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Effects of different dietary nitrogen sources on duodenal chyme parameters in yearling sheep 

T. Slavov*, V. Radev, R. Mihaylov, I. Varlyakov 

Department of Morphology, Physiology and Animal Nutrition, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. A physiological trial was conducted to evaluate the effect of diet supplementation with non-protein nitrogen compounds Optigen and urea through 
determination of duodenal chyme pH, volatile fatty acids and ammonia concentrations in yearling sheep. The experiment was carried out with 6 yearling sheep, 
Pleven Blackhead × Suffolk crosses. The experiment was conducted in three periods – control and two experimental. During the control period, the ration of 
animals consisted of 0.700 kg barley and 1.000 kg meadow hay. During the first experimental period, the ration was supplemented with 0.012 kg Optigen, and 
during the second experimental period – with 0.0106 kg urea. Both supplements (Optigen and urea) did not have an effect on duodenal chyme pH and a trend 
towards slight increase in postprandial hours was noted. The addition of Optigen led to statistically significantly increased volatile fatty acid (р<0.01) as early as 
the first hour and peak values 2.5 h after feeding, whereas urea supplementation resulted in minimum elevation only 2.5 hours after feeding. The most 
pronounced effect of Optigen supplementation was observed on duodenal chyme ammonia levels, in particular 2.5 hours after feeding (p<0.001 vs control 
period and p<0.01 vs dietary urea supplementation).

Keywords: Optigen, sheep digestion, duodenal chyme, volatile fatty acid, urea
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Introduction release of nitrogen prevents the accumulation of excessive nitrogen 
in the rumen and contributes to the formation of high-quality protein 
by rumen microflora. At the same time, it optimises rumen ammonia The main purpose with diet formulation on the basis of non-
concentrations and prevents increased levels of non-converted protein nitrogen compounds is to achieve slower hydrolysis of these 
ammonia and its absorption from the digestive tract into the blood.compounds, gradual ammonia release in fore stomachs and to 

Due to their relatively low cost vs some feeds (meals), non-create favourable conditions for development and growth of 
protein nitrogen compounds are appropriate as replacers of natural proteolytic microbial colonies. In our country, several studies have 
plant protein. Among non-protein nitrogen compounds, urea is most been performed to evaluate the effect of non-protein nitrogen 
widely used in ruminant diet formulation. Urea is easily dissolved in compounds given under different forms to slowdown their hydrolysis 
water and is rapidly degraded to ammonia and carbon dioxide in the (Tosev, 1975; Tosev et al., 1978; Sivkova et al., 1987). Rational use 
rumen. The rapid release of ammonia from urea in the rumen, poor of synthetic dietary nitrogen sources by ruminants require 
dietary nitrogen utilisation in high-urea diets and the potential risk preliminary information about the amount of nitrogen, which is not 
from intoxication are factors, limiting the utilisation of urea in sufficient to meet the needs of rumen microbial populations. It should 
ruminant nutrition (Bohnert et al., 2002). Apart urea, other non-be taken into consideration that urea is converted to ammonia more 
protein alternatives of dietary nitrogen are ammonium sulfate, rapidly than feed proteins and thus, it is a poorer nitrogen source. 
ammonium phosphate, ammonium lactate, biuret etc. Biuret is The synchrony between energy release and rumen nitrogen 
water-insoluble and its degradation rate is lower than that of urea. formation is possible if urea hydrolysis is inhibited via regulation of 
The hydrolysis of biuret to ammonia is slower compared to the the flow of non-protein nitrogen in the rumen or through 
conversion of urea to ammonia (Currier et al., 2004c). According to a enhancement of organic dietary matter digestion rate.
number of researchers, the addition of urea as main dietary source A number of commercial products containing protected proteins 
for sheep and cows could be efficient when rations are formulated on are available on the global markets. Such a product is Optigen – 
the basis of low-quality feeds (Ahmed et al., 2002; Currier et al., manufactured by Alltech, USA. According to the manufacturer, 
2004a; Currier et al., 2004b). Optigen is a source of specifically protected non-protein nitrogen 

