinorova, P.I., and Gusha, J., 2016. Apparent digest-
ibility and microbial protein yield of Desmodium uncinatum,
Mucuna pruriens and Vigna unguiculata forage legumes in goats,
African Journal of Range & Forage Science, 33, 53–58.

Trop Anim Health Prod (2018) 50:1859–1864 1863



Koike, S., and Kobayashi, Y., 2001. Development and use of competitive
PCR assays for the rumen cellulolytic bacteria: Fibrobacter
succinogenes, Ruminococcus albus and Ruminococcus
flavefaciens, FEMS Microbiology Letters, 204, 361–366.

Kongmuna, P., Wanapata, M., Nontasob, N., Nishidac, T., and
Angthongd, W., 2009. Effect of phytochemical and coconut oil sup-
plementation on rumen ecology and methane production in rumi-
nants. In: Proceedings of FAO/IAEA International Symposium on
Sustainable Improvement of Animal Production and Health, 8–11
June 2009, Vienna, Austria. pp. 246–247.

Li, F., Li, Z., Li, S., d Ferguson, J., Cao, Y., Yao, J., Sun, F.,Wang, X., and
Yang, T., 2014. Effect of dietary physically effective fiber on rumi-
nal fermentation and the fatty acid profile of milk in dairy goats,
Journal of Dairy Science, 97, 2281–2290.

Ludden, P., Wechter, T., and Hess, B., 2002. Effects of oscillating dietary
protein on ruminal fermentation and site and extent of nutrient di-
gestion in sheep, Journal of Animal Science, 80, 3336–3346.

Nagaraja, T., 2016. Microbiology of the Rumen. Rumenology, in
Rumenology, eds D. (Cham: Springer International Publishing),
39–61.

NRC, 2007. Nutrient requirements of small ruminants: sheep, goats,
cervids, and new world camelids, (National Academy Press,
Washington, DC).

Pan, J., Koike, S., Suzuki, T., Ueda, K., Kobayashi, Y., Tanaka, K., and
Okubo, M., 2003. Effect of mastication on degradation of
Orchardgrass hay stem by rumen microbes: fibrolytic enzyme activ-
ities and microbial attachment, Animal Feed Science and
Technology, 106, 69–79.

Parsons, R.T., M., Y., and G.M., L., 1984. A manual of chemical and
biological methods for seawater analysis., (Oxford, UK.).

Ribeiro, G.O., Oss, D.B., He, Z., Gruninger, R.J., Elekwachi, C., Forster,
R.J., Yang, W., Beauchemin, K.A., and McAllister, T.A., 2017.

Repeated inoculation of cattle rumen with bison rumen contents
alters the rumen microbiome and improves nitrogen digestibility in
cattle, Scientific Reports, 7, 1276.

Sarwar, M., Khan, M.A., and Nisa, M.-u., 2003. Nitrogen retention and
chemical composition of urea treated wheat straw ensiled with or-
ganic acids or fermentable carbohydrates, Asian-Australasian
Journal of Animal Sciences, 16, 1583–1591.

Shen, J., Liu, Z., Yu, Z., and Zhu, W., 2017. Monensin and nisin affect
rumen fermentation and microbiota differently in vitro, Frontiers in
Microbiology, 8, 1111.

Singh, M., Sharma, K., Dutta, N., Singh, P., Verma, A., and Mehra, U.,
2007. Estimation of rumen microbial protein supply using urinary
purine derivatives excretion in crossbred calves fed at different
levels of feed intake, Asian-Australasian Journal of Animal
Sciences, 20, 1567–1574.

Tedeschi, L.O., Fox, D.G., and Tylutki, T.P., 2003. Potential environmen-
tal benefits of ionophores in ruminant diets, Journal of
Environmental Quality, 32, 1591–1602.

Valente, T. N. P., Lima, E. S., Santos, W. B. R., Cesário, A. S., Tavares, C.
J., Fernandes, Í. L., & Freitas, M. A. M., 2016. Ruminal microor-
ganism consideration and protein used in the metabolism of the
ruminants: A Review, African Journal of Microbiology Research,
10, 456–464.

Voia, O.S., Filimon, M.N., Dumitrescu, G., and Petculescu-Ciochina, L.,
2014. The effect of feed processing on ruminal parameters in inten-
sively fattened lambs, Romanian Biotechnological Letters, 19,
9997–10005.

Wanapat, M., Pimpa, O., Petlum, A., Wachirapakorn, C., and Yuanklang,
C., 2000. Participation scheme of smallholder dairy farmers in the
Northeast Thailand on improving feeding systems, Asian-
Australasian Journal of Animal Sciences, 13, 830–836.

1864 Trop Anim Health Prod (2018) 50:1859–1864


	Effect of corn supplementation on purine derivatives and rumen fermentation in sheep fed PKC and urea-treated rice straw
	Abstract
	Introduction
	Materials and methods
	Experimental site
	Animal, housing, and diet
	Urine collection
	Chemical analysis
	Microbial population assay
	Statistical analysis

	Results
	Purine derivatives
	Nitrogen balance
	Rumen fermentation and microbial population

	Discussion
	Purine derivatives
	Nitrogen balance
	Rumen fermentation
	Rumen microbiology

	Conclusion
	References