The aim of the present study was to evaluate the effect of (NPN) with indirectly controlled (slow) release in the fore stomachs 
different dietary nitrogen sources on the digestion in the proximal of ruminants. It is gradually degraded, providing a steady and 
intestinal tract of yearling sheep. valuable source of non-protein nitrogen to rumen microflora. It is 

specially designed for supplementation of ruminant diets. Optigen is 
an excellent means of optimisation of costs related to dietary protein 
components in ruminant rations. The active substance of Optigen is Material and methods
covered with a biodegradable film, which permits gradual nitrogen 
release. The preparation is an excellent source of nitrogen A physiological trial was performed at the Experimental Base of 
concentrate, which behaves very differently from urea and could Animal Physiology Unit to the Faculty of Agriculture, Trakia 
improve the function of the rumen by providing additional nitrogen. University, Stara Zagora. The experiment was conducted with six 
Optigen increases the density of the diet, improves feed conversion yearling sheep, Pleven Blackhead × Suffolk crosses. The average 
and has a beneficial effect on the productivity and health of animals, live body weight of animals at the beginning of the experiment was 
optimises the costs of formulating ruminant diets. The gradual 45 ± 2 kg. All animals were of uniform age and origin. During the 
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experiment they were housed indoor in individual pens equipped adapt themselves to rations for ten days. During the control period, 
with individual feed troughs. Sheep had a constant access to the ration of animals consisted of 0.600 kg barley, 0.170 kg 
drinking water and salt licks. Twenty days prior to the experiment, sunflower meal and 1.000 kg meadow hay. During the first 
intestinal cannulae were surgically placed on the proximal part of the experimental period, the ration consisted of 0.700 kg barley, 0.012 
duodenum, 4 – 6 cm from the pyloric sphincter of the rumen. The kg Optigen and 1.000 kg meadow hay. For the second experiment 
routine surgical procedure is successfully applied in the department the sheep were fed consisted of 0.700 kg barley, 0.0106 kg urea and 
for more than 40 years and was described for the first time by Aliev 1.000 kg meadow hay. For both experiments, urea and Optigen were 
(1960). The experiment was designed and performed in compliance added to the concentrate (barley). The rations were offered twice 
to animal welfare regulations. daily – at 8.00 AM and 1.00 PM. The chemical composition and the 

The experiment was conducted in three periods – control and amount of feed constituents of both rations are presented in Tables 1 
two experimental. Before each period, animals were allowed to and 2.

Table 1. Daily ration fed to sheep during the control period

Feeds kg

1.61 1.54

Dietary amount fed

90 0≥ 6.8 3.5

Dry matter, kg FU for growth PDI, g PBV, g Са, g Р, g

Meadow hay

Barley

Sunflower meal

1.000

0.600

0.170

0.87

0.52

0.15

1.54 1.54 140.89 0.93 7.54 6.13

0.6

0.80

0.14

64

57

19.89

6.53

0.31

0.70

2.26

2.03

1.84

  -3

-18

  21.93

Minimum allowances

Table 2. Daily ration fed to sheep during the first and second experimental periods

Feeds kg

1.61 1.54

Dietary amount fed

90 30 6.8 3.5

Dry matter, kg FU for growth PDI, g PBV, g Са, g Р, g

Meadow hay

Barley

Experiment 1 - Optigen

Experiment 2 – urea 

Experimental period 1

Experimental period 2

1.000

0.700

0.012

0.0106

0.87

0.61

1.48

1.48

1.54

1.54

130.50

130.50

0.60

0.38

6.89

6.89

4.63

4.63

0.6

0.94

64

66.5

6.53

0.36

2.26

2.37

  -3

-21

 24.6

 24.38

Minimum allowances

Optigen dose was selected following the recommendations of sunflower meal was totally excluded from the diet and replaced with 
the manufacturer Alltech. According to the company specialists, the Optigen in accordance with the aim of the study i.e. evaluation of the 
recommended daily dose of the preparation for small ruminants is effect of plant protein replacement with synthetic protein. In order to 
10-20 g. This dose corresponded to safe feeding guidelines and did preserve the protein balance in the rumen during the experimental 
not exceed the recommended daily dose of 0.3 g urea per kg body period, the barley mesh amount was increased by 100 g. Thus, fed 
weight. After the addition of 12 g Optigen during the experimental dietary nitrogen during the control and experimental periods were 
period, the protein balance in the rumen changed insignificantly 33.17 g and 32.26 g respectively.
remaining within the reference limits – 0.6 g. During that period, the 

Duodenal content for analysis was collected via the cannula for Results and discussion
2 consecutive days three times a day  – before feeding, 1 and 2.5 
hours after feeding. Figure 1 presents the results for duodenal chyme pH in sheep. 

The following parameters were determined: hydrogen ion During the control period, pre-feeding pH was 2.40, during the first 
concentration (рН); total volatile fatty acid (VFA) concentration; and second experimental periods – 2.39 and 2.19, respectively. One 
ammonia concentration. hour after feeding the values increased slightly and insignificantly. 

Routine methods of duodenal chyme analysis are described in Similar were the findings 2.5 hours after feeding – pH did not differ 
previous studies of ours (Varlyakov et al., 2001). considerably when compared to the other time intervals. There were 

The results were statistically processed by statistical software.
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no statistically significant differences between control and project 1.ZH/12).
experimental periods. The observed tendency was towards lowest In the view of Sutton (1980) the production of volatile fatty acids 
duodenal chyme pH before feeding (2.19 – 2.40) followed by slight in the ruminant alimentary tract is influenced by a complex of factors. 
elevation in postprandial hours within 2.56 – 2.87. This was a natural With this regard, limiting are the diet composition, the amount of 
sequel of feed masses whose pH was higher than that of the dietary easily fermentable carbohydrates, frequency of feeding, 
abomasum. The diet supplementation with Optigen or urea did not nutritional supplements etc. The so-called endogenous factors as 
influence substantially this parameter. pH, rumen ammonia concentrations, metabolic activity of rumen 

Ruminant fore stomach pH depends on the number of factors microflora and population size are also relevant for VFA levels. 
as extent of fermentation of dietary carbohydrates, evacuation rate According to Oh et al. (1999) the addition of carbohydrates to rations 
of feed masses, extent of VFA absorption through the rumen wall, improves the utilisation of crude protein and ammonia via alteration 
amount of ingested saliva etc. An essential factor with respect to pH of rumen fermentation. Rath et al. (2001) observed higher rumen 
is the amount of easily digestible carbohydrates in the diet. As the levels of VFA when adding urea to the diet and attribute this fact to 
share of concentrate increases, rumen pH decreases, and after enhanced fermentation, efficient use of soluble nitrogen by rumen 
feeding, pH usually increases with time due to the higher relative microflora. Similar results are established also by Dahiya and 
share of ingested saliva (Sivkova, 1979) and advanced evacuation Mudgal (1991).
of feed towards the small intestine. The pH values are also 
dependent on the method of duodenal chyme sampling, the place of 
cannula, and the fed ration. According to Owens et al. (1986) digesta 
pH is lower than 2.5 in the post pyloric part of the duodenum, while it 
attains values of about 6.9 at site of entry of pancreatic ducts.

Duodenal pH also depends on the diet. Russell et al. (1979) 
affirm that it is higher in all small intestinal compartments in animals 
fed concentrate compared to those fed roughage. Owens et al. 
(1986) demonstrated that there was a physiological mechanism 
regulating hydrogen ion concentrations 

While volatile fatty acids are a product of carbohydrate 
degradation in the rumen of ruminants, ammonia concentrations are 
related to the extent of proteolysis of dietary proteins and the activity 
of protein-synthesising bacteria, especially in the rumen. This 
parameter is directly limited by the dietary level of easily digestible 
carbohydrates. The obtained results about duodenal chyme 
ammonia concentrations are shown on Figure 3. The strongest 
effect on this index was established when the ration was 
supplemented with Optigen. At the background of equal initial NH  3

levels, the addition of Optigen resulted in a highly statistically 
The total VFA content in duodenal content (Figure 2) was significant elevation (p<0.001) one hour after feeding, both 

almost equal before feeding and exhibited various trends of change compared to pre-feeding hours and vs control period. Compared to 
during the three trial periods. During the control period, there was a the diet supplementation with urea, the increase ranged between 3 
clear increase as early as one hour after feeding and a peak 2.5 h to 8 mg/100ml. The tendency was preserved and enhanced by 
after feeding. The diet supplementation with Optigen resulted in postprandial hour 2.5 when the differences were significant at 

sthigher concentrations by the 1  hour and less important increase by p<0.001 vs controls and at p<0.01 vs the trial with urea 
hour 2.5 compared to the control period. The most substantial effect supplementation. These values and tendencies are anticipated, 
on duodenal digestion was exerted by diet supplementation with being comparable to already published data by Wahrmund and 
urea. One hour after feeding during the control period, VFA Herson (2007) in calves. The data obtained after urea addition agree 
concentrations did not change significantly whereas 2.5 hours after with the classic concepts for its application, but it is difficult to find an 
feeding were slightly higher (By about 1 mmol/l). The increase during satisfactory explanation for the observed lower postprandial 
the other 2 periods was four times higher and statistically significant ammonia concentrations during the control period. The lack of data 
(р<0.01). In general from these results it could be concluded that the about feed evacuation rate preclude making categorical 
addition of Optigen to sheep ration did not influence significantly conclusions, and the possible hypotheses and causes are rather 
digestion and VFA formation. The insignificantly decreased total VFA numerous to review them all. 
amount after addition of urea is comparable to the effect observed in Ammonia is a primary metabolite of protein and non-protein 
rumen VFA content in previous studies of ours (Report of research compounds in the rumen, and a  product from the activity of rumen 

Figure 1. Duodenal chyme pH in experimental animals
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increase (p<0.001) both vs pre-feeding hours and vs controls, even 
when compared to the diet supplemented with urea. The trend was 
preserved and enhanced 2.5 hours after feeding (p<0.001 vs control 
period and p<0.01 vs dietary urea supplementation).
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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